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Scheme S1. Burgess and Coworkers’ Four-Step Sequence to Prepare Chiral Terminal Bromo-Substituted
Propargylamines®
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Burgess and coworkers employed the four-step sequence shown above to prepare chiral terminal bromo-
substituted propargylamines.! Starting from N-Boc protected amino acids, Weinreb amide formation followed by
LAH reduction produced the corresponding amino aldehyde. Ohira-Bestmann homologation produced the
terminal alkyne which was then brominated via treatment with nBuLi and Br.. In addition to the R group being
limited to commercially available amino acids, this method also used TsNs which is unstable and can be an
explosion liability.

Determination of Cis/Trans Ratio of Commercially Available 1,2-Dibromoethene

The cis/trans ratio of 1,2-dibromoethene was determined to be ~2:1 from integration of the corresponding cis and
trans isomer peaks in the *H NMR spectrum. The assignment of the cis and trans isomer peaks was performed
according to Bochet’s method? which uses the coupling constants of the *C satellite peaks to assign the signal as
the cis (smaller coupling constant) or trans (larger coupling constant) isomer. The resonance at 7.02 ppm has **C
satellite peaks with a smaller coupling constant (J = 5.2 Hz) than the resonance at 6.63 (J = 13.2 for *3C satellite
peaks). Thus the peak at 7.02 can be assigned as the cis isomer, and the peak at 6.63 ppm as the trans isomer.
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Scheme S2. Conversion of 2a to 3a to Confirm Absolute Stereochemistry of 2a

b 1
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R 2. NH,4CI N H
Br 74% 3a
2a

Terminal bromo-substituted propargylamine 2a was converted to terminal propargylamine 3a by treatment with
nBuLi (2.5 equiv) for 30 min at -78 C to affect lithium-halogen exchange. Quenching with NH4Cl (aqueous
solution) protonated the terminal lithium acetylide to produce terminal propargylamine 3a in 74% yield.
Comparison of spectral data (H, *C NMR) and the optical rotation to reported experimental data® confirmed the
stereochemical assignment of the amine stereocenter.

The stereochemistry produced in the reaction of lithium bromoacetylide with N-t-BS aldimines can be explained
by the widely accepted chair transition state* shown below. This transition state is common for the addition of
organolithium reagents to Ellman N-t-BS imines.
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Figure S1. Putative chair transition state controlling stereoselectivity.

Discussion of Additional Reaction Optimization (Table S1)

Additional reaction optimization efforts for the addition of lithium bromoacetylide to N-t-BS aldimine 1a
are discussed below and shown in Table S1.

As shown in Table S1, while screening bases for the generation of lithium bromoacetylide from 1,2-
dibromoethene we tested the use of alkyl lithiums (entries 1 and 2) and various solutions of metallated
hexamethyldisilazane (entries 3-5). As observed in our previous work,® use of MeLi (entry 1) and nBuLi (entry 2)
both failed to produce the desired product. In the case of MeLi only methyl addition product S1 was produced,
and nBuL.i produced only debromo-product 3a in 24% yield and 4:1 dr. In contrast, use of LIHMDS proved more
promising as LIHMDS (1.0 M in THF, entry 3) produced 2a in a 68% yield and 9:1 dr and 3a was formed in only
13% yield despite the presence of THF in the LIHMDS solution. In line with our other observations, the presence
of THF in the LiIHMDS solution promoted the complete consumption of starting material 1a. Studies with
NaHMDS (entry 4) and KHMDS (entry 5) demonstrated the importance of the Li counterion for the reaction, as
Na and K counterions produced the desired product in little to no yield.

After having discovered that it could be beneficial in some cases to add aldimine 1a immediately after
addition of the base (i.e. elimination of the 30 min period to generate lithium bromoacetylide), we tested this
protocol using MTBE as the reaction solvent and as the solvent for the LIHMDS solution as shown in entry 6.
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Interestingly, in line with the result of entry 14 of Table 1 (which also used an LiHMDS solution in MTBE), this
diminished the isolated yield of 2a (compare Table S1, entry 6: 59% vyield to Table 1, entry 13: 67% yield).

We also explored whether we could reduce the equivalents of 1,2-dibromoethene and base (entries 7 and
8), but this decreased the isolated yield. Decreasing the equivalents of 1,2-dibromoethene from 2.2 to 1.1 (entry
7) also lowered the diastereoselectivity (dr = 15:1), revealing that the amount of lithium bromoacetylide present in
the reaction mixture impacts the diastereoselectivity of the reaction. Increasing the equivalents of 1,2-
dibromethene to 1.65 restored the diastereoselectivity back to 20:1 (entry 8), although the yield was still
diminished in comparison to the use of 2.2 equiv of 1,2-dibromoethene. Increasing to 3.0 equiv 1,2-
dibromoethene and 6.0 equiv LIHMDS (entry 9) did not improve the reaction yield beyond what was achieved
when 2.2 equiv 1,2-dibromoethene and 4.4 equiv LIHMDS were used.

Finally we probed the effect of reaction concentration and the order of reagent addition. Doubling the
reaction concentration (entry 10) slightly decreased the yield (72%) and diastereoselectivity (19:1). Diluting the
reaction concentration two-fold (entry 11) resulted in a slight decrease in yield (73%) and no change in
diastereoselectivity (20:1). We then tested order of reagent addition, starting with aldimine 1a in the round-
bottom flask in order to avoid transfer of a solution of la to the in situ generated lithium bromoacetylide.
Addition of 1,2-dibromoethene followed by LiIHMDS to aldimine 1a dissolved in Et,O (entry 12), and addition of
LiHMDS followed by 1,2-dibromoethene to aldimine 1a dissolved in Et,O (entry 13) produced identical results,
as both methods afforded slightly reduced diastereoselectivity (dr = 17:1) but had negligible effects on the
isolated yield.
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Table S1. Optimization of Solvent and Base for Generation and Addition of Lithium Bromoacetylide to

Phenyl Imine 1a*

)NI\/S‘\O \‘/ \‘/
.Ss -Sy
Br/\s base (4.4 equiv) @\\ Ph H 1a (1 equiv) HN (0] . HN (0]
!Br solvent, -78 °C, time 1 Br solvent, 0 °C, 2 h Ph/\ Ph \\
2.2 equiv 2a Br 3a H
equiv of yield unreacted yield yield
1,2-dibromo- time 1 2a 1a relative 3a 2a+3a drof
entry  solvent base ethene/base (h) (%)° to 2a° (%)° (%) 2a¢
MeLi
e — - - - -
1 Et,O (1.6 M in Et,0) 2.2/4.4 0.5
nBuLi i
2 Et,O (2.5 M in hexanes) 2.2/4.4 0.5 -- - 24 24 4:1
3 Et,O 1 (IJ':\;"::E%F) 2.2/4.4 0.5 68 - 13 81 9:1
49 Et,O 1 ONia\;I_':\rﬁl?'aF) 2.2/4.4 0.5 15 - 22 37 16:1
KHMDS
9 - _— —
5 Et,O (0.5 M in toluene) 2.2/4.4 0.5 trace trace
LiHMDS .
6 MTBE (1.0 M in MTBE) 2.2/4.4 - 59 0.28 - 59 20:1
7 Et,O @ (I)_IMHl:gII:l)Jzne) 1.1/2.2 - 68 0.11 - 68 15:1
LiHMDS .
8 Et,O (1.0 M in toluene) 1.65/3.3 -- 68 0.07 -- 68 20:1
LiHMDS .
9 Et,O (1.0 M in toluene) 3.0/6.0 -- 76 0.11 -- 76 20:1
LiHMDS
h . . .
10 Et,O (1.0 M in toluene) 2.2/4.4 72 0.14 72 19:1
: LiHMDS _
11 Et,O (1.0 M in toluene) 2.2/4.4 - 73 0.11 - 73 20:1
12 EtO a (;-mgﬁzne) 2.2/4.4 - 77 0.09 - 77 17:1
13 EtLO LIHMDS 2.2/4.4 - 77 0.09 - 77 17:1

(1.0 M toluene)

8Reaction conditions: To a cis/trans mixture of 1,2-dibromoethene in solvent (2.0 mL) cooled to -78 °C was added a base and the reaction
was stirred at -78 °C for 30 min for entries 1-5. In entries 6-13, the imine was added immediately following addition of the base. At -78
°C 1a (0.5 mmol, 1 equiv) was added in solvent (3.0 mL) and the reaction was stirred at 0 °C for 2 h. PIsolated yield. °Relative amount of
unreacted 1a relative to 2a was determined from the crude *H NMR spectrum. The propargylic proton of the major diastereomer of
product 2a (5.24 ppm, d) was set to an integration value of 1. The integration value for the aldimine H of starting material 1a (8.59, s) was
then obtained. Higher integration values for 1a correspond to larger amounts of unreacted aldimine starting material relative to 2a.
dDiastereomeric ratio determined by analysis of crude *H NMR spectrum. ¢Methyl addition product S1 was obtained in 89% yield. The
R . diastereomeric ratio was determined to be 2.3:1 based on the masses of the recovered major (70.3 mg) and minor
: i diastereomer (30.3 mg) which were separable by silica gel column chromatography. ™iastereomeric ratio of product 3a.

S | 9Significant decomposition and no starting material 1a observed in crude *H NMR spectrum. "2-fold concentration: 1,2-
‘ HN™ "0 i dibromoethene dissolved in 1.0 mL of Et,0, and imine 1a added in 1.5 mL of EtO. 2-fold dilution: 1,2-dibromoethene
i Ph s1 Me : dissolved in 4.0 mL of Et20, and imine 1a added in 6 mL of Et.O. JAlternate order of addition: To imine 1a (0.5 mmol)
§

SR L » dissolved in Et20 (5.0 mL) and cooled to -78 °C was added 1,2-dibromoethene (1.1 mmol, 2.2 equiv), followed by the
addition of LIHMDS (2.2 mmol, 4.4 equiv). The reaction was then stirred at 0 °C for 2 h. KAlternate order of addition: To imine 1a (0.5
mmol) dissolved in Et20 (5.0 mL) and cooled to -78 °C was added LiHMDS (2.2 mmol, 4.4 equiv), followed by the addition of 1,2-
dibromoethene (1.1 mmol, 2.2 equiv). The reaction was then stirred at 0 °C for 2 h.
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Addition of lithium bromoacetylide to ortho-methoxyphenyl aldimine 1f produced a diastereomeric ratio of 5:1,
which is significantly lower than the diastereomeric ratios of 16:1 and 19:1 observed for meta- and para-
methoxyphenyl aldimines 1g and 1h. The lower diastereoselectivity could result from competitive coordination
of lithium bromoacetylide by the ortho-methoxy group as shown in Figure S2. Notably, the ortho-methoxy
groups makes possible bidentate coordination with the aldimine nitrogen atom. This coordination could compete
with the coordination of lithium bromoacetylide by the sulfinamide oxygen atom in the chair transition state
responsible for stereocontrol (see Figure S1) and thereby lower the diastereomeric ratio. A similar bidentate
chelation hypothesis has been proposed for the diastereoselectivity observed in the addition of Grignard reagents
to 2-pyridyl N-t-BS aldimines.®

Figure S2. Hypothesis for decreased diastereoselectivity for 2-methoxyphenyl aldimine 1f.
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Crude *H NMR Spectra for Determination of Diastereomeric Ratio for Compounds 2a-2ac

