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Supporting Information

Commonly used abbreviations:

b Branched

Boc tert-Butoxycarbonyl

COD 1,5-Cyclooctadiene

DMF N,N-Dimethylformamide

dr Diastereomeric Ratio

ESI Electrospray lonization

FAB Fast Atom Bombardment

HR High Resolution

I Linear

mmu Millimass

NMO N-Methylmorpholine N-Oxide

R¢ Retention Factor in Chromatography
TBD 5,7-Triazabicyclo[4.4.0]dec-5-ene
TBDMS tert-Butyldimethylsilyl

TFA Trifluoroacetic Acid

TLC Thin Layer Chromatography

TPAP tetra-n-Propylammonium Perruthenate
tp Retention Time

General: All reactions were carried out under an atmosphere of argon with dry solvents. TLC:
Macherey & Nagel Polygram Sil G/UV precoated sheets, visualization of spots by treatment with
aqueous KMnO, or ninhydrine solution. Column chromatography: Fluka silica gel, grade 60 (0.032-
0.062 mm). 'H and "°C NMR spectra were recorded on a Bruker DRX 200, DRX 300 or a DRX 500
instrument. Chemical shifts are relative to residual non-deuterated solvent peaks ['H NMR: CDCl; § =
7.26, toluene-dg & = 2.09, D,O & = 4.80; '°C NMR: CDClz = 77.16, toluene-dg & = 20.40]. HR-MS:
JEOL JMS-700 (FAB+) or FT-ICR-MS (ESI+). GC/MS: HP 5890 Series Il Plus model, coupled with a
HP 5972 Mass Selective Detector and a HP 1 Crosslinked Methyl Silicone Column (25 m x 0.2 mm,



0.33 um) [temperature program: 50°C 1 min, heating rate 20°C/min (10 min), 250°C 14 min; injection
temperature 250°C]. HPLC: Hewlett Packard HP 1090 or HP 1100 with chiral a DAICEL column
[Chiralpak AS-H (25 cm x 0.46 cm) with precolumn AS-H (5 cm x 0.46 cm)]. Elemental analysis:

Microanalytical Laboratory of the Organisch-Chemisches Institut, Universitat Heidelberg.

General Procedure 1: Iridium-Catalyzed Allylic Amination.

Success with the following procedure requires dry THF (< 35 pg of H,O/mL, Karl Fischer titration).
Under argon, in a heatgun dried Schlenk-tube a solution of [Ir(COD)CI], (13.4 mg, 20.0 umol), L* (40.0
pumol) and TBD (11.1 mg, 80.0 umol, stored in a desiccator over KOH) in dry THF (0.5-1.0 mL) was
stirred for 5-10 min at room temperature until a white precipitate was formed at the glass wall above
the solution. The allylic carbonate (1.0 mmol) and after further 5 min the nucleophile (1.2 mmol) were
added. The mixture was stirred until TLC or GC/MS indicated complete conversion. The solvent was
removed under reduced pressure and the residue analyzed with respect to content of branched and
linear product by 'H NMR. The pure reaction products were obtained by column chromatography on

silica gel (petroleum ether/ethyl acetate).

tert-Butyl [(1S)-1-({[tert-Butyl(dimethyl)silylJoxy}methyl)prop-2-en-1-yl}formylcarbamate (4)

[Ir(COD)Cl], (2 mol-%) ji
j\ (8,5,aS)-L1.5 (4 mol-%) ho B
_Boc TBD (8 mol-%
TE;Dl\/lso\/\/\ocoz,vle + HOON oc THF((1 ;1:/') ri > TBDMSO\/'\/
2 3 ' ’ 4

According to GP1, a mixture of [Ir(COD)CI], (13.4 mg, 20 pmol), (S,S,aS)-L2 (22.9 mg, 40 umol), TBD
(11.1 mg, 80 umol), TBDMS-carbonate 2 (260 mg, 1.00 mmol), Boc-amide 3 (174 mg, 1.20 mmol) and
dry THF (1 mL) was stirred for 5 h at room temperature until TLC monitoring (R{2) = 0.46, R{4) =
0.56, petroleum ether/ethyl acetate 4:1, KMnQO,) showed full consumption of the starting material. The
solvent was removed in vacuo, and the ratio b:l was determined by 'H NMR of the crude product (b:l =
92:08). After column chromatography on silica gel (petroleum ether/ethyl acetate 20:1) the branched

allylamine derivative 4 (287 mg, 0.87 mmol, 87 %) was obtained as colourless oil.

Optical Rotation (97.5 %ee (S), determined by chiral HPLC)
[a]? = +2.0

(c = 0.75, CHCly).



HPLC

(Daicel Chiralpak AS-H 4.6 x 250 mm with precolumn AS-H 10 x 4 mm, n-hexane/i-PrOH 99.7:0.3,
flow = 0.4 mL/min, X = 215 nm).

tal(+)-(S)-4] = 10.8 min

trl(-)-(R)-4] = 11.6 min.

'H NMR (CDCls, 500.13 MHz), H,H-COSY (d090909ghaf.648A)
§=0.01,0.02 (2 s, 6 H, SiMe,t-Bu), 0.84 (s, 9 H, SiMe,-Bu), 1.52 (s, 9 H, +Bu), 3.76 (dd, J = 9.9 Hz,
J=6.3Hz, 1 H, 1-H,), 4.00 (dd, J = 9.5 Hz, J = 9.5 Hz, 1 H, 1-Hy), 5.04 (dd, J = 15.5 Hz, J = 6.7 Hz, 1
H, 1-H), 5.13 (d, J = 10.3 Hz, 1 H, 3-Hg), 5.20 (d, J = 17.0 Hz, 1 H, 3-H_), 5.98 (ddd, J = 17.3 Hz, J =
10.4 Hz, J= 6.8 Hz, 1 H, 2-H), 9.21 (s, 1 H, CHO).

3¢ NMR (CDCl,, 125.76 MHz), DEPT, HSQC (d090909ghaf.648A)
§ = -5.35, -5.26 (2 q, Si(CHa)2t-Bu), 18.23 (s, SiC(CHa)sMe,), 25.89 (g, SiC(CHs)sMe,), 28.22 (g,
OC(CHa)s), 56.46 (d, C-1), 62.44 (, C-1°), 84.09 (s, OC(CHs)s), 118.33 (t, C-3), 133.56 (d, C-2), 152.48
(s, CO,t-Bu), 163.52 (d, CHO).

HR-MS (ESl+)
C16H31NO4SiK Calcd. 368.1654
[M+K]* Found 368.1657 Diff.: -0.3 mmu.

Elemental Analysis
(329.51) Found C 58.38 H 9.46 N 4.47.

(2S)-1-{[ tert-Butyl(dimethyl)silylJoxy}-N-but-1-yn-1-ylbut-3-en-2-amine (6)
[Ir(COD)ClI]5 (2 mol-%)

(8,5,a5)-L2 c§4 mol-%) HN S
OO+ | BT e TS
2 5 © 6
According to GP1, a mixture of [Ir(COD)CI], (13.8 mg, 20 umol), (S,S,aS)-L2 (24.6 mg, 41 umol), TBD
(13.1 mg, 94 umol), TBDMS-carbonate 2 (279 mg, 1.0 mmol), but-2-yn-1-amine 5 (85.0 mg, 1.20
mmol) and dry THF (1 mL) was stirred for 24 h at rt until TLC monitoring (petroleum ether/ethyl acetate
4:1, R{2) = 0.43, R{6) = 0.25, KMnQ,) showed full consumption of the starting material. The ratio b:l
was determined by 'H NMR of the crude product (b:l = 94:06). After column chromatography on silica

gel (petroleum ether/diethyl ether 9:1) the branched allylamine 6 (165 mg, 0.65 mmol, 65 %) was

obtained as yellowish oil.



Optical Rotation (98.5 %ee (R), determined by chiral HPLC)

[a]? =-a72, [alfo, =-49.2, [affe =555, [a[a =-93.0, [a]is =-145.4

(¢ = 1.00, CHCly).

HPLC

(Daicel Chiralpak AS-H 4.6 x 250 mm with precolumn AS-H 10 x 4 mm, n-hexane/i-PrOH 99.7:0.3,
flow = 0.4 mL/min, A =210 nm).

tal(+)-(S)-6] = 12.1 min

tgl(-)-(R)-6] = 13.9 min.

'H NMR (CDCls, 300.13 MHz), H,H-COSY (b091120ghot.1098B)
§ = 0.05 (s, 6 H, SiMe,t-Bu), 0.89 (s, 9 H, SiMe,t-Bu), 1.79 (t, J = 2.4 Hz, 3 H, 4-H), 1.92 (bs, 1 H,
NH), 3.20 (dq, J = 16.6 Hz, J = 2.3 Hz, 1 H, 1"-Hy), 3.30-3.50 (m, 3 H, 1-Hy, 1-H, 17-Ha), 3.59 (dd, J =
9.8 Hz, J= 4.1 Hz, 1 H, 1"-Hy), 5.16 (dd, J = 10.2 Hz, J = 1.9 Hz, 1 H, 3-Hp), 5.22-5.28 (m, 1 H, 3-Hy),
5.54 (ddd, J = 17.5 Hz, J = 10.1 Hz, J = 7.9 Hz, 1 H, 2-H).

3¢ NMR (CDCl,, 75.48 MHz), DEPT, HSQC (b091120ghot.1098B)

- -5.26, -5.20 (2 q, Si(CHa)2t-Bu), 3.62 (g, C-4'), 18.40 (s, SiC(CHas)sMe), 25.99 (g, SiC(CHg)sMe,),
36.08 (t, C-1"), 62.10 (d, C-1), 66.20 (t, C-1"), 77.50 (s, C-3"), 78.79 (s, C-2’), 118.39 (t, C-3), 137.13
(d, C-2).

