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1. General Experimental Procedures:

Reagents were purchased at the highest quality from the commercially available sources
and used without further purification. Dichloromethane (DCM) and tetrahydrofuran
(THF) for the reactions were obtained from pure process technology solvent system by
passing the previously degassed solvents through an activated alumina column under
argon. All reactions were carried out in flame-dried glass ware under an atmosphere of
argon with magnetic stirring. All reactions were monitored by either 'H NMR or thin
layer chromatography (TLC) carried out on 0.25 mm pre-coated E. Merck silica plates
(60F-254), using shortwave UV light as visualizing agent and KMnO, or
phosphomolybdic acid (PMA) and heat as developing agents. Flash column
chromatography was performed using Biotage Isolera One automated chromatograph
with pre-packed KP-Sil cartridges. *H and *C NMR spectra were recorded on a Bruker
DRX-600 spectrometer operating at 600 MHz for proton and 151 MHz for carbon nuclei
and were calibrated using residual undeuterated solvent as an internal reference (CDCls:
7.26 ppm *H NMR and 77.00 ppm *C NMR; DMSO-ds: 2.50 ppm *H NMR and 39.52
ppm 2C NMR). ®F NMR spectra were recorded on a Bruker 500 UltraShield
spectrometer operating at 471 MHz and the chemical shifts were relative to CF*Cl;
defined as O ppm., For reporting NMR peak multiplicities, the following abbreviations
were used: s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, hept = heptet, m =
multiplet. High-resolution mass spectra (HRMS) were recorded on an Agilent UHPLC
TOF mass spectrometer using electrospray ionization time-of-flight (ESI-TOF) or
chemical ionization time-of-flight (CI-TOF) reflectron experiments. Melting points and
ranges were recorded on Mettler Toledo MP50 melting point system.

2. Gram-scale preparation of diisopropyl 2,2-dihydroxymalonate (44)

Ceric ammonium nitrate (CAN) HO OH

; el : 9
Pro,c 7 co,Pr (15 mol%) > ipro,c” ~co,Pr
37 CH4CN, air, rt, 2.5 days 44

[50 gram scale]

In a 3 L three-necked round bottom flask, diisopropyl malonate (50 g, 265.64 mmol,

lequiv) was first dissolved in acetonitrile (1.32 L, 0.2M) and to the resulting solution
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ceric ammonium nitrate (CAN; 21.84 g, 15 mol%) was added in one portion under
constant stirring. The reaction vessel was fitted with gas dispenser and a slow stream of
air was bubbled through the reaction mixture under constant stirring. Progress of the
reaction was monitored by checking the crude *H-NMR of the reaction mixture. After 2.5
days, the starting material was totally consumed. Important: During the course of the
reaction, there is a decrease in the amount of solvent due to purging and based on the
amount of solvent lost, the same amount of solvent is added to the reaction mixture as
needed. After confirming the consumption of the starting material, water (1.5L) was
added to the reaction mixture and stirred until the reaction mixture became colorless (e.g.,
usually an overnight period was allowed to hydrate all the ketomalonate in the reaction
mixture). Next, the reaction mixture was extracted with ethyl acetate thrice (3 X 1L). The
combined organic layers were washed with brine (1L), dried over anhydrous Na,SO,4 and
concentrated in vacuo. The crude product was obtained as a thick slurry which was then
triturated with hexanes (100 mL) and filtered (i.e., a white crystalline solid). During the
filtration, some additional product crystallized from the mother liquor which was then
recovered by filtration. The combined filtrates were washed with hexanes (3 X 50 mL)
three times to afford 44 as white crystalline solid (43g, 73%) that requires no further

purification.

Synthesis of 44 on 400 g scale
Diisopropyl 2,2-dihydroxymalonate 44 was synthesized on 400 g scale (by largely

adapting the above procedure) in a 10 L ChemGlass jacketed reactor that is outfitted with
a large gas disperser as well as overhead mechanical stirring (see pictures). First,
diisopropyl malonate (400 g, 2.12 mol, 1 equiv) was dissolved in acetonitrile (9 L) under
constant stirring and to this solution ceric ammonium nitrate (CAN; 174.77 g, 15 mol%)
was added in one portion. Next, a slow stream of air was introduced via the gas disperser
and over the next 2 h period the temperature of the reaction mixture increased by 2 °C
(22,5 °C to 24.6 °C). After continued vigorous stirring (at 200 rpm) overnight, the
temperature remained at 24.7 °C. Progress of the reaction was monitored by *H-NMR
and after 2.5 days of stirring the reaction was totally complete. At this point the bubbling
of air was stopped and 4 L of deionized water was added to the reaction mixture under

constant stirring (i.e., the 10 L reactor has > 3 L of overhead space to allow extra volume
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during workup). During the workup the temperature initially dropped from 24 °C to 16
°C and stirring continued overnight (~15 h). At this point the reaction mixture was
colorless and temperature of the reaction mixture was 24 °C. After draining through the
bottom reactor valve, acetonitrile was removed under reduced pressure. The agueous
layer was extracted with ethyl acetate thrice (3 x 3 L). The combined organic layers were
dried over anhydrous Na,SO, (150 g) and concentrated. The slurry that was formed after
concentration was triturated with 300 mL of hexanes and filtered. The solid was washed
repeatedly with another 500 mL of hexanes to afford a pure white crystalline solid (320 g,
68%).

Note: Repeated washing of the above product with hexanes is important for obtaining the

pure product.

Diisopropyl 2,2-dihydroxymalonate (44)
HO_ OH

iPI'02C COziPr
44

Yield: 68%

Physical State: white crystalline solid (m.p. =56 — 61 °C);

R¢ = 0.23 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 5.15 (hept, J = 6.3 Hz, 2H), 4.80 (s, 2H), 1.30 (d, J = 6.3
Hz, 12H);

3C NMR (151 MHz, CDCl3): & 168.0, 89.8, 71.6, 21.3;

HRMS (ESI-TOF): calc’d for CoH1606 [M+Na]" 243.0839; found 243.0840.
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Figure S1. X-Ray crystal structure of diisopropyl 2,2-dihydroxymalonate (44)

Table S1. X-ray crystal data and structure refinement for 44

Table 1.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

pvk19 Om_a
C9 H16 06
220.22

296(2) K
0.71073 A
Monoclinic
P2:/n
a=9.406(2) A
b=13.924(3) A
c=10.168(3) A
1226.5(5) A3

4

1.193 Mg/m3
0.101 mm-1
472
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Crystal size 0.150 x 0.100 x 0.050 mm3

Theta range for data collection 2.505 to 28.522°.

Index ranges -12<=h<=10, -18<=k<=18, -13<=I<=13
Reflections collected 9598

Independent reflections 3110 [R(int) = 0.0718]
Completeness to theta = 25.000° 99.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.745 and 0.453

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3110/18/143

Goodness-of-fit on F2 1.767

Final R indices [1>2sigma(l)] R1=0.0926, wR2 = 0.2729

R indices (all data) R1=0.1912, wR2 = 0.2956
Extinction coefficient 0.015(7)

Largest diff. peak and hole 0.497 and -0.431 e.A-3

Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters
(A2x 103) for pvk19 Om_a. U(eq) is defined as one third of the trace of the
orthogonalized Ul tensor.

X y z U(eq)
0O(1) 7849(3) 6286(2) 3173(2) 89(1)
0(2) 4836(3) 7209(2) 2834(2) 86(1)
0@3) 4028(2) 5372(2) 1506(3) 100(1)
O(4) 6075(3) 4772(2) 3505(3) 100(1)
O(5) 6598(3) 5765(2) 933(3) 106(1)
O(6) 4848(4) 6215(2) 4562(3) 104(1)
C(1) 5423(4) 5588(3) 2646(4) 76(1)
C(2) 6682(4) 5891(3) 2146(4) 74(1)
C(3) 9175(5) 6614(4) 2887(5) 110(2)
C®4) 9224(8) 7589(6) 2956(9) 208(3)
C(5) 10526(7) 6266(6) 4081(9) 231(4)
C(6) 5012(4) 6359(3) 3477(4) 74(1)
C(7) 4439(6) 8039(3) 3495(5) 96(1)
C(8) 5798(7) 8570(4) 4303(7) 169(3)
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C(9) 3257(8) 8597(5) 2428(8) 180(3)

Table 3. Bond lengths [A] and angles [°] for pvk19 Om_a.

0(1)-C(2) 1.306(4)
0(1)-C(3) 1.460(5)
0(2)-C(6) 1.330(4)
0(2)-C(7) 1.457(5)
0(3)-C(1) 1.404(3)
0(3)-H(3) 0.8200
0(4)-C(1) 1.418(4)
0(4)-H(4) 0.8200
0(5)-C(2) 1.217(4)
0(6)-C(6) 1.190(4)
C(1)-C(6) 1.507(5)
C(1)-C(2) 1.519(5)
C(3)-C(4) 1.359(9)
C(3)-C(5) 1.456(8)
C(3)-H(3A) 0.9800
C(4)-H(4A) 0.9600
C(4)-H(4B) 0.9600
C(4)-H(4C) 0.9600
C(5)-H(5A) 0.9600
C(5)-H(5B) 0.9600
C(5)-H(5C) 0.9600
C(7)-C(8) 1.428(7)
C(7)-C(9) 1.441(7)
C(7)-H(7) 0.9800
C(8)-H(8A) 0.9600
C(8)-H(8B) 0.9600
C(8)-H(8C) 0.9600
C(9)-H(9A) 0.9600
C(9)-H(9B) 0.9600
C(9)-H(9C) 0.9600
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C(2)-0(1)-C(3)
C(6)-0(2)-C(7)
C(1)-0(3)-HB)
C(1)-0(4)-H(4)
0(3)-C(1)-0(4)
0(3)-C(1)-C(6)
0(4)-C(1)-C(6)
0(3)-C(1)-C(2)
0(4)-C(1)-C(2)
C(6)-C(1)-C(2)
0(5)-C(2)-0(2)
0(5)-C(2)-C(2)
0O(1)-C(2)-C(2)
C(4)-C(3)-C()
C(4)-C(3)-0(1)
C(5)-C(3)-0(1)
C(4)-C(3)-H(3A)
C(5)-C(3)-H(3A)
0(1)-C(3)-H(3A)
C(3)-C(4)-H(4A)
C(3)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
C(3)-C(4)-H(4C)
H(4A)-C(4)-H(4C)
H(4B)-C(4)-H(4C)
C(3)-C(5)-H(5A)
C(3)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(3)-C(5)-H(5C)
H(5A)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
0(6)-C(6)-0(2)
0(6)-C(6)-C(2)
0(2)-C(6)-C(2)
C(8)-C(7)-C(9)
C(8)-C(7)-0(2)

119.3(3)
119.0(3)
109.5
109.5
112.2(3)
104.7(3)
111.7(3)
112.5(3)
102.9(3)
113.1(3)
125.0(3)
123.2(3)
111.8(3)
106.7(6)
108.4(5)
105.4(4)
112.0
112.0
112.0
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
124.7(3)
123.6(4)
111.6(3)
114.2(5)
110.1(4)

S17



C(9)-C(7)-0(2) 110.0(4)

C(8)-C(7)-H(7) 107.4
C(9)-C(7)-H(7) 107.4
0(2)-C(7)-H(7) 107.4
C(7)-C(8)-H(8A) 109.5
C(7)-C(8)-H(8B) 109.5
H(8A)-C(8)-H(8B) 109.5
C(7)-C(8)-H(8C) 109.5
H(8A)-C(8)-H(8C) 109.5
H(8B)-C(8)-H(8C) 109.5
C(7)-C(9)-H(9A) 109.5
C(7)-C(9)-H(9B) 109.5
H(9A)-C(9)-H(9B) 109.5
C(7)-C(9)-H(9C) 109.5
H(9A)-C(9)-H(9C) 109.5
H(9B)-C(9)-H(9C) 109.5

Symmetry transformations used to generate equivalent atoms:

Table 4.  Anisotropic displacement parameters (A2x 103) for pvk19 Om a. The
anisotropic displacement factor exponent takes the form: -272[ h2 a*2Ull + . +2hk
a* b* U12]

ull u22 u33 u23 ul3 ul2
0() 70(2) 116(2) 75(2) -20(2) 20(2) -34(2)
0(2) 116(2) 57(2) 82(2) 2(1) 37(2) 10(1)
0(3) 67(2) 105(2) 115(2) -40(2) 23(1) -18(1)
0o4) 106(2) 65(2) 137(2) 14(2) 56(2) 15(2)
0(5) 105(2) 125(3) 82(2) -27(2) 31(2) -20(2)
0O(6) 135(2) 84(2) 103(2) 7(2) 56(2) -3(2)
C(2) 66(2) 68(2) 84(2) -11(2) 20(2) -5(2)
C(2) 74(2) 65(2) 72(2) -1(2) 16(2) -8(2)
C(3) 86(3) 133(4) 106(3) -25(3) 33(2) -43(3)
C(4) 169(4) 172(5) 305(6) 56(4) 117(4) -17(4)
C(5) 112(4) 225(7) 347(8) 85(6) 81(5) -12(4)
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C(6) 73(2) 71(3) 71(2) 1(2) 21(2) -5(2)

c(7) 127(3) 65(3) 99(3) 5(2) 47(3) 5(3)
C(8) 151(5)  122(5)  182(5)  -52(4) 9(4) 12(4)
C(9) 146(5)  138(5)  212(6)  -35(5) 23(5) 51(4)

Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10
3) for pvk19_Om _a.

X y z U(eq)
H(3) 4208 5177 825 149
H(4) 5796 4756 4175 150
H(3A) 9145 6376 1969 131
H(4A) 9640 7787 3938 312
H(4B) 8200 7841 2489 312
H(4C) 9867 7826 2491 312
H(5A) 11256 6006 3729 346
H(5B) 10220 5775 4580 346
H(5C) 10993 6788 4720 346
H(7) 4005 7798 4165 115
H(8A) 6599 8135 4857 253
H(8B) 5577 9007 4929 253
H(8C) 6132 8926 3665 253
H(9A) 2989 9136 2875 270
H(9B) 2361 8204 1968 270
H(9C) 3634 8823 1732 270

Table 6. Torsion angles [°] for pvk19 Om_a.
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Pictorial representations for the synthesis of 44 on bulk scale

Ceric ammonium nitrate (CAN) HO OH

. . o,
iPro,c” > co,Pr (15 mol%)

P  iPr0,C” T CO,Pr

37 CH;CN, air, rt, 2.5 days 44
[400 gram scale]

|

-

Figure S2. Reaction mixture after adding ceric ammonium nitrate (CAN)
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Figure S3. Reaction mixture after quenching with water
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Figure S4. Filtration of crystalline product 44 after trituration

3. Preparation of di-tert-butyl 2,2-dihydroxymalonate (38a)

Ceric ammonium nitrate (CAN) HO OH
o,
Bu0,c 70, Bu (15 mol%) > Bu0,c” ~CO,Bu
38 CH;CN, air, rt, 5 days 38a

Compound 38a was prepared according to the procedure described for the preparation of
44. Di-tert-butyl malonate (38; 10 g, 46.23 mmol, lequiv) was first dissolved in
acetonitrile (232 mL, 0.2M) and to this solution ceric ammonium nitrate (CAN; 3.8 g, 15
mol%) was added in one portion under constant stirring. The three-necked round bottom
flask was fitted with gas dispenser and a slow stream of air was bubbled through the
reaction mixture under constant stirring. Progress of the reaction was monitored by
checking the crude *H-NMR of the reaction mixture. After 5 days the NMR analysis
indicated total consumption of the starting material (38). Any solvent lost during the
course of the reaction due to the constant bubbling of air was replaced as needed. After
confirming the completion of reaction, deionized water (250 mL) was added and stirring

continued until the brownish yellow color of the reaction mixture turned colorless. Next,
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the reaction mixture was extracted with ethyl acetate thrice (3 X 250 mL). The combined
organic layers were washed with brine (300 mL), dried over anhydrous Na,SO, and
concentrated in vacuo. The crude product was obtained as thick slurry. This slurry was
then triturated with hexanes (25 mL) and filtered. During the filtration process some of
the product crystallized in the filtrate — these crystals were then recovered. The combined
crops were washed with hexanes (3 X 20 mL) three times to afford 38a as white

crystalline solid (5.9 g, 52%) that requires no further purification.

Di-tert-butyl 2,2-dihydroxymalonate (38a)
HO_ OH

Bu0,C” 'CO,Bu
38a
Yield: 52%
Physical State: white solid (m.p. 140 — 147 °C);
Rt = 0.20 (20% EtOAc/hexanes);
'H NMR (600 MHz, CDCl3): § 4.60 (s, 1H), 1.51 (s, 18H);
3C NMR (151 MHz, CDCl3): § 167.7, 89.9, 84.4, 27.6;
HRMS (ESI-TOF): calc’d for C11H200s [M+Na]* 271.1152; found 271.1152.

4. Preparation of diisopropyl 2-(hydroxyimino)malonate (46) (Methods A & B)

NaOH (0.66 equiv.) /oM NH,OH-HCI (1.5 equiv)

iPro,c” > co,Pr  NaNO, (5 equiv.) N Et;N (1.5 equiv.) HO_ o
37 CH;COOH, rt, 5 days Pro,c”~ ~co,Pr Toluene, reflux, 5h  'Pro,C" CO,Pr
84% 46 85% 44
(Method A) (Method B)

Method A: This procedure was adapted from literature reports™™. Sodium hydroxide
(0.997 g, 24.93 mmol, 0.66 equiv) was dissolved in glacial acetic acid (7.55 mL) under
constant stirring. A thick, white slurry was formed. Then, a solution of diisopropyl
malonate (7.1 g, 37.77 mmol, 1 equiv) in glacial acetic acid (2.11 mL) was added
dropwise to the ice bath-cooled slurry (0 °C) over a period of 5 minutes. After this
addition was complete, a 0 °C solution of sodium nitrite (13.03 g, 188.87 mmol, 5 equiv)
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in water (23.61 mL) was added dropwise over a period of one hour (!) to the reaction
mixture by means of an addition funnel, maintaining the temperature of the reaction
mixture at 0 °C. After the addition of sodium nitrite was complete, the addition funnel
was replaced with a septum fitted with an empty balloon and the reaction mixture was
allowed to warm to room temperature and stirred for 5 days. After 5 days, the reaction
mixture was saturated with solid sodium chloride and extracted with ethyl acetate thrice
(3 X 75 mL). The combined organic extracts were washed with a 1:1 mixture of saturated
aqueous solution of NaHCOg3 and brine until the pH of the aqueous layer becomes basic
(pH 8-9). Then the organic layer was dried over anhydrous Na,SO4 and concentrated in
vacuo. The crude product was purified by column chromatography to afford the 46 as a
colorless viscous oily liquid (6.85 g, 84%). Note: In this method, the reaction goes to
85% completion only and 15% of the starting material was recovered during the

chromatographic purification.

Method B: Diisopropyl 2,2-dihydroxymalonate 44 (20 g, 90.81 mmol, 1 equiv) was
dissolved in toluene (227 mL) and to this solution hydroxylamine hydrochloride (9.46g,
136.22 mmol, 1.5 equiv) was added followed by triethylamine (18.98 mL, 136.22 mmol,
1.5 equiv) at room temperature under constant stirring. Then the reaction mixture was
heated to reflux under Dean-Stark conditions for 5 h. Progress of the reaction was
monitored by 'H-NMR. After confirming the completion of the reaction by crude NMR,
heating was stopped and the reaction mixture was allowed to cool to room temperature.
Next, the precipitated triethylamine hydrochloride salt was filtered and washed with ethyl
acetate thrice (3 X 25 mL). The combined organic layers were washed once with
saturated aqueous NaHCO3 solution (150 mL) followed by brine, dried over anhydrous
sodium sulfate and concentrated. The crude product was purified by column

chromatography to afford the product 46 as colorless viscous oily liquid (16.8 g, 85%).

Diisopropyl 2-(hydroxyimino)malonate (46)
OH
N/
iPro,c” ~CO,Pr
46
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Yield: 85% (Method B)

Physical State: colorless viscous oily liquid;

Rt = 0.45 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 10.41 (s, 1H), 5.22 (hept, J = 6.3 Hz, 1H), 5.15 (hept, J
=6.2 Hz, 1H), 1.29 (dd, J = 17.2, 6.3 Hz, 12H);

3C NMR (151 MHz, CDCl3): 6 160.0, 159.3, 144.3, 70.5, 70.3, 21.2, 21.1;

HRMS (ESI-TOF): calc’d for CoHisNOs [M+Na]™ 240.0842; found 240.0843.

5. Preparation of di-tert-butyl 2-(hydroxyimino)malonate

HO  OH NH,OH-HCI (1.5 equiv) N,O“
Et;N (1.5 equiv.)
f
‘Bu0,C” CO,Bu Toluene, reflux, 5h Bu0,C~ ~CO,Bu
38a 62% 46a

Di-tert-butyl 2-(hydroxyimino)malonate was prepared on 1 gram scale according to the
procedure described in Method B for the preparation of 46. The product was obtained as
colorless viscous oily liquid (614 mg, 62% yield).

Di-tert-butyl 2-(hydroxyimino)malonate (46a)

OH
N7

Bu0,C”~ ~CO,Bu
46a

Yield: 62%

Physical State: colorless oily liquid;

Rt = 0.24 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 10.58 (s, 1H), 1.49 (d, J = 17.0 Hz, 18H);

3C NMR (151 MHz, CDCl3): 5 159.8, 158.9, 145.3, 84.3, 84.0, 27.8, 27.7;
HRMS (ESI-TOF): calc’d for C1;H1oNOs [M+Na]* 268.1155; found 168.1155.
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6. Preparation of dimethyl and diethyl oximinomalonates (46b, 46c)

NaOH (0.66 equiv.) N/°"'
RO, ~CO,R  NaNO, (2 equiv.)
R = Me (372) CH;COOH, rt, 14h RO,C™ "COR
= Me a _ = 7509,
R = Et (37b) R = Me, Et Me = 75% (46b)

Et = 90% (46c)

Both the dimethyl and diethyl oximinomalonates were prepared according to literature
reported procedures™™. First, sodium hydroxide (3.99 g, 99.91 mmol, 0.66 equiv) was
dissolved in glacial acetic acid (30 mL) under constant stirring. A thick white slurry was
formed. Then, a solution of dimethyl malonate (20 g, 151.38 mmol, 1 equiv) in glacial
acetic acid (8.4 mL) was added dropwise over a period of 5 minutes to the ice bath-
cooled slurry. After this addition was complete, a 0 °C solution of sodium nitrite (20.89 g,
302.77 mmol, 2 equiv) in water (160 mL) was added dropwise over a period of 1 h to the
reaction mixture by means of an addition funnel, while carefully maintaining the
temperature of the reaction mixture at 0 °C. After the addition of NaNO, solution was
completed, the addition funnel was replaced with a septum fitted with an empty balloon
and the reaction mixture was allowed to warm to room temperature and stirred overnight
(14h). After overnight stirring, the reaction mixture was saturated with sodium chloride
and extracted with ethyl acetate thrice (3 X 100 mL). The combined organic extracts
were washed with a 1:1 mixture of saturated aqueous solution of NaHCOg3 and brine until
the pH of the aqueous layer was basic (pH 8-9). Next, the organic layer was dried over
anhydrous Na,SO,4 and concentrated in vacuo. The crude product was purified by column
chromatography to afford the pure dimethyl oximinomalonate as a colorless viscous oily
liquid which became a white solid (18.2 g, 75%) upon standing in the refrigerator. The
diethyl oximinomalonate was also prepared by this same procedure: pale yellow colored
viscous oily liquid (90% vyield). The characterization data for these oximinomalonates is

consistent with the literature reported data.
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Dimethyl 2-(hydroxyimino)malonate (46b)

OH
N

Me02C COZMe
46b

Yield: 75%

Physical State: White solid;

R¢ = 0.12 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCl5): & 10.73 (s, 1H), 3.86 (d, J = 17.8 Hz, 6H);
13C NMR (151 MHz, CDCls): § 160.9, 160.4, 143.5, 53.2, 52.9;
Spectral data is in accordance with the literature report?.

Diethyl 2-(hydroxyimino)malonate (46c)

OH
N7

EtO,C CO,Et
46¢

diethyl 2-(hydroxyimino)malonate

Yield: 90%

Physical State: Pale yellow colored viscous oily liquid,;

Rt = 0.2 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 10.47 (s, 1H), 4.33 (dq, J = 25.4, 7.1 Hz, 4H), 1.30 (dt, J
=14.1, 7.1 Hz, 6H);

3C NMR (151 MHz, CDCls): § 160.5, 159.9, 144.0, 62.6, 62.4, 13.79, 13.75;

Spectral data is in accordance with the literature report?.
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7. Table S2. Activation of oximinomalonates with different sulfonyl chlorides

o
oM o o-g—Ar/R'

N I Et;N (1.02 equiv.) 77

JL + Ar/R'—S-CI eV Tt 6N > N o

RO,C™ "COR 5 T RO,C” “CO,R

46-46¢ 47-47i
Entry R Ar/R’ Yield(%0)

1 Me Me 93
2 Me _@_ 83
Et Me 82
4 Et _@_ 72
5 'Pr Me 70
6 'Pr _@_ 72
7 'Pr e~ )— 76
8 'Pr : 74
9 Pr 85
10 ‘Bu e 79

7

8. Standard procedure for oximinomalonate activation with sulfonyl chlorides
This procedure was adapted from the literature® with small changes. To a solution of

hydroxyimino malonate (1 equiv) and sulfonyl chloride (1 equiv) in DCM (0.56 M) under
argon, was added neat EtsN (1.02 equiv) in one portion at room temperature under
constant stirring. The reaction mixture was stirred at room temperature for 6 hours. After
confirming the complete consumption of starting material by thin layer chromatography

(TLC), the reaction mixture was diluted with DCM (two volumes of the reaction mixture)
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and washed with water thrice. The organic layer was then dried over anhydrous Na,SO,

and concentrated. The crude product was purified by column chromatography.

9. General procedure for the synthesis of diisopropyl 2-((tosyloxy)imino)malonate
(47)
o

OH o ]
7 o-S CH
N " i 7 3
) . H3C_©_s_CI Et;N (1.02 equiv.) N L‘ < >
Pro,C CO,/Pr g DCM, rt,6 h PrO.C coip
46 [20 g scale] rO; 2 Pr

47

To a solution of diisopropyl 2-(hydroxyimino) malonate 46 (20 g, 92.07 mmol, 1 equiv)
and tosyl chloride (17.55 g, 92.07 mmol, 1 equiv) in DCM (165 mL) under argon, was
added a solution of EtzN (13.08 mL, 93.91 mmol, 1.02 equiv) in DCM (41 mL) in 2
minutes at room temperature under constant stirring. The reaction mixture was stirred at
room temperature for 6 hours. After confirming the complete consumption of starting
material by TLC, the reaction mixture was diluted with DCM (200 mL) and washed with
water thrice (3 X 100 mL). The organic layer was then dried over anhydrous Na,SO,4 and
concentrated in vacuo. The crude product was purified by column chromatography to
afford the product as a white crystalline solid (28 g, 81%). All the oximinomalonates
listed in Table S2 (page S28) were activated with different sulfonyl chlorides by this

procedure.

Diisopropyl 2-((tosyloxy)imino)malonate (47)

N/OTS

iPro,c~ ~CO,Pr
47

Yield: 81%

Physical State: white crystalline solid (m.p. 82 — 87 °C);

Rf = 0.20 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.87 (d, J = 7.9 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 5.24
(hept, J = 6.1 Hz, 1H), 5.12 (hept, J = 6.0 Hz, 1H), 2.45 (s, 3H), 1.31 (dd, J = 24.3, 6.3
Hz, 12H);
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B3C NMR (151 MHz, CDCls): & 157.5, 157.3, 150.2, 146.1, 131.1, 129.8, 129.1, 71.8,

71.7,21.7,21.44, 21.41;

HRMS (ESI-TOF): calc’d for C16H1NO7S [M+H]" 372.1111; found 372.1119.

Figure S5. X-Ray crystal structure of diisopropyl 2-((tosyloxy)imino)malonate (47)

Table S3. X-Ray crystal data and structure refinement for 47

Table 1.
Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

pvk127 Om_a
Cl16 H21NO7 S
371.40

296(2) K
0.71073 A
Monoclinic

P2;
a=8.2805(16) A
b=11.437(2) A
c=10.852(2) A
966.6(3) A3

2
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Density (calculated) 1.276 Mg/m3

Absorption coefficient 0.202 mm-1

F(000) 392

Crystal size 0.400 x 0.350 x 0.250 mm3
Theta range for data collection 1.995 to 33.070°.

Index ranges -12<=h<=12, -17<=k<=17, -16<=I<=16
Reflections collected 13160

Independent reflections 6721 [R(int) = 0.0173]
Completeness to theta = 25.000° 99.9 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.746 and 0.651

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 6721/7/231

Goodness-of-fit on F2 1.035

Final R indices [1>2sigma(l)] R1=0.0398, wR2 = 0.1108

R indices (all data) R1=0.0447, wR2 = 0.1154
Absolute structure parameter 0.054(15)

Extinction coefficient n/a

Largest diff. peak and hole 0.339 and -0.359 e.A-3

Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters
(A2x 103) for pvk127_Om_a. U(eq) is defined as one third of the trace of the
orthogonalized Ul tensor.

X y z U(eq)
S(1) 4131(1) 6076(1) 9696(1) 43(1)
0O(1) 2922(2) 5311(2) 9941(2) 59(1)
0(2) 5375(2) 6674(2) 10741(2) 57(1)
0(3) 5368(2) 5300(1) 9108(2) 47(1)
O(4) 5505(2) 2348(2) 6395(2) 56(1)
O(5) 2853(2) 2811(2) 6350(2) 68(1)
O(6) 8084(2) 3253(2) 9007(2) 56(1)
o(7) 7795(3) 4638(2) 7482(2) 75(1)
N(1) 4345(2) 4486(1) 8162(2) 44(1)
C(1) 3113(2) 7040(2) 8422(2) 40(1)
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C(2)
C(3)
C(4)
C(5)
C(6)
c(7)
C(8)
C(9)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)

3770(3)
2944(3)
1509(3)
882(3)
1658(3)
660(4)
5310(2)
4368(3)
4826(4)
6212(9)
4423(7)
7223(3)
9958(3)
10752(5)
10194(7)

8167(2)
8945(2)
8619(2)
7481(2)
6690(2)
9479(3)
3845(2)
2943(2)
1457(2)

544(4)
2016(4)
3970(2)
3179(4)
2926(6)
2240(8)

8474(2)
7483(2)
6437(2)
6409(2)
7393(2)
5361(3)
7750(2)
6748(2)
5366(3)
5662(7)
4055(4)
8076(2)
9278(3)
10673(5)
8355(7)

48(1)
54(1)
53(1)
54(1)
50(1)
76(1)
39(1)
44(1)
67(1)
141(2)
99(1)
44(1)
87(1)
112(1)
170(3)

Table 3. Bond lengths [A] and angles [°] for pvk127_0m_a.

S(1)-0(1)
S(1)-0(2)
S(1)-0(3)
S(1)-C(1)
O(3)-N(1)
0(4)-C(9)
O(4)-C(10)
O(5)-C(9)
0O(6)-C(13)
0O(6)-C(14)
O(7)-C(13)
N(1)-C(8)
C(1)-C(2)
C(1)-C(6)
C(2)-C(3)
C(2)-H(2)
C(3)-C(4)

1.4208(19)
1.4223(16)
1.6393(15)
1.745(2)
1.430(2)
1.319(2)
1.475(3)
1.189(3)
1.308(2)
1.481(3)
1.196(3)
1.273(2)
1.393(3)
1.395(3)
1.383(3)
0.9300
1.387(3)
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C(3)-H(3)
C(4)-C(5)
C(4)-C(7)
C(5)-C(6)
C(5)-H(5)
C(6)-H(6)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(8)-C(13)
C(8)-C(9)
C(10)-C(12)
C(10)-C(11)
C(10)-H(10)
C(11)-H(11A)
C(11)-H(11B)
C(11)-H(11C)
C(12)-H(12A)
C(12)-H(12B)
C(12)-H(12C)
C(14)-C(15)
C(14)-C(16)
C(14)-H(14)
C(15)-H(15A)
C(15)-H(15B)
C(15)-H(15C)
C(16)-H(16A)
C(16)-H(16B)
C(16)-H(16C)

O(1)-5(1)-0(2)
O(1)-5(1)-0(3)
0(2)-5(1)-0(3)
O(1)-S(1)-C(1)
0(2)-5(1)-C(1)
O(3)-S(1)-C(1)

0.9300
1.398(3)
1.505(3)
1.381(3)
0.9300
0.9300
0.9600
0.9600
0.9600
1.508(3)
1.510(3)
1.490(5)
1.504(6)
0.9800
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600
1.459(5)
1.526(8)
0.9800
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600

120.78(11)
108.25(10)
101.07(9)
110.86(11)
110.60(10)
103.38(8)
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N(1)-O(3)-S(1)
C(9)-0(4)-C(10)

C(13)-0(6)-C(14)

C(8)-N(1)-0(3)
C(2)-C(1)-C(6)
C(2)-C(1)-5(1)
C(6)-C(1)-S(1)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2)
C(1)-C(2)-H(2)
C(2)-C(3)-C(4)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
C(3)-C(4)-C(5)
C(3)-C(4)-C(7)
C(5)-C(4)-C(7)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(4)-C(5)-H(5)
C(5)-C(6)-C(1)
C(5)-C(6)-H(6)
C(1)-C(6)-H(6)

C(4)-C(7)-H(7A)

C(4)-C(7)-H(7B)

H(7A)-C(7)-H(7B)

C(4)-C(7)-H(7C)

H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)

N(1)-C(8)-C(13)
N(1)-C(8)-C(9)
C(13)-C(8)-C(9)
0(5)-C(9)-0(4)
0(5)-C(9)-C(8)
0(4)-C(9)-C(8)

0(4)-C(10)-C(12)
0(4)-C(10)-C(11)

109.57(12)
116.7(2)
116.64(19)
109.72(16)
121.14(19)
118.45(15)
120.40(15)
118.72(18)
120.6
120.6
121.6(2)
119.2
119.2
118.4(2)
120.3(2)
121.3(2)
121.5(2)
119.3
119.3
118.64(18)
120.7
120.7
109.5
109.5
109.5
109.5
109.5
109.5
126.73(17)
114.48(17)
118.57(16)
126.7(2)
124.85(19)
108.44(17)
109.3(2)
104.5(3)
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C(12)-C(10)-C(11)
0(4)-C(10)-H(10)
C(12)-C(10)-H(10)
C(11)-C(10)-H(10)
C(10)-C(11)-H(11A)
C(10)-C(11)-H(11B)
H(11A)-C(11)-H(11B)
C(10)-C(11)-H(11C)
H(11A)-C(11)-H(11C)
H(11B)-C(11)-H(11C)
C(10)-C(12)-H(12A)
C(10)-C(12)-H(12B)
H(12A)-C(12)-H(12B)
C(10)-C(12)-H(12C)
H(12A)-C(12)-H(12C)
H(12B)-C(12)-H(12C)
0(7)-C(13)-0(6)
0(7)-C(13)-C(8)
0(6)-C(13)-C(8)
C(15)-C(14)-0(6)
C(15)-C(14)-C(16)
0(6)-C(14)-C(16)
C(15)-C(14)-H(14)
0(6)-C(14)-H(14)
C(16)-C(14)-H(14)
C(14)-C(15)-H(15A)
C(14)-C(15)-H(15B)
H(15A)-C(15)-H(15B)
C(14)-C(15)-H(15C)
H(15A)-C(15)-H(15C)
H(15B)-C(15)-H(15C)
C(14)-C(16)-H(16A)
C(14)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
C(14)-C(16)-H(16C)
H(16A)-C(16)-H(16C)

114.2(4)
109.6
109.6
109.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
127.2(2)
120.7(2)
112.02(16)
106.9(3)
115.3(5)
105.6(3)
109.6
109.6
109.6
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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H(16B)-C(16)-H(16C)

109.5

Symmetry transformations used to generate equivalent atoms:

Table 4.  Anisotropic displacement parameters (A2x 103) for pvk127 Om_a. The
anisotropic displacement factor exponent takes the form: -272[ h2 a*2Ull + . +2hk
a* b* U12]

ull u22 u33 u23 ul3 ul2
S(l)  45(1) 40(1) 42(1) -6(1) 12(1) 2(1)
o)  66(1) 53(1) 64(1) 1(1) 31(1) -3(1)
0@  59(1) 57(1) 45(1) -13(1) 4(1) 4(2)
o@3)  44(1) 42(1) 51(1) -10(1) 11(1) 4(1)
0@)  56(1) 54(1) 64(1) -22(1) 26(1) -5(1)
0()  44(1) 87(1) 63(1) -21(1) 5(1) 1(1)
0®6)  35(1) 72(1) 59(1) 20(1) 14(1) 2(1)
o@)  72(1) 70(1) 90(1) 28(1) 38(1) 1(1)
N()  46(1) 39(1) 41(1) -5(1) 8(1) 7(1)
C)  38(1) 37(1) 42(1) 7(1) 10(1) 2(1)
C@  49(1) 43(1) 48(1) -8(1) 10(1) 7(1)
c@) 57(1) 41(1) 60(1) -1(1) 14(1) -6(1)
C@)  50(1) 49(1) 55(1) 1(1) 12(1) 4(2)
CG)  44(1) 53(1) 53(1) -3(1) 1(1) 0(1)
C®6)  45(1) 40(1) 55(1) 7(1) 5(1) -5(1)
c@ 7002 67(2) 77(2) 20(1) 5(1) 5(1)
C@B)  43(1) 36(1) 36(1) 2(1) 10(1) 6(1)
cO  47(1) 45(1) 37(1) -2(1) 10(1) 4(1)
C(10)  86(2) 50(1) 75(2) -26(1) 40(1) -18(1)
C(1l) 164(5) 86(3) 152(4) -56(3) 28(4) 39(3)
C(12) 151(4) 88(2) 66(2) -29(2) 45(2) -40(3)
C(13)  48(1) 41(1) 45(1) 0(1) 17(1) 0(1)
C(14) 33(1) 132(3) 94(2) 41(2) 19(1) -2(1)
C(15) 61(2) 161(3)  103(2) 24(2) 16(2) -3(2)
C(16) 75(3) 248(8) 195(6) -28(6) 55(4) 56(4)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10
3) for pvk127_0m_a.

X y z U(eq)
H(2) 4744 8393 9160 58
H(3) 3360 9704 7521 65
H(5) -80 7252 5713 65
H(6) 1219 5939 7370 59
H(7A) 689 10245 5731 114
H(7B) 511 9250 4923 114
H(7C) 1261 9491 4745 114
H(10) 3780 1112 5441 81
H(11A) 7229 879 5572 211
H(11B) 5831 -96 5060 211
H(11C) 6462 266 6542 211
H(12A) 3654 2661 3984 149
H(12B) 3890 1453 3383 149
H(12C) 5464 2294 3953 149
H(14) 10381 3931 9077 104
H(15A) 10551 3566 11175 168
H(15B) 11965 2821 10878 168
H(15C) 10262 2225 10882 168
H(16A) 11377 2215 8413 255
H(16B) 9488 2420 7472 255
H(16C) 9868 1493 8600 255

Table 6. Torsion angles [°] for pvk127_0m_a.
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Diisopropyl 2-(((methylsulfonyl)oxy)imino)malonate (47a)

OMs
N 7

Pro,c” ~CO,Pr
47a
Yield: 70%
Physical State: off-white solid (m.p. = 50 — 55 °C);
R¢ = 0.26 (20% EtOAc/hexanes);
'H NMR (600 MHz, CDCl5): & 5.28 (hept, J = 6.3 Hz, 1H), 5.21 (hept, J = 6.4 Hz, 1H),
3.24 (s, 3H), 1.35 (t, J = 6.0 Hz, 12H);
3C NMR (151 MHz, CDCls): 6 157.3, 157.1, 150.9, 72.2, 72.0, 36.9, 21.3;
HRMS (ESI-TOF): calc’d for C10H17NO7S [M+K]" 334.0357; found 334.0368.

Diisopropyl 2-((((4-(trifluoromethyl)phenyl)sulfonyl)oxy)imino)malonate (47b)

CF,
o
iPro,c__N_ s
~A-°,
\?, ° o
co,Pr

47b
Yield: 76%
Physical State: white solid (m.p. =73 - 78 °C);
Rt = 0.29 (10% EtOAc/hexanes);
'H NMR (600 MHz, CDCls): & 8.15 (d, J = 8.3 Hz, 2H), 7.86 (d, J = 8.3 Hz, 2H), 5.26
(hept, J = 6.2 Hz, 1H), 5.13 (hept, J = 6.2 Hz, 1H), 1.34 (d, J = 6.3 Hz, 6H), 1.29 (d, J =
6.3 Hz, 6H);
3C NMR (151 MHz, CDCls): & 157.2, 156.9, 151.0, 137.7, 136.5, 136.3, 136.1, 135.9,
129.7, 126.37, 126.35, 125.6, 123.8, 121.9, 120.1, 72.1, 72.0, 21.4, 21.3;
F NMR (471 MHz, CDCls): § —63.4 (5);
HRMS (ESI-TOF): calc’d for C1H1sF3sNO7S [M+Na]" 448.0648; found 448.0663.
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Diisopropyl 2-(((mesitylsulfonyl)oxy)imino)malonate (47c)

Me Me
o
. W
'Pro,C N .S
DA

. O Me
CO,'Pr
47c

Yield: 74%

Physical State: white solid (m.p. 73 — 78 °C);

R¢ = 0.48 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): § 6.99 (s, 2H), 5.27 (hept, J = 6.3 Hz, 1H), 5.10 (hept, J =
6.2 Hz, 1H), 2.64 (s, 6H), 2.32 (s, 3H), 1.35 (d, J = 6.3 Hz, 6H), 1.27 (d, J = 6.3 Hz, 6H);
3C NMR (151 MHz, CDCls): § 157.7, 157.5, 149.5, 144.5, 141.4, 131.8, 129.3, 71.7,
71.6,22.7,21.5,21.4,21.1;

HRMS (ESI-TOF): calc’d for C15HosNO7S [M+H]" 400.1424; found 400.1315.

Diisopropyl 2-((((2,4,6-triisopropylphenyl)sulfonyl)oxy)imino)malonate (47d)

Yield: 85%

Physical State: white solid (m.p. 74 — 78 °C);

R¢ = 0.37 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 7.21 (s, 2H), 5.28 (p, J = 6.2 Hz, 1H), 5.11 (p, J = 6.3
Hz, 1H), 4.12 (hept, J = 6.8 Hz, 2H), 2.92 (p, J = 6.9 Hz, 1H), 1.36 (d, J = 6.4 Hz, 6H),
1.27 (t, J =5.2 Hz, 24H);

3¢ NMR (151 MHz, CDCly): 6 157.8, 157.7, 154.8, 152.2, 149.3, 128.0, 124.0, 71.69,
71.68, 34.2,29.9, 24.6, 23.4, 21.5, 21.4;

HRMS (ESI-TOF): calc’d for Ca4H3NO7S [M+H]" 484.2363; found 484.2349.
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Diethyl 2-((tosyloxy)imino)malonate (47¢)

OTs
N

EtO,C~ ~CO,Et
47e

Yield: 72%

Physical State: white solid (m.p. 63 — 68 °C);

Rt = 0.44 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.88 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 4.40
(9, =7.2 Hz, 2H), 4.32 (q, J = 7.1 Hz, 2H), 2.46 (s, 3H), 1.33 (dt, J = 20.1, 7.1 Hz, 6H);
3C NMR (151 MHz, CDCls): 5 157.99, 157.95, 149.7, 146.2, 131.1, 129.8, 129.1, 63 .4,
63.2,21.7,13.9, 13.8;

HRMS (ESI-TOF): calc’d for C14H17NO;S [M+H]" 344.0798 [M+Na]" 366.0618; found
344.0799, 366.0623.

Dimethyl 2-((tosyloxy)imino)malonate (47f)

OTs
N7

MeO,C”~ ~CO,Me
a47f

Yield: 83%

Physical State: off-white solid (m.p. 91 — 96 °C);

R¢ = 0.21 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.87 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H), 3.93
(s, 3H), 3.87 (s, 3H), 2.46 (s, 3H);

3C NMR (151 MHz, CDCly): § 158.4, 158.3, 149.1, 146.3, 130.9, 129.9, 129.1, 53.8,
53.6, 21.7,

HRMS (ESI-TOF): calc’d for C1,H13NO7S [M+H]" 316.0485 [M+Na]* 338.0305; found
316.0482, 338.0317.
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Diethyl 2-(((methylsulfonyl)oxy)imino)malonate (479)

OMs
N 7

Et0,C” ~CO,Et
479

Yield: 82%

Physical State: white solid (m.p. =52 — 56 °C);

Rt = 0.21 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 4.38 (dg, J = 14.5, 7.1 Hz, 4H), 3.22 (s, 3H), 1.34 (t, J =
7.1 Hz, 6H);

3C NMR (151 MHz, CDCly): § 157.7, 157.6, 150.2, 63.6, 63.4, 36.9, 13.77, 13.75;
HRMS (CI-TOF): calc’d for CgH13NO;S [M+H]" 268.0491; found 268.0486.

Dimethyl 2-(((methylsulfonyl)oxy)imino)malonate (47h)

OMs
N 7

MeOZC COZMe
47h

Yield: 93%

Physical State: off-white solid (m.p. = 68 — 73 °C);

R¢ = 0.20 (30% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 3.91 (d, J = 7.8 Hz, 6H), 3.22 (s, 3H);

3C NMR (151 MHz, CDCls): 5 158.1, 157.9, 149.6, 53.9, 53.6, 36.9;
HRMS (CI-TOF): calc’d for CgHgNO;S [M+H]" 240.0178; found 240.0176.

Di-tert-butyl 2-((tosyloxy)imino)malonate (47i)

P OTs

N

tBuOZC COZtBu
47i

Yield: 79%
Physical State: white solid (m.p. 72 — 77 °C);
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R¢ = 0.43 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.83 (d, J = 8.3 Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 2.41
(s, 3H), 1.51 (s, 9H), 1.46 (s, 9H);

3C NMR (151 MHz, CDCl3): 6 157.1, 156.4, 151.1, 145.9, 131.1, 129.6, 128.9, 85.8,
85.2,27.7,27.5, 21.5;

HRMS (ESI-TOF): calc’d for C1gH2sNO-S [M+Na]" 422.1244; found 422.1240.

10. Preparation of diisopropyl and diethyl iminomalonates (51a-v)

HO_ OH _R
+ R-NH, pTSA or CSA (5 mol%) N
Prooc” 'COOPr Toluene, reflux, 3 hrs _ )
50 iProoc” ~cooPr
44
51
- Me P /\/OTBS A
N JNL CF;3 N N NN
‘Prooc” “cooiPr Prooc” “cooPr "ProocJLcoo"Pr iprooc” ~cooPr  Prooc” SCcooPr
51a 51b 51c 51d 51e
COO'Pr
N N /O O JQ NJ\COOiPr .
N _ COOPr
'Prooc” "COO'Pr iProoc” “cooiPr "Prooc COO'Pr Iprooc COOPr 7 .
51f 51g 51h 51i 51j COOPr

N @ /@ @ @, N @/\/OTBDMS

N

iProoc” “cooiPr i
39 ‘PrOOC COoOPr ’PrOOC COO’Pr ’PrOOC COO'Pr 'PrOOCJLCOO’Pr
51k
N )@ £I>
Prooc Coo'Pr EtOOC COOEt ’PrOOC COOPr ’PrOOC COO'Pr ‘Prooc COO’Pr
510 51p 51q 51r 51s

RSN

EtOOC COOEt iPrOOC CcooPr iProoc COO’Pr
51t 51u 51v

Table S4. List of diisopropyl and diethyl iminomalonates
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Standard procedure for the preparation of iminomalonates presented above
Diisopropyl 2,2-dihydroxymalonate 44 (1 equiv) was taken in a flame dried flask and to

this aliphatic or aromatic amine (1 equiv) was added followed by pTSA or CSA (5
mol%). To this mixture 5 A molecular sieves were added followed by dry toluene (0.2
M) and heated to reflux using a Dean-Stark adapter for 3 h. Progress of the reaction was
monitored by TLC. After confirming the completion of the reaction, heating was stopped
and the reaction mixture was allowed to cool to room temperature. Toluene was removed
under reduced pressure and the crude product was purified by column chromatography.

Note: One can use either pTSA or CSA and both are equally efficient in catalyzing the
imine-formation reaction. The reaction also proceeds in the absence of catalyst but it
takes twice as long. It is always better to purify the crude imine immediately after the
reaction in order to obtain better yields. The imines are stable for 3 to 4 days in the
freezer (20 °C). Aliphatic imines are generally more stable and can be stored for longer
periods of time compared to aromatic imines. All the above mentioned imines (39 to 51v)

were prepared according to this standard procedure.

General procedure for the synthesis of diisopropyl 2-(phenylimino)malonate (39)

NH, /C
HO OH CSA (5 mol%) N
ip oocxcoo"P * Tol flux, 3 h > JL
r r oluene, retlux, rs ‘ProoC COO'Pr
44 39

Diisopropyl 2,2-dihydroxymalonate 44 (500 mg, 2.27 mmol, 1 equiv) was taken in a
flame dried flask and to this aniline (0.20 mL, 2.27 mmol, 1 equiv) was added followed
by camphor sulfonic acid (CSA) (26.4 mg, 5 mol%). To this mixture 5 A molecular
sieves were added followed by dry toluene (0.2 M, 11.4 mL) and heated to reflux using a
Dean-Stark adapter for 3 h or until the complete consumption of the starting material.
Progress of the reaction was monitored TLC. After confirming the completion of the
reaction, heating was stopped and the reaction mixture was allowed to cool to room
temperature. Toluene was removed under reduced pressure and the crude product was

purified by column chromatography to afford 39 as yellow viscous oil (420 mg, 67%).
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11. Characterization data of the iminomalonate substrates (as displayed in Table S4)

1. Diisopropyl 2-(phenylimino)malonate (39)

AL

iPro,c~ ~CO,Pr
39

Standard procedure described above was followed for converting 4.54 mmol of 44 and
aniline to 39

Yield: 67%

Physical State: yellow colored viscous oily liquid;

R¢ = 0.37 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.23 (t, J = 7.8 Hz, 2H), 7.09 (t, J = 7.5 Hz, 1H), 6.89 (d,
J = 7.6 Hz, 2H), 5.18 (hept, J = 6.2 Hz, 1H), 4.94 (hept, J = 6.2 Hz, 1H), 1.29 (d, J = 6.4
Hz, 6H), 0.99 (d, J = 6.5 Hz, 6H);

3C NMR (151 MHz, CDCl3): & 161.6, 160.1, 153.0, 147.5, 128.4, 126.1, 119.1, 70.6,
69.8, 21.2, 20.9;

HRMS (CI-TOF): calc’d for C15H1oNO4 [M]* 277.1314; found 277.1314.

2. Diisopropyl 2-(methylimino)malonate (51a)

Me
NT

Pro,c~ "~ CO,Pr
51a

Standard procedure described above was followed for converting 9.08 mmol of 44 and
methyl amine to 51a.

Yield: 33%

Physical State: pale yellow colored oily liquid;

Rt = 0.26 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 5.02 (hept, J = 6.4 Hz, 1H), 4.96 (hept, J = 6.4 Hz, 1H),
3.25 (s, 3H), 1.11 (dd, J = 8.1, 6.4 Hz, 12H);

3¢ NMR (151 MHz, CDCl3): 6 161.0, 159.8, 155.0, 69.7, 69.4, 41.5, 21.0, 20.9;

HRMS (ESI-TOF): calc’d for C1oH17NO4 [M+H]" 216.1230; found 216.1233.
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3. Diisopropyl 2-((2,2,2-trifluoroethyl)imino)malonate (51b)
N CF,

iPro,c~ ~Co,/Pr
51b

Standard procedure described above was followed for converting 2.27 mmol of 44 and
trifluoroethyl amine to 51b.

Yield: 42%

Physical State: pale beige colored oily liquid,;

Rt = 0.19 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): 6 5.21 (dhept, J = 18.7, 6.1 Hz, 2H), 4.20 (q, J = 9.1 Hz,
2H), 1.33 (dd, J = 6.2, 2.0 Hz, 12H);

3C NMR (151 MHz, CDCls): § 160.5, 159.4, 157.2, 126.6, 124.7, 122.9, 121.1, 71.1,
71.0,55.2,55.0,54.7,54.5, 21.5, 21.4;

YENMR (471 MHz, CDCl3): § -70.44 (d, J = 7.5 Hz);

HRMS (ESI-TOF): calc’d for C1;H16F3NO4 [M+Na]* 306.0924; found 306.0939.

4. Diisopropyl 2-((2-((tert-butyldimethylsilyl)oxy)ethyl)imino)malonate (51c)
N

Pro,c” “CcOo,Pr
51c

Standard procedure described above was followed for converting 3.80 mmol of 44 and
TBDMS protected ethanolamine to 51c.

Yield: 26%

Physical State: pale yellow colored oily liquid,;

R¢ = 0.34 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 5.19 (dp, J = 29.1, 6.3 Hz, 2H), 3.92 (t, J = 6.1 Hz, 2H),
3.70 (t, J = 6.1 Hz, 2H), 1.32 — 1.28 (m, 12H), 0.84 (s, 9H), 0.02 (s, 6H);

3C NMR (151 MHz, CDCl3): 6 161.6, 160.5, 154.9, 70.3, 70.0, 62.1, 57.4, 25.7, 21.59,
21.50, 18.2, -5.3;

HRMS (CI-TOF): calc’d for C17H33NOsSi [M+H]* 360.2206; found 360.2208.
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5. Diisopropyl 2-(cyclopropylimino)malonate (51d)

A

N

iPro,c~ ~CO,Pr
51d

Standard procedure described above was followed for converting 2.27 mmol of 44 and
cyclopropyl amine to 51d.

Yield: 94%

Physical State: colorless viscous oily liquid;

R¢ = 0.41 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 5.22 (hept, J = 6.3 Hz, 1H), 5.13 (hept, J = 6.3 Hz, 1H),
3.13 (tt, J = 6.5, 3.1 Hz, 1H), 1.30 (d, J = 6.3 Hz, 6H), 1.26 (d, J = 6.3 Hz, 6H), 1.18 (p, J
=4.2,3.5Hz, 2H), 1.10 (dt, J = 6.6, 3.6 Hz, 2H);

3¢ NMR (151 MHz, CDCl3): 6 162.2, 160.5, 151.7, 69.9, 69.7, 37.3, 21.5, 21.4, 11.8;
HRMS (ESI-TOF): calc’d for C1oH1gNO4 [M+H]" 242.1387; found 242.1343.

6. Diisopropyl 2-(butylimino)malonate (51e)
N/\/\

iPro,C ] CO,Pr
51e

Standard procedure described above was followed for converting 4.54 mmol of 44 and n-
butyl amine to 51e.

Yield: 53%

Physical State: colorless oily liquid;

R¢ = 0.45 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 5.22 (dg, J = 12.6, 6.1 Hz, 1H), 5.16 (dg, J = 12.4, 6.2
Hz, 1H), 3.55 (t, J = 7.1 Hz, 2H), 1.68 (p, J = 7.2 Hz, 2H), 1.38 — 1.25 (m, 14H), 0.89 (t,
J=7.4Hz, 3H),

3C NMR (151 MHz, CDCls): § 162.1, 160.4, 153.9, 70.3, 69.9, 55.2, 31.8, 21.5, 21 .4,
20.4, 13.6;

HRMS (ESI-TOF): calc’d for C13H23NO4 [M+H]" 258.1700; found 258.1702.
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7. Diisopropyl 2-(phenethylimino)malonate (51f)

~A

iPro,C~ ~CO,Pr
51f

Standard procedure described above was followed for converting 4.54 mmol of 44 and
phenethyl amine to 51f.

Yield: 77%

Physical State: pale yellow colored oily liquid;

Rt = 0.32 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.25 (dd, J = 9.5, 5.6 Hz, 2H), 7.19 — 7.14 (m, 3H), 5.18
(pd, J=6.3, 2.5 Hz, 2H), 4.01 — 3.69 (m, 2H), 3.15 - 2.88 (m, 2H), 1.28 (dd, J = 22.7, 6.3
Hz, 12H);

B¥C NMR (151 MHz, CDCly): & 161.5, 160.2, 154.1, 138.6, 128.4, 128.2, 126.1, 70.2,
69.8, 56.8, 36.1, 21.3, 21.3;

HRMS (CI-TOF): calc’d for C17H,3NO4 [M+H]" 306.1705; found 306.1711.

8. Diisopropyl 2-(cyclopentylimino)malonate (519)

A

iPro,c” “Co,Pr
51g

Standard procedure described above was followed for converting 4.54 mmol of 44 and
cyclopentyl amine to 51g.

Yield: 84%

Physical State: pale yellow colored oily liquid;

R¢ = 0.43 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl5): 5 5.04 (ddt, J = 39.8, 12.1, 6.0 Hz, 2H), 3.98 — 3.44 (m,
1H), 1.76 — 1.64 (m, 4H), 1.58 (dqg, J = 14.2, 8.1, 7.4 Hz, 2H), 1.47 (t, J = 5.8 Hz, 2H),
1.16 (dd, J = 10.8, 6.5 Hz, 12H);

3C NMR (151 MHz, CDCls): § 162.0, 160.0, 151.8, 69.7, 69.3, 65.0, 33.8, 24.5, 21.2,
21.1;
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HRMS (ESI-TOF): calc’d for C14H3NO4 [M+H]" 270.1700; found 270.1712.

9. Diisopropyl 2-(cyclohexylimino)malonate (51h)

A

Pro,c~ ~CO,Pr
51h

Standard procedure described above was followed for converting 2.27 mmol of 44 and
cyclohexyl amine to 51h.

Yield: 66%

Physical State: pale yellow colored oily liquid;

Rt = 0.36 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 5.24 (hept, J = 6.1 Hz, 1H), 5.18 (hept, J = 6.2 Hz, 1H),
3.33 (tt, J=10.1, 4.0 Hz, 1H), 1.79 (d, J = 12.5 Hz, 2H), 1.68 (d, J = 10.7 Hz, 2H), 1.65 —
1.55 (m, 3H), 1.31 (t, J = 6.5 Hz, 12H), 1.23 (dq, J = 24.4, 12.3, 11.8 Hz, 3H);

3C NMR (151 MHz, CDCls): & 162.6, 160.5, 152.1, 70.3, 69.7, 64.6, 32.8, 25.1, 24.1,
21.6, 21.5;

HRMS (ESI-TOF): calc’d for C15H2sNO4 [M+H]" 284.1856; found 284.1869.

10. Diisopropyl 2-((1-(tert-butoxycarbonyl)piperidin-4-yl)imino)malonate (51i)

L
N

iPro,c~ ~CO,Pr
51i

Standard procedure described above was followed for converting 4.54 mmol of 44 and
boc protected 4-piperidinyl amine to 51i.

Yield: 82%

Physical State: colorless oily liquid;

R¢ = 0.57 (30% EtOAc/hexanes);
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'H NMR (600 MHz, CDCls): & 5.02 (hept, J = 6.0 Hz, 1H), 4.94 (hept, J = 6.1 Hz, 1H),
3.82 (s, 2H), 3.34 (dt, J = 9.4, 5.0 Hz, 1H), 2.67 (s, 2H), 1.57 — 1.49 (m, 2H), 1.45 (d, J =
10.2 Hz, 2H), 1.22 (s, 9H), 1.09 (dd, J = 9.0, 6.4 Hz, 12H):

13C NMR (151 MHz, CDCls): § 161.3, 159.7, 154.0, 152.5, 78.8, 69.8, 69.5, 61.3, 31.3,
27.8,21.0, 20.9;

HRMS (ESI-TOF): calc’d for C19H3,N,0g [M+Na]* 407.2153; found 407.2168.

11. Tetraisopropyl 2,2'-(decane-1,10-diylbis(azanylylidene))dimalonate (51j)

CO,Pr
N~ ~Cco,/Pr
N._ CO,Pr
7
51j CO,Pr

Standard procedure described above was followed for converting 8.0 mmol of 44 and
1,10-diaminodecane to 51j.

Yield: 79%

Physical State: colorless oily liquid;

Rt = 0.27 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 5.29 — 5.09 (m, 4H), 3.54 (t, J = 7.2 Hz, 4H), 1.68 (p, J
=7.0 Hz, 4H), 1.29 (dd, J = 6.3, 2.8 Hz, 26H), 1.24 (d, J = 6.6 Hz, 10H);

3C NMR (151 MHz, CDCls): § 162.1, 160.4, 153.8, 70.3, 69.8, 55.5, 29.8, 29.3, 29.1,
27.2,21.58, 21.50;

HRMS (ESI-TOF): calc’d for CogH4sN,Og [M+Na]* 563.3303; found 563.3317.

12. Diisopropyl 2-(m-tolylimino)malonate (51k)

Me

b

iPro,c” ~CO,Pr
51k

Standard procedure described above was followed for converting 4.54 mmol of 44 and
m-toulidine to 51k.
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Yield: 72%

Physical State: yellow colored oily liquid,;

Rf = 0.41 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): 6 7.18 (t, J = 7.6 Hz, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.77
(d, J = 8.6 Hz, 2H), 5.25 (hept, J = 6.3 Hz, 1H), 5.04 (hept, J = 6.3 Hz, 1H), 2.30 (s, 3H),
1.36 (d, J = 6.3 Hz, 6H), 1.09 (d, J = 6.3 Hz, 6H);

3C NMR (151 MHz, CDCl3): 6 162.0, 160.4, 152.9, 147.7, 138.5, 128.5, 127.2, 119.9,
116.5, 70.8, 70.0, 21.5, 21.2, 21.1;

HRMS (ESI-TOF): calc’d for C16H21NO4 [M+H]" 292.1543; found 292.1556.

13. Diisopropyl 2-(p-tolylimino)malonate (51I)

iPro,c” “co,Pr
511

Standard procedure described above was followed for converting 2.27 mmol of 44 and p-
toulidine to 511.

Yield: 78%

Physical State: yellow colored oily liquid,;

R¢ = 0.40 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.02 (d, J = 7.9 Hz, 2H), 6.82 (d, J = 7.9 Hz, 2H), 5.15
(dt, J =12.3, 6.1 Hz, 1H), 4.97 (dt, J = 12.4, 6.1 Hz, 1H), 2.21 (s, 3H), 1.27 (d, J = 6.3
Hz, 6H), 1.02 (d, J = 6.3 Hz, 6H);

3C NMR (151 MHz, CDCly): § 161.9, 160.1, 152.2, 144.9, 136.3, 129.0, 119.5, 70.4,
69.7,21.2, 20.9, 20.6;

HRMS (CI-TOF): calc’d for C16H2:NO4 [M]* 291.1471; found 291.1468.
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14. Diisopropyl 2-((4-methoxyphenyl)imino)malonate (51m)

N

iPro,c~ ~CO,Pr
51m

Standard procedure described above was followed for converting 2.27 mmol of 44 and p-
anisidine to 51m.

Yield: 87%

Physical State: dark yellow colored viscous oily liquid;

R¢ = 0.35 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 7.03 (d, J = 8.9 Hz, 2H), 6.83 (d, J = 8.9 Hz, 2H), 5.23
(hept, J = 6.3 Hz, 1H), 5.10 (hept, J = 6.3 Hz, 1H), 3.76 (s, 3H), 1.34 (d, J = 6.3 Hz, 6H),
1.14 (d, J = 6.3 Hz, 6H);

3¢ NMR (151 MHz, CDClg): 6 162.8, 160.5, 158.9, 151.1, 140.4, 122.3, 113.9, 70.6,
70.0,55.3,21.5, 21.2.

HRMS (ESI-TOF): calc’d for C14H1sN204 [M+H]" 308.1492; found 308.1443.

15. Diisopropyl 2-((4-(2-((tert-butyldimethylsilyl)oxy)ethyl)phenyl)imino) malonate
(51n)

/@/\/OTBDMS
N

iPI"OZC COziPr
51n

Standard procedure described above was followed for converting 3.80 mmol of 44 and 4-
(2-((tert-butyldimethylsilyl)oxy)ethyl)aniline to 51n.

Yield: 54%

Physical State: dark yellow colored oily liquid,;

R¢ = 0.39 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.13 (d, J = 8.3 Hz, 2H), 6.90 (d, J = 8.3 Hz, 2H), 5.23
(hept, J = 6.2 Hz, 1H), 5.03 (hept, J = 6.3 Hz, 1H), 3.74 (t, J = 6.7 Hz, 2H), 2.75 (t, J =
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6.7 Hz, 2H), 1.34 (d, J = 6.4 Hz, 6H), 1.08 (d, J = 6.3 Hz, 6H), 0.82 (s, 9H), -0.08 (s,
6H);

13C NMR (151 MHz, CDCl,): & 162.1, 160.3, 152.6, 145.7, 138.0, 129.4, 119.6, 70.7,
69.9, 64.0, 38.9, 25.7, 21.4, 21.2, 18.1, -5.5;

HRMS (ESI-TOF): calc’d for Co3Hs;NOsSi [M+H]* 436.2514; found 436.2541.

16. Diisopropyl 2-((2-bromophenyl)imino)malonate (510)
Br
pe
iPro,c” ~co,/Pr
510

Standard procedure described above was followed for converting 4.54 mmol of 44 and 2-
bromo aniline to 51o0.

Yield: 52%

Physical State: pale yellow colored oily liquid;

R¢ = 0.35 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.53 (dd, J = 8.0, 1.1 Hz, 1H), 7.19 (td, J = 7.7, 1.2 Hz,
1H), 6.99 (td, J = 7.8, 1.5 Hz, 1H), 6.74 (dd, J = 7.9, 1.5 Hz, 1H), 5.24 (hept, J = 6.3 Hz,
1H), 4.94 (hept, J = 6.3 Hz, 1H), 1.35 (d, J = 6.3 Hz, 6H), 1.01 (d, J = 6.3 Hz, 6H);

3C NMR (151 MHz, CDCl3): & 160.4, 160.0, 154.3, 146.8, 132.6, 127.4, 126.8, 118.6,
113.7,71.0, 70.3, 21.4, 21.0;

HRMS (CI-TOF): calc’d for C15H1sBrNO4 [M+H]" 357.0399; found 357.0390.

17. Diethyl 2-((2-bromophenyl)imino)malonate (51p)
Br
S
EtO,C~ ~CO,Et
51p

Standard procedure described above was followed for converting 4.35 mmol of
diethylketomalonate and 2-bromo aniline to 51p.
Yield: 79%
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Physical State: yellow colored oily liquid,;

R¢ = 0.50 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.52 (dd, J = 8.0, 1.0 Hz, 1H), 7.19 (td, J = 7.7, 1.1 Hz,
1H), 6.99 (td, J = 7.9, 1.4 Hz, 1H), 6.76 — 6.69 (m, 1H), 4.39 (q, J = 7.1 Hz, 2H), 4.07 (q,
J=7.1Hz, 2H), 1.34 (t, J=7.2 Hz, 3H), 0.96 (t, J = 7.1 Hz, 3H);

3C NMR (151 MHz, CDCls): 6 160.7, 160.4, 153.5, 146.5, 132.6, 127.5, 127.0, 118.4,
113.7,62.8, 61.9, 13.7, 13.4;

HRMS (ESI-TOF): calc’d for C13H14BrNO4 [M+H]" 328.0179; found 328.0179.