S7



0400

€40
orL0
SvL0
610
G0
Lch
cleL
oce'L
€cTL
62C’L
(XA
9€T’L

6eCl
vSelL
VATl
69¢°L

L&+
SlC')
8€0'C
L¥0C
cSeC
cSL'e
19.°€
6801
c60'Y
L0Lv
60Lv
1IZ4%4
VXA 4
4454
oLy
L€C'S
(e} 7]
9L,
081",
€ec’L
€GC’L
v9¢'L
99¢°L
69¢'L
clLT L
62€°L
e’ L
0G€° L
VASIoWA
09€°L
(YAWA
GLE°L
LLE°L
c6e’L
96€°L
€658
69Y'L
98y,
061,

B e o S e

"H NMR, 400 MHz, CDCl3

Crude NMR for dr determination, Method A, 2a

J“b Jo L

796°
|

PPM

16384

[PTSId: 16384

[OF1: 2006.6

[NA: 8

[swi: 7503

[F2:399.784

[LB: 0.0

[PD:5.0 sec

[PW: 6.8 us, 45deg

F1:399.784

Nuts - 2a_crude

EX: single pulse.ex2

L€C'S

owe's

0€'S
v1ES

20.69

1.00

PPM

5.15

S8



N < <IN~ TTOANDOPOOT—0WMOWO
< N 0N MmO N OO0 OUPFITAN—TANNODO
S S¥an NOSIITSIITNNN® S
< < Mmmomo™ Rt it il R S i i e N )
D /
HN™ "0
/\/\/\
2b Br
H NMR, 400 MHz, CDCl;
Crude NMR for dr determination, Method B, 2b
T T T T T T
8 6 4 2 0 PPM
F1:399.784 [F2:399.784 [swi: 7503 [ [OF1:2018.1 [ [PTSId: 16384 . 16384
EX: single_pulse.ex2 [PW: 6.7us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 Nuts - 2b_crude
3 ~ o~
0 ™ o~
S )
[sp] ™ [s2] [s2]
45.34
1.00
T T T T T T
36 35 34 33 3.2 PPM

S9



b

1G9'€

fa¥aYattal

980
SoL'v
'y
ovl'v
0.€'S
98€°S
evy'S
LSV'S
8vl°L
VA
8917,
SLV'L
vee L
VRAAVA
€ec’L
ove L
192,
S9¢°L
6€G°L
ovS L
6v5° L
296,

T

2
[}

-

Me HN

4

Br

2c
H NMR, 400 MHz, CDCl3

Crude NMR for dr determination, Method A, 2¢c

LN

05

1

PPM

[PTSId: 16384

[OF1: 2004.8

[NA: 8

[swi: 7503

[F2:399.784

[LB: 0.0

[PD:5.0 sec

[PW: 6.8 us, 45deg

F1:399.784

Nuts - 2¢_crude

EX: single pulse.ex2

0.€'S

98¢'g

evy'S
LS¥'S

ov'Ly

S10



D OMNOODNDN O N M NN OMWOMN I~ ~— M O M © N~ O O n o
O OTANMNOWTM N~ O O o tTNOOWT N ~— © < 0@ D~ © o N
NNANN~ ==« NNN S~ —-vTONN tOOFEO NNNNNN
l\l\l\l\l\l\l\l\l\ I.DI-OLDI-O <t T FTTOM AN AN AN NN ~ o -~ -
.S
HN""S0
Me
A
Br
2d
H NMR, 400 MHz, CDCl,
Crude NMR for dr determination, Method A, 2d
2481
M M J JU
T T T T
8 6 4 2 PPM
F1:399.784 [F2:399.784 [SW1: 7503 [ [OF1: 2007.1 [PTS1d: 16384
EX: single_pulse.ex2 [PW: 6.8 us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 Nuts - 2d_crude
N [32] N N~
N~ © o ©
N S =
o] [Te] w0 n
7.00 20.51
T T T T T
5.30 5.25 5.20 5.15 5.1PPM

S11




PPM
Nuts - 2¢_crude

[PTSId: 16384

NoOST MO —™M

N~ O <™

N AN N «~— «—

- - 000
; ;

[LB: 0.0

c6lL'S

20¢°S
6v.'¢
79.°€
980V
SoL'v
L’y
ovl'v
c6lL'S
20C°S
S9C'S
V.2’
VAZWA
val'L
LG1°L
c9l’L
19171
1ZAWA
VX4
ceCL
ove'L
v9¢' L
€LC'L
ove L
99¢€°L

I J\
T
4
[OF1: 2009.8

[NA: 8

2986
J

T
[PD:5.0 sec

S9¢°S

v.C'S

Br

L/

e

HN™
2e

[F2:399.784

Me
"H NMR, 400 MHz, CDCl;
Crude NMR for dr determination, Method A, 2e

T
F1:399.784
EX: single pulse.ex2

PPM

20.96
5.25 5.20 5.15
S12

1.00

5.30




9r8'€

cog's —
1800 —
IR
AR
R

N

8zss —
9v5'S
£/8'9
v68'9
v.6'9
6v1°L
6SL°L
AW
1211
oszL ——F
8vz L
v9z'L
192°L

i

.

(]
/7
(2]

-

MeO HN

Y4

Br

2f
"H NMR, 400 MHz, CDCl;

Crude NMR for dr determination, Method A, 2f

]I B hguk

[PTSId: 16384

[OF1: 20062

[swi: 7503

[F2:399.784

F1:399.784

4
g
f,
(g
g
Zl
<
<
&
=
825G
oGS
el
P
14
g
<
w
&
[~
o)
ke
2 819G
o 629'G
O
S
| &
o
p
B
e
o)
g
7
)

5.45

1.00

PPM

S13



Nuts - 2g_crude

000°0-
G600
990°0
VA4]
oce'L

o=y

Elgm3
8€C’L
9G¢C'L
89¢’L
/2L
v6c|

[PTS1d: 16384

L¥0C
cSseC
0€L'e
Sv.L'€
cl8'e
818'¢
698T
060V

[LB: 0.0

[ oL9l

0¢'S

[OF1: 2007.5

[NA: 8

9Ly
evl'y
v0C'S
6LC'S
v.C'S
¥8C'S
188'9
120'L
920°L
1€0°2L
610°L
990°2
890
c9l°L
7AW
081",
€€C’L
L§¢'L
19¢°L
98¢’
S0€'L

6LC’S

YN

%

T
[PD:5.0 sec

00°L
V.2’

8¢S

[swi: 7503
[PW: 6.8 us, 45deg

L PP W

[F2:399.784

MeO

H NMR, 400 MHz, CDCl3
Crude NMR for dr determination, Method A, 2g

T
F1:399.784
EX: single pulse.ex2

5.15

S14

5.35




Nuts - 2h_crude

16384

[PTS1d: 16384

[LB: 0.0

962°¢ I
66.° ) 981'
708
voge — N
060 ——7
0Ly
Gzl
ey
981'
002 — > e
862G ——— £

197G
0889
2069
1869
€512
roL's
oy
AV
£e7'L
1522
v9z L
L1
08¢’
£0v'L
96/
1181
0158

00¢'S

[OF1: 2005.7

[NA: 8

/N

T
[PD:5.0 sec

8GC'S
19¢°S

[swi: 7503
[PW: 6.8 us, 45deg

NN

Crude NMR for dr determination, Method A, 2h
[F2:399.784

X
=
MeO
"H NMR, 400 MHz, CDCl;

T
F1:399.784
EX: single pulse.ex2

PPM

19.02

S15

1.00




000°0-
L¥0°0
GG0°0
9900
Sel’o
€vl°0

06¢0
€880
6Ll
oce'L

VeETH
rA A}
0.2°L
9.¢'L
9€0°C
8ve'C
8LL'E
9€L°¢
180
0Ly
€cL'y
(344
/19'G
€99
189'G
269°S
8L,
GGL'.
LGL°L
691°L
917,
82C’L
vET L
VAZAVA
rASTAVA
99¢°L
L2,
VXAVA
06¢°L
962,
oLeL
el
89¢°L
(VAN
16€°2
0L9°L
889°L
769,

B e S s R

Ll

2i
"H NMR, 400 MHz, CDClg

Crude NMR for dr determination, Method A, 2i

L

1%86

[

[PTS1d: 16384

[OF1: 2007.1

[NA: 8

[swi: 7503

[F2:399.784

F1:399.784

[LB: 0.0

[PD:5.0 sec

[PW: 6.8 us, 45deg

Nuts - 2i_crude

EX: single pulse.ex2

L19'G

v€9'G

189'G

c69'G

18.76

1.00

5.50 PPM

S16



FOTOATOTOH®MOM [ N=) OCOOMO WO < < mm%m@mwo
N OONMNWMOWMN~WO AN — tTAN—O AN O o} < o~ MHOMOAN O
SOmaaNNNS == NN S oQ® ™ P NNHNNN =S
NNNNNNNNNNN 0w LSOO N g -So
.Ss
HN™ 0
Cl
X
Br
2j
H NMR, 400 MHz, CDCl,
Crude NMR for dr determination, Method A, 2j
1987
| LLA_JA‘&JU
T T T T
8 6 4 2 PPM
F1:399.784 [F2:399.784 [swi: 7503 [ [OF1:2009.8 [ [PTS1d: 16384 [
EX: single_pulse.ex2 [PW: 6.8 us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 Nuts - 2j_crude Method A
N~ 0 © o
@ IN] I -
N o N
e} o] w0 w0
T T T T T T
535 5.30 5.25 5.20 5.15 PPM

S17




000°0-

G160
16171
S6L°1
L0c'L
€ccl
LecL
8€C’L
Lsc'L
VASTANY
192°1L
69¢'L
v.iC'L

9/C’l
86¢°1L
80¢’}
c8e’L
L¥0C
6Ly
ovy'l
vyl
LSv'L
9G¥’
8GY'L
L9v°L

888°C
€06'¢C
90L'v
1IZ4%4
cles
VRAAS]
182°S
c6C'S
90¢'L
162,
c0gL
LeL
viEL
cce’ L
VeC L
Sve'L
0g€e’L
9G€°L
09€’.L
G9€E°L
89¢'.L
(AW
6.€°L
€8¢
c6E L
96€°L
SLV' L
LG

N TS

Cl

2

"H NMR, 400 MHz, CDCls,

Crude NMR for dr determination, Method B, 2j

%

L

|

[PD:5.0 sec

il

PPM

16384

[PTS1d: 16384

[OF1: 2017.1
[NA: 8

[swi: 7503

[F2:399.784

[LB: 0.0

[PW: 6.7 us, 45deg

F1:399.784

Nuts - 2j_crude_Method B

EX: single_pulse.ex2

clcs

122

182°G

62’9

5.51

1.00

PPM

S18



000°0-
L¥0°0
GG0°0

)

9900
€€L’0
Sel’o
€vl'0
1180
€880

—— —

c0c’L
oLc'l
oce'L
veel

Z0Z" |

CaG+

8GC1

e i

69C71
98¢’

L€0°¢C
8Gl'¢
8vEC
€L6'¢
926'¢
180
0LV
€cLy
344
8€C’S
ST
Lel’2
€EL°L
LSL°L
SGl°L
651,
19172
0LV’
LLV'L
1€C’L
gec’L
ove' L
0gc’L
19¢°L
vee'L
ove L
e L
6L
(AW
cilvL
eV’ L
SLV'L