HR-MS (ESI+)
C14H28NOSi Calcd. 254.1935
[M+H]* Found 254.1932 Diff.: +0.2 mmu.

tert-Butyl [(1S)-1-({[tert-Butyl(dimethyl)silylJoxy}methyl)prop-2-en-1-yl}carbamate (4a)

0
Bocs N, KOH (40 mol-%) Boc~,
tBOMsO. A~ ~ MeOH(02M), 1t rgpmso L~
4 4a

KOH (675 mg, 12.0 mmol) was added to a solution of amide 4 (9.90 g, 30.1 mmol) in MeOH (150 mL).
The mixture was stirred for 1.5 h at room temperature until GC/MS monitoring (tz(4) = 10.3 min, tz(4a)
= 9.6 min) showed full conversion of the starting material. The mixture was neutralized with Amberlite

IR-120(H"), and the exchange resign was filtered off. The solvent was removed under reduced

4



pressure, and the residue was subjected to column chromatography on silica gel (petroleum
ether/ethyl acetate 9:1, R{4a) = 0.58 in petroleum ether/ethyl acetate 4:1, KMnQ,) yielding 4a (8.58 g,
28.5 mmol, 95 %) as colourless oil.

Optical Rotation (97.5 %ee (S), according to the starting material)
[a]? =-35.0
(c=1.05, CHCIy).

'H NMR (CDCls, 500.13 MHz), H,H-COSY (d090914ghaf.654Am)
§=0.03,0.04 (2's, 6 H, SiMe,t+Bu), 0.87 (s, 9 H, SiMe,t-Bu), 1.44 (s, 9 H, Bu), 3.61 (dd, J = 10.0 Hz,
J=41Hz, 1 H, 1-H,), 3.67 (dd, J = 10.0 Hz, J = 4.4 Hz, 1 H, 1"-H,), 4.15 (bs, 1 H, 1-H), 4.82 (bs, 1 H,
NH), 5.13 (d, J = 10.4 Hz, 1 H, 3-Hg), 5.20 (d, J = 17.3 Hz, 1 H, 3-H>), 5.82 (ddd, J = 17.1 Hz, J = 10.4
Hz, J = 5.6 Hz, 1 H, 2-H).

*C NMR (CDCl,, 125.77 MHz), HSQC (d090914ghaf.654Am)
8 = -5.31, -5.29 (2 q, Si(CHs)st-Bu), 18.44 (s, SiC(CHs)sMe,), 25.98 (q, SiC(CHs)sMe,), 28.54 (q,
OC(CHs)), 54.38 (d, C-1), 65.43 (t, C-1’), 79.44 (s, OC(CHs)3), 115.65 (t, C-3), 136.73 (d, C-2), 155.58
(s, CO.t-Bu).

GC/MS
tg(4a) = 9.6 min, m/z = 245 [M-C,Hg]".

HR-MS (ESl+)

C15H32N038i Calcd. 302.2146

[M+H]* Found 302.2140 Diff.: -0.3 mmu
C15H31NO3SiNa Calcd. 324.1965

[M+Na]* Found 324.1969 Diff.: -0.4 mmu
C15H31NO3SiK Calcd. 340.1705

[M+K]* Found 340.1708 Diff.: -0.3 mmu.



Elemental Analysis
(301.50) Found C 59.57 H 10.51 N 4.65.

tert-Butyl [(1S)-1-({[tert-Butyl(dimethyl)silyl]Joxy}methyl)prop-2-en-1-yl]but-2-yn-1-ylcarbamate

(8
Method A:

Boc\ NaH (3 equiv) Boc\N S
15-crown-5 (3 equiv) /\
TBDMSO\/'\/ ¥ /\ - TBDMso. A _~

DMF (0.09 M), -30°C
8

A solution of carbamate 4a (8.20 g, 27.2 mmol) in dry DMF (300 mL) was cooled to -30°C. Propargyl
bromide (7) (18.1 g, 136 mmol) and 15-crown-5 (18.0 g, 81.5 mmol) were added, and the mixture was
allowed to stir for 10 min. NaH (1.98 g, 81.5 mmol) was added in two portions in 0.5 h intervals, and
the mixture was stirred for 3.5 h at -30°C until TLC monitoring (petroleum ether/ethyl acetate 4:1,
R{4a) = 0.51, R{8) = 0.58, KMnQ,) showed full consumption of the starting material. Saturated NH,CI
solution (150 mL) was added, and the cooling bath was removed. The mixture was allowed to warm
up to room temperature, and the aqueous phase was extracted with Et,O (3 x 250 mL). The combined
organic layers were washed with brine (100 mL), dried over Na,SQ,, filtered and concentrated in
vacuo. The crude product was subjected to column chromatography on silica gel (petroleum
ether/ethyl acetate 30:1 — 20:1) to afford enyne 8 (9.43 g, 26.7 mmol, 98 %) as yellowish oil.

Method B:

Boc,0 (1.5 equiv) Boc
HN/\ N7
X n-BuyNHSO, (12 mol-%) /\
TBDMSO. L _~ CHLCI/T M NaOH 13 TBDMSO. L _~
6 i, 18 h 8

Boc,0O (193 mg, 0.88 mmol) was added to a biphasic mixture of enyne 6 (150 mg, 0.59 mmol) and n-
BusNHSO, (24.0 mg, 71 pmol) in CHCl, (0.5 mL) and 1 M NaOH (0.5 mL). The mixture was
vigorously stirred at room temperature for 18 h when TLC monitoring (petroleum ether/ethyl acetate,
R{6) = 0.35, R{8) = 0.58, KMnQ,) indicated full consumption of the starting material. Water was added
and the mixture was extracted with CH,Cl, (3 x 5 mL). The combined organic layers were dried over
Na,SO,, filtered and concentrated in vacuo. The crude product was subjected to column
chromatography on silica gel (petroleum ether/diethyl ether 95:5) to yield 8 (193 mg, 0.55 mmol, 93 %)

as colourless oil.



Optical Rotation (97.5 %ee (S), according to the starting material)
[a]? =-4.4 (c=0.91, CHCLy).

'H NMR (CDCls, 300.13 MHz, 50°C), H,H-COSY (b090916ghaf.656Am)
5 = 0.06 (s, 6 H, SiMe,t-Bu), 0.90 (s, 9 H, SiMe,£-Bu), 1.47 (s, 9 H, +Bu), 1.78 (t, J = 2.3 Hz, 3 H, 4-H),
3.81 (dd, J= 10.2 Hz, J = 6.4 Hz, 1 H, 1-H,), 3.88 (dd, J = 10.2 Hz, J = 6.7 Hz, 1 H, 17-H,), 3.89-4.05
(m, 2 H, 1"-H), 4.41 (bs, 1 H, 1-H), 5.18 (ddd, J = 10.6 Hz, J = 1.6 Hz, J = 1.6 Hz, 1 H, 3-Hp), 5.21
(ddd, J=17.5 Hz, J= 1.7 Hz, J= 1.7 Hz, 1 H, 3-H,), 5.95 (ddd, J = 17.4 Hz, J = 10.6 Hz, J = 5.8 Hz, 1
H, 2-H)

3¢ NMR (CDCl,, 75.47 MHz, 50°C), DEPT, HSQC (b090916ghaf.656Am)

§ = -5.26 (q, Si(CHa)2t-Bu), 3.54 (q, C-4’), 18.38 (s, SiC(CHa)sMey), 26.03 (q, SIC(CHs)sMes), 28.67 (g,

OC(CHa)s), 35.55 (t, C-1’), 60.75 (d, C-1), 64.02 (t, C-17), 76.59 (s, C-3), 78.11 (s, C-2)), 80.12 (s,
),

OC(CHg)s), 116.94 (1, C-3), 135.28 (d, C-2), 155.19 (s, CO,t-Bu).
HR-MS (ESl+)
C19H36N03Si Calcd. 354.2459
[M+H]* Found 354.2463 Diff.: -0.4 mmu.

tert-Butyl (3S,3aS)-3-({[tert-Butyl(dimethyl)silylJoxy}methyl)-6-methyl-5-0x0-3,3a,4,5-
tetrahydrocyclopenta[c]pyrrole-2(1H)-carboxylate (9)

5 1) Co,(CO)g (1.1 equiv) Me
oc~ CH.CI, (0.06 M), rt, 4 h
N CbO0M.ah 5
teomso. L~ 2) Me3NO - 2 H,0 (6.8 equiv)
4AMS, rt, 4 h H
TBDMSO

8
Co,(CO)g (7.34 g, 21.5 mmol) was added to a solution of enyne 8 (6.90 g, 19.5 mmol) in dry CH.Cl,
(325 mL). The mixture was stirred for 4 h at room temperature until TLC monitoring (petroleum
ether/ethyl acetate 9:1, R{(8) = 0.51, R{(8-Co0,(CO)¢) = 0.65, KMnO,) showed full consumption of the
starting material. Then Me3NO - 2 H,O (70.0 mg, 0.63 mmol) and 4 A Ms (25 g) were added. After
stirring at room temperature for 4 h TLC monitoring (petroleum ether/ethyl acetate 4:1, R{8-C0,(CO)s)
= 0.67, R(9) = 0.28, KMnQ,) indicated complete conversion of the cobalt-alkyne-complex. The solvent
was removed in vacuo, and the crude product was subjected to column chromatography on silica gel
(petroleum ether/ethyl acetate 9:1) to afford cyclopentenone 9 (4.22 g, 11.1 mmol, 57 %) as colourless

oil.



Optical Rotation (97.5 %ee (3S), according to the starting material)

a5’ =-04.9, [a], =-986, [afs =-1102 [alig, =-1526, [afe, =+745
(c=0.65, CHCI).

'H NMR (Toluene-dg, 300.13 MHz, 90°C), H,H-COSY (b091013ghaf.657Am)
§ = 0.03, 0.04 (2 s, 6 H, SiMe,t-Bu), 0.90 (s, 9 H, SiMe,t-Bu), 1.43 (s, 9 H, +-Bu), 1.51 (bs, 3 H, 1-H),
1.87 (dd, J = 17.6 Hz, J = 3.5 Hz, 1 H, 4-H,), 2.41 (dd, J = 17.6 Hz, J = 6.6 Hz, 1 H, 4-H,), 2.90 (bs, 1
H, 3a-H), 3.10 (ddd, J = 8.3 Hz, J = 6.1 Hz, J = 2.8 Hz, 1 H, 3-H), 3.80 (d, J = 15.5 Hz, 1 H, 1"-H,),
3.86 (d, J = 6.3 Hz, 1 H, 1-H,), 4.05 (dd, J = 9.8 Hz, J = 3.0 Hz, 1 H, 1-Hy), 4.22 (d, J = 15.5 Hz, 1 H,
17-Hy).

