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A. Experimental Procedures

General

THF was distilled from Na/benzophenone immediately before use. (S)-Boc-Ala and (S)-Boc-Phe
were purchased from Advanced ChemTech and were used as received. Compounds 1a and 1b were
prepared according to the literature method." Compounds (35)-2a and (35)-3a were prepared in 91
and 67% yield from (S)-Boc-Ala and (S)-Boc-Phe using a modification of Shea’s protocol;
enantiomeric excess of these compounds was assessed by HPLC (Chiralcel AD and OD).

Isopropyl triflate was prepared according to the literature’ immediately before use and was
dispensed as a solution in CCl,. '"H NMR Spectra were recorded at 500 and 400 MHz; the
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corresponding “C NMR resonant frequencies were 125 and 100 MHz respectively. High resolution
mass spectra were recorded under FAB conditions (NBA. PEG); in each case the expected
molecular formula (M+1, *Cl) gave the closest match among all possible formulas.

General procedure for N-alkylation of N-H-1,4-benzodiazepine-2-ones

At 0 °C to a stirred solution of (35)-2a (5.1 mmol, 1.0 equiv.) in dry THF (30.0 mL) was added
NaH (5.7 mmol, 1.12 equiv., 60% suspension in mineral oil) in one portion. The resulting solution
was stirred at 0 °C for 30 min before the dropwise addition of alkyl triflate (15 mmol, 3.0 equiv.).
The reaction mixture was stirred for a further 10 min at 0 °C, at which point TLC (1:5
EtOAc:hexanes) indicated the reaction was complete. The reaction was quenched at 0 °C with 20
ml of saturated aqueous NH,Cl solution, and extracted with CH,Cl, (3 x 30 mL). The combined
extracts were dried over anhydrous Na,SO,, filtered, and concentrated. The crude product was
purified by flash column chromatography on silica gel.

N-i-Pr benzodiazepine 1c¢

The procedure above was followed with 1a (102 mg, 0.376 mmol) in anhydrous THF (2 mL),
HMPA (390 uL, 2.26 mmol), NaH (0.451 mmol), i-PrOTs (241.7 mg, 1.13 mmol). After stirring
overnight, aqueous workup and chromatography (20% EtOAc/Hexane) afforded 65.2 mg (55%) of
1c as a yellow oil.

'"HNMR (CDCL,) & 1.21 (d, J = 7.1 Hz, 3H), 1.50 (d, J = 6.7 Hz, 3H), 3.73 (d, J = 10.5 Hz, 1H),
4.55 (m, J=6.9 Hz, 1H), 4.75 (d, J = 10.5 Hz, 1H), 7.27 (s, 1H), 7.37-7.50 (m, 5H), 7.61 (m, 1H);
C NMR (CDCl,) 6 20.62, 22.39, 51.08, 58.05, 125.23, 128.59, 129.31, 129.55, 130.42, 130.72,
130.76, 132.44, 138.16, 140.72, 168.68, 169.52;

HRMS (FAB) calcd for C,H,;N,OCI [M + H]" 313.1108, found 313.1123 (+4.8 ppm, +1.5 mmu)

N-Me benzodiazepine (35)-2b

The procedure above was followed with (35)-2a (0.12g, 0.42 mmol) in anhydrous THF (2.0 mL),
60% NaH (19 mg, 0.47 mmol) and methy] triflate (58uL, 0.51mmol). Purification with flash
column chromatography on silica gel (1:2 Hexanes/EtOAc) provided 118 mg (94%) of (35)-2b,
which was identical by '"H NMR to the literature material.* Chiral stationary phase HPLC (Chiralcel
AD) indicated 100 %ee.

N-i-Pr benzodiazepine (35)-2¢

The procedure above was followed with (35)-2a (1.44 g, 5.08 mmol ) in anhydrous THF (30.0 ml),
60% NaH (228.0 mg, 5.69 mmol) and isopropy! triflate (2.92 g, 15.2 mmol, solution in 2 mL CCl,).
Purification with flash column chromatography on silica gel (1:5 Hexanes/EtOAc) provided 1.36 g
(82%) of (3S5)-2¢ as a white solid, mp 113.8 -114.9 °C.

'H NMR (CDCL): 6 7.61-7.58 (m, 2H), 7.48-7.35 (m, 5H), 7.25 (s, 1H), 4.55 (septet, J = 6.9 Hz,
1H), 3.67 (q, J = 6.4 Hz, 1H), 1.69 (d, J = 6.4 Hz, 3H), 1.48 (d, /= 6.9 Hz, 3H), 1.20 (d, / = 7.1 Hz,
3H).

C NMR (CDCL,): 8 170.8, 166.6, 140.4, 138.1, 133.0, 130.64, 130.58, 130.3, 129.4, 129.3, 128.6,
125.3,59.7,51.4,22.3,20.7, 17.3.

HRMS calcd. for C,,H,,CIN,O (M+1) 327.1264, found 327.1264.

[a]*'y= +222.7° (¢ = 0.55, CHCl,). Chiral stationary phase HPLC (Chiralcel AD) indicated 100
%oee.
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N-i-Pr Benzodiazepine (35)-3c

The procedure above was followed with (35)-3a (0.683 g, 1.89 mmol) in anhydrous THF (14 mL),
60% NaH (84.7 mg, 2.12 mmol) and isopropyl triflate (1.0921g, 5.68 mmol (neat)). Purification
with flash column chromatography on silica gel (1:4 EtOAc:hexanes) provided 0.439 g (58%) of
(35)-3c as a pale yellow solid, mp 67-69 °C.

'H NMR (CDCL,): 8 7.56-7.15 (several multiplets, 13H), 4.58 (septet, J = 6.9 Hz, 1H), 3.70 (dd, J =
8.2,5.4 Hz, 1H), 3.586 (dd, J = 13.9, 8.2 Hz, 1H), 3.525 (dd, J = 13.9, 5.4 Hz, 1H), 1.56 (s, 3H),
1.47 (d,J=6.7Hz, 3H), 1.19 (d, J = 7.1 Hz, 3H).

C NMR (CDCL,): 169.8, 166.8, 140.2, 139.5, 138.1, 132.7, 130.66, 130.62, 130.4, 129.9, 129.39,
129.33, 128.5, 128.2, 126.1, 125.4, 66.0, 51.5, 37.8, 22.3, 20.6.

HRMS: caled for C,sH,;N,OCl (M+1) 403.1577, found 403.1583 (+1.4 ppm, +0.6 mmu).

[a]*'y= +64.4° (c = 0.5, CHCL,). Chiral stationary phase HPLC (Chiralcel AD) indicated 100 %ee.

General Protocol for the C3-alkylation of 3-alkyl-1,4-benzodiazepine-2-ones.

At =78 °C under nitrogen, to a stirred solution of (35)-2¢ (0.15mmol, 1.0 equiv) and HMPA (0.90
mmol, 6.0 equiv) in anhydrous THF (3.0 mL) was added LDA (0.15 mmol, 1.2 equiv, 1.5 M in
hexanes). After 15 minutes, n-BuLi (0.15 mmol, 1.2 equiv, 2.5 M in hexanes) was added and the
mixture stirred for a further 15 min. The electrophile (1.5 mmol, 10 equiv.) was then added
dropwise via syringe at —78 °C and the reaction was stirred at —78 °C until the starting
benzodiazepine was consumed (TLC). The reaction was quenched at —78 °C by the addition of
saturated aqueous NH,C1 (5.0 mL) and extracted with CH,Cl, (3 x 10 mL). The combined extracts
were dried over anhydrous Na,SO,, filtered, and concentrated. The crude product was purified by
flash column chromatography on silica gel.

N-Me Benzodiazepine benzylation product (+)-4

The procedure above was followed with (35)-2b (44.0 mg, 0.15mmol), HMPA (155 uL, 0.90
mmol), LDA (118 uL, 0.18 mmol, 1.5M in hexanes), n-BuLi (71.0 uL, 0.18 mmol, 2.5M in
hexanes) and benzyl bromide (176.8 uL, 1.5 mmol). The reaction mixture was stirred at —78 °C for
3 h. Purification with flash column chromatography on silica gel (1:5 Hexanes/EtOAc) provided
37.5 mg (72%) of (+)-4 as a colorless oil.

'H NMR (CDCL,) indicated a 56:44 mixture of the axial-Me and equatorial-Me conformers: & 7.6-
7.1 (m, 12H), 6.85 (brd, J = 6.0 Hz, 1H), 3.71 (d, J = 13.5, 1H x 0.56 ax-Me), 3.48 (s, 3H x 0.44
eq-Me), 3.46 (s, 3H x 0.56 ax-Me, overlapping with signal at 3.48), 3.28 (d, J = 13.3, 1H x 0.56 ax-
Me) 2.58 (d, J = 13.5 Hz, 1H x 0.44 eq-Me), 2.52 (d, J = 13.5 Hz, 1H x 0.44 eq-Me), 1.75 (s, 3H x
0.44 eq-Me), 0.79 (s, 3H x 0.56 ax-Me)

*C NMR (CDCl,) was consistent with an approximate 1:1 mixture of axial-Me and equatorial-Me
conformers (35 resonances found for a possible 2 x 20 unique carbons): 173.9, 172.9, 165.5, 164.9,
142.4,139.9, 138.4, 136.6, 132.3, 131.8 (2 partially resolved peaks), 131.7, 131.5, 130.4, 129.9,
129.8, 129.5, 128.9, 128.7, 128.5, 128.33, 128.26, 127.5, 126.7, 126.3, 122.4, 122.2, 67.9, 65.8,
47.7,37.7 (2 partially resolved peaks), 37.5, 28.3, 17.6 ;

HRMS calcd. for C,,H,,CIN,O (M+1) 389.1421, found 389.1419.