/

—~-
7

="

2k

"H NMR, 400 MHz, CDCls

Cl

Crude NMR for dr determination, Method A, 2k

Nl

Mo

11526
[

L

PPM

16384

[PTSId: 16384

[OF1: 2000.7

[NA: 8

[swi: 7503

[F2:399.784

F1:399.784

Nuts - 2k_crude Method A

[LB: 0.0

[PD:5.0 sec

[PW: 6.8 us, 45deg

EX: single pulse.ex2

8€C'S

cSeC's

vre's

GGe'S

17.26

1.00

PPM

S19



o ON OOOTNDOMNMOOOTANLMOM — © VOO NDDMWN O v« O
< OFT OMOANTT O ITOHANDON ™ nm NV OUNUOOMAN — O
0N SN EISEEIETONONONNNN 0 OIS NNANNNNS
© NNNNNNNNNNNNNW®DGG o Nrrerer -0
.Ss
HN™ ~O
A
cl Br
2k
H NMR, 400 MHz, CDCl3
Crude NMR for dr determination, Method B, 2k
8/15
.Q0
T T T T T T
8 6 4 2 0 PPM
F1:399.784 [F2:399.784 [SW1: 7503 [ [OF1:2022.2 [ [PTS1d: 16384 . 16384
EX: single_pulse.ex2 [PW: 6.7us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 Nuts - 2k_crude_Method B
0 ™ [=e] 3]
(2] e} N ~—
N I N
Yo} [Te} n w0
8.15
1.00
T T T T T T
5.35 5.30 5.25 5.20 5.15 PPM

S20



9900

€710
9680
G98°0
1280
G/8°0
€880
6680
Lel
6lc’L
L2c’)
VAANY
9¢c'L

1oct
€LC'L
18¢'L
662" L

fon >

e

OcUT

1§€¢

€85°€
65
08¢
918'¢
060
80l ¥
Scl'v
evl'y

1ee's
Se€C'S
Ge0'L
9G0°L
1.0°L
cSl°L
1oL,
cLL’L
6.1
[ANAVA
0SC’L
6.2
6EV' L
eav'L
19v'L
SLV' L

Y SR

vv

(o]
(%}

HN”

4

Br

%@Nbp

2
'H NMR, 400 MHz, CDCl3

Crude NMR for dr determination, Method A, 21

210tgg

o

[PTS1d: 16384

[OFL: 2012.1
[NA: 8

[swi: 7503

[F2:399.784

F1:399.784

Nuts - 21_crude

€85°€

[LB: 0.0

[PD:5.0 sec

08¢
918'¢

[PW: 6.8 us, 45deg

EX: single pulse.ex2

1.00

21.01

PPM

3.5

3.6

3.7

3.8

3.9

4.0

S21



vor0 ||

16171
€ccl
(BerA®
GlC')
XA
68¢C°1L
162’1l
86¢°L
0o¢’L
o€l
90¢€’L
vie'l

€ce’L
8ce’l
ove'L
cse’l
veeL
08¢’L
€8¢’
607°L
4443
095°L
Sv0'C
12194
96.'¢
808'C
1G6°€
696'C
601y
Ly
X474
097'S
8Lv'S
8569
896'9
8169
086'9
6€L°L
s,
SGlL'L
19172
oL,
€81°L
STV
18¢°2
88C'L
16¢°L
10€°2
0€'L
32
058G,
8,98
68G°L
965" L
c09'L

T O e

\k

Br

'H NMR, 400 MHz, CDCl3

Crude NMR for dr determination, Method A, 2n

PPM

Nuts - 2n_crude Method A

16384

[PTSId: 16384

[LB: 0.0

[OF1: 2013.5
[NA: 8

[PD:5.0 sec

[swi: 7503
[PW: 6.7 us, 45deg

[F2:399.784

F1:399.784
EX: single pulse.ex2

96.'¢
808°¢

1G6°€

696°€

1.00

19.14

S22



~ NOULNOTOHTTMhNOOOTT—TUOUONOITONTOUTOOMNNLLW S MO MN~OOONON o
O MNOUVLULTTOONDVOWOULULTONOOULNLONLEDTO OO ONWOT O~ o
l\COI\l\l\l\I\I\I\I\I\I\I\I\I\I\I\I\KOCD(OLDIOLOLOLOVO’)MM T T T T T o OI
S\
P
HN™ "0
S
LN
S Br
2n
"H NMR, 400 MHz, CDCl;
Crude NMR for dr determination, Method B, 2n
141
160
J M__JL Ju. k,L[ |
T T T T T
8 6 4 2 0 PPM
F1:399.784 [F2:399.784 [SW1: 7503 [ [OF1:2019.4 [ [PTS1d: 16384 . 16384
EX: single_pulse.ex2 [PW: 6.7us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 \ Nuts - 2n_crude_Method B
N ['e] ['e] <
~ D o [2]
o o} S ©
< [s2] [s2] [s2]
14.12
1.00
—— — — —— — — — ——
4.15 4.10 4.05 4.00 3.95 3.90 3.85 380 PPM

523




€€L’0

Z91°0
9/1°0
€8l
681°1L
8611
60¢’L
Lech
Lcc)
12’1l
secl
evel
0sc'l
ST
192’1
98¢’
1621
ce0e
Svee
oce’l
see’l
el L

Nuts - 20_crude Method A

16384

i

R

[LB: 0.0

08¢°S

16C°S

6G8°€
118'€
oL’y
sLL'v
08¢'S
16¢°S
oLL'L
1434
€cl’L
VXAWA
VAZWA
€G1°L
2917,
cLL'L
9¢c’L
Sve'L
96¢°L
€0€’L
80€°L
9le’L
€9¢°L
99€°L
89¢'.L

. (©]
TR A

T

4
[OF1: 2012.1
[NA: 8

09€°S

€.E'G

Br

BRI

[F2:399.784

}

7
S

HN
20
"H NMR, 400 MHz, CDCl;
Crude NMR for dr determination, Method A, 20

T
F1:399.784
EX: single pulse.ex2

5.15 PPM

T
5.20

25.20
5.35 5.30 5.25
S24

1.00

5.40




O T T-OUO T MO ODT OO OMOLWOMNOO ON —~LOOANDDTFITNONDOWD OO

N OONMNNMMNMNMANNTOOWMOMANT T OWONOOO® O S UOUTONOWLTTOONO

OBONNOOOLOMMMANNT - ——®MN~ — 0N~ STOSYTTNANNNNNNS

o NNNNNNNNNNNNNNNNoOoSYo® B T e L =]

_Ss

HN™ O
S Br
20
H NMR, 400 MHz, CDCl,
Crude NMR for dr determination, Method B, 20
1590
1.00
J J_J_MJ\«J Jl I l“\ L_)k M l
8 6 4 2 0 PPM
F1:399.784 [F2:399.784 [swi: 7503 [ [OF1:2013.0 [ [PTSId: 16384 . 16384
EX: single_pulse.ex2 [PW: 6.7us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 Nuts - 20_crude_Method B

< o [se] ©
@ N~ o o]
oo ® |
wn e} [Te) [Te]

—
5.15 PPM

525




000°0-

2000

9900
£01°0
0LL0
SLL0
cvl0
L0
S0
/910
€oL’L
L6171
vicl
oeec’L

9ec’L
14T
8Gc’L
viC'L

o

68¢C°1L
ciel
oce'L
Siv'l
695"
6€0°C
csee
060'v
80L'¥
sLL'v
9Cl'y
evlv
8¢S
c0e's
6€€'S
cSeS
8cE'9
EvE9
9e'9
0S€9
Siv'9
[a4]
IZ44°)
sel’L
€G1°L
9L,
6L1°L
cec,
0SC'L
0LC°L
182,
G8¢C°L
G9¢'L
19€°L
L0v'L
oy L

B S e S e

H NMR, 400 MHz, CDCl3

Crude NMR for dr determination, Method A, 2p

I T

PPM

16384

[PTSId: 16384

[OF1: 2013.9

[NA: 8

[swi: 7503

[F2:399.784

F1:399.784

Nuts - 2p_crude_Method A

[LB: 0.0

[PD:5.0 sec

[PW: 6.8 us, 45deg

EX: single pulse.ex2

8¢S

c0€'S

6EE°S

cGe'S

9.07

1.00

526



[ < NN~ N O — O OO ~— O <o) LTV OOVLOWAT—MMO®O O
[} — — OO OANOOWTOD DN~ [ee] SN TNODOTONTT O
15} R A A R K K R X X © © 4 oxdSdHmoaNANNNS
© NNNN © © © ©© O 6 ® o™ - Nrrrrrrrrereevo
_Ss
HN™ O
NS
S
Br
2p
H NMR, 400 MHz, CDCl;
Crude NMR for dr determination, Method B, 2p
13,06
1.00
] . 1 M I\ " N
T T T T T T
8 6 4 2 0 PPM
F1:399.784 [F2:399.784 [swi: 7503 [ [OF1: 2023.1 [ [PTSId: 16384 . 16384
EX: single_pulse.ex2 [PW: 6.7us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 \ Nuts - 2p_crude Method B
o N~ © o
© < o [<2]
oo @ N
w0 e} w0 o]
. 13.06
1.00
— —— — — — — — —
5.50 545 5.40 5.35 5.30 525 5.20 PPM

S27




N~ LANODHID OO N~ < O © n 0 ~— OMNMONFHOUMNIIOOMOLW «~—0 O
< OO0 NMNTM 0 © © N O 0 TTANONLOLONOOOOMNL OO
© NNNNNNNGOO© [loToNTe} < < N drr-rHre-rr-<r<oocoog
_Ss
HN (e}
e} Br
2q
H NMR, 400 MHz, CDCl;
Crude NMR for dr determination, Method A, 2q
%67
. 0 | Ju } ol
T T T T
8 6 4 0 PPM
F1:399.784 [F2:399.784 [SW1: 7503 [OF1:2015.8 [PTS1d: 16384 . 16384
EX: single_pulse.ex2 [PW: 6.7us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 Nuts - 2q_crude_Method A
N~ [32] < o ©
< [s¢] [ce] o ©
N N ~ N
e} w0 [te] 0w
20.77
1.00 0
5.35 5.30 5.25 5.20 5.15 5.10 5.05 PPM

528




PPM

000°0-
clel
6Ll
6cC’L
9ec’L
8€C’L
VAT
v.ic'L
6EY’L
Wyl
9G¥’
8GY'L
cLy'L
88Y'L
L¥0C
6€9°C
8599'C
98.°€
€08'¢
060'Y

Nuts - 2q_crude_Method B

16384

[PTS1d: 16384

‘
[LB: 0.0

96°0C

691°G

8lg —
8L’ —

IR
szl'y
evly —
691'G
58L'S
/81°G
IE1'9
6EH'9
L9
b9
189
9e8'9
881,
90Z'L
29z'L
08Z'L
962°L
96€°L
00t'L
Sov'L
e8tL
981,
062
Z6t°L
905,
605°L
LS L
8162
026'2
vz6'L

CNTENET

[OF1: 2019.0

[NA: 8

agn

6€C'S
0scC's

[PD:5.0 sec

[F2:399.784

.S«
e}
A
2q

Crude NMR for dr determination, Method B, 2q

'H NMR, 400 MHz, CDCl;