3C NMR (Toluene-dg, 75.48 MHz, 90°C), DEPT, HSQC (b091013ghaf.657Am)

8 = -5.07 (q, Si(CHs).t-Bu), 8.38 (g, C-1°), 18.65 (s, SiC(CHs)sMes), 26.29 (q, SiC(CHz)sMes), 28.82 (q,
OC(CHs)s), 41.21 (t, C-4), 46.01 (d, C-3a), 47.61 (t, C-1), 64.70 (t, C-1"), 65.19 (d, C-3), 79.92 (s,
OC(CHs)s), 132.88 (s, C-6), 154.72 (s, CO,t-Bu), 168.80 (s, C-6a), 205.96 (s, C-5).

HR-MS (ESI+)
CgoH34NO4Si Calcd. 380.2252
[M-H] Found 380.2254 Diff.: -0.2 mmu.

tert-Butyl (1S,3aS,6aS)-1-({[tert-Butyl(dimethyl)silyl]Joxy}methyl)-4-methyl-5-0xo0-
hexahydrocyclopenta[c]pyrrole-2(1H)-carboxylate (10)

Me Hy (5 bar) H Me
Pd(OH),/C (10 wi%)
Boc—N (6] > Boc—N (6]
e EtOAC (0.14 M), rt, 20 h oe
TBDMSO H TBDMSO H
9 10

Pd(OH),/C (408 mg, 10 wt%) was added to a solution of cyclopentenone 9 (4.08 g, 10.7 mmol) in
EtOAc (76 mL). The black suspension was placed in an autoclave and stirred for 18 h under H, (5
bar). The mixture was filtered through a pad of silica (EtOAc) and concentrated in vacuo to give 10
(3.98 g, 10.4 mmol, 97 %) as colourless oil (dr = 60:40).



Optical Rotation (97.5 %ee (15), according to the starting material)
[a]? = +5.8, [a]og = +6.2, [a] = +7.9, [a]ies = +27.4, [a ] = +103.2
(c=0.82, CHCIy).

Mixture of stereocisomers at C-4, ratio 60:40

'H NMR (Toluene-dg, 300.13 MHz, 90°C), H,H-COSY (b090923ghaf.659A)
8 =0.03 (s, 6 H, Si(CH3)2 min), 0.05 (s, 6 H, Si(CH3)2 maj), 0.84-0.90 (m, 6 H, 1’-Hmgjsmin), 0.90 (s, 9 H,
Sit-Bumin), 0.92 (s, 9 H, Sit-Bupg), 1.41 (s, 9 H, t:Bupny), 1.42 (s, 9 H, £Buyiy), 1.56-1.70 (m, 2 H, 4-Hrin,
6-Ha maj), 1.92-1.99 (M, 2 H, 4-Hpgj, 6-Ha min), 2.08-2.09 (m, 1 H, 6-Hp_min), 2.13-2.24 (m, 2 H, 6a-Hn,
6-Hp maj), 2.50 (dd, J = 16.4 Hz, J = 8.4 Hz, 1 H, 6a-Hpy), 2.61-2.79 (M, 2 H, 3a-Hmajimin), 2.95 (dd, J =
10.8 Hz, J = 9.8 Hz, 1 H, 3-H, mg)), 3.34-3.39 (m, 3 H, 3-Hpin, 3-Hp mg), 3.47 (dd, J=8.5Hz, J=4.4
Hz, 1 H, 1-Hpin), 3.60-3.79 (M, 5 H, 1"-Hnaj, 17-Hmajimin)-

3C NMR (Toluene-dg, 75.47 MHz, 90°C), DEPT, HSQC (b090923ghaf.659A)
8 = -5.10 (0, Si(CHa)2 mn), -5.04 (4, Si(CHa)2 ma), 10.59 (0, C-1'ma), 14.22 (q, C-1'min), 18.62 (s,
SiG(CHs)3_min), 18.65 (s, SIC(CHs)s maj), 26.31 (2 g, SiC(CHs)3_majsmin), 28.83 (2 9, OC(CHa)s_majsmin)s
40.61 (d, C-6apy), 40.96 (d, C-3amn), 41.31 (t, C-6may), 41.73 (d, C-6arn), 42.26 (1, C-6n), 43.27 (d, C-
38ma), 46.98 (d, C-4ma), 47.26 (d, C-4in), 47.85 (t, C-3mg), 51.94 (t, C-3in), 64.32 (t, C-1"min), 64.49 (1,
C-1"ma), 65.59 (d, C-1pa), 65.65 (d, C-1mpn), 79.35 (s, OC(CHa)s min), 79.40 (s, OC(CHa)s ma), 154.45
(S, COst-Bupmg), 154.53 (s, CO2t-BUmin), 214.82 (S, C-5png), 215.90 (S, C-5pin).-

HR-MS (ESl+)
020H38N04Si Calcd. 384.2565
[M+H]* Found 384.2566 Diff.: -0.1 mmu.

Elemental Analysis
(383.60) Found C 62.55 H 9.90 N 3.72.



tert-Butyl (1S,3aR,7aS)-1-({[tert-Butyl(dimethyl)silyl]Joxy}methyl)-4-methyl-6-oxo-
hexahydropyrano([3,4-c]pyrrole-2(3H)-carboxylate (11)

M
H Me m-CPBA (2.5 equiv) H 3o
Na,HPO, (25 equiv) o)
Boc—N > Boc—N
CH,Cly (0.1 M), 1t, 9 h o
TBDMSO H TBDMSO H
10 1

Under an atmosphere of argon cyclopentanone 10 (3.30 g, 8.62 mmol) was dissolved in dry CH.Cl,
(86 mL). Na,HPO, (30.6 g, 215 mmol) and m-CPBA (3.72 g, 21.6 mmol) were added, and the
suspension was stirred at room temperature for 9 h until GC/MS monitoring (tg(10) = 13.6 min and
13.7 min, tg(11) = 15.7 min and 15.9 min) indicated full consumption of the starting material. Saturated
Na,SOj; solution (100 mL) was added and the mixture was stirred at room temperature for 20 min. The
phases were separated and the aqueous phase was extracted with CH,Cl, (3 x 250 mL). The
combined organic layers were washed with saturated NaHCO; solution (100 mL), dried over Na,SO,,
filtered and concentrated in vacuo. Column chromatography on silica gel (petroleum ether/ethyl
acetate 4:1 — 2:1, R{11a) = 0.39, R{11b) = 0.27 in petroleum ether/ethyl acetate 2:1, KMnQy,)
furnished lactone 11 as a mixture of diastereocisomers (dr = 60:40) (2.95 g, 7.37 mmol, 86 % combined
yield). Analytically pure samples of each diasterecisomer could be obtained by partial separation upon
a second column chromatography on silica gel (petroleum ether/ethyl acetate 4:1). 11a is a colourless
oil and 11b crystallized on standing as colourless needles, mp 78-80°C.

Analytical data for 11a:

Optical Rotation (97.5 %ee (15), according to the starting material)

[O‘]i,o =-3.7, [0! 238 =-3.6, [a]§26 =-3.2, [a 526 =-0.4, [a §g5 =+11.7

(¢ = 0.53, CHCly).

'H NMR (Toluene-ds, 300.13 MHz, 90°C), H,H-COSY (b090924ghaf.660A)
§ = 0.00 (s, 6 H, SiMe,t-Bu), 0.87 (s, 9 H, SiMe,t-Bu), 0.98 (d, J = 6.1 Hz, 3 H, 1*-H), 1.43 (s, 9 H,
Bu), 1.92 (dd, J = 14.4 Hz, J = 10.9 Hz, 1 H, 7-H,), 1.94-2.00 (m, 1 H, 3a-H), 2.28-2.44 (m, 2 H, 7a-H,
7-Hy), 3.20 (dd, J = 11.5 Hz, J = 4.0 Hz, 1 H, 3-H,), 3.31 (dd, J = 11.5 Hz, J = 8.4 Hz, 1 H, 3-Hy), 3.45
(dd, J= 5.2 Hz, J = 2.6 Hz, 1 H, 1-H), 3.50-3.59 (m, 3 H, 1-H, 1”-H,, 4-H), 3.65 (dd, J = 9.8 Hz, J = 5.4
Hz, 1 H, 1”-Hy).
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3C NMR (Toluene-dg, 75.47 MHz, 90°C), DEPT, HSQC (b090924ghaf.660A)
§ = -5.18 (q, Si(CHa)»t-Bu), 18.57 (s, SiC(CHa)sMes), 20.12 (g, 1-H), 26.23 (g, SiC(CHs)sMe,), 28.82
(g, OC(CHa)3), 33.99 (t, C-7), 38.73 (d, C-7a), 43.54 (d, C-3a), 49.82 (t, C-3), 64.59 (t, C-1"), 66.10 (d,
C-1), 75.98 (d, C-4), 79.69 (s, OC(CHy)s), 154.07 (s, CO.+Bu), 169.80 (s, C-6).

HR-MS (ESl+)

CgoH33N05Si Calcd. 400.2514

[M+H]"* Found 400.2513 Diff.: +0.1 mmu
C19H37NO5SiNa Calcd. 422.2333

[M+Na]* Found 422.2332 Diff.: +0.2 mmu.

Elemental Analysis
(399.60) Found C 59.97 H 9.46 N 3.47.

Analytical data for 11b:

Optical Rotation (97.5 %ee (1S), according to the starting material)

(@] =547, [a]% --66.7, [a[5 =629, [ =-1045, [a]5 --162.0

(¢ = 0.25, CHCly).

'H NMR (Toluene-dg, 300.13 MHz, 90°C), H,H-COSY (b090924ghaf.660B)
§ = 0.03 (s, 6 H, SiMe,t-Bu), 0.90 (s, 9 H, SiMe,tBu), 0.95 (d, J = 6.4 Hz, 3 H, 1-H), 1.40 (s, 9 H, t
Bu), 2.03-2.24 (m, 3 H, 3a-H, 7-H), 2.40-2.47 (m, 1 H, 7a-H), 3.25 (dd, J= 10.8 Hz, J = 9.7 Hz, 1 H, 3-
H,), 3.53-3.65 (m, 4 H, 1-H, 17-H, 3-Hy), 3.78-3.84 (m, 1 H, 4-H).