Chiral stationary phase HPLC (Chiralcel AD-H) indicated 0 %ee.

(3R)-5 from Ala-derived benzodiazepine (35)-2¢

The general procedure was followed with (35)-2¢ (16.6 mg, 0.05mmol), HMPA (53.4 ul, 0.30
mmol), LDA (41 uL, 0.06 mmol, 1.5M in hexanes), n-BuLi (25 uL, 0.06 mmol, 2.5M in hexanes)
and benzyl bromide (61 uL, 0.50 mmol). The reaction mixture was stirred at =78 °C for 3 h.
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Purification with flash column chromatography on silica gel (1:6 Hexanes/EtOAc) provided 23.7
mg (74%) of (3R)-5 as a colorless oil.

'H NMR (CDCL,) indicated a 55:45 mixture of the axial-Me and equatorial-Me conformers:

0 7.60-7.15 (m, 12H), 6.94-6.86 (m, 1H), 4.62-4.52 (two overlapping septets, 1H), 3.74 (d, J = 13.5
Hz, 1H x 0.55 ax-Me), 3.22 (d, J = 13.5 Hz, 1H x 0.55 ax-Me), 2.54 (d, J = 13.9 Hz, 1H x 0.45 eq-
Me), 2.39 (d, J = 13.8 Hz, 1H x 0.45 eq-Me), 1.71 (s, 3H x 0.45 eq-Me), 1.54 (two overlapping
doublets, J = 6.9 Hz, 6H x 0.45 eq-Me), 1.33 (d, J = 7.1 Hz, 3H x 0.55 ax-Me), 1.29 (d, J = 7.1 Hz,
0.55 ax-Me), 0.72 (s, 3H x 0.55 ax-Me).

'H-"H COSY (CDCl;): Among other correlations, spin-coupling between the following benzylic
protons is evident: 8 3.74 and 3.22; § 2.54 and 2.39.

'H-"H EXSY (CDCl,): EXSY confirms that the two species present in solution interconvert,
consistent with our assignment as (M)- and (P)-conformers. Chemical exchange between the
following equatorial and axial diastereotopic benzylic protons is evident: 0 3.74 and 2.39; § 3.22
and 2.54. Chemical exchange between the accidentally equivalent isopropyl methyls (2) at 0 1.54
with the diastereotopic methyls at 6 1.33 and 1.29 is seen. Finally, chemical exchange between the
equatorial Me at 0 1.71 and the axial Me at 0.72 is also evident. See end of experimental section of
the Supporting Information for determination of exchange rate.

C NMR (CDCl,) was consistent with an approximate 1:1 mixture of axial-Me and equatorial-Me
conformers (44 resonances found for a possible 2 x 22 unique carbons): § 173.4, 172.1, 165.3,
164.9, 140.64, 140.58, 139.77, 139.7, 138.6, 137.0, 134.2, 133.9, 132.3, 131.1, 130.8, 130.43,
130.40, 129.9, 129.77, 129.71, 129.47, 129.45, 129.39, 129.2, 128.5, 128.4, 128.2, 127.5, 126.7,
126.2,124.7, 124.6, 68.5, 66.3, 53.6, 53.3, 47.6, 37.7, 28.5, 22.3, 22.0, 20.8, 20.6, 17.6.

HRMS calcd. for C,;H,(CIN,O (M+1) 417.1734, found 417.1743 (+2.2 ppm, +0.9 mmu).
[a]*,=+31.4° (c = 0.15, CHCl,). Chiral stationary phase HPLC (Chiralcel AD-H) indicated 97
%ee. Conversion to the corresponding quaternary amino acid confirmed (R)-stereochemistry (see
below).

(35)-5 from Phe-derived benzodiazepine (35)-3¢

The general procedure was followed with (35)-3c¢ (50 mg, 0.124 mmol), HMPA (130 uL, 0.745
mmol), LDA (99 uL, 0.149 mmol, 1.5M in hexanes), n-BuLi (60 L, 0.149 mmol, 2.5M in
hexanes) and methyl iodide (77 L, 1.24 mmol). The reaction mixture was stirred at —78 °C for 2.5
hours. Purification with flash column chromatography on silica gel (1:6 EtOAc:hexanes) provided
32.9 mg (64%) of (35)-5 as a pale yellow oil.

Chiral stationary phase HPLC (Chiralcel AD-H) indicated 96 %ee and (35)-stereochemistry
(comparison with (3R)-5 synthesized from (35)-2¢ above).

3R)-6

The general procedure was followed with (35)-2¢ (50.0 mg, 0.15mmol), HMPA (160 uL, 0.90
mmol), LDA (123 uL, 0.18 mmol, 1.5M in hexanes), n-BuLi (74 uL, 0.18 mmol) and 4-
methylbenzyl bromide (284.5 mg, 1.5 mmol). The reaction mixture was stirred at =78 °C for 6 h.
Purification with flash column chromatography on silica gel (1:8 Hexanes/EtOAc) provided 45.0
mg (68%) of (3R)-6 as a colorless oil,

'H NMR (CDCL,) indicated a 53:47 ratio of axial-Me and equatorial-Me conformers: & 7.58 (t, J =
7.1 Hz, 2H), 7.50- 7.06 (unassigned aromatic protons, 8H), 7.01 (d, J = 8.0 Hz, 1H), 6.79 (d, J=8.0
Hz, 1H), 4.60-4.53 (two overlapping septets, 1H), 3.70 (d, J = 13.6 Hz, 1H x 0.53 ax-Me), 3.17 (d, J
=13.5 Hz, 1H x 0.53 ax-Me), 2.49 (d, /= 13.7 Hz, 1H x 0.47 eq-Me), 2.35 (s, 3H x 0.53 ax-Me),
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2.33(d, J=13.7 Hz, 1H x 0.47 eq-Me), 2.28 (s, 3H x 0.47 eq-Me), 1.70 (s, 3H x 0.47 eq-Me), 1.56-
1.52 (m, 6H x 0.53 ax-Me), 1.327 (d, J = 6.8 Hz, 3H x 0.47 eq-Me), 1.289 (d, J = 6.8 Hz, 3H x 0.47
eq-Me), 0.71 (s, 3H x 0.52 ax-Me).

C NMR (CDCl,) was consistent with an approximate 1:1 mixture of conformers (44 resonances
found for a possible 2 x 23 unique carbons): 6 173.4, 172.3, 165.2, 164.8, 140.7, 140.6, 139.8,
139.7,136.2, 135.7, 135.4, 134.3, 133.9, 133.8, 132.1, 131.0, 130.8, 130.4, 129.9, 129.7, 129.6,
129.5,129.4, 129.2, 128.9, 128.5, 128.4, 128.3, 124.7, 124.6, 68.6, 66.3, 53.6, 53.2,47.1, 37.3,
28.4,22.3,22.0,21.2,21.1, 20.7, 20.6, 17.6.

HRMS calcd. for C,;H,,CIN,O (M+1) 431.1890, found 431.1892 (+0.4 ppm, +0.2 mmu).

[a]*'y= +31.2° (c=0.16, CHCL,). Chiral stationary phase HPLC (Chiralcel AD-H) indicated 95
%ee. Stereochemistry assigned as (R)- based on the sign of rotation of the corresponding
quaternary amino acid (see below).

3R)-7

The general procedure was followed with (35)-2¢ (50.0 mg, 0.15mmol), HMPA (160 uL, 0.90
mmol), LDA (123 uL, 0.18 mmol), n-BuLi (74 uL, 0.18 mmol) and 2-phenylbenzyl bromide (284.5
mg, 1.5 mmol). The reaction mixture was stirred at =78 °C for 10 h. Purification with flash column
chromatography on silica gel (1:8 Hexanes/EtOAc) provided 53.0 mg (70%) of (3R)-7 as a colorless
oil.

'H NMR (CDCL,) indicated a 50:50 mixture of axial-Me and equatorial-Me conformers: & 8.11 (dd,
J=1.8,1.2 Hz, IH x 0.5), 7.58-6.99 (unassigned protons, 16.5 H), 4.56 (septet, J = 7.1 Hz, 1H x
0.50), 4.49 (septet, J = 6.9 Hz, 1H x 0.50), 3.68 (d, J = 13.5 Hz, IH x 0.5 ax-Me), 3.63 (d, /= 13.5
Hz, 1H x 0.5 ax-Me) 2.51 (apparent s, actually collapsed AB pattern of benzylic protons of eq-Me
conformer, 2H x 0.5), 1.54 (d, J=6.9 Hz, 3H x 0.5), 1.46 (d, J = 6.7 Hz, 3H x 0.5), 1.40 (s, 3H x
0.5 eq-Me), 1.29 (d,J=7.1 Hz, 3H x 0.5), 1.21 (d, J = 7.1 Hz, 3H x 0.5), 0.33 (s, 3H x 0.50 ax-
Me).