18. Diisopropyl 2-((3,5-dimethylphenyl)imino)malonate (51q)

L,

iPro,c” TCcO,Pr
51q

Standard procedure described above was followed for converting 4.54 mmol of 44 and
3,5-dimethyl aniline to 51q

Yield: 66%

Physical State: yellow colored oily liquid,;

R¢ = 0.40 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 6.80 (s, 1H), 6.59 (s, 2H), 5.24 (hept, J = 6.3 Hz, 1H),
5.05 (hept, J = 6.3 Hz, 1H), 2.25 (s, 6H), 1.35 (d, J = 6.3 Hz, 6H), 1.11 (d, J = 6.3 Hz,
6H);

¥C NMR (151 MHz, CDCly): 8 162.0, 160.4, 152.6, 147.6, 138.3, 128.1, 117.1, 70.7,
69.9,21.4,21.1,21.0;

HRMS (ESI-TOF): calc’d for C17H23NO,4 [M+H]" 306.1700; found 306.1789.
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19. Diisopropyl 2-((3,5-dimethoxyphenyl)imino)malonate (51r)

OMe

N f OMe

iPro,c”~ ~CO,Pr
51r

Standard procedure described above was followed for converting 2.27 mmol of 44 and
3,5-dimethoxy aniline to 51r

Yield: 23%

Physical State: dark yellow colored viscous oily liquid;

R¢ = 0.38 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): 8 6.21 (s, 1H), 6.06 (d, J = 2.0 Hz, 2H), 5.17 (hept, J = 6.2
Hz, 1H), 4.99 (hept, J = 6.2 Hz, 1H), 3.65 (s, 6H); 1.29 (d, J = 6.3 Hz, 6H), 1.05 (d, J =
6.3 Hz, 6H);

3C NMR (151 MHz, CDCls): 8 161.6, 160.7, 160.0, 153.1, 149.3, 98.3, 97.5, 70.7, 70.0,
55.0,21.3,21.2, 21.0;

HRMS (ESI-TOF): calc’d for C17H23NOg [M+Na]" 360.1418; found 360.1418.

20. Diisopropyl 2-(benzo[d][1,3]dioxol-5-ylimino)malonate (51s)
o)
25
N (o)
N

iPro,c” “CO,Pr
51s

Standard procedure described above was followed for converting 4.54 mmol of 44 and
3,4-methylenedioxy)aniline to 51s

Yield: 73%

Physical State: dark yellow colored oily liquid,;

Rt = 0.24 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 6.72 (d, J = 8.2 Hz, 1H), 6.60 (d, J = 2.1 Hz, 1H), 6.53
(dd, J =8.2, 2.1 Hz, 1H), 5.93 (s, 2H), 5.22 (hept, J = 6.3 Hz, 1H), 5.11 (hept, J = 6.3 Hz,
1H), 1.33 (d, J = 6.3 Hz, 6H), 1.16 (d, J = 6.3 Hz, 6H);
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3C NMR (151 MHz, CDCls): § 162.5, 160.4, 151.6, 147.9, 146.8, 141.7, 114.2, 107.9,
102.2, 101.5, 70.7, 70.1, 21.4, 21.2;
HRMS (CI-TOF): calc’d for C16H19NOg [M]* 321.1212; found 321.1208.

21. Diethyl 2-((2,6-dichlorophenyl)imino)malonate (51t)

Cl
N :
Cl

Et0,C~ “CO,Et
51t

Standard procedure described above was followed for converting 5.74 mmol of
diethylketomalonate and 2,6-dichloro aniline to 51t.

Yield: 83%

Physical State: yellow colored oily liquid,;

R¢ = 0.45 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.28 (d, J = 8.1 Hz, 2H), 7.00 (t, J = 8.1 Hz, 1H), 4.46
(9, J = 7.1 Hz, 2H), 4.15 (q, J = 7.1 Hz, 2H), 1.41 (t, J = 7.2 Hz, 3H), 1.05 (t, J = 7.1 Hz,
3H);

3C NMR (151 MHz, CDCls): § 160.8, 159.0, 155.7, 143.2, 127.8, 125.7, 123.0, 63.1,
62.4,13.9, 13.4;

HRMS (ESI-TOF): calc’d for C13H13Cl,NO, [M+H]" 318.0294; found 318.0294.

22. Diisopropyl 2-((3-(trifluoromethyl)phenyl)imino)malonate (51u)
CF,

be

iPro,c~ ~Cco,Pr
51u

Standard procedure described above was followed for converting 2.27 mmol of 44 and
m-trifluoromethyl aniline to 51u

Yield: 81%

Physical State: yellow colored oily liquid,;
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Rt = 0.36 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): 6 7.37 — 7.30 (m, 2H), 7.09 (s, 1H), 7.05 — 7.01 (m, 1H),
5.14 (hept, J = 6.3 Hz, 1H), 4.90 (hept, J = 6.2 Hz, 1H), 1.24 (d, J = 6.4 Hz, 6H), 0.95 (d,
J=6.4 Hz, 6H);

3C NMR (151 MHz, CDCls): & 160.8, 159.7, 154.4, 148.0, 131.3, 131.1, 130.9, 130.6,
129.2, 126.0, 124.2, 122.5, 120.6, 115.73, 115.70, 115.68, 115.65, 70.9, 70.3, 21.0, 20.7;
F NMR (471 MHz, CDCls): 5 —61.9 (s);

HRMS (ESI-TOF): calc’d for C15H1sFsNO4 [M+H]" 346.1261; found 346.1261.

23. Diisopropyl 2-(pyridin-3-ylimino)malonate (51v)
N
<
N

iPro,c~ ~co,Pr
51v

Standard procedure described above was followed for converting 4.54 mmol of 44 and 3-
aminopyridine to 51v.

Yield: 86%

Physical State: yellow colored oily liquid,;

R¢ = 0.28 (30% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): 6 8.39 (dd, J = 4.6, 1.5 Hz, 1H), 8.20 (d, J = 2.4 Hz, 1H),
7.29 —7.21 (m, 2H), 5.21 (hept, J = 6.3 Hz, 1H), 4.99 (hept, J = 6.3 Hz, 1H), 1.32 (d, J =
6.4 Hz, 6H), 1.04 (d, J = 6.4 Hz, 6H);

3C NMR (151 MHz, CDCls): & 160.9, 159.7, 154.7, 147.4, 143.7, 139.8, 126.7, 123.1,
71.2,70.6, 21.3, 21.1;

HRMS (ESI-TOF): calc’d for C14H1sN204 [M+H]" 279.1339; found 279.1336.
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12(a). Procedure for the synthesis of 39 using nitroso benzene (This procedure was

adapted from literature reported procedure)*

(o)
/
N/ @
N

iProocAcoo"Pr + sat. ethanolic NaOH -
37 ethanol, rt, 10 min

36

iProoc COOPr
39

To a solution of diisopropyl malonate (500 mg, 2.65 mmol, 1 equiv) and nitroso benzene
(313 mg, 2.92 mmol, 1 equiv) in absolute ethanol (1.25 mL, 2.2M), a saturated ethanolic
solution of NaOH was added dropwise until the blue color of the solution turns pale
brown. The reaction mixture was allowed to stir for 10 minutes and the solvent was
removed under reduced pressure and the crude product was purified by column
chromatography to afford 39 as viscous yellow colored oily liquid (492 mg, 67%).

Note: The crude imine prepared by this method is very unstable and should be used

immediately.

12(b). Procedure for the synthesis of 40 using nitroso benzene

o)
y
N7 /@
N

'Buooc/\coo‘Bu + sat. ethanolic NaOH >
38 ethanol, rt, 10 min

36

Bu0OC COO™Bu
40

The procedure described above for the synthesis of 39 was followed for converting 9.24

mmol of 38 to 40 as an yellow colored waxy solid (1.83g, 65%).

1. Characterization data of di-tert-butyl 2-(phenylimino)malonate (40)

AL

‘Bu0OC COO'Bu
40

Yield: 65%
Physical State: yellow colored waxy solid;
R¢ = 0.28 (10% EtOAc/hexanes);
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'H NMR (600 MHz, CDCly): § 7.31 (t, J = 7.8 Hz, 2H), 7.16 (t, J = 7.4 Hz, 1H), 6.96 (d,
J=7.6Hz, 2H), 1.59 (s, 9H), 1.29 (s, 9H);

13C NMR (151 MHz, CDCly): 5 161.6, 159.9, 154.6, 148.1, 128.6, 126.0, 119.4, 84.1,
27.9, 27.6;

HRMS (ESI-TOF): calc’d for C17H23NO, [M+Na]* 328.1519; found 328.1525.

13. Screening of solvents for the amination using 40

N/© . @"‘93’ conditions Q)"\@ ) %@

Bu0,C” ~CO,Bu

40 Bu0,C”~ ~CO,Bu 'Bu0,C”~ ~CO,Bu
40a 40b
Entry Solvent PhMgBr Temperature  Time Yield (%)
(M) (M) (°C) (40a:40b)
1 DCM (0.1M) 0.84M in THF -78°C 1h 53:32
2 DME (0.1M) 0.84Min THF -78°C 1h 64:13
3 MTBE (0.1M) 0.84M in THF -78°C 1h 59:14
4 THF (0.1M) 1M in THF -78°C 1h 67:12
5 2-Me-THF 1M in THF -78°C 1h 56:10
(0.1Mm)
6 Et,O (0.1M) IM in THF -78°C 1h 51:6

Table S5. Optimization of solvents for amination using 40

14. Optimization of the reaction conditions for amination using 47

P .
| MgBr .
0 ©/ conditions - N

N

N G
PPro,C 7, CO,Pr 'Proocsgacoo'Pr
Entry Solvent PhMgBr  Temperature Time Yield (%)
(M) (M) (’C)

1 THF (0.2M)  0.7Min -78°C 10 min 22
THF

2 DCM (0.2M) 0.7Min -78°C (3h) to RT Overnight 61
THF

3 DME (0.2M) 0.76M in -78°C 3h 24
THF
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4 Et,O (0.2M) 0.88Min -78°C 3h (Starting material
THF was not totally
consumed)
5 DCE (0.2M) 0.26Min -78°C (3h)to RT Overnight 22
THF
6 Toluene 0.26Min -78°C (3h)to RT Overnight 31
(0.2M) THF
7 DCM (0.2M)  0.6Min -78°C 1h 30
THF
8 DCE (0.2M)  0.6Min -78°C 1h 13
THF
9 Toluene 0.6Min -78°C 1h 42
(0.2M) THF
10 Toluene 0.74Min -42°C 1h 15min 45
(0.2M) THF
11 DCM (0.2 M) 0.74M in -42°C 1h 15min 56
THF
12 DCM (0.2M) 0.76M in -78°C 1h 63
THF
13 DCM (0.1IM)  0.76M —78°C 1h 75
in THF
14 DCM (0.1M) 0.76M in —42°C 1h 63
THF
15 DCM (0.1M) 1.6Min -78°C 1h (Reaction was
Et,0 messy with lot of
spots on TLC)
16 DCM (0.05M) 1.6Min -78°C 1h (Reaction was
Et,0 messy with lot of
spots on TLC)
17 DCM (0.1M) 0.66M in -78°C 1h 66
THF
18 DCM (0.05M) 0.66M in -78°C 1h 66
THF
19 DCM (0.1M) 0.88M in -20°C 1h 62
THF
20 DCM (0.1M) 0.88M in 0°C 1h 58
THF
21 DCM (0.1M) 0.88Min RT 1h 58
THF

Table S6. Optimization
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15. Screening of different activating groups

N/OSOzR — @\ /@
(21 eq.) N
>

’PrOZC COziPr DCM, -78 OC, 1h iPI"OzC coziPr
59a
Entry R Yield(%)
1 —CH; 68%
CH,
CH,
H,C
CH,
H,C
4 60%
HsC
CH,
HsC

Table S7. Evaluation of different activating groups

16. Screening of different aminating agents

“CL
S0,
| MgBr
R

N
>
DCM, -78 °C, 1h )\

N

RO,C”™ "COR (2.1 equiv.) ROLC™ €0,
Entry R Yield (%)
1 Me 63
2 Et 62
3 'Pr 75
4 ‘Bu 55

Table S8. Evaluation of different aminating agents
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17. General experimental procedures (Methods C through H)

Amination of aryl and alkyl metals using doubly electrophilic aminating agent 47

Method C: To a flame dried 25 mL round bottom flask, activated magnesium turnings
(7.5 mmol, 1.5 equiv) were added under argon followed by 2.5 mL of anhydrous THF.
To this mixture 2 drops of 1,2-dibromoethane were added under constant stirring. After 5
min, a solution of aryl or alkyl bromide (5.0 mmol, 1.0 equiv) in 2.5 mL of anhydrous
THF was added dropwise over 10-15 minutes to the suspension. This reaction is slightly
exothermic but no external cooling is required. After the flask cools to room temperature
by itself, the Grignard reagent is titrated using the standard procedure® and the
concentration is determined. Next, to a thick-walled flame dried reaction vial, aminating
agent 47 (1.0 mmol, 1.0 equiv) followed by anhydrous DCM (10 mL, 0.1M) were added
under argon. The resulting solution of 47 was cooled to —78 °C by means of dry
ice/acetone bath and the freshly prepared Grignard reagent (2.1 mmol, 2.1 equiv) was
added via syringe over a period of 1 min under constant stirring. After stirring for 1 hour
at —78 °C, the reaction mixture was quenched using saturated NH4ClI solution (3 mL) and
allowed to warm to room temperature.

Workup and purification: After quenching, the reaction mixture was diluted with water
(20 mL) and the organic layer was separated. The aqueous layer was then extracted with
DCM twice (2 X 20 mL) and the combined organic layers were dried over anhydrous

Na,SO, and concentrated. The crude product was purified by column chromatography.

Method D: This procedure was adapted from the literature®. To a flame dried 25 mL
round bottom flask, commercially available iPrMgCI-LiCl solution in THF (1.3M; 1.1
mmol, 1.1 eq) was added under argon. This mixture was cooled to —15 °C in case of aryl
bromides and to —45 °C in case of aryl iodides and the corresponding solution of aryl
bromide or iodide (1.0 mmol, 1.0 equiv) in THF was added in 1 min and stirred for 30
min. This turbo Grignard reagent was then titrated and the concentration was determined.
To a thick-walled flame dried reaction vial, aminating agent (1.0 mmol, 1.0 equiv)
followed by anhydrous DCM (10 mL, 0.1M) was added under argon. This reaction

mixture was cooled to —78 °C by means of dry ice/acetone bath and the freshly prepared
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Grignard reagent (2.1 mmol, 2.1 equiv) was added in 1 min under constant stirring. After
stirring for 1 hour at —78 °C the reaction mixture was quenched using saturated NH4ClI
solution (3 mL) and allowed to warm to room temperature.

Workup and purification: After quenching, the reaction mixture was diluted with water
(20 mL) and the organic layer was separated. The aqueous layer was then extracted with
DCM twice (2 X 20 mL) and the combined organic layers were dried over anhydrous

Na,SO, and concentrated. The crude product was purified by column chromatography.

Method E (Amination using N-substituted diisopropyl iminomalonates):

To a flame dried 25 mL round bottom flask, activated magnesium turnings (7.5 mmol,
1.5 equiv) were added under argon followed by 2.5 mL of anhydrous THF. To this
mixture 2 drops of 1,2-dibromoethane were added under constant stirring. After 5 min, a
solution of aryl or alkyl bromide (5.0 mmol, 1.0 equiv) in 2.5 mL of anhydrous THF was
added dropwise over 10-15 minutes to the suspension. This reaction is slightly
exothermic but no external cooling is required. After the flask cools to room temperature
by itself, the Grignard reagent is titrated using the standard procedure® and the
concentration is determined. For making the turbo Grignard reagent, follow Mehod D.
To a thick-walled flame dried reaction vial, iminomalonate (1.0 mmol, 1.0 equiv)
dissolved in anhydrous DCM (10 mL, 0.1M) was added under argon. This reaction
mixture was cooled to —78 °C by means of dry ice/acetone bath and the freshly prepared
Grignard reagent (1.1 mmol, 1.1 equiv) was added over 1 min while mainatining constant
stirring. After stirring for 1 hour at —78 °C the reaction was quenched using saturated
NH.CI solution (3 mL) and allowed to warm to room temperature.

Workup and purification: After quenching, the reaction mixture was diluted with water
(20 mL) and the organic layer was separated. The aqueous layer was then extracted with
DCM twice (2 X 20 mL) and the combined organic layers were dried over anhydrous

Na SO, and concentrated. The crude product was purified by column chromatography.

Method F: To a thick-walled flame dried reaction vial, iminomalonate (1.0 mmol, 1.0
equiv) dissolved in anhydrous THF (10 mL, 0.1M) was added under argon. This solution

was cooled to —78 °C by means of dry ice/acetone bath and the commercially available
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aryl or alkyl lithium solution in THF (1.1 mmol, 1.1 equiv) was added dropwise under
constant stirring. After stirring for 1 hour at —78 °C the reaction was quenched using
saturated NH,ClI solution (3 mL).

Method G: This procedure was adapted from the literature with slight modifications’. In
a thick-walled flame dried reaction vial, methyl-2-bromo acetate (2.0 mmol, 2.0 equiv)
was taken in anhydrous THF (10 mL, 0.2M) under argon and cooled to —78 °C using dry
ice/acetone bath. To this cooled reaction mixture, commercially available LIHMDS (1M
solution in THF) (2.1 mmol, 2.1 equiv) was added dropwise and stirred for 45 min. Then
iminomalonate (1.0 mmol, 1.0 equiv) dissolved in anhydrous THF (10 mL, 0.1M) was
added slowly dropwise to the enolate solution and continued stirring for 2 h. Then the
reaction was quenched using saturated NH,ClI solution (3 mL).

Workup and purification: After quenching, the reaction mixture was diluted with water
(20 mL) and the organic layer was separated. The aqueous layer was then extracted with
EtOAc twice (2 X 20 mL) and the combined organic layers were washed with brine (30
mL) once, dried over anhydrous Na,SO, and concentrated. The crude product was

purified by column chromatography.

Method H: In a thick-walled flame dried reaction vial, acetophenone (2.0 mmol, 2.0
equiv) was dissolved in anhydrous THF (5 mL, 0.4M) under argon and cooled to —78 °C
using dry ice/acetone bath. To this cooled reaction mixture, commercially available
LiHMDS (1M solution in THF) (2.1 mmol, 2.1 equiv) was added dropwise and stirred for
45 min. Then iminomalonate (1.0 mmol, 1.0 equiv) dissolved in anhydrous THF (5 mL,
0.2M) was added slowly dropwise to the enolate solution and continued stirring for 2 h at
—78 °C. Then the reaction was quenched using saturated NH4Cl solution (3 mL).
Workup and purification: After quenching, the reaction mixture was diluted with water
(20 mL) and the organic layer was separated. The aqueous layer was then extracted with
EtOAc twice (2 X 20 mL) and the combined organic layers were washed with brine (30
mL) once, dried over anhydrous Na,SO, and concentrated. The crude product was
purified by column chromatography.
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18. Characterization data of di-tert-butyl 2-(diphenylamino)malonate (40a)

AL
‘BuOZC/kCOZ‘Bu
40a
Yield: 67% (Method E, here THF was used as the solvent instead of DCM)
Physical State: Brown colored solid (m.p. = 76 — 81 °C);
R¢ = 0.53 (9:1 EtOAC : hexanes);
'H NMR (600 MHz, CDCl3): § 7.17 (ddd, J = 7.5, 6.3, 1.8 Hz, 4H), 6.96 (d, J = 7.7 Hz,
4H), 6.92 (t, J = 7.3 Hz, 2H), 5.12 (s, 1H), 1.26 (s, 18H);
3C NMR (151 MHz, CDCl5): § 166.4, 146.2, 129.1, 122.5, 122.2, 82.5, 69.1, 27.7;
HRMS (ESI-TOF): calc’d for Co3H2NO,4 [M+Na]* 406.1989; found 406.1990.

19. Characterization data of the products made using the singly- and doubly-

electrophilic aminating agents (as displayed in Figs. 3-5)

1. Diisopropy! 2-(methyl(phenyl)amino)malonate (55a)

Me
<P

iPro,c” Tco,Pr
55a

Yield: 68% (Method E)

Physical State: dark purple colored waxy solid;

R¢ = 0.52 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): § 7.31 — 7.24 (m, 2H), 6.86 — 6.80 (m, 3H), 5.16 (hept, J =
6.3 Hz, 2H), 5.08 (s, 1H), 3.11 (s, 3H), 1.31 (d, J = 6.3 Hz, 12H);

3C NMR (151 MHz, CDCls): § 167.1, 149.0, 129.1, 118.3, 113.3, 69.5, 66.1, 35.7, 21.6,
21.5;

HRMS (ESI-TOF): calc’d for C16H23NO4 [M+H]" 294.1700; found 294.1703.
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2. Diisopropyl 2-(isopropyl(methyl)amino)malonate (55b)
Me

)\ /Me

Me N

iPrOZC COZiPr
55b

Yield: 80% (Method E)

Physical State: colorless oily liquid;

Rt = 0.62 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls):  4.97 (hept, J = 6.3 Hz, 2H), 4.06 (s, 1H), 2.90 (hept, J =
6.5 Hz, 1H), 2.37 (s, 3H), 1.15 (d, J = 6.4 Hz, 12H), 0.97 (d, J = 6.6 Hz, 6H);

3C NMR (151 MHz, CDCl5): 6 167.7, 68.2, 66.8, 52.8, 33.9, 21.29, 21.27, 19.5;

HRMS (ESI-TOF): calc’d for C13HosNO4 [M+H]" 260.1856; found 260.1846.

Note: For this reaction to form 55b, directly iPrMgCI-LiCl solution in THF was added on

to the imine.

3. Diisopropyl 2-(phenyl(2,2,2-trifluoroethyl)amino)malonate (55c)

@NAch
A

iPro,C~ TCO,Pr
55¢c

Yield: 34% (Method E)

Physical State: orange colored waxy solid,;

R¢ = 0.59 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCl5): & 7.28 (t, J = 7.9 Hz, 2H), 7.04 (d, J = 8.1 Hz, 2H), 6.98 (t,
J =7.3 Hz, 1H), 5.10 (hept, J = 6.2 Hz, 2H), 4.88 (s, 1H), 4.24 — 4.14 (m, 2H), 1.26 (dd, J
= 16.6, 6.3 Hz, 12H);

B¥c NMR (151 MHz, CDCl3): 6 166.8, 148.2, 129.2, 127.8, 125.9, 124.1, 122.2, 121.9,
118.1,70.1, 68.2, 51.2, 51.0, 50.8, 50.6, 21.5;

F NMR (471 MHz, CDCl3): 5 —69.83 (t, J = 8.9 Hz);

HRMS (ESI-TOF): calc’d for C17H2F3sNO4 [M+H]" 362.1574; found 362.1581.
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4. Diisopropyl 2-((2-bromophenyl)(2,2,2-trifluoroethyl)amino)malonate (55d)
@Br
N“CF,
"Prozc)\cozipr
55d

Yield: 79% (Method E)

Physical State: colorless oily liquid;

R¢ = 0.72 (20% EtOAc/hexanes);

'"H NMR (600 MHz, CDCls):  7.63 (d, J = 7.8 Hz, 1H), 7.32 (t, J = 7.4 Hz, 1H), 7.25 —
7.17 (m, 2H), 5.99 (d, J = 52.9 Hz, 1H), 5.14 (dt, J = 12.3, 6.0 Hz, 1H), 5.03 (s, 1H), 4.07
—3.51 (m, 2H), 1.79 — 0.76 (m, 12H);

3C NMR (151 MHz, CDCls): § 169.2, 155.6, 155.4, 133.6, 133.3, 133.1, 130.7, 130.5,
130.4, 127.5, 126.6, 126.4, 124.8, 124.6, 122.9, 122.7, 121.0, 120.9, 70.5, 69.6, 63.5,
46.5, 46.3, 46.0, 45.8, 22.0, 21.8, 21.7, 21.6, 21.4.

YF NMR (471 MHz, CDCls): § -69.5 — —70.2 (m);

HRMS (ESI-TOF): calc’d for C17H1BrFsNO, [M+H]* 440.0679; found 440.0674.

5. Diisopropyl 2-((2-((tert-butyldimethylsilyl)oxy)ethyl)(phenyl)amino)malonate
(55e)

@ NN\-OTBS

iPro,C~ ~CO,Pr
55e
Yield: 58% (Method E)
Physical State: dark yellow colored oily liquid,;
Rf = 0.53 (8:1 EtOAC : hexanes);
'H NMR (600 MHz, CDCls): & 7.23 (t, J = 8.0 Hz, 2H), 6.86 (d, J = 8.2 Hz, 2H), 6.81 (t,
J=7.3 Hz, 1H), 5.11 (hept, J = 6.2 Hz, 2H), 5.00 (s, 1H), 3.80 (t, J = 7.3 Hz, 2H), 3.59 (t,
J=7.3Hz, 2H), 1.27 (dd, J = 8.8, 6.3 Hz, 12H), 0.91 (s, 9H), 0.06 (s, 6H);
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3C NMR (151 MHz, CDCls): § 167.3, 147.9, 129.0, 118.8, 114.4, 69.5, 67.1, 60.8, 51.6,
25.8,21.5, 18.2;
HRMS (ESI-TOF): calc’d for C23H3gNOsSi [M+H]" 438.2670; found 438.3076.

6. Diisopropyl 2-(dicyclopropylamino)malonate (55f)
AN AN

Pro,c”~ “CO,Pr
55f
Yield: 89% (Method E)
Physical State: colorless oily liquid;
R¢ = 0.21 (5% EtOAc/hexanes);
'H NMR (600 MHz, CDCls): & 5.00 (hept, J = 6.2 Hz, 2H), 4.15 (s, 1H), 2.52 (tt, J =
6.8, 3.9 Hz, 2H), 1.18 (dd, J = 6.4, 3.2 Hz, 12H), 0.39 (p, J = 4.6, 3.8 Hz, 4H), 0.37 —
0.31 (m, 4H);
3C NMR (151 MHz, CDCls): 6 167.4, 70.3, 68.4, 34.5,21.5, 21.4, 6.3;
HRMS (ESI-TOF): calc’d for C15HosNO4 [M+H]" 284.1856; found 284.1861.

7. Diisopropyl 2-(cyclobutyl(cyclopropyl)amino)malonate (55g)
N /A

iPrOZC COziPr
559
Yield: 85% (Method E)

Physical State: colorless oily liquid;

R¢ = 0.39 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 5.00 (hept, J = 6.3 Hz, 2H), 4.10 (s, 1H), 3.58 (ddd, J =
16.8, 9.4, 7.4 Hz, 1H), 2.29 (tt, J = 6.7, 3.9 Hz, 1H), 2.06 — 1.97 (m, 2H), 1.96 — 1.89 (m,
2H), 1.56 — 1.38 (m, 2H), 1.20 (dd, J = 6.5, 3.2 Hz, 12H), 0.49 — 0.43 (m, 2H), 0.42 —
0.35 (m, 2H);
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BC NMR (151 MHz, CDCls): 6 167.7, 68.4, 67.5, 57.4, 30.9, 28.7, 21.47, 21.40, 14.5,
6.5;
HRMS (ESI-TOF): calc’d for C16H27NO4 [M+H]" 298.2013; found 298.2024.

8. Diisopropyl 2-(cyclopropyl(phenyl)amino)malonate (55h)
@NA
"Prozc)\cozfpr

55h

Yield: 73% (Method E)

Physical State: dark brown colored oily liquid;

R¢ = 0.63 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 7.22 (t, J = 7.9 Hz, 2H), 6.92 (d, J = 8.2 Hz, 2H), 6.82 (t,
J=7.3Hz, 1H), 5.11 (hept, J = 6.1 Hz, 2H), 4.91 (s, 1H), 2.87 — 2.76 (m, 1H), 1.27 (d, J
= 6.2 Hz, 6H), 1.23 (d, J = 6.2 Hz, 6H), 0.87 — 0.81 (m, 2H), 0.78 (d, J = 6.6 Hz, 2H);
3C NMR (151 MHz, CDCls): 6 167.3, 148.7, 128.6, 118.8, 114.8, 69.5, 69.0, 31.6, 21.6,
21.5,9.3;

HRMS (ESI-TOF): calc’d for C1gHosNO4 [M+H]"™ 320.1856; found 320.1865.

9. Diisopropyl 2-(cyclopropyl(4-(trifluoromethoxy)phenyl)amino)malonate (55i)

F3CO\© N /A
A

iPro,Cc~ “CO,Pr
55i

Yield: 19% (Method E)

Physical State: beige colored viscous oily liquid;

Rf = 0.42 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.07 (d, J = 8.7 Hz, 2H), 6.91 (d, J = 9.2 Hz, 2H), 5.09
(hept, J = 6.3 Hz, 2H), 4.87 (s, 1H), 2.85 — 2.79 (m, 1H), 1.26 (d, J = 6.3 Hz, 6H), 1.19
(d, J=6.3 Hz, 6H), 0.83 — 0.76 (m, 4H);
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3C NMR (151 MHz, CDCly): & 167.1, 147.3, 141.7, 121.5, 115.6, 69.7, 69.2, 32.5,
21.58, 21.50, 9.5;

F NMR (471 MHz, CDCl5): § —-58.4 (5);

HRMS (ESI-TOF): calc’d for C1oH24FsNOs [M+H]" 404.1679; found 404.1680.

10. Diisopropyl 2-(dibutylamino)malonate (55j)

Me
Me/\/\ N/\)

iPro,c” “CO,Pr
55i

Yield: 56% (Method F)

Physical State: colorless oily liquid;

Rt = 0.53 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 5.06 (hept, J = 6.0 Hz, 2H), 4.13 (s, 1H), 2.66 — 2.61 (m,
4H), 1.42 (p, J = 7.5 Hz, 4H), 1.28 (dt, J = 15.0, 7.4 Hz, 4H), 1.23 (d, J = 6.3 Hz, 12H),
0.87 (t, J= 7.3 Hz, 6H);

3C NMR (151 MHz, CDCl3): 5 167.9, 68.6, 67.6, 52.0, 30.7, 21.6, 21.6, 20.2, 13.9;
HRMS (ESI-TOF): calc’d for C17H33NO4 [M+H]" 316.2482; found 316.2489.

11. Diisopropyl 2-(butyl(phenyl)amino)malonate (55k)
@\ Me
N /\)
"Prozc)\cozfpr
55k

Yield: 94% (Method E)

Physical State: dark brown oily liquid,;

R¢ = 0.66 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 7.23 (dd, J = 8.8, 7.2 Hz, 2H), 6.85 — 6.78 (m, 3H), 5.12
(hept, J = 6.3 Hz, 2H), 4.98 (s, 1H), 3.50 — 3.35 (m, 2H), 1.63 (p, J = 7.8 Hz, 2H), 1.35
(h,J=7.4Hz, 2H), 1.27 (dd, J=11.1, 6.3 Hz, 12H);
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3C NMR (151 MHz, CDCls): & 167.4, 147.9, 128.9, 118.5, 114.8, 69.4, 67.3, 49.2, 30.0,
21.5,20.1, 13.8;
HRMS (ESI-TOF): calc’d for C19H9NO4 [M+H]" 336.2169; found 336.2180.

12. Diisopropyl 2-(butyl(o-tolyl)amino)malonate (55I)
Me

@[ Me
N/\)

PN

551

iPro, CO,iPr

Yield: 83% (Method E)

Physical State: colorless oily liquid;

R¢ = 0.51 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.33 (d, J = 7.9 Hz, 1H), 7.16 (d, J = 7.4 Hz, 1H), 7.10
(t, J = 7.5 Hz, 1H), 6.98 (t, J = 7.4 Hz, 1H), 5.10 (hept, J = 6.2 Hz, 2H), 4.27 (s, 1H), 3.40
(t, J = 6.8 Hz, 2H), 3.40 (t, J = 6.8 Hz, 3H), 1.30 (dd, J = 14.7, 5.2 Hz, 4H), 1.25 (dd, J =
8.1, 6.4 Hz, 12H), 0.82 (t, J = 7.0 Hz, 3H);

3C NMR (151 MHz, CDCls): § 167.4, 147.3, 134.8, 130.8, 125.8, 124.1, 124.0, 69.8,
68.5, 48.3, 30.4, 21.4, 21.3, 19.9, 17.6, 13.7;

HRMS (ESI-TOF): calc’d for CooH3:NO4 [M+H]" 350.2326; found 350.2388.

13. Diisopropyl 2-(butyl(p-tolyl)amino)malonate (55m)

ROPY;

Pro,C CO,/Pr
55m

Yield: 94% (Method E)
Physical State: brown colored viscous oily liquid;
Rt = 0.60 (8:1 EtOAC : hexanes);
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'H NMR (600 MHz, CDCl3): § 7.05 (d, J = 7.7 Hz, 2H), 6.76 (d, J = 8.0 Hz, 2H), 5.16 —
5.07 (m, 2H), 4.93 (s, 1H), 3.46 — 3.33 (m, 2H), 2.26 (s, 3H), 1.59 (s, 2H), 1.33 (dd, J =
14.6, 7.3 Hz, 2H), 1.32 — 1.23 (m, 12H), 0.93 (t, J = 7.1 Hz, 3H);

13C NMR (151 MHz, CDCl): § 167.5, 145.7, 129.5, 128.0, 115.5, 69.3, 67.9, 49.1, 30.2,
21.5,20.2, 20.1, 13.8;

HRMS (ESI-TOF): calc’d for C2oH3iNO, [M+H]* 350.2326: found 350.2336.

14. Diisopropyl 2-(butyl(4-chlorophenyl)amino)malonate (55n)

@f

Pro,C COZ’Pr
55n

Yield: 86% (Method E)

Physical State: brown colored viscous oily liquid;

R¢ = 0.58 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCl3): & 7.15 (d, J = 9.0 Hz, 2H), 6.73 (d, J = 9.0 Hz, 2H), 5.09
(hept, J = 6.3 Hz, 2H), 4.87 (s, 1H), 3.43 — 3.31 (m, 2H), 1.57 (p, J = 7.7 Hz, 2H), 1.31
(h, J = 7.4 Hz, 2H), 1.25 (dd, J = 13.6, 6.3 Hz, 12H), 0.91 (t, J = 7.4 Hz, 3H);

3C NMR (151 MHz, CDCls): 8 167.1, 146.5, 128.7, 123.4, 116.1, 69.6, 67.5, 49.6, 29.9,
21.5,20.0, 13.8;

HRMS (ESI-TOF): calc’d for C19H2sCINO, [M+H]* 370.1780; found 370.1785.

15. Diisopropyl 2-((3-(benzyloxy)phenyl)(butyl)amino)malonate (550)

@f

’PrOZ COZIPr
550

Yield: 81% (Method E)
Physical State: pale yellow colored oily liquid;
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R¢ = 0.50 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): § 7.48 (d, J = 7.3 Hz, 2H), 7.42 (t, J = 7.5 Hz, 2H), 7.36 (t,
J =73 Hz, 1H), 7.18 (t, J = 8.2 Hz, 1H), 6.54 — 6.44 (m, 3H), 5.16 (hept, J = 6.2 Hz,
2H), 5.09 (s, 2H), 5.02 (s, 1H), 3.47 — 3.42 (m, 2H), 1.65 (ddd, J = 15.6, 8.8, 6.8 Hz, 2H),
1.37 (dt, J=15.1, 7.5 Hz, 2H), 1.32 (dd, J = 9.7, 6.3 Hz, 12H), 0.97 (t, J = 7.4 Hz, 3H);
3C NMR (151 MHz, CDCls): 6 167.3, 159.7, 149.3, 137.1, 129.6, 128.4, 127.7, 127.3,
107.7,104.3, 102.1, 69.8, 69.4, 67.2, 49.3, 30.0, 21.5, 20.1, 13.8;

HRMS (ESI-TOF): calc’d for Co6H3sNOs [M+H]" 442.2588; found 442.2624.

16. Diisopropyl 2-(butyl(2-vinylphenyl)amino)malonate (55p)

7

iPro,C~ ~CO,Pr

55p
Yield: 86% (Method E)
Physical State: pale yellow colored oily liquid;
R¢ = 0.49 (10% EtOAc/hexanes);
'H NMR (600 MHz, CDCls): 6 7.49 (dd, J = 7.7, 1.4 Hz, 1H), 7.29 (d, J = 7.5 Hz, 1H),
7.20 (td, J=7.9, 1.5 Hz, 1H), 7.15 (dd, J = 17.8, 11.0 Hz, 1H), 7.05 (t, J = 7.4 Hz, 1H),
5.66 (dd, J = 17.8, 1.5 Hz, 1H), 5.23 (dd, J = 11.0, 1.4 Hz, 1H), 5.10 (hept, J = 6.3 Hz,
2H), 4.36 (s, 1H), 3.40 (t, J = 7.1 Hz, 2H), 1.36 (p, J = 7.7, 6.9 Hz, 2H), 1.30 (dt, J =
15.4, 7.2 Hz, 2H), 1.27 — 1.21 (m, 12H), 0.83 (t, J = 7.3 Hz, 3H);
3¥C NMR (151 MHz, CDCly): 6 167.5, 146.4, 134.3, 133.8, 127.7, 126.6, 123.9, 123.2,
114.2,70.6, 68.8, 47.8, 30.3, 21.58, 21.51, 20.0, 13.8;
HRMS (ESI-TOF): calc’d for Co1H31NO4 [M+H]" 362.2326; found 362.2382.
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17. Diisopropyl 2-(butyl(3-fluoro-4-methoxyphenyl)amino)malonate (55Q)

F Me
MeO f
N
C)\COZ"Pr

55q

iPro,

Yield: 80% (Method E)

Physical State: dark brown colored viscous oily liquid,;

R¢ = 0.40 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 6.85 (t, J = 9.3 Hz, 1H), 6.68 (dd, J = 14.1, 2.9 Hz, 1H),
6.59 — 6.53 (m, 1H), 5.09 (hept, J = 6.3 Hz, 2H), 4.79 (s, 1H), 3.82 (s, 3H), 3.38 — 3.24
(m, 2H), 1.54 (p, J = 7.7 Hz, 2H), 1.32 (dt, J = 15.0, 7.5 Hz, 2H), 1.26 (dd, J = 10.0, 6.3
Hz, 12H), 0.91 (t, J = 7.4 Hz, 3H);

3C NMR (151 MHz, CDCls): 6 167.2, 153.7, 152.1, 142.7, 142.6, 140.9, 140.8, 114.9,
114.8, 111.69, 111.68, 105.5, 105.3, 69.6, 68.4, 57.1, 49.9, 30.1, 21.63, 21.62, 20.1, 13.8;
YFE NMR (471 MHz, CDCl3): 5 —133.4 (ddd, J = 14.0, 9.7, 1.3 Hz);

HRMS (ESI-TOF): calc’d for CooH3oFNOs [M+H]" 384.2181; found 384.2192.

18. Diisopropyl 2-(butyl(3-fluoro-5-methylphenyl)amino)malonate (55r)

LS
A

iPro,C CO,Pr
55r

Yield: 96% (Method E)

Physical State: brown colored viscous oily liquid;

R¢ = 0.60 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 6.35 (s, 1H), 6.31 (d, J = 10.7 Hz, 2H), 5.11 (hept, J =
6.2 Hz, 2H), 4.91 (s, 1H), 3.42 — 3.34 (m, 2H), 2.27 (s, 3H), 1.61 (p, J = 7.8 Hz, 2H),
1.33 (dg, J = 14.9, 7.5 Hz, 2H), 1.27 (dd, J = 9.5, 6.3 Hz, 12H), 0.93 (t, J = 7.4 Hz, 3H);
3C NMR (151 MHz, CDCls): & 167.0, 164.5, 162.9, 149.4, 149.3, 140.39, 140.32,
110.6, 105.9, 105.7, 98.9, 98.7, 69.6, 67.1, 49.6, 29.9, 21.8, 21.7, 21.5, 20.0, 13.7
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F NMR (471 MHz, CDCls): 6 -113.5 (dd, J = 12.2, 9.2 Hz);
HRMS (ESI-TOF): calc’d for CaoH3FNO4 [M+H]" 368.2232; found 368.2240.

19. Diisopropyl 2-(butyl(4-fluoro-3,5-dimethylphenyl)amino)malonate (55s)

ﬁlf

Pro,cC C02’Pr
55s

Yield: 91% (Method E)

Physical State: dark brown colored oily liquid;

R¢ = 0.67 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): 8 6.51 (d, J = 6.0 Hz, 2H), 5.10 (hept, J = 6.2 Hz, 2H),
4.82 (s, 1H), 3.42 — 3.25 (m, 2H), 2.20 (s, 6H), 1.53 (p, J = 7.7 Hz, 2H), 1.32 (dq, J =
15.0, 7.5 Hz, 2H), 1.26 (dd, J = 9.4, 6.3 Hz, 12H), 0.91 (t, J = 7.4 Hz, 3H);

3¢ NMR (151 MHz, CDCls): 6 167.4, 154.9, 153.3, 143.5, 143.5, 124.3, 124.2, 116.8,
116.8, 69.2, 68.6, 49.3, 30.2, 21.4, 20.0, 14.88, 14.85, 13.7;

YF NMR (471 MHz, CDCl3): 6 -133.5 (s);

HRMS (ESI-TOF): calc’d for Co1H3,FNO4 [M+H]" 382.2388; found 382.2387.

20. Diisopropyl 2-(buty|(3-ch|oro-5-f|uoro-4-methoxyphenyl)amino)malonate (55t)

ﬁlf

iPro,C COZ’Pr
55t

Yield: 54% (Method E)

Physical State: dark brown colored oily liquid;

R¢ = 0.60 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): 6 6.57 — 6.52 (m, 1H), 6.46 (dd, J = 13.6, 3.0 Hz, 1H),
5.10 (hept, J = 6.2 Hz, 2H), 4.77 (s, 1H), 3.83 (s, 3H), 3.36 — 3.27 (m, 2H), 1.56 (p, J =
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7.8 Hz, 2H), 1.35 — 1.28 (m, 2H), 1.26 (dd, J = 11.4, 6.3 Hz, 12H), 0.92 (t, J = 7.4 Hz,
3H);

13C NMR (151 MHz, CDCly): & 166.7, 157.3, 155.7, 144.5, 144.4, 136.4, 136.3, 128.8,
128.8, 111.3, 102.4, 102.2, 69.9, 67.4, 61.56, 61.54, 50.0, 29.8, 21.55, 21.54, 20.0, 13.7;
FE NMR (471 MHz, CDCl5): § -126.9 — —127.6 (m)

HRMS (ESI-TOF): calc’d for CooH2CIFNOs [M+H]* 418.1791; found 418.1791.

21. Diisopropyl 2-(butyl(naphthalen-2-yl)amino)malonate (55u)

@/

A

55u

iPro, CO,Pr

Yield: 95% (Method E)

Physical State: dark reddish brown colored oily liquid,;

R¢ = 0.56 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCl5): & 7.75 (t, J = 9.1 Hz, 2H), 7.69 (d, J = 8.2 Hz, 1H), 7.42 (,
J=75Hz, 1H), 7.29 (t, J = 7.4 Hz, 1H), 7.22 (dd, J = 9.0, 2.5 Hz, 1H), 7.13 (d, J = 2.2
Hz, 1H), 5.18 (dq, J = 12.6, 6.3 Hz, 2H), 5.15 (s, 1H), 3.64 — 3.53 (m, 2H), 1.72 (p, J =
7.8 Hz, 2H), 1.43 (h, J = 7.4 Hz, 2H), 1.32 (dd, J = 12.2, 6.3 Hz, 12H), 0.99 (t, J = 7.4
Hz, 3H);

3C NMR (151 MHz, CDCls): & 167.4, 145.7, 134.5, 128.7, 127.8, 127.3, 126.4, 126.1,
122.8,117.8, 109.8, 69.5, 67.8, 49.3, 30.2, 21.6, 20.2, 13.8;

HRMS (ESI-TOF): calc’d for Co3H3:NO4 [M+H]" 386.2326; found 386.2331.

22. Diisopropyl 2-(methyl(phenethyl)amino)malonate (55v)

e

N

Pro,c”~ ~CO,Pr
55v
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Yield: 39% (Method F)

Physical State: Pale yellow colored viscous oily liquid,;

Rf = 0.29 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.36 (t, J = 7.5 Hz, 2H), 7.31 — 7.26 (m, 3H), 5.20 (hept,
J = 6.3 Hz, 2H), 4.21 (s, 1H), 3.02 — 2.97 (m, 2H), 2.92 (dd, J = 10.3, 5.4 Hz, 2H), 2.66
(s, 3H), 1.36 (d, J = 6.3 Hz, 12H);

3C NMR (151 MHz, CDCls): & 167.1, 139.9, 139.2, 128.7, 128.2, 125.9, 70.2, 68.9,
56.8, 39.4, 34.8, 21.7, 21.6.

HRMS (ESI-TOF): calc’d for C1oH17NO4 [M+H]" 322.2013; found 322.2014.

23. Diisopropyl 2-(butyl(phenethyl)amino)malonate (55w)

Me” "N

iPro,c~ ~CO,Pr
55w

Yield: 60% (Method F)

Physical State: colorless oily liquid;

R¢ = 0.53 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.28 (t, J = 7.5 Hz, 2H), 7.24 — 7.17 (m, 3H), 5.11 (hept,
J = 6.2 Hz, 2H), 4.22 (s, 1H), 3.00 — 2.94 (m, 2H), 2.83 — 2.78 (m, 2H), 2.78 — 2.73 (m,
2H), 1.47 (p, J = 7.5 Hz, 2H), 1.32 (dt, J = 15.0, 7.4 Hz, 2H), 1.28 (dd, J = 6.3, 1.6 Hz,
12H), 0.92 (t, J = 7.4 Hz, 3H);

3C NMR (151 MHz, CDCls): 8 167.7, 140.0, 128.6, 128.0, 125.7, 68.6, 67.7, 54.3, 52.2,
35.5, 30.6, 21.6, 21.5, 20.1, 13.9;

HRMS (ESI-TOF): calc’d for Co1H3sNO4 [M+H]" 364.2482; found 364.2493.

S76



24. Diisopropyl 2-(phenethyl(phenyl)amino)malonate (55x)

Q,

iPro,c” "co,Pr
55x

Yield: 25% (M = Li), 54% (M = MgBr) (Method F for M = Li and Method E for M =
MgBr)

Physical State: dark orange colored non-viscous liquid,;

Rt = 0.42 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.33 — 7.25 (m, 4H), 7.25 — 7.19 (m, 3H), 6.90 (d, J =
8.0 Hz, 2H), 6.84 (t, J = 7.3 Hz, 1H), 5.10 (hept, J = 6.3 Hz, 2H), 5.02 (s, 1H), 3.73 -
3.61 (m, 2H), 3.00 — 2.86 (m, 2H), 1.26 (dd, J = 9.0, 6.3 Hz, 12H);

3C NMR (151 MHz, CDCls): & 167.3, 147.5, 139.5, 129.2, 128.6, 128.4, 126.1, 118.9,
69.6, 67.3, 50.9, 34.3, 21.6;

HRMS (ESI-TOF): calc’d for Co3H2oNO4 [M+H]" 384.2169; found 384.2191.

25. Diisopropyl 2-((3,5-difluoro-4-methoxyphenyl)(phenethyl)amino)malonate (55y)

o

Pro,C CO,/Pr
55y

Yield: 43% (Method E)

Physical State: colorless viscous oily liquid;

Rt = 0.35 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): 6 7.30 — 7.25 (m, 2H), 7.19 (d, J = 7.1 Hz, 3H), 6.38 (d, J
= 10.8 Hz, 2H), 5.08 (hept, J = 6.2 Hz, 2H), 4.82 (s, 1H), 3.85 (s, 3H), 3.61 — 3.52 (m,
2H), 2.92 — 2.84 (m, 2H), 1.25 (dd, J = 11.2, 6.3 Hz, 12H);

3C NMR (151 MHz, CDCls): & 166.6, 157.3, 157.2, 155.7, 155.6, 143.5, 138.7, 128.5,
128.4, 126.3, 98.8, 98.6, 69.9, 67.2, 61.9, 51.6, 34.1, 21.5, 21.4;

YFE NMR (471 MHz, CDCl3): § -127.7 — —128.3 (m)
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HRMS (ESI-TOF): calc’d for Co4H2oF2NOs [M+H]" 450.2087; found 450.2110.
26. Diisopropyl 2-(cyclopentyl(phenyl)amino)malonate (55z)
QL0
"Prozc)\cozfpr
55z

Yield: 82% (Method E)

Physical State: dark brown colored oily liquid;

R¢ = 0.73 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): § 7.20 — 7.14 (m, 2H), 7.01 (d, J = 8.2 Hz, 2H), 6.81 (t, J
= 7.3 Hz, 1H), 5.02 (hept, J = 6.3 Hz, 2H), 4.74 (s, 1H), 4.12 (p, J = 8.3 Hz, 1H), 2.03 —
1.94 (m, 2H), 1.77 — 1.68 (m, 2H), 1.58 (dh, J = 15.7, 7.6, 6.8 Hz, 4H), 1.22 (d, J = 6.3
Hz, 6H), 1.08 (d, J = 6.3 Hz, 6H);

BC NMR (151 MHz, CDCl5): 6 168.2, 148.0, 128.5, 119.8, 118.0, 69.4, 65.2, 62.1, 29.8,
23.7,21.5, 21.3;

HRMS (ESI-TOF): calc’d for CaoHosNO4 [M+H]" 348.2169; found 348.2180.

27. Diisopropyl 2-(cyclopentyl(p-tolyl)amino)malonate (56a)

iPro,c” ~COo,Pr
56a

Yield: 66% (Method E)

Physical State: orange colored crystalline solid (m.p. = 51-55.2 °C);

R¢ = 0.45 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 6.97 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.6 Hz, 2H), 5.02
(hept, J = 6.2 Hz, 2H), 4.70 (s, 1H), 4.05 (p, J = 8.0 Hz, 1H), 2.23 (s, 3H), 1.95 (dd, J =
14.0, 5.5 Hz, 2H), 1.70 (s, 2H), 1.61 — 1.50 (m, 4H), 1.21 (d, J = 6.4 Hz, 6H), 1.11 (d, J =
6.4 Hz, 6H);
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Figure S6. X-ray crystal structure of diisopropyl 2-(cyclopentyl(p-tolyl)amino)malonate
(56a)

Table S9. X-Ray crystal data and structure refinement for 56a

Table 1.

Identification code pvk225¢ Om_a

Empirical formula C21 H31 N O4

Formula weight 361.47

Temperature 296(2) K

Wavelength 0.71073 A

Crystal system Orthorhombic

Space group P212:2,

Unit cell dimensions a=10.048(8) A o = 90°.
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Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.000°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters

b =10.848(8) A B =90°.
¢ = 20.346(16) A vy =90°,
2218(3) A3

4

1.083 Mg/m3

0.074 mm-1

784

0.317 x 0.233 x 0.179 mm3

2.002 to 28.332°.

-13<=h<=13, -14<=k<=14, -27<=I<=27
23728

5507 [R(int) = 0.0396]

100.0 %

Semi-empirical from equivalents
0.949 and 0.887

Full-matrix least-squares on F2
5507 / 24/ 240

1.034

R1=0.0684, wR2 =0.1992
R1=0.1208, wR2 = 0.2379
0.5(5)

n/a

0.326 and -0.258 e.A-3

(A2x 103) for pvk225¢c_0m_a. U(eq) is defined as one third of the trace of the

orthogonalized Ul tensor.

X y z U(eq)
0O(1) 6056(3) 3980(3) 4085(1) 69(1)
0(2) 7051(3) 2140(3) 4100(2) 77(2)
0(@3) 7713(3) 1668(3) 2651(2) 79(2)
O(4) 9616(3) 2513(3) 3011(2) 94(1)
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N(L)
c(1)
C(2)
c(@3)
C(4)
C(5)
C(6)
c(7)
C(8)
)
C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
C(21)

8108(3)
8732(4)
9413(4)
10026(5)
10035(7)
9368(8)
8726(6)
10678(11)
7669(4)
6236(5)
5804(6)
6770(10)
7731(5)
7509(4)
6865(4)
5383(6)
6112(11)
4025(8)
8429(4)
8400(5)
8322(10)
7747(8)

4759(3)
5182(4)
4390(4)
4806(5)
6039(6)
6833(6)
6422(4)
6482(8)
5633(4)
6129(5)
6505(9)
5972(11)
5146(5)
3545(3)
3129(4)
3740(5)
4361(13)
4215(12)
2520(4)
534(6)
-404(6)
137(10)

3221(2)
3794(2)
4206(2)
4775(3)
4944(3)
4526(3)
3964(3)
5576(4)
2715(2)
2784(3)
2104(3)
1665(4)
2014(2)
3210(2)
3853(2)
4709(2)
5202(4)
4654(4)
2953(2)
2432(3)
2986(5)
1837(5)

57(1)
58(1)
67(1)
88(2)
105(2)
117(2)
84(1)
165(4)
61(1)
85(1)
126(3)
171(4)
80(1)
55(1)
57(1)
87(2)
194(4)
172(4)
65(1)
102(2)
143(3)
157(3)

Table 3. Bond lengths [A] and angles [°] for pvk225¢c_Om_a.

O(1)-C(14)
0O(1)-C(15)
0(2)-C(14)
0(3)-C(18)
0(3)-C(19)
O(4)-C(18)
N(1)-C(1)
N(1)-C(13)
N(1)-C(8)
C(1)-C(2)
C(1)-C(6)

1.317(5)
1.463(5)
1.199(5)
1.322(5)
1.479(6)
1.199(5)
1.402(5)
1.448(5)
1.467(5)
1.382(6)
1.389(6)
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C(2)-C(3)
C(2)-H(2)
C(3)-C(4)
C(3)-H(Q3)
C(4)-C(5)
C(4)-C(7)
C(5)-C(6)
C(5)-H(5)
C(6)-H(6)
C(7)-H(7A)
C(7)-H(7B)
C(7)-H(7C)
C(8)-C(12)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9A)
C(9)-H(9B)
C(10)-C(11)
C(10)-H(10A)
C(10)-H(10B)
C(11)-C(12)
C(11)-H(11A)
C(11)-H(11B)
C(12)-H(12A)
C(12)-H(12B)
C(13)-C(14)
C(13)-C(18)
C(13)-H(13)
C(15)-C(16)
C(15)-C(17)
C(15)-H(15)
C(16)-H(16A)
C(16)-H(16B)
C(16)-H(16C)
C(L7)-H(17A)

1.386(6)
0.9300
1.381(8)
0.9300
1.383(9)
1.518(8)
1.387(7)
0.9300
0.9300
0.9600
0.9600
0.9600
1.522(6)
1.544(7)
0.9800
1.505(8)
0.9700
0.9700
1.441(11)
0.9700
0.9700
1.497(10)
0.9700
0.9700
0.9700
0.9700
1.527(5)
1.538(6)
0.9800
1.412(11)
1.463(11)
0.9800
0.9600
0.9600
0.9600
0.9600
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C(17)-H(17B)
C(17)-H(17C)
C(19)-C(21)

C(19)-C(20)

C(19)-H(19)

C(20)-H(20A)
C(20)-H(20B)
C(20)-H(20C)
C(21)-H(21A)
C(21)-H(21B)
C(21)-H(21C)

C(14)-0(1)-C(15)
C(18)-0(3)-C(19)

C(1)-N(1)-C(13)
C(1)-N(1)-C(8)
C(13)-N(1)-C(8)
C(2)-C(1)-C(6)
C(2)-C(1)-N(1)
C(6)-C(1)-N(1)
C(1)-C(2)-C(3)
C(1)-C(2)-H(2)
C(3)-C(2)-H(2)
C(4)-C(3)-C(2)
C(4)-C(3)-H(3)
C(2)-C(3)-H(3)
C(3)-C(4)-C(5)
C(3)-C(4)-C(7)
C(5)-C(4)-C(7)
C(4)-C(5)-C(6)
C(4)-C(5)-H(5)
C(6)-C(5)-H(5)
C(5)-C(6)-C(1)
C(5)-C(6)-H(6)
C(1)-C(6)-H(6)

C(4)-C(7)-H(7TA)

0.9600
0.9600
1.443(10)
1.522(10)
0.9800
0.9600
0.9600
0.9600
0.9600
0.9600
0.9600

118.1(3)
117.9(3)
119.7(3)
120.4(3)
116.9(3)
116.9(4)
121.5(4)
121.5(4)
121.6(4)
119.2
119.2
121.7(5)
119.1
119.1
116.6(5)
121.4(6)
121.9(6)
122.1(5)
118.9
118.9
121.0(5)
1195
1195
109.5
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C(4)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(4)-C(7)-H(7C)
H(7A)-C(7)-H(7C)
H(7B)-C(7)-H(7C)
N(1)-C(8)-C(12)
N(1)-C(8)-C(9)
C(12)-C(8)-C(9)
N(1)-C(8)-H(8)
C(12)-C(8)-H(8)
C(9)-C(8)-H(8)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9A)
C(8)-C(9)-H(9A)
C(10)-C(9)-H(9B)
C(8)-C(9)-H(9B)
H(9A)-C(9)-H(9B)
C(11)-C(10)-C(9)

C(11)-C(10)-H(10A)

C(9)-C(10)-H(10A)

C(11)-C(10)-H(10B)

C(9)-C(10)-H(10B)

H(10A)-C(10)-H(10B)

C(10)-C(11)-C(12)

C(10)-C(11)-H(11A)
C(12)-C(11)-H(11A)
C(10)-C(11)-H(11B)
C(12)-C(11)-H(11B)
H(11A)-C(11)-H(11B)

C(11)-C(12)-C(8)

C(11)-C(12)-H(12A)

C(8)-C(12)-H(12A)

C(11)-C(12)-H(12B)

C(8)-C(12)-H(12B)

H(12A)-C(12)-H(12B)

N(1)-C(13)-C(14)

109.5
109.5
109.5
109.5
109.5
114.8(4)
116.3(3)
104.1(4)
107.0
107.0
107.0
106.3(4)
1105
1105
1105
1105
108.7
105.5(5)
110.6
110.6
110.6
110.6
108.8
112.3(6)
109.1
109.1
109.1
109.1
107.9
102.2(5)
111.3
111.3
111.3
111.3
109.2
115.6(3)
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N(1)-C(13)-C(18)
C(14)-C(13)-C(18)
N(L)-C(13)-H(13)
C(14)-C(13)-H(13)
C(18)-C(13)-H(13)
0(2)-C(14)-0(1)
0(2)-C(14)-C(13)
0(1)-C(14)-C(13)
C(16)-C(15)-O(1)
C(16)-C(15)-C(17)
0(1)-C(15)-C(17)
C(16)-C(15)-H(15)
0(1)-C(15)-H(15)
C(17)-C(15)-H(15)
C(15)-C(16)-H(16A)
C(15)-C(16)-H(16B)
H(16A)-C(16)-H(16B)
C(15)-C(16)-H(16C)
H(16A)-C(16)-H(16C)
H(16B)-C(16)-H(16C)
C(15)-C(17)-H(17A)
C(15)-C(17)-H(17B)
H(17A)-C(17)-H(17B)
C(15)-C(17)-H(17C)
H(17A)-C(17)-H(17C)
H(17B)-C(17)-H(17C)
0(4)-C(18)-0(3)
0(4)-C(18)-C(13)
0(3)-C(18)-C(13)
C(21)-C(19)-0(3)
C(21)-C(19)-C(20)
0(3)-C(19)-C(20)
C(21)-C(19)-H(19)
0(3)-C(19)-H(19)
C(20)-C(19)-H(19)
C(19)-C(20)-H(20A)

114.4(3)
109.4(3)
105.5
105.5
105.5
125.0(4)
123.9(4)
111.1(3)
107.0(6)
111.7(8)
107.6(5)
110.2
110.2
110.2
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
125.6(4)
124.7(4)
109.7(3)
106.8(6)
113.5(7)
108.0(5)
109.5
109.5
109.5
109.5
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C(19)-C(20)-H(20B)  109.5
H(20A)-C(20)-H(20B)  109.5
C(19)-C(20)-H(20C)  109.5
H(20A)-C(20)-H(20C)  109.5
H(20B)-C(20)-H(20C)  109.5
C(19)-C(21)-H(21A)  109.5
C(19)-C(21)-H(21B)  109.5
H(21A)-C(21)-H(21B)  109.5
C(19)-C(21)-H(21C)  109.5
H(21A)-C(21)-H(21C)  109.5
H(21B)-C(21)-H(21C)  109.5

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A2x 103) for pvk225c_Om_a. The
anisotropic displacement factor exponent takes the form: -2x2[ h2 a*2Ull + .. +2hk
a* b* U12]

ull u22 u33 u23 ul3 ul2
0() 82(2) 64(2) 61(2) 8(1) 19(2) 8(1)
0(2) 91(2) 62(2) 78(2) 11(2) 10(2) 8(2)
0(3) 58(2) 80(2) 99(2) -35(2) 9(2) -5(1)
04) 58(2) 92(2) 134(3) -35(2) 5(2) -1(2)
N(1) 60(2) 58(2) 54(2) 5(1) -5(2) -6(2)
C(2) 56(2) 58(2) 61(2) 2(2) -7(2) -7(2)
C(2) 68(2) 60(2) 73(2) 3(2) -14(2) -9(2)
C(3) 88(3) 86(3) 89(3) 15(3) -33(3) -17(3)
C(4) 123(5) 100(4) 91(4) -7(3) -45(4) -31(4)
C(5) 165(7) 74(3) 111(4) -13(3) -57(5) -9(4)
C(6) 102(4) 61(3) 89(3) -6(2) -32(3) 2(3)
C(7) 235(11) 131(6) 129(6) -21(5) -99(7) -33(7)
C(8) 59(2) 66(2) 60(2) 11(2) 0(2) -4(2)
C(9) 68(3) 95(3) 92(3) 17(3) -1(2) 13(3)
C(10)  79(3) 190(7) 111(5) 18(5) -16(3) 29(4)
C(11) 160(7) 259(9) 93(4) -6(5) -48(5) 50(7)
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C(12) 87(3) 96(3) 59(2) 702) 0(2) -3(3)

C(13) 52(2) 58(2) 56(2) -2(2) 0(2) -6(2)
C(14) 55(2) 56(2) 60(2) 2(2) -3(2) 2(2)
C(15) 115(4) 89(3) 57(3) 6(2) 25(3) 23(3)
C(16) 169(6)  312(8)  100(4)  -41(6) 8(5) -12(6)
C(17) 105(5)  303(12)  109(5) 12(7) 40(4) -8(7)
C(18) 54(2) 70(3) 72(3) -11(2) 9(2) -6(2)
C(19) 64(3) 110(4)  132(5)  -61(4) 25(3) -7(3)
C(20)  166(7) 76(4) 187(8) 16(5) 66(6) 13(4)
C(21) 108(5)  186(7)  177(7)  -98(6) 15(5) 11(5)

Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x 10
3) for pvk225c_0m_a.

X y z U(eq)
H(2) 9462 3558 4099 80
H(3) 10442 4239 5050 105
H(5) 9349 7669 4626 140
H(6) 8285 6985 3697 101
H(7A) 11442 6977 5473 247
H(7B) 10948 5785 5834 247
H(7C) 10050 6966 5821 247
H(8) 8267 6346 2738 74
H(9A) 5651 5495 2956 102
H(9B) 6215 6832 3079 102
H(10A) 4920 6192 2009 152
H(10B) 5794 7395 2062 152
H(11A) 7258 6628 1448 205
H(11B) 6310 5501 1328 205
H(12A) 8621 5222 1834 96
H(12B) 7453 4291 1992 96
H(13) 6779 3598 2892 66
H(15) 5367 2853 4799 104
H(16A) 6094 3886 5600 290
H(16B) 5721 5155 5280 290
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H(16C) 7016 4464 5060 290

H(17A) 4026 5088 4732 258
H(17B) 3468 3816 4973 258
H(17C) 3690 4054 4221 258
H(19) 9335 722 2337 123
H(20A) 8724 -66 3375 215
H(20B) 8786 -1140 2860 215
H(20C) 7407 -597 3074 215
H(21A) 6853 -115 1937 236
H(21B) 8226 -544 1650 236
H(21C) 7726 806 1528 236

Table 6. Torsion angles [°] for pvk225¢c_0m_a.

28. Diisopropyl 2-(cyclopentyl(4-methoxy-3,5-dimethylphenyl)amino)malonate (56b)

Me

0

Pro,C CO,Pr
56b

Yield: 70% (Method E)

Physical State: off white waxy solid,;

Rt = 0.47 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl5): § 6.66 (s, 2H), 5.06 — 4.93 (m, 2H), 4.63 (s, 1H), 4.05 —
3.92 (m, 1H), 3.60 (s, 3H), 2.18 (s, 6H), 1.91 (s, 2H), 1.66 (s, 2H), 1.60 — 1.41 (m, 4H),
1.18 (d, J = 6.5 Hz, 6H), 1.09 (d, J = 6.5 Hz, 6H);

3Cc NMR (151 MHz, CDCl3): 6 168.2, 150.8, 143.8, 130.0, 119.5, 68.8, 65.8, 62.0, 59.5,
30.0,23.5,21.3,21.1, 16.1;

HRMS (ESI-TOF): calc’d for Cp3H3sNOs [M+H]" 406.2588; found 406.2644.
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29. Diisopropyl 2-(cyclohexyl(phenyl)amino)malonate (56¢)
a0
’PrOZC)\COZ’Pr

56¢
Yield: 83% (Method E)
Physical State: dark brown colored oily liquid;
R¢ = 0.60 (8:1 EtOAC : hexanes);
'H NMR (600 MHz, CDCl5):  7.14 (dd, J = 8.8, 7.1 Hz, 2H), 6.92 (d, J = 8.2 Hz, 2H),
6.75 (t, J = 7.3 Hz, 1H), 5.02 (hept, J = 6.2 Hz, 2H), 4.78 (s, 1H), 3.60 (td, J = 11.2, 3.2
Hz, 1H), 1.97 (d, J = 11.5 Hz, 2H), 1.84 (d, J = 12.7 Hz, 2H), 1.68 (d, J = 13.4 Hz, 1H),
1.36 (dp, J = 23.6, 12.6 Hz, 4H), 1.23 (d, J = 6.3 Hz, 6H), 1.18 — 1.10 (m, 1H), 1.05 (d, J
= 6.3 Hz, 6H);
3C NMR (151 MHz, CDCls): & 168.3, 147.5, 128.4, 118.7, 116.2, 63.8, 59.0, 31.0, 25.9,
25.6,21.4,21.1;
HRMS (ESI-TOF): calc’d for Co1H31NO4 [M+H]" 362.2326; found 362.2335.

30. Diisopropyl 2-((1-(tert-butoxycarbonyl)piperidin-4-yl)(phenyl)amino)malonate
(56d)

@\NO/ oc
N

56d

iPro, CO,/Pr

Yield: 48% (Method E)

Physical State: dark brownish yellow waxy solid;

R¢ = 0.47 (4:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): 8 7.16 (t, J = 8.0 Hz, 2H), 6.94 (d, J = 8.0 Hz, 2H), 6.81 (t,
J = 7.3 Hz, 1H), 5.01 (hept, J = 6.1 Hz, 2H), 4.70 (s, 1H), 4.20 (s, 2H), 3.70 (t, J = 10.0
Hz, 1H), 2.77 (s, 2H), 1.90 (d, J = 12.2 Hz, 2H), 1.59 — 1.49 (m, 2H), 1.45 (s, 9H), 1.22
(d, J=6.3 Hz, 6H), 1.07 (d, J = 6.1 Hz, 6H);
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3C NMR (151 MHz, CDCly): & 168.1, 154.6, 147.2, 128.6, 120.0, 117.8, 79.5, 69.4,
64.5,57.8,43.5,30.4, 28.3, 21.5, 21.3;
HRMS (ESI-TOF): calc’d for CasHagN20g [M+H]" 463.2803; found 463.2812.