3C NMR (Toluene-dg, 75.47 MHz, 90°C), DEPT, HSQC (b090924ghaf.660B)
§ = -5.12 (q, Si(CHa)»t-Bu), 18.60 (s, SiC(CHa)sMe), 18.76 (q, 1-H), 26.27 (g, SiC(CHs)sMe,), 28.79
(g, OC(CHa)s), 33.77 (t, C-7), 38.39 (d, C-7a), 40.54 (d, C-3a), 45.38 (t, C-3), 64.70 (t, C-1"), 67.37 (d,
C-1), 73.46 (d, C-4), 79.74 (s, OC(CHy)s), 154.14 (s, CO,#-Bu), 169.13 (s, C-6).

HR-MS (ESI+)

CgoH33N05Si Calcd. 400.2514

[M+H]"* Found 400.2515 Diff.: -0.1 mmu
C19H37NO5SiNa Calcd. 422.2333

[M+Na]* Found 422.2335 Diff.: -0.1 mmu.
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Elemental Analysis
(399.60) Found C 59.96 H9.37 N 3.49.

tert-Butyl (2S,3S,4R)-3-(2-{[tert-Butyl(dimethyl)silylJoxy}ethyl)-2-({[ tert-butyl(dimethyl)-
silylJoxy}methyl)-4-(1-hydroxyethyl)pyrrolidine-1-carboxylate (12)

Me 1) CaCl, (3 equiy) Me
H NaBH, (6 equiv) \\
0 EtOH (0.05 M), 50°C, 4 h «" SOH
Boc—N > Boc—N
o¢ 2) TBDMSCI (1.1 equiv) ¢
H o imidazole (2 equiv)
TBDMSO CH.Cl, (0.25 M), rt, 5.5h  TBDMSO
11 12 OTBDMS

Freshly powdered CaCl, (2.19 g, 19.8 mmol) and NaBH, (1.49 g, 39.5 mmol) were added to a solution
of lactone 11 (2.63 g, 6.58 mmol) in EtOH (132 mL). The white suspension was heated at 50°C. After
stirring for 4 h TLC monitoring (petroleum ether/ethyl acetate 1:1, R{11) = 0.60 and 0.54,
Rdialcohol) = 0.27 and 0.19, KMnQ,) indicated full conversion. Water (32 mL) and MeOH (16 mL)
were added to give a cloudy precipitation. 2 M HCI was added dropwise until the suspension became
clear. Stirring was continued for further 10 min, and the aqueous phase was extracted with CHCI; (3 x
250 mL). The combined organic layers were washed with saturated NaHCO; solution (50 mL), dried
over Na,SQ,, filtered and concentrated in vacuo to give a colourless, sticky foam.

Under an atmosphere of argon the residue was dissolved in dry CH,Cl, (13 mL) and imidazole
(896 mg, 13.2 mmol) was added. After stirring for 5 min at room temperature a solution of TBDMSCI
(1.09 g, 7.24 mmol) in CH,Cl, (13 mL) was added dropwise. Stirring was continued for 5.5 h when
TLC monitoring (petroleum ether/ethyl acetate 1:1, R{dialcohol) = 0.27 and 0.19, R{12) = 0.73 and
0.64, KMnQ,) indicated full consumption of the starting material. Saturated NaHSO, solution (25 mL)
was added and the aqueous phase was extracted with CH,Cl; (3 x 100 mL). The combined organic
layers were dried over Na,SO,, filtered and concentrated in vacuo. Column chromatography on silica
gel (petroleum ether/ethyl acetate 4:1, R{12a) = 0.47, R{12b) = 0.29 in petroleum ether/ethyl acetate
4:1, KMnO,) yielded alcohol 12 (3.12 g, 6.03 mmol, 92 % combined yield) as a mixture of
diastereoisomers (dr = 60:40). Analytically pure samples of each diastereocisomer could be obtained
by partial separation upon a second column chromatography on silica gel (petroleum ether/ethyl

acetate 4:1). 12a and 12b are both a colourless, viscous oils.
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Analytical data for 12a:

Optical Rotation (97.5 %ee (2S), according to the starting material)

[ =-22.9, [a]% =-236, [0 =-26.0, [ =-43.1, [a]ies =-64.9

(¢ = 0.55, CHCly).

'H NMR (Toluene-ds, 300.13 MHz, 90°C), H,H-COSY (b091008ghaf.675A)
§=0.06,0.07 (2 s, 12 H, 2 SiMe,#Bu), 0.93-0.95 (m, 21 H, 2 SiMe,t-Bu, 2-H), 1.23-1.35 (m, 2 H, 1”-
Ha, OH), 1.44 (s, 9 H, tBu), 1.77-1.88 (m, 1 H, 1"-Hy), 2.22-2.33 (m, 1 H, 4-H), 2.41-2.47 (m, 1 H, 3-
H), 2.98 (dd, J = 10.5 Hz, J = 10.5 Hz, 1 H, 5-H,), 3.26 (dd, J = 10.3 Hz, J = 8.2 Hz, 5-Hy), 3.50-3.57
(m, 1 H, 1"-H), 3.60-3.77 (m, 5 H, 1-H, 2-H, 2"-H).

'3C NMR (Toluene-ds, 75.47 MHz, 90°C), DEPT, HSQC (b091008ghaf.675A)
8 = -5.01 (q, 2 Si(CHj).t-Bu), 18.67, 18.71 (2 s, 2 SiC(CHs)sMey), 22.94 (q, C-2’), 26.38 (q, 2
SiC(CHs)sMey), 28.92 (g, OC(CHs)s), 31.95 (t, C-17), 39.45 (d, C-3), 48.31 (t, C-5), 48.49 (d, C-4),
63.00, 64.32 (2t, C-1’, C-2”), 65.90 (d, C-2), 66.62 (d, C-1""), 79.01 (s, OC(CHj3)3), 154.68 (s, CO,t-
Bu).

HR-MS (ESl+)
Co6HssNOsSi, Calcd. 518.3692
[M+H]* Found 518.3694 Diff.: -0.3 mmu.

Elemental Analysis
(517.89) Found C 60.26 H 10.76 N 2.70.

Analytical data for 12b:

Optical Rotation (97.5 %ee (2S), according to the starting material)

[a]? =-26.5, [afiog =-27.6, [a]tes =-31.3, [afias =-52.3, [a]30 =-80.2

(c=1.19, CHCIy).

'H NMR (Toluene-ds, 300.13 MHz, 90°C), H,H-COSY (b091008ghaf.676A)
§=0.04,0.07 (2's, 12 H, 2 SiMe,tBu), 0.93, 0.94 (2 s, 18 H, 2 SiMe,t-Bu), 1.03 (d, J = 6.1 Hz, 3 H,
2-H), 1.24-1.39 (m, 1 H, 1”-H,), 1.46 (s, 9 H, +Bu), 1.53-1.64 (m, 1 H, 1”-Hy), 2.15-2.27 (m, 2 H, 3-H,
4-H), 3.33 (dd, J = 10.0 Hz, J = 10.0 Hz, 1 H, 5-H,), 3.54-3.71 (m, 5 H, 1"-H,, 1”-H, 2"-H, 5-Hy), 3.78-
3.80 (m, 2 H, 1-Hp, 2-H).
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3C NMR (Toluene-dg, 75.47 MHz, 90°C), DEPT, HSQC (b091008ghaf.676A)
§ = -5.01 (q, 2 Si(CHs)2t-Bu), 18.69 (s, 2 SiC(CHs)sMe,), 22.88 (g, C-2”), 26.39 (q, 2 SiC(CHa)sMey),
28.95 (g, OC(CHa)s), 31.68 (t, C-1), 39.76 (d, C-3), 47.92 (d, C-4), 49.25 (t, C-5), 62.51 (t, C-2"),
64.30 (1, C-1°), 65.38 (d, C-2), 67.94 (d, C-1""), 78.94 (s, OC(CHa)s), 154.91 (s, CO,¢-Bu).

HR-MS (ESl+)

CasHs6NO5Siz Calcd. 518.3692

[M+H]"* Found 518.3694 Diff.: -0.2 mmu
026H55N05Si2K Calcd. 556.3250

[M+K]* Found 556.3259 Diff.: -0.8 mmu.

Elemental Analysis
(517.89) Found C 60.39 H10.72 N 2.70.

tert-Butyl (2S,3S5,4 R)-4-Acetyl-3-(2-{[tert-butyl(dimethyl)silylJoxy}ethyl)-2-({[ tert-
butyl(dimethyl)silylJoxy}methyl)pyrrolidine-1-carboxylate (13)

Me TPAP (10 mol-%) Me
L NMO (2.3 equiv) Iq
«SOH 4 R MS B S0
Boc N)/j CH,Cl, (0.022M), 1t, 160 ~°° /;:‘
TBDMSO L TBDMSO L
OTBDMS OTBDMS
12 13

Under an atmosphere of argon at room temperature, TPAP (208 mg, 0.59 mmol) was added to a
solution of alcohol 12 (3.06 g, 5.91 mmol), NMO (1.59 g, 13.6 mmol) and powdered 4 AMS (6.1 g)in
dry CHCl, (268 mL). The suspension was stirred for 1.5 h until TLC monitoring (petroleum ether/ethyl
acetate 4:1, R{12) = 0.32 and 0.20, R{13) = 0.48, KMnQy,) indicated full conversion of the substrate.
Celite (14 g) was added, and the solvent was removed under reduced pressure. The crude product
was subjected to column chromatography on silica gel (petroleum ether/ethyl acetate 4:1) to yield 13

(2.75 g, 5.33 mmol, 90 %) as colourless oil.
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Optical Rotation (97.5 %ee (2S), according to the starting material)

[a]? =-19.9, [afo =-205, [afoes =-22.3, [a 55 =271, [a]res =-1.4

(c = 0.99, CHCly).