C NMR (CDCl,) was consistent with a 1:1 mixture of conformers (55 resonances found for a
possible 2 x 28 unique carbons): 0 172.8, 172.1, 165.0, 164.5, 144.1, 143.2, 142.8, 141.7, 140.6,
140.5, 139.9, 139.5, 135.9, 134.7, 134.0, 133.9, 133.6, 131.0, 130.7, 130.6, 130.4, 130.3, 130.1,
129.9, 129.8, 129.7, 129.5, 129.4, 129.3, 129.2, 129.1, 128.4, 128.21, 128.19, 128.16, 127.2, 126.9,
126.5, 126.37, 126.30, 126.2, 124.7, 124.6, 69.0, 67.3, 53.5, 53.2, 42.4, 33.6, 28.0, 22.2, 22.0, 20.8,
20.5, 17.2.

HRMS calcd. for C;,H,,CIN,O (M+1) 493.2047, found 493.2051 (+0.9 ppm, +0.4 mmu).
[a]*y=+163.7° (c = 0.14, CHCI,). Chiral stationary phase HPLC (AD-H) indicated 99% ee. The
stereochemistry is assumed to be (R) based on other retentive alkylations.

3R)-8

The general procedure was followed with (35)-2¢ (145.8 mg, 0.45mmol), HMPA (481 ul, 2.69
mmol), LDA (370 uL, 0.54 mmol, 1.5M in hexanes), n-BuLi (221 uL, 0.54 mmol, 2.5M in
hexanes) and allyl bromide (350 uL, 4.5 mmol). The reaction mixture was stirred at —78 °C for 4 h.
Purification with flash column chromatography on silica gel (1:10 Hexanes/EtOAc) provided 124.7
mg (76%) of (3R)-8 as a colorless oil,

'H NMR (CDCL,) indicated a 50:50 mixture of axial-Me and equatorial-Me conformers: & 7.62-
7.55 (m, 2H), 7.48-7.37 (m, 4H), 7.31 (dd, J=8.7, 5.5 Hz, 1H ), 7.19 (dd, J="7.6 Hz, 2.6 Hz, 1H),
6.29-6.20 (m, 1H x 0.5), 5.61-5.52 (m, 1H x 0.5), 5.22 (apparent d, / = 16.3 Hz, 1H x 0.5), 5.17
(apparent d, J = 10.3 Hz, 1H x 0.5), 4.94 (apparent d, J = 10.3 Hz , 1H x 0.5), 4.63 (apparent d, J =
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16.3 Hz , 1H x 0.5), 4.56-4.45 (two overlapping septets, 1H), 3.101 (dd, J=13.9,5.7 Hz, IH x 0.5
ax-Me), 2.737 (dd, J=13.9, 8.3 Hz, 1H x 0.5 ax-Me), 1.93-1.83 (m, 2H x 0.5), 1.83 (s, 3H x 0.5 eq-
Me), 1.510 (d, J =3.5Hz, 3H x 0.5), 1.497 (d, J=3.5 Hz, 3H x 0.5), 1.287 (d, J=7.1 Hz, 3H x 0.5),
1.267 (d,J=7.1 Hz, 3H x 0.5), 0.78 (s, 3H x 0.5 ax-Me).

C NMR (CDCl,) was consistent with a 50:50 mixture of conformers (40 resonances found from 2
x 20 unique carbons): 0 173.1, 172.3, 165.2, 165.0, 140.6, 140.3, 139.6, 139.5, 135.8, 134.1, 133.9,
134.1, 133.9, 132.9, 130.9, 130.8, 130.5, 130.4, 129.8, 129.7, 129.4, 129.34, 129.30, 128.5, 124.8,
124.7,118.3, 118.0, 67.5, 65.8, 53.4, 53.1, 47.3, 37.2, 28.6, 22.2, 22.1, 20.7, 20.6, 18.0.

HRMS calcd. for C,,H,,CIN,O (M+1) 367.1577, found 367.1577.

[a]*,=+ 50.0 (c =0.33 , CHCL,). Chiral stationary phase HPLC (Chiralcel OD) indicated 94 %ee.
The stereochemistry is assumed to be (R) based on other retentive alkylations.

(35)-10 from (35)-3c

The general procedure was followed with (35)-3c¢ (20 mg, 0.0496 mmol), HMPA (52 uL, 0.298
mmol), LDA (40 uL, 0.0595 mmol, 1.5M in hexanes), n-BuLi (24 uL, 0.0595 mmol, 2.5M in
hexanes) and allyl bromide (43 L, 0.496 mmol). The reaction mixture was stirred at =78 °C for 20
minutes. Purification with flash column chromatography on silica gel (1 EtOAc: 8 Hex)

provided 12.1 mg (57%) of (35)-5 as a pale yellow oil.

'H NMR (CDCL,) indicated a 60:40 mixture of conformers: § 7.6-6.96 (several multiplets, 13H),
6.41-6.32 (m, 1H x 0.4), 5.71-5.62 (m, 1H x 0.6), 5.27 (apparent d, / = 10.0 Hz, 1H x 0.4), 5.23
(apparent d, /= 16.3 Hz, 1H x 0.4), 5.01 (dd, J = 10.0, 1.6 Hz, 1H x 0.6), 4.65 (dd, /= 16.8, 1.6 Hz,
1H x 0.6), 4.56 (two overlapped septets, J = 6.9 Hz, 1H), 3.67 (d, J = 14.6 Hz, 1H x 0.6), 3.39 (d, J
=14.6 Hz, 1H x 0.6), 3.03 (complex d, J = 14.7 Hz, 1H x 0.4), 2.69 (dd, J = 14.7, 8.7 Hz, IH x 0.4),
246 (d,J=143Hz,1Hx0.4),2.42 (d,J=143Hz, IHx 0.4), 1.88 (dd, J=15.0, 6.8 Hz, 1H x
0.6), 1.59-1.54 (m, 1H x 0.6), 1.52 (two overlapped doublets, /= 6.9 Hz, 6H x 0.4), 1.30 (d, /=7.0
Hz, 3H x 0.6), 1.285 (d, J = 7.0 Hz, 3H x 0.6).

*C NMR (CDCl,) was consistent with a near 1:1 mixture of conformers (48 resonances found for 2
x 24 unique carbons): 8 171.9, 171.6, 165.0, 164.7, 140.4, 140.0, 139.8, 139.6, 138.5, 136.6, 135.9,
134.1, 133.6, 132.9, 132.3, 130.9, 130.50, 130.48, 130.4, 129.8, 129.7, 129.6, 129.5, 129.4, 129.3,
129.2, 128.43, 128.36, 128.2, 127.5, 126.6, 126.3, 124.74, 124.70, 118.4, 118.2, 70.4, 70.0, 53.4,
53.3,43.2,42.6,34.5,32.5,22.1,21.9, 20.5, 20.4.

HRMS: calcd for C,4H,,N,OCl 443.1890, found 443.1898 (+1.7 ppm, +0.8 mmu).

[a]*'y= +72.1° (c = 0.315, CHCI,). Chiral stationary phase HPLC (Chiralcel AD-H) indicated 86
%ee. The stereochemistry is assumed to be (§) on the basis of other retentive alkylations.

(35)-9: deuteration of enolate derived from (35)-2c

A solution of (35)-2¢ (16.6 mg, 0.05 mmol) and HMPA (53 ul, 0.3 mmol) in anhydrous THF (1.0
mL) was cooled to —78 °C under nitrogen in a dry ice-acetone bath and LDA (41.0 ul , 0.06 mmol,
1.5M in hexanes) was added dropwise via syringe at —78 °C. After the mixture was stirred for 30
min, n-BuLi (25 ul, 0.06 mmol, 2.5M in hexanes) was added and then the reaction mixture was
stirred for 20 min. The enolate was quenched at —78 °C with a mixture of deuteriotrifluoroacetic
acid and deuterium oxide (4 uL of D-OTFA in 200.0 L of D,0). Workup and purification with
flash column chromatography on silica gel (1:5 Hexanes/EtOAc) provided 14.2 mg (85%) of (35)-9
as a pale yellow oil (96%D by 'H NMR).

'H NMR (CDCl,) & 7.62-7.58 (m, 2H), 7.50-7.33 (m, 5H), 7.28-7.25 (m, 1H), 4.56 (septet, J = 6.8
Hz), 1.69 (s, 3H), 1.48 (d, J = 6.9 Hz, 3H), 1.20 (d, /= 7.1 Hz).
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*C NMR (CDCl,) 8 170.8, 166.7, 140.4, 138.1, 133.0, 130.64, 130.59, 130.3, 129.4, 129.3, 128.6,
125.3,59.7 (t, 'Jop = 19.6 Hz), 20.7, 17.1.