31. Diisopropyl 2-((1-(tert-butoxycarbonyl)piperidin-4-yl)(2,3-dihydrobenzofuran-5-

yl)amino)malonate (56¢)

eYen
A

iPro,cC CO,Pr
56e

Yield: 32% (Method E)

Physical State: pale yellow colored gummy substance;

R¢ = 0.30 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCl5): 6 7.00 (d, J = 2.4 Hz, 1H), 6.85 (dd, J = 8.6, 2.4 Hz, 1H),
6.57 (d, J = 8.5 Hz, 1H), 4.99 (hept, J = 6.2 Hz, 2H), 4.57 (s, 1H), 4.47 (t, J = 8.6 Hz,
2H), 4.24 — 3.87 (m, 2H), 3.37 (it, J = 11.4, 3.4 Hz, 1H), 3.09 (t, J = 8.6 Hz, 2H), 2.69 (s,
2H), 1.84 (d, J = 11.8 Hz, 2H), 1.39 (s, 11H), 1.15 (dd, J = 14.0, 6.3 Hz, 12H):

3¥C NMR (151 MHz, CDCly): 6 168.2, 156.2, 154.5, 139.8, 126.8, 124.6, 122.1, 108.4,
79.3,71.1, 69.0, 67.6, 58.3, 31.3, 29.8, 28.2, 21.41, 21.40;

HRMS (ESI-TOF): calc’d for Co7H4N20; [M+H]* 505.2908; found 505.2928.

32. Tetraisopropyl 2,2'-(decane-1,10-diylbis((4-fluorophenyl)azanediyl))dimalonate
(56f)

F
iPro,C : :

N N CO,Pr

iPI"OZC )9 Cozipr
56f

Yield: 96% (Method E)
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Physical State: colorless oily liquid;

R¢ = 0.55 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 6.92 (t, J = 8.6 Hz, 4H), 6.79 (dd, J = 9.0, 4.4 Hz, 4H),
5.09 (hept, J = 6.2 Hz, 4H), 4.81 (s, 2H), 3.40 — 3.27 (m, 4H), 1.54 (s, 4H), 1.24 (dd, J =
8.6, 6.4 Hz, 36H);

3¥C NMR (151 MHz, CDCl3): 6 167.3, 157.9, 155.5, 144.43, 144.41, 117.5, 1174,
115.5, 115.2, 69.4, 68.5, 50.0, 29.5, 29.4, 28.0, 26.9, 21.6, 21.5;

F NMR (471 MHz, CDCls): § —125.6 (S);

HRMS (ESI-TOF): calc’d for C4oHsgF2N2Og [M+H]" 733.4234; found 733.4249.

33. Tetraisopropyl 2,2'-(decane-1,10-diylbis((4-methoxyphenyl)azanediyl))
dimalonate (569)

.

rigY

iPrOZC 9 COziPr
569

CO,iPr

Yield: 89% (Method E)

Physical State: dark brown oily liquid,;

Rt = 0.30 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 6.93 — 6.72 (m, 8H), 5.08 (hept, J = 6.2 Hz, 4H), 4.79 (s,
2H), 3.75 (s, 6H), 3.37 — 3.28 (m, 4H), 1.51 (s, 4H), 1.24 (t, J = 6.3 Hz, 36H);

3¢ NMR (151 MHz, CDCl3): 8 167.6, 153.4, 142.1, 118.6, 114.3, 69.2, 69.1, 55.5, 49.8,
29.5,29.4, 28.2, 27.0, 21.63, 21.61,

HRMS (ESI-TOF): calc’d for C4HesN201 [M+H]" 757.4634; found 757.4641.
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34. Diisopropyl 2-((10-((1,3-diisopropoxy-1,3-dioxopropan-2-yl)(4-fluorophenyl)
amino)decyl)(4-methoxyphenyl)amino)malonate (56h)

OMe F
iPro,c : :

N N
"Prog/ —t) T

56h

CO,iPr

9 CO,/Pr

Yield: 27% (Method E)

Physical State: dark brown colored oily liquid;

Rt = 0.50 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): 8 6.91 (t, J = 8.7 Hz, 2H), 6.86 (d, J = 9.1 Hz, 2H), 6.79
(dd, J = 9.2, 3.4 Hz, 4H), 5.08 (dtt, J = 12.5, 6.2, 3.1 Hz, 4H), 4.80 (d, J = 11.3 Hz, 2H),
3.74 (s, 3H), 3.33 (g, J = 6.9 Hz, 4H), 1.56 — 1.48 (m, 4H), 1.30 — 1.18 (m, 36H);

3C NMR (151 MHz, CDCls): & 167.6, 167.3, 157.8, 155.5, 153.4, 144.4, 144.3, 142.1,
118.7, 117.47, 117.40, 115.4, 115.2, 114.3, 69.4, 69.2, 69.1, 68.5, 55.5, 50.0, 49.8, 29.5,
29.4,29.3, 28.2, 28.0, 26.98, 26.92, 21.6, 21.5;

F NMR (471 MHz, CDCls): § —125.6 (s);

HRMS (ESI-TOF): calc’d for C41Hg1FN2Og [M+H]" 745.4434; found 745.4441.

35. Diisopropyl 2-(benzyl(phenyl)amino)malonate (56i)

Ve

iPTOZC COZiPr
56i

Yield: 49% (Method E)
Physical State: yellow colored solid (m.p. = 76-81°C);
R¢ = 0.43 (10% EtOAc/hexanes);
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'H NMR (600 MHz, CDCly): & 7.41 (d, J = 7.6 Hz, 2H), 7.34 (t, J = 7.6 Hz, 2H), 7.25
(dt, J = 26.0, 7.3 Hz, 3H), 6.83 (dd, J = 12.8, 8.0 Hz, 3H), 5.24 (s, 1H), 5.09 (hept, J = 6.2
Hz, 2H), 4.80 (s, 2H), 1.26 (d, J = 6.4 Hz, 6H), 1.20 (d, J = 6.4 Hz, 6H);

3C NMR (151 MHz, CDCly): & 167.1, 148.3, 139.0, 128.9, 128.1, 126.55, 126.51,
118.9, 114.2, 69.7, 66.4, 54.0, 21.4, 21.3;

HRMS (ESI-TOF): calc’d for C2oH7NO, [M+H]* 370.2013; found 370.2052.

36. Diisopropyl 2-(phenyl(p-tolyl)amino)malonate (56j)

@L@

’PrOZC co,Pr
56j

Yield: 59% (Method E)

Physical State: colorless viscous oily liquid;

Rt = 0.23 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 7.22 (t, J = 8.0 Hz, 2H), 7.13 (s, 4H), 6.92 (dd, J = 12.2,
7.6 Hz, 3H), 5.35 (s, 1H), 5.04 (hept, J = 6.2 Hz, 2H), 2.34 (s, 3H), 1.19 (d, J = 6.4 Hz,
6H), 1.15 (d, J = 6.4 Hz, 6H);

3C NMR (151 MHz, CDCls): & 166.7, 146.8, 143.0, 133.5, 129.7, 128.8, 124.7, 120.9,
119.2, 69.5, 67.9, 21.37, 21.32, 20.6;

HRMS (ESI-TOF): calc’d for CooHo7NO4 [M+H]™ 370.2013; found 370.2033.

37. Diisopropyl 2-((4-(methylthio)phenyl)(phenyl)amino)malonate (56k)

@L@

iPro,cC COZ’Pr
56k

Yield: 52% (Method E)
Physical State: pale yellow colored oily liquid;
R¢ = 0.46 (10% EtOAc/hexanes);
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'H NMR (600 MHz, CDCl3): 8 7.16 (td, J = 7.2, 1.9 Hz, 2H), 7.12 (d, J = 8.7 Hz, 2H),
6.92 (d, J = 8.6 Hz, 5H), 5.22 (s, 1H), 4.93 (hept, J = 6.3 Hz, 2H), 2.35 (s, 3H), 1.08 (d, J
= 6.3 Hz, 6H), 1.04 (d, J = 6.3 Hz, 6H);

13C NMR (151 MHz, CDCls): § 166.5, 146.2, 143.8, 131.8, 129.1, 123.1, 122.5, 121.6,
69.7, 67.9, 21.4, 21.3, 17.0;

HRMS (ESI-TOF): calc’d for CooHp7NO,S [M+H]* 402.1734; found 402.1739.

38. Diisopropyl 2-((4-phenoxyphenyl)(phenyl)amino)malonate (56l)
o0, 3
N
"Prozc)\cozipr
56l

Yield: 43% (Method E)

Physical State: pale yellow colored viscous oily liquid;

R¢ = 0.37 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl5): § 7.38 (t, J = 7.8 Hz, 2H), 7.32 — 7.24 (m, 4H), 7.14 (t, J =
7.3 Hz, 1H), 7.07 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 6.97 (t, J = 7.3 Hz, 1H),
6.93 (d, J = 8.1 Hz, 2H), 5.39 (s, 1H), 5.10 (hept, J = 6.0 Hz, 2H), 1.25 (d, J = 6.4 Hz,
6H), 1.21 (d, J = 6.4 Hz, 6H);

3C NMR (151 MHz, CDCls): & 166.5, 157.2, 153.8, 147.0, 140.5, 129.5, 128.9, 127.0,
123.0, 120.8, 119.5, 118.48, 118.45, 69.6, 67.9, 21.37, 21.34,

HRMS (ESI-TOF): calc’d for Co7HogNOs [M+H]" 448.2118; found 448.2185.

39. Diisopropyl 2-([1,1'-biphenyl]-4-yl(phenyl)amino)malonate (56m)

heNe

Pro,C CO,'Pr
56m

Yield: 60% (Method E)
Physical State: dark brown colored oily liquid;
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Rt = 0.40 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.60 (d, J = 8.4 Hz, 2H), 7.53 (d, J = 8.7 Hz, 2H), 7.44
(t, J=7.8Hz, 2H), 7.34 (q, J = 7.6, 7.0 Hz, 3H), 7.21 (d, J = 7.6 Hz, 2H), 7.14 — 7.04 (m,
3H), 5.43 (s, 1H), 5.08 (hept, J = 6.3 Hz, 2H), 1.22 (d, J = 6.3 Hz, 6H), 1.17 (d, J = 6.3
Hz, 6H);

3C NMR (151 MHz, CDCls): & 166.6, 145.8, 145.7, 140.6, 134.8, 129.1, 128.6, 127.6,
126.6, 126.5, 123.38, 123.30, 121.2, 69.7, 67.9, 21.4, 21.3;

HRMS (ESI-TOF): calc’d for Co7H29NO4 [M+H]" 432.2169; found 432.2218.

40. Diisopropyl 2-(m-tolyl(p-tolyl)amino)malonate (56n)

Me
L Ii
N
"PrOZCJ\COZ"Pr
56n

Yield: 55% (Method E)

Physical State: white solid (m.p. = 75-78 °C);

R¢ = 0.45 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 7.20 — 7.01 (m, 5H), 6.83 — 6.64 (m, 3H), 5.32 (s, 1H),
5.11-4.96 (m, 2H), 2.33 (s, 3H), 2.27 (s, 3H), 1.17 (dd, J = 24.5, 6.4 Hz, 12H);

3C NMR (151 MHz, CDCl3): 6 166.8, 146.9, 143.0, 138.6, 133.3, 129.6, 128.7, 124.5,
122.0,120.1, 116.7, 116.6, 69.5, 67.9, 21.5, 21.4, 21.3, 20.7;

HRMS (ESI-TOF): calc’d for Co3HagNO4 [M+H]" 384.2169; found 384.2195.

41. Diisopropyl 2-(thiophen-2-yl(p-tolyl)amino)malonate (560)

s Me
o 7
N

iPro,C CO,Pr
560

Yield: 61% (Method E)
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Physical State: yellow-colored oily liquid,;

R¢ = 0.46 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.44 (dd, J = 3.7, 1.1 Hz, 1H), 7.31 (dd, J = 5.1, 1.1 Hz,
1H), 7.00 (dd, J = 5.0, 3.7 Hz, 1H), 6.89 (d, J = 8.2 Hz, 2H), 6.50 (d, J = 8.4 Hz, 2H),
5.62 (s, 1H), 5.04 (hept, J = 6.2 Hz, 2H), 2.19 (s, 3H), 1.19 (d, J = 6.4 Hz, 6H), 1.08 (d, J
= 6.4 Hz, 6H);

13C NMR (151 MHz, CDCl): § 167.3, 141.7, 139.4, 129.2, 127.9, 127.8, 126.7, 126.5,
114.8,70.4, 69.3, 21.13, 21.11, 20.2;

HRMS (ESI-TOF): calc’d for CooH2sNO4S [M+H]* 376.1577; found 376.1573.

42. Diisopropyl 2-(benzo[b]thiophen-3-yl(p-tolyl)amino)malonate (56p)

Me
N

iPro,C CO,Pr
56p

Yield: 46% (Method E)

Physical State: orange colored waxy solid,;

R¢ = 0.42 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 8.19 (dd, J = 6.3, 2.9 Hz, 1H), 8.15 (s, 1H), 7.81 (dd, J =
5.9, 2.9 Hz, 1H), 7.30 (td, J = 6.5, 5.6, 3.7 Hz, 2H), 6.84 (d, J = 8.3 Hz, 2H), 6.56 (d, J =
8.4 Hz, 2H), 5.48 (s, 1H), 5.05 (hept, J = 6.2 Hz, 2H), 2.16 (s, 3H), 1.11 (dd, J = 15.7, 6.3
Hz, 12H);

3¥C NMR (151 MHz, CDCly): 6 167.4, 141.7, 140.5, 137.1, 129.9, 129.2, 128.6, 128.0,
125.2,123.9, 123.5, 122.3, 115.6, 70.3, 69.8, 21.34, 21.33, 20.3;

HRMS (ESI-TOF): calc’d for Co4H27NO4S [M+H]" 426.1734; found 426.1788.
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43. Diisopropyl 2-((4-chlorophenyl)(4-methoxyphenyl)amino)malonate (56q)

iPrOZC COZiPr
56q

Yield: 36% (Method E)

Physical State: dark yellow colored oily liquid,;

R¢ = 0.43 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.29 (d, J = 8.9 Hz, 2H), 7.08 (d, J = 9.0 Hz, 2H), 6.89
(d, J = 8.9 Hz, 2H), 6.56 (d, J = 9.0 Hz, 2H), 5.21 (s, 1H), 5.01 (hept, J = 6.2 Hz, 2H),
3.79 (s, 3H), 1.15 (dd, J = 11.2, 6.3 Hz, 12H):

3C NMR (151 MHz, CDCl3): 6 166.4, 157.9, 146.4, 137.2, 129.7, 128.5, 123.9, 116.6,
114.6, 69.7, 68.0, 55.3, 21.39, 21.38;

HRMS (ESI-TOF): calc’d for Co,HoCINOs [M+H]* 420.1572; found 420.1576.

44. Diisopropyl 2-((4-fluoro-3,5-dimethylphenyl)(4-methoxyphenyl)amino) malonate
(56r)

Me

Me N

iPro,c” TCco,Pr
56r

Yield: 49% (Method E)

Physical State: brown colored solid (m.p. = 72-78 °C);

R¢ = 0.31 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.13 (d, J = 8.9 Hz, 2H), 6.84 (d, J = 9.0 Hz, 2H), 6.49
(d, J = 6.1 Hz, 2H), 5.23 (s, 1H), 5.03 (hept, J = 6.2 Hz, 2H), 3.78 (s, 3H), 2.16 (d, J = 1.6
Hz, 6H), 1.16 (dd, J = 15.7, 6.3 Hz, 12H);

3C NMR (151 MHz, CDCls): & 166.8, 156.3, 155.7, 154.2, 142.6, 138.8, 126.3, 124.4,
124.3,119.2, 114.3, 69.5, 68.3, 55.3, 21.4, 21.3, 14.78, 14.76;

YE NMR (471 MHz, CDCl3): 6 —131.74 (ddq, J = 6.2, 4.2, 2.2 Hz);
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HRMS (ESI-TOF): calc’d for CpsHzoFNOs [M+H]" 432.2181; found 432.2178.

45. Diisopropyl 2-((4-(2-((tert-butyldimethylsilyl)oxy)ethyl)phenyl)(4-fluoro-3,5-
dimethylphenyl) amino)malonate (56s)

Me

Me N

iPro,C CO,/Pr
56s

Yield: 57% (Method E)

Physical State: yellow colored oily liquid,;

R¢ = 0.48 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.06 (d, J = 8.4 Hz, 2H), 6.84 (d, J = 6.3 Hz, 2H), 6.80
(d, J = 8.5 Hz, 2H), 5.26 (s, 1H), 5.03 (hept, J = 6.2 Hz, 2H), 3.77 (t, J = 7.1 Hz, 2H),
2.75 (t, J = 7.1 Hz, 2H), 2.20 (s, 6H), 1.17 (dd, J = 21.4, 6.3 Hz, 12H), 0.89 (s, 9H), 0.01
(s, 6H);

BC NMR (151 MHz, CDCly): § 166.7, 157.5, 155.9, 145.2, 140.76, 140.74, 131.8,
129.6, 125.08, 125.05, 124.8, 124.7, 119.3, 69.5, 68.0, 64.5, 38.7, 25.8, 21.4, 21.3, 18.2,
14.65, 14.62, -5.4;

YFE NMR (471 MHz, CDCly): 5 —126.5 (ddp, J = 6.6, 4.5, 2.2 Hz);

HRMS (ESI-TOF): calc’d for C3;H4sFNOsSi [M+H]" 560.3202; found 560.3256.

46. Diisopropyl 2-((2-bromophenyl)(p-tolyl)amino)malonate (56t)
QL
N
A

RO,C~ “CO,R
56t; R = Pr

Yield: 18% (Method E)
Physical State: yellow colored oily liquid;
Rt = 0.40 (10% EtOAc/hexanes);
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'H NMR (600 MHz, CDCls): § 7.76 (dd, J = 7.9, 1.5 Hz, 1H), 7.64 (dd, J = 8.0, 1.4 Hz,
1H), 7.34 (td, J = 7.7, 1.4 Hz, 1H), 7.14 (td, J = 7.8, 1.6 Hz, 1H), 6.97 (d, J = 8.4 Hz,
2H), 6.50 (d, J = 8.6 Hz, 2H), 5.33 (s, 1H), 5.02 (hept, J = 6.3 Hz, 2H), 2.23 (s, 3H), 1.21
(d, J = 6.3 Hz, 6H), 1.10 (d, J = 6.3 Hz, 6H);

13C NMR (151 MHz, CDCI3): 5 166.5, 143.8, 143.6, 133.7, 131.6, 129.3, 128.7, 128.6,
128.1, 125.6, 115.3, 69.7, 67.7, 21.4, 21.3, 20.3;

HRMS (ESI-TOF): calc’d for CaHasBrNO, [M+H]" 448.1118 [M+Na]* 470.0937;
found 448.1045, 470.0877.

47. Diisopropyl 2-((4-chlorophenyl)(3,5-dimethylphenyl)amino)malonate (56u)

Me

ReSel

Pro,c” TCO,Pr
56u

Yield: 33% (Method E)

Physical State: dark yellow colored solid (m.p. = 55-62 °C);

Rt = 0.48 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.17 (d, J = 8.9 Hz, 2H), 6.89 (d, J = 8.9 Hz, 2H), 6.72
(d, J=8.0 Hz, 3H), 5.26 (s, 1H), 5.03 (hept, J = 6.3 Hz, 2H), 2.25 (s, 6H), 1.19 (d, J = 6.3
Hz, 6H), 1.14 (d, J = 6.3 Hz, 6H);

3c NMR (151 MHz, CDCl5): 8 166.5, 145.8, 145.0, 138.9, 128.8, 126.7, 125.6, 121.9,
121.2,69.7, 68.1, 21.48, 21.42;

HRMS (ESI-TOF): calc’d for Co3H2sCINO, [M+H]" 418.1780; found 418.1785.

48. Diisopropyl 2-((3,5-dimethylphenyl)(4-phenoxyphenyl)amino)malonate (56v)
Ph Me

QL

iPro,c~ T CO,Pr
56v
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Yield: 35% (Method E)

Physical State: dark brown colored oily liquid;

Rf = 0.42 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.34 (t, J = 7.9 Hz, 2H), 7.20 (d, J = 8.8 Hz, 2H), 7.10 (t,
J=7.3Hz, 1H), 7.03 (d, J = 7.9 Hz, 2H), 6.97 (d, J = 8.9 Hz, 2H), 6.61 (s, 1H), 6.53 (s,
2H), 5.33 (s, 1H), 5.06 (hept, J = 6.2 Hz, 2H), 2.25 (s, 6H), 1.21 (d, J = 6.3 Hz, 6H), 1.18
(d, J=6.3 Hz, 6H);

3C NMR (151 MHz, CDCls): 6 166.7, 157.4, 153.3, 147.0, 140.7, 138.5, 129.6, 126.4,
123.1,122.9,119.4,118.4, 116.9, 69.5, 68.0, 21.45, 21.42;

HRMS (ESI-TOF): calc’d for Co9H33sNOs [M+H]" 476.2431; found 476.2465.

49. Diisopropyl 2-([1,1'-biphenyl]-3-yl(3,5-dimethylphenyl)amino)malonate (56w)

ol
Q.2

iPro,Cc~ TCO,Pr
56w

Yield: 48% (Method E)

Physical State: yellow colored viscous oily liquid;

Rt = 0.40 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): 8 7.60 (d, J = 7.4 Hz, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.39 —
7.33 (m, 3H), 7.28 (d, J = 7.7 Hz, 1H), 7.06 (d, J = 8.2 Hz, 1H), 6.83 (s, 2H), 6.76 (s,
1H), 5.45 (s, 1H), 5.10 (hept, J = 6.2 Hz, 2H), 2.32 (s, 6H), 1.23 (d, J = 6.3 Hz, 6H), 1.17
(d, J=6.3 Hz, 6H);

B¥c NMR (151 MHz, CDCl3): 6 166.7, 146.6, 146.0, 141.9, 141.0, 138.6, 129.2, 128.5,
127.1, 126.9, 124.9, 120.8, 120.5, 120.4, 120.0, 69.5, 68.1, 21.4, 21.3,;

HRMS (ESI-TOF): calc’d for CooHssNO4 [M+H]" 460.2482; found 460.2451.
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50. Diisopropyl 2-((3,5-dimethylphenyl)(4-fluoro-3,5-dimethylphenyl)amino)
malonate (56x)

Me Me

X3,

iP rOZC COZiPr
56x

Yield: 33% (Method E)

Physical State: pale brown colored solid (m.p. = 65-71 °C);

R¢ = 0.48 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 6.94 (d, J = 6.3 Hz, 2H), 6.56 (s, 1H), 6.43 (s, 2H), 5.28
(s, 1H), 5.06 (hept, J = 6.2 Hz, 2H), 2.24 (s, 12H), 1.21 (d, J = 6.3 Hz, 6H), 1.18 (d, J =
6.3 Hz, 6H);

B¥Cc NMR (151 MHz, CDCly): 6 166.7, 157.9, 156.3, 147.3, 140.1, 140.0, 138.3, 126.7,
126.6, 124.8, 124.7, 122.4, 115.8, 69.4, 68.0, 21.42, 21.40, 21.3, 14.63, 14.61,

YFE NMR (471 MHz, CDCl3): 5 —126.5 (ddp, J = 6.8, 4.6, 2.3 Hz);

HRMS (ESI-TOF): calc’d for Co5H3,FNO4 [M+H]" 430.2388; found 430.2401.

51. Diisopropyl 2-(benzo[b]thiophen-3-yl(3,5-dimethoxyphenyl)amino)malonate
(56y)

9 3
SN /@\
)N\ OMe

Pro,c~ ~CO,Pr
56y

Yield: 77% (Method E)

Physical State: yellow colored waxy solid;

R¢ = 0.25 (30% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 8.28 (s, 1H), 8.17 (dd, J = 6.7, 2.4 Hz, 1H), 7.82 (dd, J =
6.5, 2.4 Hz, 1H), 7.35 — 7.26 (m, 2H), 5.91 (d, J = 2.1 Hz, 2H), 5.87 (t, J = 2.1 Hz, 1H),
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5.71 (s, 1H), 5.09 (hept, J = 6.2 Hz, 2H), 3.62 (s, 6H), 1.17 (d, J = 6.3 Hz, 6H), 1.12 (d, J
= 6.3 Hz, 6H);

3C NMR (151 MHz, CDCl3): 6 167.2, 161.0, 145.9, 140.2, 137.0, 129.6, 128.3, 124.8,
123.9, 123.5, 122.2,93.8, 91.5, 70.4, 69.2, 54.8, 21.26, 21.22;

HRMS (ESI-TOF): calc’d for Co5HoNOgS [M+H]" 472.1788; found 472.1809.

52. Diisopropyl 2-(benzo[d][1,3]dioxol-5-yl(thiophen-2-yl)amino)malonate (56z)
0/

j<t
S

//

N

iPro,C~ ~CO,Pr

56z
Yield: 66% (Method E)
Physical State: yellow colored oily liquid,;
Rt = 0.29 (10% EtOAc/hexanes);
'H NMR (600 MHz, CDCl3): & 7.41 (dd, J = 3.6, 1.0 Hz, 1H), 7.30 (dd, J = 5.1, 1.0 Hz,
1H), 6.99 (dd, J = 5.0, 3.8 Hz, 1H), 6.52 (d, J = 8.4 Hz, 1H), 6.21 (d, J = 2.3 Hz, 1H),
5.99 (dd, J = 8.4, 2.3 Hz, 1H), 5.78 (s, 2H), 5.51 (s, 1H), 5.01 (hept, J = 6.2 Hz, 2H), 1.16
(d, J=6.3 Hz, 6H), 1.08 (d, J = 6.3 Hz, 6H);
3C NMR (151 MHz, CDCls): & 167.2, 147.7, 140.4, 139.48, 139.46, 128.0, 126.8,
126.6, 108.1, 106.8, 100.4, 97.8, 70.5, 69.6, 21.2, 21.1;
HRMS (ESI-TOF): calc’d for CooH2sNOgS [M+H]" 406.1319; found 406.1320.

53. Diethyl 2-((2,6-dichlorophenyl)(2-vinylphenyl)amino)malonate (57a)

Cl

N
A ¢
EtO,C CO,Et
57a

Yield: 64% (Method E)
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Physical State: beige colored viscous oily liquid;

R¢ = 0.48 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.44 (d, J = 7.9 Hz, 1H), 7.34 (d, J = 7.7 Hz, 1H), 7.31 —
7.20 (m, 2H), 7.12 (t, J = 7.5 Hz, 1H), 7.06 — 6.99 (m, 2H), 6.97 (t, J = 7.6 Hz, 1H), 6.08
(s, 1H), 5.61 (d, J = 17.3 Hz, 1H), 5.38 (d, J = 11.0 Hz, 1H), 4.51 — 3.95 (m, 4H), 1.24 (t,
J=7.1Hz, 3H), 1.16 (t, J = 7.1 Hz, 3H);

3C NMR (151 MHz, CDCly): 6 170.0, 155.2, 138.7, 137.7, 135.8, 135.2, 134.4, 129.6,
129.3,128.9, 128.5, 128.2, 127.7, 126.8, 126.6, 117.9, 62.4, 61.2, 61.0, 14.4, 13.9;
HRMS (ESI-TOF): calc’d for Co1H2Cl,NO4 [M+H]" 422.0920; found 422.0858.

54. Diethyl 2-((2-allylphenyl)(2,6-dichlorophenyl)amino)malonate (57b)
R

Cl

N
A_e
EtO,C CO,Et
57b

Yield: 72% (Method E)

Physical State: beige colored viscous oily liquid;

R¢ = 0.19 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.43 (d, J = 7.9 Hz, 1H), 7.26 (d, J = 5.1 Hz, 1H) 7.07
(d, J = 4.1 Hz, 2H), 7.04 — 7.01 (m, 1H), 6.99 (t, J = 8.0 Hz, 1H), 6.93 — 6.86 (M, 1H),
6.04 — 5.87 (m, 2H), 5.03 (d, J = 13.7 Hz, 2H), 4.27 — 4.07 (m, 4H), 3.71 (dd, J = 15.8,
6.2 Hz, 1H), 3.46 (dd, J = 15.8, 6.8 Hz, 1H), 1.21 (t, J = 7.1 Hz, 3H), 1.14 (t, J = 7.1 Hz,
1H);

3C NMR (151 MHz, CDCls): & 169.8, 155.1, 139.5, 137.6, 136.7, 135.7, 135.2, 130.3,
129.9, 129.5, 128.9, 128.5, 128.3, 127.7, 125.6, 116.1, 62.4, 61.2, 60.8, 37.3, 14.3, 13.9;
HRMS (ESI-TOF): calc’d for CaH23ClLNO, [M+H]" 436.1077; found 436.1076.
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55. Diisopropyl 2-(diphenylamino)malonate (59a)
A, L
PN

iPro,C”~ ~CO,Pr
59a

Yield: 75% (Method C)

Physical State: pale brown colored waxy solid;

R¢ = 0.42 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.17 (t, J = 7.8 Hz, 4H), 6.96 (d, J = 8.0 Hz, 4H), 6.92 (t,
J = 7.3 Hz, 2H), 5.25 (s, 1H), 4.93 (hept, J = 6.2 Hz, 2H), 1.08 (d, J = 6.3 Hz, 6H), 1.02
(d, J=6.3 Hz, 6H);

3C NMR (151 MHz, CDCl5): 5 166.6, 146.1, 129.0, 122.5, 122.0, 69.6, 67.9, 21.3, 21.2;
HRMS (ESI-TOF): calc’d for Co1HsNO,4 [M+H]" 356.1856; found 356.1856.

56. Diisopropyl 2-(di-p-tolylamino)malonate (59b)

Pro,c” “CO,/Pr
59b

Yield: 73% (Method C)

Physical State: off white waxy solid,;

R¢ = 0.46 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.10 (d, J = 8.2 Hz, 4H), 6.99 (d, J = 8.4 Hz, 4H), 5.35
(s, 1H), 5.06 (hept, J = 6.1 Hz, 2H), 2.33 (s, 6H), 1.22 (d, J = 6.4 Hz, 6H), 1.17 (d, J = 6.5
Hz, 6H);

3Cc NMR (151 MHz, CDCl3): 8 166.7, 143.9, 131.7, 129.4, 121.9, 69.3, 67.9, 21.3, 21.2,
20.4;

HRMS (ESI-TOF): calc’d for Co3HNO,4 [M+H]" 384.2169; found 384.2218.
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57. Diisopropyl 2-(bis(4-chlorophenyl)amino)malonate (59c)

pewes

iPro,cC CO,Pr
59c

Yield: 40% (Method C)

Physical State: yellow colored waxy solid;

Rt = 0.50 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.21 (d, J = 8.9 Hz, 4H), 6.97 (d, J = 8.9 Hz, 4H), 5.24
(s, 1H), 5.02 (hept, J = 6.2 Hz, 2H), 1.18 (d, J = 6.4 Hz, 6H), 1.13 (d, J = 6.4 Hz, 6H);
3¢ NMR (151 MHz, CDClg): 6 166.1, 144.5,129.2, 128.2, 123.4, 70.0, 67.9, 21.4, 21.3;
HRMS (ESI-TOF): calc’d for Co1H23Cl,NO4 [M+H]" 424.1077; found 424.1038.

58. Diisopropyl 2-(bis(4-(methylthio)phenyl)amino)malonate (59d)

iPro,C CO,/Pr
59d

Yield: 45% (Method C)

Physical State: brown colored oily liquid,;

R¢ = 0.37 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.20 (d, J = 8.3 Hz, 4H), 6.98 (d, J = 8.4 Hz, 4H), 5.28
(s, 1H), 5.02 (hept, J = 6.3 Hz, 2H), 2.43 (s, 6H), 1.16 (dd, J = 25.9, 6.4 Hz, 12H);

3¢ NMR (151 MHz, CDCl3): 6 166.3, 143.7, 131.6, 128.6, 122.5, 69.7, 67.7, 21.3, 21.2,
16.9;

HRMS (ESI-TOF): calc’d for Co3H29NO4S; [M+H]" 448.1611; found 448.1616.

59. Diisopropyl 2-(bis(4-phenoxyphenyl)amino)malonate (59¢)
(0] (0]
AL 0V
iPrOZC)\COZiPr

59e
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Yield: 41% (Method C)

Physical State: dark purple colored viscous oily liquid;

R¢ = 0.35 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.33 (t, J = 7.9 Hz, 4H), 7.08 (dd, J = 16.6, 8.2 Hz, 6H),
7.01 (d, J = 8.0 Hz, 4H), 6.96 (d, J = 8.9 Hz, 4H), 5.32 (s, 1H), 5.08 (hept, J = 6.1 Hz,
2H), 1.21 (dd, J = 21.7, 6.3 Hz, 12H);

3C NMR (151 MHz, CDCl3): 6 166.6, 157.6, 152.3, 142.0, 129.5, 123.4, 122.8, 119.8,
118.2,69.7, 68.2, 21.46, 21.44;

HRMS (ESI-TOF): calc’d for Ca3H3sNOg [M+H]" 540.2381; found 540.2389.

60. Diisopropyl 2-(di([1,1'-biphenyl]-4-yl)amino)malonate (59f)

OOOO

Pro,C”~ ~CO,Pr
59f

Yield: 60% (Method C)

Physical State: pale yellow colored waxy solid;

R¢ = 0.38 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.65 (dd, J = 23.1, 8.0 Hz, 8H), 7.51 (t, J = 7.6 Hz, 4H),
7.39 (t, J = 7.3 Hz, 2H), 7.28 (d, J = 8.5 Hz, 2H), 5.53 (s, 1H), 5.16 (hept, J = 6.1 Hz,
2H), 1.29 (d, J = 6.3 Hz, 6H), 1.24 (d, J = 6.3 Hz, 6H);

3C NMR (151 MHz, CDCls): & 166.5, 145.3, 140.5, 135.5, 128.6, 127.7, 126.7, 126.6,
122.3,69.8, 67.9, 21.4, 21.3;

HRMS (ESI-TOF): calc’d for CasHyNO, [M+H]™ 508.2482 [M+Na]* 530.2302; found
508.2522, 530.2346.

61. Diisopropyl 2-(di([1,1'-biphenyl]-3-yl)amino)malonate (599)

@ A @
iPro,c” “Co,Pr
599
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Yield: 65% (Method C)

Physical State: pale yellow colored oily liquid;

Rt = 0.45 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.66 (d, J = 7.7 Hz, 4H), 7.50 (dd, J = 14.6, 7.1 Hz, 6H),
7.45 (t, J = 7.8 Hz, 2H), 7.43 — 7.36 (m, 4H), 7.22 (d, J = 7.8 Hz, 2H), 5.60 (s, 1H), 5.15
(hept, J =5.9 Hz, 2H), 1.26 (d, J = 6.4 Hz, 6H), 1.20 (d, J = 6.4 Hz, 6H);

3C NMR (151 MHz, CDCl3): 6 166.6, 146.5, 142.1, 140.8, 129.4, 128.5, 127.2, 126.9,
121.5,121.1, 120.7, 69.7, 68.1, 21.38, 21.30;

HRMS (ESI-TOF): calc’d for Ca3H3sNO4 [M+H]" 508.2482; found 508.2525.

62. Diethyl 2-(bis(2-vinylphenyl)amino)malonate (59h)
N
EtO,C
59h

CO,Et

Yield: 47% (Method C)

Physical State: beige colored viscous oily liquid;

R¢ = 0.38 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.34 (dd, J = 20.2, 7.7 Hz, 4H), 7.22 (t, J = 7.4 Hz, 2H),
7.18 — 7.12 (m, 2H), 6.69 (dd, J = 17.1, 10.9 Hz, 2H), 6.11 (s, 1H), 5.33 (d, J = 17.1 Hz,
2H), 4.96 (d, J = 10.9 Hz, 2H), 4.11 (q, J = 7.1 Hz, 2H), 3.90 (s, 2H), 1.07 (t, J = 7.1 Hz,
6H);

3C NMR (151 MHz, CDCl5): & 171.1, 137.8, 136.7, 136.0, 129.6, 128.4, 128.3, 127.0,
115.4,70.0, 62.3, 60.7, 14.4, 13.6;

HRMS (ESI-TOF): calc’d for Co3HxsNO4 [M+H]* 380.1856; found 380.1860.
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63. Diethyl 2-(bis(2-allylphenyl)amino)malonate (59i)

%

59i

EtO, CO,Et

Yield: 26% (Method C)

Physical State: beige colored viscous oily liquid;

R¢ = 0.41 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.41 (d, J = 7.8 Hz, 2H), 7.28 (t, J = 7.4 Hz, 2H), 7.24
(d, J = 6.8 Hz, 2H), 7.20 (t, J = 7.6 Hz, 2H), 6.08 (s, 1H), 5.65 (s, 2H), 4.99 (d, J = 10.1
Hz, 2H), 4.90 (d, J = 17.1 Hz, 2H), 4.28 (q, J = 7.1 Hz, 2H), 4.04 (s, 2H), 3.26 (dd, J =
15.5, 5.0 Hz, 2H), 3.16 (dd, J = 15.7, 5.3 Hz, 2H), 1.23 (t, J = 7.1 Hz, 6H);

3C NMR (151 MHz, CDCls): 6 170.7, 138.4, 137.5, 137.3, 131.9, 129.3, 128.0, 125.7,
115.9, 70.7, 62.2, 60.7, 37.9, 13.8;

HRMS (ESI-TOF): calc’d for Co5HoNO4 [M+H]" 408.2169; found 408.2169.

64. Dimethyl 2-(bis(2,3-dichlorophenyl)amino)malonate (59j)
cl

X e

N Cl
Cl

MeO,C CO,Me

59j
Yield: 54% (Method C)
Physical State: beige colored oily liquid;
Rt = 0.24 (20% EtOAc/hexanes);
'H NMR (600 MHz, CDCls): & 7.53 — 7.47 (m, 2H), 7.42 (d, J = 8.0 Hz, 2H), 7.21 (t, J
=8.1 Hz, 2H), 6.56 (s, 1H), 3.79 (s, 3H), 3.60 (s, 3H);
3c NMR (151 MHz, CDCl3): 6 169.5, 136.4, 134.6, 131.4, 130.6, 130.3, 126.4, 70.2,
53.5,52.2;
HRMS (ESI-TOF): calc’d for C17H13CIsNO, [M+Na]* 457.9491; found 457.9428.
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65. Dimethyl 2-(bis(4-chloro-2-methylphenyl)amino)malonate (59k)

cl \@ Me cl
N :
Me
MeOZC C02Me

59k

Yield: 72% (Method C)

Physical State: beige colored oily liquid;

R¢ = 0.23 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.37 — 7.33 (m, 2H), 7.18 — 7.12 (m, 4H), 6.24 (s, 1H),
3.77 (s, 3H), 3.59 (s, 3H), 2.03 (s, 6H);

¥C NMR (151 MHz, CDCl3): 6 170.7, 138.7, 134.8, 133.7, 132.1, 130.8, 125.3, 69.4,
53.1,52.1, 21.4;

HRMS (ESI-TOF): calc’d for C19H16ClL,NO4 [M+Na]* 418.0583; found 418.0588.

66. Diisopropyl 2-(bis(3-fluoro-5-methylphenyl)amino)malonate (591)

iPro,c” “co,Pr
591

Yield: 29% (Method C)

Physical State: yellow colored oily liquid,;

R¢ = 0.22 (5% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 6.62 (s, 2H), 6.57 (d, J = 9.4 Hz, 4H), 5.23 (s, 1H), 5.04
(hept, J = 6.2 Hz, 2H), 2.27 (s, 6H), 1.19 (d, J = 6.3 Hz, 6H), 1.15 (d, J = 6.3 Hz, 6H);
3C NMR (151 MHz, CDCl3): 6 166.2, 164.0, 162.4, 147.0, 146.9, 140.79, 140.73,
118.42,118.40, 110.7, 110.6, 106.7, 106.5, 69.9, 67.9, 21.54, 21.52, 21.4, 21.3;

YFE NMR (471 MHz, CDCl3): 5 —-113.0 (t, J = 10.1 Hz);

HRMS (ESI-TOF): calc’d for CasHa7FoNO4 [M+H]™ 420.1981; found 420.1981.
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67. Diisopropyl 2-(bis(4-methoxy-3,5-dimethylphenyl)amino)malonate (59m)
Me Me

Meo)éL /@OMe
Me N Me

iPro,cC CO,Pr
59m

Yield: 67% (Method C)

Physical State: brown colored viscous oily liquid;

Rt = 0.36 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 6.66 (s, 4H), 5.21 (s, 1H), 5.02 (hept, J = 6.2 Hz, 2H),
3.67 (s, 6H), 2.20 (s, 12H), 1.17 (d, J = 6.3 Hz, 6H), 1.13 (d, J = 6.3 Hz, 6H);

3C NMR (151 MHz, CDCls): & 166.8, 152.4, 141.8, 131.0, 122.2, 69.3, 68.1, 59.6,
21.4,21.3, 16.1;

HRMS (ESI-TOF): calc’d for Co7H37NOg [M+H]" 472.2694; found 472.2726.

68. Diisopropyl 2-(bis(4-fluoro-3,5-dimethylphenyl)amino)malonate (59n)

Pro,c” ~CO,Pr
59n

Yield: 45% (Method C)

Physical State: light yellow colored solid;

R¢ = 0.48 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 6.66 (d, J = 5.9 Hz, 4H), 5.21 (s, 1H), 5.04 (dt, J = 12.2,
6.0 Hz, 2H), 2.19 (s, 12H), 1.18 (dd, J = 18.1, 6.1 Hz, 12H);

3C NMR (151 MHz, CDCls): & 166.7, 156.7, 155.1, 141.63, 141.61, 124.7, 124.6,
122.48, 122.45, 69.5, 68.3, 21.4, 21.3, 14.73, 14.71;

YFE NMR (471 MHz, CDCl3): 5 —129.3 (dtq, J = 6.5, 4.4, 2.2 Hz);
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HRMS (ESI-TOF): calc’d for CosHa1FoNO, [M+H]™ 448.2294; found 448.2252.

69. Dimethyl 2-(bis(4-methoxy-2,5-dimethylphenyl)amino)malonate (590)

Me
Meo)@ Me/©/ OMe
Me N
Me
MeO,C CO,Me

590

Yield: 55% (Method C)

Physical State: pale pink colored puffy solid,;

R¢ = 0.23 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCl5): & 7.14 (s, 2H), 6.60 (s, 2H), 6.12 (s, 1H), 3.80 (d, J = 16.0
Hz, 9H), 3.62 (s, 3H), 2.18 (s, 6H), 2.06 (s, 6H);

3C NMR (151 MHz, CDCls): § 172.0, 156.7, 135.2, 131.5, 128.6, 122.6, 113.6, 69.4,
54.9,52.6, 51.8, 21.4, 15.8;

HRMS (ESI-TOF): calc’d for Co3H2oNOg [M+H]" 438.1887; found 438.1886.

70. Diisopropyl 2-(dibenzylamino)malonate (59p)

I~ —)

iPro,c” ~Co,Pr
59p

Yield: 53% (Method C)

Physical State: yellow-colored oily liquid,;

Rt = 0.69 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.51 (d, J = 7.2 Hz, 4H), 7.36 (t, J = 7.6 Hz, 4H), 7.28 (t,
J =7.3 Hz, 2H), 5.18 (hept, J = 6.2 Hz, 2H), 4.19 (s, 1H), 3.93 (s, 4H), 1.32 (dd, J = 6.3,
3.3 Hz, 12H);

3Cc NMR (151 MHz, CDCl3): 6 167.5, 138.9, 128.7, 128.1, 127.0, 68.7, 65.4, 55.3, 21.7,
21.6;

HRMS (ESI-TOF): calc’d for Co3H29NO4 [M+H]" 384.2169; found 384.2173.
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71. Diisopropyl 2-(dicyclobutylamino)malonate (59q)
Q4

iPro,c” “CO,Pr
59¢q

Yield: 39% (Method C)

Physical State: colorless oily liquid;

Rt = 0.51 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 5.05 (hept, J = 6.3 Hz, 2H), 4.15 (s, 1H), 3.58 (p, J =
8.5, 8.1 Hz, 2H), 2.05 — 1.95 (m, 8H), 1.57 (dg, J = 11.8, 6.9, 6.2 Hz, 2H), 1.54 — 1.46
(m, 2H), 1.25 (d, J = 6.3 Hz, 12H);

3C NMR (151 MHz, CDCls):  168.5, 68.7, 63.8, 54.8, 30.0, 21.66, 21.60, 14.9;
HRMS (ESI-TOF): calc’d for C17H2oNO4 [M+H]" 312.2169; found 312.2176.

72. Diisopropyl 2-(diisopropylamino)malonate (59r)
Me Me

A A

Me” “N” " Me
iPro,c~ T CO,Pr
59r
Yield: 32% (Method D)
Physical State: light orange colored liquid,;
R¢ = 0.59 (10% EtOAc/hexanes);
'H NMR (600 MHz, CDCls): & 5.02 (hept, J = 6.3 Hz, 2H), 4.17 (s, 1H), 3.29 (hept, J =
6.6 Hz, 2H), 1.23 (dd, J = 6.3, 2.1 Hz, 12H), 1.03 (d, J = 6.7 Hz, 12H);
3C NMR (151 MHz, CDCl3): § 170.4, 68.3, 62.2, 46.6, 22.3, 21.6, 21.5;
HRMS (ESI-TOF): calc’d for C15H2oNO4 [M+H]" 288.2169; found 288.2161.
Note: For this reaction to form 59r, directly iPrMgCl-LiCl solution in THF was added on
to the aminating agent 47.
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20. Characterization data of the amines formed by the addition of soft C-

nucleophiles onto the iminomalonates in Fig. 7

1. 2,2-diisopropyl 3-methyl 1-(3-(trifluoromethyl)phenyl)aziridine-2,2,3
tricarboxylate (64a)

F3C. ;:

N

iPro,C 7L\?o
iPrOZC
OMe
64a

Yield: 49% (Method G)

Physical State: pale brown colored viscous oily liquid;

R¢ = 0.35 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.32 (t, J = 7.9 Hz, 1H), 7.25 (d, J = 7.8 Hz, 1H), 7.13
(s, 1H), 7.09 (d, J = 7.9 Hz, 1H), 5.15 (hept, J = 6.2 Hz, 1H), 4.82 (hept, J = 6.2 Hz, 1H),
3.76 (s, 1H), 3.75 (s, 3H), 1.26 (dd, J = 21.5, 6.3 Hz, 6H), 1.07 (d, J = 6.3 Hz, 3H), 0.95
(d, J = 6.3 Hz, 3H);

3¥C NMR (151 MHz, CDCly): 6 166.1, 163.0, 162.0, 146.6, 131.3, 131.1, 129.5, 124.4,
122.62, 122.60, 120.58, 120.55, 120.53, 120.50, 116.14, 116.11, 116.09, 116.06, 71.2,
69.9, 52.7, 52.6, 45.5, 21.29, 21.21, 20.8;

F NMR (471 MHz, CDCls): § —62.8 (5);

HRMS (ESI-TOF): calc’d for C1gHFsNOg [M+H]" 418.1472; found 418.1489.

2. 2,2-diisopropyl 3-methyl 1-(4-(2-((tert-butyldimethylsilyl)oxy)ethyl)phenyl)
aziridine-2,2,3-tri-carboxylate (64b)

OTBDMS

N
iPro,C AFO
iPro,C
OMe
64b

S113



Yield: 63% (Method G)

Physical State: brown colored viscous oily liquid;

Rt = 0.41 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.02 (d, J = 8.2 Hz, 2H), 6.82 (d, J = 8.3 Hz, 2H), 5.15
(hept, J = 6.2 Hz, 1H), 4.80 (hept, J = 6.2 Hz, 1H), 3.74 (s, 3H), 3.72 (s, 1H), 3.69 (t, J =
6.8 Hz, 2H), 2.67 (t, J = 6.8 Hz, 2H), 1.28 (d, J = 6.3 Hz, 3H), 1.25 (d, J = 6.3 Hz, 3H),
1.08 (d, J = 6.3 Hz, 3H), 0.92 (d, J = 6.3 Hz, 3H), 0.81 (s, 9H), -0.09 (d, J = 2.1 Hz, 6H);
3C NMR (151 MHz, CDCls): 8 166.7, 163.5, 162.2, 144.0, 134.8, 129.4, 119.0, 70.6,
69.6, 64.1, 52.9, 52.5, 45.4, 38.6, 25.7, 21.4, 21.3, 21.2, 20.9, 18.0, -5.6;

HRMS (ESI-TOF): calc’d for Co6HyNO;Si [M+H]" 508.2725; found 508.2768.

3. 2,2-diisopropyl 3-methyl 1-(pyridin-3-yl)aziridine-2,2,3-tricarboxylate (64c)
I

N~
NS

N

iPro,C 7L\?o
iPro,C
OMe
64c

Yield: 40% (Method G)

Physical State: brown colored viscous oily liquid;

R¢ = 0.27 (50% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 8.25 (s, 2H), 7.20 (d, J = 8.1 Hz, 1H), 7.13 (dd, J = 7.9,
4.7 Hz, 1H), 5.14 (hept, J = 6.2 Hz, 1H), 4.83 (hept, J = 6.2 Hz, 1H), 3.75 (s, 3H), 3.72
(s, 1H), 1.25 (dd, J = 20.1, 6.3 Hz, 6H), 1.08 (d, J = 6.2 Hz, 3H), 0.96 (d, J = 6.3 Hz, 3H);
3¥C NMR (151 MHz, CDCly): 6 166.1, 162.9, 161.9, 145.1, 142.2, 141.5, 126.4, 123.2,
71.3,70.0,52.7,52.3, 45.0, 21.4, 21.3, 21.2, 20.9;

HRMS (ESI-TOF): calc’d for C17H2N,06 [M+H]* 351.1551; found 351.1593.
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4. Diisopropyl 2-((4-methoxyphenyl)(2-oxo-2-phenylethyl)amino)malonate (66)

0/©/0M9
N

iPro,c” “COo,Pr
66

Yield: 66% (Method H)

Physical State: brown waxy solid;

R¢ = 0.41 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.84 (d, J = 7.3 Hz, 2H), 7.48 (d, J = 14.8 Hz, 1H), 7.36
(t, J = 7.8 Hz, 2H), 6.66 (d, J = 9.0 Hz, 2H), 6.59 (d, J = 9.0 Hz, 2H), 5.15 — 5.05 (m,
3H), 4.02 (s, 2H), 3.65 (s, 3H), 1.19 (d, J = 6.4 Hz, 6H), 1.14 (d, J = 6.4 Hz, 6H);

B¥Cc NMR (151 MHz, CDCl3): 6 196.2, 168.8, 153.2, 137.9, 136.5, 133.1, 128.3, 127.8,
117.6, 114.4, 70.0, 66.9, 55.3, 40.8, 21.2;

HRMS (ESI-TOF): calc’d for CosHogNOg [M+H]" 428.2068; found 428.2069.
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21. General experimental procedures for post-functionalization of the amines (as
displayed in Figs. 6 & 7)

Method I: In a thick-walled flame dried reaction vial, the malonate protected amine (55,
56 or 59; 1.0 mmol, 1.0 equiv) was dissolved in anhydrous THF (10 mL, 0.1M) under
argon. To this solution, NaH (60% in mineral oil; 1.0 mmol, 1.0 equiv) was added in one
portion and stirred at room temperature for 10 min. Then this reaction mixture was
cooled to —78 °C using a dry ice/acetone bath and N-chlorosuccinimide (NCS; 1.0 mmol,
1.0 equiv) dissolved in anhydrous THF (10 mL, 0.1M) was added dropwise over a period
of 5 minutes and stirring was continued at —78 °C for 2 h. Then the reaction mixture was
quenched using saturated NH4Cl solution (3 mL) and allowed to warm to room
temperature. The reaction mixture was then diluted with brine (20 mL) and extracted with
ethyl acetate thrice (3 X 30 mL). The combined organic layers were dried over anhydrous

Na,SO, and concentrated. The crude product was purified by column chromatography.

Method J: This procedure was adapted from the literature with slight modifications®. In a
thick-walled uncapped reaction vial, the malonate protected amine (1.0 mmol, 1.0 equiv)
was dissolved in absolute ethanol (12.8 mL, 0.078M). To this solution aqueous KOH
solution (1M) (0.5 mmol, 0.5 equiv) was added at room temperature under constant
stirring. Then this reaction mixture was heated to 50 °C (bath temperature) and this
temperature was maintained for 6 h. Next, the reaction was quenched with saturated
Na,SO3 solution (3 mL). Then EtOH was evaporated and the residue was extracted with
ethyl acetate thrice (3 X 30 mL) and the combined organic layers were dried over
anhydrous Na,SO,4 and concentrated in vacuo. The crude product was purified by column

chromatography.

Method K: This procedure is based on the Corey-Bakshi-Shibata reduction and it was
not optimized for the sole substrate (66). In a thick-walled flame dried reaction vial,
malonate protected amine (66; 1.0 mmol, 1.0 equiv) made using Method H was
dissolved in anhydrous THF (5.0 mL, 0.2M) under argon. To this solution, racemic CBS
catalyst (1M solution in toluene, 10 mol%) was added first at room temperature followed
by the BH3 THF complex (1M solution in THF) (2.0 mmol, 2.0 equiv) added in one
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portion and stirred overnight (14 h). Then the reaction was quenched using saturated
NH,4CI solution (3 mL). Next, the reaction mixture was diluted with brine (10 mL) and
extracted with ethyl acetate thrice (3 X 20 mL). The combined organic layers were dried
over anhydrous Na,SO,4 and concentrated. The crude product was purified by column

chromatography.

Method L: In a thick walled flamed dried reaction vial, Diisopropyl 2-((2-hydroxy-2-
phenylethyl)(4-methoxyphenyl)amino)malonate (67) (147 mg, 0.34 mmol, 1 equiv) was
taken in anhydrous toluene (1.7 mL, 0.2M) under argon and to this ZnCl, (46.6 mg, 0.34
mmol, 1 equiv) was added in one portion at room temperature and this vial was capped
with a screw cap. This reaction mixture was then heated at 50 °C overnight under
constant stirring. Nextday morning when the progress was checked using TLC, the
starting material got totally consumed. Then the reaction mixture was diluted with water
(4 mL) and extracted with ethyl acetate thrice (3 X 4 mL). The combined organic layers
were dried over anhydrous Na,SO, and concentrated in vacuo. The crude product was
purified by column chromatography.

Method M: This procedure was adapted from the literature and it was unoptimized®.
N,N-diaryl amine (61k; 141 mg, 0.60 mmol), Pd(OAc), (13.66 mg, 0.06 mmol, 10
mol%), K,CO3 (8.41 mg, 0.06 mmol, 10 mol%), pivalic acid (540 mg, 3.90 mmol, 6.4
equiv) were weighed open to air and transferred to a reaction vial and heated to 110 °C in
an open vial overnight (14 h). The solution was then cooled to room temperature and
diluted with DCM (10 mL). This mixture was washed with saturated solution of aqueous
Na,COj3 twice (2 X 10 mL). The organic layer was dried over anhydrous Na,SO, and

concentrated in vacuo. The crude product was purified by column chromatography.

Method N: This procedure was adapted from the literature with slight modifications'®. In
a 25 mL flame dried round bottom flask, malonate protected amine 57b (1.0 mmol, 1.0
equiv) was dissolved in anhydrous DCM (10 mL, 0.1M). To this, a solution of NaOH in
MeOH (2.5M) (5.0 mmol, 5.0 equiv) was added and stirred at —78 °C as ozone was

passed through the solution. After 45 min, the initial yellow colored reaction mixture
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turned blue and a yellow precipitate has formed at the bottom. Then, ozone bubbling was
stopped and oxygen flow was continued for 5 min to remove any excess ozone. The
reaction mixture was diluted with water (20 mL) and extracted with DCM thrice (3 X 30
mL). The combined organic layers were dried over anhydrous Na,SO,4 and concentrated.

The crude product was purified by column chromatography.

Method O: In a thick-walled flame dried reaction vial, malonate protected amine (1.0
mmol, 1.0 equiv) was taken in anhydrous toluene (20 mL, 0.05M) under argon. To this
solution Grubbs 2" generation catalyst (10 or 15 mol%) was added and the reaction vial
was sealed with the septum. This reaction mixture was heated to target temperature T for
target time t under constant stirring. After confirming the completion of reaction by thin
layer chromatography, the reaction was allowed to cool to room temperature. The
reaction mixture was then filtered through celite pad. Toluene was evaporated and the
crude product was purified by column chromatography. (The exact temperature and

reaction times were presented along with the data for each substrate)
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22. Characterization data of the post-functionalized amines (as displayed in Fig. 6)

1. N-methylaniline (60a)

QL w

H

60a
Yield: 53% (Method 1)
Physical State: dark brown colored oily liquid;
R¢ = 0.52 (8:1 EtOAC : hexanes);
'H NMR (600 MHz, CDCls): & 7.23 (t, J = 7.9 Hz, 2H), 6.75 (t, J = 7.3 Hz, 1H), 6.65 (d,
J=7.8 Hz, 2H), 3.55 (s, 1H), 2.86 (s, 3H);
3C NMR (151 MHz, CDCls): § 149.2, 129.1, 117.2, 112.3, 30.6;
HRMS (ESI-TOF): calc’d for C;HgN [M+H]" 108.0808; found 108.0812.

Spectral data was consistent with the data reported in the literature ",

2. N-(2,2,2-trifluoroethyl)aniline (60b)

: “N"CF,
H
60b

Yield: 86% (Method I)

Physical State: wine red colored oily liquid,;

R¢ = 0.67 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 7.14 — 7.09 (m, 2H), 6.71 (t, J = 7.3 Hz, 1H), 6.57 (d, J
=7.8 Hz, 2H), 3.78 (s, 1H), 3.63 (g, J = 9.0 Hz, 2H);

3C NMR (151 MHz, CDCl3): 6 146.2, 129.3, 127.8, 125.9, 124.1, 122.2, 119.0, 113.0,
46.2, 46.0, 45.8, 45.6;

F NMR (471 MHz, CDCl3): 6 —72.3 (t, J = 8.9 Hz);

HRMS (ESI-TOF): calc’d for CgHgF3N [M+H]" 176.0682; found 176.0680.

Spectral data was consistent with the data reported in the literature .
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3. N-(2-((tert-butyldimethylsilyl)oxy)ethyl)aniline (60c)

@ N\-OTBS

H
60c

Yield: 90% (Method 1)

Physical State: dark brownish yellow colored oily liquid;

R¢ = 0.73 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 7.23 (t, J = 7.9 Hz, 2H), 6.77 (t, = 7.3 Hz, 1H), 6.69 (d,
J = 7.8 Hz, 2H), 4.06 (s, 1H), 3.87 (t, J = 5.4 Hz, 2H), 3.27 (t, J = 5.4 Hz, 2H), 0.97 (s,
9H), 0.13 (s, 6H);

3C NMR (151 MHz, CDCls): 5 148.3, 129.1, 117.4, 113.1, 61.5, 45.9, 25.8, 18.2;
HRMS (ESI-TOF): calc’d for C14H2sNOSi [M+H]" 252.1778; found 252.1772.

4. N-(4-(2-((tert-butyldimethylsilyl)oxy)ethyl)phenyl)-4-fluoro-3,5-dimethylaniline
(60d)

Me

Me N

H
60d

Yield: 82% (Method I)

Physical State: dark reddish brown viscous oily liquid;

Rt = 0.50 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.11 (d, J = 8.2 Hz, 2H), 6.93 (d, J = 7.9 Hz, 2H), 6.70
(d, J = 6.0 Hz, 2H), 5.41 (s, 1H), 3.81 (t, J = 7.2 Hz, 2H), 2.83 — 2.75 (m, 2H), 2.23 (s,
6H), 0.92 (s, 9H), 0.04 (s, 6H);

3C NMR (151 MHz, CDCls): & 155.8, 154.2, 142.1, 138.5, 131.2, 129.9, 125.0, 124.9,
118.7,117.4,64.7, 38.8, 25.9, 18.3, 14.78, 14.75, -5.37;

F NMR (471 MHz, CDCl3): 8 —130.0 (s);

HRMS (ESI-TOF): calc’d for C2,H3,FNOsSi [M+H]" 374.2310; found 374.2271.
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5. N-butylaniline (60e)

@N/\/\Me

H
60e

Yield: 84% (Method I)

Physical State: dark yellow colored oily liquid,;

Rf = 0.69 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCl3): & 7.23 (dd, J = 8.6, 7.1 Hz, 2H), 6.75 (t, J = 7.3 Hz, 1H),
6.66 (d, J = 7.8 Hz, 2H), 3.58 (s, 1H), 3.16 (t, J = 7.2 Hz, 2H), 1.66 (p, J = 7.3 Hz, 2H),
1.49 (h, J = 7.4 Hz, 2H), 1.03 (t, J = 7.4 Hz, 3H);

3C NMR (151 MHz, CDCl3): & 148.4, 129.1, 117.0, 112.6, 43.6, 31.6, 20.2, 13.8;
HRMS (ESI-TOF): calc’d for C1gH1sN [M+H]" 150.1277; found 150.1282.

Spectral data was consistent with the data reported in the literature™.

6. N-butyl-2-methylaniline (60f)

Me
@H/\/\Me

60f
Yield: 76% (Method I)
Physical State: dark yellow non-viscous liquid;
Rt = 0.65 (10% EtOAc/hexanes);
'H NMR (600 MHz, CDCl5): & 7.28 (t, J = 7.7 Hz, 1H), 7.20 (d, J = 7.3 Hz, 1H), 6.80 (t,
J =73 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 3.58 (s, 1H), 3.30 (t, J = 7.1 Hz, 2H), 2.27 (s,
3H), 1.80 (p, J = 7.3 Hz, 2H), 1.61 (dq, J = 14.7, 7.4 Hz, 2H), 1.13 (t, J = 7.4 Hz, 3H);
3C NMR (151 MHz, CDCls): & 146.3, 129.8, 127.0, 121.5, 116.5, 109.4, 43.5, 31.6,
20.3,17.3,13.8;
HRMS (ESI-TOF): calc’d for C11H17N [M+H]" 164.1434; found 164.1459.
Spectral data was consistent with the data reported in the literature®’.

Note: For this substrate, the reaction did not go to completion at —78 °C even after

stirring for 4 hours. Then it was allowed to warm to room temperature and stirred
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overnight (14 hours) and some starting material was still remaining. Then an additional 1
equiv of NaH and NCS were added at room temperature and stirred at 50 °C for 3 hours

and then reaction was totally finished.

7. N-butyl-2-vinylaniline (60g)

9
N Me

H

60g
Yield: 79% (Method I)
Physical State: dark yellow non-viscous liquid;
Rt = 0.60 (10% EtOAc/hexanes);
'H NMR (600 MHz, CDCls): § 7.37 (d, J = 7.5 Hz, 1H), 7.32 — 7.26 (m, 1H), 6.91 —
6.80 (m, 2H), 6.75 (d, J = 8.1 Hz, 1H), 5.72 (dd, J = 17.3, 1.5 Hz, 1H), 5.42 (dd, J = 11.0,
1.5 Hz, 1H), 3.85 (s, 1H), 3.23 (t, J = 7.1 Hz, 2H), 1.74 (p, J = 7.3 Hz, 2H), 1.56 (h, J =
7.4 Hz, 2H), 1.09 (t, J = 7.4 Hz, 3H);
B¥Cc NMR (151 MHz, CDCly): 6 145.4, 132.9, 128.8, 127.3, 123.9, 116.8, 115.8, 110.5,
43.6, 31.5, 20.3, 13.8;
HRMS (ESI-TOF): calc’d for C1oHi7N [M+H]" 176.1434; found 176.1471.
Spectral data was consistent with the data reported in the literature™.
Note: For this substrate, the reaction did not go to completion at —78 °C even after
stirring for 4 hours. Then it was allowed to warm to room temperature and stirred

overnight (14 hours) and the reaction was finished.

8. N-butyl-4-methylaniline (60h)
Q.
|r:ll/\/\Me
60h

Yield: 59% (Method 1)
Physical State: dark yellow colored oily liquid,;
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R¢ = 0.68 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): § 7.02 (d, J = 8.2 Hz, 2H), 6.58 (d, J = 8.3 Hz, 2H), 3.37
(s, 1H), 3.12 (t, J = 7.1 Hz, 2H), 2.28 (s, 3H), 1.63 (p, J = 7.2 Hz, 2H), 1.46 (h, J = 7.3
Hz, 2H), 0.99 (t, J = 7.4 Hz, 3H);

3C NMR (151 MHz, CDCl3): 6 146.1, 129.6, 126.3, 112.9, 44.0, 31.6, 20.3, 20.2, 13.8;
HRMS (ESI-TOF): calc’d for C11Hi7N [M+H]" 164.1434; found 164.1441.

Spectral data was consistent with the data reported in the literature™.

9. N-butyl-4-chloroaniline (60i)

R
NTN"Me
H
60i

Yield: 49% (Method 1)

Physical State: dark brownish yellow colored liquid,

R¢ = 0.70 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 7.12 (d, J = 8.7 Hz, 2H), 6.52 (d, J = 8.7 Hz, 2H), 3.53
(s, 1H), 3.08 (t, J = 7.1 Hz, 2H), 1.60 (p, J = 7.2 Hz, 2H), 1.43 (h, J = 7.4 Hz, 2H), 0.97
(t, J=7.4 Hz, 3H);

3C NMR (151 MHz, CDCl3): & 147.0, 128.9, 121.5, 113.6, 43.7, 31.4, 20.2, 13.8;
HRMS (ESI-TOF): calc’d for C1gH14CIN [M+H]" 184.0888; found 184.0891.

Spectral data was consistent with the data reported in the literature?.

10. 3-(benzyloxy)-N-butylaniline (60j)

Bn0/© H N Me
60j

]
Yield: 41% (Method I)

Physical State: dark brown colored oily liquid;
Rf = 0.53 (8:1 EtOAC : hexanes);
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'H NMR (600 MHz, CDCly): § 7.48 (d, J = 7.3 Hz, 2H), 7.42 (t, J = 7.5 Hz, 2H), 7.36 (t,
J=7.2Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 6.42 — 6.35 (m, 1H), 6.32 — 6.25 (M, 2H), 5.07
(s, 2H), 3.65 (s, 1H), 3.13 (t, J = 6.7 Hz, 2H), 1.63 (p, J = 7.2 Hz, 2H), 1.46 (h, J = 7.3
Hz, 2H), 1.00 (t, J = 7.4 Hz, 3H);

13C NMR (151 MHz, CDCls): 5 160.0, 149.8, 137.3, 129.8, 128.4, 127.7, 127.4, 106.2,
102.9, 99.4, 69.7, 43.6, 31.5, 20.2, 13.8;

HRMS (ESI-TOF): calc’d for C17H,:NO [M+H]" 256.1696; found 256.1709.

11. N-butyl-3-fluoro-5-methylaniline (60k)
F
Meﬁlumm
60k

Yield: 92% (Method I)

Physical State: dark red colored oily liquid,;

R¢ = 0.73 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 6.24 (dd, J = 23.5, 13.9 Hz, 2H), 6.14 (d, J = 11.5 Hz,
1H), 3.64 (s, 1H), 3.10 (t, J = 7.1 Hz, 2H), 2.28 (s, 3H), 1.61 (p, J = 7.2 Hz, 2H), 1.45 (h,
J=7.4Hz, 2H), 1.00 (t, J = 7.4 Hz, 3H);

B¥C NMR (151 MHz, CDCl3): 6 164.8, 163.2, 150.0, 149.9, 140.59, 140.52, 109.15,
109.14, 104.3, 104.1, 96.4, 96.2, 43.5, 31.4, 21.49, 21.48, 20.2, 13.8;

YF NMR (471 MHz, CDCl5): 5 —-113.2 (dd, J = 11.5, 9.6 Hz);

HRMS (ESI-TOF): calc’d for C11HiFN [M+H]" 182.1340; found 182.1348.