'H NMR (Toluene-ds, 300.13 MHz, 90°C), H,H-COSY (b091002ghaf.664Am)
§ =0.00, 0.06 (2 s, 12 H, 2 SiMe,t-Bu), 0.90, 0.92 (2 s, 18 H, 2 SiMe,tBu), 1.32-1.47 (m, 2 H, 17-H),
1.43 (s, 9 H, tBu), 1.85 (s, 3 H, 2-H), 2.62-2.69 (m, 1 H, 3-H), 3.15-3.22 (m, 1 H, 4-H), 3.34 (dd, J =
11.1 Hz, J= 7.6 Hz, 1 H, 5-H,), 3.52 (dd, J = 6.0 Hz, J = 6.0 Hz, 2 H, 2"-H), 3.70-3.81 (m, 4 H, 1*-H, 2-
H, 5-Hp).

3C NMR (Toluene-ds, 75.47 MHz, 90°C), DEPT, HSQC (b091002ghaf.664Am)
§ = -5.07 (q, 2 Si(CHs).t-Bu), 18.66, 18.69 (2 s, 2 SiC(CHa)sMe;), 26.36 (g, 2 SiC(CHs)sMe), 28.87 (g,
OC(CH)3), 29.16 (g, C-2), 33.09 (t, C-1"), 40.58 (d, C-3), 47.35 (t, C-5), 53.61 (d, C-4), 61.93 (t, C-
2"), 64.28 (t, C-1'), 64.89 (d, C-2), 79.26 (s, OC(CHs)s), 154.74 (s, CO,t-Bu), 204.81 (s, C-1").

HR-MS (ESI+)
C26H54NO5Si2 Calcd. 516.3535
[M+H]* Found 516.3534 Diff.: +0.1 mmu.

Elemental Analysis
(515.87) Found C 60.66 H 10.66 N 2.74.

tert-Butyl (2S,3S5,4S)-3-(2-{[tert-Butyl(dimethyl)silyl]Joxy}ethyl)-2-({[ tert-butyl(di-
methyl)silylJoxy}methyl)-4-isopropenylpyrrolidine-1-carboxylate (14)

AN .
Me CpTi \C,AIMez (1.3 equiv) Me
|
N0 pyridine (1.1 equiv) RN
Boc—N > Boc—N
o , THF (0.25 M), -40°C — rt, 20 h o¢ ,
TBDMSO L TBDMSO L
13 OTBDMS 14 OTBDMS

Under an atmosphere of argon a solution of ketone 13 (2.53 g, 4.90 mmol) in dry THF (19.6 mL) was
stirred and cooled to -40°C. Pyridine (435 pL, 5.39 mmol) was added, and stirring was continued for
10 min. A solution of Tebbe reagent (0.5 M in toluene, 12.8 mL, 6.38 mmol) was added dropwise, and
the resulting deep red mixture was allowed to warm up to room temperature over 20 h until GC/MS
monitoring (tg(13) = 18.4 min, tg(14) = 16.9 min) indicated full conversion of the substrate. The solution
was diluted with Et,O (100 mL), and 3 M NaOH was added dropwise until gas evolution ceases. The
mixture was dried over Na,SQO,, filtered through a pad of celite (EtOAc) and concentrated in vacuo.
The crude product was subjected to column chromatography on silica gel (petroleum ether/ethyl
acetate 20:1, R{14) = 0.26, KMnQ,) to yield 14 (1.72 g, 3.35 mmol, 68 %) as colourless oil. The
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synthesis of the 14 has been described in the literature via a different route and without complete

analytical data.’

Optical Rotation (97.5 %ee (25), according to the starting material)

[y =-27.8, [afios =-29.0, [afies =-32.7, [a ]2 =-53.3, [a]res =-78.1

(c = 0.65, CHCly).
(it [], =-27.8; c=1.0, CHCI,)

'H NMR (Toluene-dg, 300.13 MHz, 90°C), H,H-COSY (b090930ghaf.665Am)
§=0.03, 0.07 (2 s, 12 H, 2 SiMe,t+Bu), 0.92, 0.93 (2 s, 18 H, 2 SiMe,#-Bu), 1.24-1.35 (m, 1 H, 1”-H,),
1.45 (s, 9 H, +Bu), 1.49-1.59 (m, 1 H, 1”-Hy), 1.64 (s, 3 H, 1a”-H), 2.43-2.50 (m, 1 H, 3-H), 2.90 (dd, J
=14.6 Hz, J = 7.2 Hz, 1 H, 4-H), 3.40-3.52 (m, 2 H, 5-H), 3.55-3.67 (m, 2 H, 2"-H), 3.76-3.80 (m, 3 H,
1-H, 2-H), 4.60, 4.78 (2 s, 2 H, 2"-H).

3C NMR (Toluene-dg, 75.47 MHz, 90°C), DEPT, HSQC (b090930ghaf.665Am)
§ = -5.04 (g, 2 Si(CHa)»t-Bu), 18.69, 18.70 (2 s, 2 SIC(CHa)sMe,), 22.48 (g, C-1a”), 26.38 (q, 2
SIC(CHg)sMes), 28.92 (q, OC(CHs)s), 32.38 (t, C-17), 40.12 (d, C-3), 46.93 (d, C-4), 49.32 (t, C-5),
62.38 (t, C-2"), 64.33 (t, C-1°), 65.07 (d, C-2), 78.99 (s, OC(CHs)s), 111.95 (1, C-2"), 143.86 (s, C-1"),
154.76 (s, CO,t-Bu).

HR-MS (ESI+)

CQ7H56NO4Si2 Calcd. 514.3742

[M+H]* Found 514.3741 Diff.: +0.1 mmu
C27H55NO4Si2Na Calcd. 536.3562

[M+Na]* Found 536.3561 Diff.: +0.1 mmu
CQ7H55NO4Si2K Calcd. 552.3301

[M+K]* Found 552.3305 Diff.: -0.4 mmu.

! 'H NMR (CDCls): Konno, K.; Hashimoto, K.; Ohfune, Y.; Shirahama, H.; Matsumoto, T. J. Am. Chem. Soc.
1988, 110, 4807-4815.
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Elemental Analysis
(513.90) Found C 63.18 H 11.03 N 2.76.

(-)-a-Kainic Acid / (35,4S)-3-(Carboxymethyl)-4-isopropenyl-L-proline (1)

OTBDMS
Me’// T Me’// ~—COH

1) Jones' reagent (5 equiv)

Acetone (0.05 M), 0°C, 20 min O\
N 2) CH,CI,/TFA 8:1 B N~ ~CO.H
Boc  OTBDMS rn,3h H
14 then DOWEX 50WX8(H") 1

Precooled Jones’ reagent (2.5 M, 420 uL, 1.05 mmol) was added dropwise over 5 min to a stirred ice-
cooled (0°C) solution of 14 (108 mg, 0.21 mmol) in acetone (4.2 mL), and stirring was continued for 20
min at 0°C. The excess of Jones’ reagent was quenched by addition of i-propanol (420 uL). The green
suspension was stirred for 5 min at 0°C and 10 min at room temperature. The clear greenish
supernatant was decanted, and the remaining green residue was extracted with EtOAc (5 x 15 mL).
The combined organic layers were washed with brine (3 x 4 mL), dried over Na,SO,, filtered and
concentrated in vacuo. A solution of the residue in Et,O was filtered through a plug of see sand to
remove further precipitated chromium salts. The solvent was removed in vacuo, and the residue was
dissolved in CH,Cl, (800 pL). The solution was treated with TFA (100 pL). After stirring at room
temperature for 3 h TLC monitoring (petroleum ether/ethyl acetate 1:1 + AcOH, R{N-Boc-kainic acid)
= 0.32, R{1) = 0.01, KMnQ,) indicated full consumption of the starting material. After removal of the
solvent under reduced pressure the residue was dissolved in water (1 mL) and added to a column (1 x
1 c¢cm) containing DOWEX 50WX8(H") (50-100 mesh). Elution with 1 M NH,OH and evaporation of the
collected fractions (ninhydrine) under reduced pressure yielded an orange oil, which was subjected to
a second column (1 x 1 cm) containing Amberlite CG-50 (50-100 mesh) and eluted with water. The
solvent was removed under reduced pressure to afford (-)-a-kainic acid 1 (34.0 mg, 0.16 mmol, 76 %)
as light yellow needles (mp 238-240°C dec., lit.? 237-243°C dec.).

o
" 1" 0
1——*// 5 &—COH
4
(e
>N\~ TCOH
H
(-)-a-Kainic acid (1)

Optical Rotation (97.5 %ee (25), according to the starting material)
[y =-14.2
(c=0.65, H,0).

2 Oppolzer, W.; Thirring, K. J. Am. Chem. Soc. 1982, 104, 4978-4979.
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(it? [a]? =-14.2; ¢ = 0.23, H,0)

'H NMR (D0, 500.13 MHz), H,H-COSY (d091009ghaf.677A)
§=1.79 (s, 3H, 1”-H), 2.19 (dd, J = 15.6 Hz, J= 8.3 Hz, 1 H, 1"-H,), 2.31 (dd, J = 15.6 Hz, J = 6.4 Hz,
1 H, 1"-Hy), 2.98-3.08 (m, 2 H, 3-H, 4-H), 3.45 (dd, J = 11.3 Hz, J = 11.3 Hz, 1 H, 5-H,), 3.64 (dd, J =
11.9 Hz, J= 7.4 Hz, 1 H, 5-H,), 4.08 (d, J = 3.0 Hz, 1 H, 2-H), 4.76, 5.04 (2 s, 2 H, 2"-H).

*C NMR (D,O, 125.77 MHz), DEPT, HSQC (d091009ghaf.677A)
§=22.17 (q, C-1™), 35.68 (t, C-1"), 41.71 (d, C-3), 45.81 (d, C-4), 46.34 (t, C-5), 65.88 (d, C-2), 113.00
(t, C-27), 140.21 (s, C-17), 173.59, 179.24 (2's, 2 CO,H).

HR-MS (ESl+)

C10H16NO4 Calcd. 214.1074

[M+Na]* Found 214.1072 Diff.: +0.2 mmu
C10H15NO4Na Calcd. 236.0893

[M+Na]* Found 236.0892 Diff.: +0.1 mmu
CgngoNgOgNa Calcd. 449.1894

[2M+Na]* Found 449.1894 Diff.: 0.0 mmu.