FABMS m/z 328.1 (M+1),

[a]*y=+219.2° (c = 0.37, CHCL,). Chiral stationary phase HPLC (Chiralcel AD) indicated 99%ee
and (35)-stereochemistry

General procedure for hydrolysis of N-i-Pr-1,4-benzodiazepine2-ones to the corresponding
quaternary amino acids.

The benzodiazepine to be hydrolyzed (0.1 mmol) was combined with hydrochloric acid (9.0M,
2.0mL) in a pressure tube (Teflon screw cap) and heated at 140 °C (bath temperature) for 3 days.
Water (2.0 mL) was added and then the mixture was extracted with EtOAc (3 x 3mL). The water
layer was separated, concentrated in vacuo and the residue was dissolved in EtOH (2.0 mL).
Propylene oxide (0.3 mL) was added, and the resulting solution was heated at reflux for 30 minutes.
Upon cooling the precipitated solid was collected and washed with ethyl acetate and acetone,
affording the corresponding free amino acid.

(R)-a-methylphenylalanine 11

41.6 mg (0.1 mmol) of (3R)-5 was treated as above to afford 9.0 mg of (R)-o-methylphenylalanine
11 (50%).

'H NMR (d,-DMSO) 8 7.60-7.15 (br m, 7H), 2.79 (d, J = 13.7 Hz, 1H ), 2.51 (d, J = 13.7 Hz, 1H),
1.23 (s, 3H). This spectrum was identical in every aspect to commercial o.-methylphenylalanine.
[a]*y= + 25.6 (c= 1.25, H,0). Acros (S)-o-methylphenylalanine (item# 27543-2500) is
levorotatory: [a]” = -24.8°, (c = 1.25, H,0). We thus assign (R)-stereochemistry to our synthesized
amino acid.

(R)-o-methyl-(4-methylphenyl)alanine 12

33.1 mg (0.77 mmol) of (3R)-6 was treated as above to afford 9.2 mg of a-methyl-(4-
methylphenyl)alanine 12 (62%).

'H NMR (d,-DMSO) 8 7.50-6.80 (br m, 6H), 2.96 (d, J = 13.5 Hz, 1H), 2.73 (d, J = 13.5 Hz, 1H),
2.26 (s, 3H), 1.22 (s, 3H).

HRMS: caled for C,;H;\NO, 194.1181, found 194.1185 (+2.0 ppm, +0.4 mmu).

[a]"p= +16.6° (c= 0.10, H,0).

The optical rotations of the enantiomers of this compound are not known in the literature —we
assigned the (R)-configuration based on the positive sign of the optical rotation, and the structural
similarity with o-methylphenylalanine 11.

Dynamic NMR Studies of 1b,1¢, and 5

NMR probe temperatures were determined by calibration with ethylene glycol. The barriers to
inversion of 1b and 1¢ were determined by achieving coalescence in d,-DMSO on a 400 MHz
spectrometer. 1b : T.(methylene protons) = 117 °C, Av = 316.4 Hz, J = 10.8 Hz, AG* = 18.0
kcal/mol (lit.” 17.6 kcal/mol in ds-pyridine). 1e: T,(i-Pr methyl protons) = 159 °C, Av = 89.4 Hz,
AG*=21.1 kcal/mol. The barrier to inversion in 5 in CDCI3 at 24 °C was determined by EXSY®
(400 MHz), using a mixing time of 1 sec and a relaxation delay of 2 sec. Since the M and P
conformers exist in a nearly 1:1 ratio, we made the simplifying assumption that the M->P and P->M
exchange rates are equal.



B.

The HPLC columns are not thermostatted and as a consequence retention times are subject to day to

Tabulation of HPLC Conditions and Retention Times
Reported retention times are determined from racemic and enantiomerically enriched/pure samples.

day variability (cf. cpds 2¢, 9; 9 is the deuterated analogue of 2c¢).
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compound column

solvent, flow rate

fast enantiomer

slow enantiomer

(config) (config)
retention time retention time
2a AD 10% isopropanol-hexane 11.0 min (3R) 13.9 min (35)
1 mL/min
3a OD 3% isopropanol-hexane 27.4 min (3R) 30.9 min (35)
1 mL/min
2b AD 5% isopropanol-hexane 14.7 min (3R) 16.5 min (35)
1 mL/min
2c AD 1% isopropanol-hexane 16.4 min (3R) 18.2 min (39)
1 mL/min
3c AD 5% isopropanol-hexane 14.7 min (3R) 16.2 min (35)
1 mL/min
4 AD-H 2% isopropanol-hexane 19.4 min 24.4
1 mL/min
5 AD-H 1% isopropanol-hexane 20.2 min (395) 22.6 min (3R)
1 mL/min
6 AD-H 1% isopropanol-hexane 12.8 min (3R) 18.2 min (39)
1 mL/min
7 AD-H 1% isopropanol-hexane 13.6 min 16.4 min
1 mL/min major enantiomer
from (35)-2¢
8 OD 100% hexane 17.9 min 19.1 min
1 mL/min major enantiomer
from (35)-2¢
9 AD 1% isopropanol-hexane 15.8 min (3R) 16.9 min (35)
1 mL/min
10 AD-H 1% isopropanol-hexane 13.3 min 14.3 min

1 mL/min

major enantiomer
from (35)-3c
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C. Computational Details, Absolute Energies, and Cartesian Coordinates for Calculated
Structures

B3LYP/6-31G* equilibrium geometries and ring inversion transition structures of the enolates, and
single point electronic energies (g,) at the B3LYP/6-31+G*//B3LYP/6-31G* level were obtained
using Gaussian 98 (v.A.11). Vibrational frequency analysis was used to identify stationary points
as minima (no imaginary frequencies) or transition states (1 imaginary frequency). Displacement
vectors associated with the sole imaginary frequencies confirmed that the located transition
structures were associated with the ring inversion process. The standard Gaussian 98 statistical
mechanics calculations were used to determine the enthalpic corrections (H,,,,) and total entropy
(S, from the B3ALYP/6-31G* vibrational frequencies and temperature (195 K). The free energy

correction (G,,,,) was obtained from G, = H,,,, —TS,,; relative free energies AG,,; were obtained by
comparing values of (g, + G,,)
R,  structure g, H,.(195K) S, ,(195K) G, (195K) AG,y
(hartrees) (kcal/mol) (cal/molK) (kcal/mol) (kcal/mol)
13b Me equil. -841.643735 176.99 106.25 156.3 0
geometry
ring inv.  -841.624731 176.63 101.80 156.8 12.4
transition
structure
13¢  i-Pr equil. -920.270594 212.51 114.84 190.1 0
geometry
ring inv.  -920.243390 212.30 111.76 190.5 17.5
transition
structure

Coordinates for 13b (B3LYP/6-31G* equilibrium geometry)

HEADER

REMARK 13b B3LYP/6-31G* equilibrium geometry

HETATM 1 cC 1 0.000 0.000 0.000
HETATM 2 C 1 0.000 0.000 1.417
HETATM 3 C 1 1.212 0.000 -0.707
HETATM 4 N 1 -1.249 -0.074 -0.695
HETATM 5 C 1 2.440 -0.045 -0.045
HETATM 6 C 1 1.260 -0.015 2.058
HETATM 7 H 1 1.191 0.006 =-1.792
HETATM 8 C 1 -1.246 -0.724 -1.997
HETATM 9 C 1 -1.243 0.175 2.192
HETATM 10 C 1 -2.084 1.095 -0.638
HETATM 11 cC 1 2.458 -0.052 1.351
HETATM 12 H 1 3.365 -0.075 -0.616
HETATM 13 H 1 1.284 0.008 3.143
HETATM 14 H 1 -0.799 -0.119 -2.801
HETATM 15 N 1 -2.194 1.039 1.838
HETATM 16 C 1 -1.389 -0.417 3.532
HETATM 17 C 1 -2.439 1.611 0.665
HETATM 18 O 1 -2.587 1.519 -1.693
HETATM 19 H 1 -2.279 -0.925 -2.289
HETATM 20 H 1 -0.698 -1.668 -1.913
HETATM 21 H 1 3.404 -0.074 1.890
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CONECT
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CONECT
CONECT
CONECT
CONECT
CONECT
CONECT
END

Coordinates for 13b (B3LYP/6-31G* ring inversion transition structure)
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ring inversion transition structure
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END

Coordinates for 13c (B3LYP/6-31G* equilibrium geometry)
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Coordinates for 13c (B3LYP/6-31G* ring inversion transition structure)
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CONECT 32 29