12. N-butyl-3-fluoro-4-methoxyaniline (60I)
F
Me0\©\
H /\/\ Me
601

Yield: 85% (Method I)
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Physical State: dark yellow-brown oily liquid;

R¢ = 0.46 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCl5): § 6.82 (t, J = 9.1 Hz, 1H), 6.39 (dd, J = 13.5, 2.4 Hz, 1H),
6.29 (d, J = 8.5 Hz, 1H), 3.81 (s, 3H), 3.39 (s, 1H), 3.03 (t, J = 7.1 Hz, 2H), 1.58 (p, J =
7.2 Hz, 2H), 1.42 (h, J = 7.3 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H);

3¥C NMR (151 MHz, CDCl3): 6 154.3, 152.7, 143.8, 143.7, 139.07, 139.00, 116.1,
116.0, 107.73, 107.71, 101.5, 101.3, 57.5, 44.2, 31.5, 20.1, 13.7;

YFE NMR (471 MHz, CDCl3): § —133.7 (ddd, J = 13.5, 9.5, 1.3 Hz);

HRMS (ESI-TOF): calc’d for C11H16FNO [M+H]" 198.1289; found 198.1299.

13. N-butyl-4-fluoro-3,5-dimethylaniline (60m)
Me
pel
Me H/\/\ Me
60m

Yield: 60% (Method I)

Physical State: yellow colored oily liquid,;

Rt = 0.70 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCl3): 6 6.26 (d, J = 6.0 Hz, 2H), 3.22 (s, 1H), 3.06 (t, J = 7.1
Hz, 2H), 2.21 (d, J = 1.9 Hz, 6H), 1.60 (p, J = 7.2 Hz, 2H), 1.44 (h, J = 7.4 Hz, 2H), 0.98
(t, J=7.4 Hz, 3H);

3C NMR (151 MHz, CDCl3): o6 153.7, 152.2, 144.09, 144.08, 124.7, 124.5, 112.7,
112.6, 44.3, 31.7, 20.2, 14.84, 14.81, 13.8;

YFE NMR (471 MHz, CDCl3): 5 —136.7 (ddg, J = 6.1, 4.1, 2.2 Hz);

HRMS (ESI-TOF): calc’d for C12H1gFN [M+H]" 196.1496; found 196.1508.
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14. N-butyl-3-chloro-5-fluoro-4-methoxyaniline (60n)
F
MeOﬂ
ci u/\/\ Me
60n

Yield: 85% (Method 1)

Physical State: brownish-yellow colored oily liquid;

R¢ = 0.64 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCl3): & 6.40 — 6.30 (m, 1H), 6.23 (dd, J = 12.7, 2.7 Hz, 1H),
3.82 (s, 3H), 3.61 (s, 1H), 3.01 (t, J = 7.1 Hz, 2H), 1.56 (p, J = 7.2 Hz, 2H), 1.40 (h, J =
7.4 Hz, 2H), 0.95 (t, J = 7.4 Hz, 3H);

¥C NMR (151 MHz, CDCls): & 157.8, 156.1, 145.2, 145.1, 135.0, 134.9, 128.97,
128.93, 108.55, 108.54, 99.5, 99.4, 61.61, 61.60, 43.6, 31.2, 20.1, 13.7;

YFE NMR (471 MHz, CDCls): 5 -128.0 (dd, J = 12.6, 1.7 Hz);

HRMS (ESI-TOF): calc’d for C11H1sCIFNO [M+H]" 232.0899; found 232.0908.

15. N-butylnaphthalen-2-amine (600)

g Ir:ll/\/\Me

600

Yield: 59% (Method I)

Physical State: brown colored waxy solid;

R¢ = 0.65 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): § 7.56 (d, J = 8.1 Hz, 1H), 7.51 (t, J = 7.7 Hz, 2H), 7.25 (t,
J=7.5Hz, 1H), 7.08 (t, J = 6.9 Hz, 1H), 6.74 (dd, J = 8.8, 2.3 Hz, 1H), 6.69 (d, J = 2.1
Hz, 1H), 3.60 (s, 1H), 3.08 (t, J = 7.1 Hz, 2H), 1.54 (p, J = 7.3 Hz, 2H), 1.35 (dq, J =
14.7, 7.4 Hz, 2H), 0.88 (t, J = 7.4 Hz, 3H);

3C NMR (151 MHz, CDCl3): 6 146.0, 135.2, 128.7, 127.5, 127.3, 126.2, 125.8, 121.7,
117.9,104.1, 43.6, 31.4, 20.3, 13.8;

HRMS (ESI-TOF): calc’d for C14H17N [M+H]" 200.1434; found 200.1446.
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Spectral data was consistent with the data reported in the literature?.

16. N-cyclopentylaniline (60p)

¥

60p

Yield: 90% (Method 1)

Physical State: dark brown colored oily liquid;

R¢ = 0.75 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 7.23 (t, J = 7.9 Hz, 2H), 6.75 (t, J = 7.3 Hz, 1H), 6.67 (d,
J = 7.8 Hz, 2H), 3.85 (p, J = 6.2 Hz, 1H), 3.65 (s, 1H), 2.08 (dq, J = 12.7, 6.7, 6.2 Hz,
2H), 1.83 — 1.75 (m, 2H), 1.69 (tt, J = 11.6, 5.5 Hz, 2H), 1.53 (dg, J = 12.0, 6.3, 5.6 Hz,
2H);

3¢ NMR (151 MHz, CDCl3): 6 147.9, 129.0, 116.8, 113.1, 54.5, 33.5, 24.0;

HRMS (ESI-TOF): calc’d for C11HisN [M+H]" 162.1277; found 162.1283.

Spectral data was consistent with the data reported in the literature®.

17. N-cyclopentyl-4-methylaniline (60q)

H
60q
Yield: 53% (Method I)

Physical State: dark brown colored oily liquid;

R¢ = 0.58 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.02 (d, J = 7.9 Hz, 2H), 6.57 (d, J = 7.9 Hz, 2H), 3.80
(p, J = 6.1 Hz, 1H), 3.52 (s, 1H), 2.28 (s, 3H), 2.04 (dt, J = 12.4, 6.1 Hz, 2H), 1.81 — 1.70
(m, 2H), 1.69 — 1.60 (m, 2H), 1.50 (dt, J = 11.9, 5.7 Hz, 2H);

3C NMR (151 MHz, CDCls): & 145.7, 129.6, 126.0, 113.3, 54.9, 33.5, 24.0, 20.3;
HRMS (ESI-TOF): calc’d for C1oHi7N [M+H]" 176.1434; found 176.1425.
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Spectral data was consistent with the data reported in the literature.

18. N-cyclopentyl-4-methoxy-3,5-dimethylaniline (60r)
Me

Meo:©\

Me ”’O
60r

Yield: 74% (Method 1)

Physical State: pale orange colored solid (m.p. = 44-49 °C);

R¢ = 0.41 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl5): § 6.29 (s, 2H), 3.74 (p, J = 6.2 Hz, 1H), 3.68 (s, 3H), 3.34

(s, 1H), 2.25 (s, 6H), 2.02 (dq, J = 12.7, 5.6 Hz, 2H), 1.75 (dq, J = 10.4, 6.3 Hz, 2H), 1.64

(dg, J=9.0, 5.8, 4.6 Hz, 2H), 1.47 (dq, J = 14.0, 7.3 Hz, 2H);

3C NMR (151 MHz, CDCls): 5 148.5, 144.0, 131.1, 113.1, 59.9, 55.0, 33.6, 23.9, 16.2;

HRMS (ESI-TOF): calc’d for C14Ho:NO [M+H]" 220.1696; found 220.1702.

19. N-cyclohexylaniline (60s)
<Ne
60s

Yield: 61% (Method I)

Physical State: pale yellow oily liquid;

R¢ = 0.63 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCls): & 7.20 — 7.12 (m, 2H), 6.67 (t, J = 7.3 Hz, 1H), 6.61 (d, J
= 7.9 Hz, 2H), 3.72 (s, 1H), 3.26 (tt, J = 10.1, 3.7 Hz, 1H), 2.07 (dd, J = 13.1, 4.0 Hz,
2H), 1.77 (dt, J = 13.4, 3.6 Hz, 2H), 1.66 (dt, J = 12.8, 3.7 Hz, 1H), 1.43 — 1.33 (m, 2H),
1.24 (ddd, J = 16.1, 9.8, 3.4 Hz, 1H), 1.21 — 1.11 (m, 2H);

3Cc NMR (151 MHz, CDCl3): 6 147.1,129.2, 116.9, 113.2, 51.8, 33.4, 25.9, 25.0;
HRMS (ESI-TOF): calc’d for C1oH17N [M+H]" 176.1434; found 176.1440.

Spectral data was consistent with the data reported in the literature*.
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20. Tert-butyl 4-(phenylamino)piperidine-1-carboxylate (60t)
O P Boc
: N
H
60t

Yield: 88% (Method 1)

Physical State: pale yellow colored flaky solid (m.p. = 130-138 °C);

R¢ = 0.20 (8:1 EtOAC : hexanes);

'H NMR (600 MHz, CDCl3): 6 7.17 (t, = 7.9 Hz, 2H), 6.70 (t, J = 7.3 Hz, 1H), 6.60 (d,
J = 7.8 Hz, 2H), 4.05 (s, 2H), 3.43 (tt, J = 10.1, 3.8 Hz, 2H), 2.93 (t, J = 11.0 Hz, 2H),
2.03 (d, J = 10.9 Hz, 2H), 1.47 (s, 9H), 1.39 — 1.28 (m, 2H);

3C NMR (151 MHz, CDCly): § 154.7, 146.7, 129.2, 117.3, 113.2, 79.5, 50.0, 42.5, 32.3,
28.3;

HRMS (ESI-TOF): calc’d for C15H24N20, [M+H]" 277.1911; found 277.1917.

Spectral data was consistent with the data reported in the literature®.

21. Tert-butyl 4-((2,3-dihydrobenzofuran-5-yl)amino)piperidine-1-carboxylate (60u)

o /O,Boc
’ : N
H

60u

Yield: 80% (Method I)

Physical State: pale brown colored waxy solid;

R¢ = 0.28 (30% EtOAc/hexanes);

'H NMR (600 MHz, CDCl5): 8 6.61 (d, J = 8.4 Hz, 1H), 6.54 (s, 1H), 6.39 (dd, J = 8.7,
2.5 Hz, 1H), 4.47 (t, J = 8.6 Hz, 2H), 4.02 (s, 2H), 3.29 (dt, J = 10.1, 6.4 Hz, 1H), 3.12 (t,
J = 8.5 Hz, 3H), 2.88 (s, 2H), 2.00 (d, J = 11.7 Hz, 2H), 1.45 (s, 9H), 1.32 — 1.21 (m,
2H);

3C NMR (151 MHz, CDCls): § 154.6, 152.6, 140.7, 127.7, 113.6, 111.5, 109.3, 79.3,
70.7,51.5, 32.4, 30.2, 28.3;

HRMS (ESI-TOF): calc’d for C1gH2sN203 [M+H]" 319.2016; found 319.2004.
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22. N-benzylaniline (60v)

e

v

Yield: 34% (Method I)

Physical State: yellow colored waxy solid,;

R¢ = 0.62 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): 6 7.38 (dt, J = 15.1, 7.5 Hz, 4H), 7.30 (t, J = 7.1 Hz, 1H),
7.20 (t, J = 7.9 Hz, 2H), 6.75 (t, J = 7.3 Hz, 1H), 6.67 (d, J = 7.9 Hz, 2H), 4.36 (s, 2H),
4.06 (s, 1H);

B¥Cc NMR (151 MHz, CDCly): 6 148.0, 139.3, 129.2, 128.6, 127.4, 127.1, 117.5, 112.8,
48.3;

HRMS (ESI-TOF): calc’d for C13H13N [M+H]" 184.1121; found 184.1117.

Spectral data was consistent with the data reported in the literature™.

23. N-phenethylaniline (60w)

A,

H
60w

Yield: 88% (Method I)

Physical State: yellow-brown colored oily liquid;

R¢ = 0.49 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.33 (t, J = 7.5 Hz, 2H), 7.24 (dd, J = 11.2, 7.3 Hz, 3H),
7.21-7.17 (m, 2H), 6.72 (t, J = 7.3 Hz, 1H), 6.62 (d, J = 7.8 Hz, 2H), 3.67 (s, 1H), 3.41
(t, J = 6.0 Hz, 2H), 2.92 (t, J = 7.0 Hz, 2H);

B¥c NMR (151 MHz, CDCl3): 6 147.9, 139.2, 129.2, 128.7, 128.5, 126.3, 117.4, 117.3,
112.98, 112.91, 44.9, 35.4;

HRMS (ESI-TOF): calc’d for C14H1sN [M+H]" 198.1277; found 198.1276.

Spectral data was consistent with the data reported in the literature?.
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24. 3,5-difluoro-4-methoxy-N-phenethylaniline (60x)

60x

Yield: 53% (Method 1)

Physical State: yellow colored oily liquid,;

R¢ = 0.35 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.23 (t, J = 7.5 Hz, 2H), 7.17 — 7.13 (m, 1H), 7.11 (d, J
= 7.2 Hz, 2H), 6.01 (d, J = 10.5 Hz, 2H), 3.76 (s, 3H), 3.59 (s, 1H), 3.21 (t, J = 7.0 Hz,
2H), 2.79 (t, J = 7.0 Hz, 2H);

¥C NMR (151 MHz, CDCly): & 157.7, 157.6, 156.1, 156.0, 144.1, 138.7, 128.67,
128.65, 127.3, 126.57, 126.56, 96.4, 96.2, 62.2, 45.0, 35.1;

YFE NMR (471 MHz, CDCl3): 6 -128.6 — —129.1 (m);

HRMS (ESI-TOF): calc’d for Cy5H15F.NO [M+H]" 264.1194; found 264.1199.

25. Diphenylamine (60y)

Q.0

y

Yield: 90% (Method J)

Physical State: off white waxy solid,;

R¢ = 0.55 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.29 (t, J = 7.9 Hz, 4H), 7.10 (d, J = 7.7 Hz, 4H), 6.96 (t,
J=7.3Hz, 2H), 5.71 (s, 1H);

3C NMR (151 MHz, CDCl3): & 143.0, 129.3, 120.9, 117.7;

HRMS (ESI-TOF): calc’d for C1,H1 N [M+H]* 170.0964; found 179.0959.

Spectral data was consistent with the data reported in the literature™.
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26. Di-p-tolylamine (60z)

H
60z

Yield: 76% (Method J)

Physical State: off white waxy solid;

R¢ = 0.73 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.11 (d, J = 8.2 Hz, 4H), 6.99 (d, J = 8.3 Hz, 4H), 5.54
(s, 1H), 2.35 (s, 6H);

3C NMR (151 MHz, CDCls): § 141.0, 130.0, 129.7, 117.8, 20.5;

HRMS (ESI-TOF): calc’d for C14H1sN [M+H]" 198.1277; found 198.1234.

Spectral data was consistent with the data reported in the literature?’.

27. Bis(4-chlorophenyl)amine (61a)

heNeg

H
61a

Yield: 85% (Method I)

Physical State: off white waxy solid,;

Rt = 0.47 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.23 (d, J = 8.8 Hz, 4H), 6.96 (d, J = 8.8 Hz, 4H), 5.64
(s, 1H);

3C NMR (151 MHz, CDCl3): 5 141.3, 129.3, 125.9, 119.0;

HRMS (ESI-TOF): calc’d for C1,HgCloN [M+H]" 238.0185; found 238.0191.

Spectral data was consistent with the data reported in the literature?.
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28. Di([1,1'-biphenyl]-3-yl)amine (61b)

MM

61b

Yield: 78% (Method I)

Physical State: pale yellow colored oily liquid;

R¢ = 0.37 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): & 7.70 (d, J = 7.2 Hz, 4H), 7.54 (t, J = 7.7 Hz, 4H), 7.49 —
7.41 (m, 6H), 7.30 (d, J = 7.7 Hz, 2H), 7.21 (dd, J = 8.0, 1.6 Hz, 2H), 5.92 (s, 1H);

3C NMR (151 MHz, CDCls): & 143.3, 142.5, 141.0, 129.7, 128.6, 127.3, 127.0, 120.0,
116.7, 116.6;

HRMS (ESI-TOF): calc’d for Co4H1oN [M+H]" 322.1590; found 322.1640.

29. Bis(4-fluoro-3,5-dimethylphenyl)amine (61c)

61c

Yield: 88% (Method I)

Physical State: orange colored solid;

Rt = 0.54 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 6.64 (d, J = 6.0 Hz, 4H), 5.23 (s, 1H), 2.23 (s, 12H);

3C NMR (151 MHz, CDCls): § 155.7, 154.1, 139.1, 125.1, 124.9, 118.4, 118.3, 14.7,
14.7;

YF NMR (471 MHz, CDCl3): 8 -131.2 (s);

HRMS (ESI-TOF): calc’d for C1gH17FoN [M+H]" 262.1402; found 262.1403.
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30. Bis(4-methoxy-3,5-dimethylphenyl)amine (61d)
Me Me

Meoji)\ /©:0Me
Me N Me
H

61d

Yield: 76% (Method J)

Physical State: off white waxy solid,;

R¢ = 0.46 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 6.69 (s, 4H), 5.37 (s, 1H), 3.72 (s, 6H), 2.27 (s, 12H);
3C NMR (151 MHz, CDCls): § 151.1, 139.4, 131.4, 118.1, 59.8, 16.1;

HRMS (ESI-TOF): calc’d for C15H2sNO, [M+H]" 286.1802; found 286.1768.

31. 4-methyl-N-phenylaniline (61e)
QD

N

H

61e

Yield: 83% (Method I)
Physical State: grey colored waxy solid,;
R¢ = 0.60 (10% EtOAc/hexanes);
'H NMR (600 MHz, CDCls): & 7.12 (t, J = 7.7 Hz, 2H), 6.97 (d, J = 7.9 Hz, 2H), 6.88
(dd, J = 7.5, 4.2 Hz, 4H), 6.77 (t, J = 7.3 Hz, 1H), 5.43 (s, 1H), 2.19 (s, 3H);
3C NMR (151 MHz, CDCl3): & 143.8, 140.2, 130.8, 129.7, 129.2, 120.2, 118.8, 116.8,
20.6;

HRMS (ESI-TOF): calc’d for Cy3H1sN [M+H]" 184.1121; found 184.1098.
Spectral data was consistent with the data reported in the literature?.
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32. N-phenyl-[1,1'-biphenyl]-4-amine (61f)

Yoo

H
61f

Yield: 61% (Method I)

Physical State: off white colored solid (m.p. = 102-109 °C);

Rt = 0.71 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.64 — 7.59 (m, 2H) 7.55, (d, J = 8.6 Hz, 2H), 7.46 (t, J
= 7.8 Hz, 2H), 7.37 — 7.30 (m, 3H), 7.16 (dd, J = 10.4, 8.1 Hz, 4H), 7.00 (t, J = 7.3 Hz,
1H), 5.79 (s, 1H);

3C NMR (151 MHz, CDCls): 6 142.8, 142.5, 140.8, 133.6, 129.3, 128.7, 127.9, 126.5,
126.4,121.1, 118.0, 117.7,

HRMS (ESI-TOF): calc’d for C1gH1sN [M+H]" 246.1277; found 246.1321.

Spectral data was consistent with the data reported in the literature®.

33. 4-phenoxy-N-phenylaniline (619)
o

sadle

61g

Yield: 63% (Method 1)

Physical State: off white solid (m.p. = 100-105 °C);

R¢ = 0.37 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.19 (d, J = 38.2 Hz, 4H), 7.05 — 6.73 (m, 10H), 5.51 (s,

1H);

3C NMR (151 MHz, CDCls): & 158.1, 151.1, 143.8, 138.6, 129.6, 129.3, 122.6, 120.4,

120.3, 117.9, 116.8;

HRMS (ESI-TOF): calc’d for C1gH15NO [M+H]" 262.1226; found 262.1224.

Spectral data was consistent with the data reported in the literature™.
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34. 3-methyl-N-(p-tolyl)aniline (61h)

Me

@\”OMQ

61h

Yield: 82% (Method I)

Physical State: pale brown colored oily liquid;

R¢ = 0.50 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): § 7.29 — 7.24 (m, 1H), 7.22 (d, J = 8.2 Hz, 2H), 7.12 (d, J
= 8.3 Hz, 2H), 6.99 — 6.93 (m, 2H), 6.85 (d, J = 7.4 Hz, 1H), 5.63 (s, 1H), 2.44 (d, J = 9.2
Hz, 6H);

B¥Cc NMR (151 MHz, CDCly): 6 144.0, 140.5, 139.2, 130.8, 129.9, 129.2, 121.3, 119.0,
117.7,114.1, 21.6, 20.8;

HRMS (ESI-TOF): calc’d for C14H1sN [M+H]* 198.1277; found 198.1310.

Spectral data was consistent with the data reported in the literature.

35. 4-chloro-N-(4-methoxyphenyl)aniline (61i)

H
61i

Yield: 76% (Method I)

Physical State: dark brown colored waxy solid,;

R¢ = 0.51 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.16 (d, J = 8.9 Hz, 2H), 7.05 (d, J = 6.7 Hz, 2H), 6.88
(d, J=8.8 Hz, 2H), 6.82 (d, J = 8.3 Hz, 2H), 5.44 (s, 1H), 3.81 (s, 3H);

3¢ NMR (151 MHz, CDCl3): 6 155.5, 143.8, 135.1, 129.1, 123.9, 122.5, 116.6, 114.7,
55.5;

HRMS (ESI-TOF): calc’d for C13H12,CINO [M+H]" 234.0680; found 234.0673.

Spectral data was consistent with the data reported in the literature®.
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36. 4-fluoro-N-(4-methoxyphenyl)-3,5-dimethylaniline (61j)

Me

Me N

H
61

Yield: 74% (Method I)

Physical State: gray colored solid;

R¢ = 0.33 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.01 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H), 6.60
(d, J =5.9 Hz, 2H), 5.26 (s, 1H), 3.82 (s, 3H), 2.23 (s, 1H);

B¥Cc NMR (151 MHz, CDCly): 6 155.2, 154.7, 153.6, 140.0, 136.8, 124.9, 124.8, 120.9,
116.95, 116.92, 114.6, 55.5, 14.75, 14.73;

YFE NMR (471 MHz, CDCl3): 8 -132.4 (s);

HRMS (ESI-TOF): calc’d for C15H1sFNO [M+H]" 246.1289; found 246.1288.

37. N-(4-chlorophenyl)-3,5-dimethylaniline (61k)
Me

QL 2,

H
61k

Yield: 63% (Method I)

Physical State: off white, pale brown colored solid (m.p. = 56-62 °C);

Rt = 0.50 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.08 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 8.8 Hz, 2H), 6.55
(s, 2H), 6.51 (s, 1H), 5.42 (s, 1H), 2.16 (s, 6H);

3C NMR (151 MHz, CDCls): & 142.5, 142.0, 139.0, 129.1, 125.1, 123.3, 118.7, 115.8,
21.3;

HRMS (ESI-TOF): calc’d for C14H14CIN [M+H]" 232.0888; found 232.09186.

Spectral data was consistent with the data reported in the literature*.
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38. N-(3,5-dimethylphenyl)-[1,1'-biphenyl]-3-amine (61I)

~C L,

611

Yield: 77% (Method I)

Physical State: Brown colored viscous oily liquid;

Rt = 0.49 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.53 (d, J = 8.4 Hz, 2H), 7.38 (t, J = 7.0 Hz, 2H), 7.28
(dt, J =10.4, 7.6 Hz, 2H), 7.21 (t, J = 1.9 Hz, 1H), 7.10 (d, J = 7.7 Hz, 1H), 7.03 — 6.98
(m, 1H), 6.70 (s, 2H), 6.57 (s, 1H), 5.61 (s, 1H), 2.23 (s, 6H);

3¢ NMR (151 MHz, CDCls): 6 143.7, 142.9, 142.4, 141.1, 139.0, 129.6, 128.6, 127.2,
127.0, 123.0, 119.6, 116.57, 116.55, 115.8, 21.3;

HRMS (ESI-TOF): calc’d for CooH1oN [M+H]" 274.1590; found 274.1615.

39. 3,5-dimethyl-N-(4-phenoxyphenyl)aniline (61m)
Me

saeYel

H
61m

Yield: 82% (Method I)

Physical State: reddish brown colored viscous oily liquid

R¢ = 0.44 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.42 (ddd, J = 8.5, 5.8, 1.9 Hz, 2H), 7.15 (td, J = 14.9,
7.6 Hz, 5H), 7.07 (d, J = 8.9 Hz, 2H), 6.75 (s, 2H), 6.68 (s, 1H), 5.60 (s, 1H), 2.38 (s,
6H);

3C NMR (151 MHz, CDCls): & 158.1, 150.8, 143.7, 138.9, 129.5, 122.5, 122.3, 120.3,
120.1, 117.8, 114.6, 21.3;

HRMS (ESI-TOF): calc’d for Co0H1oNO [M+H]" 290.1539; found 290.1580.
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40. N-(3,5-dimethylphenyl)-4-fluoro-3,5-dimethylaniline (61n)

Yield: 80% (Method 1)

Physical State: dark reddish brown viscous oily liquid;

R¢ = 0.51 (10% EtOAc/hexanes);

'H NMR (600 MHz, CDCl3): § 6.77 (d, J = 6.1 Hz, 2H), 6.64 (s, 2H), 6.60 (s, 1H), 5.39
(s, 1H), 2.32 (s, 6H), 2.28 (s, 6H);

¥Cc NMR (151 MHz, CDCl3): 6 156.0, 154.4, 144.2, 138.9, 138.09, 138.07, 125.0,
124.9,122.1, 119.77, 119.74, 114.5, 21.3, 14.75, 14.72;

YFE NMR (471 MHz, CDCl3): 5 —130.3 (ddq, J = 6.4, 4.3, 2.3 Hz);

HRMS (ESI-TOF): calc’d for C1sH1gFN [M+H]* 244.1496; found 244.1520.

41. 2-bromo-N-(p-tolyl)aniline (610)
RS

N

H

610

Yield: 67% (Method I)
Physical State: pale purple colored oily liquid,;
Rt = 0.71 (10% EtOAc/hexanes);
'H NMR (600 MHz, CDCls): & 7.42 (d, J = 8.4 Hz, 1H), 7.08 — 7.04 (m, 4H), 6.99 (d, J
= 8.3 Hz, 2H), 6.61 (ddd, J = 8.4, 5.8, 3.0 Hz, 1H), 5.94 (s, 1H), 2.26 (s, 3H);
3C NMR (151 MHz, CDCls): & 142.1, 138.7, 132.8, 132.7, 129.9, 128.0, 121.3, 120.2,

120.1, 114.9, 111.4, 20.8;
HRMS (ESI-TOF): calc’d for C13H12BrN [M+H]" 262.0226; found 262.0207.
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23. Characterization data of the post-functionalized amines in Fig. 7

5. Diisopropyl 2-((2-hydroxy-2-phenylethyl)(4-methoxyphenyl)amino)malonate (67)

OH OMe
LT
N
iPro,C” “CO,Pr
67

Yield: 53% (Method K)

Physical State: Brown colored viscous oily liquid;

Rt = 0.26 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.25 — 7.21 (m, 4H), 7.16 (td, J = 5.8, 5.2, 3.3 Hz, 1H),
6.72 (d, J = 9.0 Hz, 2H), 6.67 (d, J = 9.0 Hz, 2H), 5.07 (s, 1H), 5.01 (hept, J = 6.2 Hz,
1H), 4.86 (hept, J = 6.2 Hz, 1H), 4.76 (d, J = 8.4 Hz, 1H), 3.91 (s, 1H), 3.64 (s, 3H), 2.66
—2.51 (m, 2H), 1.19 (d, J = 6.3 Hz, 3H), 1.10 (d, J = 6.3 Hz, 3H), 1.03 (d, J = 6.3 Hz,
3H), 0.93 (d, J = 6.3 Hz, 3H);

BC NMR (151 MHz, CDCl3): 6 169.0, 168.4, 154.1, 144.1, 137.5, 128.2, 127.2, 125.4,
118.7,114.4,70.8, 70.1, 69.9, 68.9, 55.4, 41.7, 21.5, 21.3, 21.27, 21.24;

HRMS (ESI-TOF): calc’d for Co4H31NOg [M+H]" 430.2224; found 430.2262.

6. Isopropyl 4-(4-methoxyphenyl)-2-oxo-6-phenylmorpholine-3-carboxylate (68)
OMe

Yield: 55% (Method L)

Physical State: Yellow colored waxy solid;

R¢ = 0.31 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): & 7.43 —7.34 (m, 5H), 6.76 (d, J = 8.9 Hz, 2H), 6.64 (d, J
= 8.9 Hz, 2H), 5.70 (dd, J = 10.3, 6.1 Hz, 1H), 5.04 (hept, J = 6.2 Hz, 1H), 4.76 (s, 1H),
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3.73 (s, 3H), 3.49 (dd, J = 13.0, 6.1 Hz, 1H), 2.56 (dd, J = 13.0, 10.4 Hz, 1H), 1.27 (d, J =
6.3 Hz, 3H), 1.05 (d, J = 6.2 Hz, 3H);

3C NMR (151 MHz, CDCl,): § 172.2, 167.8, 153.8, 137.9, 137.8, 128.9, 128.8, 125.8,
117.3, 114.7, 80.0, 71.1, 68.0, 55.5, 42.7, 21.5, 21.2.

HRMS (ESI-TOF): calc’d for Co1HosNOs [M+H]" 370.1649; found 370.1632.

7. 6-chloro-2,4-dimethyl-9H-carbazole (69)

Yield: 14% (Method M)

Physical State: Brown colored waxy solid;

Rt = 0.26 (10% EtOAc/hexanes);

'H NMR (600 MHz, DMSO-dg): & 11.32 (s, 1H), 8.01 (d, J = 2.1 Hz, 1H), 7.47 (d, J =
8.5 Hz, 1H), 7.35 (dd, J = 8.6, 2.1 Hz, 1H), 7.14 (s, 1H), 6.80 (s, 1H), 2.73 (s, 3H), 2.44
(s, 3H);

3C NMR (151 MHz, DMSO-dg): & 140.8, 138.0, 135.7, 132.3, 124.1, 124.0, 122.5,
121.9, 120.7, 117.8, 111.9, 108.7, 21.5, 20.1,

HRMS (APCI-TOF): calc’d for C14H12CIN [M+H'] 230.0731; found 230.0737.

8. Diethyl 2-((2,6-dichlorophenyl)(2-(2-methoxy-2-oxoethyl)phenyl)amino) malonate
(70)

S

Et0,C”~ “CO,Et
70

Yield: 50% (Method N)
Physical State: white solid (m.p. = 106-113 °C);
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Rt = 0.24 (20% EtOAc/hexanes);

'H NMR (600 MHz, CDCls): 6 7.41 (d, J = 7.8 Hz, 1H), 7.22 — 7.18 (m, 1H), 7.09 (d, J
= 7.5 Hz, 1H), 7.05 (t, J = 7.4 Hz, 1H), 6.94 (ddd, J = 24.3, 16.9, 7.0 Hz, 3H), 5.90 (s,
1H), 4.10 (dtd, J = 37.6, 12.4, 10.4, 4.7 Hz, 4H), 3.95 (d, J = 15.8 Hz, 1H), 3.63 (d, J =
14.2 Hz, 4H), 1.13 (t, J = 7.1 Hz, 3H), 1.07 (t, J = 7.1 Hz, 3H);

¥Cc NMR (151 MHz, CDCl): 6 171.1, 169.4, 154.9, 137.5, 135.5, 135.0, 133.7, 130.8,
130.7, 130.0, 129.0, 128.5, 128.3, 127.7, 126.6, 62.4, 61.2, 61.0, 51.8, 38.4, 14.2, 13.8;
HRMS (ESI-TOF): calc’d for Co5H,3CI,NOg [M+H'] 468.0975; found 468.0976.

9. Diethyl 2-(5H-dibenzo[b,f]azepin-5-yl)malonate (71)

Et0,C” “CO,Et
71

Yield: 61% (Method O)

Physical State: colorless oily liquid;

R¢ = 0.23 (20% EtOAc/hexanes);

T =80 °C for 24 hours and 100 °C for 12 hours and 120 °C for another 12 hours;

t = 48 hours;

'H NMR (600 MHz, CDCls): & 7.65 (s, 2H), 7.40 (dd, J = 17.5, 7.7 Hz, 4H), 7.30 (t, J =
7.4 Hz, 2H), 7.07 (s, 2H), 6.00 (s, 1H), 4.14 (s, 4H), 1.35 - 1.07 (m, 6H);

3¥C NMR (151 MHz, CDCly): 6 168.9, 154.8, 136.7, 133.5, 131.2, 129.0, 128.2, 126.9,
123.0,67.2,61.5,61.2, 14.4, 13.8;

HRMS (ESI-TOF): calc’d for Co1Ho1NO4 [M+Na]* 374.1363; found 374.1339.

Note: For the reaction to obtain this product (71), the conditions were unoptimized. After
24 hours of stirring at 80 °C, additional 5 mol% of the catalyst was added and the
temperature increased to 100 °C and stirred for 12 hours and again increased to 120 °C

and stirred for another 12 hours. Still the starting material was not totally consumed.
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10. Diethyl 2-(5,8-dihydro-13H-dibenzo[b,h]azonin-13-yl)malonate (72)

(OvA
EtOZC)\COZEt
72

Yield: 63% (Method O)

Physical State: colorless oily liquid;

Rt = 0.56 (20% EtOAc/hexanes);

T=80°C;

t = 15hours

'H NMR (600 MHz, CDCls): & 7.56 (d, J = 7.5 Hz, 1H), 7.28 — 7.19 (m, 3H), 7.18 —
7.12 (m, 2H), 7.05 (d, J = 5.4 Hz, 2H), 6.96 (d, J = 7.8 Hz, 1H), 6.08 — 5.93 (m, 2H), 4.16
(ddt, J = 18.7, 11.6, 7.1 Hz, 2H), 4.04 (s, 1H), 3.90 (p, J = 6.8 Hz, 1H), 3.73 (dd, J =
27.6, 15.3 Hz, 2H), 3.00 (dd, J = 15.2, 9.1 Hz, 2H), 1.18 (s, 3H), 1.09 (t, J = 7.1 Hz, 3H);
3¢ NMR (151 MHz, CDCls): 6 172.8, 153.4, 139.8, 139.6, 138.5, 135.9, 132.6, 132.1,
128.3, 128.2, 127.9, 126.1, 125.7, 124.9, 70.0, 63.0, 60.5, 32.5, 31.7, 14.4, 13.4;

HRMS (ESI-TOF): calc’d for C23H25NO, [M+H]" 380.1856, [M+Na]* 402.1676; found
380.1790, 402.1676.

Note: For the reaction to get this product (72), 10 mol% of the catalyst was used.

24. Computational Details
Ground-state and transition-state geometries were optimized using Gaussian 09*° with the

M06-2X% ¥ functional and the ultrafine integration grid. Stationary points were
confirmed to be either minima or saddle-point structures by calculation and visualization
of vibrational frequencies. Intrinsic reaction coordinate (IRC) calculations were used to
verify key transition states. For geometries, 6-31+G(d,p) was used for all atoms expect Br
where LANL2DZ was used. All optimizations were also carried out with the SMD
continuum model for tetrahydrofuran (THF) or dichloromethane (DCM)*. M06-2X/def2-
TZVP electronic energies were calculated in THF or DCM solvent using the M06-2X/6-
31+G(d,p)[LANL2DZ] geometries. The def2-TZVP basis set was obtained from EMSL
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(https://bse.pnl.gov/bse/portal, accessed 8/1/2016). Free energies and enthalpies reported
refer to MO06-2X/def2-TZVP//M06-2X/6-31+G(d,p)[LANL2DZ] where zero-point
energy, thermal, and entropy corrections are used from the MO06-2X/6-
31+G(d,p)[LANL2DZ] geometries. 3D structures were generated using CYLview. A
dinuclear phenylmagnesium bromide model where the phenyl groups bridge between two

Mg centers was adopted in all reported calculations.

Proton affinities and reduction potentials
Below reports absolute proton affinities (in kcal/mol) for a variety of ester and diester

aminating reagents. THF values are nearly identical to DCM values. As expected, the
highly electrophilic diester imine with an N-OMs group has the smallest proton affinity
of 106 kcal/mol (reaction a). Change of the N-OMs group to N-Ph increases the proton
affinity by 22 kcal/mol (c.f. reaction d). Similarly, the N-PMP type diester imines have
proton affinities greater than 129 kcal/mol. Comparison of the N-OMs diester (reaction a)
to the N-OMs monoester shows the proton affinities increases to 119 kcal/mol. These
proton affinities show the importance of the N-OMs group and diester group on

controlling the electrophilicity of the imine.
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AG =105 AG=0.0
OMs H.*+_ PMP
N N
. "
—>» H o+ ,o\n)LPh g ,o\n)l\lro\—> H
o o o
AG =119 AG=0.0
AG =115 AG=0.0
OMs H.+_ PMP
N h N
—>» + o —3 H*
PhJLPh - Ph
AG =126 °
AG =124 AG = 0.0
AG=0.0
Ph
7
N H.+_Ph
+ +’
—>» H + _o o_ N
o o i o 0 3 M
AG =128
AG =128
_Ph AG=0.0
N AG=0.0
— H* + o
d Tl)LPh
o
AG =135
AG =133

AG =137
AG =136

AG =131
AG =129

Table S10. Proton affinities (kcal/mol) for ester and diester aminating agents in

THF (red) and DCM (blue)

The absolute reduction potential of N-PMP substituted dimethyl iminomalonate is

compared to N-PMP substituted o-keto ester (reactions j and k shown below). The

dimethyl iminomalonate has a 0.3 eV greater reduction potential compared to the a-

oxime ester, which provides another measure of the electrophilic impact of the diester

group.

©
OMe OMe |
N : N
J /OWO\ + e — /oho\
o o [e] o

-2.8 eV
-29 eV

[S]
OMe |
N
oy en
o

-2.5eV
-2.6 eV

values in THF
values in DCM

OMe

N
+ e
k ’OT])L on
o

Table S11. Comparison of reduction potentials
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Alkyl versus aryl Grignard reagents
Our calculations suggest a larger energy difference between transitions states for alkyl-

type versus aryl-type Grignard additions to o-iminoesters. Below shows that the free
energy barriers for the ethyl Grignard is less than 10 kcal/mol while for the phenyl
Grignard the free energy barrier is greater than 20 kcal/mol.

+

oMs LEt
Nd (EtMgBn,  XMg™ OMs
Meom)L Ph —> oss
j‘/\ Ph
o OMe
AG = 0.0 X = (Br)(EtMgBr)
AG=0.0 AG =838
AG=9.8

values in THF
values in DCM

OMs Ph

Nd (PhMgBr),  XMg~~ N OMs
Meo\n)L Ph — > —6 U
j‘/\ Ph
° OMe
AG =0.0 X = (Br)(PhMgBr)
AG =0.0 AG =21.6
AG =215

values in THF
values in DCM

Table S12. Comparison of free energies of alkyl and aryl Grignard reagents

Further reaction pathway details
Our initial calculations focused on THF solvent since the Grignard reagents are prepared

in this solvent. THF free energies are reported in red color below (kcal/mol). We also
examined the energies in DCM solvent, including re-optimization of structures. DCM

free energies are reported in blue color below. THF and DCM energies are nearly

identical.
1 TS1 2 TS2
¥ ¥
OMs _Ph Ms
Nd (PhMgBr),  XMg” ~.N/°MS Ph\N/OMS Ph_ _Ou, MaX
MeO OoMe — > ) > > MNoos
[ X% OMe XMgo Z OMe o o
c o OMe O OMe O OMe OMe
AG =0.0 X = (Br)(PhMgBr) X = (Br)(PhMgBr) X = (Br)(PhMgBr)
AG = 0.0 AG =10.4 AG =-52.4 AG =-37.4
AG=10.9 AG =-52.4 AG = -38.1 *
values in THF
values in DCM TS3 3
_Ph Ph * Ph, | (PhMgBr)
BrMg”~ \N/ N
z - MeO OMe MgBr(OMs;
o OMe 9BrOMs)
o o
OMe O
AG =-95.5 AG =-114.9
AG = -95.3 AG = -113.8

Table S13. Comparison of free energies in THF (red) and DCM (blue)
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Experimentally, a mixture of N-attack and C-attack products are observed. Our
calculations replicate the small the energy difference between these transition states. In
THF solvent the N-attack transition state is slightly favored, but in DCM the C-attack
transition state is slightly favored. We also ruled out the possibility of reaction at ester
carbonyl. The C-attack transition state has a free energy barrier that is > 20 kcal/mol.

C-attack

1 TS1
* X >
OMs _Ph Mg
N (PhMgBr),  XMg” \N/OMS o ,N/OMS
—_— - ] Sst
Meo\n)J\n/c’Me 05’ OMe  versus o> OMe
c o OMe O OMe O
AG =0.0 X = (Br)(PhMgBr) X = (Br)(PhMgBr)
AG=0.0 AG =10.4 AG =11.0
AG =10.9 AG =10.5

values in THF
values in DCM

Table S14. Comparison of free energies of N-attack and C-attack

Xyz coordinates and thermochemistry in THF solvent (Hartree and A)

1

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.859533
Enthalpy = -2102.46657
Free Energy = -2102.572128
MQ06-2X/def2-TZVP

Electronic Energy = -7225.566095

WOZITIOIITITOOOOOOOO

-0.15828600

0.85795700
-0.97915400
-2.16012000
-2.27414900
-2.97441200
-0.62379000

0.07966000

0.10725200
-0.49746100

1.09131600
-4.16303000
-4.73394400
-3.89464000
-4.72708800
-0.48125800
-1.07966900
-0.24726900

2.63508300
1.99439000
2.31533200
3.16061500
4.30878600
2.50132100
3.58955400
3.84544500
2.93220700
4.62156600
4.18851000
3.21320300
2.51097200
4.09580200
3.50820200
1.29107900
0.81110600
-0.57789000

-1.01480200
-1.25985700
0.22355700
0.65899300
0.31389200
1.45778700
-1.75231600
-2.99077200
-3.58807000
-3.48714900
-2.77070400
1.85062400
2.45415400
2.43407300
0.96321300
0.79545200
1.92339700
2.36106300
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SOITTTOITOTOOOOITITTOOO

(o]

WITITOITOITIOOOO

r

(PhMgBr),

-0.75851200

1.16306100
-0.77154700
-1.85748000
-0.28448800
-0.43896800
-1.79284500
-1.60994000
-2.95239700
-2.48137600
-0.74782800
-3.84255400
-3.17224000
-3.59744400
-2.29183900
-4.71515700
-4.27160100

-0.39934900 -2.08234400

-0.76178100

1.62941800 0.62389600

1.81068600
1.75636600
2.46065600
2.30795600
1.27312600
3.02898700
2.53252500
2.95030100
2.23546700
3.51903600
3.37688400
3.35485200

-1.68368400
-0.24179800
-0.69275600
-0.80406400
-1.58555100
0.20871900
-0.63589500
0.22055500
-0.38224800
1.27172900
0.08340800
0.65779800
-1.00576200
1.50741400
1.91327200
0.81897200
2.33136000

-4.53956600

-1.35396800
-1.64808800
-2.32802300
-2.80932400
-0.94550400
-3.48613600
-2.17706000
-3.72877800
-2.99455200
-4.20398300
-4.63522600

2.12420400

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -889.66743563
Enthalpy = -889.465265
Free Energy = -889.536643
M06-2X/def2-TZVP

Electronic Energy = -6011.99159

Mg

TOOOO

1.80327900 -0.01194500

3.89456000
4.63984300
4.63888900
6.03770000
4.12831900

-0.00080700
-0.01064700
0.01881900
-0.00082900
-0.02653900

1.55664700
2.21310800
4.02840500
4.03267800
4.43067000
4.54586800
-1.29203800
-2.39953600
-0.52802800
-2.70047700
-3.05304700
-0.81234200
0.34033200
-1.89218000
-3.55900100
-0.18273200
-2.11217400
-0.57766000
-0.52426000
0.12349400
-0.71371200
-2.09959800
0.08286700
-2.64971700
-2.77858300
-0.45175000
1.15970800
-1.82207900
-3.71784700
0.20020600
-2.24174700
1.08849500

-0.35822200
-0.35622300
-1.55189100
0.83990900
-1.55979400
-2.51320300
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TS1

6.03673700
4.12657500
6.74133900
6.57680400
6.57507500
7.82785800
0.00726600
-0.00744500

-1.80345500 -0.02545000

-3.89473700
-4.63906300
-4.64002200
-6.03691100
-4.12674600
-6.03787900
-4.12849900
-6.74151600
-6.57524800
-6.57698500
-7.82803400

0.02821300
0.02778500
0.01852100
-0.00861400
0.04340400
0.02596900
-1.90029800
1.86290200

-0.03658700
-0.05625500
-0.02669800
-0.06564300
-0.06526100
-0.03651000
-0.01077100
-0.05590200
-0.08086800
-0.02868700
-0.06334500

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.836453
Enthalpy = -2102.445424
Free Energy = -2102.550607
M06-2X/def2-TZVP

Electronic Energy = -7225.547959

TOOOOIIZTZIITIOOOOIOO
«

-3.24417200
-3.36430300
-2.46776000
-2.55548600
-2.79258200
-2.08386500
-1.99508400
-2.89631900
-1.49405600

-0.57540400 -1.15693200
2.38779400 -0.55066900

-3.89918800
-3.69312300
4.38529100
5.12352000
5.07000700
6.44940800
4.66038700

-0.63627600
-1.70424900
1.35521500
0.51464400
-1.62486500
-0.47880300
0.58360400
-2.48090400
1.51292400

-2.60313500
-0.69523800
0.08699700
0.39351800
0.25434000
0.83633000
0.28352800

0.84869600
1.80088700
-0.35532600
-2.50383100
1.79308300
-0.35497800
-0.43860400
-0.29172900
-0.37211200
-0.37411100
-1.57024400
0.82155500
-1.57903400
-2.53122100
0.82945600
1.78286800
-0.37501300
-2.52342100
1.77349100
-0.37536200

4.03339700
3.14523000
4.32887900
3.64614200
1.86935400
1.48464200
2.36808900
1.20338100
2.07715900
-0.10760300
-0.13793000
3.44087000
5.02043900
-0.04326400
-1.20477800
1.17814500
-1.15935700
-2.18565300
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6.39502500
4.56354200
7.09010100
6.98201600
6.88601400
8.12060000
1.21251100
1.05194500
-2.19196900
-3.37032400
-1.29317400
0.09697600
0.66686200
0.68240900
-1.55395900
-2.35126000
-2.76988100
-1.66967000
-3.15516400
2.04728600
2.29895700
2.11083900
2.69897200
-1.71584100
-2.98048700
-3.20275700
-3.18291600
-2.20973400
-4.81629700
-5.48839400
-5.08567600
-4.78300300

0.69587900
0.03057800
0.99038800
1.05926200
0.80752700
1.33230100
-2.38236800
-1.30947600
2.95027000
2.86928000
1.76540300
1.72656100
0.61045100
2.85148200
4.07861600
5.27269700
5.40067800
6.08784600
5.22247000
2.79866500
3.82739400
2.16385100
2.42854100
0.53922100
0.44473800
-1.06104100
-0.90779200
-1.95203600
-1.40542200
-0.64126600
-2.39307100
-1.39193700

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.94382
Enthalpy = -2102.549795
Free Energy =-2102.652029
M06-2X/def2-TZVP

Electronic Energy = -7225.653969

oNoNoNQNONQ]

-2.39769000
-1.38289400
-2.57980800
-3.86687100
-4.96908400
-3.82298300

1.16796300
1.90164100
0.11130200
-0.42042500
0.08573100
-1.49337500

1.24431000
2.11764000
0.07039200
-2.08079900
2.20815500
0.11365000
1.34020400
-2.24464900
-0.27121300
-0.00685600
-0.33287800
0.09458400
0.22974500
0.38009600
-0.56017100
-0.50589100
0.49423800
-0.74081400
-1.24281700
0.85290800
1.10014400
1.73927200
0.05876500
-0.58537200
-1.10775600
-1.79859300
-3.23034600
-1.17265700
-1.19050000
-1.58607800
-1.57395900
-0.10000100

-1.55315800
-1.61497300
-0.63821600
-0.29171100
-0.60740900

0.47661500
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=

TS2

-3.40799200
-3.14326600
-2.23081800
-4.00682500
-3.04933800
-5.07887300
-4.81850400
-5.60722000
-5.69263400
-1.41222300
-1.40151300
-0.12685000

1.10298500
-0.42584800
-0.27474800
-0.11717600

0.50706300
-1.26488900
-1.02130200
-1.09071000
-0.53602100
-0.68341200
-1.45645800
-0.13105700
-0.47895500
-0.20254900
-0.74077300

0.24088600

0.11381200

-1.31219100 3.31754200

0.01641300

-5.11759400
-4.03475300
-4.09252400
-3.35884700
-3.54960600
-4.59111600
-2.78543200
-3.28566500
-2.89080000
-3.62130500
-2.26928800
-2.44806000
-6.93237300

1.39704800
2.39129600
2.12832200
2.34627300
3.38396000
-2.01631800
-2.86978600
-1.26216000
-2.33291100
-0.37164200
-0.06343300
0.88753000
0.28722600
2.24954400
0.89739600
-0.12145000
1.56453400
1.27185500
-1.73064400
-2.21806500
-2.54427800
-3.51979600
-1.57961600
-3.84719700
-2.17958900
-4.34491200
-3.88699700
-4.47416800
-5.35957700

5.22799700

-2.43956000
-3.46605900
-3.99913200
-4.12729500
-3.01798100
0.94365900
1.56663200
1.52938200
0.09910000
-0.01453700
1.39908600
1.73279000
1.27473800
1.24167900
3.48666700
3.84354800
3.85707900
3.75051400
-0.22920000
-1.53934600
0.79470800
-1.81329000
-2.33725500
0.50298000
1.81248000
-0.79554000
-2.83344700
1.30782200
-1.01434100
-0.21609000
-0.95168600

1.96084800 -1.25828500

3.44873200
4.80910200
3.21688300
5.84874000
5.07330500
4.25087200
2.19781200
5.57274900
6.87374200
4.01975200
6.37463800
2.42353900

-0.12701400
-0.52136300
1.09816200
0.23643300
-1.45342100
1.86607200
1.48463100
1.43611900
-0.11606200
2.79445000
2.01839300
-2.84704100
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M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.918001
Enthalpy = -2102.525638
Free Energy = -2102.626524
MO06-2X/def2-TZVP

Electronic Energy = -7225.629292

«

SIITTTOOOVWOZTITITOITITITOOOOOOOO

«

OWIIIOIOIOOOO

0.97513500
1.34728800
1.62616500
1.27329300
0.33014700
2.01839300
-0.15377700
-0.66003100
-1.01261300
-1.47667800
0.13367800
1.68618800
2.39155400
1.80540800
0.66042500
2.56655600
1.98595000
1.26705600
0.04871100
2.13996700
0.73326100
0.11646200
0.16022800
1.62463600

-1.36217800 2.04356000

-2.93601200

-1.83654800 -1.33669600

-2.09040100
-3.47535400
-1.24455600
-3.98013500
-4.18270300
-1.73583300
-0.16401100
-3.10864900
-5.04947200
-1.05249800
-3.49833000
-3.05064000
3.89361600

1.14684100
0.72575300
0.91406700
1.54834300
2.35923900
1.18534800
1.96293200
2.37117600
1.50047100
3.06053400
2.87263200
1.75558700
1.31362200
2.83999200
1.50056700
-0.07250600
-1.38386900
-2.35483400
-1.66187400
-2.88516100
-3.62539200
-3.18074000
-4.33983100
-4.09751100

3.90057700

0.15837200
0.09812100
-0.53370800
-0.57535200

0.60004400
-1.21659200
-0.53676300
-1.23579800
-0.59177400
-1.72719900
-1.76804300
-3.46200800
0.06488800

-1.74425700
-2.81152700
-0.46002200
0.77726000
0.94861000
1.80873400
-1.69697800
-2.99305700
-3.54617200
-2.78392900
-3.54589000
3.08533600
3.78659800
3.05786100
3.36029100
-0.51344300
0.33924000
-0.64848600
-1.17691700
-1.67315500
0.45975000
1.24363900
-0.13655900
0.87648400
-0.01649500
-0.35024100
-0.73809000
0.83669500
1.12577500
1.74340400
2.23998800
0.46740700
2.85856200
1.58255300
3.10501600
2.42863100
3.53156900
3.96777300
-0.67111600
-0.03018600
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4.46130800
4.68636600
5.80866800
3.85517500
6.02816000
4.25793000
6.59951400
6.23659000
6.63133300
7.64790400

1.34553100
-1.05180000
1.49952000
2.21122600
-0.87955800
-2.04557000
0.39239300
2.49740900
-1.75339100
0.51814100

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2103.034509
Enthalpy = -2102.63971
Free Energy = -2102.746515
M06-2X/def2-TZVP

Electronic Energy = -7225.749857

TITTOOOWOZIIIOIIITOOOOOOOO

-0.35951600
-0.00960800
-1.81437700
-2.72790700
-2.70980000
-3.50620400
0.43972200
1.84080300
1.96231400
2.33609800
2.21456100
-4.47318900
-4.99788000
-5.15608400
-3.95760700
-2.17109900
-0.79748200
-0.34873200
0.86948100
-1.42836500
0.12261000
0.92444900
0.46211400
-0.75300400

-1.57376300
-2.65808700
-1.31967400
-2.40075000
-2.73535300
-2.92882300
-0.61129500
-0.80384000
-0.90794900
0.09604900
-1.68856000
-3.90119300
-4.23380200
-3.41523800
-4.73227200
-0.28735000
-0.36960700
-1.16407800
-1.99233200
-2.05078200
-0.09456900

0.54967900
-0.70906400

0.49436400

-0.00420500
0.25603700
0.31100000

-0.24896000
0.58557200
0.22420100
0.61456600
0.32151200
0.81262300
0.86529600

-1.04103800
-1.50700700
-0.76689100
-1.31816900
-2.49327200
-0.42094900
-0.71523400
-1.01966800
-2.10043800
-0.66284800
-0.50195800
-0.89148400

0.00047100
-1.59087300
-1.37625600
-0.12725400
-3.43536000
-4.58187900
-4.26595700
-5.14706100
-5.90349800
-5.53978300
-6.73800800
-6.18081900

0.86494200 -3.60149100 -3.07715300

3.15944800

-2.25992100 -3.60302200

-4.25854200

-2.45727900
-4.24242400

-0.65335200 -5.04501100 -3.66245700
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OMs anion

-1.35943500
-0.55859100
-1.91347700
-1.47117600
-1.10672900
-0.03783400
-1.78602200
-2.44356200
-1.01069000
-2.22188500
-4.37506200
-3.52661000
-4.47122600
-3.88911500
-5.78979600
-4.16844600
-5.21653500
-3.13048200
-6.16817700
-6.52014300
-5.50578600
-7.19895500

-5.74387900
-5.70952100
-7.00930700
-5.28983700
-6.97568000
-5.22415100
-7.62501000
-7.51263100
-7.45028000
-8.60555200
-4.33453000
0.04031400
-0.02598500
0.51141700
0.33921800
-0.31005300
0.84271500
0.59075400
0.75756800
0.30330700
1.18369200
1.03550800

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -663.7396229
Enthalpy = -663.682761
Free Energy = -663.716914
M06-2X/def2-TZVP

Electronic Energy = -663.929577

ITTTOO0OO0OWYWO

CsHs anion

0.55132800
0.15830900

0.54586700

0.55900400
-1.63649600
-1.99162700
-1.98512800
-1.98680400

1.33254000
0.00013500
-1.12071700
-0.21387300

0.00168200

0.15840000
-0.96169000

0.80743900

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -231.5909347
Enthalpy = -231.498287

Free Energy = -231.531018

M06-2X/def2-TZVP

Electronic Energy = -231.6650036

-2.65221100
-4.90970700
-2.85699500
-1.66605600
-5.13233100
-5.73555500
-4.10259000
-2.05290900
-6.10472400
-4.27139400
-5.24998500
0.07541200
-0.95730300
1.34153100
-0.70082500
-1.96250000
1.59392000
2.11397300
0.57563300
-1.50306100
2.58291900
0.77141700

-0.52522600
-0.00063300
-0.89433800
1.41353800
0.00603500
-1.01442200
0.38273300
0.65381600
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0.00000100
1.19904500
1.17735900
-0.00000100
-1.17736000
-1.19904500
0.00000100
2.14836600
2.15252000
-2.15252200
-2.14836400

-1.36495300
-0.64903000
0.75318700
1.54363000
0.75318600
-0.64903200
-2.45244700
-1.18387700
1.24913800
1.24913600
-1.18387900

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1670.854604
Enthalpy = -1670.425739
Free Energy = -1670.530162
M06-2X/def2-TZVP

Electronic Energy = -6793.453525
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3.64517400
3.72590000
2.80334700
2.85160800
3.00640700
2.18676900
2.14262700
3.09411000
1.56863600

-2.81934100
-3.19687000
-1.42702100
-1.73415600
-2.49071200
-1.41975300
-1.03015600
-2.79023500
-0.14864500

0.00000000
-0.00000100
0.00000200
0.00000000
-0.00000200
0.00000100
0.00000000
-0.00000100
-0.00000200
0.00000200
0.00000100

-2.78294400
-1.44091700
-4.19988300
-3.15890200
-0.47200800
-0.85087200
-2.18152700

0.57172000
-2.48492400

0.41359300 -1.18052600 0.46969100
-0.54899200 0.29304100

-2.50382200
4.35184800
4.21408500

-4.42129200
-4.98964800
-5.20970200
-6.25340500
-4.43932400
-6.47515500
-4.83573600
-7.00116700
-6.65452000
-7.05070400
-7.98414900
-1.45288000
-1.10363000
2.20547500

-4.03536800
-3.36025200
0.27469800
1.11484100
0.05015100
1.69528900
1.32981100
0.62072300
-0.59412600
1.44945800
2.33671800
0.41813600
1.89615800
-2.80530800
-0.65198500
2.44632100

-1.14745600
-3.53352000
0.07850000
1.05725800
-1.06903600
0.90816800
1.97345300
-1.23593200
-1.86532300
-0.24378400
1.68920900
-2.13601500
-0.36586600
-0.49597500
2.54567900

-1.09292400
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3.31163000
1.30219100
-0.08938100
-0.75218500
-0.60031800
1.66491900
2.46281000
2.67068000
1.86650900
3.40061800
-1.98111000
-2.17014700
-2.12013200
-2.62741100
1.70066600
2.89459800
2.67669000
4.19049200
3.76440800
1.65899100
5.26928400
4.34197900
5.06236100
3.59181300
6.27767900
5.90978300

2.19599200
1.42056800
1.29466000
0.28698200
2.19863400
3.66191500
4.70367000
4.47637900
5.61026200
4.81070500
2.04508700
2.86571500
1.08456900
2.12722500
0.48243100
0.61439000
0.87936500
0.46028700
1.02108300
0.98465400
0.58612200
0.23800100
0.87138500
1.23875900
0.45993100
0.97020000

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1902.636148
Enthalpy = -1902.108443
Free Energy = -1902.226455
M06-2X/def2-TZVP

Electronic Energy = -7025.305301

OITITOO0OO0O0OOO0O0

-0.41444500
-0.15332600
-1.34370600
-2.05738800
-1.93364200
-2.91810300
0.25258800
1.34458000
0.97728700
1.87584500
2.00673200
-3.67104900

-1.18691400
-1.44972500
-0.24491800
0.58102600
0.59442100
1.41995900
-1.83615100
-2.67756400
-3.60308900
-2.90609600
-2.15485400
2.26520700

-1.51833600
-0.48926500
-0.88372000
-0.50350700
-1.66773300
-1.07648900
-1.66086200
-2.70847700
-1.57760000
-1.11210600
-2.06532700
-2.75350700
-2.56636300
-1.18918700
0.35228300
1.14001900
2.49549400
0.64565500
3.35519300
2.86091800
1.51843100
-0.40359500
2.86885300
4.40449900
1.13677900
3.54006400

1.90355800
3.12920800
1.45019700
2.36992400
3.61252100
1.79063100
0.95092600
1.34347300
1.79304700
0.42022200
2.03727200
2.66932400
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-4.29083200
-4.29759300
-3.00608400
-1.54765000
-2.68686300
-3.13108500
-3.42431900
-4.27957900
-2.57450700
-4.56350400
-3.10792000
-5.00130700
-4.60347800
-5.12185800
-5.89367700

2.87901300

1.66408600

2.89381200
-0.07558300
-0.67524800
-1.92618100
-0.01355300
-2.50304600
-2.44815800
-0.60264300

0.96832800
-1.85088800
-3.47463000
-0.07159800
-2.30401200

2.01706600
3.33187900
3.26511400
0.05733500
-0.52681000
-0.07624700
-1.52028100
-0.61498900
0.69631300
-2.06125400
-1.85838000
-1.61437500
-0.25267400
-2.82704800
-2.03461400

-0.32372000 -3.06268200 4.43548000
-0.87393100 -0.50253400 4.91503700

1.12019900
1.26214500
2.14309900
2.33025300
0.51282200
3.21931500
2.10577500
3.31447100
2.39636000
3.97863300
4.14594200
-0.47293500
-0.63134400
-0.64050300
-0.43133900
0.12166100
0.49265900
-0.98416300
1.04961100
-0.01043300
1.24055400
0.63762300
1.62321200
1.96303100
-3.91276400
-4.87908000
-4.57937800
-3.31463500
-2.30189100

-2.03041700
-2.36684500
-1.20925100
-1.93008300
-2.99925900
-0.75050800
-0.90892300
-1.11180600
-2.21895700
-0.11254000
-0.76094300
-5.35806300
1.22363400
0.70472100
0.47670400
1.69846400
1.23716800
-0.30765600
2.44803000
1.88277900
2.23182600
1.03653200
3.21239900
2.81921000
-3.22989000
-3.31115300
-2.85634600
-2.32770300
-2.22683900

5.68557700
7.05112700
5.16535100
7.83580400
7.52870500
5.93341300
4.11696000
7.27562400
8.88222400
5.48688500
7.88142800
3.51217400
6.71590400
-0.68172500
-2.05307100
-0.04654500
-2.76321300
-2.55950500
-0.76643900
1.01464600
-2.13054300
-3.82109600
-0.24974900
-2.68814100
6.74685500
5.74368200
4.45814500
4.19103400
5.17095600
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SN2 TS

-2.65321600
-4.14181200
-5.86005900
-5.32768400
-3.11472000
-1.92211100

-2.69821600
-3.57795100
-3.72493400
-2.91483800
-1.97845500
-2.64450800

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.7976
Enthalpy = -2102.407439
Free Energy = -2102.515195
MO06-2X/def2-TZVP

Electronic Energy = -7225.512673

C
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2.50182600
3.40543200
0.42057300
1.12895700
2.92644600
1.55747300
0.66435600
3.64825500

-0.41036400

1.12029900
-2.05205400
4.47464800
2.86325800

-4.11197800

-5.08120300

-4.61750600

-6.45330300

-4.76745700

-5.98524700

-3.92842400

-6.91063000

-7.16434400

-6.32927400

-7.97529300

-1.08950700

-0.40469600
1.32151800
2.30123900
1.17028800
0.03389900

-0.96687900
0.21827500

4.49899800
3.56112300
5.01128200
4.28377700
2.40437300
2.18600600
3.13706000
1.66010600
3.00779600

0.87362300

0.24605300
3.71850500
5.39057100
0.09727600
0.74096300

-0.66381100
0.63964300
1.34621600

-0.77860700

-1.19380600

-0.12374300
1.15381100

-1.37847800

-0.20827800
2.18019500

-1.38118300

-1.95377100

-2.25797100

-0.59168700
0.27366700
0.48906700
0.64038000

6.45381500
7.75101400
5.96207400
3.67136600
3.17534600
7.26133800

1.69513800
1.19778800
1.94015100
1.55218900
0.57432200
0.38920600
0.90393300
0.23492800
0.78570700
-1.38311700

-0.54950800
1.31076900
2.19937600

-0.15440100

-0.95106600
0.91997000

-0.70063800

-1.80182500
1.18768300
1.57869500
0.37410500

-1.34298400
2.02702600
0.57454200

-2.03947900
-1.67073600
2.04717000
2.66705600
1.37153300
1.87447700
1.20586600
3.10100400
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C-attack TS

0.20640000
0.17926100
0.35091000
-0.81513700
0.94333000
-0.82896200
-0.47271400
-0.94633700
-1.75719700
1.88931300
2.72275600
3.38227600
3.34821800
2.76115000
5.05302700
5.53013000
5.54147200
5.04181400

-2.63044700
-3.95457000
-3.88500900
-4.33896100
-4.57366600
1.43986000
1.63395300
2.36761500
0.86781700
-0.18709600
-1.68129500
-1.33093500
-2.47857100
-0.07901400
-0.91404700
-1.80873300
-0.59264100
-0.11217600

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.837825
Enthalpy = -2102.445925
Free Energy = -2102.550176
M06-2X/def2-TZVP

Electronic Energy = -7225.548752
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2.94305100
3.48860900
1.35603000
1.78369700
2.86462600
1.70243800
1.17475900
3.33070900
0.27203300
2.07316700
-1.97815000
4.39642500
3.41834300
0.12252800
1.34468500
2.16591700
0.17133900
-0.51437200
-1.44364800
-0.06837500

2.57766400
2.64393600
1.76828000
1.83057700
1.97504500
1.20639600
1.16064800
2.05362300
0.58934100

1.88940300
2.47330400
3.54845400
2.26050600
2.00133200
3.71853000
4.72663600
3.15740300
3.72917900
0.41269100
-0.14843600
-1.51244900
-2.39816700
-2.06273500
-1.11673600
-0.71396500
-2.03827300
-0.37633600

-2.68401200
-1.40413200
-3.90206400
-2.90542000
-0.34672300
-0.54281500
-1.84498100

0.63524700
-2.05261400

-0.69578000 0.56660000

-0.33679000

3.21277400
3.10232500
-2.00989500
1.50356700
0.59971500
1.28685500
2.23981200
1.81355500
3.46004700

-0.05774200
-1.22429800
-3.50759700
-0.55593300
2.14347500

2.27729400
1.22879400
0.29295100
-0.38840800
0.29555500
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1.35848500

2.46860800

3.40697200

2.30856400

2.44205400
-0.62483000
-0.08356200
-0.45806300
-1.69056500
-0.68135100
-0.22285300
-1.50159200
-2.38851100
-0.89415500
-2.26544800
-2.52901300
-3.16124800
-1.55553500

4.17846300
-3.65751500
-4.25263600
-4.26773200
-5.37069400
-3.83454300
-5.38792700
-3.86007400
-5.94489700
-5.79376100
-5.82535700
-6.81453400

Ester Addition TS
M06-2X/6-31+G(d,p)[LANL2DZ]