8 Takano, S.; Sugihara, T.; Satoh, S.; Ogasawara, K. J. Am. Chem. Soc. 1988, 110, 6467-6471.
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HPLC diagrams

(+)-tert-Butyl [(1S)-1-({[tert-Butyl(dimethyl)silylJoxy}methyl)prop-2-en-1-yl}formylcarbamate (4)

DAD1 D, Sig=215,4 Ref=400,20 (FARWICK\SIG60182.D)

o)

mAU ]

175

125
100
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mAU L2 Q
©
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1 /u\ Boc Boc
80 H N/ e

i TBDMSON N
“l (@94
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20

o

9 0 Ty T Ty T T Ty T T Ty T T T
DAD1 D, Sig=215,4 Ref=400,20 (FARWICK\SIG60183.D)
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9
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10 11 12 13 14 min

Figure 1: HPLC diagram of (+)-4 (above) and the enantiomerically enriched product (+)-(S)-4

(97.5 %ee, below).

Instrument:

Column:

Conditions:

Retention time:

HP1100 / HP 1090 Liquid Chromatograph

Daicel Chiralpak AS-H (250 x 4.6 mm, 5 um) with guard cartridge AS-H (10 x
4 mm, 5 um)

n-hexane/i-PrOH 99.7:0.3, flow 0.4 mL/min, A =215 nm, rt.

tal(+)-(S)-4] = 10.8 min

tal(-)-(R)-4] = 11.8 min.
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(+)-(2S)-1-{[ tert-Butyl(dimethyl)silylJoxy}-N-but-1-yn-1-ylbut-3-en-2-amine (6)

DAD1 C, Sig=210,4 Ref=400,20 (TVERSKOY\SIG60290.D)

mAU —: ~ HN/\
160 TBDMSON Me

140

(+)-(5)-6

N

120
100
80
60
40—:

20

12 13 14 15 16 min
DAD1 C, Sig=210,4 Ref=400,20 (TVERSKOY\SIG60288.D)
mAU ® &)

400+

tBOMSO. L~ “Me

(+)-(5)-6

300
200~

100

T T T T T T T T T T T T T T T T T T T T T T T T T
12 13 14 15 16 min

Figure 2: HPLC diagram of (£)-6 (above) and the enantiomerically enriched product (+)-(S)-6
(99 %ee, below).

Instrument: HP1100 / HP 1090 Liquid Chromatograph

Column: Daicel Chiralpak AS-H (250 x 4.6 mm, 5 um) with guard cartridge AS-H (10 x
4 mm, 5 um)

Conditions: n-hexane/i-PrOH 99.7:0.3, flow 0.4 mL/min, A =210 nm, rt.

Retention time: ta[(+)-(S5)-6] = 12.1 min

td(-)-(R)-6] = 13.9 min.

20



Selected NMR spectra
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Current Data Parameters
NAME d090909ghaf.648A
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090909
Time 8.42
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG 2930
4 TD 65536
‘ T T T T T T T T T ‘ T T T T T T T T T ‘ T T T T T T SOLVENT CDCIS
NS 16
6.000 5.950 DS 5
ppm (t1) SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 32
DW 55.600 usec
DE 6.00 usec
TE 298.1 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
PL1 0.00 dB
SFO1 500.1325006 MHz
A N L A A R R R ) L L L I L B F2 - Processing parameters
SI 32768
5250 5.200 5.150 5.100 5.050 5.000 4,050 4.000 3.950 3.900 3.850 3.800 3.750 SF 500.1300239 MHz
ppm (t1) ppm (t1) WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

L L =—
' -
L
-

) L Py 7 7 "
o N = [ — © © ;)
[{=] - O (=4 [=] (4] [<a] N
(-] o = = (3] (3] (3] N
N A
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)
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Current Data Parameters

NAME d090909ghaf.648A
‘:?_’ E I.‘IL-trg’ :")l; % - - O v~ I~ ~ — EXPNO 12
P I s P 3 3 2 88 d gy  FROONO !
g B 8 = 3 d 8 S S 0 it
F2 - Acquisition Parameters
Date_ 20090909
Time 9.17
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
4 TD 163840
SOLVENT CDC13
NS 640
DS 4
SWH 31446.541 Hz
FIDRES 0.191934 Hz
AQ 2.6051061 sec
N RG 9195.2
DW 15.900 usec
DE 20.00 usec
TE 298.1 K
D1 1.00000000 sec
dil 0.03000000 sec
DELTA 0.89999998 sec
TDO 50
======== CHANNEL fl ========
NUC1 13C
Pl 16.45 usec
PL1 -1.00 dB
SFO1 125.7716224 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 18.00 dB
‘ PL13 22.00 dB
| SFO2 500.1320005 MHz
1‘ F2 - Processing parameters
| SI 65536
SF 125.7577890 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
\ \ \ \ \
200 150 100 50 0

ppm (f1)
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' Current Data Parameters
- NAME b091120ghot .1098B
. EXPNO 2
. 4 PROCNO 1
F2 - Acquisition Parameters
Date_ 20091120
Hy 3 "Hg Time 11.45
INSTRUM spect
PROBHD 5 mm TBI 1H/31
6 PULPROG 2g30
TD 16384
wuuwuw‘uuuuw‘wuuuu‘uuuuw‘uuuw ‘mmm‘mmm‘m\Hm‘mHHH‘\HHHH‘HH SOLVENT CDC13
5600 5550 5500 5.450 5.300 5.250 5.200 5.150 5.100 B Y
ppm (t1) ppm (t1) SWH 5112.475 Hz
FIDRES 0.312041 Hz
AQ 1.6024052 sec
RG 45.3
DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 10.00 usec
PL1 0.00 dB
SFO1 300.1321009 MHz
e i Lt st e R LSRR AR F2 - Processing parameters
3.600 3.500 3.450 3.400 3.350 3.300 3.2503.2003.150 1.800 1.750 SI 32768
1) SF 300.1300204 MHz
ppm (t1) ppm (t1) ppm (t1) ppm ( WowW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
L Py L L !
= n =D o —w © o
o [=) o W O [=X=) N [=]
- (3] o O N ~ (=] o
B B B B Sy BN
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm (t1)
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137.133

118.392

78.791
77.495
66.197

T 62104

36.076

25.992
18.399

3.619

-5.203
-5.257

ppm (f1)

200

150

100

50

Current Data Parameters

NAME b091120ghot.1098B
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20091120
Time 11.43
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zgpg

TD 32768
SOLVENT CDC13

NS 1000

DS 4

SWH 21097.047 Hz
FIDRES 0.643831 Hz
AQ 0.7766516 sec
RG 9195.2

DW 23.700 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C

Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6

NUC2 1H
PCPD2 100.00 usec
PL2 0.00 dB
PL12 20.00 dB
PL13 120.00 dB
SFO2 300.1316507 MHz
F2 - Processing parameters
SI 65536

SF 75.4677190 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 0.50
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Current Data Parameters

NAME d090914ghaf.654Am
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090914
Time 8.50
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG 2930
4a D 65536
L L L B B SOLVENT cpCl3
5.850 5.800 ns 16
DS 2
ppm (t1) SwH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 28.5
DW 55.600 usec
DE 6.00 usec
TE 298.0 K
D1 0.10000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 11.00 usec
PL1 0.00 dB
SFO1 500.1325006 MHz
F2 - Processing parameters
[T e T T T ST 32768
SF 500.1300299 MHz
5.200 5.150 3.700 3.650 3.600 0.050 0.000 WDW EM
m (t1 m (1 m (t1 SSB 0
ppm (t1) ppm (t1) ppm (t1) o o 30
GB 0
PC 1.00
1 J\M 1 \ L
by n o = n © © o
o o © o = o1 o w
(=3 = W =3 ~ - - =
L B B B L I B B B
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)
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Current Data Parameters

NAME d090914ghaf.654Am
B 2 2 Y 5 g 525 52 procn b
e P 3 3 2 5 RS !  FRONO
8 8 z = g 3 S S 0 i
F2 - Acquisition Parameters
Date_ 20090914
Time 9.26
INSTRUM spect
PROBHD 5 mm BBI 1H-BB
PULPROG zgpg30
4a ™ 163840
SOLVENT CDC13
NS 1288
DS 4
SWH 31446.541 Hz
FIDRES 0.191934 Hz
AQ 2.6051061 sec
RG 8192
DW 15.900 usec
DE 20.00 usec
TE 297.9 K
D1 1.00000000 sec
dil 0.03000000 sec
DELTA 0.89999998 sec
TDO 50
======== CHANNEL fl ========
NUC1 13C
Pl 16.45 usec
PL1 -1.00 dB
SFO1 125.7716224 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 18.00 dB
\ \ PL13 22.00 dB
J J | | SFO2 500.1320005 MHz
*L A ¢ IL‘ F2 - Processing parameters
SI 65536
SF 125.7577890 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
\ \ \ \ \
200 150 100 50 0

ppm (f1)
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6.000 5.950 5.900
ppm (t1)

il

4,050 4.000 3.950 3.900 3.850 3.800 3.750

5.250 5.200 5.150 1.7901 .7801.7701.760

ppm (t1) ppm (t1) ppm (t1)
J MJM D T
o = oy % i
o N O F=3 N © 0 [=2]
8 9 ] 2 8 3 S 8
L L e e B I B
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)

Current Data Parameters

NAME b090916ghaf.656Am
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20090916
Time 7.41
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zg30

TD 16384
SOLVENT CDC13

NS 16

DS 2

SWH 5112.475 Hz
FIDRES 0.312041 Hz
AQ 1.6024052 sec
RG 128

DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H

Pl 10.00 usec
PL1 0.00 dB
SFO1 300.1321009 MHz
F2 - Processing parameters
SI 32768

SF 300.1300244 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00
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155.192

135.284

116.943

——— 80123
——— 78.106

76.591
64.017

T~ 60745

35.551
28.667

—— 26.025

18.384

3.539

-5.263

200
ppm (f1)

Current Data Parameters

NAME b090916ghaf.656Am
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date_ 20090916
Time 8.28
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zgpg