B
|

F1:399.784
EX: single pulse.ex2

arG'Q

S29




0000-————

8cc’L
8G¢C’L
c8c’l

99v°1
8yl
00S°L

Sv0'Z
1¥9°2
099°C
core —
6lve —
1601
80L'¥

9zL'v N
Sl
LGLY
VAN
20e'S
8LES
G9E'S
1€
0612
802,
€922
282,
8LE.L
9ze'L
oeeL
8eeL
0s€'2
vze'L
628,
vE8L
8L
6v8'L
¥S8'L
1158
8858
2598
€218
1€2°8
GEL'8
I IA]
8v.'8

cen'g

N

)

WO EET N

2

.S
HN

7/ N\

Br

Vi

2s
"H NMR, 400 MHz, CDCl,

Crude NMR for dr determination, Method B, 2s

3P

S#297821 (single pulse)

PPM

16384

[PTS1d: 16384

[OF1: 2030.9

[NA: 8

[swi: 7503

[F2:399.784

[LB: 0.0

[PD:5.0 sec

[PW: 6.7 us, 45deg

F1:399.784

Nuts - 2s_crude Method B

EX: single pulse.ex2

c0g'S

8LES

ifeoNe]

L1€°S

3.25

1.00

S30



60€'S

2u

"H NMR, 400 MHz, CDCl,

Crude NMR for dr determination, Method B, 2u

o

.98
0

PPM

16384

[PTS1d: 16384

[OF1: 2015.8

[NA: 8

[swi: 7503

[F2:399.784

F1:399.784

[LB: 0.0

[PD:5.0 sec

[PW: 6.7 us, 45deg

Nuts - 2u_crude

EX: single pulse.ex2

oee'e

vve'e

LIV'E

YEV'E

34.98

1.00

S31



0000
€cL’L
96171
90¢’L
8lc’L
VA
VASTANY
6eYL
SGY'L
€6yl

ots+
120c
620°C
2€0'C
8€0'C
L¥0'C
L¥0'C
6¥0°C
SG0°C
1G0'¢C
690°C
9.0¢C
1€9C
189'C
0G.°C
89.°C
88.°¢C
S8y'e
205°¢
280y
690
6917,
LLVL
8L,
18171
€617,
861",
€0C’L
AXAVA
9lc’L
96¢'.
1922
S9C'.L
cLT L
VXAVA
6.2,
98¢ L
68¢C°L
€62 L
162
70€° L
60€°L
Les

e S e i s

#/

SN
o}

HN™

X

Br

2v

'H NMR, 400 MHz, CDCl;

Crude NMR for dr determination, Method B, 2v

PPM

16384

[PTS1d: 16384

[OF1: 2003.0

[NA: 8

[swi: 7503

[F2:399.784

[LB: 0.0

[PD:5.0 sec

[PW: 6.7 us, 45deg

F1:399.784

Nuts - 2v_crude

EX: single pulse.ex2

S0y

690 Y

80L'v
ecly
3404
9GL'v

13.99

1.00

PPM

3.9

4.0

4.1

S32



N [ < O© T O LOOWLOOONMNOWULNTT«—WO
~ O < D<M NETT-TOMNOTSTNTOOMMOAN —O
™ S o 4 H@ —FONOOUULANNNNGDD® S
w0 Q‘ﬂ‘ C")(')C')C') NN\—\—\—\—\—\—\—\—\—OOOOO'
_.Ss
HN™ ~O
%
2w Br
H NMR, 400 MHz, CDCl;
Crude NMR for dr determination, Method B, 2w
2753
1.00
JL I | LJL
T
8 4 2 0 PPM
F1:399.784 [F2:399.784 [swi: 7503 [ [OF1: 2024.0 [ [PTSId: 16384 . 16384
EX: single_pulse.ex2 [PW: 6.7us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 Nuts - 2w_crude
< [) < O
[se) ~ <t ™
S < o ©
[se] o @ ™
2753
1.00
T T T T T T
36 35 34 33 32 PPM

S33




0000

696'0
986°0
66°0
00’}
clo’L
9¢0’}
16171
€ecl
1921
c8e’L
06¢e’L
96E L

PPM
Nuts - 2x_crude

16384

syl
Sov'L
[
LSl
vi6°L
826’
1€6°L
Sv6'L
Lv6')L
196°1L
8v0'C
ver'e
124%
168°¢
S06'¢
606°€
cc6'e
120y
6€0'Y
<oy
€50'Y
Sle'g

e e

vieL

[PTS1d: 16384

[LB: 0.0

[OF1: 2026.8

[PD:5.0 sec [NA: 8

[swi: 7503
[PW: 6.7 us, 45deg

Br

[F2:399.784

2x

"H NMR, 400 MHz, CDCl3
Crude NMR for dr determination, Method B, 2x

F1:399.784
EX: single pulse.ex2

168°¢

3.85 PPM

15.91

S06'¢C
606°€

cc6'e

120V

60y ——
oy —

€50y

S34

1.00

4.10




[ce] O~ NN O ONNNMNO MNMOTANOFENANSTOOLANOO
b LTODOM~ O OTFT TOOOOYUTNDOOMNMNNO OO
@ VXOCM® BIIY ONOANNANE==S93R0 S
N~ BBOBOO - N AT s - - —-0006
_Ss
HN™ "0
%
2y Br
H NMR, 400 MHz, CDCl3
Crude NMR for dr determination, Method B, 2y
1495
1.00
. L . ) | JML ‘
T T T T T
8 6 4 2 0 PPM
F1:399.784 [F2:399.784 [swi: 7503 [ [OF1:2027.7 [ [PTSId: 16384 . 16384
EX: single_pulse.ex2 [PW: 6.7us, 45deg |PD:5.0 sec [NA: 8 [LB: 0.0 Nuts - 2y_crude
© ~— N [«2]
0 < D [{e}
Q@ © ©
[s2] [se] [se] [sp]
14.95
1.00
— — — — — — —
3.90 3.85 3.80 375 3.70 3.65 360 PPM

S35




i |

Lcc)
6eC’L
6Gc’|
8.€°1
Syl
Lov'L
LLV')
€6yl
9€5°1L
Sval
9GS’

V.S
86G°|
809'L
0c9'L
129}
Sv9'L
G691
€99°1L
VL)
8L.°L
c8L’L
1611
66.°L
L6l°¢C
VAYA4
[34°K4
099'¢C
324%
09¥°€
26’
0€'S

cre'e
096°€

88LL
907,

lozs —
087'L
1082

W

S

\‘/

~o
X

HN”

Br

2z

'"H NMR, 400 MHz, CDCl;
Crude NMR for dr determination, Method B, 2z

16384

[PTSId: 16384

[OF1: 2020.8

[NA: 8

[swi: 7503

[F2:399.784

Nuts - 2z_crude

[LB: 0.0

[PD:5.0 sec

[PW: 6.7 us, 45deg

F1:399.784

€LE°€
G8E'E

(344

091'e

EX: single pulse.ex2

PPM

3.2

1.00

.27

S36




U8U
0]

213
9€L”
SGlL
€9’
891
881"
€61°
661"
Lcc)
2
(3742
6v2"L
€6C’L
09¢’L
vov'L
6.V
961" |
€671
9621
cLL’)
6821
€61}
9¢8’L
628°L

R U L ) A

TR TR

19¢€°¢
G8E'E
798'¢
698°€
/8¢
188'C
€86°€
866'C
L0€°S

clov

86¢'L

Y

S5
o}

HN”

X

Br

2aa

Crude NMR for dr determination, Method B, 2aa

"H NMR, 400 MHz, CDCl;

2085
1.00

|

[OF1: 2019.9
[NA: 8

"

|

16384

[PTSId: 16384

[swi: 7503

[F2:399.784

F1:399.784

[LB: 0.0

[PD:5.0 sec

[PW: 6.7 us, 45deg

Nuts - 2aa_crude

EX: single pulse.ex2

€86°€
866°€
cloy

20.85

1.00

S37



saro

cve0
6¥¢'0
c9l’lL
6171
Soc'L
6LC')

1

oee’L
Gecl
8cc’l
evel
VATl

i Z L

88¢'L
Lieh
6vE’L
9cL'L
6CL°1L
eEL'E
€eL’)
8eL'l
vl
VAZAY
6v.L'|
266'¢
896’}
186°L
86’1
340K
80l ¥
9Ly

209V
09'v

WA=

2iv'S
598'S
698'S
1066 —
€s1'L
VASI A
aL'L
ziLVL
6.1°L
) R—
oszL ——7
0.2,
58T'L

791°8
181°8

{4

"H NMR, 400 MHz, CDCls,

Crude NMR for dr determination, Method A, 2ab

.

W

16384

[PTSId: 16384

[OF1: 2014.4

[NA: 8

[swi: 7503

[F2:399.784

F1:399.784

Nuts - 2ab_crude_Method A

[LB: 0.0

[PD:5.0 sec

[PW: 6.7 us, 45deg

EX: single pulse.ex2

209y
09V

21.21

1.00

S38



sezh —|||

BECT
Syl
8Gc’l
9.¢'L
L0€}
LIV
4443
6GY°1L
eLVL
o6Y’ L
621
€eLl

9€L’L
oLl
8vL'L
sl
696°|
€L6°)
986°|
066°L
Sv0'c
(32°K4
659'C
260'Y
oLy
VX424
oL’y
88G'V
065 ¥
65V

W
009y —
6191
[ 4R%

AR
8v9'v
059t
v99'y
999't
197
089t
089t %

vav'9
8GY'9
AAC]
08¥'9
LvS9
€9G'9
9859
209’9
1817,
1617,
L0C°L
oLcL
c9c’L
08¢°L
vie'L

Crude NMR for dr determination, Method B, 2ab

H NMR, 400 MHz, CDCl;

]

1980
il

me

PPM

16384

[PTSId: 16384

[LB: 0.0

[OF1: 20263

[PD:5.0 sec [NA: 8

[swi: 7503
[PW: 6.7 us, 45deg

[F2:399.784

F1:399.784

—
4.45PPM

Nuts - 2ab_crude Method B

4.50

4.55

4.30

4.60

1.00
465
S39

4.70

4.75

EX: single pulse.ex2




i |

Nuts - 2ab_crude_Method C

16384

.