2.63591000
2.86310400
2.80576100
3.86312800
2.11654800
4.34723500
5.28270000
3.92143800
4.48803500
0.33127300
-0.62685100
-1.60122600
-1.63227400
-2.80962000
-0.66867200
0.31087900
-1.21831500
-0.59307300
-1.92848500
-0.53887000
-1.79144300
0.56246900
-1.94292500
-2.69081700
0.43450600
1.56262800
-0.82442400
-2.93011500
1.31364600
-0.93331000

Electronic Energy = -2102.82468
Enthalpy = -2102.433503
Free Energy = -2102.537022
M06-2X/def2-TZVP

Electronic Energy = -7225.534458

O0000OO00O

-0.36525500

0.50421300
-1.59399500
-2.09421800
-1.36723300
-3.37772000
-0.09089700

1.18257000

1.23327900
0.31288500
1.17665900
2.47399300
3.19439400
2.65815900
2.45699800
2.70513000

2.77197100
3.68170700
3.12886800
4.07616200
4.47587200
-0.70337600
-0.58508900
-1.69474500
-0.51910400
1.50867500
2.42962000
2.84839200
1.67940400
3.33867300
4.13659500
3.73226100
4.43623000
4.96149700
0.65001500
-1.31478600
-1.57324200
-1.95015700
-2.39920500
-1.11952600
-2.77840700
-1.80106400
-3.00561400
-2.57038000
-3.24627200
-3.64813500

-0.45551900
-0.47847300
-1.33291000
-1.94134900
-2.57742800
-1.70524500
-0.09984500
0.53370100
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1.97654100
1.11860000
1.34175400
-3.95526900
-4.99835400
-3.44588700
-3.87301000
-2.24964600
-1.67546500
-2.72634800
-2.08295300
-4.09022800
-2.38777900
-1.31482400
-2.96637600
-2.71737100
-1.74596800
-3.13784700
-1.26540100
-4.00313600
-3.59523100
-2.11142300
-0.20227100
-3.48900400
-5.07249500
-1.69562800
-4.15269200
-0.53512100
1.53732700
2.33246200
4.13245500
4.74423500
4.79216600
5.92619500
4.29268300
5.97420300
4.38100400
6.54619200
6.36349300
6.44951300
7.46521600
1.11970900

2.62232000
3.72215000
2.00205500
3.84271200
3.83632400
4.73026400
3.79641400
0.14255300
-1.01299600
-2.26917700
-2.65618900
-1.81696600
-3.42872900
-3.62822300
-4.32679300
-2.97875300
0.64086000
0.70297500
1.26948700
1.31202100
0.28216100
1.89418600
1.26204700
1.91518600
1.32435800
2.35863400
2.40107200

-0.21184000
0.91402500
1.35404900

-2.29066700
-1.98247300
-1.91170800
-3.37804500
-1.69037200
-1.15172300

-0.80060800
0.46682200
-0.82365800
-2.08073500
-2.07239100
-1.84764700
-3.01978000
1.43988000
1.24557600
2.60994300
2.15871600
0.35106800
3.52740500
2.83737800
3.30478800
1.96588900
4.41770200
4.01440100

-1.13367400 0.77423600

-0.95264400
-0.56312600
0.44862100
0.49687600
1.16132800
1.20458500
-0.03280900
1.87552800
1.16639900
1.89887900
1.21375700
2.40983200
2.45035500
-2.78943400

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2338.636561

2.38076300
-0.12085500
-0.50881200
-1.77811600
0.51387600
-2.01830100
-2.61668600
0.29383000
1.52427900
-0.97878900
-3.01389300
1.11299600
-1.15783800
-0.75151800
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Enthalpy = -2338.069629
Free Energy = -2338.190674
MO06-2X/def2-TZVP

Electronic Energy = -7461.416665
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-2.65807400
-2.57532000
-2.38610800
-2.31135000
-2.14091700
-1.77402000
-1.88535800
-2.07731000
-1.66113100

-0.16771800 -1.83229900
2.55885400 -0.60303500

-2.84384400
-3.00024100
4.46847000
5.11531400
5.16270000
6.36172900
4.63843800
6.41017300
4.72587500
7.01340800
6.82382800
6.91083600
7.98167400
1.84813900
1.36897500
-2.73854200
-3.81488100
-1.57427200
-0.21855900
0.64014600
-0.01884800
-2.43031400
-3.37538500
1.25942800
-1.69857700
-2.91882900
-2.79600900
-2.86285500
-1.59565300
-4.25692100
-5.10654200

-2.02882600
-3.07585400

0.08833300
-0.73409800
-2.83187600
-1.53655600
-0.50093000
-3.67378600

0.52910600

-4.08589100
-2.21807000
0.27229600
0.79902700
0.41371700
1.42937000
0.72366500
1.04016100
0.02505000
1.55455900
1.82262000
1.12669000
2.04405600
-2.64234600
-1.59009100
1.74441800
1.39627600
0.81338500
1.12587200
0.19768700
2.34974200
2.93470200
4.05866700
2.88928800
-0.48252000
-0.86710900
-2.36840600
-2.20625200
-3.00030800
-3.09918100
-2.52095200

4.06606300
3.14915400
4.38169000
3.67559100
1.84029800
1.45459200
2.36564100
1.15187800
2.07099900
-0.19654300
-0.29505100
3.44774000
5.07919000

-0.19027700
-1.32671300

1.02800100

-1.25963500
-2.30463200

1.11654900
1.94883800

-0.03182000
-2.16205600

2.07806300
0.02862000
1.20946200
-2.38130600

-0.24389000

0.19107200

-0.32479900

0.09785300
0.14698400
0.48443200
-0.73834400

-0.67353800

1.00791900
-0.56129500
-1.07561100

-1.78439700

-3.21417300
-1.20551100
-1.13189700
-1.50114800
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-4.28886700
-4.19398600
-3.67887300
-4.25538200
-4.26074800
-2.74739200
-4.62969200
-5.22712100
-4.35843100
-5.23764200
-2.59352000
-3.19857400
-1.66949700
-2.33798800
1.81383300
2.29993300
2.56560700
1.02078500
2.19725700
3.17696400
2.34439100
1.79864000
0.83145200
0.32755200
0.15692500
1.71738000

tBu-C-attack TS
M06-2X/6-31+G(d,p)[LANL2DZ]

-4.12362600
-3.07356500
4.37891600
5.30774400
3.58724200
4.52432400
3.73874100
4.65050600
3.40090800
2.97253400
5.19086200
6.10169300
5.38806700
4.93680400
2.00597200
1.10054200
2.58219100
1.72559000
3.07154000
3.40229200
2.14313100
3.82425000
4.23455200
4.83084800
4.09915500
4.77807100

Electronic Energy = -2338.644527
Enthalpy = -2338.077225
Free Energy = -2338.198058
M06-2X/def2-TZVP

Electronic Energy = -7461.42411

TZZIITOOOOIOO

«Q

1.54233800
2.55612600
-0.52868700
0.26866300
2.29328900
1.02485300
0.01729300
3.12046200
-0.98940700
1.36963900
-2.31068900
3.55099500

2.20879000
1.99262000
1.85305200
1.68508500
1.24276500
0.68626000
0.94704000
1.07991500
0.56156400

-1.51113500
-0.04275300
0.78536500
0.83300000
1.26090900
1.34226900
-1.47921600
-1.57617700
-2.48442300
-0.99673600
-1.32511400
-1.32945900
-0.77382200
-2.35806600
2.11970100
1.75733600
2.66685200
2.82023500
-0.17581400
0.18198000
-0.73198700
-0.86199700
1.57654300
0.81145700
2.42709300
1.91575600

-3.88976800
-2.95780400
-4.37938300
-3.66067500
-1.80715000
-1.55871800
-2.50364900
-1.11671600
-2.35256300

-1.45798900 -1.10880700
-0.33400200 0.37173100

2.39516700

-3.12746300
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1.74151000
-1.12653400
1.97230100
2.49182200
0.51082500
-0.21620300
-1.41385500
0.50386300
2.50775800
3.91953700
-0.02907600
-0.36579600
0.15506000
-1.05386100
-2.31390900
-0.65917900
-0.93680200
-1.05206800
-1.74932300
0.03581200
2.90739200
-4.33737400
-5.36070000
-4.75753100
-6.70201900
-5.11193800
-6.09338400
-4.02127400
-7.07351300
-7.45620300
-6.36995800
-8.11354300
-0.42950900
-1.27863600
-0.71520500
0.41391500
1.17345400
0.91015900
1.47957100
2.01478200
-1.17771600
-2.06544600
-0.87579600
-1.43379900
4.86466800
5.88885400

2.78512800
-2.18921000
0.24413500
-0.75483600
0.49704100
1.77206500
1.68580500
2.84216600
1.08139700
0.93641600
4.19594100
-0.33671900
-1.56086100
-2.37525700
-1.93729500
-3.75817400
-1.70756000
-0.62412500
-2.14831500
-1.98874000
-2.91884400
0.09858400
-0.86566200
1.37957200
-0.58242800
-1.88104800
1.68522600
2.17614700
0.70013500
-1.35982900
2.68796400
0.92821800
4.23053900
3.57539000
5.25568500
3.93963500
5.08551400
6.12332300
5.01790200
4.79613400
4.51846200
3.92198800
4.35625900
5.57527800
1.06236500
1.08487400

-4.78867200
-1.27005400
1.04276400
0.54518300
0.76273200
0.43872500
0.16487900
0.54594700
1.86411100
2.35313500
0.22679400

1.25817400
1.71220300
2.50376100
1.89050400
2.45656200
4.13165200
4.05892900
4.71426200
4.53739000

-2.32734800

-0.00810100
0.10458300

-0.42270800
-0.17126900
0.41477100

-0.70409400
-0.53509200

-0.57795200
-0.07225900
-1.02207500
-0.79562200

-1.23883700
-1.44518500
-1.49314200

-1.87251800
0.49434300
0.27386300
1.54236500

-0.14242100
1.17160600
0.95527700
2.21090900
1.05275200
1.16889500
1.55239200
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a-Et-TS1

4.77797900
4.68355300
4.04866100
3.26813600
4.00129000
5.01837200
4.05247100
5.06025800
3.89326400
3.33085700

0.21795500
1.99695300
-0.38845500
-0.48258800
-1.24204700
-0.40333900
2.11608100
2.11993900
3.05904200
2.04066800

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1801.248743
Enthalpy = -1800.875158
Free Energy = -1800.970522
M06-2X/def2-TZVP

Electronic Energy = -6923.8488219
0.66116900 -0.96490400 0.53546400

Mg
Mg
Br
Br

OIITIITIOITOITOOOO0O0LVLOZITITOOO0OOO

2.64833000 1.12657900

2.96306000

1.84763700
-1.65235700
-0.48197700

0.66174000
-0.64861900

0.53016100

0.16403900

1.06900000

1.17111400
-1.26418200
-2.29898500
-1.66346500
-0.29934400
-3.04135100
-3.98825100
-3.42251800
-5.29683700
-3.69562500
-4.73128000
-2.69526000
-5.67081000
-6.02286000
-5.01851200
-6.69113900
-0.76175400

-0.52623100
-0.94202500
0.88248300
1.71776400
1.20291100
3.01234900
3.83998400
4.86201500
3.69195600
3.61244600
-0.38662400
-1.31507900
-2.79527000
-2.82319800
1.38354100
0.89265800
2.36094100
1.36792700
0.14797600
2.83607800
2.73960900
2.34010900
0.98307700
3.59015500
2.71062500
-0.56442500

0.48200300
0.62929500
3.08888300
3.85036800
2.41140900
3.59447500
3.30031500
3.72345000
2.76994500
4.11856400

-0.42362600
1.65376400
-1.88197700
-0.08184000
-0.04439700
0.14264300
-0.18048900
-0.14676600
-0.21651100
0.79159100
-1.00276600
0.01655200
-0.00324000
-0.37968100
0.17654900
-0.05385900
-0.96314200
0.87524800
-0.93725300
-1.69735300
0.89527300
1.58771700
-0.00906200
-1.64666200
1.62139600
0.00875400
2.33974400
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a-Ph-TS1

-1.82914800
-0.43386100
-0.97359000
0.63596100
-0.19823200
3.98309600
3.80379500
3.76744000
5.45872100
5.71702900
5.68148100
-0.72852800
6.16241000
-2.63260200
-1.57878700
-1.08028500
-2.60060000
-0.99290000

-0.35602400
-1.73498700
-2.63796100
-1.97452700
0.35650600
2.68737100
3.52379100
3.08394200
2.26258100
1.88829500
1.45052000
-1.53183200
3.07789400
-3.74767000
-2.73557800
-3.65240400
-2.68347000
-1.85621200

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2106.014245
Enthalpy = -2105.584729
Free Energy = -2105.688282
M06-2X/def2-TZVP

Electronic Energy = -7228.7112993

TOTOOOOIIZIZTITOOOOIOON
«

-2.64033000
-2.78420700
-1.97358300
-2.08210100
-2.36825600
-1.79735200
-1.67678700
-2.47655300
-1.27070400

-0.22866900 -1.36929900
2.56413100 -0.28606000

-3.21470100
-2.96779400
4.47319200
5.23027400
5.06801000
6.48818700
4.83672900
6.32385700
4.54447900

-1.33726900
-2.34012600
0.67915600
-0.10807700
-2.11943600
-0.89229600
0.10570500
-2.92784700
1.08275800

-3.29941500
-1.50899300
0.58345300
0.92709000
0.88694000
1.53274300
0.71779100
1.49253700
0.64314000

2.28918700
3.24323700
2.93610800
3.26311300
2.53926500
-0.87740100
-0.18464900
-1.88072000
-0.79884800
0.19949800
-1.50182700
4.28522400
-1.02316900
0.09403200
-2.14020800
-2.46517800
-2.51925000
-2.41966800

4.18990600
3.23229600
4.57371600
3.83269400
1.91274900
1.56440100
2.51339800
1.19190500
2.23906000
-0.13248400
-0.18706200
3.50743100
5.21090700
-0.04229000
-1.18093400
1.19996800
-1.09526800
-2.17596800
1.30683400
2.12507900
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7.03948600
7.03769300
6.74504200
8.01631600
1.72711800
1.33175900
-1.42754000
-0.04250400
0.71182700
0.40335500
1.79208400
1.91185200
2.03847800
2.42255000
-1.66799200
-2.94712000
-2.89056500
-2.83477300
-1.78499900
-4.44579300
-5.21791600
-4.54393100
-4.45178500
-2.43075500
-3.29056400
-2.51929400
-4.22675500
-3.21398600
-3.45201300
-1.85881700
-4.31060800
-4.88408200
-3.50952100
-5.03870800

1.81916800
1.77898100
1.70674500
2.28924200
-2.36344500
-1.19612100
1.39969700
1.56312600
0.54706500
2.78541700
2.95167600
4.01374100
2.36482500
2.66095300
0.09579300
-0.20116400
-1.62415800
-1.32994200
-2.40456600
-2.29387300
-1.59316200
-3.24638600
-2.43015000
2.48697900
2.64682500
3.38645400
3.67753600
1.97307200
4.42058400
3.27800200
4.56630600
3.79181400
5.11025300
5.37167200

H+

M06-2X/6-31+G(d,p)[LANL2DZ]
Electronic Energy = -0.190089936
Enthalpy = -0.187729

Free Energy = -0.20009
MO06-2X/def2-TZVP

Electronic Energy = -0.1900899

H 0.00000000 0.00000000

a
MO06-2X/6-31+G(d,p)[LANL2DZ]

0.15397100
-2.00073200
2.28629800
0.22864800
1.23671500
-2.30620800
-0.21438500
0.11273600
0.25178100
0.28991000
0.63156400
0.83537500
1.51935600
-0.21235700
-0.40022800
-0.85207600
-1.70233500
-3.11226400
-1.10955100
-1.22777500
-1.55187500
-1.75397200
-0.14566200
-0.21245400
-1.30903800
0.85903600
-1.32537400
-2.15648100
0.83593400
1.71406300
-0.25343300
-2.18180800
1.67240300
-0.26922200

0.00000000
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Electronic Energy =-1213.129368
Enthalpy = -1212.940984
Free Energy = -1213.004591
MO06-2X/def2-TZVP

Electronic Energy = -1213.52473

TITTOOOWOZIITIIOIITITOOOOOOOO

+

a

-1.18652800
-1.27479500
-0.94995400
-2.17459000
-3.27798300
-1.90087000
-1.27826200
-1.51501800
-0.69180800
-1.56559500
-2.45828700
-3.04322600
-2.63296900
-3.63767700
-3.65069800
0.19978200
1.19388300
2.70316200
2.65640000
3.57043800
2.84219300
3.82395700
2.76670000
2.04956800

1.43472000
1.86517000
-0.03329400
-0.89873600
-0.40650300
-2.18091900
2.12867000
3.54193200
3.99564000
3.94211100
3.70141800
-3.05224100
-4.05187000
-2.99305500
-2.77456400
-0.55880200
0.40162600
-0.26837900
-0.99327000
0.87703700
-1.38476800
-1.85594600
-0.80793300
-2.13029200

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1213.510993
Enthalpy = -1213.309354
Free Energy = -1213.37227
MQ06-2X/def2-TZVP

Electronic Energy = -1213.907387

I O000OOO0OO

-1.01148800
-0.64190200
-0.96469700
-2.21297600
-3.20902200
-2.00034000
-1.49583000
-1.62649400
-0.63842600

1.47214600
1.83657100
-0.00816700
-0.84870000
-0.33583300
-2.09520600
2.16153100
3.59337500
4.02311000

0.39145800
1.51382700
0.10602400
0.01248000
0.06850700
-0.13196400
-0.72702900
-0.56816400
-0.01387200
-1.57831200
-0.04285200
-0.23307700
-0.35936400
0.68041300
-1.09625800
-0.01769900
0.10305100
-0.16298100
-1.41386800
0.00345200
1.20047300
1.11435800
2.12282000
1.12167500

0.24961100
1.33275600
-0.09451500
0.10463500
0.53592800
-0.23385600
-0.74421600
-0.52585600
-0.35748200
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b

-2.06890600
-2.27972100
-3.11372100
-2.73302700
-3.40381100
-3.94370700
0.13269000
1.20933700
2.70722400
2.46907400
3.67249100
2.67729000
3.60393100
2.65223400
1.81138100
0.23769500

3.97734700
3.76769200
-3.01367500
-3.98095500
-3.02860600
-2.69277300
-0.54503900
0.23565000
-0.44266400
-1.86673800
0.21967800
0.18336500
-0.16498400
1.27278200
-0.23710100
-1.55390500

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1216.308438
Enthalpy = -1216.081848
Free Energy = -1216.146089
M06-2X/def2-TZVP

Electronic Energy = -1216.688528

TOOOOIITTITOOOULWOZITITITOOOOO

-1.47677100
-1.14580400
-0.60499500
-2.64066200
-3.54168300
-3.80056700
-4.42412200
-3.08313400
0.63966700
1.43498100
3.03826900
3.34241300
3.31095400
3.66742600
3.33580400
4.75584400
3.31227700
-1.22187300
-2.22142900
-0.83068900
-2.81102800
-2.53155200

-1.85424700
-2.90749500
-0.61280200
-1.62476600
-2.74240000
-3.06732600
-2.37833400
-3.56716200
-0.90067900
0.24187000
-0.19857900
-0.91395600
-0.82401800
1.45060400
1.92264200
1.35955800
1.98733600
0.73542100
1.03109400
1.70059500
2.29258700
0.27830700

-1.44098300
0.32958400
-0.05869700
-0.37527800
0.99225400
-0.68891100
-0.45774300
-0.69695000
-0.07251200
-0.11760400
-0.90040100
1.57574000
2.04252500
1.52414200
2.09079100
-0.66301200

0.08561100
0.57185300
0.05913000
-0.51322800
-0.57066400
0.43905500
-1.09317700
-1.11957000
0.04829900
0.05295100
0.02210800
1.24608000
-1.25806200
0.07293100
0.99811100
0.05536000
-0.80752000
0.04829000
0.98171100
-0.88652400
0.99393100
1.70180200
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b+

-1.43725500
-0.06713900
-2.42120800
-3.57840400
-1.13957500
-2.88742500

2.95413300
1.46662900
3.25393600
2.52171400
3.69758200
4.23445700

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy =-1216.71261
Enthalpy = -1216.472358
Free Energy = -1216.53588
MO06-2X/def2-TZVP

Electronic Energy = -1217.093064

ITIITTITITIOITIOITOOOOIIITOOO0OVWOZITIITITOOOOO

C

-1.74830500
-1.41768700
-0.69071500
-2.96344900
-4.02892100
-3.94996700
-4.94836300
-3.95888100
0.43477700
1.55242400
2.64985600
2.23766500
2.63919300
4.08035200
3.89773300
4.89482700
4.27500200
-0.93161100
-1.82080100
-0.28262400
-2.02863200
-2.31295200
-0.53700600
0.37872500
-1.39542900
-2.69034200
-0.06265200
-1.57526600
0.52799600

-1.65337000
-2.79474900
-0.56714800
-1.18300600
-2.14794400
-2.59432400
-1.57674000
-2.91512600
-1.11486900
-0.40147800
-0.39936000
0.68720200
-1.76151500
-0.00569400
0.93642200
0.10570600
-0.83003700
0.85015400
1.27971500
1.79080700
2.63742100
0.55992800
3.14099400
1.46641800
3.56485100
2.97160600
3.86795400
4.62569100
-2.13400000

MO06-2X/6-31+G(d,p)[LANL2DZ]

-0.88182100
-1.62107600
0.06092800
1.72650600
-1.61458200
0.06538700

-0.09689500
0.11111500
-0.34262400
-0.19883600
-0.01721200
0.97485700
-0.11713100
-0.78972700
-0.68507500
-0.96786200
0.38351000
1.23791100
0.86546500
-0.56588700
-1.08620400
0.15517000
-1.25268100
-0.20923100
0.79642400
-1.03543500
0.99131600
1.44087800
-0.85586900
-1.82953300
0.16297700
1.78276100
-1.50610700
0.30754900
-0.76819000
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Electronic Energy = -1219.492606
Enthalpy = -1219.227612
Free Energy = -1219.292025
MO06-2X/def2-TZVP

Electronic Energy = -1219.858484
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+

C

0.52159100
-0.52961800
-1.70797500
-3.00682000
-3.09923300
-2.95398800
-4.23108800
-4.16433900
-5.19450100
-4.06569600

0.52760500
-0.16153500

1.26267500
-0.11442400
-0.72079300

1.28913000

1.80820000

0.60440000
-0.64010500

1.85106200

0.63461100

1.81271900

1.89405800

2.95419900

3.10035300

1.01314600
4.15852700

2.89932400
4.23445100

3.15717600

5.03686000

5.17509900

-0.10918300
-0.84264500
-0.07460300
-1.08835200
-1.70498700
-1.93869800
0.17190900
0.85681200
-0.34238300
0.68393400
1.37774500
2.14294200
2.01278500
3.53358900
1.64958000
3.40421100
1.41678000
4.16551500
4.12367100
3.89239300
5.24976400
-0.84856800
-2.14880900
-0.25027200
-2.84143700
-2.60484300
-0.95029600
0.75700000
-2.24506500
-3.84562800
-0.48234900
-2.78667700

MO06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1219.909165
Enthalpy = -1219.630209
Free Energy = -1219.693027
M06-2X/def2-TZVP

Electronic Energy = -1220.275041

C

-0.57868700

-0.09437900

-0.04147800
-0.08602800
0.02075500
0.00334100
-1.30844500
1.17957200
0.19252900
-0.65332100
0.19576600
1.14090500
0.02920400
-0.91829000
1.03575100
-0.85538800
-1.70726900
1.10779000
1.76243700
0.16047600
-1.59977500
1.89790200
0.21018400
-0.06164200
0.45501400
-0.60873000
0.41497200
0.89563700
-0.65174100
-1.01108700
-0.13979400
0.82356700
-1.08538300
-0.16792200

-0.16549700
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ITTOIOITIOOOOIIITITOIOIZTOOOOIIITOOO®MWOZ

d

0.42239300
1.65155300
2.89859600
2.99863300
2.58003100
4.19897000
4.22700000
5.11747000
4.01484500
-0.39649800
0.69641400
-1.36857700
0.80747200
1.42601000
-1.22812600
-2.21148300
-0.14518700
1.63687500
-1.96748100
-0.04537300
0.30218900
-1.90008300
-2.22165500
-2.84085400
-3.47555300
-1.51532400
-4.08584500
-2.58561200
-4.40362200
-3.73321500
-4.80905300
-5.38187300

-0.92045600
-0.49082700
-1.12604800
-0.28106700
-2.53097000
-0.82608300
0.24442900
-1.14421700
-1.42071500
1.35588600
1.94862100
2.15723500
3.33235100
1.33740700
3.54019000
1.69705200
4.12669700
3.79299300
4.15877900
5.20750700
-1.93638700
-0.71363800
-1.87696600
-0.13444600
-2.45454800
-2.29890800
-0.73107100
0.75839200
-1.88599000
-3.34035000
-0.29465300
-2.34161200

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -781.1548653
Enthalpy = -780.928745
Free Energy = -780.990001
M06-2X/def2-TZVP

Electronic Energy = -781.4360533

oNoNoNQNONQ]

2.26073500
2.56756700
0.84005900
0.68155600
0.97803300
0.18884600

-0.97828300
-2.12548800
-0.45287400
1.05569700
1.67920600
1.56984300

-0.33252000
-0.75110500
0.23210200
1.40077800
0.37774100
-0.91664100
-1.12846300
-0.41594500
-1.81194300
-0.13520400
0.51964000
-0.75796500
0.54744100
1.03906300
-0.75032200
-1.26365200
-0.09511900
1.07358000
-1.24771500
-0.07776600
-0.33620100
-0.03358300
-0.75323200
0.83357200
-0.60084000
-1.46284900
0.99064900
1.39528600
0.27382100
-1.17150600
1.67123700
0.39124400

0.11744100
0.32106400
0.13617400
0.24009100
1.23128500
-0.87652300
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ITITOIOIOOOOZIITITOIITITOO

d+

3.10661300
4.49163900
4.62534700
5.02354300
4.83862000
-0.04374400
-0.45234200
-0.75905400
0.89558200
-0.10336700
-1.45670300
-1.96443500
-2.30691200
-3.31707700
-1.31579700
-3.64928600
-1.89918700
-4.15859700
-3.71220100
-4.30288900
-5.20993400

0.00166000
-0.37000500
-1.13438700

0.54011100
-0.74553400

2.98969100

3.23007700

3.23910000

3.52083200
-1.29474800
-0.88695500
-0.02868900
-1.43283300

0.30763900

0.34161200
-1.06739700
-2.12386900
-0.19735800

0.96382500
-1.47452400

0.07241000

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -781.5727389
Enthalpy = -781.33285
Free Energy = -781.393152
M06-2X/def2-TZVP

Electronic Energy = -781.8554557

OZIITIITIOIITOOOOOHOOO

2.21827500
2.30357300
0.86166500
0.77589700
1.13783500
0.30485400
3.18059200
4.52961600
4.64924200
5.17598000
4.71584900
0.17354300
-0.23038600
-0.51235300
1.15310700
-0.15653200
-1.54344400

-1.02042400
-2.22124200
-0.33804600
1.17415400
1.76633100
1.66497600
-0.13557000
-0.65969100
-1.21565300
0.21393100
-1.30400800
3.10719500
3.31926800
3.43713100
3.56940200
-1.11301100
-0.78665700

-0.18840100
-0.27614900
-1.04399500
-0.54595100
0.68852700
-0.85965300
-1.83895800
-0.07325900
-0.69417900
0.05693300
0.07903400
1.06154700
-0.88863000
1.04589300
1.85016000
-0.91139300
-1.62011500
0.05507800
1.81532800
-1.67668000
0.04457700

0.04343500
-0.01680500
0.10816600
0.19438800
1.17570300
-0.92744700
0.03777500
-0.03927500
-0.97011400
-0.01943300
0.82112300
-0.98106500
-1.96767500
-0.19915500
-0.85265600
0.06640700
0.11280300
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ITITITOITOITOOO

e

-2.00485400
-2.40200000
-3.36529700
-1.33783300
-3.75766300
-2.01029500
-4.23661500
-3.74614200
-4.43871500
-5.29689500

0.06460000

0.28901400
-1.60356500
0.57268600
0.86153900
-1.29730700
-2.44452100
-0.20929800
1.39663000
-1.91068300
0.02128400
-2.11756900

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -784.3386567
Enthalpy = -784.074217
Free Energy = -784.135249
MQ06-2X/def2-TZVP

Electronic Energy = -784.6057855

TOITOOOOIITIIOIOIOOOOZIITITOOOO0O

0.01640200
0.19786000
0.53076900
-0.64426500
-1.25356500
-0.49478900
-1.73619800
-1.99242800
-0.25720000
2.00167600
2.85962200
2.54203200
4.23965200
2.46112300
3.91869600
1.87248700
4.77110900
4.89690100
4.33038500
5.84627200
-1.65770700
-2.44634900
-2.26933700
-3.83191600
-1.95966300
-3.65980100
-1.65990800

1.30430500
1.98055500
-0.12320800
1.69630200
2.99619000
3.76130200
3.14899400
3.01125800
-1.12149300
-0.30528200
0.79101400
-1.59457400
0.60018200
1.79823100
-1.78035600
-2.44013500
-0.68342100
1.45563000
-2.78086000
-0.83131000
-0.96726300
-1.53663500
-0.33383800
-1.42072700
-2.05039700
-0.24062300
0.05739100

0.87407900
-0.62439700
0.85324400
1.51095300
-0.63912000
-1.18847000
0.09216500
1.44683200
-1.21878000
0.08294700
-0.03077600

0.19534900
1.18135300
0.04792500
-0.88647400
-0.81021800
-0.63496000
-1.77358700
-0.00566600
-0.05021400
0.03118100
-0.11706000
0.13895000
-0.16371300
-0.19898600
0.09745400
0.25840000
-0.05530200
-0.28295400
0.18649200
-0.08683400
0.03570300
-0.97118300
1.12502600
-0.91619700
-1.79487400
1.18090500
1.93490800
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ITTO

+

e

-4.44484700
-4.43687800
-4.12764800
-5.52661600

-0.77199100
-1.84787600

0.24564700
-0.69491300

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -784.7685961
Enthalpy = -784.489708
Free Energy = -784.549452
M06-2X/def2-TZVP

Electronic Energy = -785.036812

ITITOIOITIOOOOIIIITOIOIZOOOOZITIIITIOOOON

—h

0.03198000
-0.45226500
0.48047000
0.29590300
-0.07552400
0.49182500
0.18096000
-1.14675200
-0.43186900
1.90036100
2.81299400
2.36805400
4.17447700
2.46578400
3.73058800
1.68140300
4.63206100
4.87739900
4.09450800
5.69739900
-0.12107600
-1.85023200
-2.64772300
-2.39593200
-4.02868600
-2.19153600
-3.77948700
-1.76155500
-4.59344700
-4.66301700
-4.21985900
-5.67121700

1.27308200
1.54716100
-0.14839000
2.09438800
3.47654300
3.88323200
3.98792000
3.54178000
-1.06677000
-0.43422400
0.49818100
-1.62189900
0.22847500
1.42010200
-1.87445600
-2.32860600
-0.95492300
0.94120100
-2.78197700
-1.15951000
-2.04085400
-0.87955100
-1.75568500
0.12617900
-1.59082200
-2.53967900
0.28026500
0.75219300
-0.57110100
-2.25878500
1.05597200
-0.44803800

0.15862900
-1.71041600
2.03180900
0.20445000

0.40270700
1.47010200
0.08577200
-0.59026300
-0.37775100
0.46095300
-1.30243200
-0.17896500
0.00038700
-0.00439100
0.52094800
-0.59828100
0.48093200
0.97935800
-0.64389000
-1.05601900
-0.09944400
0.89805500
-1.11326500
-0.13812300
-0.02182100
-0.05557600
0.67832700
-0.85194900
0.64077800
1.27556500
-0.87429800
-1.47328700
-0.12717100
1.21371600
-1.49179200
-0.15363900
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M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -787.5170198
Enthalpy = -787.214344
Free Energy = -787.275482
MO06-2X/def2-TZVP

Electronic Energy = -787.7693246

ITITOIOITIOOOOIIITOIOIZTOOOOIIIOZIOIZIOOOOZO

f+

0.54899000
-0.20181300
0.04599900
-0.84826600
0.46496400
-1.32209900
-1.17045600
-0.02604500
1.16693900
-0.91791100
-2.00976300
0.29230100
-1.29389600
2.02640900
2.54578800
2.90745400
3.91892700
1.86099700
4.28288800
2.52052600
4.79156800
4.31069700
4.95568100
5.86323100
-1.60617200
-2.23063500
-2.38760600
-3.61975200
-1.62310800
-3.77702100
-1.89424800
-4.40016000
-4.09346400
-4.37412000
-5.48254100

-0.35694100
-1.39532300
1.05399100
1.47719300
1.95690100
2.78741800
0.77992200
3.26142200
1.63380200
3.67924500
3.11052000
3.95216100
4.69787100

-0.56925300

-1.77590800
0.41056300

-1.99862300
-2.53020600
0.18099600
1.34933700

-1.02096500

-2.93355500
0.94305600

-1.19609100
-1.31803500

-0.71949600

-1.94777800

-0.72913300
-0.25442400

-1.93546300
-2.43307900

-1.32717700
-0.26484300
-2.41274600
-1.32820500

MO06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -787.9606211
Enthalpy = -787.643553

-0.06495400
-0.09206900
-0.07372000
-1.06302200
0.90934600
-1.06464000
-1.83150100
0.91812300
1.67387300
-0.07030300
-1.84015800
1.69298800
-0.06799300
-0.04317400
0.44603400
-0.51776100
0.45706000
0.82036400
-0.51643500
-0.90263100
-0.02657500
0.84610400
-0.89760800
-0.01898000
0.01448900
1.11742700
-0.96150700
1.22157200
1.88873600
-0.86011400
-1.79889600
0.23091900
2.08167200
-1.63167100
0.31359100

S176



Free Energy = -787.704261
M06-2X/def2-TZVP

Electronic Energy = -788.2133491

ITITOIOITOOOOIITITOIOITIOOOOIIIIOZOZIOOOOZO

g

0.56006800
-0.29533000
0.11480300
-0.88599500
0.72647500
-1.26993300
-1.34163900
0.31194200
1.50517700
-0.68093400
-2.02923300
0.76968300
-0.99330700
1.98972300
2.42634700
2.92444100
3.78133200
1.71462800
4.27641000
2.58952000
4.70501100
4.11866800
4.99598200
5.76284500
-1.71972100
-2.28836800
-2.49579500
-3.67212000
-1.66022400
-3.87978700
-2.02172000
-4.46795700
-4.12815800
-4.49546500
-5.54611400
0.09102300

-0.28027700
-1.26730500
1.11989100
1.56156800
2.01889400
2.89629200
0.86904200
3.34718300
1.67382500
3.78558100
3.24444300
4.04023000
4.82509100

-0.60785600

-1.79166000
0.26653400

-2.09699900

-2.44850100

-0.05655000
1.17741500

-1.23369800

-3.00097300
0.61118500

-1.47634500

-1.24195300

-0.56922600

-1.95251300

-0.59060600
-0.04491900

-1.96691100
-2.47529100

-1.28292300
-0.07213200
-2.51180300
-1.29595400

-2.19281000

MO06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -856.3600203
Enthalpy = -856.128297
Free Energy = -856.190531
MQ06-2X/def2-TZVP

-0.10394100
-0.19840000
-0.07615900
-0.95539100
0.80827500
-0.94299400
-1.65685100
0.83588500
1.48168500
-0.04021300
-1.63530500
1.53392700
-0.02598900
-0.05301400
0.56654100
-0.63123200
0.59786100
1.05968600
-0.61015900
-1.11734400
0.00504500
1.09391300
-1.07203600
0.02939200
-0.02795900
1.05254500
-0.93998600
1.19878300
1.76610300
-0.77956200
-1.76558400
0.28393700
2.03580000
-1.48761500
0.40680900
-0.38736900
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Electronic Energy = -856.6724508

C
O
C
C
@)
O
@)
C
H
H
H
C
H
H
H
N
C
C
C
C
H
C
H
C
H
H
O
H

+

g

-0.96644800
-1.18581500
-1.27942200
-2.75784200
-3.55939100
-3.05851400
-0.43016100
-0.04769000
0.72568700
0.34122300
-0.91487000
-4.45419400
-4.51794900
-5.02383500
-4.82648100
-0.43695800
0.95558200
1.57577500
1.74743500
2.96120100
0.98899900
3.12665300
1.26128300
3.73672000
3.43906900
3.74428100
5.09045400
5.40211500

1.38859100
2.04671300
-0.09559200
-0.38032300
0.50900000
-1.66088600
1.84299800
3.22923800
3.39905700
3.42700300
3.85865600
-1.98231900
-3.05931100
-1.46023800
-1.70448400
-1.04175200
-0.82701000
0.09176900
-1.64682300
0.21520200
0.68169700
-1.50402400
-2.38375700
-0.56980700
0.91438300
-2.12005700
-0.48257900
0.18393600

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -856.7783108
Enthalpy = -856.532411
Free Energy = -856.5943
M06-2X/def2-TZVP

Electronic Energy = -857.0922783

I O000OOO0OO

-2.75063500
-3.63230500
-1.31077200
-1.08791200
-1.37608000
-0.58693100
-2.86209700
-4.20417600
-4.62947800

-0.45843900
0.34809100
-0.01390000
1.47999500
2.07963800
1.95765700
-1.76883900
-2.30118400
-1.99535000

0.19285600
1.18159000
0.09062000
0.01712100
-0.17288000
0.15307200
-0.93077900
-0.92681500
-0.17409000
-1.92360500
-0.71963700
0.04165500
0.18442800
0.81307900
-0.94641900
0.01854600
0.06745500
0.92364500
-0.74824000
0.93282100
1.62115900
-0.76695700
-1.38018000
0.07596300
1.61448900
-1.41254800
0.03510400
0.66391600

0.02695000
-0.11762100
0.11009500
0.22666900
1.22848700
-0.88919000
0.09983500
-0.02241300
-0.97879600
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h

-4.08863100
-4.81374900
-0.32585900
0.09663900
-1.26109900
0.38516700
-0.36486200
1.03891100
1.65959600
1.79352000
3.03920600
1.09653200
3.17025100
1.29363700
3.79763400
3.53243300
3.77474300
5.13781900
5.48047900
-0.67447000

-3.38082600
-1.93510300
3.38212500
3.58221400
3.92568900
3.63188600
-0.88283600
-0.72493200
0.37352800
-1.74811400
0.46347800
1.12850300
-1.65110700
-2.60299700
-0.54005000
1.30096600
-2.42365900
-0.49893000
0.29815200
-1.85895800

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -859.5424924
Enthalpy = -859.272704
Free Energy = -859.336326
M06-2X/def2-TZVP

Electronic Energy = -856.6724508

TOITOIOOOOZIIITOOOOO

-0.42955000
-0.63569400
-0.87750300
0.20026900
0.75673000
1.50539200
1.21947800
-0.03015100
-0.05243200
1.34364900
1.95707100
2.14647700
3.34444300
1.35747700
3.52712100
1.67104800
4.12984300
3.81321900

1.35106300
2.02225100
-0.09874400
1.77356500
3.09688200
3.13986000
3.27264000
3.82960300
-1.06636700
-0.87246500
-0.13164800
-1.52285600
-0.00751100
0.32432000
-1.38354200
-2.12594000
-0.62169900
0.55940600

0.02630900
0.80467200
-0.90700100
-1.88846100
-0.76647200
-0.11765800
0.04546600
0.08446600
0.69118300
-0.50552000
0.66917900
1.22924500
-0.53573400
-0.95253600
0.04569400
1.15344200
-0.99739700
-0.00796300
0.42529300
-0.06569000

0.18444000
1.16958500
0.04395000
-0.90464600
-0.83210000
-0.03747900
-1.80128800
-0.64315900
-0.06425400
0.01182800
1.02851800
-0.93463300
1.07266600
1.81106300
-0.90816600
-1.70240600
0.09708500
1.87343000
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ITITTOIOITOOOOITOIT

h+

4.15076800

5.48784100

5.79027200
-2.33993800
-3.24428400
-2.82635100
-4.61528600
-2.88897200
-4.19427200
-2.12167700
-5.09262900
-5.30840500
-4.56301100
-6.16087400

-1.87066300
-0.52973100
0.01030200
-0.34230100
0.71316800
-1.64960200
0.46372100
1.73415700
-1.89382700
-2.46309500
-0.83783900
1.28777800
-2.90825000
-1.03102000

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -859.974468
Enthalpy = -859.690192
Free Energy = -859.753167
M06-2X/def2-TZVP

Electronic Energy = -860.2738715

OOOIOIITOITOIOOOOOZITITOOOO0OO

-0.46556600
-0.74436800
-0.92105700
0.21324400
0.75528800
1.44742200
1.27719700
-0.05401400
-0.02155300
1.39657600
1.97650400
2.18190800
3.35908200
1.36903400
3.56054800
1.71274600
4.15109900
3.82209700
4.19205500
5.49861600
5.80746100
-2.34414400
-3.24471200
-2.82541400

1.38594400
2.02320700
-0.05663800
1.79693600
3.13404000
3.19118700
3.29263800
3.85553300
-0.98019000
-0.84772600
-0.08714200
-1.52441500
0.03471200
0.38025200
-1.40453500
-2.12372100
-0.61621100
0.61758800
-1.91198300
-0.53442400
0.02614800
-0.34149000
0.69496600
-1.63252000

-1.65099200
0.08520100
0.82878500
0.04060900

-0.12901700
0.18365700

-0.16411100

-0.23790600
0.15372700
0.32207300

-0.02169900

-0.30067800
0.27042900
-0.04375000

0.21086000
1.19403700
0.03237600
-0.83886700
-0.75357500
0.08890900
-1.69427100
-0.63119700
-0.12325800
-0.02034200
0.99415000
-0.95566200
1.04566400
1.76360900
-0.90158100
-1.73027500
0.09400400
1.83699000
-1.62277300
0.09481400
0.82207200
0.04430600
-0.25927700
0.32872500
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M06-2X/6-31+G(d,p)[LANL2DZ]

-4.60719400
-2.88503900
-4.18895100
-2.14980400
-5.07840300
-5.30042600
-4.56248000
-6.14447300
-0.35421300

0.43108200
1.69716900
-1.88171400
-2.43060300
-0.85407800
1.22768000
-2.87315800
-1.05591600
-1.92290200

Electronic Energy = -781.9226814
Enthalpy = -781.705427
Free Energy = -781.761285
MQ06-2X/def2-TZVP

Electronic Energy = -782.1880985

O0OIITOIOITOOOOZO0O00IIIIITOOOOOO

+

1.97349400
2.43040200
3.79074500
4.68344200
4.22557600
2.86383900
4.13833300
5.75142200
4.94826900
2.50457500
1.28114600
0.48880000
0.02484500
-1.12447800
-2.33175700
-2.57769800
-3.34648900
-3.82389300
-1.80136400
-4.57750100
-3.14990500
-4.82120800
-4.01606900
-5.35371000
-5.78855500
1.31581400
-0.19882800

-0.70917800
0.59919700
0.88504300

-0.17621300

-1.48802300

-1.77096800
1.90178200
0.01021400

-2.29194000

-2.78304600
1.53303600

-0.75220800
0.68437600
1.21985900
0.49311000

-0.57648600
0.96101300

-1.19449500
-0.90483600
0.31140500
1.81989700

-0.76432100
-2.01830100
0.65993700

-1.25684700
2.73388200

-1.71983300

-0.31224300
-0.47278700
0.28448900
0.62282500
-0.04232500
-0.55892900
0.51706300
-0.07438700
-0.34132400

-0.13146500
0.07187900
0.14581100
0.01339600

-0.19100100

-0.26914200
0.29936100
0.06668600

-0.28942000

-0.42774200
0.16555500

-0.17585700
0.05484400
0.07698300
0.06076200
0.93028700

-0.78272400
0.92276100
1.61401000

-0.81008000

-1.41737600
0.04476200
1.60334300

-1.48427900
0.03806000
0.30805200
-0.41308400
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M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -782.3447851
Enthalpy = -782.113927
Free Energy = -782.169294
M06-2X/def2-TZVP

Electronic Energy = -782.611715

OOIIITITOIOITOOOOZOO0OO0OIIITIITOOOOOO

Xyz coordinates and thermochemistry in DCM solvent (Hartree and A)

1

-2.45088600
-2.11233800
-3.09409600
-4.42301600
-4.76019900
-3.77778500
-2.83095500
-5.21624600
-5.80678700
-4.03240500
-0.64744000
-1.23290300
-0.07292700
1.11783500
2.40312800
3.43331800
2.63834600
4.71723800
3.22080100
3.93289600
1.84188200
4.96544800
5.52331400
4.13769500
5.97172700
1.13745900
-1.07472500
-0.03578100

0.64251400
-0.71542800
-1.69265000
-1.27583700

0.08030800

1.06023800
-2.73897600
-2.01095200

0.36577100

2.10931300
-0.91997400

1.45748000

0.47821600

0.95416200
0.35852700

1.15614100
-0.92382900
0.63255100

2.16033400
-1.42400600
-1.50375200
-0.65728100

1.23160300
-2.41404800
-1.06145200

1.98749300

2.65170800
-1.94499600

MO06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.863765
Enthalpy = -2102.470988
Free Energy = -2102.576991
M06-2X/def2-TZVP

Electronic Energy = -7225.570052
-0.16069200 2.63123700 -1.01492100
0.85703400 1.99088600 -1.25572300
-0.98240900 2.31421200 0.22267300

C
@)
C

0.06857200
-0.07787900
-0.20428500
-0.17074600
-0.02335600

0.09730000
-0.32003800
-0.26021400
-0.00436100

0.20672800
-0.09304300

0.15392000

0.08593000
0.08396000
0.05891700
-0.45431600
0.56231200
-0.51489900
-0.81067000
0.50496300

1.00935700
-0.04059600
-0.92398200

0.89742800
-0.08117000
0.10320200

0.25040300
-0.26549700
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-2.16562600
-2.28509700
-2.97711800
-0.62659000

0.08805400

0.12077700
-0.48429600

1.09762600
-4.16878500
-4.73573100
-3.90252800
-4.73383900
-0.48422000
-1.08153400
-0.24895100
-0.75691500

1.16167500
-0.78037200
-1.86918900
-0.31562100
-0.43166400
-1.80030000
-1.61088900
-2.96047500
-2.47687400
-0.74674900
-3.84652300
-3.18283300
-3.59532800
-2.27855700
-4.71951800
-4.26532200

-0.40271900 -2.08578700

-0.76745500

1.62539700 0.61648200

1.80772400
1.75859000
2.45827100
2.31672000
1.27470600
3.03235200
2.52475000
2.95961700
2.24967100
3.52286500
3.39204000

3.15845300
4.30444500
2.50002500
3.58183600
3.84618300
2.93665400
4.62623800
4.18667500
3.20680200
2.50014400
4.08870400
3.50064300
1.29255500
0.82009800
-0.56514700
-1.67173600
-0.22926300
-0.67228800
-0.75606900
-1.57599300
0.22319300
-0.64622800
0.20856600
-0.38622100
1.26343800
0.06835400
0.65628100
-1.00583100
1.50336500
1.90625600
0.82303700
2.33008200

-4.54494000

-1.36281700
-1.64090800
-2.34334800
-2.79345000
-0.93160300
-3.49355600
-2.20409400
-3.72017300
-2.96609500
-4.21741800
-4.61958400

0.65425000
0.30157900
1.45490400
-1.75659000
-2.98737900
-3.58994400
-3.48304400
-2.75436200
1.84921100
2.45142000
2.43451500
0.96194400
0.79877100
1.92955000
2.37507300
1.56981900
2.22466100
4.04070400
4.03693700
4.44472300
4.55855600
-1.28539900
-2.39322100
-0.52404500
-2.69774200
-3.04326700
-0.81305900
0.34661800
-1.89384000
-3.55337200
-0.18537300
-2.11628200
-0.55970900
-0.49065700
0.12659100
-0.71359600
-2.10307300
0.07438900
-2.66493900
-2.77446900
-0.47171500
1.15333800
-1.84533500
-3.73557600
0.17326700
-2.27424700

S183



Br

(PhMgBr),

3.39074300 2.09000300 1.06389500

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -889.6841435
Enthalpy = -889.481631
Free Energy = -889.550929
MO06-2X/def2-TZVP

Electronic Energy = -6012.004722

TTITOTOITOOOOWIITITOITOTOOOO

TS1

1.81200500 0.04983700

-0.17222800

0.06546400 -1.78725000 -0.87624700

-1.36714100 0.34118700

-3.46851100
-4.22486400
-4.21039100
-5.62251400
-3.72000300
-5.60748900
-3.69197700
-6.31958200
-6.16641500
-6.13997000
-7.40533600
3.99538300
0.45164800
-0.00008400
0.07876100
-0.75086100
0.24507000
-0.66420500
0.37945500
-1.07988700
-1.07552800
-0.92437100
-1.66540700

0.36448300
-0.77340700
1.52689400
-0.75990800
-1.70850000
1.55925600
2.44511400
0.41105600
-1.66066800
2.47766700
0.42901500
-0.87251300
1.71947300
2.25944700
2.44162200
3.43941900
1.75422400
3.62275700
2.07412400
4.12250800
3.81952700
4.14931000
5.03578600

MO06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.841188
Enthalpy = -2102.450158
Free Energy = -2102.554225
MO06-2X/def2-TZVP

Electronic Energy = -7225.552801

C
C
H

-3.49347500
-3.62356600
-2.61413500

-0.53317900

-1.60514500

1.41118300

-0.34523300
-0.36341700
-0.71004500
-0.06693400
-0.76234100
-0.95274200
-0.11314900

0.20880200
-0.46284800
-1.03638100

0.12229300
-0.50191500

0.43020000
-0.16913700
-1.40184800
0.99120100
-1.47534300
-2.33733900
0.93031500
1.97037200
-0.30570600
-2.43952000

1.84422000
-0.35440000

4.01059800
3.12848000
4.33336000
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-2.70633600
-2.95965400
-2.14656200
-2.05437200
-3.08143900
-1.48056300

0.56511000
-1.58539600
-0.49830800

0.57591400
-2.43659000

1.47032600

3.65788300
1.89567700
1.54979600
2.42203700
1.22731900
2.15609800

-0.60950300 -1.19095000 0.03214800

2.36119000 -0.48930800

-4.24272800
-4.01529500
4.36081800
5.10428200
5.04248500
6.43218500
4.64401300
6.36949600
4.53194400
7.06962000
6.96906600
6.85781000
8.10154300
1.23023900
1.05352800
-2.29632000
-3.47685600
-1.36952100
0.02231200
0.60183700
0.59122100
-1.67795900
-2.50202000
-2.94086100
-1.83293300
-3.29129600
1.94601500
2.17668500
1.99377100
2.62017600
-1.75840500
-3.02530000
-3.13006600
-2.17188400
-2.54877400
-2.50711400
-3.26096100
-1.55361000

-2.45839700
-0.54462400
0.14704700
0.42413300
0.33923200
0.86188700
0.29325000
0.77613000
0.13932500
1.04125900
1.06132700
0.90741800
1.37932200
-2.31980000
-1.37187900
2.88481300
2.77828600
1.71864900
1.72109500
0.61984500
2.86498700
4.02170500
5.19981800
5.33161700
6.02513100
5.12048900
2.85370000
3.89623300
2.25985600
2.45588100
0.48011300
0.32093200
-1.17391500
-2.04634400
-0.83380100
-1.79085300
-0.15093300
-0.39050200

-0.02577100
3.39300200
4.96297600
0.04731800
-1.11841700
1.26702900
-1.07859300
-2.09807300
1.32771500
2.20968300
0.14967000
-2.00294500
2.29043400
0.18871700
1.48963700
-2.11720400
-0.32291000
-0.08027100
-0.34871200
0.09253900
0.28463300
0.32174500
-0.61665300
-0.59461600
0.39621800
-0.82969500
-1.34484300
0.82826800
1.03382100
1.74355700
0.06665400
-0.57089900
-1.07861100
-1.81102200
-1.11229800
-3.43910000
-3.96531800
-3.90566300
-3.35489800
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@) -4.53055100 -1.49734600

2

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.947961

Enthalpy = -2102.554244

Free Energy = -2102.656923

M06-2X/def2-TZVP

Electronic Energy = -7225.657763
-2.41170700 1.16559800
-1.39783700 1.90056100
-2.58366700 0.10480800
-3.86691500 -0.44220500
-4.97146100 0.05793200
-3.81737200 -1.52175700
-3.43659000 1.40634500
-3.17971800 2.39902700
-2.28465600 2.12119800
-4.05950100 2.37052800
-3.05727300 3.38813600
-5.07073200 -2.05527200
-4.80509300 -2.91399200
-5.60074300 -1.30852400
-5.68353400 -2.36469400
-1.41461700 -0.36625100
-1.41953400 -0.04717400
-0.13751400 0.88925600
1.09097900 0.25176500
-0.39208800 2.24138400
-0.32682800 0.94630500
-0.17835700 -0.06323500
0.44592500 1.62407100
-1.32391400 1.32655500
-1.01908300 -1.72697900
-1.06484000 -2.21851900
-0.55300700 -2.53692900
-0.65271300 -3.52128300
-1.41680700 -1.58186100
-0.14327100 -3.84119000
-0.51356100 -2.16896400
-0.19095300 -4.34314600
-0.69116800 -3.89193000
0.21341500 -4.46557800
0.12919400 -5.35861000

g -1.32452000 3.31059600

0.02073500 5.19757000
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=

-1.77946800

-1.57165300
-1.64264500
-0.66060500
-0.32240400
-0.63848400
0.43601000
-2.43777400
-3.46714200
-4.02194700
-4.10743600
-3.01832500
0.89908500
1.51251600
1.49291800
0.05120600
-0.02913300
1.38341200
1.72661100
1.31482800
1.18896600
3.47501900
3.86129100
3.84538800
3.70219000
-0.22937800
-1.53898900
0.80647200
-1.80131200
-2.34453200
0.52635200
1.82401700
-0.77181200
-2.82108900
1.34005100
-0.98128400
-0.23991000
-1.01461000
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TS2

-5.12131400 1.96091000 -1.20732900

-4.01785400
-4.06972300
-3.33421700
-3.51377400
-4.57338100
-2.74387300
-3.26267700
-2.84437300
-3.58214300
-2.21724800
-2.38961300
-6.96816600

3.44916500
4.80856600
3.21899400
5.84815000
5.07189200
4.25196400
2.20046800
5.57276900
6.87208700
4.02027200
6.37414000
2.43861300

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.924036
Enthalpy = -2102.531883
Free Energy = -2102.633016
MQ06-2X/def2-TZVP

Electronic Energy = -7225.634964
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0.92590800
1.28483400
1.59006900
1.22821700
0.27963700
1.97060400
-0.19952200
-0.69645400
-1.04881800
-1.51185600
0.10278900
1.63157800
2.33517800
1.74822600
0.60522500
2.55309600
2.00125700
1.33706700
0.10093600
2.24806600
0.84189400
0.19871300
0.30414400
1.74638800

-1.40915800 2.01303800

1.16293300
0.72401300
0.94439200
1.57338800
2.37669500
1.20981100
1.98466000
2.40945300
1.54756300
3.09909800
2.91635500
1.77319500
1.32904400
2.85806500
1.51328900
-0.02164000
-1.34435600
-2.34978900
-1.71332800
-2.84568700
-3.63430700
-3.20655700
-4.37415400
-4.06728400

-0.09114300
-0.49137000
1.13033000
0.25729100
-1.42092800
1.88647000
1.51785700
1.45151000
-0.09895100
2.80885300
2.02518700
-2.76332100

-1.76379300
-2.82971600
-0.48374200
0.75494600
0.92358400
1.78806100
-1.71822500
-3.01250200
-3.57890600
-2.79908400
-3.55263800
3.06613600
3.76776600
3.04333600
3.33418900
-0.53571300
0.31435200
-0.67625800
-1.22868600
-1.68690800
0.43282800
1.20538800
-0.16525200
0.86370500
-0.04115800
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-3.04611800 3.82920200 -0.32358200

-1.76570700 -1.35178900

-2.06489600
-3.44600700
-1.19733900
-3.92787700
-4.16890900
-1.66618800
-0.11815200
-3.03596100
-4.99521400
-0.96699400
-3.40765200
-2.97611300
3.87297500
4.41453000
4.68241800
5.75154600
3.79628600
6.01292300
4.27525600
6.55725900
6.15903900
6.62757800
7.59639300

0.13461400
0.03872500
-0.55410900
-0.66170800
0.53523100
-1.26735100
-0.53096000
-1.31894100
-0.70314700
-1.77677800
-1.87472600
-3.48741900
0.14320500
1.43418700
-0.96066500
1.61125000
2.29083200
-0.76595500
-1.96263300
0.51694100
2.61715100
-1.63044000
0.66082300

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy =-2103.038903
Enthalpy = -2102.643971
Free Energy = -2102.749631
M06-2X/def2-TZVP

Electronic Energy = -7225.75384

TOIITTOOOOOOOO

-0.29540000
0.65218200
-1.70471700
-2.82321900
-2.97983800
-3.53947800
-0.20194200
1.11815300
1.53638400
0.95465000
1.74388900
-4.67191000
-5.12765100

-1.77377700
-0.98406200
-1.26333400
-2.25033100
-2.73509300
-2.48204500
-3.04496200
-3.64470700
-3.47689600
-4.70488600
-3.20976600
-3.35995900
-3.43528700

-0.71751800
0.85822400
1.15670800
1.74679200
2.26415000
0.51110600
2.85359000
1.57990600
3.11112500
2.46061000
3.51103800
3.96695600
-0.65831800

-0.03496700
0.01382500
0.25589500
0.36143100

-0.23279700
0.61727200
0.20559100
0.67317400
0.39295800
0.84931100
0.95128000

-0.85591500
-0.72866400
-0.78957000
-1.07231600
-2.16611500

0.00694600
-1.01169100
-0.95651900
0.03861300
-1.13142800
-1.73602900
-0.16338200

0.82120500
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-5.36873000
-4.33453500
-1.83071100
-0.45223700
0.44212200
1.87513100
0.01644700
0.44179800
0.77623900
1.12143500
-0.57957400

-2.92151800
-4.33792600
-0.04646900
-2.00684000
-0.94095200

-1.18388400

0.42523100

-0.88217900
-1.85495200
-0.08921300
-0.67577300

-0.88070700
-0.51048500
-0.44602700
1.85179300
2.31704300
1.90742500
1.85101200
4.07991700
4.44380300
4.39456100
4.40340600

2.57796800 -0.61430500 0.13280700
4.42518200 -2.00090700 -0.70738200

0.09537100 1.11578000

2.33845100
2.67791100
2.71677600
3.33381500
2.42093700
3.37925000
2.48038800
3.68516200
3.57266200
3.65306700
4.19736100
-0.89172200
-3.12355800
-4.09431900
-3.37550300
-5.34510100
-3.86241100
-4.63826000
-2.59341900
-5.62165300
-6.10026000
-4.84972200
-6.59903000

1.50939500
1.95482700
2.36281800
3.16483500
1.33952400
3.57350100
2.07952700
3.97584900
3.47501400
4.20277500
4.91865900
3.37747100
0.52535500
0.43255300
1.19560100
1.00627600
-0.04418800
1.73621800
1.26961800
1.64631500
0.95481600
2.24335200
2.08788700

-0.04627300
-0.22130300
-1.51956400

0.83930200
-1.75100300
-2.38300100

0.62952800

1.86565600
-0.67095700
-2.76465000

1.47208100
-0.84265200
-0.39967100
-0.27731500
-1.27638200

0.92090300
-1.05750600
-2.22481500

1.13821700

1.67037700

0.15049700
-1.83535600

2.07413800

0.31777300

OMs anion
MO06-2X/6-31+G(d,p)[LANL2DZ]
Electronic Energy = -663.7433089
Enthalpy = -663.686466

Free Energy = -663.720625
M06-2X/def2-TZVP

Electronic Energy = -663.9331943

@) 0.55525700 1.35778100

-0.45034500
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0.15494600
0.55038300
0.55747300
-1.63707500
-1.98850200
-1.98618200
-1.98690600

0.00004000
-1.06908000
-0.29069300
0.00174800
0.21416000
-0.98089400
0.77154500

CsHs anion
M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -231.5956457
Enthalpy = -231.502977

Free Energy = -231.535702
MQ06-2X/def2-TZVP

Electronic Energy = -231.669802

TS3
M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1670.861154
Enthalpy = -1670.432313

Free Energy = -1670.535777
M06-2X/def2-TZVP

Electronic Energy = -6793.459861
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3.60761900
3.67106900
2.81088700
2.84596400
2.96667300
2.17933400
2.15234800
3.03892100
1.60326900

-2.81903900
-3.22876600
-1.37241800
-1.70396300
-2.52479900
-1.42237300
-1.00249400
-2.85191400
-0.09874300

-0.00021800

-0.95262100
1.39988800
0.00299200

-1.00829500
0.32528600
0.69317500

-2.81241400
-1.47880000
-4.20089900
-3.16690500
-0.49689100
-0.85463100
-2.17634200

0.53959700
-2.46141500

0.41493300 -1.17369100 0.48000500
-0.50784200 0.27765000

-2.49962500
4.27131500
4.16484700

-4.43236200
-5.00356100
-5.22698700
-6.27484500
-4.44914700
-6.50008600
-4.85104600
-7.02818600
-6.67733500
-7.07952400

-4.09138800
-3.35870200
0.28755600
1.12861000
0.04603800
1.69428900
1.35635900
0.60140900
-0.59899800
1.43179700
2.33728600
0.38632800

-1.20189400
-3.57260900
0.07497100
1.05169200
-1.06508600
0.90769500
1.96234700
-1.22703200
-1.85980700
-0.23716700
1.68677200
-2.12172600
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-8.01677000
-1.46461800
-1.11740000
2.24660600
3.37187000
1.32572600
-0.06599800
-0.73321200
-0.57009400
1.70426000
2.52711900
2.76874300
1.93199300
3.44597600
-1.94674200
-2.12899900
-2.07721900
-2.60279000
1.71233700
2.90094600
2.67246600
4.19835000
3.75141700
1.65330100
5.26784200
4.35884800
5.05094600
3.57044300
6.27712100
5.89117300

1.86700500
-2.78354500
-0.63089600
2.42636600

2.16117400
1.42154400

1.30101700
0.29824000
2.19986400
3.63926500

4.65810200

4.39477100

5.56875200

4.77982800

2.04201800
2.85960500
1.07845100
2.12485500
0.48233800

0.60337200

0.91077400

0.39637600

1.03948700

1.05565000

0.50862800

0.14622400
0.83467300

1.28911700

0.34098800

0.92233800

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1902.64924
Enthalpy = -1902.121648
Free Energy = -1902.241446
MO06-2X/def2-TZVP

Electronic Energy = -7025.320058

oNoNoNONONONS

-1.13852400

0.10089300
-1.83418200
-1.15773500

0.07796700
-1.96825000
-1.93058400

0.14972300
0.15067300
-0.21658800
-0.64976700
-0.78183000
-0.95202000
0.52565200

-0.35558600
-0.49474200
2.54607100
-1.08858900
-1.45243500
-0.48014400
-0.88304700
-0.49995600
-1.67543500
-1.15227900
-1.74314700
-2.77506900
-1.71064800
-1.16627900
-2.08711400
-2.78049900
-2.58428900
-1.21829800
0.36456200
1.16291000
2.50790700
0.69272000
3.38073400
2.85523400
1.57920800
-0.34884100
2.91883500
4.42150800
1.21615000
3.60059100

-1.18507600
-1.35236500
-0.00697700
1.15969300
1.31172700
2.18402800
-2.19881500
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-1.26960200
-0.66844300
-2.06839600
-0.63009700
-1.33257800
-2.14552300
-0.74882000
-0.67969600
-3.25266200
-4.00260200
-3.45883600
-5.28334900
-4.18220600
-2.46581900
-6.00031200
-5.71040800
-5.46007800
-3.73857400
-6.98653100
-6.02113400
2.01765400
1.99029100
2.11134700
3.31264100
0.92474200
3.33783300
4.26722500
0.92532400
-0.03909900
2.13806600
4.28571700
-0.01332600
2.14957200
2.97836800
3.06138800
-3.85901500
-5.02298400
-3.26599000
-5.58402000
-5.47826700
-3.82906100
-2.36153100
-4.99366800
-6.48171500
-3.35316800
-5.43096200

0.93837900

0.12407400

1.20478700

1.80346000
-1.37777500
-1.57437700
-2.28546300
-0.59283200
-0.14363000
-1.31760300
-2.39336000
-1.46692900
-3.57267500
-2.30524700
-2.64624200
-0.66051500
-3.71000200
-4.38771200
-2.73725900
-4.62949400

-3.40020000
-3.81097400
-4.09131900
-3.20961800
3.39441400
4.09218000
3.22631600
3.78334300
0.00130800
-0.19762200
-0.91781700
0.36261300
-1.08404000
-1.34623600
0.18291200
0.95022600
-0.54288500
-1.64905200
0.62954100
-0.67633500

0.45500800 -1.27097500
-0.42101800 1.26373200

1.73832900
2.42191600
2.46482600
3.72680400
1.92012700
3.77084600
1.99765900
4.40373500
4.21533800
4.29224100
5.41866200
1.27652500
-0.94075000
1.12205300
1.46140600
2.09032100
2.72860700
0.73263900
3.35958700
1.84496800
3.68894500
2.97082600
4.09219500
4.67792200

0.57826200
0.86935500
0.82224000
1.36712100
0.70584700
1.32099900
0.61266600
1.59564100
1.57801200
1.49338700
1.98406300
-3.40597300
3.44769200
0.15188700
-0.55606500
0.97558400
-0.42473800
-1.21944400
1.09276800
1.52393100
0.39938600
-0.98667600
1.73864300
0.49347600
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4.54593900
3.64438500
2.27309900
1.81452700
2.68715200
4.06561100
5.61533600
4.00962600
1.56688300
0.73767200
4.79558500

-3.08418900
-4.09285500
-3.86379000
-2.62485300
-1.57629600
-1.85625200
-3.25713500
-5.05195800
-4.64603100
-2.46895800
-1.09010500

SN2 TS
M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.801248
Enthalpy = -2102.41131

Free Energy = -2102.517365
M06-2X/def2-TZVP

Electronic Energy = -7225.516234

C-attack TS
MO06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2102.841896
Enthalpy = -2102.450442

Free Energy = -2102.55583
MQ06-2X/def2-TZVP

Electronic Energy = -7225.552574
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2.27526700
3.17112100
0.29326700
0.99539800
2.77948400
1.50125100
0.61840300
3.51546900
-0.38631800
1.88232200
-2.07100200
4.17214500
2.57044400
-0.47610700
1.99318400
2.66513800
0.58295900
-0.19581100
-1.33558600

4.00776800
3.31909500
4.01802600
3.49038300
2.12213700
1.57248000
2.29202300
1.61701000
1.91821700
-0.59688500

-1.13323500
-1.47968800
-1.36400700
-0.90596800
-0.54130800
-0.67241400
-1.22290500
-1.83720400
-1.63093200
-0.82750600
-0.40746000

-1.61924500
-0.80488700
-2.47411500
-1.83478400
-0.19687100
-0.40587300
-1.22997100
0.42828900
-1.41804900
-0.81659400

-0.14636900 0.22722100

3.70749800
4.94243100
-1.05138200
0.17951800
-0.58711300
0.48063600
1.76085100
1.77829900