CONECT 33 14 34 35 36
CONECT 34 33

CONECT 35 33

CONECT 36 33

CONECT 37 17

CONECT 38 27 39 40 41
CONECT 39 38

CONECT 40 38

CONECT 41 38

END
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Report Method: Untitled Printed 5:41:33 PM 6/6/03 Page: 1of1
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Project Name: HONGWU
Reported by User;: JOE
SAMPLE INFORMATION
Sample Name; HWZ-IHP161 Acquired By: HongWu
Sample Type: Unknown Date Acquired: 2/26/03 12:23:29 PM
Vial: 1 Acq. Method: 1%B
Injection #: 1 Date Processed:  2/26/03 12:48:43 PM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 25.00 Minutes Sample Set Name: Hongwu
0.30
] &
0.257 )
| 3
0.20-
] O CH,
p H
] -Pr—
2 015 N N
J
0.1(r: Ph
0.05 ¢ racemic-2¢
0.00: A 7.3 T =
200 400 600 800 1000 1200 1400 1600 1800 2000 2200  24.00
Minutes
RT Area |, Height | %
min) | vesec) | P A8 | (V) | Height
16.444 | 6947419 | 49.90|289950| 52.36
2118.207 | 6975494 | 50.10|263840 | 47.64

Report Method: Untitled

Printed 5:42:59 PM  6/6/03
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Project Name: HONGWU
Reported by User: JOE
SAMPLE INFORMATION
Sample Name: HWZ-i-P109 Acquired By: HongWu
Sample Type: Unknow n Date Acquired: 2/26/03 11:32:02 AM
Vial: 1 Acqg. Method: 1%B
Injection #: 1 Date Processed: 2/26/03 11:57:16 AM
Injection Volume:  10.00 ul Channel Name: 2487Channel 1
Run Time: 25.00 Minutes Sample Set Name: Hongwu
0.070
0.060] 3
0.050
0.040] Q CHs
0407 H
2 ] i-PI'\N *
0.030] N
_ /
0.0201 Ph
o.ow: ol (3S)- 2¢ J
0.000 s x
2.00 4.00 600 800 1000 1200 1400 1600 1800 2000 2200  24.00
Minutes
RT Area |, Height| %
(min) | (vsec) | 2 AT | vy | Height
1118.346 | 1849662 | 100.00 | 68272 | 100.00

Report Method: Untitled

Printed 5:43:20 PM  6/6/03

Page: 1of 1




Project Name: Joe_Chiral

7\ Reported by User: JOE 5 24
SAMPLE INFORMATION
Sample Name: JCD-1+73 Acquired By: JOE
Sample Type: Unknow n Date Acquired: 2/7/03 4:21:48 PM
Vial: 1 Acq. Method: 3% B
injection #: 1 Date Processed: 2/7/03 5:44:12 PM
injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 40.00 Mnutes Sample Set Name:  JOE
o.20 o j
0.18 - ‘
1 \ 5 |
0.16° O CH,Ph |
0.14~ H- H |
] N N a
0.12" y/
2 0.10; Ph ;
0.08 |
—~ 0.06- Ci ‘
0.04 racemic-3a ‘
; ' |
0.02] |
! ;
0.00 i N = X 7.3 1
b T T L R B
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00
Minutes
RT Area |, Height | %
min) | @vsec) | ® A1 (uv) | Height

1|27.205] 9158208 | 49.86| 193589 | 53.77
2131.198| 9209905| 50.14 | 166470 | 46.23

Report Method: Untitled Printed 5:47:24 PM  2/7/03 Page: 1of 1



Project Name;
Reported by User:

Joe_Chiral

JOE

§25 BN 10

SAMPLE INFORMATION
Sample Name: JCD-I-120(6-10) Acquired By: JOE
Sample Type: Unknown Date Acquired: 2/7/03 5:02:03 PM
Vial: 1 Acq. Method: 3% B
injection #: 1 Date Processed: 2/7/03 5:42:20 PM
Injection Volume: 10.00 ui Channel Name: 2487Channel 1
Run Time: 40.00 Minutes Sample Set Name: JOE
0.090" )
. !
[
0.080" §
0.070- H
i H\N *
0.060 N
] /
0.050"
2 ] Ph
0.040
—~ o.osoE? Cl
0.020- (3S)-3a
0.010
0.000- - = x
0.00 500 10.00 15.00 20.00 )2;00‘ 30.00 ‘35loo; o “T4o.oo
Minutes
RT Area |, Height{ %
(min) | (uvsec) | * A (V) | Height
1|31.374| 5110168 | 100.00|89533 | 100.00

Report Method: Untitled

Printed 5:48:34 PM 2/7/03

Page: 1 of 1
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11807 =
1.1343
~0.0058—

4.5914
4.5772"
4.5635
3.6908
3.5786
3.5461
3.5355
2.1673
1.5612
1.5603
1.4820°
1.2039

X : parts per Million

JEOL Y

~—-—— ACQUISITION PARAMETERS —---—-—
Derived from: JCD-IXI-187-06-01-03.1

File Name
Author

Sample ID
Content
Creation Date

Revision Date
Spec Site

Spec Type
Data Format
Dimensions

Dim Title

Dim Size

Dim Units
Field strength
X_acq duration
X_domain
X_freq
X_offset

X _points
X_prescans
X_resolution
X_sweep
Mod_return
Scans
Total_scans

X_90_width
X_acq _time
X_angle

X_pulse

Initial wait
Phase_preset
Relaxation_delay
Unblank_time

JCD-III-187-06-01-03.
carlier

JCD-III-187-06-01-03
Single Pulse Experime
1-JUN-2003 19:19:20

4-JUN-2003 13:53:35
Eclipse+ 500

DELTA_NMR

1D COMPLEX

X

1H

32768

[ppm]
11.7473579(T] (500([MH
4.3646976[s]

1H

500.15991521 [MHz]
5{ppm]

32768

0

0.22911095 [Hz]
7.50750751 [kHz])

1

32

32

11.5[us]
4.3646976(s]
30[deg]
3.83333333[us]
1[s}

3 [us]

1[s]

2 [us}




g27

jed-iii~17-5
pad=2.5 run with findz0 before acquisition

Archive directory: /export/home/robot/vnmrsys/data
Sample directory: jcd-iii-17-5_loc1_2003-05-08

Pulse Sequence: s2pul

Solvent: CDC13
Ambient temperature
File: CARBON_01
INOVA-400 "inova4qo0o0"

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acq. time 1.199 sec
Width 25141.4 Hz

106000 repetitions ;
OBSERVE C13, 100.5654514 MH2
DECOUPLE H1, 399.9438386 MHz
Power 45 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536
Total time 6 hr, 8 min, 2 sec
May 8 2003
VA Tech Chemistry NMR Lab

129.883
SH7—
129.334
77.354
77.240
77-034
76.721

128.494
128.204

=

130.661
126.114
5.358

130.615
130.356

2
22.270

65.956
5§1.475
37.811
20.614

O CH,Ph
H
?VTIZ * N
/

139.458

138.100
132.675

169.800
140.198

166.786

Ph

Cl
(3S)-3c

!

_________ﬂ_____<___~A__H._“a___,__________ﬁ__,~_____ﬂﬂ_______ﬂqd.-___ﬁ<«________d_u_______._M_________ﬂjﬂ.k_qﬂ.‘_____a__“___

220 200 180 160 140 120 100 80 60 40 20 0 ppm




Project Name: Joe_Chiral B r Z e '
Reported by User: JOE S 28

SAMPLE INFORMATION
Sample Name: JCD-I-159-175AD Acquired By: JOE
Sample Type: Unknow n Date Acquired: 4/24/03 12:35:25 PM
Vial; 1 Acq. Method: 5% B
injection #: 1 Date Processed: 4/24/03 1:25:06 PM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 30.00 Minutes Sample Set Name:  JOE
0.25 1 |
, O CH,Ph @
| H
0.20 H
]
0.15
; Ph
2 3
0.10 c|
racemic-3c
0.05 —
[Te] [~ [«2]
5 3 5% J N
i © 5 of2C 2
0.00’J T o AL oy .y .3 -

Lo , ) R L T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00

Minutes
RT Area |, Height | %
(min) | wvrsec) | A2 () | Height

[y

6.975 54925 0.64 5048 1.34
8.654 2833 0.03 2041 0.08
9.970 35070 0.41 2307 | 0.61
10.527 11620 0.14 532( 0.14
10.911 5919 007" 402| o0.11
11.433 6398 0.07 342( 0.09
14.659 | 2340778 27.43; 113126 30.00
16.181| 6046821 70.86 | 253754 | 67.30
19.229 29593 0.35 12701 0.34

Ol N BR]JOIN

Report Method: Untitled Printed 1:25:13 PM  4/24/03 Page: 1of 1



Project Name: Joe_Chiral B
Reported by User:  JOE S 29 r
SAMPLE INFORMATION
Sample Name: JCD-I-159AD Acquired By: JOE
Sample Type: Unknown Date Acquired: 3/28/03 1:28:14 PM
Vial 2 Acq. Method: 5% B
Injection #: 1 Date Processed: 6/9/03 1:38:58 PM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 30.00 Mnutes Sample Set Name: JOE
|
025 O CH,Ph % |
. H I |
, I-Pr\N * \‘
0.20~ N !
/
0.15: Ph |
2 5
< i
o.10; Ci ‘
(3S)-3c ‘
0.05 - 7 |
1 © N :
5 S 85 |
S = J 2 &%
0.00- ) T = - =090 &