696’
cl6'l
086’}
066’1
S0
Zv9'e
199
veb'e
605 —
€607
oLy — N
6Ly ——
ovLy
065

Loy

N4

\

B

X4*h4
cer's
8EY'S
LS¥'S
vSy'S
cLY'S
9Lv'S
88Y'S
c6y'S
0.8°S
cl8'S
988°S
688'G
806'G
L16'S
26'S
126°S

06l°L
80¢°L
€9,
18¢°2
86¢°L

[PTS1d: 16384

[LB: 0.0

[OF1: 2019.9
[NA: 8

21403
1,00

[PD:5.0 sec

[swi: 7503
[PW: 6.7 us, 45deg

Crude NMR for dr determination, Method C, 2ab
[F2:399.784

"H NMR, 400 MHz, CDClg

065"y

909y

X474

F1:399.784
EX: single pulse.ex2

PPM

21.03

5S40

1.00




PPM

0000
G600
G900
¥Gl'0
0410
€880
9cc’l
(3742
Svel
6vC’ L

13
89¢C°L
9.C'L
1821
0621
Siel
oveEt
Sv0'C
¥GEC
1€G°€
42K
€60'Y
LYy
6L’y
VA4 4
Lv8'Y
clL9
6219
2619
8919
ev.L9
9v.L9
LGL°L
€9L°L
S9L'.
LLVL
8L,
8€C’L
eve L
VASTAVA
(VXA
V.2,
68¢C° L
€6C°L
9leL
6LEL
0€e’L
SECL
2Ge L
9G¢€°L
06€°L
€6€°L
86€°L
00¥'L
Yoy L
8Ly,
4444

Nuts - 2ac_crude_Method A

16384

[PTS1d: 16384

cEV'E
1444

2528

[OF1: 2003.4

1€G°€
vS€

‘ ‘ ‘ ‘ ‘ ‘
6
[swi: 7503
[PW: 6.7us, 45deg |PD:5.0 sec [NA: 8

[F2:399.784

2ac

'"H NMR, 400 MHz, CDCl3

== YT

Crude NMR for dr determination, Mgthod A, 2ac

T
F1:399.784
EX: single pulse.ex2

1.00

25.20
3.50

S41

3.55

3.65

3.70




Crude NMR for dr determination, Method B, 2ac

"H NMR, 400 MHz, CDCl;

1280

|

PPM

m
=
=l
E=
=
=
|
=
=
5|
Q|
|
[
)
7
MNm
R
O
<t
0|
o
|
|
w)
&
L&
<
<
[2a]
L1
N
o
=
n./..OO
ol <
Sk
Q|
3
2
<)
)
o
L1~
o)
19
=
3|
<t
| o
mu
~
. O
R2ES
<
0|
™
=)
=)
on|
|
=
o
!
2
Mn
|
™ 5
N
SANZ
—
[Bpa

985°€

66G°C

299°¢

9/9'¢

1.00

PPM

3.50

S42



0000

v6c’|
vey'L
LS¥'L
L€0°C

657’ L
SLV'L
9€9°C

909'¢
029°€
089'¢C
769°€
€oL'v
(444
8€8'V
9LL'9
ceL’9
GGlL'9
[FAR)
8€L'9
8119
981,
c0c’L
6GC° L
99¢’,L
11T,
€8¢’
80€°L
cece’ L
9ce’L
vveL
€6€°L

G9€E'8
88€'8

I o B T A

"H NMR, 400 MHz, CDCls

Crude NMR for dr determination, Method C, 2ac

.

o

16384

[PTSId: 16384

[OF1: 20112
[NA: 8

[swi: 7503

[F2:399.784

F1:399.784

[LB: 0.0

[PD:5.0 sec

[PW: 6.7 us, 45deg

Nuts - 2ac_crude Method C

EX: single pulse.ex2

909°¢

0c9'¢

089'¢

769°€

1.00

16.75

PPM

543



'H and *C{*H} Spectra of Compounds 2a-2ac, 3a and 3b, 4a and 4b, 5a and 5b, and 6

S44



/S\\
HN O

©/,\
2a Br

'"H NMR, 400 MHz, CDCl;: 2a

1.211

0.000

3.24
213
1 fOO 0}98
\ \ \ \ ‘
8 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2011.2 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2a

545



mturlington
Stamp


138.336
128.791
128.572

78.714
77.475
N 77.160
76.845
56.507
51.664
47.240
22573

2a Br
13C{'H} NMR, 100 MHz, CDCls: 2a

\ \ \ \
150 100 50 0 PPM

F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10047.8 PTS1d: 32768 , 32768

EX: single pulse dec PW:3.4us, 30deg |PD:2.0 sec NA: 183 LB: 0.0 Nuts - compound 2a

546



mturlington
Stamp


[(e]e)) N~ O FTO N OONMMNTTMHMULOANSTITOOTNMNM OO
< (N o N~ NT T OO0OO0OULSANOANTOOOONMNNO «—O M~
oo Mmm NNNNKNNOSYTONOMOOMOANNNN— O ©
Y < < oM Ll el i el S s wi vl i e i i i i i i i ol e M @ @)
.Sx
HN™ ~O
/\/\)\
2b Br
'H NMR, 400 MHz, CDCls: 2b
932
4/20
214 2.1 26
1/00 Jf.OO
JJL J)L A M%L/)ﬁk |
\ \ \ \ \ \
8 4 2 0 PPM
F1:399.784 ‘FZ: 399.784 SW1: 7503 OF1:2019.9 PTS1d: 16384 , 16384‘
EX: single pulse.ex2 PW:6.8us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2b

S47

0.000


mturlington
Stamp


2b

3C{'H} NMR, 100 MHz, CDCl3: 2b

80.020

56.279

N O ™ O AN <
™M O, 0 I~ 0 <
NNOON NS00
O < © - AN (N
< < M ™ AN N

25204

~—14.049

\
0 PPM

F1:100.535

[F2:399.784

SW1: 31407

OF1: 10053.6

PTS1d: 32768 |

EX: single pulse dec

PW: 3.6 us,

30deg

PD:2.0 sec

NA: 202

LB: 0.0

Nuts - compound 2b

548



mturlington
Stamp


T ONODOT—T O —OWOOWWWOL O™ — O < ~ o
O OO INLOETTEOMOMNWOOW N T AN -~ o o
VOVOLONNNNNT == OO © © < N S
MNMNMNMMMMMMMMMMMNMOW O m AN ~ OI
/S\\
Me HN O
@J\
Br
2c
"H NMR, 400 MHz, CDCls: 2¢
953
312
01
1}05 /1.05 1[00 1[00
J{ ﬁU L‘ M LA .ﬂ\_,\ I
\ \ \ \ \ ‘
8 6 4 2 0 PPM
F1:399.784 [F2:399.784 SW1: 7503 OF1:2008.9 PTS1d: 16384 . 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2¢

549



mturlington
Stamp


O T JTOVO M < W0 oW © M A ©
O «— WO O — N O 0 «N O O N
N—-ROOoY NN e ® DA 0N
© © O 0 0 © O NN © o © AN O
\V N OHOONNN N~~~ O << N —
/S\\
Me HN O
X
Br
2c
13C{'"H} NMR, 100 MHz, CDCl5: 2¢
Jor 1 S— A *
\ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10050.7 PTSId: 16384 , 32768
EX: single pulse dec PW:3.3us, 30deg [PD:2.0 sec NA: 219 LB: 0.0 Nuts - compound 2¢

S50



mturlington
Stamp


— NO ™M ™M N~ o wn [e0) ™ o
NLLWLWS o O o — (o] ~— o
NN N ~N ™ N <
MNNMNMNMNDM 0w o m (a\} ~ o
/S\\ /
HN @]
Me
X
Br
2d
"H NMR, 400 MHz, CDCl3: 2d
9131
3/20 3|28
1/00 1/00 1.00
V. J ) | e |
\ \ \ \ ‘
8 4 2 0 PPM
F1:399.784 [F2:399.784 SW1: 7503 OF1:2008.4 PTS1d: 16384 . 16384
EX: single pulse.ex2 PW: 6.8 us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2d

S51



mturlington
Stamp


<t OO MO O~ N WO O © < N~ — <
N MNM~— I~ LNOM N ©O© o N
0N ONSN @ @ 0 © < © 0
\¢/ 0 W O 0w 0NN © © - N N
MO M NANANAN [ D A Y 0 wuw < AN N
/S\\
HN @]
Me
X
Br
2d
3C{'"H} NMR, 100 MHz, CDCl;: 2d
Wt Rt Ut memwwwwwwmmwwwmw
\ \ \ \ \ \ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10051.7 PTS1d: 32768 |
EX: single pulse dec PW:3.6us, 30deg [PD:2.0 sec NA: 95 LB: 0.0 Nuts - compound 2d

S52



mturlington
Stamp


O oL MmN — O 0 < o 0] o o
O WO Oo M’ — O N © Tp] ~— o
M MON N © © e N Q
MNMMMMNM 0w [ap 9] N ~ o
/S\\
HN O
A
Br
Me 2e
"H NMR, 400 MHz, CDCls: 2e
9(71
311
13
1 1[00 0/96
M | \ N
[ [ [ f f [
8 6 4 2 0 PPM
F1:399.784 ‘FZ: 399.784 SW1: 7503 OF1:2006.6 PTS1d: 16384 ‘
EX: single pulse.ex2 PW:6.8us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2e

S53



mturlington
Stamp


WO N SM M I O W © O O o<
O T ON 0 O O < < ¥ 0 —
LIS NI = © 0 0 O © ™
0 W o~ O NN © © — N~ N —
\P M M NN MNMNMNDMNDM 0 << AN N
/S\\
HN O
X
Br
Me 2e
BC{'H} NMR, 100 MHz, CDCls: 2e
w Wi
[ \ \ ‘ ‘ \
150 100 50 0 PPM
F1:100.535 [F2:399.784 SW1: 31407 OF1: 10057.4 PTS1d: 32768 |
EX: single pulse dec PW:3.6us, 30deg |PD:2.0 sec NA: 466 LB: 0.0 Nuts - compound 2e

S54



mturlington
Stamp


TOUOUTTOMTT DO HNOODNONT IO~ N®M o o
N M- N OO MNMNOOODONMNOUNOOSTANNLW N~ o
LUOOLOLOMOOANNNDINDDNID OO L LD O O — S
NNNNNNNNNNNCOOOOOOOLW0W®N® A\ o
S\
MeO HN O
X
Br
2f
"H NMR, 400 MHz, CDCl3: 2f
o
@
o
%
D ™
w N N
SR E
UL J L ST S
\ \ \ \ \ ‘
8 6 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2011.2 PTS1d: 16384 |
EX: single pulse.ex2 PW: 6.8us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2f

555



mturlington
Stamp


N O — < N ™ AN O O O <t N o
To] N OO O ~ ONOM < W0H OO AN
Ty} O ™M 0 N o N < — MO <O <
(<o) 3 00 O O o O MNDMNO OO N~ N
Yo AN AN NN ~ [N 0w - < AN
MeO HN O
A
Br
2f
13C{1H} NMR, 100 MHz, CDCl5: 2f
" " W " aLvd o 11 LLLAJ " & kv "
[ [ [
150 100 50 0 PPM
F1:100.535 ‘FZ: 399.784 SW1: 31407 OF1:10050.7 PTS1d: 32768
EX: single pulse dec PW:3.6us, 30deg |PD:2.0 sec NA: 414 LB: 0.0 Nuts - compound 2f

556



mturlington
Stamp


ONNMNNODOOOMNSMNNNOWM SE?) N o
O OMNOOUOLONONOL — O — O < N o
OANNNOOOO®O®OMONN 0 N N~ N o
NNMNNMNNMNNNNNOO OO LW W0 nmmm -— o
/S\\
HN O
MeO
A
Br
2g
"H NMR, 400 MHz, CDCls: 2g
2
(o]
o
<.
o
cElde . .
[ 1] [ [

JUJU I M L A

F1:399.784 [F2: 399.784 SW1: 7503 OF1:2012.1 PTSId: 16384 , 16384

EX: single pulse.ex2 PW: 6.8us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2g