-0.64043600
-2.08694900
-1.82332000
1.86774800
1.18061000
1.44441100
1.53673800
1.07746500
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0.40632600

2.37938800

3.74379100

4.43117400

3.88282000

3.85125700
-0.28925900

0.38491200
-0.47301600
-1.22810900
-0.28564700

0.27282800
-0.95686300
-2.14127800
-0.41550500
-1.17133400
-1.40039900
-2.00925500
-0.24762000

3.72123600
-4.02510800
-4.85578700
-4.58460800
-6.14642800
-4.49024700
-5.87312600
-4.00002400
-6.66100900
-6.74929100
-6.26145000
-7.66259600

Ester Addition TS
MO06-2X/6-31+G(d,p)[LANL2DZ]

2.75630000
0.73957100
0.47311400
0.77537400
1.07650100
-0.58934100
4.02551800
4.72700800
4.31311300
3.94019100
-0.49854200
-1.78832800
-2.89776500
-2.25598400
-4.09749600
-3.04192900
-2.04929000
-3.72534300
-3.44481000
-1.49048100
0.36633000
-0.53999100
1.63961300
-0.21103700
-1.54326000
1.99042900
2.39530500
1.06130200
-0.94345900
2.98594900
1.32575400

Electronic Energy = -2102.828153
Enthalpy = -2102.4371
Free Energy = -2102.540141
MO06-2X/def2-TZVP

Electronic Energy = -7225.537643

oNoNoNONONONS

-0.36992200

0.49807700
-1.59286800
-2.10713500
-1.37845500
-3.40605800
-0.09461600

1.23359500
0.31126000
1.17309700
2.46722500
3.22708100
2.60365400
2.45764700

2.11395600
2.96926600
3.39168400
2.60051300
4.28490700
3.61154600
2.08931000
2.57459800
1.05220400
2.63751900
1.35968300
1.31349200
1.42350400
0.84014700
0.84134100
3.16760000
3.56118100
3.32583400
3.58545700
-2.15695200
-0.37480500
-1.06708700
-0.13997100
-1.49367300
-1.29004200
-0.55760600
0.38559300
-1.23826700
-2.02564100
-0.35443500
-1.56673400

-0.44649100
-0.46002700
-1.33068400
-1.93349000
-2.52070400
-1.75537900
-0.09203700
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1.17749300
1.97262800
1.11315100
1.33430400
-3.99309200
-5.05283700
-3.54526200
-3.83760300
-2.23791700
-1.66065000
-2.71032400
-2.08008500
-4.07502000
-2.35788200
-1.28455300
-2.93648800
-2.68030700
-1.76720100
-3.15890000
-1.30148600
-4.03722500
-3.60558200
-2.16093100
-0.23905900
-3.53749800
-5.10548400
-1.75616300
-4.21162600
-0.53780700
1.55038700
2.33286000
4.14378900
4.75424000
4.80611300
5.93648200
4.30071900
5.98871200
4.39554400
6.55897400
6.37198300
6.46523400
7.47773100
1.13527400

2.70832600
2.61992800
3.72772900
2.01015100
3.78174200
3.72580400
4.67559200
3.77102400
0.13436500
-1.01817700
-2.27800100
-2.66438300
-1.82790700
-3.43639500
-3.63264600
-4.33560400
-2.98653500
0.64596400
0.69120900
1.27661800
1.28535300
0.26914400
1.88555100
1.28446900
1.88887300
1.28544400
2.35166600
2.36227200

0.54290100
-0.20061000
0.91642500
1.36784200
-2.34457900
-2.10626100
-1.90682800
-3.42472200
-1.69506100
-1.15542000
-0.81776000
0.45594500
-0.85331900
-2.09455600
-2.07560900
-1.86580400
-3.03614500
1.43141400
1.22862500
2.60622600
2.13943900
0.32911000
3.52227800
2.83712000
3.29205500
1.94018100
4.41676600
4.00024700

-1.13529600 0.79453900

-0.90477700

-0.54262300

0.44615500
0.47298100
1.17548700
1.17607700
-0.06958100
1.88487100
1.19921700
1.88687500
1.16920300
2.43280200
2.43527500
-2.78744900

2.39885400
-0.11139400
-0.51902000
-1.78981000
0.49066000
-2.04351200
-2.61905300
0.25736500
1.50104900
-1.01643800
-3.03994200
1.06681100
-1.20612800
-0.71455100

tBu-TS1
MO06-2X/6-31+G(d,p)[LANL2DZ]
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Electronic Energy = -2338.642939
Enthalpy = -2338.076387
Free Energy = -2338.195987
MO06-2X/def2-TZVP

Electronic Energy = -7461.423189
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-2.72287300
-2.64829100
-2.37226600
-2.29859100
-2.13872700
-1.68465200
-1.80114900
-2.09220200
-1.52549500

-1.99500300
-3.05765100

0.11333900
-0.72251100
-2.85384100
-1.58561600
-0.52875500
-3.70209300

0.48789000

4.16872300
3.26890800
4.47009900
3.77970900
1.98029900
1.60024000
2.48881900
1.29930500
2.19126300

-0.06818500 -1.84571200 0.00575200

2.57363100 -0.41027700

-2.98743600
-3.12502900
4.47431400
5.06819400
5.21864100
6.31211500
4.55119200
6.46425800
4.82544000
7.01438000
6.73247100
7.00473100
7.98113400
2.03748000
1.44904800
-2.85592800
-3.88834400
-1.62912800
-0.28839800
0.62299200
-0.16163600
-2.64999000
-3.68243100
1.07974600
-1.66471300
-2.86523200
-2.58118700
-1.39151200
2.00907300
2.96111800

-4.04720400
-2.15236300
0.48549000
0.91726600
0.73379300
1.55510200
0.75633000
1.37013200
0.42208000
1.78713300
1.87140000
1.54008900
2.28269800
-2.40684100
-1.62253700
1.56957400
1.15267400
0.72044300
1.13815700
0.26660300
2.38729700
2.76449600
3.81292900
3.02417100
-0.58260200
-1.08745600
-2.53997100
-3.11945100
3.22284400
3.63335100

-0.21690700
3.56395400
5.16523600
-0.25206300
-1.45590500
0.91901600
-1.49682600
-2.40266300
0.89979800
1.88744600
-0.31315100
-2.44859900
1.82800400
-0.33629900
1.41174600
-2.23210300
-0.19202000
0.28480200
-0.28164500
0.11431500
0.19508100
0.43683100
-0.72428700
-0.67483900
0.94737200
-0.47845000
-0.94088800
-1.69677200
-1.04954000
-0.23985400
0.10958600
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2.22214500 2.28426000 -0.75740000
1.56450700 3.91984200 -0.95587900
1.68332700 2.21474100 2.08938100
2.35991600 2.87079000 2.64449200
0.90320800 1.87044800 2.77559400
2.26690100 1.35566600 1.75769500
0.56306700 4.35687400 1.46942900
0.01728400 4.88937700 0.68627300
-0.09675800 4.20631000 2.32895800
1.41191700 4.97039100 1.78289200
-4.00078200 4.14124900 0.77888500
-4.63442700 5.03269300 0.80967500
-4.52873000 3.32427800 1.27398400
-3.07885000 4.35795800 1.32818200
-2.99768800 4.98751800 -1.35955900
-3.67745000 5.84347600 -1.38619700
-2.09263800 5.27656900 -0.81740000
-2.72472300 4.72677100 -2.38641700
-4.91056000 3.37196500 -1.46275300
-4.62125700 3.05826100 -2.47074900
-5.43760200 2.55420200 -0.96963900
-5.59329500 4.22234400 -1.55290100
-2.17996900 -2.04050400 -3.33806900
-1.86941800 -2.93984200 -3.87614200
-3.07824500 -1.60212500 -3.77588800
-1.36241300 -1.31811300 -3.27747800
-3.83293800 -3.24469400 -1.62379600
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tBu-C-attack TS

MO06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2338.650186

Enthalpy = -2338.083019

Free Energy = -2338.202607

M06-2X/def2-TZVP

Electronic Energy = -7461.42953

1.55705000 2.18554800 -3.89500100
2.57507600 1.94592900 -2.97332000
-0.52684000 1.87795300 -4.36284500
0.27399900 1.69083700 -3.65271200
2.30705200 1.20072000 -1.82039700
1.02909600 0.67262700 -1.55910600
0.01791000 0.95830800 -2.49311400
3.13754500 1.01627200 -1.13968400
-0.99577900 0.59623400 -2.33103200
1.33573700 -1.47596100 -1.09430500
-2.32137200 -0.29048700 0.39273200

ZZTTOOO0OOIOO

[(eN{e]

S197



=

OITIOITITITIOITITIOIITIOIOTIOOOONIIITIOOONPNOZO00000O0O0O0OWIT

3.57716900
1.76004200
-1.17602700
1.97924900
2.47997700
0.51897200
-0.18916500
-1.39013100
0.55244100
2.53509200
3.95078100
0.04716100
-0.36688700
0.13897000
-1.07613300
-2.33179000
-0.68947000
-0.95844400
-1.08371200
-1.76633900
0.01760100
2.86471800
-4.34639500
-5.37723500
-4.75864300
-6.71822200
-5.13432900
-6.09385200
-4.01653700
-7.08150500
-7.47832700
-6.36432700
-8.12101400
-0.38129700
-1.24954100
-0.64703700
0.44284200
1.27774300
1.03778300
1.60179800
2.09799100
-1.07394100
-1.97713000
-0.75229500
-1.31227000
4.88436200

2.32563800
2.75770800
-2.15567200
0.22190200
-0.78897000
0.49109000
1.77862600
1.71440300
2.83446600
1.06274100
0.90677000
4.19980700
-0.33671600
-1.57246500
-2.37718000
-1.93156800
-3.76282800
-1.71481200
-0.63224000
-2.16520100
-1.99042400
-2.95873000
0.14763200
-0.80374900
1.41847300
-0.51802000
-1.81054900
1.72638200
2.20492700
0.75407700
-1.28518900
2.72077400
0.98414100
4.23923500
3.60375500
5.27035700
3.92618800
5.05900400
6.10186200
4.99015700
4.74147100
4.55273700
3.97145900
4.39287800
5.61321400
0.98869100

-3.15296400
-4.79574900
-1.28770300
1.04357800
0.55024500
0.77422700
0.45730000
0.19280500
0.55535200
1.84718700
2.32207800
0.23933500
1.26081600
1.69783700
2.48950700
1.87351400
2.43852700
4.11930700
4.05182100
4.70115200
4.52056400
-2.30334600
0.00587600
0.15603300
-0.44685900
-0.12003700
0.49763300
-0.72966800
-0.58891700
-0.56570900
0.00899400
-1.07763400
-0.78372300
-1.21814100
-1.40532200
-1.46980300
-1.86638300
0.47784100
0.25461000
1.52032300
-0.17297400
1.20571500
1.01262300
2.23934200
1.08276500
1.12494700

S198



ITTOIITITOIITTIT

a-Et-TS1

5.91245500
4.77913200
4.70722500
4.06339600
3.29699000
3.97781500
5.04388300
4.11310800
5.12394000
3.96716200
3.39564800

1.00926500
0.12739600
1.91052400
-0.40249900
-0.45612500
-1.27023400
-0.43055800
2.10716000
2.10260400
3.03855400
2.06542100

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1801.252076
Enthalpy = -1800.878633
Free Energy = -1800.973569
M06-2X/def2-TZVP

Electronic Energy = -6923.851938
0.66623900 -0.95103400 0.53733600

ITTOIOITOOOOO0OULWOZITIITOOOOO

2.62763400 1.17592000

2.95705600

1.85838200
-1.66619400
-0.50351300

0.64435100
-0.68254400

0.48571000

0.10682200

1.02561900

1.12916000
-1.26570900
-2.29114200
-1.64202000
-0.27682000
-3.05920800
-4.00450100
-3.44590300
-5.31695600
-3.70755100
-4.75861900
-2.71870800
-5.69666800
-6.04152300
-5.05016900
-6.72000700

-0.48578400
-0.91090200
0.87518100
1.72158600
1.21808900
3.01342200
3.85494500
4.87202700
3.71505600
3.63117100
-0.38994300
-1.32872300
-2.79930100
-2.81687400
1.36437800
0.84978400
2.35560900
1.31489400
0.09422600
2.82021100
2.75330800
2.30038100
0.91162900
3.58504100
2.66267700

1.49788900
0.46206500
0.56266100
3.08750900
3.86693100
2.43173300
3.57127400
3.23831200
3.65414100
2.68405300
4.06255300

-0.41073900
1.66878700
-1.87455300
-0.07829100
-0.04145100
0.15053400
-0.18289200
-0.15066400
-0.22407000
0.78821300
-1.00577600
0.02110700
0.00113200
-0.38703000
0.16639300
-0.05489300
-0.95315100
0.85760800
-0.93199300
-1.67438000
0.87273500
1.55973600
-0.02005600
-1.63262900
1.58580400
-0.00603200

S199



ITTOOIIITIITOIITOIITIOIO

a-Ph-TS1

-0.76284800
-1.83059500
-0.43371400
-0.96713300
0.63723800
-0.20141000
4.05603900
3.93627200
3.86579400
5.49937200
5.73577200
5.66101400
-0.73472900
6.25800400
-2.60028500
-1.56460500
-1.04774200
-2.58938800
-1.00004500

-0.57491500
-0.36843100
-1.75607200
-2.65752000
-1.99043500
0.34474800
2.63864200
3.51306900
3.00685800
2.11553100
1.77488800
1.25523500
-1.56929200
2.86649000
-3.76362100
-2.73076000
-3.63544100
-2.69959800
-1.83661100

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -2106.014245
Enthalpy = -2105.584729
Free Energy = -2105.688285
MQ06-2X/def2-TZVP

Electronic Energy = -7228.716757

OTIO0OO0O0OIIZIZTITIOOOOITOON
«Q

-2.64033000
-2.78420700
-1.97358300
-2.08210100
-2.36825600
-1.79735200
-1.67678700
-2.47655300
-1.27070400

-0.22866900 -1.36929900
2.56413100 -0.28606000

-3.21470100
-2.96779400
4.47319200
5.23027400
5.06801000
6.48818700
4.83672900
6.32385700

-1.33726900
-2.34012600
0.67915600
-0.10807700
-2.11943600
-0.89229600
0.10570500
-2.92784700
1.08275800

-3.29941500
-1.50899300
0.58345300
0.92709000
0.88694000
1.53274300
0.71779100
1.49253700

2.34289000
2.29276000
3.23235100
2.90959200
3.25348400
2.55344900
-0.90973200
-0.25241400
-1.92889300
-0.81261600
0.20298200
-1.47401200
4.27559000
-1.07907300
0.08625100
-2.14715800
-2.47737800
-2.52035900
-2.42402400

4.18990600
3.23229600
457371600
3.83269400
1.91274900
1.56440100
2.51339800
1.19190500
2.23906000
-0.13248400
-0.18706200
3.50743100
5.21090700
-0.04229000
-1.18093400
1.19996800
-1.09526800
-2.17596800
1.30683400

S200



=

ITITTOIOITIOOOOIIITOOOMWOZIITIITOOOOOWWITITIOI

H+

4.54447900
7.03948600
7.03769300
6.74504200
8.01631600
1.72711800
1.33175900
-1.42754000
-0.04250400
0.71182700
0.40335500
1.79208400
1.91185200
2.03847800
2.42255000
-1.66799200
-2.94712000
-2.89056500
-2.83477300
-1.78499900
-4.44579300
-5.21791600
-4.54393100
-4.45178500
-2.43075500
-3.29056400
-2.51929400
-4.22675500
-3.21398600
-3.45201300
-1.85881700
-4.31060800
-4.88408200
-3.50952100
-5.03870800

0.64314000
1.81916800
1.77898100
1.70674500
2.28924200
-2.36344500
-1.19612100
1.39969700
1.56312600
0.54706500
2.78541700
2.95167600
4.01374100
2.36482500
2.66095300
0.09579300
-0.20116400
-1.62415800
-1.32994200
-2.40456600
-2.29387300
-1.59316200
-3.24638600
-2.43015000
2.48697900
2.64682500
3.38645400
3.67753600
1.97307200
4.42058400
3.27800200
4.56630600
3.79181400
5.11025300
5.37167200

MO06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -0.195249401
Enthalpy = -0.192889
Free Energy = -0.205249
M06-2X/def2-TZVP

Electronic Energy = -0.195249401
0.00000000 0.00000000 0.00000000

H

a

2.12507900
0.15397100
-2.00073200
2.28629800
0.22864800
1.23671500
-2.30620800
-0.21438500
0.11273600
0.25178100
0.28991000
0.63156400
0.83537500
1.51935600
-0.21235700
-0.40022800
-0.85207600
-1.70233500
-3.11226400
-1.10955100
-1.22777500
-1.55187500
-1.75397200
-0.14566200
-0.21245400
-1.30903800
0.85903600
-1.32537400
-2.15648100
0.83593400
1.71406300
-0.25343300
-2.18180800
1.67240300
-0.26922200

S201



M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy =-1213.126794
Enthalpy = -1212.938546
Free Energy = -1213.002441
MO06-2X/def2-TZVP

Electronic Energy = -1213.521941

TITTOOOWOZIIIOIIITOOOOOOOO

+

a

-1.17020000
-1.27956300
-0.95823300
-2.19541900
-3.29111700
-1.94190700
-1.21093800
-1.39583200
-0.57807500
-1.38565300
-2.35339800
-3.09716900
-2.70089700
-3.69305000
-3.69603200
0.18401100
1.18962900
2.69202800
2.63781700
3.56570600
2.83087000
3.81219000
2.75600700
2.03726100

1.44577600
1.87281000
-0.02594900
-0.87270700
-0.36376900
-2.15674600
2.14737000
3.56910000
3.98283100
3.97534000
3.76401100
-3.01250400
-4.01939400
-2.93070000
-2.73544300
-0.56784200
0.38050700
-0.30293700
-1.03629200
0.83997700
-1.40838000
-1.88104800
-0.82307500
-2.15350500

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1213.512044
Enthalpy = -1213.310541
Free Energy =-1213.374758
MO06-2X/def2-TZVP

Electronic Energy = -1213.907946

oNoNoNONONONS

-1.01390100
-0.28350700
-0.92244000
-2.12309800
-3.08296200
-1.91202300
-1.96300500

1.46187100
1.99837200
-0.03777800
-0.92828800
-0.48305500
-2.14675800
1.97488100

0.38788600
1.51030300
0.10225800
0.01008200
0.07605600
-0.14497500
-0.72796700
-0.56872100
0.02355100
-1.57741800
-0.08278500
-0.23857200
-0.35056500
0.67198800
-1.10787700
-0.02025700
0.10296900
-0.15824600
-1.40438300
-0.00462100
1.21338900
1.12933500
2.13068300
1.13980900

0.14074400
0.93042100
-0.10157100
0.17506600
0.74171000
-0.25937700
-0.59106500

S202



ITTITOOO0OLWOZITITITOIITIO

b

-2.17800400
-1.26760900
-2.99226300
-2.45482700
-2.97707400
-2.61412400
-3.14706800
-3.87967300
0.18074800
1.24148100
2.74370200
2.55273300
3.70206900
2.68258800
3.60553600
2.64364800
1.80999600
0.28521200

3.40405600
3.93446500
3.63285100
3.62521600
-3.10688100
-4.03824400
-3.20226400
-2.76623000
-0.57011400
0.19441300
-0.34263100
-1.76402200
0.21235400
0.52968000
0.26931400
1.59686800
0.18501800
-1.58953900

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy =-1216.310786
Enthalpy = -1216.084303
Free Energy =-1216.149131
M06-2X/def2-TZVP

Electronic Energy = -1216.691672

OOO0OITIITITTOOCOULWOZITITITOOOOO

0.40039200
0.35388900
0.57468000
0.32505400
0.17380700
1.02423700
0.14544400
-0.75592200
-0.43882800
-1.62713300
-2.92395900
-2.90926400
-2.92968700
-4.16416600
-4.04884300
-5.12241200
-4.05662900
1.93973600
3.03948900
2.14295800

1.62045000
2.11612900
0.13119500
2.27388100
3.70335800
4.13032200
4.06222200
3.94409100
-0.63853300
0.10628100
-0.91130000
-1.44374400
-1.83167100
0.33122400
1.05899600
-0.18685000
0.78951900
-0.42384900
0.43314500
-1.79780000

-0.45131200
-0.73320300
-1.13361000
0.58007600
-0.02834700
-0.45455500
1.04439300
-0.53669700
-0.45667200
-0.78713500
-0.05754300
0.11347100
-0.97025200
1.47298500
2.00127900
1.25004600
2.03003900
-0.59795700

0.35553800
1.45510300
0.12705300
-0.79243600
-0.69380400
-0.15879000
-1.72030600
-0.17505600
0.03052800
0.12581000
-0.04375500
-1.39387200
1.07800300
0.13962700
-0.66433700
0.05670500
1.12330300
0.04819500
0.16579400
-0.14838200

S203



ITTOIOITO

b+

4.33413000
2.89799700
3.43592200
1.28955600
4.53376500
5.18242800
3.59025600
5.54188000

-0.07791200

1.49967900
-2.30038900
-2.46166300
-1.44278300

0.59247100
-3.36396300
-1.84114400

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy =-1216.716168
Enthalpy = -1216.475939
Free Energy = -1216.539067
M06-2X/def2-TZVP

Electronic Energy = -1217.096176

OZTIOIOO0O0OOIIIITOIOIZIOOOOIIITOOCOMWOZO

-0.57660100
0.41572500
1.64956400
2.87943700
2.85142200
2.65473500
4.21696100
4.20459500
5.12327300
4.10512800

-0.38175700
0.71634500

-1.34681100
0.83927500
1.43970600

-1.19443600

-2.19394700

-0.10602600
1.67285000

-1.92866600
0.00385400
0.28497800

-1.90382600

-2.24285000

-2.83183500

-3.50117500

-1.54721100

-4.08144800

-2.56330000

-4.41641300

-0.09445600
-0.92681700
-0.49834200
-1.16216500
-0.45296500
-2.59210200
-0.65329200
0.43642300
-1.00190000
-1.12619400
1.35494100
1.93850100
2.16483200
3.32147100
1.32091100
3.54678500
1.71167700
4.12425900
3.77512900
417122700
5.20411500
-1.94167500
-0.70190700
-1.85586000
-0.12054200
-2.42241800
-2.27927600
-0.70623400
0.76550200
-1.85232900

0.08876000
0.32108000
-0.22354000
-0.24152300
-0.10536300
0.18137300
-0.37528900
-0.16489900

-0.17120000
-0.35514800
-0.76166500
0.22115000
1.48144000
0.19423300
-0.80230800
-0.86175400
-0.29991400
-1.77857600
-0.13059900
0.52389900
-0.75312000
0.55104900
1.04466300
-0.74639400
-1.25800000
-0.09230600
1.07672300
-1.24411500
-0.07610200
-0.38508100
-0.03817700
-0.76497900
0.84129400
-0.60624300
-1.48403400
1.00437800
1.40755200
0.28111400

S204



H
H
H

C

-3.77191100
-4.79466300
-5.39794000

-3.30116600
-0.26800600
-2.29964300

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -1219.495211
Enthalpy = -1219.230278
Free Energy = -1219.29458
M06-2X/def2-TZVP

Electronic Energy = -1219.860958

ITITOITIOITIOOOOIIITIOIOIZTOOOOIIITIOOOMWOZO

+

C

0.52166200
-0.52789400
-1.70822900
-3.00332400
-3.09943700
-2.93820800
-4.23198600
-4.17090400
-5.19311200
-4.06169600

0.52398000
-0.16561500

1.25537900
-0.12280000
-0.72185800

1.27719100

1.80116600

0.59189700
-0.64892600

1.83595400

0.61844700

1.81419700

1.89954500

2.95351000
3.10824900

1.02054900
4.16005300

2.89487200
4.24022700

3.16859800

5.03671700

5.18270300

-0.10873400
-0.84464400
-0.07733700
-1.09225800
-1.73103900
-1.92766400
0.16427600
0.83637800
-0.35413800
0.69030700
1.37799500
2.14541200
2.01070000
3.53601900
1.65414500
3.40195400
1.41305500
4.16554900
412787200
3.88813600
5.24963900
-0.84547400
-2.14130200
-0.24781700
-2.83035800
-2.59643500
-0.94444400
0.75607800
-2.23487500
-3.83071600
-0.47728200
-2.77349200

MO06-2X/6-31+G(d,p)[LANL2DZ]

-1.18173000
1.69429700
0.40318800

-0.05040300
-0.10033100
0.00233500
0.00679900
-1.29483200
1.19386800
0.18423900
-0.67238000
0.20040200
1.12423100
0.02465400
-0.92101600
1.03558100
-0.85151100
-1.71344400
1.11422000
1.76068800
0.16894400
-1.59416700
1.90778600
0.22389000
-0.06666700
0.46044400
-0.61924900
0.42582800
0.90586300
-0.65727700
-1.02948000
-0.13456100
0.84318100
-1.09509400
-0.15828300

S205



Electronic Energy =-1219.913212
Enthalpy = -1219.634334
Free Energy = -1219.698041
MO06-2X/def2-TZVP

Electronic Energy = -1220.279094

ITTOIOIOOOOIIITITOIOIOOOOIIIOOCOWOZO

d

-0.57660100
0.41572500
1.64956400
2.87943700
2.85142200
2.65473500
4.21696100
4.20459500
5.12327300
4.10512800

-0.38175700
0.71634500

-1.34681100
0.83927500
1.43970600

-1.19443600

-2.19394700

-0.10602600
1.67285000

-1.92866600
0.00385400
0.28497800

-1.90382600

-2.24285000

-2.83183500

-3.50117500

-1.54721100

-4.08144800

-2.56330000

-4.41641300

-3.77191100

-4.79466300

-5.39794000

-0.09445600
-0.92681700
-0.49834200
-1.16216500
-0.45296500
-2.59210200
-0.65329200
0.43642300
-1.00190000
-1.12619400
1.35494100
1.93850100
2.16483200
3.32147100
1.32091100
3.54678500
1.71167700
4.12425900
3.77512900
4.17122700
5.20411500
-1.94167500
-0.70190700
-1.85586000
-0.12054200
-2.42241800
-2.27927600
-0.70623400
0.76550200
-1.85232900
-3.30116600
-0.26800600
-2.29964300

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -781.1559708
Enthalpy = -780.929783
Free Energy = -780.989816
MO06-2X/def2-TZVP

Electronic Energy = -781.436967

-0.17120000
-0.35514800
-0.76166500
0.22115000
1.48144000
0.19423300
-0.80230800
-0.86175400
-0.29991400
-1.77857600
-0.13059900
0.52389900
-0.75312000
0.55104900
1.04466300
-0.74639400
-1.25800000
-0.09230600
1.07672300
-1.24411500
-0.07610200
-0.38508100
-0.03817700
-0.76497900
0.84129400
-0.60624300
-1.48403400
1.00437800
1.40755200
0.28111400
-1.18173000
1.69429700
0.40318800

S206



ITTITOIOIOOOOZIITITITOITITIOOO0OO0OOOOO

d+

2.26298800
2.56106700
0.84325200
0.68411500
0.99500800
0.17045300
3.11824900
4.50472900
4.65723300
5.04612300
4.82029800
-0.06980000
-0.49794300
-0.77191900
0.87010000
-0.10204300
-1.45541700
-1.95545200
-2.31340000
-3.30854500
-1.30078400
-3.65637100
-1.91149100
-4.15814900
-3.69749100
-4.31603900
-5.20970100

-0.98000700
-2.14025200
-0.45249500
1.05644300
1.68969600
1.55930600
0.01166600
-0.35769700
-1.04080000
0.57266700
-0.83255400
2.97845300
3.20479600
3.23098500
3.51507800
-1.29331500
-0.88536300
-0.02258700
-1.43665600
0.31268900
0.35365600
-1.07223100
-2.13093000
-0.19779300
0.97264100
-1.48352400
0.07133000

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -781.576025
Enthalpy = -781.336339
Free Energy = -781.397803
M06-2X/def2-TZVP

Electronic Energy = -781.8586788

ITITOO0OO0O0OOOO

2.19955100
2.25522000
0.86234000
0.81472000
1.19339300
0.34748700
3.18061500
4.51164500
4.57451800
5.17756600
4.72171100

-1.03878400
-2.24325700
-0.31995900
1.19120000
1.75818400
1.71012800
-0.18176100
-0.74387900
-1.35780000
0.11275800
-1.33912000

0.09525900
0.23184500
0.12229000
0.21946200
1.20033700
-0.89235000
-0.12971000
-0.21419300
-1.05213200
-0.37307800
0.71668400
-0.88609100
-1.86030600
-0.08887100
-0.74359600
0.05289700
0.08512400
1.06792400
-0.87276100
1.06188000
1.84881000
-0.88605000
-1.60439300
0.08059000
1.83122500
-1.64384100
0.07763500

0.07108600
0.09780100
0.12584900
0.22437100
1.21545800
-0.88519400
-0.03673900
-0.14079200
-1.04041700
-0.20428200
0.74856100

S207



ITITITIOITOIOOOOZITITITO

e

0.23305600
-0.15354600
-0.46251100

1.21556500
-0.16926800
-1.55571200
-2.03636200
-2.40345900
-3.40175300
-1.38415500
-3.76487700
-1.99527300
-4.26178200
-3.79602000
-4.43601200
-5.32625400

0.05134600

3.15395500
3.38551700
3.47775800
3.60291300
-1.07685700
-0.75513100
0.37707700
-1.64828500
0.63217400
1.01996200
-1.37161800
-2.52898700
-0.23138400
1.49970700
-2.04890100
-0.02199300
-2.08236800

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -784.3386567
Enthalpy = -784.074217
Free Energy = -784.135249
M06-2X/def2-TZVP

Electronic Energy = -784.6088932

OIIIOIOIOOOOZIIITIOOOO0ON

0.01640200
0.19786000
0.53076900
-0.64426500
-1.25356500
-0.49478900
-1.73619700
-1.99242800
-0.25720000
2.00167600
2.85962200
2.54203200
4.23965200
2.46112300
3.91869600
1.87248800
4.77110900
4.89690100
4.33038500
5.84627200
-1.65770700

1.30430500
1.98055500
-0.12320800
1.69630200
2.99619000
3.76130200
3.14899500
3.01125800
-1.12149300
-0.30528200
0.79101400
-1.59457400
0.60018200
1.79823100
-1.78035600
-2.44013400
-0.68342100
1.45563000
-2.78086000
-0.83131000
-0.96726300

-0.91651800
-1.90566300
-0.14024300
-0.76529900
0.08062400
0.10447000
0.76625100
-0.55412000
0.72522600
1.34776500
-0.59004000
-1.04122000
0.04276300
1.24311100
-1.10667000
0.01952700
-0.00142500

0.19534900
1.18135400
0.04792500
-0.88647400
-0.81021700
-0.63495900
-1.77358700
-0.00566600
-0.05021400
0.03118100
-0.11706000
0.13895000
-0.16371400
-0.19898700
0.09745500
0.25840200
-0.05530200
-0.28295600
0.18649300
-0.08683500
0.03570300

S208



ITTOIOITOOO

+

e

-2.44634900
-2.26933700
-3.83191600
-1.95966300
-3.65980100
-1.65990800
-4.44484700
-4.43687800
-4.12764800
-5.52661600

-1.53663500
-0.33383800
-1.42072600
-2.05039600
-0.24062300

0.05739000
-0.77199100
-1.84787600

0.24564600
-0.69491300

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -784.7685961
Enthalpy = -784.489708
Free Energy = -784.549452
M06-2X/def2-TZVP

Electronic Energy = -785.0415244

TOITOOOOIIIITOIOITOOOOZITIIITOOOOO

0.03198000
-0.45226500
0.48047000
0.29590300
-0.07552400
0.49182500
0.18096000
-1.14675200
-0.43186900
1.90036100
2.81299400
2.36805400
4.17447700
2.46578400
3.73058800
1.68140300
4.63206100
4.87739900
4.09450800
5.69739900
-0.12107600
-1.85023200
-2.64772300
-2.39593200
-4.02868600
-2.19153600
-3.77948700
-1.76155500

1.27308200
1.54716100
-0.14839000
2.09438800
3.47654300
3.88323200
3.98792000
3.54178000
-1.06677000
-0.43422400
0.49818100
-1.62189900
0.22847500
1.42010200
-1.87445600
-2.32860600
-0.95492300
0.94120100
-2.78197700
-1.15951000
-2.04085400
-0.87955100
-1.75568500
0.12617900
-1.59082200
-2.53967900
0.28026500
0.75219300

-0.97118400
1.12502600
-0.91619700
-1.79487500
1.18090500
1.93490800
0.15862800
-1.71041700
2.03180900
0.20445000

0.40270700
1.47010200
0.08577200
-0.59026300
-0.37775100
0.46095300
-1.30243200
-0.17896500
0.00038700
-0.00439100
0.52094800
-0.59828100
0.48093200
0.97935800
-0.64389000
-1.05601900
-0.09944400
0.89805500
-1.11326500
-0.13812300
-0.02182100
-0.05557600
0.67832700
-0.85194900
0.64077800
1.27556500
-0.87429800
-1.47328700

S209



ITTO

f

-4.59344700
-4.66301700
-4.21985900
-5.67121700

-0.57110100
-2.25878500

1.05597100
-0.44803800

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -787.5221627
Enthalpy = -787.219538
Free Energy = -787.280637
M06-2X/def2-TZVP

Electronic Energy = -787.7744114

ITITOIOITOOOOIITIIOIOITIOOOOIIIOIZIOZIOOOOZO0O

0.54728400
-0.20556500
0.04741900
-0.84115000
0.46550000
-1.31010200
-1.16199600
-0.02072000
1.16280200
-0.90658300
-1.99301400
0.29698300
-1.27842900
2.02448000
2.54135900
2.90801000
3.91422500
1.85514900
4.28314400
2.52323900
4.78924000
4.30392500
4.95763600
5.86059000
-1.60990200
-2.23199400
-2.39337800
-3.62106900
-1.62274800
-3.78270600
-1.90196300
-4.40358600
-4.09275900
-4.38151700

-0.35662700
-1.39350700
1.05543200
1.48453800
1.95404400
2.79674400
0.79059100
3.26044500
1.62599200
3.68446000
3.12470900
3.94783200
4.70459900

-0.57206400

-1.77931300
0.40599600

-2.00452100
-2.53221300
0.17398100
1.34546500

-1.02864400

-2.93975000
0.93476600

-1.20557900
-1.31500600
-0.72320600
-1.93938200
-0.73391900
-0.26288200
-1.92840300
-2.41937300

-1.32688400
-0.27502600
-2.40148300

-0.12717100

1.21371600
-1.49179200
-0.15363900

-0.06747500
-0.09773300
-0.07343600
-1.06546000
0.91408400
-1.06559200
-1.83751500
0.92430400
1.68076300
-0.06711900
-1.84328500
1.70241800
-0.06379100
-0.04488200
0.44591700
-0.51891800
0.45860500
0.82041600
-0.51611500
-0.90417100
-0.02476100
0.84900500
-0.89679500
-0.01574600
0.01031000
1.11829100
-0.96771300
1.22567900
1.89107200
-0.86284900
-1.80933000
0.23348500
2.08978100
-1.63566600

S210



H

f+

-5.48576100

-1.32911900

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -787.9670298
Enthalpy = -787.650103
Free Energy = -787.710902
M06-2X/def2-TZVP

Electronic Energy = -788.2197671

ITITOIOITOOOOIIITOIOIOOOOIIIIOIZIOZIOOOOZO

0.56117900
-0.29348500
0.11405200
-0.88121300
0.71749700
-1.26863500
-1.32995400
0.29990700
1.49207700
-0.68798100
-2.02398500
0.75145200
-1.00269700
1.99138400
2.42948500
2.92497300
3.78488600
1.71864100
4.27743500
2.58905400
4.70757800
4.12320600
4.99599600
5.76561000
-1.71816700
-2.28853800
-2.49276700
-3.67258100
-1.66131700
-3.87699600
-2.01689300
-4.46702800
-4.12978400
-4.49131900
-5.54531700
0.09281900

-0.27992600
-1.26724700
1.12020700
1.56046500
2.01959700
2.89444200
0.86731500
3.34713000
1.67553900
3.78430100
3.24139200
4.04055200
4.82313700

-0.60622400

-1.79119000
0.27049600

-2.09547700

-2.45009200

-0.05139600
1.18227300

-1.22993000

-3.00065600
0.61820900

-1.47193100

-1.24242000

-0.57107700

-1.95350300

-0.59408800
-0.04688300

-1.96931000
-2.47563400

-1.28665100
-0.07681300
-2.51444000
-1.30086300

-2.19305000

0.31885300

-0.10158100
-0.19597600
-0.07500400
-0.96108000
0.81460900
-0.94996000
-1.66632600
0.84034700
1.49326500
-0.04225200
-1.64721300
1.54207400
-0.02921800
-0.05123000
0.56520300
-0.62783800
0.59468700
1.05676700
-0.60844700
-1.11148800
0.00325200
1.08788900
-1.06922300
0.02613100
-0.02709500
1.05345900
-0.94011700
1.19853400
1.76789600
-0.78111600
-1.76505100
0.28244900
2.03568000
-1.49019900
0.40427900
-0.38436600

S211



g

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -856.3613801
Enthalpy = -856.129908
Free Energy = -856.193182
MO06-2X/def2-TZVP

Electronic Energy = -856.6735138

TOITOIOITOOOOZITIOIIIOOOOOOOO

+

g

-0.97077300
-1.22541500
-1.28186600
-2.76016500
-3.56317300
-3.06051200
-0.39508400
-0.01262100
0.72641000
0.41926100
-0.88907700
-4.45716200
-4.51903200
-5.02157900
-4.83288500
-0.44016400
0.95268200
1.57153300
1.74593500
2.95670700
0.98408200
3.12575100
1.26076400
3.73405300
3.43642400
3.74491800
5.08776500
5.39877700

1.39180100
2.05690800
-0.09258700
-0.37772900
0.51110500
-1.65738900
1.83968000
3.22657800
3.40164900
3.41547300
3.85587000
-1.97929200
-3.05630500
-1.45764400
-1.69956100
-1.04004000
-0.82837500
0.09787400
-1.65816000
0.21983100
0.69618500
-1.51752800
-2.40069800
-0.57451000
0.92445100
-2.14090800
-0.48702200
0.18808400

MO06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -856.7819569
Enthalpy = -856.536622
Free Energy = -856.600099
M06-2X/def2-TZVP

Electronic Energy = -857.095568

C
@)
C

1.06676600
1.39191600
1.32097700

1.49112500
2.11612600
0.00185600

0.18206800
1.15834200
0.08199700
0.01285300
-0.17607200
0.15211100
-0.92369400
-0.91430400
-0.12912600
-1.89495700
-0.75005400
0.04683800
0.18862200
0.82239300
-0.93938100
0.01388600
0.06644700
0.91615300
-0.73784100
0.92782100
1.60644900
-0.75374500
-1.36400400
0.08077700
1.60195500
-1.39082800
0.04332600
0.66525600

-0.19465600
-1.16956400
-0.09267000

S212



ITTOIITOIOITOOOOZITIIITIOIIITIOOOON

h

2.76733400
3.64718700
2.88567700
0.49245600
0.17924100
-0.52697400
-0.26804400
1.09537800
4.23101600
4.11946800
4.82696400
4.66726600
0.38995900
-1.01531500
-1.63662200
-1.76652900
-3.01694600
-1.06937800
-3.14414700
-1.26431200
-3.77345900
-3.51556100
-3.74819400
-5.11424400
-5.45827300
0.71411000

-0.42645300
0.38691100
-1.73632200
1.93869700
3.35221500
3.57480000
3.53410200
3.93054100
-2.26187800
-3.34233300
-1.89668300
-1.94947000
-0.88268200
-0.74010500
0.32374100
-1.73895200
0.40889800
1.05209600
-1.64486800
-2.57022900
-0.56562200
1.21706000
-2.39565200
-0.52626900
0.24562900
-1.85397800

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -859.5460172
Enthalpy = -859.276259
Free Energy = -859.339753
M06-2X/def2-TZVP

Electronic Energy = -859.8439506

OO0OO0OZITITTOOOO0O

-0.42978900
-0.67280200
-0.88168000
0.24904300
0.81148200
1.50141500
1.34314500
0.01886100
-0.05842200
1.33796700
1.94583300
2.14507000

1.35623300
2.04439200
-0.09258400
1.75848700
3.07917200
3.14029300
3.22265500
3.82189600
-1.06200400
-0.87281300
-0.14069500
-1.51792300

-0.03244500
0.08369400
-0.09546800
0.89818700
0.91330800
0.11126800
1.88732200
0.78813200
0.01104500
-0.03143000
-0.82612400
0.96063800
-0.03184600
-0.08175900
-0.74584100
0.55201800
-0.73377500
-1.31656200
0.57355400
1.03880800
-0.06386600
-1.25959300
1.07074400
-0.01872500
-0.49677000
0.08201400

0.16775900
1.13330000
0.03033800
-0.89835900
-0.82370300
0.02118600
-1.76231400
-0.71373900
-0.07834900
0.00472100
1.03119300
-0.94147900

S213



ITITTOIOITOOOOITOIITOITOIO

h+

3.33289800
1.34004300
3.52613600
1.67366600
4.12348200
3.79932100
4.15454200
5.48198300
5.78195800
-2.34486100
-3.25235100
-2.82910500
-4.62336700
-2.89860300
-4.19692100
-2.12284300
-5.09818000
-5.31864000
-4.56307900
-6.16631000

-0.01940000
0.31094000
-1.38049200
-2.11417300
-0.62726400
0.53913400
-1.86227100
-0.53719200
0.00137800
-0.33528400
0.71969700
-1.64389000
0.46812000
1.74130700
-1.89017600
-2.45730600
-0.83473700
1.29186100
-2.90568300
-1.02927200

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -859.9779064
Enthalpy = -859.695565
Free Energy = -859.758441
M06-2X/def2-TZVP

Electronic Energy = -860.2789518

TOITOIOOOOZIIITOOOOO

-0.47195100
-0.78556100
-0.92306200
0.24660600
0.78407700
1.43227200
1.35209900
-0.03102300
-0.02363400
1.39458000
1.97139000
2.18264500
3.35388200
1.35932100
3.56177200
1.71503800
4.14946600
3.81583600

1.39378000
2.03422500
-0.04846900
1.80060200
3.13816300
3.20571100
3.28550500
3.85987800
-0.97176500
-0.84409400
-0.08912700
-1.52029500
0.02773000
0.37865500
-1.40540200
-2.11554700
-0.62350900
0.60566500

1.08580500
1.81203500
-0.90508500
-1.71709200
0.10996600
1.89353000
-1.64756000
0.10762100
0.85489400
0.03367300
-0.12482200
0.17517800
-0.15050700
-0.23033800
0.15431600
0.30532100
-0.00989100
-0.27788600
0.26971300
-0.02458000

0.20283600
1.17408700
0.01547200
-0.82094300
-0.72389100
0.15197900
-1.63923400
-0.65124900
-0.14159800
-0.03205300
0.98839900
-0.96539700
1.04860600
1.75458500
-0.90266200
-1.74407500
0.09980600
1.84371400

S214



ITITITOITOITIOOOOIOIT

4.19655600

5.49765400

5.80453700
-2.34622900
-3.25284400
-2.81974700
-4.61440600
-2.89898400
-4.18260900
-2.13686400
-5.07856900
-5.31299500
-4.54953100
-6.14397900
-0.35679500

-1.91169300
-0.54839200
0.01238500
-0.33730600
0.68926800
-1.62465600
0.41708000
1.68901700
-1.88138200
-2.41232100
-0.86454000
1.20510300
-2.86971200
-1.07139200
-1.91383000

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -781.9252419
Enthalpy = -781.708116
Free Energy = -781.764171
MQ06-2X/def2-TZVP

Electronic Energy = -782.1905636

TOITOIOOOOZOO0OOIITIITOOOOOO
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H

-5.34981200
-5.79291800

1.31490500
-0.19712500

0.65345400
-1.25031700
2.73124500
-1.72489400

M06-2X/6-31+G(d,p)[LANL2DZ]

Electronic Energy = -782.3491778
Enthalpy = -782.118175
Free Energy = -782.173644
M06-2X/def2-TZVP

Electronic Energy = -782.6159735

OOIIITITOIOITIOOOOZOO0OO0OIIITIITOOOOOO
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26. DSC (Differential Scanning
Calorimetry) Analysis Data of the

Starting Materials
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Sample: PVK-1I-100

File: C:\TA\Data\DSC\PaulR\LK2\PVK-11-100.001

Size: 24110 mg DSC Operator: PR
Method: Ramp Run Date: 31-Oct-2016 09:44
Instrument: DSC Q2000 V24.11 Build 124
10
135.37°C
HO OH 5.942Wig
54 'Bu0,C° CO,'Bu
38a
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-15 X ¥ X T T T ¥ T ’ T T
0 50 100 150 200 250 300
Exo Up Temperature (°C) Universal V4. 5A TA Instruments
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Sample: PVK-1I-035
Size: 6.9160 mg

DSC

File: C:\TA\Data\DSC\PaulR\LK2\PVK-11-035.001
Operator: PR

Universal V4.5A TA Instruments

Method: Ramp Run Date: 31-Oct-2016 10:22
Instrument: DSC Q2000 V24.11 Build 124
1
HO_ OH
'Pro,c" "CO,Pr
2 L
O_
208.17°C
| -0.8819W/g

3
=
3
o
(e
i 55.91°C

2
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-3

95.08°C
-3437Wig

4 — . — _

0 50 100 150 200 250 300
Exo Up Temperature (°C)
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Sample: PVK-1I-127 DSC File: C:\TA\Data\DSC\PaulR\LK2\PVK-11-127.001
Size: 4.2620 mg Operator: PR

Method: Ramp Run Date: 29-Oct-2016 14:57
Instrument: DSC Q2000 V24.11 Build 124
4
202.46°C
2.817Wig
OTs =
N 7
2 "PrOZCJLCOZ"Pr
| 47
181.14°C
& v 1 -0.3646W/,
=
3
(s}
(™
®
g 2
il 84.76°C
= i -4.306W/g
‘6 d X ¥ J y . i | . ! " 1 . d » 1 X " X T d ’ 4
0 50 100 150 200 250 300
Exo Up Temperature (°C) Universal V4.5A TA Instruments
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Sample: PVK-11-047

File: C:\TA\Data\DSC\PaulR\LK2\PVK-ii-047.003

300
Universal V4.5A TA Instruments

Size: 6.4070 mg DSC Operator: PR
Method: Ramp Run Date: 29-Oct-2016 13:42
Instrument: DSC Q2000 V24 .11 Build 124
40 202775°C
39.19W/g
N /OMs
30
iPro,c” T Co,/Pr
47a
\a 20+
s
=
()
T
g
T 10
176.59°C
-0.1355W/,
0 53.48°C
H__——_\\\[éﬁmmwg
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Sample: PVK-II-052

File: CATA\Data\DSC\PaulR\LK2\PVK-11-052.001

300
Universal V4.5A TA Instruments

Size: 2.7810 mg DSC Operator: PR
Method: Ramp Run Date: 01-Nov-2016 08:51
Instrument: DSC Q2000 V24.11 Build 124
15
1. 171.95°C
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Sample: PVK-I1-030

File: CATA\Data\DSC\PaulR\LK2\PVK-11-030.001

300
Universal V4.5A TA Instruments

Size: 2.0540 mg DSC Operator: PR
Method: Ramp Run Date: 01-Nov-2016 08:13
Instrument: DSC Q2000 V24 .11 Build 124
60
Me Me
220.36°C
_ o, 41.86Wig
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40 i Y .\0 \b Me
CO,/Pr
47c

o

s

3 20
T

T

o)

%

204.47°C
0.1610W/ L
0+ T
74.39°C
-4 571W/g
'20 T f y : T ] ] T
0 50 100 150 200 250
Exo Up Temperature (°C)

S226



Sample: PVK-11-031
Size: 3.7190 mg
Method: Ramp

File: CA\TA\Data\DSC\PaulR\LK2\PVK-1-031.002

DSC Operator: PR

Run Date: 31-Oct-2016 12:30
Instrument: DSC Q2000 V24.11 Build 124

15
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10.81Wig
+
10
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w
1
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0- o=
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0 50 100 150 200 250
Exo Up Temperature (°C)
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Sample: PVK-A-020

File: C:\TA\Data\DSC\PaulR\LK2\PVK-A-020.001

Size: 2.9170 mg DSC Operator: PR
Method: Ramp Run Date: 29-Oct-2016 14:19
Instrument: DSC Q2000 V24.11 Build 124
8
J 219.52°C
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Sample: PVK-A-058 DSC File: C:\\TA\Data\DSC\PaulR\LK2\PVK-A-058.001
Size: 2.5710 mg Operator: PR
Method: Ramp Run Date: 31-Oct-2016 10:59

Instrument: DSC Q2000 V24 .11 Build 124

4
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Sample: PVK-A-045
Size: 2.9200 mg

DSC File: C:\\TA\Data\DSC\PaulR\LK2\PVK-A-045.001
Operator: PR

300
Universal V4.5A TA Instruments

Method: Ramp Run Date: 31-Oct-2016 09:07
Instrument: DSC Q2000 V24 .11 Build 124
20
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Sample: PVK-A-057 DSC File: C:\TA\Data\DSC\PaulR\LK2\PVK-A-057 001
Size: 1.6300 mg Operator: PR
Method: Ramp Run Date: 31-Oct-2016 08:29

Instrument: DSC Q2000 V24.11 Build 124
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Sample: PVK-11-097

File: C:\TA\Data\DSC\PaulR\LK2\PVK-1I-097.001

300
Universal V4.5A TA Instruments

Size: 4.1220 mg DSC Operator: PR
Method: Ramp Run Date: 31-Oct-2016 11:36
Instrument: DSC Q2000 V24 .11 Build 124
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27. 'H-, *C- and "F-NMR Spectra of All the Compounds

S233



HO_ OH

7.26
4.60

tBUOZC COZtBu

38a

'H NMR (600 MHz, CDCl,)

1.51

2.0

11.5

11.0 105 10.0 9.5

3.0 2.5

2.0

=  18.00x

5 1.0 0.5 0.0



77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

R - ~

N ] < ©

o (o)} < ~

— [°e] 0 Iy

[
HO_ OH
Bu0,C”" CO,'Bu
38a
13C NMR (151 MHz, CDCl,)

. | J ]
T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S235



86°0
66°0 v.

8¢'T
6C'T v.

16t
[4°n4
£6'v
6’y
S6't
9%t
L6y
ST'S
9T's
LT'S
8T'S
6T°'S
oc's
1S

889
68'9
80°L
60°L
0T°L
L
€L
YL
9T’L

s el e

N

iPrOOC)LCOOiPr

39
H NMR (600 MHz, CDCl,)

JUL

Foeo

60
Fs60

61
7860
F00'C

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

11.5

f1 (ppm)
S236



€6°02 ~_
[ Tared

6869 ~_
99:0L "

€10dD 64794
€10dD0 00°4L W

€1Dad 1T¢°LL

ET6TT —

L1°9¢T —
8+'8¢T —

JAWA4 S

SO°EST —

TT°09T —
09°T9T —

N

—

E—

—

——————

- ]

2 —
& o
g ©
o =T
o s
X 83
o =
S
c =
4
O
o

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S237

00



BuOOC COOBu
40

"H NMR (600 MHz, CDCl5)

—1.59
—1.29

2.0

11.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5

T T T
6.0 55
f1 (ppm)

S238

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0



19°LC
06°LC v

€100 €8°9L
€10ad0 ¥0°LL W
€10d0 ST°LL

6T'+8 —

6L'6TT —

+0°9¢T —
+9'8¢T —

ST'8pT —

PO PST —

06'6ST —
69°T9T —

N

tBuOOCJLCOO‘Bu

40
13C NMR (151 MHz, CDCl5)

]|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S239



9TT —

s —

169
269
€6'9
S6'9
£6°9
9T’L
9T°L
LT°L
yAWA
LT°L
8T°L
8T°L

N

‘BuOZC)\COZ'Bu

40a
TH NMR (600 MHz, CDCl,)

L

p—

F90°8T [

=860

00°¢
WM [dvh4

B erv |

0.0

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

2.0

f1 (ppm)

S240



SL(C—

¢169 —
€100 S8°9Z
€10aD 90°4L W
€100 LT7LL

85°C8 —

STTTT~,
sszer

oT°'6CT —

Y oPT —

0v'99T —

N

‘BuOZC)\COZ‘Bu

40a
13C NMR (151 MHz, CDCl,)

|

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
00

S241



1.30
1.29

o ONOWINTMAN O
N [RELEL LT N RS i
e %
HO OH
iPro,C° CO,Pr
44
H NMR (600 MHz, CDCl,)
| J_L i
T I
20 115 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)



0nm0m
(SR GRS
[agaya

~ [SRCRE)

o O — O O (o))

] * Non~ © m

O (o)) NNO ~ —

— [*%] NINN N o~
N

HO_ OH
iPro,C° CO,Pr
44
13C NMR (151 MHz, CDCl,)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S243



s
£1°6
$T°6
ST°6
9T'G
LTS
8T°S )W
6T°'S ]

02's
175
zzs
vT's
sz's
975

9T’ L—

0T —

OH
7
N

iPrOZCJLCOZiPr

46
H NMR (600 MHz, CDCl,)

Feran

00°T
WM 00°T

Fze0

1.0 0.5 0.0

1.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

11.5

f1 (ppm)

S244



jsalselyse]

QOO

[alalya]
o ® ™ 000
o ™M ™ — O ¥ o |0
3 a < RIS N
O n < NNV OO — =
— - — NNN KK NN

OH
N/

iPro,C”~ ~CO,Pr
46
13C NMR (151 MHz, CDCl5)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S245



10.58

_OH

N

‘Bu0,C” ~CO,Bu
46a
TH NMR (600 MHz, CDCl,)

7.26

N o A JJL_L

T Py

n o

@ ]

o ~
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 11,5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 1.5

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

f1 (ppm)

S246

2.0



__-159.89
- 158.97
—_145.39

OH
N"’

tBUOZC COZtBU
46a

13C NMR (151 MHz, CDCl,)

77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

84.31
84.06

<
<

27.88
27.76

00

190

180 170 160 150

140

T T T T T T T T T T T T T T T
130 120 110 100 90 80 70 60
f1 (ppm)

S247



10.73

OH
N”

MeO,C”~ ~CO,Me
46b
"H NMR (600 MHz, CDCl,)

7.26
_-3.87
384

) AR
3 g
o ©
T T T T T T T T T T T T T T T T T T T 1
2.0 11,5 11.0 10.5 10.0 9.5 9.0 8.5 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0



77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

\¢ : - v
N’OH
MeO,C”~ ~CO,Me
46b
13C NMR (151 MHz, CDCl,)
L L
I00 ' 1I90' 1I80' 1I70 ' 1I60 ' 1I50 1I40' 1I30 ' 1I20 ' 1I10' 1I00' S;O ' 8I0 ' 7I0 ' 6I0 5I0 ‘;0 3I‘O 2IO 1I0

f1 (ppm)

S249



; O NOTMOM—=HOO M= O
S N R R Mmoo
— ~ T T T o o H
W \I/
_OH
N
Et0,C” ~CO,Et
46¢
H NMR (600 MHz, CDCl5)
| ‘ i
T iy iy
@ o S
o < ©o
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 115 11.0 10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C
f1 (ppm)

S250



77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

\/ 1 - v v
OH
N/
Et0,C~ ~CO,Et
46¢
13C NMR (151 MHz, CDCl5)
| ,
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S251



Sh'c—

60°'S
otr's
TT's
s
€T'S
v1T'S
ST'S
TS
s
€T°S
ves
9C's

8¢'S

9T L
S€YL
9€L V.

98°L
L8°L v

N/OTs

"ProchLcoz"Pr

47
"H NMR (600 MHz, CDCl;)

i

Bi\

Ferag

Fooe

860

Fs860

et

881

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)
S252



HV.#NV

Pr1C
ORAN.\.

vLTL
mw.ﬁmv

€10dD 6494
€102d2 0024 W

€10ad 1¢°LL

9T'62T ~_
18'62T —
orrer

TT°9pT —

9C'0ST —

€€ /ST~
(5151~

N /OTs

iPrOZCJLCOZiPr

47
13C NMR (151 MHz, CDCl5)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S253



T€T
=,
[ X

wwe—

9L —

/OMs

N

iPrOZCJLCOZiPr

47a
"H NMR (600 MHz, CDCl5)

I

A

Hza

F0'e

0T
W.. 00°T

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)
S254



M mm
[ONON]
[aNaNal
o N < [ORORT]
m — a - O 0O o~ ~N
NN <) No Ao R g}
wn wn wn NNOUANN O —
— - — NINNNDN ™M [
Voo DN
/OMs
N
Pro,c”~ “Co,/Pr
47a
13C NMR (151 MHz, CDCl,)
T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S255



8¢'T
6C'T

v

0T's
IT's
s
€T’s
v1'S
ST'S
LT°S
€S
vZ's
S¢S
9C’s
LT°S
8¢'S
6C°S

9¢L—

¥8L
S8, v

€1°8
¥1'8 v

CF,

o

W
S
W
o

\or

iPro,c___N
Y

C02'Pr

47b
TH NMR (600 MHz, CDCl,)

£'9
wmwm.m

F<o1
M Eeor

F50C

F00C

0.5

11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)
S256



SETC
ov'1¢ v.

80°¢L
L1°TL Vv

€10dD 64794
€10dD 00744 W

€10ad 1¢°4L

81021
66TZT
08'€7T ~\"
19°S2T~_

SE'9¢T “‘
£E79¢T Va
SL°6CT
T6°SET
ET°9€T
SE9ET
LS79€T
8L7LET

90°TST —

£679ST
0cLst v

CF;

(o]

S
W
(0]

[\

\or

iPro,c__N
Y

COziPr

47b
13C NMR (151 MHz, CDCl;)

ll AL

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S257



-63.41

CF;
o

[\

N\ rs\

Pro,C
[0 MY
I (o)

CO,'Pr
47b
19F NMR (471 MHz, CDCl;)

N

55

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-56 -57 -58 -59 -60 -61 -62 -63 -64 -65 -66 -67 -68 -69 -70 -71 -72 -73 -74
f1 (ppm)

S258



9T’
8C'T

3
vy

w¢ee—

v9'C—

£0°'S
80°'S
60°'S
oT's
I's
s
€T'S
Y¢S
ST's
9¢'s
LTS
8¢S
6C°'S
0g's

66'9 —

9T L —

Me

Me
(o)

[\

iPro,C__N._ .
¥ o

O wMme

[\

S

CO,Pr

47c
TH NMR (600 MHz, CDCl,)

L

Ko

1ot
oot

0.0

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S259



M mm
QOO
[alyalya)
N~ < n o - n OO0
N 0 n n < 0 ™M — O QTN N=MmN
NN a <+ = - o NQ MK W© NS
hEF I F R RRERR NERRS
% [l I % S
Me Me
o
. W
'Pro,C N\o,s\\
i . O Me
CO,Pr
47c
13C NMR (151 MHz, CDCl3)
J L
T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S260



9C'1

06°C
T6°C
w6'C

¥6'C

80
60t
a4
<y
€Ty
1494
STt
60°S
otT’s
s
s
€T'S
9C's
8C°S
67°S
0g’'s

1TL~
9TL

Me

Me

Me

Me

[\

\ol

iPro,C N
Y

COZiPr

Me

Me

47d
'H NMR (600 MHz, CDCl,)

U

me.x
97'9

Foot

et

Foot
Fe60

Fe61

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S261



8b'1Z
05'1Z >
vb'ET
0wz
26'67 —

6C°PE —

89°TL
mw.ﬁhv.

€10dD 6492

LU

€10d2 0024
€10ad 1¢°LL

SO'beT —

20°8¢T —

£€°66T ~—
9Z°ZST ~_
P8HST ~_

LL7LST
08°LST V.

Me

Me

Me

Me

iPro,c___N
\? N
O

o

\

\

Me

Me

CO,'Pr

47d
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S262



€T

€ET
bE'T
SE'T
9€'1

o' —

9€L
LEL v

L8°L
88L v

P OTs

N
47e

EtOZCJLCOZEt
H NMR (600 MHz, CDCls)

10C |

6'T

et

et

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

5.0 4.5 4.0

5.5

f1 (ppm)
S263

11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

2.0



b8'ET
06°€T >
STz —
1T°€9
TH'€9 >
€10aD 64794
€10Aad 12°4L
et =
orrer
TZ°9pT — Nﬂ —
0L'6bT — %) I
o
. -
S6L5T s ] "
66°LST —m O2 N
I
\ P o=
4 ”A —nlv
-
< 0w
Q s
N N
9
w =
P4
O
)
-

10

20

40

70 50

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

S264



85 88Y8
Voo
OTs
N/

MeO,C CO,Me
47f
TH NMR (600 MHz, CDCl5)

_-3.93
~3.87

2.46

N |
9 3001

2.0

11.5

11.0 105 100 95 90 85 80 75 . .
f1 (ppm)



9L T —

09°€s
18°€S v

€10aD 64°9L

€12ad 00°4L
€10ad 1¢°LL

8T'62T ~_
96°62T —
66°0cT

cEIT —
oT'6bT —

0€°8ST
LY'8ST v

P OTs

MeOZCJLCOZMe

47f
13C NMR (151 MHz, CDCl5)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S266



8 $IRRRRL i A% g
N2 N
OMs
N/
Et0,C~ ~CO,Et
479
H NMR (600 MHz, CDCl,)
. 1 Jil
g & g
< N )
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

2.0

11.5

11.0 10.5 10.0
f1 (ppm)

S267



SLET
LLET v.

¥6'9¢ —

bHE9~_
89'€9~"

€10aD 64794
€10aD2 00744 W

€10ad 1¢°4L

8¢°0ST —

v9°/LST
vl (ST v.

/OMs

N

EtOZCJLCOZEt

479
13C NMR (151 MHz, CDCl,)

i1

50

T
90

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)
S268



MeOZC

OMs
N 7

CO,Me
47h

7.26

TH NMR (600 MHz, CDCI,)

3.92
3.91

5.

3.22

A L/L A
iy g
Q Qe
o o
| B —| LI — LI — T T T T T T T T T T T T T | B —| T 1
. . 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

2.0

11.5 11.0

10.5

10.0 9.5



¥6'9€ —

S9'ES ~_
g6es~

€10dD 6494
€10dd2 00°2L W

€10Ad 1¢°LL

19°6vT —

S6°LST
ST°8ST v

/OMs

N
MeOZCJLCOZMe

47h
13C NMR (151 MHz, CDCl,)

T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
190

S270



NN | Y,
OTs
N/
tBUOZC COZtBu
47i
H NMR (600 MHz, CDCl,)
l “ L
§oy I Aos

2.0

11.5

11.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5

T T T
6.0 5.5
f1 (ppm)

S271

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5



€5 TC—

S§°/L¢
9/°/T v.

€12dD 6£°9L
€12d2 0074 W

€1Dad 1¢°4L

8258 ~_
88'58~"

66'82T ~_
89°'62T —
(et

¥6'SPT —

8T'IST —

[b'9ST ~_
o1°281~"

P OTs

N

tBuochLCOZtBu

47i
13C NMR (151 MHz, CDCl5)

I

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S272



60°'T
oT'T
T
T

STeE—

9CL —

/Me

N

iPrOOCJLCOOiPr

51a
TH NMR (600 MHz, CDCl,)

Feran

o00¢

00°T
00T

0.0 -C

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

2.0

f1 (ppm)

S273



0 mm
[SRONE}
[alalal
O N < (ORURT]
o o - O O n N o o ™M
—a Non~N R~y B Qo
gn u RRE 88 g NR
YA NV v
Me
P
N
iProocC COO'Pr
51a
13C NMR (151 MHz, CDCl5)
T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S274



T
€eT
€e'T
PE'T

8TV
o'y
| X4
€y

LT'S
8T1'S
61°S
oz's
s
ws
€T's
ve's
ST's
9T's

9TL—

CF3
COO'Pr

N N
iPrOOCJL

51b
TH NMR (600 MHz, CDCl,)

i

e

Fore|

Fooz}

2.5 2.0 1.5 1.0 0.5 0.0

3.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5

11.5

f1 (ppm)

S275



Lb'TT
¢S'Te v.

LS'PS
6LvS
T0°SS
€C°SS

00°TZ
9T'TL v.

€10dD0 6494
€10dD 00°£L w-

€10ad 1¢°LL

OT'TZT ~_
£6'22T ~
LLvTT —
09'9z1 "

TTULST ~L
TH65T ~
15091~

CF;

N
iPrOOCJL

N

COOPr

51b
13C NMR (151 MHz, CDCl5)

I.lll]l

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S276



g
N
v
N
N” "CF,
iProoc” ~CcoO'Pr
|1
51b
19F NMR (471 MHz, CDCl,)
-7[‘).30 -7(‘].35 -7(;.40 -7(;.45 -7[‘).50 -7[;.55 -7(;.60
1 (ppm)
at A
T T T T T T T T T T T T T T T T T T T T T T T T
55 -56 -57 -58 -59 -60 -61 -62 -63 -64 -65 -66 -67 -68 -69 -70 -71 -72 -73 -74 -7
f1 (ppm)

S277



00— 909

= LT'6

+8°0 —

6C'T
0g'T
0g'T
T€T

|

Eer |

69°€
os€
1€
16'€
z6°€
€6'c
€1's
bT'S
ST'S
9T°S
AR
8T°G

81'S \T M Fooz |
6T'S

61°s
0z's
17°5
zz's
€z's
vz

g
F 50°C

—— )\

9L — =

N /\/OTBS

’PrOOCJLCOO’Pr
51c
H NMR (600 MHz, CDCl,)

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0

5.5

f1 (ppm)
S278

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5




9€'§-—

P81 —
0S°'1¢
6S'T¢C V.

6/'ST

Ib'LS—
€129 —
L0004~
ecor

€10dD 6494
€10d2 00°4L W

€10ad 1¢°LL

S6'PST —

25°09T ~
£9°T9T

NN-OTBS

"ProocJLcoo"Pr

51c
13C NMR (151 MHz, CDCl;)

20

30

50

T T T
120 110 100 90 80
f1 (ppm)

T
130

T
140

T T T
180 170 160

T
190

00

S279



80°T
60°T
60°T
oT'T
oT'T
T
9T'T
LT°T
8T'T
8T'T
6T°T
9C'T
LT°T
0€E'T
€T

e
e
£T’E
£T'E
148
148
ST'E

9T L —

A

N
iPrOOCJLCOOiPr

51d
TH NMR (600 MHz, CDCl,)

/¢

=S0'¢C

9
ﬂv.w

1071

0'T
0'T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

11.5

f1 (ppm)
S280



08'TT —

8t'T¢
wm.ﬁmv.

cELE—

8/'69
86'69 v

€10AaD 64794
€10dD 00°4Z W

€10ad 1¢°LL

CLTST —

£5°09T ~
TZeor —

A

N
"ProocJLcoo"Pr

51d
13C NMR (151 MHz, CDCl,)

AL

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

00

S281



(80
mw.ov
060
6C'T
0€E'T
TeT
cET
PET
SET
9€'T
S9'T
L9°T
89T
69°T
0L'T

¥S'E
mm.mv

AR

€T's
E.L
ST'S A
9T's 4
LTS A
81's vf
6T'S
HN.mU\
s
c's

VN.mH“
S¢'s

9T L—

N

"ProchLcoziPr

51e
"H NMR (600 MHz, CDCl5)

I L 1L

Fere
Feret |

Foet |

Fooc

06°0

96°0 [

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)
5282



POET —
< 0C AN

6t°'1¢C
mmANV

L8'TE —

¥T'SS —

06'69 ~_
seor~"

€12AD 6£°9L
€12dd 00°4L W

€10ad 1¢°LL

€6°€ST —

SH'09T —
L1°29T —

N

iProchLcoziPr

51e
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S283



9C'T
LT

et

66°C
T0°€ Wm
e
18'€
[4: R Wm
€8°'¢

b1°S
ST'S
ST'G
9T°G A
9T°G 1
VANE\
FAREN
81'S
815
61°S
61°S
0z's
0z's
1764

9T'L
LT,
LT,
8T,
€T°L
STL
TavA
9C'L

e

N

iPrOOCJLCOOiPr

51f

"H NMR (600 MHz, CDCl;)

Fsear |

o0z

ooz |

Feet |

S6°C
WM 90T [

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S284



(430 ¥4
8€'T¢ v.