200 400 6.00 800 10.00 1200 14.00 16.00

‘ ; T T e
18.00 2000 2200 24.00 26.00 28.00 30.00

RT Area

0,
(min) | (uv*sec) | % Area

6.977| 20358 0.31

10.215( 33601 0.51

10.605 13001 0.20

10.844 15064 0.23

16.255 | 6325619 95.80

19.216| 29933 0.45

20.567 57192 0.87

WIN]|OOJO ]| JOIN] —~

21.073| 108410 1.64

Minutes
Height %

(HV) | Height
1870| 0.67
2252| 0.81
823| 0.30
843| 0.30
266783 | 96.02
1234 0.44
1643| 0.59
2400| 0.86

Report Method: Untitled

Printed 1:39:08 PM  6/9/03 Page: 1of 1
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Project Name; HONGWU
Reported by User: JOE
SAMPLE INFORMATION
Sample Name: HWZ-I-P147-AD-H Acquired By: HongWu
Sarmple Type: Unknow n Date Acquired: 5/2/03 2:25:30 PM
Vial: 1 Acg. Method:; 2%B
Injection #: 1 Date Processed: 6/6/03 5:45:34 PM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 40.00 Minutes Sample Set Name:  Hongwu
0.14
0.12—: ®
o.10~:
0
0.08 CH;
5 CH:~N" W
< 4
0.06 /
i ™
] Ph &
0.04- S
002] Cl racemic-4
0.00‘: — % J — T
0.00 500 1000 15.00 20,00 25.00 3000 35.00 40,00
Minutes
RT Area |, Height | %
(min) | (v*sec) | P81 (V) | Height
1119.439| 4373175| 50.23 | 135999 | 79.50
224373 4332324 | 49.77| 35069 20.50

Report Method: Untitled

Printed 5:45:41 PM  6/6/03

Page: 1 of 1



Project Name: HONGWU
Reported by User:  HongWu
SAMPLE INFORMATION
Sanple Name: HWZ-IV-P18-AD-H Acquired By: HongWu
Sanmple Type: Unknow n Date Acquired: 5/2/03 5:46:07 PM
Vial: 1 Acqg. Method: 2%B
Injection #: 1 Date Processed: 5/2/03 6:32:28 PM
Injection Volume; 10.00 ul Channel Name: 2487Channel 1
Run Time: 35.00 Minutes Sample Set Name: Hongwu
0.227
: ?
0.207] i
J [<n ]
J o™
0.187
0.16]
] 0]
0.147 CH,
0.127 CH;3— '
2 ] 3 N N
< 0.10] ]
o.os—; Ph §
0.06 4 N
0.04—: Cl )
0.02-
000_:\______/\—'\—\/———/\%’ 5~ AW )
000 500 1000  1s00 2000 ‘2500 3000 3500
Minutes
RT Area |, Height | %
min) | (vsec) | P A1 () | Height

1120.150| 7971859 51.69]213123| 79.83
2(24.995| 7450687 { 48.31| 53841} 20.17

Report Method: Untitled Printed 5:01:09 PM 6/8/03 Page: 1 of 1



X

oAl 1od spaed

HTI

(Millions)

0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
o d ey rre i e v v v e e e e b vy Lvv v v vy | A A | PR N S A AR S S S S ST U S S S 00 S S S S A PRI U AR W S S B B
] -
] 3
D
7.5767 ’ i
7.5602S= - .
7.5574 m | o
7.4319 7= - G
741687/ /= L
7.4136 /; ] B
732247/ — |
7.2560" 3 \
6.9070 ~—_° | 13.224823
6.8937 | [
] 0.91224
&
c 4
]
] —
ah :
: Tv
4.5832 )
4.5749 1 (?] <
4.5690 . - (@)
| 1
i ' ~ *
— —
£- W 5 %5
° )
] A =- I
37545~ T )
37275 1 (3, ]
] 0.55296
3.2369~—— | |
321037 ] ]
w | 0.53078
c -
2.5502~_ T
25223 1
2.4027 —
23752 | f j
1 L 087193
N
c -
1.7119——
1.5727—~= 1
15411 1
1.3372 1
1.3015% .
1.2873 ] 2.97293
=
° -
1 \
07211—— | = <
1 F 1.63997 wn
] W
] E=
-0.0022—=] —




Tch-xii-115-2
pad=2.5 run with findz0 before acquisition

Archive directory: /export/home/robot/vamrsys /data
Sample directory: 1ch-xii-115-2_10¢3_2003-06-04

Pulse Seguence: gCOSY

Solvent: CDC13
Ambient temperature
File: gCOSY_01
INOVA-400 "inovad400"

Relax. delay 1.000 sec
Acq. time 0.150 sec
Width 4174.9 Hz

2D Width 4174.9 Hz

2 repetitions

128 increments
OBSERVE H1, 399.9418409 MHz
DATA PROCESSING

Sq. sine bell 0.075 sec
F1 DATA PROCESSING

Sq. sine hell 0.031 sec
FT size 2048 x 2048
Total time 5 min, 20 sec
Jun 4 2003
VA Tech Chemistry NMR Lab

i CH,3
—lv-./z *

(3R)-5
o]

i

§35

L

F1 (ppm)




1ch-xii-115-2
pad=2.5 run with findz0 before acquisition

Archive directory: /export/home/robot/vnmrsys/data
Sample directory: 1ch-xii-115-2_10¢3_2003-06-04

Pulse Sequence: gCOSY

Solvent: CDCI13
Ambient temperature
Fite: gCOSY_01
INOVA-400 "inovad00"

Relax. delay 1.000 sec
Acg. time 0.150 sec
Width 4174.9 Hz

2D Width 4174.9 Hz

2 repetitions

128 increments
OBSERVE H1, 399.9418409 MHz
DATA PROCESSING

S8q. sine bell 0.075 sec
F1 DATA PROCESSING

Sq. sine bell 0.031 sec
FT size 2048 x 2048
Total time 5 min, 20 sec
Jun 4 2003
VA Tech Chemistry NMR Lab

S36

=4

_____4__
3.0 2.5
F1 (ppm)




1ch-xii-115-2

Archive directory: sexport/home/robot/vnmrsys/data
Sample directory:

Pulse Sequence: NOESY

Solvent: CDC13
Ambient temperature

File: NOESY_01
INOVA-400 '"inovad00"
Relax. delay 2.000 sec

Mixing 1.000 sec

Acq. time 0.150 sec

Width 4174.9 Hz

2D Width 4174.9 Hz

4 repetitions

2 % 128 increments
OBSERVE H1, 399.9418406 MHz
DATA PROCESSING

Gauss apodization 0.069 sec
F1 DATA PROCESSING

Gauss apodization 0.028 sec
FT size 2048 x 2048
Total time 55 min, 56 sec
Jun 4 2003
VA Tech Chemistry NMR Lab

CHs
TV—./Z
Ph

(3R)-5
Cl

tch-%xii-115-2_10¢3_2003-06-04-180044

T |

$37

-
n

(ppm

[EEREL IR

w w w w w ~N nN [aM]

' . . . » . . .

(o] (=2} =] n (=] o] (=2} =
IS EEEEE FERRENE NN FRRNE SR RN v byt

vt b [ENNEEETRNRNEE

o
[—]

=

2
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T
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1ch-xii-115-2

Archive directory: /export/home/robot/vnmrsys/data
Sample directory: 1ch-xii-115-2_10c3_2003-06-04-180044

Pulse Sequence: NOESY

Solvent: CDC13
Ambient temperature
File: NOESY_01
INOVA-400 "inovad400"

Relax. detay 2.000 sec
Mixing 1.000 sec

Acqg. time 0.150 sec
width 4174.9 Hz

2D Width 4174.9 Hz

4 repetitions

2 % 128 increments
OBSERVE H1, 399.9418406 MHz

DATA PROCESSING

Gauss apodization 0.069 sec
F1 DATA PROCESSING

Gauss apodization 0.028 sec
FT size 2048 x 2048

Total time 55 min, 56 sec
Jun 4 2003

VA Tech Chemistry NMR Lab

o)
CH,

mlmvﬂlllqa * N

Cl

\ =
T 5

S 38

@

«4_‘ﬁ_<,_«._______.ﬁq._‘__ﬂA_______~______ﬂﬁﬁ__,qn.____._ﬂﬁﬁ_.<<_,<____‘<_

2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 1.0 0.9 0.8 0.7 0.6
F1 (ppm)
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Project Name: Joe_Chiral :
Reported by User:  JOE
SAMPLE INFORMATION
Sample Name: HWZ-i-53 Acquired By: JOE
Sample Type: Unknown Date Acquired: 3/3/03 2:13:25 PM
Vial: 1 Acq. Method: 1% B
Injection #: 1 Date Processed: 3/3/03 4:29:55 PM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time; 120.00 Minutes Sample Set Name: JOE
d ©
0.601 &
- o- ".
N
0.50]
0.401 o
P CH;
_ Pr—
2 0301 N N
] J
0.20—: Ph
0.10] ¢ racemic-5
0.00: —x 7.3 7y

et e B e e O O S e o B e s e S By s B Sy ey By Ry R
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Minutes
RT Area |, Height | %
(min) | (vsec) | 2A™| (i) | Height