S57



mturlington
Stamp


To) (o)) o)) — O ®© O OWw M MW 0 —
o) o To) 0 © © N O © <t DO MO N
o d © 99od O —® DHNHOA ©
» o)} (o)) o<t M 0 M~ N~ © © 0~ N~ N
0 ™ N T = NN~ N~ OwWw< N
/S\\
HN O
MeO
X
Br
2g
3C{'H} NMR, 100 MHz, CDCl5: 2g
MMMWWWMWMWM by Wil WMWWWWWM
[ I I I I [ I I [ I I [
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10052.6 PTS1d: 32768 |
EX: single pulse dec PW:3.6us, 30deg |PD:2.0 sec NA: 130 LB: 0.0 Nuts - compound 2g

558


mturlington
Stamp


MeO 2h
"H NMR, 400 MHz, CDCl3: 2h

1.206
0.000

29

N

\
8

F1:399.784 [F2: 399.784

SW1: 7503

OF1:2010.3

PTS1d: 16384

16384

EX: single pulse.ex2

PW: 6.8 us,

45deg

PD: 5.0 sec

NA: 8

LB: 0.0

Nuts - compound 2h

S59



mturlington
Stamp


» ™ © © —0HDOoOWw O~ O < —
0 o © < O N O < DO M N
o» ee)) < 0 N~ N © O w0~ © N
e} ™ N -— [\ N N N OWww< N
/S\
HN™ ™0
A
Br
MeO 2h

13C{'"H} NMR, 100 MHz, CDCl;: 2h

Wwww o S————

\
150 100 50 0 PPM

F1:100.535 [F2:399.784 SW1: 31407 OF1: 10053.6 PTS1d: 32768 |
EX: single pulse dec PW:3.6us, 30deg |PD:2.0 sec NA: 91 LB: 0.0 Nuts - compound 2h

S60



mturlington
Stamp


DO OWNODMOLLULOOTMNNO M~ o O (c0) o
ODONMNMNMNOOONMNANNOOOWODONOM — O (o)} o
©OOOMMMMMMM®MANN N O © N © - o
MNMNMNMMMMMMMMMMMMMNMO W O m ~ OI
/S\\
Cl HN @)
X
Br
2i
"H NMR, 400 MHz, CDCls: 2i
[32]
™~
[o)]
I
o
o o [c]
Q )
[* /fé [~ [<
\ \ \ \ \ \ \ \ \ \ \
8 6 4 2 0 PPM
F1:399.784 [F2:399.784 SW1: 7503 OF1:2012.1 PTS1d: 16384 |
EX: single pulse.ex2 PW: 6.8 us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2i

S61



mturlington
Stamp


O NO T OO NS O W N ~— AN {o]
N~ OWO~— O < 00 © < O N~NO ™
MmO dDMm® @« — @© N~ QW 0
© MO O O I~ NNDN O © O N~ AN
O MOONNN [ N A N O < < N
/S\\
Cl HN O
X
Br
2i
BC{'H} NMR, 100 MHz, CDClj: 2i
R
\ \ \ \ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10053.6 PTS1d: 32768 |
EX: single pulse dec PW:3.6us, 30deg [PD:2.0 sec NA: 125 LB: 0.0 Nuts - compound 2i

S62


mturlington
Stamp


ST NONND O®M n O o< ™ o
~NOOWLLAN T~ O AN — — O ™ N o
TOOOMOOHOOMNM® N N © <0 NN o
NNNNNNNN ToR o) 0 o™ - - <
~Ss
HN™ ~O
Cl
X
Br
2j
"H NMR, 400 MHz, CDCl;: 2j
N
o
To}
w8
o= o o
) A /7
| L J A
[ \ [ [ ‘
8 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2013.9 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2j

S63



mturlington
Stamp


140.395
134.665
127.857
125.969
78.104
77.484
76.845
56.707
51.139
47.973
22.601

130.107

——128.810

Cl

BC{'H} NMR, 100 MHz, CDCl;: 2j

F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10052.6 PTSId: 16384 , 32768

EX: single pulse dec PW:33us, 30deg |PD:2.0 sec NA: 365 LB: 0.0 Nuts - compound 2j

S64



mturlington
Stamp


7.430
7.414
7.408

'"H NMR, 400 MHz, CDCl;: 2k

2.14
N—
2.24

=

1.213

9.55

e

0.000

l

[ I
0 PPM

F1:399.784 [F2: 399.784

SW1: 7503

OF1: 2008.4

PTS1d: 16384

16384

EX: single pulse.ex2

PW: 6.8 us,

45deg

PD:5.0 sec

NA: 8

LB: 0.0

Nuts - compound 2k

S65



mturlington
Stamp


© MO MAN g o N © © AN
DO OWD o © © < — OWN 0
® B~ & N ¥ = @ © S~ 0
© < O O MN~NMN O © <~ I~ N
M O ANN (S R N 0O < N
/S\\
HN O
X
Br
13C{'"H} NMR, 100 MHz, CDCl;: 2k
" e HWHWWWJLWVMHH o b anyan,, » | MJ.J -
\ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1:10051.7 PTSId: 16384 , 32768
EX: single pulse dec PW:33us, 30deg |PD:2.0 sec NA: 219 LB: 0.0 Nuts - compound 2k

S66



mturlington
Stamp


N OODANNO © 0 ™ — ~ o ™ o
N O <0 O©M ™M N o~ N — o
NI N ~ N NN Q
MNNMNNMNMNNMNNN~ TolTe} ™M™ — - =
/S\\
HN O
X
Br
F 21
"H NMR, 400 MHz, CDCl5: 21
10.52
.30 2.33
1 Joo 1 foo
| s .
\ \ \ \ ‘
8 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2013.9 PTS1d: 16384
EX: single pulse.ex2 PW: 6.8us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 21

S67



mturlington
Stamp


164.004
134.207
134.179
129.640
129.554
115.862
115.643
78.543
77.475
77.160
76.836
56.565
50.968
47.554
22.592

~——161.534
/ .
= 7

F 21

3C{'"H} NMR, 100 MHz, CDCl;: 2I

A ey N P " " " M "
i et oy i W Mt Wiy Wi ‘ et ¥ iy Wy o " i A Ll ¥ W ¥ W W b’y

F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10053.6 PTS1d: 32768 |

EX: single pulse dec PW:3.6us, 30deg |PD:2.0 sec NA: 384 LB: 0.0 Nuts - compound 21

S68



mturlington
Stamp


O NITOOLOLONOOTT—TNONDODOONON © o
QOO0 OOOWOULWHOVNOLNNOLN O < o
NNNNNNNNNNNOOOOOULLWL®M® -~ =
/S
HN" "0
~
e
S Br
2n
'H NMR, 400 MHz, CDCl3: 2n
©
<
o
GEE E E
J “ M M A L 1
\ \ \ \ ‘
8 6 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2010.7 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2n

S69



mturlington
Stamp


™ o< — <t O uw ~— o <t o
(o 0] o 00 N 0O © < Tp] O O <
< S A R © o™ ©
(a\| O O O MM © 0 M~ AN
< N N [N N n << N
/S\
HN™ ~O
A
S
S Br
2n
13C{'"H} NMR, 100 MHz, CDCl3: 2n
L oot o AR AN o T S ———— " Yo
T T T T T T T T 1 1 1
150 100 50 0 PPM
F1: 100.535 [F2:399.784 SW1: 31407 OF1: 10054.5 PTS1d: 16384 , 32768

EX: single pulse dec

PW: 3.3 us,

30deg

PD:2.0 sec

NA: 172

LB: 0.0

Nuts - compound 2n

S70



mturlington
Stamp


D ONONDOTO - TN O O© F ~ Col®) Co) =)
VOO NNOAT - NOAN— O N — N =)
M MOMOMOMHOMMOOOAN - O N~ N Qo
NNNNNNNNNNNNNNOWL o Xse) — o
HN S0
7T
S Br
20 g
(o))
'H NMR, 400 MHz, CDCls: 20
[co N )
QO o o o
SIS S &
[ N J°

F1:399.784 [F2: 399.784 SW1: 7503 OF1:2010.3 PTSId: 16384 , 16384

EX: single pulse.ex2 PW:6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 20

S71



mturlington
Stamp


9\ O© N M — 1O O © ~— 0 o
< O ANM OMNOM (42] 0 O <
< Mo 0O~ ® © ©Q ©
(®)) [(olN(oNNep] O N~ O <o} N © AN
™ AN NN NN~ N O < < N
/S\\
HN O
S Br
20
13C{'H} NMR, 100 MHz, CDCl;: 20
i TS po—" Ybesm g A
\ \ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10053.6 PTSId: 16384 , 32768
EX: single pulse dec PW:33us, 30deg |[PD:2.0 sec NA: 147 LB: 0.0 Nuts - compound 20

S72


mturlington
Stamp


™M «— 00 © ONOOOO T «— O O < N~ N~ o
— — OO ANANANOOLWTO Yo Niep] -— o
T OO0 M~ N Q
NMNMNDM OO OO©WO©O©OULL [ap M ep] — o
_Ss
HN 0]
~
Lo N
Br
2p
'H NMR, 400 MHz, CDCls: 2p
S
(o))
™
| - 8'[ & - / :
J | M M J‘Ik J L
[ I [ [ f
8 4 2 0 PPM
F1:399.784 ‘FZ: 399.784 SW1: 7503 OF1:2014.9 PTS1d: 16384 , 16384
EX: single pulse.ex2 PW:6.7us, 45deg [PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2p

S73



mturlington
Stamp


N (o] o < O WO (<o) (©)) N
o © N O 0 © < < [©)] ~ [ce)
© o 0 0 NN © N <
o ™ O NN OO <o} (o] AN
0 < =) NN~ Ye} < N
_Ss
HN O
~
Y
Br
2p
13C{'"H} NMR, 100 MHz, CDCl;: 2p
T R e v e T e e i iy i i o A gt P *:%&,J gt e o b P TR T S R TR R v v R
\ \ \ \ \ \ \ \ \ \ \ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10053.6 PTS1d: 32768 , 32768
EX: single pulse dec PW:33us, 30deg |[PD:2.0 sec NA: 120 LB: 0.0 Nuts - compound 2p

S74


mturlington
Stamp


VUONMDO O~ ToJre) o N (o)) o
OO0 TE ™ @ © © N o
W ONT NN © © N Q
NNMNNMNNDNO©O TolTo) ™M m -~ =
/S\
HN™ ~O
e} Br
2q =
"H NMR, 400 MHz, CDCls: 2q fo))
& S & S &
R " J°
U | M A L A I
\ \ \ \ \ ‘
8 6 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2012.6 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2q

S75



mturlington
Stamp


M O AN AN 0 W o O Yol [{p M e) —
N O N~ o NN ©Mm © o w0 oN
o M~ N 0 N — @© 0 o - ©
™ O < (o)) 0O M~ N © © w0 < N
< < IV o ~NN~NN~ T} < < N
/S\
HN™ O
e} Br
2q
13C{'H} NMR, 100 MHz, CDCl3: 2q
AU L i M el ki TR PPN Llldd/ Ll 4 ! w ul " e L ey oy L
\ \ \ \ \ \ \ \ \ T \ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10054.5 PTS1d: 32768
EX: single pulse dec PW:33us, 30deg |[PD:2.0 sec NA: 156 LB: 0.0 Nuts - compound 2q