91'9€ —

¥8'95 —

1869 ~_
veoL~"

€120 6£°9L
€12aD 00°4L W

€10Aad 1¢LL

LT°92T ~_
€2°82T ~
A

99°8ET —

6T +ST —

62°09T ~
PG T9T

N

"PrOOCJLCOO"Pr

51f

13C NMR (151 MHz, CDCl,)

T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

S285



0 N
<
—
1
—

oL€
L€
e
vLE
66t
00°s
T0°S
€0'S
S0's
90°s

60°S
0T's

9T L—

N

"PrOOCJLCOO"Pr

51g
TH NMR (600 MHz, CDCl,)

|

Feear |

€0°¢
80°C
4523

Fo}

Fset

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

11.5

f1 (ppm)

S286



€T°TC
MN.ﬁNV

SSve

68'¢€ —

60°S9 —

VM.mw./.

869 —

€10dD 6494
€10d2 0044 Wm

€10ad 1T°4L

S8°TST —

60°09T —
60°C9T —

N

"PrOOCJ‘LCOOiPr

51g
13C NMR (151 MHz, CDCl,)

T T T
130 120 110 100
f1 (ppm)

T
140

T T T
180 170 160

T
190

S287



8T'T

!

8S'T

9CL—

N

"PrOOCJLCOO"Pr

51h
H NMR (600 MHz, CDCl,)

sTe

Tt
e
1'e

Esgref

Fot|

86°0
WM 00'T [

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

11.5

2.0

f1 (ppm)

S288



SG'TC

¢9°T¢C V.
vI've —,
61°S¢ 7

8CE—

999 —

££°69 ~_
g0L~"

€10dD 64794
€10dD 00744 W

€10ad 1¢°4LL

LT°CST —

¥S'09T —
09°¢9T —

N

"PrOOCJLCOO"Pr

51h
13C NMR (151 MHz, CDCl,)

L

T T T
130 120 110 100
f1 (ppm)

T
140

T T T
180 170 160

T
190

S289



80°T
60°'T
oT'T
T
T
Eo i

|

o9P'T ./-
6b'T
0S'T
[4°m?
€S°'T
SS'T
9S'T

[ X

9L —

. Boc

N

iPrOOCJLCOOiPr

51i
H NMR (600 MHz, CDCl,)

Lo

Feve

Bvve |

£0°C
ST'C

W 107 |

ot

W 00z |

't
00T

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

11.5

f1 (ppm)

S290



86°0C
80°T¢ v

8T
€CTE—

€€ —

05°69 ~_
88'69

£0ad 6292

£Dad 00°2¢ W

£Pad 1242
18°82 /

8G°CST ~
90'vST —

94°6ST ~
8ETIT —

P Boc

N

iPrOOCJLCOOiPr

51i
13C NMR (151 MHz, CDCl;)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

S291



Z4!
sTT
8T'T
671
0€'T
TET
ICREN

99'T —F
89T
0L'T
LT

Nm.m/

¥S'€
SS'€E \

TT's
€T°S
145
8T'S
81'S
oc's
TS
€7°S
ve's
9C's

9¢'L—

N YCOO"Pr
COO'Pr

COOPr
51j
H NMR (600 MHz, CDCl,)

Na\cooipr

PR .

|

0T |

9'9¢

Feov |

F 2w

Foov |

4.5 4.0 3.5 3.0 2.5 2.0 1.5

5.0

11.0 105 100 95 90 85 80 75 70 65 6.0 55
f1 (ppm)

11.5

2.0

S292



0S°T¢C

8S'T¢
9¢'LT
8T°6¢ W.

0€'6¢
8'6¢ \

§8'6S —

68'69 ~_

seor"
€DAD 89'9L~\
€200 0022
€100 2€'LL

88°€ST —

£4°09T ~
Y1°CoT —

COO'Pr

NJ\COOiPr

L(\A:\/ NYCOO'Pr

COO'Pr

51j

13C NMR (151 MHz, CDCl5)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
00

S293



80T
60°T v

9€'T
LE'T V.

ogc—

10°'S
c0's
€0'S
¥0'S
S0'S
90°'s
L0°S
(44
€S
vT's
S¢S
9C's
LT°S
8¢'S

94’9
849
869

o e |

LTL
8T,
oc'L
9C'L

-V

Me

N

iPrOOCJLCOOiPr

51k
H NMR (600 MHz, CDCl,)

Jui

=19

Fee9

oot

Frot

Aot |

o't

7660 |

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S294



mﬁ.ﬁNV‘

TT°1C
mm.ﬁm\

80°0L ~
8802~

€10dD 6494
€10d2 00°2L W

€10ad 1¢°LL

LS°9TT —
86°6TT —

0T°42T ~
95'82T

SG'8ET —

YL LPT —

86'¢ST —

09T ~
00291 —

Me

N

iPrOOCJLCOOiPr

51k
13C NMR (151 MHz, CDCl5)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
00

S295



't
€0°T v

9C'1T
LT°T v.

Tce—

S6'v
96t
L6V
86t
66t
€T'S
+T'S
ST'S
91's
L1°S

189
89 V

T0°L
€0°L V.

Me

N

iPrOOCJLCOOiPr

511
H NMR (600 MHz, CDCl,)

Ez60

Fseo |

Fzoz |

Feoz

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 4.0
f1 (ppm)

11.5

2.0

S296



09°0¢ L

S6°0C —F
NN.HN.\.

L2769~
oL~

€10dD 6492
€10dd 00°4L W

€10ad 1¢°LL

LS°6TT —

S0°6¢T —
CE9ET —
16T —
8C¢ST —

8T°09T —
£6°T9T —

Me

N

iPrOOCJLCOOiPr

511

13C NMR (151 MHz, CDCl5)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

00

S297



vT'T
m:V.

PE'T
SE'T W.

9L'E—

90°S
L0°S
80°S
oT’s
s
s
1)
0z's
1S
s
€S
¥Z's
S¢'s
9C'sS

89

¥89 v
LT
¥0°L \

ove"

OMe

N

iPrOOCJLCOOiPr

51m
TH NMR (600 MHz, CDCl,)

L

FZ09 |

=019

Fvor

Feot |

Fsoz |

Fooc

1.0 0.5 0.0

1.5

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

11.5

2.0

S298



6C°1¢C
[4“m4 v

T€'8S —

1070~
8902~

€10aD 64794
€12d2 00°4L W

€10ad 1¢LL

66°€TT —

beTer —

ov'obT —

ST'IST —

¢6'8ST ~
65°09T —
98°C9T —

OMe

N

iPrOOCJLCOOiPr

51m
13C NMR (151 MHz, CDCl5)

T T T
80 70 60 50 40

T
90

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)
S299



80°0-—

280~
L[0T
80T >

€e'T
mmAV

vLT
SL'T W-
9L'C

€Le
vLE W.
SL'€

66t
00°'S
10'S
€0'S
¥0'S
S0'S
90°'S
oc's
1S
s
€T’S
ves
sT's
9T’s

689
om.wV
f4wA
VHNW
9T’L

OTBDMS

iPrOOCJLCOOiPr

51n
TH NMR (600 MHz, CDCl3)

JULJL_JL_

ﬁl

H/dﬁ.m

Fves

et

et

Fve0
F<60

61

81

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.5 4.0

5.0

6.0 5.5
f1 (ppm)
S300

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

11.5

2.0



£5°G-—

vT°8T —
0C'1C
mv.HNV

LLST—

768 —

S0'¥9 —

66'69 ~_
9s0L~"

€12aD 6£°9L
€10dd 00°4L Wu

€10ad 1¢LL

Y9611 —

€P°6CT —

£L0°8ET —
YL SPT —
+9'CST —

8€°09T —
€T°C9T —

OTBDMS

N

"PrOOCJLCOO"Pr

51n
13C NMR (151 MHz, CDCl;)

50 30

T T T
100 90 80 70
f1 (ppm)

110

T
120

T T T T T
180 170 160 150 140

T
190

S301



00T
T0°T

PET
SE'T v.

16t
WP
€6'v
v6'v
S6'v
96t
L6'v
TS
s
€S
¥C's
S¢S
9C’s
LT°S
€49
vL9
S/.'9
S/.'9
869
869
669
669
002
00°Z
8T°L
8T°L
6T°L
oc'L
1L
1L
¢sL
¢sL
€5°L
vS'L

A R NI

Br

N

iPrOOCJLCOOiPr

510
TH NMR (600 MHz, CDCl,)

, ,JLUJL_

L

Esvo

Fevo

Feot

Feo1

M/Ao.ﬁ
FE0'T

Z¥0'T

F00°'T

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

4.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

11.5

f1 (ppm)
S302



+0'1C

1z

7E0L~
60’1~

€100 64794
€10aD 00°2L W

€10ad 1L

0L'€TT —
89°8TT —
£8°92T ~_
e td

G9°CET —

08'9vT —

PEPST —

00°09T ~_
#b'09T "

Br

N

iPrOOCJLCOOiPr

510
13C NMR (151 MHz, CDCl;)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S303



S6°0
96°0 W
£6'0
€T
PET W
9€'T

SOy
90'%
L0
60t
LEY
8€Y
6€Y
oty

L9
€L°9
€49
86'9
869
669
669
00°Z
002
8T°L
8T°L
6T°L
6T,
(ava
(ava
182
sL
€5°L
€5°L

) (P2

Y

Br

EtOOC JL COOEt

51p
TH NMR (600 MHz, CDCl5)

A

L

LJL_JL

Fere

M/.ﬂo.ﬁ
FE0'T

m\.mo.ﬁ

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S304



THET ~o
6L €1~

96'T9 ~
88'29

€10d0 6494
€10d2 00°4L W

€10ad 1¢°4L

LLETT —

EP'8TT —

v0'L2T ~
os'zz1 ="

99°CeET —

€S°9PT —

TS'EST —

95"09T ~_
12091~

Br

EtOOC JJ\COOEt

51p
13C NMR (151 MHz, CDCl;)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

S305



oT'T
TTT v

PE'T
SET V.

S¢T—

0's
€0'S
¥0'S
S0's
90°'S
L0°S
80°S
s
s
€7°S
vs
Ty
9¢'s
LT°S

659 —
089 —

Me

Me

N

iPrOOCJLCOOiPr

51q
H NMR (600 MHz, CDCl,)

|

For9

Fev9

Fze9 1

o1

ot

66'T

00T |

T T T
11.0 10.5 10.0 9.5

T
11.5

2.0

S306



€0°'TC V

6T'T¢C
JA Y4 \

96°69 ~
€10~

€12ad 6£°9L
€12ad 00°4L W

€10ad 1¢LL

8T LIT —

01°8¢T —

TEB8ET —
L9°LPT —
S9°¢ST —

<r'09T ~
£07C9T —

Me

Me

N

"PrOOCJJ\COO"Pr

51q
13C NMR (151 MHz, CDCl5)

10

20

40

50

70

T
90

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)

S307



v0'T
SO'T v

8¢'T
6C'T V

A

9L —

OMe

OMe

N
iPrOOCJLCOOiPr

51r

'H NMR (600 MHz, CDCl5)

Foso

Fyso |

Froo |

Eeot

Fsot |

10T

1ot

0.5

3.0 2.5 2.0 1.5 1.0

3.5

11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

11.5

2.0

f1 (ppm)

S308



c0'Te

6C'TC
[450 ¥4 M.

£0°SS —

10704~
9s/0L

€10dD 64792
€10dD 00°2L W

€10dd 1¢°LL

15726~
€86~

€e6bT —
PT'EST —
£0709T ~\

TL°09T —
09°19T 7

OMe

OMe

N
iPrOOCJLCOOiPr

51r

13C NMR (151 MHz, CDCI,)

T T
120 110 100
f1 (ppm)
S309

T
130

T
140

T T T
180 170 160

T
190




9T'T
NH.HV

€€'T
PET N.

80°S
60°S
0oT's
TT's
<r's
1)
148
8T'S
0z's
TS
s
€S
ve's
STa)
€6'S —

¢89
<89
€59
¥S'9

099 \
099
129
29
9zL—

)

o
o

N

iPrOOCJLCOOiPr

51s
TH NMR (600 MHz, CDCl5)

iy

19 |

619

10T

beor |

00T
<60

Boor

0.0

0.5

11.0 10.5 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

2.0

f1 (ppm)

S310



8¢'1¢C
6v'1¢C v

9T°0Z ~
1200~

€10dD 64792
€10d2 00°4L W

€10ad 1¢LL

0S'T0T ~
€220~

86°£L0T —

TTPIT —

vLOTPT —

28'9pT —
6051
69TST —

vP'09T —
£S87C9T —

o

J

N

"PrOOCJLCOO"Pr

51s
13C NMR (151 MHz, CDCI,)

40

50

70

T
90

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)
S311



+O'T
SO'T W-
L0°T
6€°T
W W—
w'T

€Ty
1494
STy
LTV
1444
Sty
i 4
VA4

669
002 W-
[AyA

LeL
6C’L N.

Cl

Cl
COOEt

EtOOC

51t

H NMR (600 MHz, CDCl;)

L

Feoe

=16'T |

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.5

6.0
f1 (ppm)
S312

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

11.5



8b°ET ~_
16°€1 "

029~
e

€10dD 64792
€10dd 00°4L W

€10ad 1¢°LL

€0°€CT —
64°SCT —~

88°/CT

ETEPT —

TL'SST—
20°6ST ~
+8°09T —

Cl

Cl
COOEt

EtOOC

51t

13C NMR (151 MHz, CDCl5)

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

00

S313



S6°0
96°0 v

€T
vt v

L8P
88

06t
6%
[4°n4
£€6'Y
s
(A
4%
9T'S
LTS

"PrOOCJLCOO"Pr

51u
H NMR (600 MHz, CDCI;)

i

Fro
Fzzo

oot
F66'0

Eeot
oot

F00'c

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

11.5

f1 (ppm)

S314



[aAr4

80°T¢

9E°0L ~o

v6°0L~"
€1DaD 6£°9L
€1DdD 00°£L W

€10ad 1¢°LL

S9°ST1T
89°'ST1
0/°STT
€L°STT

89°02T ~_
05°72T ~
67'HTT ~
60'92T —
87'62T ~

89°0€T
06°0€T
TT'1ET
EETET
L0°8PT —
8b'bST —

CL6ST ~
8091

CF;

N

iProoc JL COOPr

51u
13C NMR (151 MHz, CDClI,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S315



N
Prooc JL COOPr
51u

19F NMR (471 MHz, CDClI,)

-61.97

55

-56

-57 -58 -59 -60

-61

-62

-63

-64

T
-65
f1 (ppm)

S316

-66

-67

-68

-69

-70

-71

-72

-73

74



€0'T
+0'T V.
€T
[450} V.

S6'v
96t

66t
00°'S

c0's
8T1'S
6T'S
0c's
1S
s

vZ's

iPrOOCJLCOOiPr

51v
TH NMR (600 MHz, CDCl)

660
o001

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

6.5 6.0 5.5 5.0 4.5

7.0

11.0 105 100 9.5 9.0 8.5 8.0 7.5

11.5

f1 (ppm)

S317



T~
rad

89°0Z~_
x4 vad

€10dD 64792
€102d2 00°2L Wm

€10ad 1¢°LL

et —
£LL°9CT —

veeeT <
LLEpT —
Op"LbT ~\_

9L PST —

84°6ST ~
€6°09T —

N
-
NS

N

iPrOOCJLCOOiPr

51v
13C NMR (151 MHz, CDCl,)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S318



0E'T
€T v.

e —

80°S
€T'S
145
ST'S
9T’s
LT'S
8T'S
6T°S

89
mw.mv
¥8'9
yAA
2o,
6C°L

/Me

N

Pro,C )\COZiPr

55a
TH NMR (600 MHz, CDCl)

_J

Beer |

F o€

E 660

et |

=967 |

Fooc|

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.5

6.0

6.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

11.5

f1 (ppm)

S319



85°'T¢
¢9°'1C v

SL'SE —

+1°99 —
¢5°69 —

€100 64794
€10aD 0074 W

€10ad 1¢°LL

TEETT —

cE8IT —

TT'6CT —

Y06 T —

8T°/9T —

/Me

N

"Prozc)\cozipr

55a
13C NMR (151 MHz, CDCl,)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
00

S320



96°0
L6'0 V'

PT'T
ST'T w.

LECT—
£L8°C
88°C
68°C
06'C
T6°C
6T
€6'C

90t —

1R
S6't
96t
L6V
86't
66't
00's

9L —

Me

Me
N/

Me

’PrOZC)\COZ’Pr

55b
'H NMR (600 MHz, CDCls)

U

€09

EHSTT |

F $0°€

F 101

30T

o0z

T T T T
11.0 10.5 10.0 9.5

T
11.5

2.0

S321



€5°6T ~\_
(e
scre”

¢6'EE —

€8¢ —

£8799 ~
6289

€10d0 6494
€10dD0 004 W

€10ad 1¢°4L

8L°/9T —

Me

/,hne

N

Me

iPrOZC)\002’Pr

55b
13C NMR (151 MHz, CDCl,)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

00

S322



ve1
[Tans

s

57

9C'L
L
8¢'L
6C°L

£6'9
86’9
669
v0'L
S0°L

N CF,
iProzc)\COZiPr

55¢c
TH NMR (600 MHz, CDClI,)

L

Feert

Fsoz|

oot
F 61

66°0
Hhﬂ 00'¢

Feoe|

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

11.5

2.0

f1 (ppm)

S323



051 —

29°0S
+8°0S
90°'1S
8C'1S

02’89 —
0T'0L—

€12dD 6479~
€10aD 00°4L W

€10ad 1¢°LL

6T°8TT ~\_
8611

(X444 V
0T+ZT ~
96'S2T —
[4: W24 Sgn
el

ST8PT —

T8°99T —

N" > CF,
iPrOZC)\COZIPr

55¢c
13C NMR (151 MHz, CDCl,)

al

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S324



883
333
@\ N
N“ T CF,
Pro,C”~ "CO,Pr
55c 21N
19F NMR (471 MHz, CDCI,)
175 769‘.80 769‘.85 769‘.90
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
55 -56 -57 -58 -59 -60 -61 -62 -63 -64 -65 -66 -67 -68 -69 -70 -71 -72 -73 -74
f1 (ppm)

S325



T
€T
ST
9C'T
LT
8¢'T
6C'T

TL€
LL€ W

8L'€
68'¢ \

€0'S
cr's /
€T°S
v1's
ST'S
9T's

S6'S ~
€09

€L
vaL /
€L
(434 W
€€°L
(4 \
€9°L

Br

CF3

NN
iPrOZC)\

COziPr

55d
TH NMR (600 MHz, CDCl,)

LU

A_A

1

L

Fvetr

% 00z [

Fv60

Eseo |

W €60

e L
WH S6°0

160

T T T
11.0 10.5 10.0 9.5

T
11.5

2.0

S326



VA4
v@.HNH/

8ZTC
88'T¢ N.
T0°C¢C

£8°St
L0°9%
0g9
[4-peid

65°€9 —

£9°69 ~

150~
€100D 6£°9L

(A= oy oy o

€10ad0 1T LL

6°0CT
80°T¢T

4471
96'¢CT
€9°bCT
[4: a4t /.

T T4ENg
69921 =
sz,

P’ 0ET
PS'0ET
C¢L0ET
6T°EET

6E°EET
09°€eT

9b"SST ~
69°55T <

TT69T —

Br
N ACF3
’PrOzc)\COZ’Pr

55d
13C NMR (151 MHz, CDCls)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S327



NN =M
QOO Q09
228388
W
Br
@: 3
P S
N CF,
iPrOZC COziPr
55d
19F NMR (471 MHz, CDCl;)
-“3.75 76$.80 769‘.85 —69‘.90 76;.95 770‘.00 —7[;.05
f1 (ppm)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
55 -56 -57 -58 -59 -60 -61 -62 -63 -64 -65 -66 -67 -68 -69 -70 -71 -72 -73 -74 -7
f1 (ppm)

S328



900 up E v09
60 Fsze
9z'T w

Vil .
RAV Fover
8C'1

8G'€
mm.mW-
09°¢
8L'€
ow.mw
18'€

00's
80'S
60°S
(O}

s
s
€T’S
ST'S

649
189
89

589
489 V.

1L
€TL
YL
9T'L

@ N /\/OTBS

"PrOZC)\002"Pr

55e
TH NMR (600 MHz, CDCl,)

I
ooz |

T —= i
Eze1

WA.. 66°0
00°C
F 96T

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S329



ezer~
65T
88'ST\_

¥9'1S —
8809 —

0T°£9 —
6569 —

€10aD 64794
€10aD0 00744 W

€10ad 1¢°LL

P PIT —

€8'8TT —

£0°6CT —

86'LPT —

TELOT —

[:::::]\5rq,/N\\~’,()TEBS

iPrOZC)\COZiPr

55e
13C NMR (151 MHz, CDCl;)

50

T
90

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)

S330



Fa1]
vE0
vE0
SE0
SE0
9€'0
LEO
8€'0
6€°0
6€°0
ot'0
0
LT°T
8T'T
6T°T
6T°T
0S¢
18°¢
18°¢
[ay4
[Ay4
€9°C
€9°C

L6’V
86'v
66t
00°'S
T0°Ss
c0's
€0°s

9T L —

NP

"Prozc)\cozipr

55f
TH NMR (600 MHz, CDCl5)

v

|

90t [

S8'¢

Fsoer |

=61

= S6'0 |

o0z

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S331



M mm
QOO
[alalya)
n 00O
K N8R 8¢ e A3 o
© NNGY o < — el
— NINN N O m N N ©o
: NP v
N
Pro,C~ ~CO,Pr
55f
13C NMR (151 MHz, CDCl,)
L I 1 L
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S332



SE0
9€'0
9€'0
LE°0
LE°0
8€0
€40
€4°0
vr'0
vr'0
S'0

LT'T
LT°T
8T'T
8T'T

8€'T
or'T
or'T
T
[A®
€T
€T
SP'T
9’1
8t'T
6t'T
18T
88T
68°T
68°T
06'T
16'T
16'T
6T
6T
€6'T
€6'T
96°'T
96°'T
L6°T
L6°T
66'T
T0°C
20'C
20'C
S¢C
9T
9T
LT°C
8¢
8T
6C°C
£57€
PSE ]
SS'E
95°€
JASR Ny
JASR Ny
65°€ ]
80 ]
S6't
96'F ]
L6'% ]
86'V ]
66" 7

00°S
T0°S -

A

"Prozc)\cozipr

559
H NMR (600 MHz, CDCl,)

UJ\MM

ﬁ

= 10 |

B 102

Froer |

Fore

W o1z
vTZ

0T |

1071

F 00T

EF oot

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

11.5

f1 (ppm)

S333



L5°9 —

LSPT —

ov'1¢C v.

LY TC

64'8C —
86'0€ —

VA VA e

SS /9~
Sb'89~"

€10dD 64794
€10aD 00744 W

€10ad 1¢°4LL

8L7/9T —

QA

Pro,C )\COZiPr

55¢g
13C NMR (151 MHz, CDCl;)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

190

S334



18'C
18'C
[4: 4
€8'C
¥8¢C

16t
L0°S
80°S
60°S
s
s
€T's
1491

089
89
€89

169
Nm.wu.

1L
L
vaL
9CL

A

N
"Prozc)\cozfpr

55h
TH NMR (600 MHz, CDCl5)

16'T
WMNO.N

209
W.AN.@

660
L Fse'1

10T
Fooz

/81

11.0 10.5 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S335



6€°6 —

JAS Y4
09°T¢ v.

€9°TE —

00°69 ~_
2569~

€10dD 64794
€12d2 00°4L W

€10ad 1¢°LL

S8YIT —
08'8TT —

99°8¢T —

TL8PT —

SEL9T —

A

N
Pro,C )\coz"Pr

55h
13C NMR (151 MHz, CDCl,)

T
90

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)

S336



640
640
080
080
080
180
6T°T
0C'tT V

9¢ ﬂ“\-
LT°T

08¢
18'C
18'C
18'C
[4: 4

¥8¢C

L8V
90°S
L0°S
80°S
60°S
(e}
s
s

06'9
ﬁm.wV
90°L
NO.NN
9T’L

F,CO

A

N
iPro,C )\coz"Pr

55i
TH NMR (600 MHz, CDCl;)

F68'S

=999 [

F96°0
Fooe

€61
Foe't

1.0

1.5

3.0

T T
6.0 5.5 5.0

T
6.5

T T T T
11.0 10.5 10.0 9.5

T
11.5

2.0

f1 (ppm)

S337



€96 —

0S'T¢C v.

8G°T¢

€9°CE —

€269 ~_
9,69~

€10dD 64794
€10d2 00°4L W
€10ad 1¢°LL

T9STT —

6S°TCT —

ELTHPT —

€ELPT —

0T°£9T —

F,CO

A

N
iPrOZC)\COZiPr

55i
13C NMR (151 MHz, CDCl,)

L

L

50

70

T
90

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)

S338



-58.41

F3CO\©\ N A

Pro,c” “CO,Pr
55i
19F NMR (471 MHz, CDCl,)

-59

-60

T T T T T T T T T
-61 -62 -63 -64 -65
f1 (ppm)

S339

-69

-70

-71

-72



€Ty —

€0°'S
¥0'S
S0'S
90°s
L0°S
80°S
60°S

9CL—

Me

Me/\/\N/\)

"Prozc)\cozipr

55j
TH NMR (600 MHz, CDCl,)

ol J .

1

F o

£0°¢CT

65 |

I g

F sz

F 2ot

F ooz

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

11.5

f1 (ppm)

S340



0 mm
[ORONE]
[alalya)
ey 000
(=)} - O O o m n e} o W~ ~N
N NoR Q9w e N con o
[(e) NN O N o~ o - - O ™M
— NINN O O wn o™ N NN —
Y NS
Me
Me/\/\ N /\)
iPro,C”~ ~CO,Pr
55j
13C NMR (151 MHz, CDCl5)
[ T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S341



86t
60°'S
[
s
s
€T'S
4%
ST'S

649
08’9
189
89
€89

L
€L
vaoL
S¢L

Me

N

Pro,C )\COZiPr

w = ore

55k
'H NMR (600 MHz, CDCl,)

W/wvﬁ I
7z
v 80T

——— T 50°C

0T

— T 107

H_ o
F00C

0.0

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

11.5

f1 (ppm)

S342



¢8ET —
T1°0C ~

pS' T

80°0€ —

9T'6t —

8€°L9 —
769 —

€10d0 6494
€10d2 0044 W

€10ad 1¢°LL

I8PIT —
9S'8TT —

96°8¢T —

T6°LPT —

P L9T —

Me

N

iPrOZC)\COZ’Pr

55k
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

00

S343



080

Nw.ov
€8°0

€T
Y1
ST'T
9C'T
8C'T
6C'T
€T
€T
€e'T
SE'T
0194

o

6€°€
o¢.mW-
e

LTy —

£L0°S
80°S
60°S
otT's
IT's
s
€T'S

969
869
669
60,

f4 A
ST'L
oT'L
9C'L

S

[ XA

Me

Me

Pro,C )\COZiPr

55|
"H NMR (600 MHz, CDCl,)

W L

Fooe |

6°TT |

Sty

Foeael

Fsoe

<60

F ooz

+ 860

€0°T
M €0°T ¢

B g60

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S344



0L €T~
L9°/(T
S6'6T

LETT
mv.ﬁmv

TvoE—

SE8y —

£5°89 ~
+8'69

€100aD 6494
€12aD0 0024 W

€10ad 1¢°LL

00'52T
el
veser
805T —

I8'PET —

8E YT —

op'/9T —

Me

Me

N

"Prozc)\coz"Pr

55|
13C NMR (151 MHz, CDCl5)

L

il

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S345

00



160
mm.oW-
¥6°0
9Tt
7T
8¢'T

T
€eT
PE'T
SE'T
65T

wN.N.\.

6€'€
ov.mv
e

mm.v./.

otT's
:.mW-
[A%]

9,9
LL°9 V.
v0’L
S0L V.

9L

Me

Me

N

"Prozc)\cozipr

55m
TH NMR (600 MHz, CDCl5)

I JLJUUL

F 60

W 00'¢ |

Frozf
F ooz

3.0 2.5 2.0 1.5 1.0

3.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

11.5

f1 (ppm)

S346



S8'€T —

+1°0C
v20c W
LS°T¢C

TC0E —

LT°6V —

£€6'L9 ~
T€'69

€10dD 64792
€12ad 00°£L W

€10ad 1¢°LL

9S°STT —

60°8¢T ~
18°62T —

YL SYT —

9S°L9T —

Me

Me

N

iPrOZC)\COZ’Pr

55m
13C NMR (151 MHz, CDCl;)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)
S347

T
190




L9
vL9 v
v'L
ST,
ST°L
9T'L
9T'L
yAWA
9C’L

Me

I

iPrOZC)\COZiPr

Cl

N

55n
TH NMR (600 MHz, CDCl,)

)
J—

J

= L0€

Hhﬂmm.m.ﬁ g

1€¢C
¥ 80¢C

60t

F o1
Feoc

0Tt

=00z |

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

11.5

f1 (ppm)

S348



08°€T —
£0°0C ~

SS' T

T6'6C —

996t —

L8°L9 —
¥9'69 —

€10dD 64794
€10aD 00744 W

€10ad 1¢°4LL

9T 9TT —

8p'ECT —

64°8CT —

TS9PT —

(A WA ) S

Me

I

"Prozc)\cozipr

Cl

N

55n
13C NMR (151 MHz, CDCl;)

T
90

T T T T T T T
180 170 160 150 140 130 120 110

T
190

f1 (ppm)

S349



nTm
MmmMmm
-
L
o m

0's

8v'L

Me

N f
iPrOZC)\COZiPr

OBn

550
TH NMR (600 MHz, CDCl,)

F60€

wmh.ﬁ I
L£T

¥ 0T

Fvoe

o C0'T
£ 50'C

A e

Fsoe

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

5.5

6.0

6.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

11.5

2.0

f1 (ppm)

S350



¢8'ET —

T1°0C ~
SS' 1T

60'0€ —

pE6r —

€219 ~_
969~
18'69~

€10aD 6494
€12d2 00°2L W

€10ad 1¢°LL

LT°20T —
6€ 40T~
¢LL0T ~

LeLeT
SL7/TT V
bp'8CT *
99°'6¢T

8T LET —

9€'6PT —

LL76ST —

€€°/9T —

Me

N /l)
Pro,C )\COZ’Pr

OBn

550
13C NMR (151 MHz, CDCl,)

I

20

30

T T T T T T T T T
180 170 160 150 140 130 120 100 90
f1 (ppm)

T
190

S351



9€'y

S9'S
S9'S V.

Me

'Pro,C )\COZiPr

55p
TH NMR (600 MHz, CDCl,)

o0€ |

1TCt |
m 9€'¢
ve'e

Fvoe

660

Fe61

Feot t

o1 |

& 00T

W [{o"

66°0
M/. 10T

-0

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S352



€8'€T —
80°0Z

18°1¢C
wm.HNV.

£E°0€ —

98 LY —

1889 —
+9'0L —

€10dD 64792
€10d2 00°4L Wm

€10ad 1¢°LL

ETHPIT —

ZT€TT ~_
16'€2T —
19°92T —
scien

68°EET ~_
zever

TP'orT —

[AWA°) S

E

iPr02C )\ COZiPr

N

55p
13C NMR (151 MHz, CDCI,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S353



6L
90°S

80°S
60°S
IT's
s
€T'S
SS9
959
959
L4589
/459
L5879
999
£9'9
899

€89 —¢
589 \
989

9« L—

Me

g

iPro,C )\coz"Pr

MeO

u F so€

Woo.ﬁ r
,u ST'C
812

—— - 17

55q
TH NMR (600 MHz, CDCl,)

EbTTf
L Fsre

60T
ol
01T

= F zoe|

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S354



88°€T —
€702~

29°'1¢C V.

£€9°T¢C

€1°0€ —

v6'6v —

0T'4S —

T#'89 ~
€969~

€12AaD 6494

coao oo

€10dad 1¢LL

LE°SOT
¢S8°S0T v.
89°TIT
69°TIT Vv
68'vTT
T6'vTT Wu

€80T
T6°0vT

S9ert
TLTPT N.

CT'eST ~
€L°€ST —

€CT°L9T —

Me

g

iPrOZC)\COZiPr

MeO

55q
13C NMR (151 MHz, CDCI,)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S355

00



MMm@mmm@mm
F Me R AR R
MeO /J/,J 28§99 9

_--133.40
~--133.40
-133.42
-133.42
—-133.43

\--133.43
_--133.45
~--133.45

z

N
iPrOZC)\COZiPr
55q

9F NMR (471 MHz, CDCl,)

T T T
i3.35 -133.40 -133.45 -133.5(
1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20  -121 -122 -123  -124  -125  -126  -127  -128  -129  -130  -131 -132 -133  -134  -135 -136 -137  -138  -139
f1 (ppm)

S356



260
€60
S6°0
9C'T
LT°T
LT°T
8C'T
0€'T
€T
[450"
€e'T
SE'T
9€'T
8S°T
09°T
19T
[4°A?
9’1
LTC—

9€’e
8€’e W-
6€'e

16
80°S
60°S
oT’s
IT's
s
€T'S
v1's

0€9 L

€9
mm.o.\.

9T L—

Me
N/H

"Prozc)\cozipr

Me

]

55r
H NMR (600 MHz, CDCl,)

_J

Fae

€T
1T
T 01°¢

Fere

Fre

Fzot
F ooz

90'¢
w“.. 0T

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

11.5

f1 (ppm)
S357



8LET —

80°0¢C
¢S'T1C

8L7T¢C
08'T¢C N.

96'6C —

096t —

L1749 —
+9°69 —

€10dD 6£°9L
€12ad 00°£L W

€10ad 1¢LL

8/'86

S6°86 v.
£/£°S0T
¢6°S0T v.

99°0TT —

[4301 41
6€°0PT v
ot'6vT
vrerT v
+6°¢9T —

PSH9T
60°£9T —

Me

i

"Prozc)\cozipr

Me

55r
13C NMR (151 MHz, CDCl,)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

180 170 160 150 140 130 120 110
S358

190



-113.53
-113.54
-113.55
-113.57

£

N

A

iPro,Cc~ ~CO,Pr
55r
19F NMR (471 MHz, CDCl;)

—-113.53
_--113.54
~-113.55
—-113.57

T T
5 -113.50 -113.55 -113.60
1 (ppm)

L

-117 -118 -119

T T T T T T T T T T T T T T T T T T T
.00  -101 -102  -103  -104 -105 -106  -107 -108 -109  -110  -111 -112 -113  -114  -115  -116
f1 (ppm)

S359



uvo u
160
60
ST'T
9C'T
9C'T
LT°T
6C'T
0€'T
€T
[450"
vE'T
18T
ST
€S°T
SS'T
98T

oc'e—

vee
mm.mv
9€’e

@'
ho.m/
80°S
60°S
oT’s
T's
s
€T'Ss

189
89

Me
N /H
iPro,C )\COZ"Pr

Me

Me

55s
TH NMR (600 MHz, CDCI,)

JM@

66T

Ko |

F oot

Fsoo|

F 1oz

860 |

Fver

F ooz

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

11.5

f1 (ppm)

S360



8L'€T AN
S8'vT
88'v1 V.

90°0C ~

UL

6 TC

ycoe —

og6 —

S9'89 ~_
€269~

€12dD 6£'9L
€10d2 00°2L W

€10ad 1¢°LL

¥89TT
98°9TT v.

€Cven
9€'veT v.

SSEPT
95 EPT v.

€E°EST ~
06'¥ST —

SP'/L9T —

Me

N /H
iPrOZC)\COZ'Pr

Me

Me

55s
13C NMR (151 MHz, CDCl;)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S361



Me Me

Me

iPro,C
55s
19F NMR (471 MHz, CDCl;)

CO,'Pr

-133.53

120

-121

-122 -123 -124 -125

-126

-127

-128

-129

T
-130
f1 (ppm)

S362

-131

-132

-133

-134

-135

-136

-137

-138

-139

-1



06'0
60
€60

STT
9Tt
9C'T
2T
6C°T
0€'T
€T
€e'T
€S°'T
SS'T
9S8°'T
LS'T
6S°T

Te€
(4583
vEE

LUy —
L0°S
80°S
60°S
oT’s
TS
cr's
€T°S

sv'9
St'9
L¥'9
84’9
¥S9
SS9
SS9

9T’ L —

Me

g

’PrOZC)\COZ’Pr

MeO

Cl

55t
H NMR (600 MHz, CDCl,)

= 40'e

0T

8T'¢C
F 10C

860
L Fvet

=y

oz |

— I 867

11.0 10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S363



LLET—
€0°0C

vS'TC
mm.ﬁNV.

+8'6C —

T0°0S —

+S'19
wm.ﬁov.

L9 —
16'69 —

€10dD 64°9L
€10d0 00744 W

€10dd 1¢LL

6C°C0T
St'coT v.

PETIT —

08°8¢T
+8'8¢T v.
9€'9€T
9P'9€T v.

Lyl
YSPrT v.

C¢L’SST ~
9€° /ST —

LL°99T —

Me

I

iPr02C )\ COziPr

MeO

N

(o]

55t
13C NMR (151 MHz, CDCl;)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S364

00



IS RSRNENENE R R
F Me

MeO: t /H

NZ
Cl N
"PrOZCJ\COz'Pr
55t
19F NMR (471 MHz, CDCl,)
127.18 —12f71.2('2me) -127.26 -127.30

-135 -136 -137 -138 -139 -1

T T T T T T T T T T T T T T T T T T
120 -121 -122 -123  -124  -125  -126  -127  -128  -129  -130  -131 -132 -133  -134
f1 (ppm)

S365



—om
T T m
—
L

——

"Prozc)\cozfpr

55u
H NMR (600 MHz, CDCl,)

JJ L

2.0

1

= v0€

HH/./wm.N.ﬁ |

yAN4

v 1T |

Fso0¢

Fooe|

1.0 0.5 0.0

1.5

5.0 4.5 4.0 3.5 3.0 2.5

5.5

6.0
f1 (ppm)
S366

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

11.5

2.0



68°€ET —

020 ~
09'1C —

0c¢0€ —

SE€6b —

£€8'L9 —
§5°69 —

€10dD 64792
€10d0 00744 W

€10dad 1¢°LL

88°60T —

€8°LTT —
£8°CCT

91'9¢t
LP'9CT /
0€°LCT —
£8°LCT x
SL°8¢T
¢SPET —

0L'SYT —

€V L9T —

"Prozc)\cozipr

55u
13C NMR (151 MHz, CDCI,)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S367

00



9€'T
LET v

99°¢
16'C
e
€6'C
€6'C
86'C
66'C
00'e
00°€
T0°€
T0°€

Ty —

L1°S
8T'S
61°S
0z's
1S
s
€S

9C'L
LTL
6C°L
0€L
S€L
9€L
LE°L

e |

N

Me\

iPrOZC)\COZiPr

55v
TH NMR (600 MHz, CDClI,)

i

o

FopCT

6T |

m\.ﬁNN

¥ 0T'C

= L6°0 |

F oozt

¥ 6S°€E [

I s

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S368



69°T¢
9L°T¢ v.

68'VE —

Sb'6E —

68°95 —

9689 ~
82°0L

€12ad 6£°9L
€12ad 00°4L W

€10ad 1¢LL

86'S2T ~_
62°82T ~
I8 Tadl

62°6ET ~_
z6'65T

6T°49T —

N

Me\

iPrOZCJ\COZ'Pr

55v
13C NMR (151 MHz, CDCl,)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S369

00



N ©
NN
N N
N

=

LT,
8T,
ocL
0cL

1L
9T’L
LT°L
8¢'L

N

Me

"Prozc)\cozfpr

55w
TH NMR (600 MHz, CDCl5)

Fere

T
w“..wov.m

B 60z

L0°C t
W.. 0T'¢

B 90z

F 00T

E 861

L0
K 60T |

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

11.5

S370



06°€T —
9T'0C ~\
95°'T1¢C

19'T¢ V
89°0€ —

65°GE —

0c'es —
SEPS —

SL7 19~
7989~

€10dD 64792
€10d2 00°2L W

€10ad 1¢°LL

SLSTT~C
80'82T ~_
99821 -~

80°0vT —

LLL9T —

Me/\/\N

’PrOZC)\COZ'Pr
55w
13C NMR (151 MHz, CDCl,)

40 30 20 10

70 50

T
90

T
100
f1 (ppm)

T T T T T T T
180 170 160 150 140 130 120 110
S371

T
190




S¢T
9C'1
9C'1

8C'T

6T /

¥6°'C
S6'¢C N.

99°€
89°¢€ Wm

69°€

c0's
L0°S
80°S
60'S
otr's
TS
cr's
)

€8'9
¥8'9
§8'9
689
16’9 V

0T L\,
17, kw
€L

vz's
vz
9z'L
Lz
Vil
62,
62,
0L
zes

N

iPrOZC)\COZiPr

55x
H NMR (600 MHz, CDCl,)

e

Foser

Fere

Fere|

= 66'0

B o0z

0T [
X 90

e |
W.. Ty

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S372



99°'1¢ —

LEVE—

£€6'0S —

S€/9 —
99'69 —

€10AaD 64794
€10aD 0074 W

€10ad 1¢°LL

¥6'8TT —
£L1°9¢T
St'8c¢t W
£9°8CT \
ceect

TS'6ET —

6S°LPT —

9€°L9T —

N

’PrOZC)\COZ’Pr

55x
13C NMR (151 MHz, CDCI,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S373



€T
vt
ST'1
9C'1T

L8'C
88'C W-
68'C
98¢
LS°E w
65°€

LE£9~
6£9~"

6T°L
0c'L ”/.
9C'L
LL N
8¢'L

MeO

N

F

iPro,C )\COZiPr

55y
TH NMR (600 MHz, CDCl5)

I

I

Fzrer

F107C

Fooc

/8T

=860 |

Fret

Fo0c

¥ 86'C

661 [

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

11.5

S374



8v°T¢C
T18°T¢C V.

e —

<91 —

66°'T9 —

0T'L9 —
96'69 —

€12aD 6£°9L
€12aD 00°4L W

€10ad 1¢°LL

£9°'86
58'86 v.

CE9TT U
8+'8¢T
95'8¢T V.

8/'8ET —

8S°EPT —

§9°'SST
T/'SST

LT°/ST
€E/ST “.

09'99T —

10

20

30

40

50

60

100 90 80 70
f1 (ppm)
S375

110

120

150 140 130

160

N
55y
13C NMR (151 MHz, CDCl,)

170

F
"Prozc)\cozipr
180

MeO

190

00



nNnOUNO-HMN

R

NININ

ANANANANNAN

o o o o
MeO

iPro,c”~ “CO,Pr
55y
19F NMR (471 MHz, CDCl,)

T T T T T T
412792 -127.96  -12800  -128.04
f1 (ppm)

120 -121 -122 -123  -124  -125  -126  -127  -128  -129  -130  -131 -132 -133  -134  -135 -136 -137  -138  -139 -1
f1 (ppm)

S376



08'9
Hw.wW-
89

00°Z
Ho.hv

ST'L
LT°L
8T°L

N

iPro,C )\ CO,Pr

55z
H NMR (600 MHz, CDCl,)

IR
Fire

Bzo1
/6T
00T

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S377



SETT~
6512~
67"

08'6C —

stzo
1259 —
€569 ~_

€10dD 64794

[~y

€10dd 1¢LL

60°8TT ~—
68°6TT —

85°8¢T —

90°8vT —

T2°89T —

N

iPro,C A CO,Pr

55z
13C NMR (151 MHz, CDCl5)

T T T T
90 80 70 60 50 40 30 20 10

T
100
f1 (ppm)

T T T T T T T
180 170 160 150 140 130 120 110
S378

T
190




oT'T
T ”/.
1T
wt v.
¢s'T
€S°T v
SS°T
9S'T
95T
LS'T
85T
6S°T
09’1
0L'T
€6'T
+6'T
96T
96T
86'T
€TC
€0y

SOy
L0'v
80

oLy —
66'Y
00°s
T0°S
c0's

v0'S
S0'S

69
€6'9

sl

Me

N

iPrOZC)\COZiPr

56a
TH NMR (600 MHz, CDCI,)

=109
7109

W/@N.v

71'C
Fe0c

0°C
0'¢

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)
S379



T€0C
mNANW
mvém.\.
§S9°€C

10°0€ —

6619~
18'59 —
5069 ~_

€10aD 6494
€12aD0 00°2L W

€10ad 1¢°LL

TT'6TT —

88'82T ~_
62621~

€L°SPT —

6¢'89T —

Me

N

iPrOZC)\COZiPr

56a
13C NMR (151 MHz, CDCl,)

T
100
f1 (ppm)

T T T T T T T
180 170 160 150 140 130 120 110
S380

T
190




80'T
01’1
(T'T
m:N.
8b'T —=
Hm.ﬁ\
vm.ﬁ.\.
99'T
Hm.ﬁ.\.

81—

09°€ —
L6'E
86'€ W-
00y

€9v—

66
00°s W.
10°S

99’9 —

9CL—

Me

e

iPrOZC)\COZiPr

MeO

Me

56b
H NMR (600 MHz, CDCl5)

J

)L

L

WMN.@
+'9 |

WMN._V
0z

Froz

7|

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S381



€1°9T —
6112

mm.HNV.
85z~

€0°0€ —

v5'65~
2079~
18'59 ~
68'89 ~_

€10dD 64792
€10dd 00°4L W

€10ad 1¢°LL

65°6TT —

L0°0ET —

L8°EPT —

T8°0ST —

€C°89T —

Me

MeO

N

Me

"Prozc)\cozipr

56b
13C NMR (151 MHz, CDCl;)

1

T
100
f1 (ppm)

T T T T T T T
180 170 160 150 140 130 120 110
S382

T
190




au b 14
90'T
[ARE
€T'T
€T T
PT'T
ST'TA
9T'T 4
LT°T A
[44n i\
€T
€T
€T .uMw
SeET
9€'T
LET
or'T
w'T
£9°T
69°'T
€8T
S8'T

T

86T

JAR
8G°€
65°€
09°¢€
19°€
(AR

8Ly
66't
00°'s
10'S
c0's
€0'S
¥0'S
S0'S

€L'9
SL°9
94’9

16'9
Nm.mV

ET°L
14WA
v1L
9T,

N

iPrOZC)\COZiPr

56¢
TH NMR (600 MHz, CDCI5)

M

2.0

|

JJLJL‘

mll.w
WMH.H

1°9

a4
Esot
Fsoc
Froe

Feot

E10T
Ese1

)
B10C
+00°¢C

1.0 0.5 0.0

1.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

11.5

f1 (ppm)

S383



LTTT~_
it

£9°S¢
+6°S¢ v

L0°TE—

8065 —

€8'€9 —

€10dD 64792
€10d2 00°2L W

€10ad 1¢°LL

vCotT
STOTT v

vre1t "

St'8¢T —

6S°LPT —

£E°89T —

N

iPrOZC)\COZiPr

56¢
13C NMR (151 MHz, CDCl5)

T T
120 110 100
f1 (ppm)
S384

T
130

T
140

T T T
180 170 160

T
190




[44n"
SH'T
<S'T

L0°T
80°T
Tt /.

€5'T—
051
68'T~
161~

LLT—

wm.m./.

0L€
ﬁh.mw
0Ty —

oLty
wm.v/
66't
00°S
10'S
<0's
€0's
¥0'S

089
189
89
£€6'9
mm.mv.
ST'L
oﬁ.hN-
LT°L

9¢'L

P Boc

N

iPrOZC)\COZiPr

56d
'H NMR (600 MHz, CDCls)

w/mﬁ.w

Feso |

9'6
0°C

660 |

F00°C

11.0 10.5 10.0 9.5

11.5

2.0

S385



€17~
95’1z~

LE'8C —
St'0E —

¢sEy —

8L —

€5'v9 —

LY'69 —

€10d0 6494

€12d2 0022 W

€10ad 1¢°LL
6564 \

08°LTT —
£0°0CT —

69°8¢T —

STLPT —

09°pST —

0T'89T —

P Boc

N

N

"Prozc)\cozipr

56d
13C NMR (151 MHz, CDCl5)

70

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

S386



L

in

. Boc

N
56e

iPrOZC )\COZiPr
H NMR (600 MHz, CDCl5)

T
Fro1r

Fe61

Fost

Fee

1071

\# 80°C

F e
€01

o0z

660
10T
/660

0.0

0.5

5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.5

f1 (ppm)
S387

6.0

11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5

11.5




ot'1¢
Hv.ﬁmv
9T°8C ~=

1867 —
e1e "

€€88 —

T9°L9 ~
+0°69 —
ETTL—

€0AD 6292

€0ad 00°2L W

€0Ad 12°2L
0€6L s

8+'80T —

bTcer —
€9°PCT —
88°9¢T —

086ET —

¢SPST —
GT9ST —

87°89T —

Boc

N

iPro,C )\coz"Pr

56e
13C NMR (151 MHz, CDCl,)

|

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S388



[44n"
vt
ST'T

9C'T
bS'T \

8t
¥0'S
S0'S
L0°S
60°S
oT's
s
€T'S

S

849
649
089
189
689
26’9
¥6'9

g

Ja

F

25

N YCOZ’Pr
COziPr

Pro,cC

iPrOZC

56f
H NMR (600 MHz, CDCIs)

e

]

3.5

Fovoe

F oov

Fcec

ES6T |

F1ee

Fs8ee|

g6

0.5

2.0 1.5 1.0

2.5

3.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

11.5

f1 (ppm)
S389



6S'T¢C
09°T¢ v.
£€6'9¢ AN
€0'8C ~
ot'6¢
¢5'6¢C N.

€008 —

£€5°89 ~
6v'69
€000 89'9Z ~\

€12aD 00°4L —F
€10ad ¢eLL \

8¢'STT
0S'STT

P LTT
187411 N.

1344}
P PPT v.

¥S'SST —
06°LST —

6€°L9T —

N\T,cogpr
COziPr

T N\_g)g

iPro,C

56f
13C NMR (151 MHz, CDCl,)

J

L

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S390



-125.61

J_.

F F
i
P ]
ro;C N_ _CO,Pr
iPI’OZC )9 COziPr
56f

19F NMR (471 MHz, CDCl,)

.20

-121

-122

-123

-124

T T T T T T T T T T T
-127  -128  -129 -130 -131 -132
f1 (ppm)

S391

-133

-134

-135

-136

-137

-138

-139



om.m/

(4583
vm.mw

SLE—

6Lv
€0°s
S0's
90°'S
80°S
60°S
IT's
€T’S

Sy

8L'9
18'9 W
+8'9
£8'9 7
9TL—
S
B
N [
S &
N
O
o o
=
(@) 4

N
Y \_(./)9
569

iPrOZC

H NMR (600 MHz, CDCl,)

Feeoc |

Ferv

Fsow |

Fe09

=861 [
F oo

Fers|

10.0 9.5

30 25 20 15 1.0

3.5

85 80 75 70 65 6.0 55 50 45 4.0

9.0

12.0 11.5 11.0 10.5

12.5

3.0

f1 (ppm)
S392



T9°'1¢C
€9°'T¢C v.
00°L¢
97'8¢ M
St'6C
95°6¢ N.

P86y —

¢5'SS—

01°69
¥C°69 v.

€12dD0 8992 /
€12ad 00°4L Nr
€1Dad ¢eLL

PEPIT —

89°8TT —

PPt —

Op'EST —

S9°/9T —

Y 002iPr
CO,'Pr

3

iPro,cC

569
13C NMR (151 MHz, CDCl;)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S393

00



849
849
089
189

\_f/;:

\r COziPr
COZiPr

YN

iPrOZC

56h
"H NMR (600 MHz, CDCl,)

ML

Fesoe t

F oov

Foee|

6T [

Ee1|

F vee

00'¥ |
m 66°T
<0¢c

0.5

3.0 2.5 2.0 1.5 1.0

3.5

11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

11.5

f1 (ppm)
S394



65°T¢C

T9°1¢C
76°9¢
86°9¢ Vv
20°8¢ \
¥T°8¢
6€£°6¢
6c
¢5°6¢C

18°6%
+¥0°0S v

08°§S —

TS89
T1°69 /
vT'69 W
8v°69
€12ad 899~ /
€12ad 00°4L w
€12ad ¢eLL

EEPTT /
9C'STT
6v°STT V
ob’LTT
LYLTT N.

TL8TT

T~
6EPbT
THbbT D

LY EST —
TG'SST —
88°LST —

Y COziPr
COziPr

Y N\_(./;:

iPro,C

56h
13C NMR (151 MHz, CDCl;)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S395

00



-125.64

OMe F
i
P .
0L _N N_ _CO,Pr
iPI’OZC )9 COziPr
56h

19F NMR (471 MHz, CDCl;)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20  -121 -122 -123  -124  -125  -126  -127  -128 -129  -130  -131 -132 -133  -134  -135 -136 -137  -138  -139 -1
f1 (ppm)

S396



0c't
T

il

08

oo.m/
£0°S

80°S
60°'S
oT's
T's
s
Y¢S

=

189
€89
€89

989
1L
€TL
vl
9TL
LeL
8T,
€L
9€L
orL
WL

N

"Prozc)\cozipr

56i
H NMR (600 MHz, CDCl,)

1

TE9
WN..NM.@

Fooe
F00'T

Froe

1%
m\wo.m

0°C

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0

4.5

5.0

5.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

f1 (ppm)

S397



LETT
vaNV:

T0PS —

9v'99 —
¢L69 —

€10aD 6£°9L
€10dd 00°4L Wm

€10ad 1¢°LL

6CPTIT —

26'81T —
15°9¢1

SS5'9zT AN
81'821 -7
96°8ZT 7
10°6€T —

YEBPT —

6T°/9T —

N

"Prozc)\cozfpr

56i
13C NMR (151 MHz, CDCl5)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S398

00



vT'T
orT'T

0Tt

PeT—

T0°S
20's

+0'S
S0's

90°s
80°S
SE'S

169
69
€69
¥6'9

ET°L~

TTL
€TL
vaL
9TL

Me

N

"Prozc)\cozipr

56]
H NMR (600 MHz, CDCl5)

1€°9
€9

=160

Fooe
14
[4%4

0.0

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S399



89°0¢ N

(45 ¥4
mm.ﬁmw.

¥6°L9 ~
€569 —

€10dD 64792
€10dd 00°4L W

€10ad 1¢°LL

0£99T —

Me

N

"Prozc)\cozipr

56j
13C NMR (151 MHz, CDCl5)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S400

00



€0'T
¥0'T

vy

€T —

06't
6%
w6y
€6't
I Chd

S6'v
96t
s

169
€6'9
L
€T°L

ST'ZL
9TL
9T'L
LTL
8T°L
8T,

MeS

N

iPrOZC)\COZiPr

56k
'H NMR (600 MHz, CDCl,)

/6T

=160

Pt
T0°C
T'c

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S401



90°LT —
6€°T¢
€P°TC V'

¢6'L9 —
LL°69 —

€10dD 64792
€10d0 00744 W

€10ad 1¢°4LL

09'T2T ~_
bS'TTT —
sreer
69°82T ~
et~
08’11~

P8 EPT —
TTo9PT —

65°99T —

MeS

N

iPrOZC)\COZiPr

56k
13C NMR (151 MHz, CDCl5)

T T T
90 80 70 60 50 40 30 20 10

T
100
f1 (ppm)

T T T T T T T
180 170 160 150 140 130 120 110
S402

T
190




0zt
T

7

L0°S
80°S
60°S
[
s
s
€T'S
6€'S
69
¥6'9
S6'9
6’9
869
0L

=

90,
80°L

€T°L
v1L
ST'L

9T'L
8¢'L
6C°L
0g’L
LE°L
8€L
6£°L

(0]

N

’PrOZC)\COZiPr

56l
TH NMR (600 MHz, CDCl,)

19
me.w

860

20T
kmo.ﬁ
ﬂ..wﬁ.m
H/MQN
H/mo.ﬁ
H/MN.V

0'¢

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S403



YETC
hm.ﬂNvu

16°4L9 —
€969 —

€12aD 6£°9L
€10dd 00°4L Wm

€10ad 1¢°LL

SH'8TT
8v'8TT

15611
vg0zT *
A

€021 —
26'82T -7
85621 7

€S°0PT —
€0° LT —

78'EST —
ST/LST —

65°99T —

o

N

iPrOZC)\COZ’Pr

561
13C NMR (151 MHz, CDCl,)

A I JLLMJL

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S404



S0'S
90°s
L0°S
80°S
60°S
otr’s

€b's—

Ph

N

iPro,C )\ CO,/Pr

56m
TH NMR (600 MHz, CDCl,)

!

Z1°9
T°9

T0°€
Mm\.\.NO.N

/0T

W/Mo.w
0z

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

11.5

f1 (ppm)

S405



9€'1¢
€P°'1C V.

16'L9 —
SL'69 —

€100aD 64794
€12d2 00°4L W

€10Aad 1¢°LL

oc'Ict
0g'ecT /
8E'ECT /.
§58°9CT

+9'9¢1
¢9°LTT —

29'8¢T \
61°6CT
}PET —

+9'OPT —

TL°SPT
+8'SHT V.

€9°99T —

Ph

N

"Prozc)\cozipr

56m
13C NMR (151 MHz, CDCl,)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S406

00



4
ST'T

w17

[TT~
eer"

L9
mm.w/
S.9
mh.wvu
cﬁ.hv

1L
wﬁ.h.\.

Me

Me

N

"Prozc)\cozfpr

56n
H NMR (600 MHz, CDCl3)

I

Ji_i

Fever |

sceE

10°€

et

560 |

Fooe}
Fars

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

11.5

2.0

f1 (ppm)

S407



cL0e
hm.HN./.
NV.HNW-
[Amt4

66'£9 ~
€569 7

€12aD 6£°9L
€10d2 00°4L Wu

€10ad 1¢°LL

89°9TT
0£°9TT 7
61°02T “
v0°zeT

cspzr
€287 —~
69621~
PEEET ~

09°8€T v
60°EPT ~
06°9vT AN

18991 —

Me

N

’PrOZC)\COZ’Pr

56n
13C NMR (151 MHz, CDCl,)

i

i

{ HHHH

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S408



40T
80T
8T'T
61T

61'c—

T0°S
0's
€0'S
+0'S
S0'S
90°S
£0°S
9's —

=

Me

S
~

/

N

iPrOZC)\CoziPr

560
TH NMR (600 MHz, CDCl,)

L

Fre9
Fs19

60

F90'¢C
=001
560
00T

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S409



£2°0C AN

TT°1C
E€T°TC V.

SE'69 ~
oL~

€100aD 64794
€12d2 00°4L Wm

€10Aad 1¢°LL

I8PIT —

+S'9¢T
[4A°T4)

08°/CT
86°LCT N

0z'6cT

6t'6ET —
TLTPT —

6€°L9T —

Me

S

~

/

N

"PrOZC)\COZ"Pr

560
13C NMR (151 MHz, CDCl,)

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S410

00



60°T
oT'T
T
4!

9T'c—

T0°S

¥0'S
S0's

L0°S
80°S

989
JAS]

S8°9
9CL
6L
6L
0g’L
0gL
€L
L
8L
8L
8L
8L
ST'8
81°8
61°8
61°8

B R e

Me

~

S

N

’PrOZC)\COZiPr

56p
H NMR (600 MHz, CDCl,)

o

1

Fozur

667 |

o0z

860

Fsoc

86T

oz |

660 |

+6°0

96°0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

7.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5

11.5

2.0

f1 (ppm)

S411



SE0¢C
mm.HNW
vETC

1869 ~_
ocroL "

€10aD 6£°9L
€12ad 002 Wu

€10ad 1¢°LL

T9°STT —

vezeT /
(5°€2T

v6€2T W
£z'seT —
9082~
29'821

12°621 \
§6'62T

TULET —
£5°0bT ~_
SLTHT —

9T —

Me

~

S

N

’Prozc)\cozipr

56p
13C NMR (151 MHz, CDCI,)

Il |

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S412



b1
ST'T
91T
LT'T

6L'€ —

86'%
66'%
00°'S
T0°S
c0's

€0°'S
¥0'S
TS

SS9
£S89 v
889
689 V
L0°L
60°L w.

9C'L -f
8¢°L
0€’L

OMe

(o]

N

"Prozc)\cozipr

56q
H NMR (600 MHz, CDCl5)

W

A

I

Feper |

Eo00€ [

861

=160

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S413



8€'T¢C
mm.ﬁmv

eSS —

80'89 —
8469 —

€10dD 6494
€12daD 00°4L Wu

€10ad 1¢°4L

PO'PIT —
09°9TT —

v6'€TT ~
€5°8¢1 v
TL6CT ~

€TLET —

6t 9bT —

T6°4ST —

P'99T —

OMe

Cl

N

"Prozc)\cozipr

56q
13C NMR (151 MHz, CDCl5)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

00

S414



ST'T
9T'T

(TT \
8T'T

ST'C
9T'¢C v.

00°'S
T0°S
20's
€0°S
+0°'S

S0°'S
90°s
€S

8b°9
649 >
€89 ~_
589~
(42

€1°L Dy

Me

OMe

N

Me

Pro,C J\ CO,/Pr

56r
TH NMR (600 MHz, CDCI,)

Al

L

.

I

Fever |

609

Eyrel

EF ooz

ot

Eoo0c

90T

EF 10t

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5

11.5

f1 (ppm)

S415



9L'vT
8LbT v.

8€°T¢C
ot'1¢ v.

€€'6S —

€€'89 ~
05'69

€100 64°9L
€10dd 00°2L W

€10ad 1T°LL

SEPIT —
LT°6TT —
LEPCT

6t'vCT v.

6£°9CT <

88'8ET —
19°¢hT —

TTHST ~_
64'SST ~
verogT

18°99T —

Me

OMe

N

Me

iPro,C )\COZiPr

56r
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S416



NANMMMT T T NN
NNRRNNNNNN
RERBERERE R R R R
MMM MMM MM
ot
Me
F OMe
Me N

Pro,C~ ~Co,/Pr
56r
19F NMR (471 MHz, CDCl,)

T T T T
-131.72 -131.76 -131.80

f1 (ppm)

T
4 -131.68

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 -121  -122  -123  -124  -125  -126  -127  -128  -129  -130  -131 -132 -133  -134  -135 -136 -137  -138  -139 -1
f1 (ppm)

S417



100 —

680

vEl
m:“/.

8T'T
6T°T N.

oce—

vLC
SL'T W-
9L'C

oL€
e W.
8L€

00's
'S
€0°'S
v0'S

S0's
90°s
9C's

649
08’9
€89
+¥8'9 “.
S0 “\n
L0°L

Me

OTBDMS

N

Me

"Prozc)\cozipr

56s
H NMR (600 MHz, CDCl,)

L

F 009

F e
Fsrer |

Fr109 |

661

1o |

o061

=160 [

v6'T [
M S6'T

Fo61

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

11.5

f1 (ppm)

S418



op'S-—

29'pT
S9'bT 7
28T ="
LE7TT

:V.HNN.

§8'5C

TL8€ —

859 —
80'89 ~_
0569 —

€10aD 6£°9L
€12aD 00°2L Wu

€10ad 1¢°LL

TE6TT —

0LvCT
€8'vCT
S0°sct

80°S¢T .\.

09°6CT
88'TET .\.

YL O0bT
9L'0bT N.

9T'SPT —

T6°GST ~
TS°48T —

<L99T —

Me

OTBDMS

N

Me

iPrOZC)\COZiPr

56s
13C NMR (151 MHz, CDCl,)

U

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S419



MMT TN OOON
o ih 00
O WOWYWYOOYOOOY
NANANANANANANANNN
nininin i

|

F OTBDMS

Me N

iPro,c~ ~CO,Pr
56s
19F NMR (471 MHz, CDCl;)

T T T T T T T T T T
44 -126.48 -126.52 -126.56 -126.60 -126.

f1 (ppm)
Ad R

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-134 -135 -136 -137 -138 -139

20  -121 -122 -123  -124  -125  -126  -127  -128 -129  -130  -131 -132 -133
f1 (ppm)

S420



60°'T
oT'T

oc't
Tt N.

€T —

66
00's
T0°S
c0’s
€0°S

¥0'S
S0's
€S

Br

Me

N

Rozc)\cozR

ipr

TH NMR (600 MHz, CDClI,)

56t; R

ETT9
B89

Byoz
<ot
€0'T

F66'0
001

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

11.5

f1 (ppm)

S421



9€°0¢ AN
TETC
JA Y4 V

€479 —
8469 —

€10d0 6494
€10d2 00°4L W

€10ad 1¢°LL

6E°GTT —

£9°SCT
T1°8¢1
£9°8CT
££°8CT
€€°6¢CT
S9'TE€T
0L°€ET

e

69°erT
eVt v.

857991 —

Br

Me

N

Rozc)\cozR

ipr

13C NMR (151 MHz, CDCI,)

56t; R

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S422



€T'T
ST'T Wn
9T'T

9€C—

PT'p
ST
9T
LT
LTh
8T'v
8T'b |
0Tt A
0T\
wy )w
v ]
Ty
Ty
vm.i
52 ]
9Tk

29
279
€2°9 1
v2'9
£0'9
mm.m)
SS9
95'9
95'9
1579
(59
(8'9
(8'9
68'9
06'9
06'9
9T,
8T/
9zL
9L
9L
bt
bt
29,
v9'L

—

e e

Br

Me

N

ROZC)\COZR

56t; R = Et
'H NMR (600 MHz, CDCl,)

WL

JL L

oo

5660
00T
10T

H/do.H

Fe6'1

et

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S423



LLET—

SO0'TC—

959 —

SL'0L—

€100 64794
€10aD 00°4Z W

€10ad 1¢°LL

99°0TT s
LYPTIT
06Tt AN

6/LCT
99°8¢T W.
vL°8CT
TS°0€T
8E€'CET \
9¢'8ET —
LETYT —

bC'89T —

Br

Me

N

Rozc)\cozR

= Et
13C NMR (151 MHz, CDCl,)

56t; R

L

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S424



€T°T
4"

vy

STc—

00°'S
T0°S
c0's
€0°S
+0°S

S0'S
90°s
9C's

[A°)
€49 V
889
069 w.

9T’L
LT°L N.