-

20.246 | 23102924 | 49.98 | 544191 | 47.29
2(22.571 (23117471 50.02 | 606565 52.71

Report Method: Untitled Printed 5:49:43 PM 6/6/03 Page: 1of 1
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Project Name: Joe_Chiral
Reported by User: JOE
SAMPLE INFORMATION
Sanple Name: HWZ-IIFP89 Acquired By: JOE
Sample Type: Unknow n Date Acquired: 3/3/03 6:28:46 PM
Vial: 1 Acq. Method: 1% B
injection #: 1 Date Processed: 3/4/03 8:34:58 AM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 30.00 Minutes Sample Set Name: Hongwu
0.080-]
0.070
0.0601
0.050—: o
2 0.0407 Pr - CH;3
1 - ~
] N N
0.030 )/
0.0201 Ph
0.0101 (3R)-5 3
1 (o]] S
0.000- T ) I

] BN By By e ey B e B B B ey B S B S M B
200 4.00 6.00 800 10.00 1200 14.00 16.00 18.00 20.00 2200 24.00 26.00 28.00 30.00

Minutes

RT Area |, Height| %
min) | (uvesec) | A8 | vy | Height
1120064 41119| 1.37| 1045 1.26
2|21.829| 2958167 9863 |81767 | 98.74

Report Method: Untitled

Printed 5:50:15 PM  6/6/03

Page: 1 of 1



HI : uonnA dad spamo . &

(Millions)

i

(Il 10.0 20|.0 300 40.0 50].0 60.0 70.0 80.0 90[.0 1000 110.0 120.0 130.0 140.0 15?.0 16]0.0 170.

O DR P R P DTSR E B |

N

6.7952 —_. |
6.7796

0’9
-

o's
S

4.5772
4.5703
4.5635

(18 4
i

37110 —— |
3.6839

3.1947 ——
31677 |

W
e

2.5039~__
2.4760——
23532~ 1
23239—— -
22777 |

1.6987 — ]

1.5484~—
1.5351

13203~ ]
1.2955% 1
1.2818 ;

oy
]

0.7133—— 1

-0.0022~, o |

—0.0036 |

~
1.66109
.

— 139906
( t 0.80756

r

0.92165

W
0.54494 w .=°. CI)
I .
o

0.5493

4D

[

— TIST47
1.35919

posa

3.12548

R
3.83867

—

1.59475

’”71

WS

5.3390.

Q‘WIUDOdS_PIEE I AT~7MH v




x

uoIgAl Jad s3xed

DETL

0 100.0 200.0 30?.0 400.0 500.0 600.0 7()‘0.0 800.0 900.0

PSR IR PO RS SR Lo e v o s v §g s uan PEPRTEIT DTS IR | A S VT S S S T S S S S S S S S S S G R | S PRI SRR

173.4298
172.2624

164.8225

TEWEENEE N

ok

g

(=]

T

-3

b

=
165.2498 — _
—

et

$

=]

o

th

e

=)

o' £dory M 3de AT DT T T— A T="7 AA K

U N

132.1403
130.7821
130.4005
129.6222
129.4849
129.3933
128.8973
128.5158
128.4242
128.2792
124.6012

N SIS NS a

10
N—ig-I
(o)

W TTE SRR T W

9-(He)
y
4O

 HO

77.3598
77.1080
76.8486

68.6075
66.2954

53.5827
53.2241

47.1424

37.2531

28.4473

22.2970
22.0604
20.7480 7‘:
20.5648 ~_—

17.5812

001

0.0841 ——*

M P DA A S

Jroc [12(1] 4 ‘0'05 V 0°09 ' l’OL \I/O'OS
TR PN EET U TR SO RN SN EUEUTY FETEWE TS Wi e
S




Project Name: HONGWU
Reported by User: Hong\Wu

SAMPLE INFORMATION
Sample Name: HWZ-NV-P13-AD-H Acquired By: HongWu
Sample Type: Unknown Date Acquired: 4/25/03 4:49:49 PM
Vial: 1 Acq. Method: 1%B
Injection #: 1 Date Processed: 4/25/03 5:20:04 PM
injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 30.00 Minutes Sanple Set Name: Hongwu
0.121
| CH; o
0.10]
0.08- (0]
_ CH;
2 .06 -Pr—nN N o
‘ J X
] ©
0.04- Ph
0.02] racemic-6
] Cl
0.00- | — = = 7.3 =
A | 1 | [ 0 1 | [ [ T T I T

T B e e B S By B e e ey T
200 400 600 800 1000 1200 1400 16.00 1800 20.00 22.00 24.00 26.00 28.00 30.00

Minutes
RT Area |, Height | %
min) | @v*sec) | P A (i) | Height

—_

12.844 | 3154779 | 50.48|125890| 75.08
2]18.235| 3095214 | 49.52| 41793 | 24.92

Report Method: Untitled Printed 6:02:34 PM  6/6/03 Page: 1 of 1



Project Name: HONGWU
Reported by User:  HongWu

SAMPLE INFORMATION
Sample Name: HWZ-N-P15-AD-H Acquired By: HongWu
Sample Type: Unknow n Date Acquired: 4/25/03 4:00:47 PM
Vial: 1 Acq. Method: 1%B
Injection #: 1 Date Processed:  4/25/03 4:32:16 PM
Injection Volume:  10.00 ul Channel Name: 2487Channel 1
Run Time: 30.00 Minutes Sanple Set Name: Hongwu
i
0.227 CH;
o.zo—; i
0.18]
0.167 0
o14] 1 p " CHs
o NN
] J
2 0 10—:
N Ph
0.08
0.067 (3R)'6
0.04 cl
] &’
0.02] o
] } ©
0.0G: - == > Py .3 =
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 26.00 2800 30.00
Minutes
RT Area |, Height | %
(min) | (vsec) | P A () | Height

12.830 | 5520068 ( 97.59|217745| 99.08
2118.329| 136467 241} 2026| 0.92

Report Method: Untitled Printed 6:03:05 PM  6/6/03 Page: 1of 1
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Project Name: HONGWU
Reported by User: HongWu

SAMPLE INFORMATION
Sample Name: HWZ-NV-P7-AD-H Acquired By: HongWu
Sample Type: Unknown Date Acquired: 4/23/03 3:21:18 PM
Vial 1 Acq. Method: 1%B
Injection #: 1 Date Processed: 4/23/03 8:08:08 PM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 30.00 Minutes Sample Set Name:  Hongwu
0.0457
0.040 %
p 5 4
0.035 Ph
0.030—: o
0.0257 CHs
0.0207] )/ «
] ©
0.0157 Ph
0.010 .
] racémic-7
0.0057
0.000 - 5 =
A oyt

[ Ay T e e B e iy B By B ey S B B
200 400 600 800 1000 12.00 14.00 16.00 1800 20.00 2200 24.00 26.00 28.00 30.00

Minutes
RT Area |, Height| %
(min) | (iv*sec) | °A@| (V) | Height

-

13.646 | 1201065 51.68(43049| 71.93
2|16.350 | 1207204 | 48.32| 16797 | 28.07

Report Method: Untitled Printed 5:52:54 PM 6/6/03 Page: 1of 1



Project Name: HONGWU S 49
Reported by User:  HongWu

SAMPLE INFORMATION

Sample Name: HWZ-N-P11-AD-H Acquired By: HongWu

Sample Type: Unknow n Date Acquired: 4/23/03 5:22:57 PM
Vial: 1 Acq. Method: 1%B

injection #: 1 Date Processed: 4/23/03 6:11:50 PM
Injection Volume: 10.00 ui Channel Name: 2487Channel 1

Run Time: 25.00 Minutes Sanmple Set Name: Hongwu

0.24
0.22]
0.20] :
0.18—2 Ph
o.1e—f
0.14] 0]

012 CH,
i-PI'\N

AU

0.101

0.087
o.os—f Ph
0.04—3 7
o.ozé Cl

0.00-] o

15.691

T T D

e e Sy S Sy B Sy B B I B ey M
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Minutes
RT Area |, Height | %
min) | (ivesec) | P A8 | vy | Height

13.677 | 6756582 | 99.58|230796| 99.25
2(15.691 27898 041 1755( 0.75

Report Method: Untitled Printed 5:54:.01 PM 6/6/03 Page: 1of1
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Project Name: HONGWU
Reported by User: HongWu

SAMPLE

INFORMATION

Sample Name:
Sample Type:
Vial:

Injection #:
Injection Volume:
Run Time:

HWZ-NV-P3-OD
Unknown

1

1

10.00 ul

30.00 Minutes

Acquired By: HongWu

Date Acquired: 4/17/03 6:28:37 PM
Acq. Method: 0%B isopropanol
Date Processed: 4/17/03 6:58:51 PM
Channel Name: 2487Channel 1
Sanple Set Name:  Hongwu

0.201
018]
0.164
0.14—5
o.1z»f
2 o.urf
0.087
o.oeé
o.o4—f

0.02]

CH,
|-Pr\N N
/

Ph

racemic-8

0.00-

———17.962
—18-454-

)