S76


mturlington
Stamp


N MW Nt 00OWO O N — < O N o
— 0O M N~ MO AN v« v (@ e)] [(eJmTo] N o
N Qo MmO @ N S 9o N S
WWOVO NN NNNN ToRTe < < A <
/S\\
HN @]
AN
| N
= r
N 2s
'H NMR, 400 MHz, CDCls: 2s
10{39
114 1.36
[ 1/00 1/18 1/00 0/95
M MM N\M IJ‘LJ\ A X J\ ‘J"/J |
f [ f I [ f [ f
8 4 2 0 PPM
F1:399.784 ‘FZ: 399.784 SW1: 7503 OF1:2024.5 PTS1d: 16384 , 16384
EX: single pulse.ex2 PW:6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2s

S77



mturlington
Stamp


o0 WO o m Tp} ML O O N M~ ™
N~ O Al O (ce) NMNOOM N MO N
~ N oA 0 N M © N ©® P
o O 0 < ™ MNINDNMNDNMNO © O AN
5 < R NS NG NG N N O < N
/S\\
HN @)
X
| N
~ r
N 2s
13C{'H} NMR, 100 MHz, CDCls: 2s
" A — 1“JWMWWMM Y Aot erﬂk bty , Wi J‘\uxm‘.ﬁui. . Mooy
[ f [ \ \
150 100 50 0 PPM
F1:100.535 ‘FZ: 399.784 SW1: 31407 OF1: 10051.7 PTS1d: 16384 3276§
EX: single_pulse_dec PW:3.3us, 30deg |[PD:2.0 sec NA: 286 LB: 0.0 Nuts - compound 2s

S78



mturlington
Stamp


2u Br
"H NMR, 400 MHz, CDCls: 2u

4.044
4.027

Ly

3.367
3.351

1.722
1.717

1.711

1.705
1.700
1.698
1.692
1.684
1.448
1.433
1.417

1.282
1.259
1.239
1.220
0.902
0.886
0.868
0.000

o~
X

s

9|75
8.83
3(46
206 212
1/00 0[96 /
h | L
\ \ \ \ \
8 4 2 0 PPM
F1:399.784 ‘FZ: 399.784 SW1: 7503 OF1:2013.0 PTS1d: 16384 , 16384
EX: single pulse.ex2 PW:6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2u

S79



mturlington
Stamp


13C{1H} NMR, 100 MHz, CDCl;: 2u

80.049

— 77475
T 77.160

76.845

56.317

< © O — OO O© O v~
o <r O NN NO
N RQAONT N ON
o < O OO UL NN
< < MOMANANANANN —

—~—

4

\
50 0 PPM

F1:100.535

[F2:399.784

SW1: 31407

OF1: 10056.4

PTS1d: 16384 , 32769

EX: single pulse dec

PW: 3.3 us,

30deg

PD: 2.0 sec

NA: 616

LB: 0.0

Nuts - compound 2u

S80



mturlington
Stamp


~ O - 0T OO DLW O CONLSTN OO NNDYTT — N O o
—TOONMNNMNOT-TT— OO M VOLLNUHM OVOONOWLTNOAN O o
O ONNNANNN~ «— — COO0ONNY OANNNOOOOOOON o
MNNMNNMNNMNNNNMNNNNN SO ANNANNNNNNNNN OI
/S\\
HN O
X
2v Br
'H NMR, 400 MHz, CDCls: 2v
8/90
3,23
2/41 .20 2/14
1}00 Of97
\ \ \ \ \ ‘
8 6 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2007.1 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2v

S81



mturlington
Stamp


2v

Br

13C{1H} NMR, 100 MHz, CDCl;: 2v

140.748
128.629

128.505

- T——126.284

56.336

48.327
45.561
38.439
31.774
22.592

\
0 PPM

F1:100.535

[F2:399.784

SW1: 31407

OF1: 10049.7

PTS1d: 32768

EX: single pulse dec

PW: 3.3 us,

30deg

PD:2.0 sec

NA: 219

LB: 0.0

Nuts - compound 2v

582



mturlington
Stamp


2w

'"H NMR, 400 MHz, CDCl;: 2w

SOoONANK®
S NLOSTA
Sodomm
TIITTO®

SN

5/98

A

1}00 Of96
L L m “ |
\ \ \ \ ‘
8 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2016.7 PTSId: 16384 , 16384
EX: single pulse.ex2 PW:6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2w

S83



mturlington
Stamp


O 0o O 0 O O N~ O AN IO ©
-~ N~NO® <t ON®M O N D
— X . © M ¥ Ox® o wWwwWwo
O MM O MO < <t AN AN AN
O MMM 0N < < < N AN NN
S+
re
HN™ ~O
%
2w Br

BC{'H} NMR, 100 MHz, CDCl;: 2w

F1:100.535

[F2:399.784

SW1: 31407

OF1: 10054.5

PTS1d: 32768

EX: single pulse dec

PW: 3.3 us,

30deg

PD: 2.0 sec

NA: 167

LB: 0.0

Nuts - compound 2w

S84



mturlington
Stamp


2Xx
'H NMR, 400 MHz, CDCls: 2x

1foo foo

5/96

A JLL

\
8

F1:399.784 [F2: 399.784

SW1: 7503

OF1:2025.4

PTS1d: 16384 . 16384

EX: single pulse.ex2

PW: 6.7 us,

45deg

PD: 5.0 sec

NA: 8

LB: 0.0

Nuts - compound 2x

585



mturlington
Stamp


2Xx

13C{'H} NMR, 100 MHz, CDCls: 2x

78.571
77.484

77.160
76.845
56.403

54.724
45.275
33.795

\
—

22.630
18.921

~ T—17.558

\
0 PPM

F1:100.535

[F2:399.784

SW1: 31407

OF1: 10051.7

PTS1d: 32768

EX: single pulse dec

PW: 3.3 us,

30deg

PD:2.0 sec

NA: 387

LB: 0.0

Nuts - compound 2x

S86



mturlington
Stamp


AN OO O o AN «— (@]
o) © O © < O (@]
© © NN N S
n Mmoo Mm — O OI

/S\\

HN O

A

2y Br
'H NMR, 400 MHz, CDCl: 2y
913%|04

| |, o

\ \ \ \ \ ‘
8 6 4 2 0 PPM

F1:399.784 [F2: 399.784 SW1: 7503 OF1:2019.4 PTSId: 16384 , 16384

EX: single pulse.ex2 PW:6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2y

S87



mturlington
Stamp


N~ W0 oW [l e)} N~ o [N e
NNOY O® Te) o} N M
Q¥ ¥YX < 0 . @
ONNO OO To) © © N
NNNMNN DLW < ™ N N
HN™ O
RN
2y Br
3C{'"H} NMR, 100 MHz, CDCl;: 2y
o~ s - . L,WL "
\ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10054.5 PTSId: 16384 , 32768
EX: single pulse dec PW:33us, 30deg |PD:2.0 sec NA: 211 LB: 0.0 Nuts - compound 2y

S88



mturlington
Stamp


000°0-

Lec'L
LGE'L
9t
6.€°1
ceY’l
A4
L9v'L
8EG'L
8YG'l
1GG°)
99G°1L
GLG'L
el
6291
12N
LYl
VLLTL
8.1
8l
68.1°1
6611
86l°¢C
8lc'¢

¢8e’e
00v'€
ANCR
0G6°€
896°€

o'6

PPM

|
\
0

2z
'H NMR, 400 MHz, CDCl5: 2z

L1
8ce :#
607 ——
e—

0’1

16384

PTS1d: 16384

Nuts - compound 2z

LB: 0.0

OF1:2021.3

NA: 8

S89

PD: 5.0 sec

SW1: 7503

PW: 6.7 us,

45deg

[F2:399.784

F1:399.784

EX: single pulse.ex2



mturlington
Stamp


© < O W AN N~ — < O© O N —
o ®© O N®» 0 N 00 © MmN
< < — © <N WO O N O
N~ M © om wuw< o O WOLWAN
\V [ L D 0w < < ANANANNN
HN O
R
Br
2z
BC{'"H} NMR, 100 MHz, CDCl;: 2z
) Ndd
\ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10052.6 PTSId: 16384 , 32768
EX: single pulse dec PW:33us, 30deg |[PD:2.0 sec NA: 298 LB: 0.0 Nuts - compound 2z

S90



mturlington
Stamp


O MNMNNOWON NN OO OMNMer gt OSSO ULWO
ONNMNMNLOOANO ANOLLOULUOUANTOOOMNMNOM~—™O
C‘OOOOOOOOOOO \—\—\—\—\—\—\—\—\—\—\—\—\—\—\—\—O
/S\\ ‘&\N \ %/’//
HN O
X
Br
2aa
'H NMR, 400 MHz, CDCl;: 2aa
N~
0
D
<
D S
<
o o)) oo
S 3 ~
[ J° [r
W M M |
\ \ \ \ ‘
8 4 2 0 PPM
F1:399.784 ‘FZ: 399.784 SW1: 7503 OF1:2016.7 PTS1d: 16384 , 16384‘
EX: single pulse.ex2 PW:6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2aa

S91



mturlington
Stamp


79.038
76.845
56.488
54.191
45.285
43.416
29.448
28.389
26.301
25.967
25.872
22.697

——77.160
iy
e

77484

2aa
3C{'H} NMR, 100 MHz, CDCl;: 2aa

\ \ \ \
150 100 50 0 PPM

F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10055.5 PTSId: 16384 , 32768

EX: single pulse dec PW:33us, 30deg |PD:2.0 sec NA: 548 LB: 0.0 Nuts - compound 2aa

S92



mturlington
Stamp


5.928
5.925
5.911
5.908
5.889
5.887
5.873
5.870
5.490
5.485
5.473
5.469
5.452
5.447
5.435
5.431
4.622
4.607
4.594
4.591
3.454
3.440
1.754
1.752
1.738
1.736
1.733
1.731
_— 1392

f L P

o
\
A
2ab
'H NMR, 400 MHz, CDCl5: 2ab

Br

1.222
-0.000

3124
}/.02 (%99 1foo 0/95
ML i W B\ L !
\ \ \ \ \ ‘
8 6 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2017.1 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 2ab

593



mturlington
Stamp


AN T 0B oLwn N O O — 0
- 0  © < o O ® — O
N NS~ @© N N © ©
o I~ 0 N~ N~ © © OO N~
™A NN~ v << N —
HN™ ~O
X
R
2ab Br
3C{'H} NMR, 100 MHz, CDCl;: 2ab
kot e e e e A e Aot P et Wit i b g
T T T f [
150 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10054.5 PTS1d: 16384 .,
EX: single pulse dec PW: 3.3 us, PD: 2.0 sec NA: 138 LB: 0.0 Nuts - compound 2ab

S94



mturlington
Stamp


O ANNOOOLULOOMNMOTOONLLOLULOOTONMONMNTST N o
T OUTAANTODDOOOMMNOTANOULUOAN «—OLW (9] o
TLTONONMONONNNNNNDNT «— «— v« 000 000 0 L0 N =}
MNMMMMMMMMMMMMNOOOOOOSNS S SN OOM ~ o
S~
7
HN™ "0
X
s
Br
2ac
"H NMR, 400 MHz, CDCl5: 2ac
o
N
(o]
(&) o o o]
S
A [~ [
FMM U M “‘ﬂ M A AL 1
T T T T T T T T T T T
8 6 4 2 0 PPM
F1:399.784 [F2:399.784 SW1: 7503 OF1: 2006.6 PTS1d: 16384 , 16384