TD 32768
SOLVENT CDC13

NS 4968

DS 4

SWH 21097.047 Hz
FIDRES 0.643831 Hz
AQ 0.7766516 sec
RG 9195.2

DW 23.700 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C

Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6

NUC2 1H
PCPD2 100.00 usec
PL2 0.00 dB
PL12 20.00 dB
PL13 120.00 dB
SFO2 300.1316507 MHz
F2 - Processing parameters
SI 65536

SF 75.4677190 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 0.50
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Current Data Parameters
NAME b090924ghaf.657Am
EXPNO 1
(@] PROCNO 1
F2 - Acquisition Parameters
Date_ 20090924
Time 8.36
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG 2930
TD 16384
SOLVENT Tol
NS 16
Ds 2
‘HHHH\‘H\HHH‘\HHHH‘\HHHH‘HHHH\‘H\HHH‘ H\HH\‘\\HH\H‘\\H\HH‘HH\HH‘H\HHH‘\HHHH‘\HH SWH 5112_475 Hz
420 410 400 390 3.80 3.100 3.050 3.000 2.950 2.900 2.850 LopREs Jpianal B2
ppm (t1) ppm (t1) RG 40.3
DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 10.00 usec
PL1 0.00 dB
SFO1 300.1321009 MHz
F2 - Processing parameters
T T T T R AR R AR [T T T T ST 32768
‘ ‘ ‘ ‘ ‘ SF 300.1300149 MHz
2.450 2.400 2.350 1.900 1.850 1.500 1.450 1.400 WOW EM
ppm (t) ppm (t1) ppm (t1) . 0.18 Hz
GB 0
I W ol PC
L T s L
i e o by = «xo © o
88 8 S8 S = &S S =]
L B B L L S B
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm (t1)
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Current Data Parameters

8 = Q [ — o o™ O - © MO~ -« NAME b091013ghaf.657Am
< 5 5 = § &8 35§ 888 g 8§ 2
S e B & e 83 5¢€ 5 g8 3 9 PROCNO 1
F2 - Acquisition Parameters
Date_ 20091013
Time 8.06
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zgpg
TD 32768
SOLVENT Tol
NS 3368
DS 4
SWH 21097.047 Hz
FIDRES 0.643831 Hz
AQ 0.7766516 sec
RG 9195.2
DW 23.700 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
| [ ======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 0.00 dB
PL12 20.00 dB
PL13 120.00 dB
SFO2 300.1316507 MHz
F2 - Processing parameters
SI 65536
SF 75.4676926 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
‘ ‘ ! ‘ ! pC 0.50
200 150 100 50 0

ppm (f1)
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! Current Data Parameters
NAME b090923ghaf.659A
EXPNO 1
(@] PROCNO 1
F2 - Acquisition Parameters
Date_ 20090923
Time 7.53
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zg30
TD 16384
A L I L L W AR LR RS AR AR AR AR SOLVENT Tol
3.70 3.60 3.50 3.40 3.000 2950 2900 g: 12
ppm (t1) ppm (t1) SwH 5112.475 Hz
FIDRES 0.312041 Hz
AQ 1.6024052 sec
RG 64
DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 10.00 usec
PL1 0.00 dB
SFO1 300.1321009 MHz
| | | | | ‘ ‘ ‘ ‘ F2 - Processing parameters
2.802.702.602.50 220 210 2.00 1.90 1.7001.6501.6001.550 0.950 0.900 0.850 0.800 SI 32768
SF 300.1300247 MHz
ppm (t1) ppm (t1) ppm (t1) ppm (t1) . e
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
ek i i a o
N o= = =4 N~ = © o o
S B8 S BB I8 & X ~ 8
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm (t1)
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Current Data Parameters

5 - 93 g2 228N 282883585 8288 Sf raw b090923ghaf .659A
8 & 28 RREB8B8IIL SFELIITTLL ILRER® Juv ExeNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090923
Time 9.10
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zgpg
TD 32768
SOLVENT Tol
NS 4688
DS 4
SWH 21097.047 Hz
FIDRES 0.643831 Hz
AQ 0.7766516 sec
RG 9195.2
DW 23.700 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
======== CHANNEL f2 ========
| \ CPDPRG2 waltz16
I ‘ \ NUC2 1H
C \ PCPD2 100.00 usec
PL2 0.00 dB
|l ’ 1 M\ J PL12 20.00 dB
J . I ‘\ PL13 120.00 dB
e M SFO2 300.1316507 MHz
F2 - Processing parameters
SI 65536
SF 75.4676926 MHz
WDW EM
SSB 0
‘ ‘ ‘ ‘ ‘ LB 1.00 Hz
GB 0
200 150 100 50 0 PC 0.50

ppm (f1)
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Current Data Parameters

NAME b090924ghaf.660A
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090924
Time 11.24
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zg30
D 16384
R A R Rl LARRRARA AR R SOLVENT Tol
3.650 3.600 3.550 3.500 3.450 B Y
ppm (t1) SWH 5112.475 Hz
FIDRES 0.312041 Hz
AQ 1.6024052 sec

RG 128

DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H

Pl 10.00 usec
PL1 0.00 dB
SFO1 300.1321009 MHz

\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘ WWWWWP TrrTrrrrrrrrTrrrrrrrrTrrrrrrrrTrr Trrrrrrv-‘—rrrrrrrrv-rrrrrr

F2 - Processing parameters
3.350 3.300 3.250 3.200 2.4002.3502.300 1.9501.900 1.000 0.950 Sh 32768
m (1 SF 300.1300078 MHz
ppm (t1) ppm (t1) ppm (t1) ppm (t1) oo o
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
AR oy gy y
O O n n © wo o
T S S 8 <] o8 S
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm (t1)
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|
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Current Data Parameters

NAME b090924ghaf.660A
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date_ 20090925

Time 9.24
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zgpg

TD 32768
SOLVENT Tol

NS 2424

DS 4

SWH 21097.047 Hz
FIDRES 0.643831 Hz
AQ 0.7766516 sec
RG 9195.2

DW 23.700 usec
DE 6.00 usec
TE 300.0 K

D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C

Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6

NUC2 1H
PCPD2 100.00 usec
PL2 0.00 dB
PL12 20.00 dB
PL13 120.00 dB
SFO2 300.1316507 MHz
F2 - Processing parameters
SI 65536

SF 75.4676926 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 0.50
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Current Data Parameters
NAME b090924ghaf.660B
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090924
Time 13.39
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zg30
R AR RS R D 16384
SOLVENT Tol
3.850 3.800 NS e
ppm (t1) DS 2
SWH 5112.475 Hz
FIDRES 0.312041 Hz
AQ 1.6024052 sec
RG 128
DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 10.00 usec
N A E e A M A R L B A I e B PL1 0.00 dB
360 350 340 330 3.20 240 230 220 2.10 0.950 0.900 0.850 sFoL 300.1321009 miz
ppm (t1) ppm (11) ppm (11) F2 - Processing parameters
ST 32768
SFE 300.1300161 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
M PC 1.00
Dy L N 0
o © © © oo 93 obo Y
S B N o O = B =
R T R IR
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm (t1)
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Current Data Parameters

X S D = © I~ N © N TN N o
par e ReE 88 88 3 RRELS q NAME b090924ghaf.660B
= 2 RREI 2 2 8 88&8eex 1w EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20090928
Time 8.01
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zgpg
TD 32768
SOLVENT Tol
NS 8000
DS 4
SWH 21097.047 Hz
FIDRES 0.643831 Hz
AQ 0.7766516 sec
RG 9195.2
DW 23.700 usec
DE 6.00 usec
TE 300.0 K
| D1 2.00000000 sec
dil 0.03000000 sec
! DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
\ \ ======== CHANNEL f2 ========
b . CPDPRG2 waltz16
‘ NUC2 1H
PCPD2 100.00 usec
‘ PL2 0.00 dB
| PL12 20.00 dB
L ' o ) Lo " J J.A L " l " TR NN 0 TV Lo o ) PL13 120.00 dB
& ¥ ™ P a k) W w o oy YA N el TR " SFO2 300.1316507 MHz
F2 - Processing parameters
SI 65536
SF 75.4676926 MHz
WDW EM
SSB 0
I I I I I LB 1.00 Hz
GB 0
200 150 100 50 0 pC 0.50

ppm (f1)
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2'” Current Data Parameters
NAME b091008ghaf.675A
EXPNO 2
PROCNO 1
@)
F2 - Acquisition Parameters
> "1 Date_ 20091008
O 1 Time 12.30
h S| INSTRUM spect
_Si O PROBHD 5 mm TBI 1H/31
/ K PULPROG 2930
TD 16384
SOLVENT Tol
12 NS 16
DS 2
B e Maaatas s e Biaiaatas . 5112 475 Hy
3.80 3.70 3.60 3.50 330 320 3.10 3.00 2.90 FIDRES 0.312041 Hz
AQ 1.6024052 sec
ppm (t1) ppm (t1) RG 45.3
DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
———————= CHANNEL fl ========
NUC1 1H
Pl 10.00 usec
PL1 0.00 dB
SFO1 300.1321009 MHz
F2 - Processing parameters
ST 32768
HHHH‘H\HHH‘HHHH\‘HHHH\‘HHHH\‘ \HH\\‘H\HHH‘H\HHH‘\HHHH‘ \‘H\HHH‘H\HHH“HHHH“ SF 300.1300257 MHz
250 240 230 220 1.9001.8501.8001.750 1.350 1.300 1.250 0.950 0.900 ton =
ppm (t1) ppm (t1) ppm (t1) ppm (t1) LB 0.10 Hz
GB 0
L\w pC 1.00
Ly Py s
o= = = = = ©on n =2
a8 8 8 &8 8 DS g =3
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)

38



g g 288 82858878 ¢
" b8 d 2 9 2 2 L E R R M 19 o
o 4\\\1\ 2 R 88 38 2 AF-IJELY 22 9
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Current Data Parameters

NAME b091008ghaf.675A
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20091008

Time 12.10
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zgpg

TD 32768
SOLVENT Tol

NS 1400

DS 4

SWH 21097.047 Hz
FIDRES 0.643831 Hz
AQ 0.7766516 sec
RG 9195.2

DW 23.700 usec
DE 6.00 usec
TE 300.0 K

D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C

Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6

NUC2 1H
PCPD2 100.00 usec
PL2 0.00 dB
PL12 20.00 dB
PL13 120.00 dB
SFO2 300.1316507 MHz
F2 - Processing parameters
SI 65536