T B o B B B By B B B e B B Bty M R B e
200 4.00 600 800 1000 12.00 1400 16.00 18.00 20.00 22.00

Minutes

RT Area |, Height | %
min) | (vesec) | P A2 () | Height

1] 17.962| 3889478 | 49.94 | 169555 | 46.32
2|19.154| 3898105| 50.06 | 196479 | 53.68

[ ¥ | [ 1 1 I [ [ [ I ' [l
24.00 26.00 28.00 30.00

Report Method: Untitled

Printed 5:56:17 PM  6/6/03

Page: 1 of 1



Project Name: HONGWU $53
Reported by User:  HongWu
SAMPLE INFORMATION
Sample Name: HWZ-N-P5-0OD Acquired By: HongWu
Sample Type: Unknown Date Acquired: 4/17/03 7:22:17 PM
Vial: 1 Acq. Method: 0%B isopropanol
Injection #: 1 Date Processed: 4/17/03 7:52:31 PM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 30.00 Minutes Sample Set Name: Hongwu
0.407 g
0.357
] o
0.30—: CHs3
3 _ *
0.251 -Pr—p N
5> ] J
< 0.201
] Ph
0.154
] 8
0.101 cl
] >
0.05 o~
~ ©
0.00-} —— —x
200 400 600 800 1000 1200 1400 16.00 1800 2000 2200 2400 2600 2800 30.00
Minutes
RT Area |, Height | %
(min) | (v'sec) | A | (V) | Height
18.234| 333203 266| 15034| 3.41
19.424 | 12187607 | 97.34 | 425717 | 96.59

Report Method: Untitled

Printed 5:59:35 PM  6/6/03

Page: 1 of 1
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Project Name: HONGWU S 56 Br
r~ Reported by User: HongWu

SAMPLE INFORMATION
Sample Name: HWZ-IILP169-AD Acquired By: HongWu
Sanple Type: Unknown Date Acquired: 4/3/03 11:57:03 PM
Vial: 1 Acq. Method: 1%B
Injection #: 1 Date Processed: 5/29/03 10:02:58 AM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 25.00 Minutes Sample Set Name: Hognwu
] 2
0.070 53]
] <©
] . 2
0.060
0.050- O D
] CHj
0.040 i-
< J
0.030
; Ph
I 0.020]
] racemic-9
0.0107
0.000 s 5 5

5 e e By B B B By I By ey B Sy Sy B
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00

Minutes
RT Area |, Height| %
(min) | vrsec) | ® A (V) | Height

15.832| 1770834 | 49.35|71374| 52.58
2|16.986| 1817580 | 50.65|64361 | 47.42

Report Method: Untitled Printed 10:03:05 AM 5/29/03 Page: 1 of 1



Project Name: HONGWU
Reported by User: HongWu
SAMPLE INFORMATION
Sample Name: HWZ-IIFP175-AD Acquired By: HongWu
Sample Type: Unknow n Date Acquired: 4/3/03 10:14:39 PM
Viak: 1 Acq. Method: 1%B
Injection #: 1 Date Processed: 4/3/03 10:48:07 PM
Injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 25.00 Minutes Sanple Set Name:  Hongwu
0.080-]
0.070-] %
0.060
; O D
0.050] CH;
] i-Pr *
3 ] N N
2 0.040—: y/
0.030-] Ph
0.020] (35)-9
; (o]
0.0107 %
] ©
3 o
0.000 =zt iy
2.00 400 600 800 1000 1200 1400 1600 1800 20,00 2200 2400
Minutes
RT Area |, Height| %
(min) | (w*sec) | 2 A8 | () | Height
15.887 8982 037 388| 049
2|17.132| 2402732 | 99.63 (78919 99.51

Report Method: Untitled

Printed 10:04:26 AM 5/29/03

Page: 1of1
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X : parts per Million : TH

JEOL &

~~=-— ACQUISITION PARAMETERS ----
Derived from: JCD-III-189-02-21-03.1

File Name
Author

Sample ID
Content
Creation Date

Revision Date
Spec Site

Spec Type
Data Format
Dimensions
Dim Title

Dim Size

Dim Units
Field_strength
X acqg duration
X_domain
X_freq
X_offset
X_points
X_prescans
X_resolution
X_sweep
Mod_return
Scans
Total_scans

X_90_width
X_acq time
X_angle

X pulse
Initial_wait
Phase_preset
Relaxation_delay
Unblank_time

JCD-III-189-02-21-03.
carlier
JCD-III-189-02~21-03
Single Pulse Experime
21-MAY-2003 10:42:28

4-JUN-2003 13:15:32
Eclipse+ 500

DELTA_NMR
1D COMPLEX

X

1H

32768

[pom]

11.7473579(T] (500 [MH
4.3646976[s]

1H

500.15991521[MHz]

5 [ppm]

32768

[}

0.22911095[Hz]
7.50750751 [kHz]

1

32

32

11.5[us]
4.3646976([s8]
30[deg]
3.83333333[us]
1(s]

3 {us]

1(s]

2[us]




jed-iii-177

Archive directory: /export/home/robot/vnmrsys/data

Sample directory:

Pulse Sequence:

Solvent: CDC13
Ambient temperature
File: CARBON_O01
INOVA-400

s2pui

"Tnovad00"

Relax. delay 1.000 sec
Puise 45.0 degrees
Acqg. time 1.139 sec
Width 25141.4 Hz

5000 repetitions

OBSERVE C13, 100.5654514 MHz
DECOUPLE H1, 399.9438386 MHz
Power 45 dB

continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time 8 hr, 4 min,
Apr 29 2003
VA Tech Chemistry NMR Lab

1 sec

jed-11i-177_10¢c3_2003-04-29-180043

H,Ph

o C
FPr—y I CH,CHCH,

N
/

Ph

Cl
10

77.354
272.240
77.034
76.721

=

S59

~
0w
Too 1%
™M 5 ™o ~ 0o
NS En oL
NHo 85 ans N ~
“TAme SO0 Ko JTT oy
@ AMSe SN T L, O N
oo © © A0 e TO QN o~
=R N R Gauo Y- ~hoo
o ‘N MNoo S0 RN NV IR o
o VW L TTg 1HN oA~ W
- e . . T
w Ma | HN2Oommn® - 8T~
© OO - SO0 Egm NN~ * ™
=R Ania ] - - - - © o<
b . - -t ©
.54. = = -
- < o (3] T
~o 8o « ™~ < - N o2
lﬂ -t 1:4.. m N Ny ZW 2244
o . o A
%0 .M oo < oo
‘o o w < .o ~ N
o~ w o <« M
~ < ™
;
1#44__—~—__ﬁu__—_—_——__——4—_____—__4_«__‘_~————_“_,_q—__.—_.——_____——__“______—________<__4_a—_——___—____4———~____4____—____—_
220 200 180 160 140 120 100 80 60 40 20 0 ppm




Project Name:
Reported by User:

Joe_Chiral
JOE

se0 BIe

SAMPLE INFORMATION
Sample Name: JCD-I-177--179AD-H Acquired By: JOE
Sample Type: Unknow n Date Acquired: 4/30/03 4:22:52 PM
Vial; 1 Acq. Method: 1% B
Injection #: 1 Date Processed: 4/30/03 5:37:49 PM
Injection Volume: 10.00 ut Channel Name: 2487Channel 1
Run Time: 25.00 Minutes Sample Set Name:  JOE
0.035' !
N
O CH,Ph T
0.030
o, CH,C
. FPr—y 2CHCH,
0.025" N
| /
0.020- Ph |
2 . |
0.015 :
: Cl
0.010'? 10 ;
0.005" o ‘
5 |
‘ >»
0.000 sy sy ?)i [ Y ‘
2.00 4.00 6.00 8.00 10.00 12,00 14.00 ' 16.(7)077‘ 1800 2000 2200  24.00
Minutes
RT | Area |, , _[Heignt| %
min) | (uv*sec) | * A uv) | Height
11 9.135 10899 058 520| 0.79
2113272 708235| 37.75|30407( 46.21
3]114.280( 1157119 61.57 | 34874 | 53.00
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SAMPLE INFORMATION
Sample Name: JCD-lI-179AD-H Acquired By: JOE
Sanple Type: Unknown Date Acquired: 4/30/03 5:21:44 PM
Vial: 2 Acq. Method: 1% B
Injection #: 1 Date Processed: 4/30/03 5:52:05 PM
injection Volume: 10.00 ul Channel Name: 2487Channel 1
Run Time: 25.00 Minutes Sample Set Name: JOE
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O CH,Ph i |
q ;
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| NN |
0.0251 /
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0.020
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2.00 4.00 6.00 8.00 1000 1200 1400 1600 1800 20,00 2200  24.00
Minutes
RT Area |, Height| %
(min) | (uv*sec) | A [ (v | Height
1| 6.004| 24358 1.85| 3767| 8.87
2| 9.088 14706 1.12| 1173| 2.76
3112439 43734 3.32| 1657 3.90
4113.778| 1197978 91.00| 35261 | 83.05
5|15.736| 35738 271 598| 1.41
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