EX: single pulse.ex2 PW:6.7us, 45deg |PD:5.0 sec NA: 8

LB: 0.0

Nuts - compound 2ac

S95



mturlington
Stamp


NSO N W 0 WO O M MW o
0 WVOHOAN W OMNOM o M AN <t
OINT DO Q¥ . @© M o« ©
O M 0 O O © N~ NN © © O N N
D ONNANAN [N N N N N < N
/S\
HN™ "0
X
RN
Br
2ac
13C{'"H} NMR, 100 MHz, CDCl;: 2ac
AT AR MR s WMJWW A g s A A A o S Mo PUPTVRR S S " WL‘“,M%JJ:“ VMg AN
\ ‘ ‘ \ ‘ \ ‘ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10053.6 PTSId: 16384 , 32768
EX: single pulse dec PW:33us, 30deg |PD:2.0 sec NA: 309 LB: 0.0 Nuts - compound 2ac

S96



mturlington
Stamp


7.532
7.511
7.403
7.398
7.393
7.384
7.382
7.364
7.356
7.352
7.335
5.240
5.236

5.225

3.737
3.721

2.647
2.642

LN

3a H
'H NMR, 400 MHz, CDCls: 3a

1.221
0.000

10.61

3(45
20
1/00 0/97 0/93
\ \ \ \ ‘
8 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2009.8 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 3a

S97



mturlington
Stamp


o O~ N N OO <t o o
© oW DO O ~ ™
< O 0N N © o N~ ©
© 0 I~ A N~MNOLW © o N
M NANN OMNMNKN O W o\
.Ss
HN™ ~O
A
3a H
BC{'H} NMR, 100 MHz, CDCl;: 3a
WWMWMWWMMWMWWMWWMMWWM mewwwwmwmwwwwmwwtmw e e
T T T T T T T T T T T T I 1 I
150 100 50 0 PPM
F1:100.535 ‘FZ: 399.784 SW1: 31407 OF1:10054.5 PTS1d: 32768
EX: single pulse dec PW:33us, 30deg |PD:2.0 sec NA: 93 LB: 0.0 Nuts - compound 3a

598


mturlington
Stamp


3b H
'H NMR, 400 MHz, CDCls: 3b

4.026
4.008
3.305
3.288

2.409
2.403
1.732
1.730
1.714
1.694
1.564
1.479
1.477
1.461

1.443
1.314
1.306
1.299
1.296
1.220
0.911

0.894

0.876
0.000

L

N~
o))
)
K
N (o))
<
St |7
8 & & o
/< /e =
A A N M
\ \ \ \ ‘
8 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2005.2 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg [PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 3b

S99



mturlington
Stamp


3b

13C{'H} NMR, 100 MHz, CDCl;: 3a

56.250

47.621
36.799
31.326

22.611
22.582
14.068

\
150

\
50

\
0 PPM

F1: 100.535 [F2: 399.784

SW1: 31407

OF1: 10055.5

PTS1d: 32768

32768

EX: single pulse dec

PW: 3.3 us,

30deg

PD: 2.0 sec

NA: 766

LB: 0.0

Nuts - compound 3b

S$100



mturlington
Stamp


N O ©O©®OMO©ON ®© ~ < ToNeNTy
— O 00O OO0 O AN [0} — — O
©OOMOLOWLS I < s N Mo
NNNNNNNNN To) < O Mm™
NH;ClI
X
Br
4a
"H NMR, 400 MHz, CD;0D: 4a
2,96
1199
1,00
L i
\ \ \ \ \ ‘
8 6 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2010.5 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 4a

S101



mturlington
Stamp


NH,Cl

A

4a

Br

13C{'"H} NMR, 100 MHz, CD;0D: 4a

130.447
128.950

75.154

\
150

\
0 PPM

F1:100.535

[F2:399.784

SW1: 31407

OF1:10183.6

PTS1d: 32768

EX: single pulse dec

PW: 3.3 us,

30deg

PD:2.0 sec

NA: 1398

LB: 0.0

Nuts - compound 4a

5102



mturlington
Stamp


-~ OO O~ OMOOO T T T NOOMTTOOO T UOUOUONOWN
< NANTO v+« O NT— OO0 OMNOODOONMNNMNOLMUL TN
T 0TS E00O00 OONKNKNOYIONMNN O RD
<t <ttt <tFT<FTFOOOO™M T T T T T T T T T T U r e e v OO0 O
NH5Cl \ //
%
4b Br
"H NMR, 400 MHz, CDs0D: 4b
4,34
28
2.06/2.0
1/00
BE | L
[ [ [ [ [ f
8 6 4 2 0 PPM
F1:399.784 ‘F2:399784 SW1: 7503 OF1:2010.9 PTS1d: 16384 16384
EX: single pulse.ex2 PW:6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound 4b

5103



mturlington
Stamp


75.917
50.287
49.639
49.429
49.210
49.000
48.571
48.361
45.100
34.402
32.104
26.088
23.389
14.245

o
(e o)
<
NHCI / //

A
4b Br
13C{1H} NMR, 100 MHz, CD;0D: 4b

\ \ \ \
150 100 50 0 PPM

F1:100.535 [F2: 399.784 SW1: 31407 OF1:10183.6 PTSId: 16384 , 32768

EX: single pulse dec PW:33us, 30deg |[PD:2.0 sec NA: 1192 LB: 0.0 Nuts - compound 4b

5104



mturlington
Stamp


DTOOTONDNONODOODONMOONONM N O < © ™ o
NV ONOOIIONNODLSTITIOOONLSLS < M~ — o
TITITNNNONANNNNINN =~ = NN~ © ©©9 N S
NNMNNMMMNMNMNMNMMNMMNNMNNMNNOOOSSY OO NN NN — o
/S\\
HN  ~O
X
N
Sa S OAc
'H NMR, 400 MHz, CDCl;: 5a
9/04
3.76 3.54
2] 7 2f3o 2/ 18
1(00 1(05
\ \ \ \ \ ‘
8 6 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2010.3 PTSId: 16384 , 16384
EX: single pulse.ex2 PW:6.7us, 45deg |PD:4.0 sec NA: 16 LB: 0.0 Nuts - compound Sa

5105



mturlington
Stamp


5a

170.878

138.183
128.887

__~—128.686

OAc

3C{'H} NMR, 100 MHz, CDCl;: 5a

- ——127.809

22.621
20.952
19.922

' J

"

\
150

\
50

\
0 PPM

F1:100.535

[F2:399.784

SW1: 31407

OF1: 10054.5

PTS1d: 16384

32768

EX: single pulse dec

PW: 3.3 us,

30deg

PD: 2.0 sec

NA: 3097

LB: 0.0

Nuts - compound 5a

5106



mturlington
Stamp


4174
4.157
4.141
4.079

4.062

L

3.406

3.390
2.638
2.636
2.622
2.620

2.605
2.603
2.080
1.737
1.731
1.719
1.715
1.700
1.697

=
(o)
. <
-

AN
o0}
) ©
-—

1.445
1.432
1.427
1.332
1.324
1.317
1.309
1.301
1.292
1.285
1.256
1.218

s

/S\\
HN  "O
X
5b X
OAc
'H NMR, 400 MHz, CDCl;: 5b
9/48
4/18
3/16 2.08 3/24
%ﬁ1 a@6
100 0/o7 2,
) Ah k_J""L_/\N J
\ \ \ \ \ ‘
8 6 4 2 0 PPM
F1:399.784 [F2: 399.784 SW1: 7503 OF1:2020.4 PTSId: 16384 , 16384
EX: single pulse.ex2 PW: 6.7us, 45deg |PD:5.0 sec NA: 8 LB: 0.0 Nuts - compound Sb

W=

S107


mturlington
Stamp


170.821
77.475
77.160
76.340
69.484
66.147
61.742
36.780
31.288
22.582
22.525
20.895
19.874
14.030

N 76.502
—_7
— .
—~—%
T ——56.336
48088

/S\\
HN O
X
5b X
OAc
13C{'H} NMR, 100 MHz, CDCl;: 5b
" ) . Premnrtioshid ML
\ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10054.5 PTSId: 16384 , 32768
EX: single pulse dec PW:33us, 30deg |PD:2.0 sec NA: 868 LB: 0.0 Nuts - compound Sb

5108



mturlington
Stamp


Lo U
8L6°0

|

| |

126°0
GE60
IAYA®
18¢°1
68C°|
162
90¢’L
14290"
€cel
Gce'l
LEE’L
GeEY'L
Gvyl
ear'l
¥8G°1L
109°L
129l
1691
G69°L
80.°1L
QL
LeL’L
8Y8’L

(A1 OR %
0.€°€
GLEC
c6e’€
90V
60V
GLL'Y

L6°L) aL'p

=S

'H NMR, 400 MHz, CDCl5: 6

PPM

16384

PTS1d: 16384

Nuts - compound 6

LB: 0.0

OF1:2019.0

NA: 8

PD:5.0 sec

SW1: 7503

PW: 6.7 us,

45deg

[F2:399.784

F1:399.784

EX: single pulse.ex2

5109


mturlington
Stamp


DLOTOULITNLWO x«~— I N 0O~ WO O ©
— 00O OO LMW ®D OO« ™A O
—OYI-ROIMONNE ONNOWOSS
D OMNNOODWOWOOMWOLW© —OITNNNT
MNNMNMMNMNMOOLOOSII O™ MO ANANNNN
HN O
6
X
X
Os
//i\\
13C{'H} NMR, 100 MHz, CDCl;: 6
\ \ \ \
150 100 50 0 PPM
F1:100.535 [F2: 399.784 SW1: 31407 OF1: 10055.5 PTS1d: 32768
EX: single pulse dec PW:33us, 30deg |PD:2.0 sec NA: 319 LB: 0.0 Nuts - compound 6

5110



mturlington
Stamp


	Supporting Information_Turlington_revised and spectra cut
	Crude NMR_final_V2
	1H and 13C spectra
	New NMR Spectra_v2
	New NMR Spectra.pdf
	2a_proton
	2a_carbon
	2b_carbon
	2c_proton
	2c_carbon
	2d_proton
	2d_carbon
	2e_proton
	2e_carbon
	2f_proton
	2f_carbon
	2g_proton
	2g_carbon
	2h_proton
	2h_carbon
	2i_proton
	2i_carbon
	2j_proton
	2j_carbon
	2k_proton
	2k_carbon
	2l_proton
	2l_carbon
	2n_proton
	2n_carbon
	2o_proton
	2o_carbon
	2p_proton
	2p_carbon
	2q_proton
	2q_carbon
	2s_proton
	2s_carbon
	2u_proton
	2u_carbon
	2v_proton
	2v_carbon
	2w_proton
	2w_carbon
	2x_proton
	2x_carbon
	2y_proton
	2y_carbon
	2z_proton
	2z_carbon
	2aa_proton
	2aa_carbon
	2ab_proton
	2ab_carbon
	2ac_proton
	2ac_carbon
	3a_proton
	3a_carbon
	3b_proton
	3b_carbon
	4a_proton
	4a_carbon
	4b_proton
	4b_carbon
	5a_proton
	5a_carbon
	5b_proton
	5b_carbon
	6_proton
	6_carbon

	2b