SF 75.4676926 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 0.50
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o) O
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(@) 2" .~
/ O.,SI
/SIK 7<
12b H‘\HHH\\‘\H\HH\‘HHHH\‘HHHH\‘HH\H
3.80 370 3.60 350
ppm (t1)
\‘H\HHH‘HH\HH‘\HHHH‘\ HH\HH‘H\H\H\‘\HHHH‘HHH\H‘HH\HH‘H\ \\HHH‘HHH\H‘HH\H
3.350 3.300 2.402.302.202.10 160 150 140 1.30 1.20 1.050 1.000
ppm (t1) ppm (t1) ppm (t1) ppm (t1)
e R P Py L
por n S e =
>3 3 o o533 8'5. =)
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)

Current Data Parameters

NAME b091008ghaf.676A
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20091008
Time 9.32
INSTRUM spect
PROBHD 5 mm TBI 1H/31
PULPROG zg30

TD 16384
SOLVENT Tol

NS 16

DS 2

SWH 5112.475 Hz
FIDRES 0.312041 Hz
AQ 1.6024052 sec
RG 128

DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H

Pl 10.00 usec
PL1 0.00 dB
SFO1 300.1321009 MHz
F2 - Processing parameters
SI 32768

SF 300.1300218 MHz
WDW EM

SSB 0

LB 0.10 Hz
GB 0

PC 1.00
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oM § ¢'7> g ﬂ g 8 3 ‘c,g 8 8 8 % g g Current Data Parameters
< ;] M A DA ON OO M 0 © § NAME b091008ghaf.676A
0 4\\h'" Lo R 583 822858882 9 EXPNO 1
W OH PROCNO 1
N s
, F2 - Acquisition Parameters
) . 2 1" / Date_ 20091008
" Time 7.32
p LZ /S|/ INSTRUM spect
_Si (0] 7< PROBHD 5 mm TBI 1H/31
/ K PULPROG zgpg
TD 32768
SOLVENT Tol
12b NS 2824
DS 4
SWH 21097.047 Hz
FIDRES 0.643831 Hz
AQ 0.7766516 sec
RG 4096
DW 23.700 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
| PL2 0.00 dB
PL12 20.00 dB
PL13 120.00 dB
SFO2 300.1316507 MHz
F2 - Processing parameters
SI 65536
SF 75.4676926 MHz
WDW EM
SSB 0
I I I I I LB 1.00 Hz
GB 0
200 150 100 50 0 pC 0.50

ppm (f1)
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2" Current Data Parameters
\1\ NAME b091002ghaf.664Am
5 EXPNO 2
o] 40 PROCNO 1
o “, F2 - Acquisition Parameters
2 1" Date_ 20091002
01 L // Time 7.59
h _Si INSTRUM spect
__Si 0 PROBHD 5 mm TBI 1H/31
/ PULPROG 2930
K 13 D 16384
SOLVENT Tol
NS 16
DS 2
SWH 5112.475 Hz
FIDRES 0.312041 Hz
AQ 1.6024052 sec
RG 50.8
DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 10.00 usec
PL1 0.00 dB
SFO1 300.1321009 MHz
\HH\H\‘\HHHH‘HH\HH‘\HHHH‘HHHH\‘\HHHH‘HH\ \‘HH\HH‘HHH\H‘HHH\H‘HHHH\‘\HHHH‘H\ HHHH‘HH\HH‘H\HHH‘\HHHH‘
3.900 3.850 3.800 3.750 3.700 3.650 350 340 330 320 3.10 2.700 2.650 2.600 Zi Processing Pangszgers
ppm (t1) ppm (t1) ppm (t1) SF 300.1300100 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
L e L
F=) N = O o w — — —
o o ocw® © o = o n
© o O G © o =) =Y o
N ~ o
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)
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Current Data Parameters

8 8 (=] N~ [+ O Al © 0D = AN
2 S & 2 E & § 2 33 g8z g 8 NAME b091002ghaf.664Am
& 2 i ST BT LB IJLRE 9 EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20091002
Time 7.32
INSTRUM spect
om PROBHD 5 mm TBI 1H/31
PULPROG zgpg
5 1 D 32768
) 4\\‘\\0 SOLVENT Tol
N1 3 NS 1256
by DS 4
o PR SWH 21097.047 Hz
o 1 o // FIDRES 0.643831 Hz
h _Si AQ 0.7766516 sec
__Si (@) 7< RG 9195.2
/ DW 23.700 usec
K 13 DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
| [ ======== CHANNEL f2 ========
CPDPRG2 waltzl6
I [ ‘ NUC2 1H
PCPD2 100.00 usec
| | ‘ | | ‘ PL2 0.00 dB
l | | | WI PL12 20.00 dB
A P TP J A -~ L A o Do et o A Y " PL13 120.00 dB
' ' o " T ' W i SFO2 300.1316507 MHz
F2 - Processing parameters
ST 65536
SF 75.4676926 MHz
WDW EM
SSB 0
‘ ‘ ‘ ‘ ‘ LB 1.00 Hz
GB 0
200 150 100 50 0 pPC 0.50

ppm (f1)
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1a" Current Data Parameters
\1\ NAME b090930ghaf.665Am
5 . o EXPNO 1
> Q S PROCNO 1
>—N1 3
2, F2 - Acquisition Parameters
) 2 1" Date_ 20090930
01 on /./ Time 11.58
/ ol INSTRUM spect
_Si 0 7< PROBHD 5 mm TBI 1H/31
/ PULPROG 2930
K 14 TD 16384
SOLVENT Tol
R L LR A LARRRRRERN AR NS 16
Ds 2
390 380 370 360 350 3.40 SWH 5112.475 Hz
Ppm(“) FIDRES 0.312041 Hz
AQ 1.6024052 sec
RG 50.8
DW 97.800 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 10.00 usec
PL1 0.00 dB
T T T A A B B L Y L SFO1 300.1321009 MHz
2950 2900 2.850 2.500 2.450 2.400 160 150 1.40 1.30 F2 - Processing parameters
ppm (t1) ppm (t1) ppm (t1) ST 32768
SF 300.1300178 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00
Py T b L
oo [ X o o [ - —
© © ©© 2o © © oohy = d | g
® © N oo ~ © RO & 3 o
& S
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1)
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1a u'\) 8 Py N © 0O O r~ ©W O O < [Te) Current Data Parameters
S § i} S EY 88 § 88 8§ § § 8 § 3 NAME b090930ghaf.665Am
o 54\\12"' 2 = p R 83T 82 £ 258 ey EXPNO 3
N \ PROCNO 1
%’\“ 3 N
’, F2 - Acquisition Parameters
@) WE o / Date_ 20090930
" Time 10.25
,O 2 /S|/ INSTRUM spect
_Si ©) 7< PROBHD 5 mm TBI 1H/n31
/ PULPROG zgpg
K 14 D 32768
SOLVENT Tol
NS 2384
DS 4
SWH 21097.047 Hz
FIDRES 0.643831 Hz
AQ 0.7766516 sec
RG 9195.2
DW 23.700 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 20.00 usec
PL1 0.00 dB
SFO1 75.4760204 MHz
======== CHANNEL f2 ========
‘ CPDPRG2 waltzlé
! NUC2 1H
| | PCPD2 100.00 usec
PL2 0.00 dB
\ \ ! Lol | PL12 20.00 dB
) N | ‘ | | N W'“ ~ PLI3 120.00 dB
) ' i - o Rk " v ' SFO02 300.1316507 MHz
F2 - Processing parameters
SI 65536
SF 75.4676926 MHz
WDW EM
SSB 0
LB 1.00 Hz
\ \ \ \ \ B 0
200 150 100 50 0 pC 0.50

ppm (f1)
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,

IEIY 1

,—4 3\\:\C02H
4
(e,
>N~ TCOH

H
(-)-o-Kainic acid (1)

1L

510 500 490 480 470
ppm (t1)

4,100 4.050 3.650 3.600 3.550 3.500 3.450 3.400 3100 3.050 3.000 2.950 2.350 2.300 2.250 2.200 2.150
ppm (t1) ppm (t1) ppm (t1) ppm (t1)
vy y SRR Wy y
= = o = = n =t @
8 8 &8 8 eg B8
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm (t1)

Current Data Parameters

NAME d091009ghaf.677A
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20091009

Time 10.53
INSTRUM spect
PROBHD 5 mm TBI 1H/13
PULPROG zg30

TD 65536
SOLVENT D20

NS 64

DS 2

SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 80.6

DW 55.600 usec
DE 6.00 usec
TE 298.0 K
D1 0.10000000 sec
TDO 8
======== CHANNEL fl ========
NUC1 1H

Pl 12.00 usec
PL1 0.00 dB
SFO1 500.1325006 MHz
F2 - Processing parameters
SI 32768

SF 500.1300381 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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.

I 1

,—4 3\:\\COZH
4
(e
*N\N~ TCOH

H
(-)-o-Kainic acid (1)

179.238
173.586

140.208

113.001

65.882

46340

T~ 45806

41.707
35.680

22,173

Current Data Parameters

200
ppm (f1)

150

100

50

NAME d091009ghaf.677A
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20091009
Time 8.14
INSTRUM spect
PROBHD 5 mm TBI 1H/13
PULPROG zgpg30
TD 163840
SOLVENT D20
NS 2240
DS 4
SWH 31446.541 Hz
FIDRES 0.191934 Hz
AQ 2.6051061 sec
RG 8192
DW 15.900 usec
DE 20.00 usec
TE 298.1 K
D1 1.00000000 sec
dil 0.03000000 sec
DELTA 0.89999998 sec
TDO 128
======== CHANNEL fl ========
NUC1 13C
Pl 11.48 usec
PL1 -1.00 dB
SFO1 125.7716224 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 0.00 dB
PL12 18.00 dB
PL13 21.00 dB
SFO2 500.1320005 MHz
F2 - Processing parameters
SI 65536
SF 125.7577890 MHz
WDW EM
SSB 0
LB 1.00 Hz

I GB 0
PC 1.40
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