Me

Cl

Me

N

"PrOZCJ\COZ"Pr

56u
H NMR (600 MHz, CDCl;)

Jin

|

¥'9

9

19

ooz
=0T

Aoz [

Reo'z
/96T

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

11.5

f1 (ppm)
S425



[4 %4
ww.ﬁNv

T1'89 —
6469 —

€12aD 6494
€12ad5 002 W

€10ad 1¢°LL

9T'TTT ~
66121~
$9°STT ~
29T
08821

86'8ET —

$0'SHT ~
18'SHT ~

657991 —

Me

Cl

Me

N

iPrOZC)\COZ’Pr

56u
13C NMR (151 MHz, CDCl,)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

S426



LT'T
8T'T

Ay

S¢e—

€0'S

Me

Ph

Me

N

iPrOZC )\ COZIPr

e

56v
TH NMR (600 MHz, CDCl5)

N

il

9
Ww(\mv.w

9

Fooe

660

10
0’1
0z

20T

BN

0'C
m/.No.N

0.0

0.5

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S427



wTe
SH'TC

2089 ~

6569 —
€10aD 6£°9L
€12ad 002 W

€10ad 1¢°LL

66'9TT ~
9'8TT —~
eb61T

96°¢CT
9T°eCT N
Sb'9CT
09°62T

65°8ET —
64°0bT —

90°LbT —

8€'€ST —

EP/ST —

£LL799T —

Me

Ph
o

Me

N

iPro,C )\ CO,/Pr

56v
13C NMR (151 MHz, CDCl5)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S428



LT'T
8T'T

vy

& —

£L0°S
80°'S
60°'S
otr's
IT's
s
€T°S
Sb'S—

9,9
€89
S0°L
90,
9L
LT,
6C°L

SEL
SEL
9€L
LE°L

vyl
St
oL
65,
092

Me
Me

N

®
J

iPrOZC)\COZ'Pr

56w
H NMR (600 MHz, CDCl5)

19
€9

F19

Fooz

=960

=760

E660
J660
F10°€
0¢
=61

11.0 10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S429



€€ TC
13 Y4 V.

G189 ~
§9°69

€12aD 6£°9L
€12ad 002 Wu

€10ad 1¢°LL

60°0CT
lgiran W
SS°0¢CT

£8°0CT "
L6'PCT ~—
S6°9¢T
crLen

SS°8¢CT \
€T°6CT

89'8ET ~
L0°THT ~
16 T6T -
20°9bT ~_
L9°9%T ~

¥L°99T —

Me
Me

N

®
J

iPrOZCJ\COZiPr

56w
13C NMR (151 MHz, CDCl,)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S430



8T'T
6T'T
o't
1T

£C°C

.

ve'e

c0's
€0'S
S0'S
90°S
£L0°S

80°S
60°S
8¢'S

€9 —
989 —

+6°9
S6°9 v.

9CL—

Me

Me

Me

Me

’PrOZCJ\COZ"Pr

56x

(N-attack product)
H NMR (600 MHz, CDCl,)

A

10

T
Mm“.. €€9 [

Fvser b

F ooz

1|

10t
660

61

11.0 10.5 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

11.5

f1 (ppm)

S431



SO'T
90T

8T'T
6T'T N.

9T'Cc —
Le—

86'v
66t
00°s
T0°s
c0's
€0°S
¥0°'S

L1°9 —
8€'9 —

9T L~
6t°L
0S°L v

Me

Me

HN

Me

JIL

Me

COZiPr

iPrOZC

(C-attack product)
TH NMR (600 MHz, CDCl,)

!

o9

009 |

09

=889 [

Fzso

6T |

=TT

T T T
11.0 10.5 10.0 9.5

T
11.5

2.0

S432



T9°vT
€9'vT v

9€'1T
ov.HNW.
(414

0089 ~
Sb'69

€10dD 64792
€10dd 00°4L W

€10ad 1¢°LL

08'STT —
ov'ect

€L'vCT
S8'vCT

99'92T
0L'9T 7
8E€'8ET ~\_
80°0¢T

ovost
0 LbT —

8€°9ST ~
86'/LST —

vL°99T —

Me

Me

Me

Me

’PrOZC)\COZ’Pr

56x
(N-attack product)
13C NMR (151 MHz, CDCl5)

80 70 60 50 40 30 20 10

90

f1 (ppm)
S433

170 160 150 140 130 120 110 100

180



LLYT
6L'PT v.

8T°T¢
[4a Y4 W.
0€°TC

20°0L ~
06'0L~"

€10dD 64792
€10dD 00°4L W

€10dad 1¢°LL

LTTIT —~
16°CIT —
8t°0CT

peeeT /
b ECT /,
9g /Tt

ob'LTT /y

8C°6CT
0€°6¢CT
9v'6CT
6t°6¢CT

8T'8ET ~_
12:8s1 "

LSPPT —

¥6°8ST ~
95°09T —

T1°89T —

Me

Me

HN

Me

uln

Me

COziPr
(C-attack product)
13C NMR (151 MHz, CDCl;)

iPI"OzC

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

190 180 170 160 150 140 130 120 110
S434

00



e ANNMM S T Wnn;n
0 0 10 10 10 10 0 1 1h 10 10
£E888888888
e AR
Me Me
F AR
SN e
Me N Me
iPro,c~ TCO,Pr
56x
(N-attack product)
19F NMR (471 MHz, CDCl,)
.44‘ »12‘6.48 ‘ -12‘6.52 ‘ -12‘6.56‘ »12‘6.60
1 (ppm)
\nun A
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-128 -129 -130 -131 -132 -133 -134 -135 -136 -137 -138 -139

120

-121 -122 -123 -124 -125 -126 -127

f1 (ppm)

S435



T
T

Ay

Qe —

OMe

~Z

S

OMe

N

e

Pro,C )\cozipr

56y
H NMR (600 MHz, CDCl,)

Bis

S°9
L9

Foro

FH6°0
0T
8'T

et

FT60
80

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0

5.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

2.0

f1 (ppm)

S436



e
wm.ﬁmv

88vS —

8769 ~
St'0L "

€10ad 6£°9L
€12ad5 002 W

€10ad 1¢°LL

1916 —
18'€6 —

6cect ./.

65°€21
€621
18421 7/
£e'8eT *
b9'62T
10261 —

SCovT —

86'SHT —

TO 19T —

YT L9T —

OMe

~

S

OMe

N

Pro,C )\COZIPr

56y
13C NMR (151 MHz, CDCl,)

T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

T
190

S437



80°'T
60°T

sl

86'Y
66'Y
00°s
T0°S

¥0'S
S0's
18°S

8/4°S /
86'S
wm.m%

66°S
66°S

19
129 V

159
€59 v

86'9
66'9
66'9
00°L
gz T
0€'L
0€'L
0L
1€
T
L
L
L

S

~

/

N

iPro,C )\coz"Pr

56z
H NMR (600 MHz, CDCl;)

=819
58179

Fooe

w/do.ﬁ
F€0'C
10T

M\.hm.o

F00'T

=T10'T
€01

0.5

2.0 1.5 1.0

2.5

3.0

3.5

4.0

11.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5

11.5

f1 (ppm)
S438



€T'TC
T¢'1C v.

£9'69 ~
€s0L~"

€10dD 6£°9L
€12dad 0024 W

€12Aad 1¢°LL

98'/6 —
6+°00T —

S8°90T ~
01'80T

+9°9¢T V

18'9¢T
60°8¢T 7

9t'6€ET
8+'6€ET Wv
£V 0bT

9L YT —

6C°L9T —

’PrOZC)\COZiPr

56z
13C NMR (151 MHz, CDCl,)

Imim

T T
50 40 30 20 10

T
60

T
90

T
100
f1 (ppm)

T T T T T T T
180 170 160 150 140 130 120 110
S439

T
190




ST'T
@ﬁ.ﬁV
LT'T
€CT
vt
ST'T

T

(o]

cl
CO,Et

Et0,C

57a
TH NMR (600 MHz, CDCl,)

00T
801

=00'T

LT'T
[x4
LAY

19'C
Mwﬁ.ﬁ

Tt

11.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)
S440



96'ET ~_
R

£0°T9
6C°T9 v

L¥'C9 7

T6°LTT —

99°9¢T
98°9¢T /
9/°/TT
8¢'8¢CT V

vs-gzT -
b6'82T
8e'62T

89°6¢CT
P PET
CCSET
P8'GET

cLLET
b/ 8ET

0C°'SST —

00°04T —

Cl

cl
CO,Et

EtO,C

57a
13C NMR (151 MHz, CDCl5)

Ul

T T T T T T T
180 170 160 150 140 130 120 110

T
190

00

f1 (ppm)
S441



€T'T
PT'T
ST'T
6T'T
Tt
wT
v¢.mé
St'E]
Eldon
LP'E
04°€
L€
(8%
€L°¢€
0Tt
A% 2a
€Ty
€T°v

(o]

ClI
CO,Et

Et0,C

57b
TH NMR (600 MHz, CDCl,)

0°€
9'€

Fuee

T
m\.m.ﬁ..ﬁ

9'T
T

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S442



T6'€T ~
65 b1~

6€°LE —

£8°09 N\
[44 5 Tug
e 4

€10AaD 6494
€10aD 00°4Z W

€10ad 1¢°4L

ST'SST —

68°69T —

Cl

cl
CO,Et

Et0,C

57b
13C NMR (151 MHz, CDCl,)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

S443



't
€0'T

v

06'v

[4{n4
€6't
S6't
96'v
S¢S —

169
6’9
+6°9

96'9
£6'9 “.

9T,
LT°L
81,

N

iPrOZC )\ COziPr

59a
TH NMR (600 MHz, CDCl,)

M

9
WM.N.@

T°C
6'¢

oy |

5.0

6.0 55
f1 (ppm)

6.5

11.0 10.5 10.0 9.5

11.5

2.0

S444



Mmmm
OOV
[ayalya)
) o - o © LOOL
O — o n o — O O o o O O
© © I INEN] N o™ Qv o MmN
S A 8 949 RRR 385 NI
Y N %
N
iPrOZC COziPr
59a
13C NMR (151 MHz, CDCl,)
l A
T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S445



LT°T
81T

121 U\
@t

[ XA

€0°S
+0°'S

90°'S
L0°S

669
00,
60, “.

0t1'L
wN.h.\.

Me

Me

N

iPrOZC)\COZiPr

59b
H NMR (600 MHz, CDCl5)

o

€9

12NN

Fveo |

E10°T

I
v

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.5

7.0

7.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0

11.5

2.0

f1 (ppm)

S446



8°0¢ A

6C°T¢C
Nm.HNV.

S6'£9 ~
8€'69

€10d0 64792
€10dd 00°4L W

€10ad 1¢'LL

v6 1CT —

LY'6CT —
ELTET —

T6°€PT —

v/799T —

Me

Me

N

"Prozc)\cozfpr

59b
13C NMR (151 MHz, CDCl,)

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

00

S447



INESESR- 388838%7 259
NNG G AT T R T R TR o
cl cl N = N
LT
Pro,c~ ~CO,Pr
59c
(N-attack product)
"H NMR (600 MHz, CDCl;)
JUL n
g 2 g 4 47
[ S o R0
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 C

f1 (ppm)

S448



L0°T
80°'T

vy

86
66t
00°s
T0°S
0's
€0°'S
¥0'S
85's —

00°Z
102 e
9L~
[ ed

L~
we

Cl

Cl

HN

COZiPr

iPrOZC

(C-attack product)
TH NMR (600 MHz, CDCl,)

/60

11.0 10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S449



0n M m
QOO
o o on 886
— wn NN < — O O o m —
[t} < NB ™M NoR™ oo b
g A 99 o RRR RG NI
| | YA S v
’ \©\ @CI
N
iPro,c~ ~CO,Pr
59c
(N-attack product)
13C NMR (151 MHz, CDCl;)
A
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S450



cTe
mNANv.

6570
99°0L v.

€12ad 6£°9L
€12d2 0022 W

€10ad 1¢°LL

L6°STT —

6€°€CT ~
T0'8¢T

€L°8CT &
TH'0ET —
8€CET —
6L PET —

<STPT —

LEL9T —

(o]

Ci

HN

CO,'Pr
(C-attack product)
13C NMR (151 MHz, CDCl)

iPro,C

L

1] |

170

150 140 130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

160

180

190

S451



€T'T
bT'T

m:U\.
61T

e —

66t

+0'S
90°s
8¢'s

469
869 V

(r4va
ﬁN.hV

SMe

MeS

N

iPrOZC )\ COZiPr

59d
TH NMR (600 MHz, CDCl,)

i

e

Fiser |

Fe66's

F ooz

660 |

Fsov

Frev |

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

5.0 4.5 4.0

5.5

11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

2.0

f1 (ppm)

S452



™M [ee] - o
4] N v © n
(G} [s2] — 0 o~
g b a8 9
[
MeS SMe
N

iPro,c~ ~CO,Pr

59d
13C NMR (151 MHz, CDCl,)

77.21 CDCI3

77.00 CDCI3

76.79 CDCI3
—69.70
—67.79

21.32

21.29
—16.93

<
<

T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

S453



S0's
90°S
£0°S
80'S
60°S
oT's
TT's
[433)

s

969
£6'9
002
T0°L
902
L0°L
602
0T
9C'L
L
€€°L
veL

s~

SACHIRS

iPrOZC)\COZiPr

59%e
TH NMR (600 MHz, CDCl;)

H F o0z
860 |

€0
M [4%4
0C9

— sty

mv TN.NH |

T T T
11.0 105 10.0 9.5

T
11.5

2.0

S454



b 1C
9P’ 1T v.

8C'89 ~
L0769

€10dD 6494
€12d2 004 W

€10ad0 1¢°LL

0Z'8TT ~_
v8'6TT —
08221~
[Aarad

85°6CT —

PO CPT —

0€°¢ST —

99°LST —

69°99T —

CACHIAS

"PrOZCJ\COZ"Pr

59e
13C NMR (151 MHz, CDCl5)

1L

T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

00

S455



€T
vt

et

€T’S
b1's
ST'S
9T's
LTS
8T'S
61'S
€6°6—

8¢,
6C°L

8€L
6€°L
L
6v'L
1S, W
(4w
Q'L
¥9'L
99,
£L9°L

@O

N

e

’PrOZC)\COZiPr

59f
H NMR (600 MHz, CDCl,)

9 |

19

POTY |

HH/MO.N
14
bes

T T T T
11.0 105 10.0 9.5

T
11.5

2.0

S456



9€'T¢
EP°TC v.

86°£9 —
869 —

€12dD 6£°9L
€12a2 00°4L W

€10DAad 1¢°4L

6€7TTT
09°921

9s/9z1

€L4TT—
voger
bS'SET—
SS0bT —

6€°SPT —

8G'99T —

©©

N
Pro,C )\COZ"Pr

e

59f
13C NMR (151 MHz, CDCl;)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S457



6T'T
0zt

Ay

s
€T°S
v1T'S
ST'S
9T°s
L1°S
8T1°S
09°'s —

[aarAn|

C

N
iPrOZC)\COZiPr

C

599

'H NMR (600 MHz, CDCls)

J

b

S°9
+'9

10T

0.0 -C

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S458



0g'1¢C
wm.ﬁmv

8189 ~
169

€10dD 6492
€10d2 00°2L W

€10ad 1¢°LL

6£°021
o011zl W
9s°Tz1

26'92T

e =,
F

65°8¢T
8v'6¢T .\.

S8°0bT —
srzrr <
0S°'9bT ~

<9991 —

WA

C

13C NMR (151 MHz, CDCl,)

J

N
'PrOZCJ\COZ"Pr

OO

59¢g

T T T T T T T
180 170 160 150 140 130 120 110

T
190

00

f1 (ppm)

S459



90T
L0°'T Wn
60°'T

06'€
60t
0T’y
e
A4

S6' .
60~
[4R-ENG
ve's ="

19—

£9'9
699 W

049
cL9 \

€T°L
mﬁ.hvn
9T'L

1L
L
€C°L
T€L
€€L
S€L
9€L

EtOZC)\COZEt

59h
TH NMR (600 MHz, CDCl,)

JMMi e

Fooo .

Fooz
Fs1C

Fere |

Fz60

L4
W\I.Nﬁ.m r

Rozy

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S460



S9'ET —

€409 —
LEC9—

€10dD 6494
€102d2 00°2L W

€10ad 1¢°LL

Ob'STT —

v0'L2T
0e'8zT W
et 77
89'621

60°9ET ~_
SL79ET —
st

OT'TLT —

N

EtOZC)\COZEt

59h
13C NMR (151 MHz, CDCl,)

1L

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S461



@t
€71 W.
vTT

45>
ST'E
LT°E
LT°E
STe
sce
LT’
87’¢c
o't
9Tty
Ly
8T’
(0134

88t
T6v ~

86t -7
00°s 7
59's —

809 —

6T°L
[rava
1L
€TL
vaoL
L
8T,
0gL
oL
WL

/ \

N

EtOZC)\COZEt

59i
'H NMR (600 MHz, CDCl,)

m JML o

Froo

0°C
6T

Fooz
Feoe

0°¢
0'¢

Fest

Fee0

0'¢
0'¢
b

6T

11.0 10.5 10.0 9.5

11.5

2.0

S462



T8°€ET —

€6°LE—

6409 ~
229

LL°0L—

€12dD 6£°9L
€12daD 00°4L W

€12ad 1¢°LL

66°STT —

v ST~
20°82T ~
SE€'6CT
S6'TET —
LELET

LGLET b

TP'8€ET a

LL°0LT —

/ \

EtOZCJ\COZEt

59i
13C NMR (151 MHz, CDCl;)

T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
190

S463



09°€ —
6L€ —

(o]

Cl

Cl

N

Cl
COzme

MeOZC

59j
H NMR (600 MHz, CDCl,)

A

Fese

Fore |

ooz |

0°C
0°C

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S464



9¢°CS ~
bSES

0C'0L—

€100 64794
€10aD 0074 W

€10ad 1¢°LL

EP'9CT ~C
SE0ET
09°0€T V

et
99'bET —
Sb 9T -~

cl
CO,Me

Cl
N
59j
13C NMR (151 MHz, CDCl,)

£L8°69T —

cl
MeO,C

T T T T T T T T
180 170 160 150 140 130 120 110 100
f1 (ppm)

T
190

T
00

S465



AR i “
CI\©:Me cl
N
Me
MeO,C”~ ~CO,Me
59k
H NMR (600 MHz, CDCl,)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 4.5
f1 (ppm)

S466

N



SP'1C—

9125 ~
T1°eS

bP'69 —

€10dD 6494
€102d2 00°2L W

€10ad 1¢°LL

SE'SCT —

S8'0ET ~
6T°CET —

Seeet W
88'bET

°L8ET

84°0LT —

Cl

Me

Cl

N

MeOZC)\

Me
CO,Me

59k
13C NMR (151 MHz, CDCl5)

T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
190

S467



b1
ST'T

el

LT —

T0°S

9T L —

Me

Me

F

N

F

iPrOZC)\COZiPr

59]
'H NMR (600 MHz, CDCl,)

|

g

€9

9

Fooz

=/6'0 |

6'€

6T |

11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S468



6€°TC
Sh'1C
[4“m ¥4
¥STC

S6'L9 —
6669 —

€12aD 6£°9L
€12daD 00°4L W

€12ad 1¢° 4L

£5°90T
€4°90T v

¥9°0TT
84°0TT V

0b'8TT
[4 418" v.

€L°0bT
64701 V.
86'9PT
S0'/bT v.
SPC9T ~

LO0P9T —
€2°99T —

Me

Me

F

N

F

iPrOZC)\COZiPr

591
13C NMR (151 MHz, CDCl,)

i

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S469



Me Me
-
F N F
iProzc)\COZiPr o
59| = 2 2
9F NMR (471 MHz, CDCl,)
Mo

-112.98
-113.00
-113.02

.00

-101 -102 -103 -104 -105

-106

-107

T T T T T T T T T T T T T
-108  -109  -110  -111 -112 -113 -114
f1 (ppm)

S470

-115

-116

-117

T
-118

-119



€11
b1

w:U\.
(TT

0ze—

£9°€ —

66t
00°'S
T0°S

€0°S

+0°S
S0°S
TS
TS

999 —

o9CL—

Me

Me

OMe

MeO

Me

N

Me

iPro,C )\COZ’Pr

59m
H NMR (600 MHz, CDCI,)

-

L

.

B

919
wA.. T€9

Egeer |

=579 |

Fooc

=860 |

L0t |

3.5 3.0 2.5 2.0 1.5 1.0

4.0

5.0

T
6.0 5.5
f1 (ppm)

T
6.5

7.0

T T T
11.0 105 10.0 9.5

T
11.5

2.0

S471



LT°9T —

YETC
OV.#NV.

5965 —

6T°89 ~
S€'69

€12dD 6£°9L
€12aD 00744 Wu

€12ad 1¢°4L

€ceer —

COTET —
68 THT —

0b'¢ST —

88°99T —

OMe

MeO

Me

N

Me

"PrOZC)\COZ"Pr

59m
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S472



9T'T
LT°T

Ay

6T'Cc—

20's
€0'S
+0'S
S0's
90°'S \

TS

999
499 V.

9L —

Me

Me

Me

N

Me

iPrOZC)\COZ’Pr

59n
TH NMR (600 MHz, CDCl,)

Jo

Fever |

Fever |

F ooz

Foor t

Frov |

0.0

0.5

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.0

5.5

6.0

11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5

11.5

f1 (ppm)

S473



TLPT
€LPT v.

6€°TC
NVANV.

6£'89 ~
5569

€10dD 6494
€10d2 00°2L W

€10ad 1¢°LL

Sbzet
AN
£9'beT

SLpet 7
19'THT

co11
6T'SST ~
82951 —

S/L°99T —

Me

Me

Me

N

Me

iP r02C )\ COZiPr

59n
13C NMR (151 MHz, CDCl5)

|

T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
190

S474



Me Me

Me N Me

iPrOZC COziPr
59n
9F NMR (471 MHz, CDCl5)

NMMOTTTWNWMOON
MMM MNnM0nn0n0
(e le ) Be Be B e e e I e e e}
NANANANANANNANNNN
R o B o B e B e B B e B e I B o B o |
Fo T

e e e T
17 -129.29 -129.31 -129.33 -129.35 -129.37 -129.39 -129.4
f1 (ppm)

120

-121

-122 -123 -124 -125 -126

-127

-128

T T T T T
-129 -130  -131
f1 (ppm)

S475

-132

-133

-134

-135

-136

-137

-138

-139



Me
MeO: : Me OMe
Me N
Me
MeO,C CO,Me

590
TH NMR (600 MHz, CDCl5)

—7.26
—7.14

6.60

6.12

_~3.81
N-3.79
~3.62

—2.18
—2.06

T s Jd
Q - N o in M
o~ o~ a N O O
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <
f1 (ppm)

S476



+8'ST —

6v'1¢ —

88'TG ~
€925~
6'S ~

69 —

€100 64794
€10aD 00°4L W

€10ad 1L

€9°€TT —
197721 —
so'gzT "

€STET
PCSET ~C

TL9ST —

00°¢LT —

Me

OMe

Me

MeO

N

MeOZC)\

Me

Me
C02Me

590
13C NMR (151 MHz, CDCl;)

e

T T T T T T T T T
180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
190

S477



[450
[450
€E'T
€E'T

£6°c —

6Ty —

ST'S
91°s
L1°S
61°S
oz's
s

rava
LeL
8T,
0gL

1S°L

N

"Prozc)\cozipr

59p
TH NMR (600 MHz, CDCI,)

e

Ll

UL

Foezr |

oo+

60 |

Foer1 |

60°C [

9€E
I o't

11.0 105 10.0 9.5

11.5

2.0

S478



+9°1¢
NNANV.

0€'sSs —

8v'69 —
£L°89 —

€10d0 6492
€10d2 00°2L Wm

€10dd 1¢°LL

90°£ZT ~\_
91'82T ~—
weer

66'8ET —

L8791 —

N

’PrOZC)\COZ’Pr

59p
13C NMR (151 MHz, CDCl;)

T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
190

S479



P21
STTA
LP'T
8T
0S'T 1
TS'T
TS'T
€S'T
€5°T
SS'T A
9G'T
9S'T A
LS°T ;W
89T~
09'T <
6T

86T

00'¢

00'¢

T0°C

€0°¢C

=

SS°€
95°¢€
8G°€
65°€
09'¢

STy —

c0's
€0'S
¥0'S
S0's
90°s
L0°S
80°S

9¢'L—

.

N

Pro,C )\COZiPr

59q
TH NMR (600 MHz, CDCl)

J

Feoer 1

€0°¢
e

e

I z0

= 00T |

61

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

11.5

f1 (ppm)

S480



MmmM
[ORONU)
[aalyal
1 [SAeRE]
n - o] I < N — 0 o N
% Non N @ @ o LA
O NN O «© ol < o — - <
— NINN O (s} n mMm NN -
N v
N
'Pro,c” “CO,Pr
59q
13C NMR (151 MHz, CDCl,)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S481



0T
€0°T /

wt
wt
€T
€T

9T’e
Lz’
8¢'e
6C'c
0g'e
€€
e

LT —

66t
00°s
10'S
0's
€0'S
¥0'S
90°'S

9L —

Me

Me

Me)\N)\Me

iPro,C )\COZiPr

59r
TH NMR (600 MHz, CDCl5)

WL

Fo0CT

vt

F 1o

=960 |

161

-C

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S482



MM m
[ORONU]
[agaya
“ [SAeRE]
< - O O O m o Tom
S NN © N © M Q0
~N NN O oo} o e} N = -
- NINN (o) O < NN
N N
Me Me
Me N Me
iPro,C~ ~CO,Pr
59r
13C NMR (151 MHz, CDCl,)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S483



98¢ —

S§'e—

¥9'9
wm.m/.
vL9
mh.ww

94’9

L
€TL
YL

9T’L

Me
N/
H
60a
H NMR (600 MHz, CDCl5)

Ere

WTH0.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S484



149.28

129.14

—117.20

—112.37

77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

30.67

N
Me
7
N
H
60a
13C NMR (151 MHz, CDCl,)
l L
T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

S485



09'€
79°€
€9'¢
mw.m.\.

8L'€

£L8°9
wm.o/
049
TL9 W-
€L°9

0T°L
s
LY
[4 WA
L
ET°L

N CF,
H
60b
H NMR (600 MHz, CDCl5)

Fooe

Foso |

861

/60

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S486



9'sy
+8'Sh
90°9%
8¢9t

€10dD 6494
€10dD0 00°4L W

€10ad 1¢°LL

80°€TT —

Y0'6TT ~
LTTTT~_
[4RZ4 N
86'STT ~
€8'/21 —
Le62T

€TOT —

N“ > CF,
H
60b
13C NMR (151 MHz, CDCl,)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S487



N N
H
60b

CF;

19F NMR (471 MHz, CDClI,)

— 7228

— 7230

— 7232

T
-72.25

T
-72.30

-72.35
1 (ppm)

-72.28
72.30

<

72.32

55

-56

-57

-58

-59

-60

-61

-62

-63

-64

T
-65
f1 (ppm)

S488

-66

-67

-68

-69

-70

-71

-72

-73

-74



€T O

U

760

9T’e
NN.MW-

8T’t

98'¢€
AR
88'¢
90t

SN

89'9
699
SL9
LL°9
8’9
L
€TL
YL
9T’L

N

@\ N /\/OTBS

H
60c
TH NMR (600 MHz, CDCl,)

A

N

Froz

F90C

Fezo

¥00'¢C

Hg60 [

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0

11.5

2.0

f1 (ppm)

S489



77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

f1 (ppm)

S490

5 ] I N i N ©
o) o N ™ 1 a @ N
< [aV} i - — wn wn [ee]
— — - - O < o~ —
| N -
@L N A~_-0TBS
H
60c
13C NMR (151 MHz, CDCI,)
T T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10



+0'0 —

60—

€CT—

8L'¢C
6L'C
6L'C
08'¢

08'¢
Hw.mv
[4:23

e —

049
TL9
w69
€69 v
0T°L “.

[AYA
wm.m.\.

Me

OTBDMS

N
H
60d
H NMR (600 MHz, CDCl,)

Me

s

eve

Fro9

o0 |

11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S491



LE8°G-—

SLPT
8LPT V.

SE8T

P6ST

§8'8€ —

LLY9 —

€10dD 6492
€10d2 00°2L Wm

€10dd 1¢°LL

b LTT ~
€L'8TT

[4R 740

S0'sct v.
£6°6CT ~
6CTET

€G°8ET —
LTTPT —

PCPST ~
T8'GST—

Me

OTBDMS

N
H
60d
13C NMR (151 MHz, CDCl,)

Me

A

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S492



-130.04

Me

F /@/\/OTBDMS
Me N

H

60d
19F NMR (471 MHz, CDCI,)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20  -121 -122 -123  -124  -125  -126  -127  -128 -129  -130  -131 -132 -133  -134  -135 -136  -137  -138  -139
f1 (ppm)

S493



T0°T
€0'T
¥0'T
i1
YT
64°T
0S'T
18T
¢S'T
€91
S9'T
99'T
L9°T
89°T

ST'E
@ﬁ.mv
8T'€E

85'€ —

N

999
hwd/.
¥L9
SL9 W.
94’9

L
€TL
YL
Tava

@N/\/\Me

H
60e
H NMR (600 MHz, CDCl5)

L_

_J

Fare

Fooe
Fe0c

Fo

F00°C
Fs6'0

F6'T

-C

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S494



S8'ET —

v 0C—
19°T€ —

ey —

€12dD 6£79L
€10a2 00°4L W

€10Dad 1¢°LL

Y9It —

TOLTT —

PT'6CT —

St'8bT —

@N/\/\Me

H
60e
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S495



yaar4

8T’€
om.mw
Tee

85~

9.9
4.9
649
089
89

61,
ONNV

9T'L
8T,
6C°L

N/\/\Me

Me
H

X

60f
'H NMR (600 MHz, CDCl,)

NN

E1ee

Feee
Fzre

6°0
6°0

=860
5001

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0

5.5

11.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

2.0

f1 (ppm)

S496



81"
LT —
1€°0Z~

99'1E —

£5°€h —

€12dD 64°9L
€12aD 00°4L W

€10ad 1¢°LL

8+°60T —

0S'9TT —
IS T —

€0°4LeT —
88°6¢T —

cEIT —

N/\/\Me

Me
H

X

60f
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S497



80T
60T W.
oT'T

€S'T
bS'T
SS'T
LS°T

6S°T
[#An"
€L°T
vLT
SL°T
LLT
we
£€Ce
sce

\l/‘——l-_l_.liﬁi;-

s
s
w's
[
0L°'S
TS
€L°S
v/L'S
v/L'9
89
89
+89
989
889
9T'L
8C°L
6C°L
0gL
9€L
8€L

SRRy e

Me

>

H
60g
H NMR (600 MHz, CDCl5)

N W | N

L

Feze
Foze

ke

Feeo

80T

b0z

H0'T
=001

11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S498



S8 €T —

0€'0Cc —
85'TE —

19er —

€10dD 6494
€10d2 00°2L W

€10ad 1¢°LL

0S°0TT —

S8'STT ~—
S8'9TT

16c21 "
0€'L2T —
98821~
L67TET ~_

ST —

Me

>

H
60g
13C NMR (151 MHz, CDCl5)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S499



LS89
859 v

0L
mo.nw
9TL—

Q.
NN Me

H
60h
'H NMR (600 MHz, CDCl,)

Fece

Fzre
Fe0c

0.0

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S500



L8ET —

£2°0¢
ce0C v.
L9°TE—

80 vt —

€12dD 6£°9L
€12a2 00°4L W

€1Dad 1¢°LL

€6°CTT —

0€°9¢T —
S9°6¢T —

6T°9PT —

Me

N/\/\Me

H
60h
13C NMR (151 MHz, CDCI,)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S501



96°0
£6°0 W-
86°0
ov'T
T
er'T
v
SH'T
T
ST
65T
09°1T
19'T
Q91

L0°€E
wo.mv
60°€

€5°€—

159
mm.mv

s
Nﬁ.hv

O
o~

CI\©\ N
NN Me

H
60i
TH NMR (600 MHz, CDCl)

Free

Fere
Foze

Faee

L

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

11.5

f1 (ppm)

S502



P8 ET —

oc—
LPTE—

LLEr —

€100 64794
€10aD 0074 W

€10ad 1¢°LL

89°€TT —
[4“ 4 S

96°8¢T —

T0°LbT —

RQ!
NN Me

H
60i
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S503



66°0
00°T W-
T0°T
€T
2"
SH'T
YT
8t'1T
6t°T
09°'T
19'T
€91
¥o'T
S9'T

(4%
mﬁ.mW-
PT'E

S9' € —

L0°S—

82’9
629
629
LE9
LE°9
8€'9
6€'9
0T°L
.:NW-
ET°L

9T L—
vEL
9€L
LE°L
'L
WL
€L
YL
8v'L

N/\/\Me

H
60j

TH NMR (600 MHz, CDCl,)

BnO

Fere

Froz
Feoz

Fsoz

0T

Feoz

F00
01

F96°0

W

6°0
8'T
6’1

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S504



P8 ET —

€0 —
SGTE—

w9ey —

9,69 —

€100 64794
€12d2 00°2L W

€10ad 1¢°LL

8v°66 <
86'20T —
7T°90T ~_

by LTT /

SL°L2T —=
9'8¢T

S8'6¢T \
CELET —

¥8'6vT —

80°09T —

BnO”~ : NN Me

H
60j
13C NMR (151 MHz, CDCl,)

L

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S505



860
00°T W-
T0°T
W't
v
SH'T
'
YT
6v°'T
65T
09°'T
T9'T
€91
¥o'T

60°€
oﬁ.mv
e

¥9'€ —

€19
mﬁ.o/
19~k

€T9-F
ST'9
LT9

9T L—

N/\/\Me

H
60k
H NMR (600 MHz, CDCl;)

Me

Feee
e

Fs1e

WThm.o

F00°T

bere

-C

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S506



08°€ET —

0T°0T~\
8°T¢
6t°T¢ V.

LPTE—

sEr —

€10dD 6494

€10a2 00°4L W

€10ad 1T¢LL
SC'96
96 v.

LT¥0T
0T v.

P1°60T
ST'60T v.

¢sopT
65°0PT v.

S6'6vT
¢0°0SsT v.

6C°€9T ~
68°v9T —

F

Me/@N/\/\Me

H
60k
13C NMR (151 MHz, CDCl5)

e

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S507



-113.20
-113.22
-113.23
-113.25

W
F
Me” t NN Me TN
H
60k
9F NMR (471 MHz, CDCl;)
»11‘3.18 -11‘3,22 -11‘3426
f1 (ppm)
o\
T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
.00 -101 -102 -103 -104 -105 -106 -107 -108 -109 -110 -111 -112 -113 -114 -115 -116 -117 -118 -119 -1
f1 (ppm)

S508



¥6'0
96°0 W-
£6°0
6€°T
ov'T
T
[ant
2"
SH'T
SS'T
(ST
8S°'T
6S°'T
09°'T

e
mo.mv
S0'€
6€'€ —

8'c—

629
0€'9
8€'9
8¢9 H/y

0ot'9
0t'9 w.
189
89 W-
¥89

9TL—

F

MeO@

N Me

N
H

60l
H NMR (600 MHz, CDCl,)

Fee't
Froe

-C

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

11.5

f1 (ppm)

S509



6L°€ET —

8T°0C—

0§ 1€ —
1Tvy —

SS'LS—

€10aD 6494
€12a2 00°4L W

€1DAad 1¢°LL

6€°T0T
¥S°T0T v.
T/°L0T
€4°L0T v.

60°9TT
TT°9TT v.

00°6ET
LO'6ET v.
9L’EPT
wEPT v.

LLTST ~
6E ST —

F

Meo\@
N N Me

H
60l
13C NMR (151 MHz, CDCl,)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S510



F
H‘/’\\\///\~“ne

60!
9F NMR (471 MHz, CDCl5)

xR
!

_--133.71
~-133.72

Vi

_——-133.76
~-133.77

L A B S e
56 -133.68 -133.70 -133.72 -133.74
f1 (ppm)

T T T T T T
-133.76 -133.78 -133.80 -
m!

S ANMTFTINON
RNNNNNNN
MmMmMmMmMmMmMmMm
MmMMMMmMmMm MM
o
o

|

A J\

120

-121

-122 -123 -124 -125 -126

-127

T T T T T T T T T
-128  -129  -130  -131 -132
f1 (ppm)

S511

-133 -134

-135

-136

-137

-138

-139

-1



wN.mv

£L2°9

9T L —

Me

N/\/\Me

H
60m
TH NMR (600 MHz, CDClI,)

Me

R JUL I

Feee
Fore
Fore
Frzo

Fere

Wﬁm.o

0.0

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S512



L8ET
8'vT W
8 PT

L2°0C—
TL1E€—

6Evb —

€100 64794
€12d2 002 W

€10ad 1¢°LL

£9°CTT
0L°CTT v.

65vCT
[ 747 v.

80'vPT
60°tPT v.

STCST ~
6L°€ST —

Me

NN Me

H
60m
13C NMR (151 MHz, CDCl5)

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S513



-136.69
-136.70
-136.70
-136.71
-136.71
-136.72

-136.72
-136.72
-136.73

|

Me

F

Me i Me ST
60m
19F NMR (471 MHz, CDCl;)
62 ‘ —13‘6.66 ‘ —13‘6.70 ‘ —13‘6.74 ‘ —13‘6.78 ‘
f1 (ppm)
[} A A ,JL P W
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-122 -123 -124 -125 -126 -127 -128 -129 -130 -131 -132 -133 -134 -135 -136 -137 -138 -139 -1

120

-121

f1 (ppm)

S514



£€6°0
mm.cv
96°0
LE'T
8€'T
6€°T
T
W't
&e'T
¥S'T
SS'T
98T
(ST
8S°'T

00°€
Ho.mv
e

T9°€ —
w@eE—

[l
€79
¥Z'9
ST9
¥E9
vE9
S€9

9T L —

F

:©\N/\/\Me

MeO

Cl

H
60n
"H NMR (600 MHz, CDCl,)

Jo_ \ JIJLJL -

Fvre

Fere
Fore

Fere

o

Fere

ET0°T
=001

0.0

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S515



ELET —

¢roe—

9T'TE—

69°cr —

0919
T19°T9 v.

€10dD 6494

€12d2 0074 W

€10ad 1¢°LL
0t°'66
95°66 v.

¥S'80T
SS'80T v.

€6°'8¢T
£6'8CT v.

96'PET
SO'SET v.
8T'SPT
9T'SPT v.

8T°9ST ~
T8°LST—

MeO

N/\/\Me

H
60n
13C NMR (151 MHz, CDCl5)

Cl

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S516



-127.99
-128.00
-128.02
-128.02

W
F
MeO
cl NN Me
H 88 g8
60n RV
19F NMR (471 MHz, CDCl;)
-12‘7.96 ' -12‘8.00 -12‘8.04 -1:
f1 (ppm)
A\,
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-121 -122 -123 -124 -125 -126 -127 -128 -129 -130 -131 -132 -133 -134 -135 -136 -137 -138 -139 -1

120

f1 (ppm)

S517



98'0
ww.ov
68°0
[450"
vE'T
SE'T
9€'T
LE'T
6€°'T
18T
ST
¥S'T
SS'T
98T

L0°€
wo.mW-
oT'€

09°€ —

899
699
€49
€L'9
vL9
vL9
L0°L
80°L
602
vaL
rava
9T’L
6v°'L
18,
¢sL
SS°L
95,

==

D,

H
600
TH NMR (600 MHz, CDCl;)

Fooz
Froz

Fore

T

00T
60

96'0
F560
0'C
0T

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 C

4.5

5.0

5.5
f1 (ppm)

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

S518



68°€ET —

ce0e—
o' TE —

99°€h —

€10dD 6494
€10aD 0074 W

€10ad 1¢°LL

PTH0T —

ICXAT RN
€L°TCT

¢8'SeT
ﬁN..wNH/
9g'LeT
85°L¢CT V

£L°8CT </

LTSET —

60°9vT —

D,

H
600
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S519



[ =T |
¢S’ T
€9°T
PS'T
SS'T
9S'T
£9°T 7
89°T
69'T
0L'T
LT
LT A
9T
LLT
LLT
8L'T
6/L'T
08’1t
08'T
90°¢C
£0'C
80°C
60°C
0T'C
|84

S9°€
£€8'€
¥8°'€

98°¢€
L8'E

B o A

999
mm.@/
vL9
SL'9 W.
94’9

L
€TL
ST'L
9T’L

N
H
60p
TH NMR (600 MHz, CDCl,)

B0
B0z

m\éo.w

Feso

o1

— F00¢C

—  Fz61

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S520



00°'vC —

0s'€e —

85'vS —

€10aD 6494
€10dD0 00°4L W

€10ad 1¢°LL

OT'€TT —
¢8'9TT —

60°6CT —

Y6’ LT —

N
H
60p
13C NMR (151 MHz, CDCI,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

S521



4589
wm.wv

T0°L
0L

Me

N
H
60q
TH NMR (600 MHz, CDCl;)

J

ot
WMN.N
0'¢

IAR4

fe

Feo'1

oz

-C

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S522



€e0c—
Y0'vC —

€5°¢e —

S6'PS —

€12aD 6£°9L
€12aD 00°4L W

€12ad 1¢°4L

6EETT —

60°9¢T —
29'6¢T —

0L'SPT —

Me

N
H
60q
13C NMR (151 MHz, CDCl5)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S523



vY L
SH'T
9P
LP°T
8b'T
6b°T
09°'T
29T
29T
€9°'T 7
€9'T 9
$9'T

$9'T
S9°T
991
(74
€1
vLT
SLT

66-1

oom

JML

00z
10°Z
20z
€0z
0z
szzd

bee—
89°¢
e
€L°€
vLE
SL°€
9L’E

609 —

9L —

Me

MeO

N
H
60r
H NMR (600 MHz, CDCl,)

Me

N

Feoc

m\.o.m.w

WNQ.O

10°€
0T

0.0

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S524



19T —

86'€C —

09'€e —

20'ss —

668 —

€10dD 6494
€102d2 0024 W

€10ad 1¢LL

OT'ETT —

OT'TET —

PO PPT —

¢S 8PT —

Me

MeO

N
H
60r
13C NMR (151 MHz, CDCl,)

Me

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S525



Tl b 14
PT°T
ST'T
91T
LTT
6T'T
0Z'T 9
T
€T T

Zas
Ak
STT
9Tt
Vil

N
H
60s
TH NMR (600 MHz, CDCl)

e

0°C
6°0

61

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S526



00'SZ ~
165~

Pee—

€8°'1S —

€10aD0 6494
€10dD 00°4L W

€10ad 1¢°LL

8TETT —
86'9TT —

v 6T —

8T LT —

N
H
60s
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

'00

S527



0E'T
0E'T
(43¢

YET T

0T~

09’9
199
699
049
L9
9T’L
LT°L
8T°L
9T’L

SN

_ Boc

N
H
60t
TH NMR (600 MHz, CDCl;)

Fsee
Fooe

Fere

e

e

1

FS0T
oot

0.0

0.5

1.0

1.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

11.5

f1 (ppm)

S528



8€'8¢ —
e —

vSTh —

2008 —

€10dD0 6494

€10dD0 00°4L W

€10ad 1¢°LL
0564 \

ECETT —

6E€/LTT —

6C°6¢T —

LT —

TLPST —

_ Boc

N
H
60t
13C NMR (151 MHz, CDCl5)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S529



mN.ﬁV
9¢ ﬁ.\.

fatalksd

SH'T

66’1~
00z~

88°C

or’e
Nﬁ.m%

[

L€
8T’€
6C°€
6C°€
0g’e

wv—

Sty V

VA4
4 .\.

8¢9
8¢9
6€°9
o+'9

Vm.wu\.
099
299

Boc

N
H
60u
H NMR (600 MHz, CDCl5)

o ML bUL ~

u

oz
Fooe

Fzet

o6t

7960

7960

Bze0

0.5

1.0

1.5

2.5

3.5

5.0

6.0 5.5
f1 (ppm)

T T T T
11.0 105 10.0 9.5

T
11.5

2.0

S530



£€€'8¢ —
€0 —
o'ceE —

6518 —

9s°0L —
€10AD 6£°92
€00AD 00°2L W
€0ad 1724
6€°6L a

2E60T —
8S'TTIT —
89€TT —

L0021 —

8L°0bT —

69°C¢ST —
99°vST —

Boc

N
H

60u
13C NMR (151 MHz, CDCl,)

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S531



90y — w To.ﬁ
ogy — =, Fsoz
99'9 .
19'9 > WMO z
sco’ 60
61°L

0z, W. 00T
(e 0’1
o /f M 0t
o8,

Vi

8L J

ov'L

T,

N
H
60v
"H NMR (600 MHz, CDCl,)

S532

11.0 10.5 10.0 9.5

11.5

2.0



g8y —

€10aD 6£°9L
€12aD 00°4L W

€10ad 1¢7LL

€8°CTIT —

SS/TT—

6T°LCT
8v°LCT V

09'821 =7
[4alTA: 7
6E°65T —

60°8YT —

N
H
60v
13C NMR (151 MHz, CDCl5)

n

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S533



299
mm.w/
L9
L9 W
€L°9

8T,
6T,
oc'L
€T°L
vaoL
SeL
9¢'L
(494
€€L
veL

N
H

60w
H NMR (600 MHz, CDCl,)

___/

Fzoc

Fooe

Mlﬁm.o

FL6'T

Fo01

0'C
0'€
H/.HO.N

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S534



8t'GE —

86'bt —

€100 64794
€12d2 00°2L W

€10ad 1¢°LL

T6C1T
86°CTT v.
6€°LTT
LT v.
LE°9¢CT /

95°8¢T V-

vL°8CT
€Tect \

LT6ET —

S6°LPT —

N
H
60w
13C NMR (151 MHz, CDCI,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S535



LLT
6L'C W-
08'¢
oz'e
e W-
we

65'€ —
9L'E—

109~
209~

01’2
1L
vi'L
vi'L
ST'L

9T,
L
€TL
YL

MeO

N
H
60x
TH NMR (600 MHz, CDCl,)

J

|

Fie0
96T

16°T
Z0°T

N6

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S536



€T°6E—

00°SY —

€C°C9 —

€10aD 6£°9L
€102d2 00°2L W

€10ad 1¢°LL

S2°96
96 v

96°9¢1
457921
6€°L2T —

59°821 “\.
19821

€286 —
PTbbT —

90'9ST
CT'9ST

69°/ST
v/'/ST “.

MeO

N
H

60x
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S537



S ANMMWUNWODON
® 000 @0 @D D
00 00 0 00 0 0 0
ANANANANNNANN
InAnnin il

F EEE I HEE
MeO PERNSD AN
F N
H
60x
19F NMR (471 MHz, CDCI,)
76 -12‘8.80 -12‘8484 -12‘8.88
f1 (ppm)
NIt
T T T T T T T T T T T T T T T T T T T T T T T T T
-131 -132 -133 -134 -135 -136 -137 -138 -139 -1

20

-121

-122

-123

-124

-125  -126  -127  -128  -129  -130
f1 (ppm)

S538



23823583 N
NNNNNG OGO )
~N V&
[:::l\N’I:::]
H
60y
TH NMR (600 MHz, CDCI5)
JU 1

Sdd B!

QO -

Mmon o —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 <

f1 (ppm)

S539



77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

(o)) — N O
=] ™ o N
m o o N
3 S N2
| N
N
H
60y
13C NMR (151 MHz, CDCl,)
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

f1 (ppm)

S540



85288 % 8
~S
N
H
60z
H NMR (600 MHz, CDCl,)
JJbL JL [P
4y e d
<+ ™ — [t}
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
11,5 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -
f1 (ppm)

S541



Me Me

N
H
60z
13C NMR (151 MHz, CDCl,)

141.09

130,09
12976

117.87

77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

<

20.59

00

190

180 170 160 150

140

130

120

110

T
100
f1 (ppm)

S542



heWen

H

61a
TH NMR (600 MHz, CDCl5)

5.64

2.0

T
11.5

11.0 10.5

100 9.5 9.0 8.5

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

f1 (ppm)

S543

2.0

1.5

1.0

0.5

0.0



77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

™M Mm n
™ Mmoo o
g g9 ¢
I I I N
Cl Cl
N
H
61a
13C NMR (151 MHz, CDCl,)
T T T T T T T T T T T T T T T T T T T T T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

S544



6's —

1L
1L
wL

8CL
6L
€L
€L
vb'L
St/
o9b’L
VA A
VA VA
€S°L
vSL
SS°L
0L,
TLL

N
H
H NMR (600 MHz, CDCl;)

o

2.0 1.5 1.0 0.5 0.0

2.5

3.0

3.5

5.0 4.5 4.0

5.5

11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

2.0

f1 (ppm)

S545



€12aD 6£°9L
€12ad 00°4L W

€10ad 1¢°LL

89°9TT
TL9TT 7
$0°02T ~
[\ WA

[4ka: A
19'821 <7
oceer”

TOTHT ~_
05'ZbT ~
ge'epT -

Y

N
H
61b

J

13C NMR (151 MHz, CDCl5)

C

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S546



] 83 N ]
~N O O n o~
%
Me Me
F F
Me N Me
H
61c
H NMR (600 MHz, CDCl5)
A JM-
3 3 Z
<+ — —
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
20 115 11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -C

f1 (ppm)

S547



SLPT
LLPT v.

€10dD 6494
€10d2 00°2L W

€10ad 1¢°LL

8€'8TT
T¥'81T v.

66'PCT
T1°8¢t v
ET°6ET —

9T HST ~—
€L°GST—

Me

Me

Me

N
H
61c
13C NMR (151 MHz, CDCl,)

Me

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S548



-131.23

Me Me
F F
Me N Me
H
61c

9F NMR (471 MHz, CDCl,)

B N

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
120 -121 -122 -123  -124  -125  -126  -127  -128  -129  -130  -131 -132 -133  -134  -135 -136 -137  -138  -139 -1
f1 (ppm)

S549



8 2 B R N
Me Me
MeO OMe
Me N Me
H
61d
H NMR (600 MHz, CDCl;)
JL L J L
— —T o s
o o < n
¢ 3 s N
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

2.0

11.5

11.0 10.5 10.0 9.5 9.0 8.5

f1 (ppm)

S550



—151.10

Me Me
MeO
Me N
H
61d

—139.42

OMe

Me

13C NMR (151 MHz, CDCl5)

N

—131.45

77.21 CDCI3
77.00 CDCI3
76.79 CDCI3

118.12

<

59.84

16.17

00

190

180 170 160 150

140

130

T T T T T T T T T
120 110 100 90 80
f1 (ppm)

S551



6TC—

£r's —

SL9
LL9
849

189
889
889
68'9 \.

969
469
L
[4 WA
€T°L

Me

N
H
61e
TH NMR (600 MHz, CDCI,)

Foot

11.0 10.5 10.0 9.5

11.5

2.0

S552



€9°0C —

€12aD 6£°9L
€12aD 00°4L W

€12ad 1¢°LL

08'9TT ~
+8'8TT —
12°02T

£2°62T ~\_
8,671 —
19051~

CobT —
88'€PT —

Me

N
H
61e
13C NMR (151 MHz, CDCl)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S553



64'S—
om.wQ
oo.nA
10°Z
b2
9T'/
91"
8T°L

€€7L N
veL
veL
SeL

o
(3}
N
A
T

292

N
H

J

H NMR (600 MHz, CDCIj)

J

61f

JLJJLj

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

11.5

f1 (ppm)

S554



€100 64794
€12d2 002 W

€10ad 1¢°LL

SLLTT~
sosrt
6T TCT

6°9¢T
S§'9¢T W
€6°LCT
04°8¢T \
9€'6¢T
L9°EET \
08°0PT ~\_

TS THT ~
08z~

N
H
61f

J

13C NMR (151 MHz, CDCl,)

J

-

| I

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S555



SReYe
N
H
61g
TH NMR (600 MHz, CDCl,)
. A
58 g
11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0



€10aD 64°9L
€12ad 00°4L W

€10ad 1¢°LL

S8OTT N\
06°LTT ~

PE0CT
9r°0¢T W
09'cet

£€°62T ~_
19621~

89'8ET —

P8EPT —
6T°TIST —

CT'8ST —

N
H
61g
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S557



T~
sy~

€9'S —

+89

S6'9
S6°9
969

L
mﬁ.hu/.
1L
MN.hv
ST/
9L
LcL
LTL
8T,

Me

Me

N
H

61h
H NMR (600 MHz, CDCl5)

I

Feso

%Nm.o

/€60
+00°C
w61
0'C
0T

0.5

4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

5.0

5.5

6.0

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

11.5

f1 (ppm)

S558



£8'07 ~
1912~

€10aD 10°4L
€10ad ¢T'LL Wm

€100 evLL

9THTT —
2LLTT~L
L0°6TT —
€€ 12T —

LT6TT~_
L6621 —
ggoeT

97'6€T —
bsopT =
bObHT —

Me

Me

N
H
61h
13C NMR (151 MHz, CDCI,)

1 lJ M

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S559



LRI i i
Cl OMe
N
H
61i
"H NMR (600 MHz, CDCl)
£14% 3 g

2.0

T
11.5

11.0

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0

6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5

f1 (ppm)

S560



T8°6S —

€10aD 6£°9L
€12d2 0024 W

€10ad 1¢°LL

0L PTIT —
09°9TT —

0S°2¢T ~
T6°€CT —

0T°'6CT —

CT'SET —

S8 EPT —

£LS°SST —

OMe

Cl

N
H

61i
13C NMR (151 MHz, CDCI,)

L

T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
190

S561



€Ce—

w]eE—

9¢'S —

659
099

489
889 V

00°L—7T
0L \

Me

OMe

I

N
H
61j

H NMR (600 MHz, CDCI,)

Me

5

Frzo

11.0 10.5 10.0 9.5

11.5

2.0

S562



€LPT
SLYT v.

15°8G —

€12dD 6£°9L
€10d2 0074 W

€10ad 1¢°LL

SOPTT~\_
26'911
S6'9TT >
T6°02T —
b8bTT
L6'vTT 7

88°9€T —
00°0bT —

89°EST ~\
TLPST —5
PC°'SST </

Me

OMe

F

N
H
61j

13C NMR (151 MHz, CDCl,)

Me

L Lju

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S563



-132.46

Me

F /©/0Me
Me N

H
61j
19F NMR (471 MHz, CDCI,)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
120 -121 -122 -123  -124  -125  -126  -127  -128  -129  -130  -131 -132 -133  -134  -135 -136 -137  -138  -139 -1
f1 (ppm)

S564



3533480 Q 9
VY4
Me
R
N Me
H
61k
TH NMR (600 MHz, CDCI,)
) i
b e & g
oo ana R <
NAN-O o =}
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
11,5 11.0 105 100 95 9.0 85 80 75 7.0 6. 60 55 50 45 40 35 30 25 20 15 10 05 00 -

2.0

f1 (ppm)

S565



PETC—

€10dD 6492
€102d2 00°2L W

€10ad 1¢°LL

88'GTT s
LL°8TT <
EEECT ~=
€T°SCT ~

PT°6CT ./.

80°6ET ~
20°THT ~_
0s°zHT —

Me

Cl

Me

N
H
61k
13C NMR (151 MHz, CDCl;)

101

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

190

S566



€T —

Me

Me

N
H
61l

J

'H NMR (600 MHz, CDCls)

C

Wl

=60
=861
00T
2011
=460
R70'C

€T

Iare

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -C

11.5

2.0

f1 (ppm)

S567



6E'TC—

€10aD 6494
€10dD0 00°4L W

€10ad 1¢°4L

€8'STT
SS9TT W
£5°9TT
£9°6TT
€0°€7T ~—
£0°LTT
9z'LTT AN
59'8CT
09°62T \

€0'6ET
9T TPT ”

T THT ~
06'2HT 7
SLEPT /

Me

Me

N
H
611

J

13C NMR (151 MHz, CDCI,)

C

JIL

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S568



8€'C—

09'S —

Me

Me

N
H
61m
TH NMR (600 MHz, CDCI,)

o

Fe6's

€60

£96'0
B16'1

HJ/MO.N
0'S

F00°¢C

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S569



SETC—

€10dD 6494
€12aD 00°4L Wu

€10ad 1¢°4L

99'PTT
S8/LTT

L1°0¢T
L6021\
ve'TeT

1572t 7
95°62T —
£6'86T —
€LepT —

98°0ST —

E€T°85T —

Me

Me

N
H

1

13C NMR (151 MHz, CDCl;)

6

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

210

S570



OV ]
Me Me
F
Me N Me
H
61n

TH NMR (600 MHz, CDClI,)
\ A
L4 Ey

T T T T T T T T T T T T T T T T T T T T T T T T T T
11.5 11.0 105 100 95 90 85 80 75 70 65 6.0 55
f1 (ppm)

S571

232
~-2.28




Ut
SLPT V:

LE°TC—

€10dD 6494
€102d2 00°2L W

€10ad 1¢°LL

SPIT —
vL6T1
LL°6T1 V.
€Teer —
16'vCT
€0°'set w.

L0°8ET
60°8€T
geee1

LTYPT —

8vPST ~
S0'9ST —

Me

Me

Me

N
H

Me

61n
13C NMR (151 MHz, CDCl;)

L

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S572



MT TN OOON
mOmMmMmOMMm
[eNoloNoNoNoNoNoNe]
2223222382
e
Me Me
F
Me N Me SSSYT 27
H
61n
19F NMR (471 MHz, CDCl;)
-13‘0.28 »13‘0.32 ‘ »13‘0.36 »1:;0.40
f1 (ppm)

-136 -137 -138 -139 -1

T T T T T T T T T T T T T T T T T T T
120 -121 -122 -123  -124  -125  -126  -127  -128  -129  -130  -131 -132 -133  -134  -135
f1 (ppm)

S573



9T'c—

v6'S
09°'9 /
09°'9
199
19'9
29'9
29'9
29'9

869
002 v
S0Z
S0L
L0°L
L
1A

Br

Me

N
H
610
H NMR (600 MHz, CDCl;)

I

ot

T0°C
16'€

-C

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S574



080 —

€100 64794
€10aD 00°2L W

€10ad 1¢°LL

PPIIT —
S6'PIT —
61°0CT
ococt W
LE°TCT

£0°8CT ~_
£6°6CT ~

SLTET

G8'CET v.
9L'8ET —
STCPT —

Br

Me

N
H
610
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S575



+6°0
wm.o/.
L0°'T

80°T
vt

STT
LT
8C'T

o

iPrOZC

iPrOZC

OMe

64a
TH NMR (600 MHz, CDCl,)

Bg6'C
BEgoe
F90'9

L'C
T

60

60

Z0'T
6'0
160
0T

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

f1 (ppm)

S576



£8°0C ./.

11
mNANN.

s'Sh—

99°¢s
£LL°TS v.

6669 ~—
9T TL—

€10dD 6494
€10d2 00°2L W

€10ad 1¢°LL

90°o1T
60°91T
9Tt
pT-oTT
057021
£5°021
557021
857021
09°2ZT
20721~
cover -
05'62T ~_

IT'TET
8E'TET V
T9°9pT —

£0°29T —
€0€91 "
£1°99T —

F,;C

o

iPrOZC

iPro,C

OMe

64a
13C NMR (151 MHz, CDCl,)

1L

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S577



F5;C

N

iPro,C 7Q\f°
iPro,C

9F NMR (471 MHz, CDCl;)

OMe
64a

-62.85

55

-56

-57 -58

-59

-60

-61

-62

T T T ! J ' ! ' I ' I
63 -64 -65 -66 67 68
f1 (ppm)

S578

-69

-70

-71

-72

-73

-74



60°0-
60°0- V.

180
Nm.o/
£6°0

L0°'T \o
80°'T

vt
ST

7
8¢ ﬁ\-
6C°T

99°C
£9°C
69°C

89'¢

0s°€
e
vL'E
vL'E
LLY
8LY
6L'v
08t
8t

Y e ~N-

€8y
s
€T°S
v1's
ST'S

LTS
8T°S

189
mw.wv
T0°L
No.m“.

9vL~"

OTBDMS

o

iPro,C

iPro,C

OMe

64b
'H NMR (600 MHz, CDCl,)

I Jml,w -

Fe66's

Tor'e
E€0'€
FHO'E
0'€
0°€

o960

Fse0

Fe6'1T
Fo00c

0.0

0.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S579



29°'S-—

£0°8T ./.

06°0¢C

6C°'1¢C
mm.ﬁmwu
wTe

cLse

898 —
95t —
575~
5625~

ETHP9 —

¥9'69 ~
09°02 "

€12aD 6£°9L
€12aD 00°4L W

€10ad 1¢°LL

PO'6TT —

bb'6CT —

68'PET —

€0°PPbT —

12291 —
zs'e91
bL'99T —

OTBDMS

o

iPrO,C

iPrO,C

OMe

64b
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S580



S6°0
wm.o/
80°T

60°T

€TT
vt v.
LT

8C'T

e~
sce"

6L
8t
[4s a4
€8’y
8y
S8t
98y
IT's
s
€T'S
vT'S
ST'S
oT's
LT°S

L
[4wa
€T°L
vi'L
[Vrava
1L
9T,

S8 —

(0]

iPrO,C

iPrOZC

JW

OMe

64c
H NMR (600 MHz, CDCl,)

Fogz
Foro

6°0
0°'¢

Fveo

Fveo

60
6°0

Fes

11.0 105 100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S581



60°SY —

8E75 ~
1225

90°0L ~

€€ 1L
€10dD 6494
€102d2 00°2L W

€10ad 1¢°LL

€TECT —
9b'9¢T —

TS THT ~
wwt
6T'SHT —

66'T9T ~—
96291~
01'99T —

o

iPrOZC

iPr02C

OMe

64c
13C NMR (151 MHz, CDCl,)

) -

Ll

T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
190

S582



bT'T
ST'T

Ay

§9'c —

Wy —

80'S
60°S
(O}
s
s

659
ow.m/
S99
999 V
9T’L
S€L
mm.hV
8€°L
LY'L—F
0S°L /

¥8'L
S8L v

OMe

N

iProzc)\COZ’Pr

66
"H NMR (600 MHz, CDCl;)

JiL

19

9

0'C
WMMO.N L

F20°C
101

0.5

4.0 3.5 3.0 2.5 2.0 1.5 1.0

4.5

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0

11.5

f1 (ppm)

S583



Y1 —

98'0F —

9€°'68 —

¥6°99 —
80°0L —

€100 64794
€12d2 0022 W

€10ad 1¢°LL

eIl —
69°LTT —

18421~
8c'gzT

ETEET —
0S™9ET ~_
¢6°LET —

LTEST —

T8°89T —

62°96T —

OMe

o
N
’PrOZC)\COZ’Pr
66
13C NMR (151 MHz, CDCl5)

T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
190

S584



€60
+6°0
€0°T
¥0'T
oT'T
T

7
8T ﬁ\
6T°T

SS'C
SS'C
L8°C
8S'¢C
65°C
T9'¢C

€9'C

ses-

OMe

OH

H

N

’PrOZC)\COZiPr

67
TH NMR (600 MHz, CDCl,)

H\dﬁ.m
W\/Mﬁ.m

0'€
H/.NN.M

FZ0'e

10T
F00T
01
60

0'C
0'¢

1T
(084

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S585



v'1e
LT°TC
(4344
€G°T¢C

LT —

9p'SS —

66°89 /
06'69
61°0L W
08°0Z

€10dD 64794
€12d2 002 W

€10ad 1¢°LL

8 PIT —

YL 8TT —

66°STT ~_
9T LTT ~
veger "

PSLET —

OT'vbT —

TTPST —

66'89T ~_
60°69T -

OMe

OH

H

N

iPrOZC)\COZ’Pr

67
13C NMR (151 MHz, CDCl;)

T T T
120 110 100 90
f1 (ppm)

T
130

T
140

T T T
180 170 160

T
190

S586



SO'T
90°'T V

9C'T
LT°T V

N4
95°¢
95°¢
8S°¢C

LY'E
8t'€
6t'€
0S°€
€L’¢e

9Ly
T0°'S
c0's
€0°S
¥0'S
S0's
90°s
L0°S

69°S
0s's
TL°S
LS

€99
¥9°9
SL'9
94’9 w
9T'L
S€L
9€'L
9€'L
LEL
8€°L
6€°L
ot'L
ov'L
L
L

= SN ~¢

OMe

LA

'H NMR (600 MHz, CDCl,)

F66'C
F6T'e

Feo1
F00'€

/60

101

F66'T
/6'1

Fr1o0s

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S587



va1e
0S°T¢ v

LLTy —
9G8°6S —

S0°89 —
€T TL—

€10dD 6494

€12d2 0072 W

€10ad0 1 LL
S0°08 /

0L bTT —
8E€/LTT —

T8°GCT ~
£8'8¢T
¢6'8¢T v

T8°LET
96°LET v.
S8EST —

G8°/9T —

ST —

13C NMR (151 MHz, CDCI,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S588



€ee—

649 —
€T°L
VM.N/
veEL
S€L
S€L
oL
YL

00°'8
oo.mN.

€T —

Y N

Me

H

69
"H NMR (600 MHz, DMSO-dbs)

)

. JLL_,JLWN

6T

Fgr1

it |

STt

Fert

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

11.5

2.0

f1 (ppm)

S589



ST'0C ~
1S 12—

OSWa 0T1°6€
oska vm.mm%

OSIA 8€°6€

SSRoer ot
OSWa 99°6¢
OSWa 08°6¢

OSA +6°6€

€4°80T —
S6'TTT —
68°LTT
9/°0¢CT /
S6°T¢CT
85°¢CT ~—
80°vCT
0T°vCT N.

1€CET
LL°SET ~
60'8ET ~
68'0vT ~

Me

H

69
13C NMR (151 MHz, DMSO-dé)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S590



90°T
NOAW
80T
T
€T'T
4"

OMe

Cl

cl
CO,Et

N
EtOZC)\

70
H NMR (600 MHz, CDCl,)

L'C
W..Mm.m

Feov

o1

ey

ol JL

2ot

e
m\mo.ﬁ
0T

1
Root

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.0

5.5

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0

11.5

f1 (ppm)

S591



8 €T~
8zvT

61'8¢ —

€818 —

T0°19
€T'19 W
T¥'29

€100 64794
€12d2 002 W

€10ad 1¢°LL

¥9°9¢T
8/°LCT
8€'8¢T
95°8¢T
20°6CT ~=

20°0ST T
TL°0€T \
S8°0€T \
bLEET
S0'SET
£5°6€T

TS°LET

86'bST —

T#'69T —
CUTLT —

OMe

Cl

cl
CO,Et

N
EtOZC)\

70
13C NMR (151 MHz, CDCl,)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

00

S592



A

Et0,C~ ~CO,Et
71
'H NMR (600 MHz, CDCl)

6.00
4.14
1.29
1.27

<
N-1.15

11.5 11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0



PEET ~L
aaed

STT9~.
€519~

8C°/L9—

€12aD 6£°9L
€12daD 00°4L Wu

€10ad 1¢°LL

60°€T —
76921\
£2°82T ~
80'621 ~_
et
9g'ccT "
0£'9€T —

I8vST —

£689T —

9

N
EtOZC)\COZEt

J

71
13C NMR (151 MHz, CDCI,)

T T T T T T T
180 170 160 150 140 130 120 110

T
190

00

f1 (ppm)

S594



L0°T
60'T W.

N

EtOZC)\COZEt

72
'H NMR (600 MHz, CDCl,)

e 1

1

9'€
0°€

Foze

0'T
£C

Feez

0.0

0.5

11.0 105 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0

11.5

f1 (ppm)

S595



LYET ~
8t'pT ~

wLTE~
8sze "

<509 —
T0'€9 —

00°0Z —

€10dD 6494
€102d2 00°2L W

€10ad 1¢°LL

Y6’ T
| VA T4
ST'9¢t A\

06°£2T ~\_
ST'8CT “\
9€°8TT
8T°¢ET \
79°CET
96°GET *
05°8€T
S9'6€T \.

T8°6€T

PP EST —

S8°¢UT —

N

EtOZC)\COZEt

72
13C NMR (151 MHz, CDCl5)

T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

T
190

S596



