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Highly Diastereoselective Alkylation of Aziridine-2carboxylate Esters. Enantioselective Synthesi$ o
LFA-1 Antagonist BIRT-377.

Aniruddha P. Patwardhan, Pulgam V. Reddy, Yu ZremgyWilliam D. Wulff *

General Experimental.

All solvents were reagent grade and were distillader argon before use: dichloromethane, toluedebanzene from
calcium hydride; tetrahydrofuran, diethyl ethed dn2-dimethoxyethane from benzophenone ketylrédkctions were performed
under inert argon gas unless otherwise stated. IpRtra were recorded on Varian 300 MHz spectrametsing'H and*C

solvent peaks as an internal reference. Unlesswibe specified, all aziridines were alkylatedaemates.

General procedure for the preparation of racemic azidines catalyzed by BR. Et,0.

To a solution of benzhydralimihén dry dichloromethane under Argon atmosphere adaed BE. ELO (5 mol%) via a
syringe followed by addition of ethyl diazoacetélelequiv.) all at once. The reaction mixture wtged at rt for 18h and was
guenched with de-ionized water and extracted wixh2® mL of dichloromethane. The organic phasesewembined and dried
over anhy. MgSQ filtered and the solvent removed on a rotary evafpr. The crude product was crystallized from51:1

(dichloromethane : pentane) to give pure aziridine.

General Procedure For Alkylation Of Aziridines.

To a flame-dried round-bottomed flask equipped wathmagnetic stir bar and a septa was added 4-mildy
dimethoxyethane, 2 equiv dry diisopropylamine arebivn-butyl lithium at —78°C. Then 1 equiv of the appropriate aziridine
dissolved in a mixture of 1 mL DME and 1 mL dietrsther was transferred to the reaction pot via rnai@. The final
concentration of the aziridine is 0.08 M. Unlesheowise specified, the alkylation reactions weagried out on racemic
aziridines. The color of the reaction turned toamsparent brown. The reaction was stirred at’S7#r 30 min and then 3 equiv
of the electrophile was added via syringe. Thetir@aovas then gradually allowed to reach room tewrmoee under constant
stirring. The reaction was quenched with brine exilacted with 3 x 15 mL ED. The ethereal phases were combined and dried
over anhydrous MgSgQfiltered and the solvent removed on a rotary evajor. The crude product was then purified onlieasi

gel column eluting with a 9:1 mixtures of hexaned athyl acetate.
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Cis-1-(N-1,1-diphenylmethyl)-2-carboxyethyl-2-methylgBenyl aziridine(5a): R=0.5 (9:1 hexanes: EtOAc). Yield 82
%. mp = 112C. *H NMR (300MHz, CDC}) = 0.88 (t, 3H,) = 7 Hz), 1.55 (s, 3H), 2.96 (s, 1H), 3.74-3.97 i), 4.47 (s, 1H),
7.05-7.35 (m, 11 H), 7.47 (d, 2 H), 7.68 (d, 2 HE, NMR (75MHz, CDC}) & = 13.37, 13.83, 50.22, 52.71, 60.50, 70.50, 126.83
126.87, 126.93, 127.30, 127.62, 127.86, 128.39,2436143.33, 143.65, 170.12 (2 aryl C’s not locjté| (thin film) (cm?):
3030, 2980, 2363, 2336, 1705, 1450, 1147; MS (B (@ rel intensity) 372 (M+H)(1), 371 M (4), 266 (12), 265 (19), 168
(22), 167 (100), 165 (48), 152 (24), 105 (18); HREFAB) calcd for GsH,sNO," m/z371.1885, meas 371.1880. Anal calcd for

C, 80.83; H, 6.68; N, 3.77. Found: C, 80.58; 806N, 3.80.

N

Cis-1-(N-1,1-diphenylmethyl)-2-carboxyethyl-2-ocBdphenyl aziriding5b): R=0.57 (9:1 hexanes: EtOAc), oil. Yield
50 %.*H NMR (300 MHz, CDCJ) & = 0.90 (t, 6H), 1.05-1.40 (m, 12 H), 1.6-1.8 (nH), 2.15-2.25 (m, 1 H), 2.95 (s, 1 H), 3.8-
4.0 (m, 2 H), 4.55 (s, 1 H), 7.10-7.38 (m, 12 HR07(d, 2H,J = 6.8 Hz), 7.79 (d, 1H] = 7.7 Hz);**C NMR (75MHz, CDC}) & =
13.83, 14.09, 22.62, 26.91, 28.02, 29.03, 29.1(;1281.79, 50.76, 55.22, 60.26, 69.81, 126.80,846126.93, 127.05, 127.21,
127.63, 127.86, 128.30, 128.37, 136.51, 143.38,6B4369.44; IR (thin film) (cit) 3028, 2926, 2855, 1743, 1454, 1147, 743,
700; MS (EI) m/z (% rel intensity) 470 (M+H) (0.04896 (1), 303 (26), 302 (100), 167 (24), 107 (31m),(24), 79 (15); HRMS

caled for GoHaoNO," (M+H) m/z 470.3053, meas 470.3050.
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Cis-1-(N-1,1-diphenylmethyl)-2-allyl-2-carboxyeth$tphenyl aziriding(5¢): R=0.43 (9:1 hexanes: EtOAc), oil. Yield
61 %."H NMR (300 MHz, CDC}) 5 = 0.95 (t, 3 HJ = 7 Hz), 2.58 (dd, 1 H] = 10.0, 5.4 Hz), 2.92 (dd, 1 H= 8.3, 6.8 Hz), 3.03
(s, 1 H), 3.8-4.0 (m, 2 H), 4.60 (s, 1 H), 4.88,(tidH,J = 9.0, 1.0 Hz), 5.00 (dd, 1 H,= 16.1, 1.0 Hz), 5.35-5.45 (m, 1 H), 7.12-
7.38 (m, 11 H), 7.51 (d, 2 H,= 8.3 Hz), 7.78 (d, 2 H] = 7.6 Hz);**C NMR (75MHz, CDC}) 5 = 13.85, 32.28, 50.87, 54.21,
60.37, 70,16, 117.47, 126.92, 126.95, 127.16, W2727.31, 127.66, 127.97, 128.38, 128.42, 134136,31, 143.29, 143.37,
169.03; IR (thin film) (crit) 3063, 3028, 2980, 1742, 1495, 1125, 1146, 748; 84S (El) m/z (% rel intensity) 230 (70), 167

(31), 131 (100), 91 (24), 77 (8); HRMS (FAB) cafod C,-H,gNO," (M+H) m/z 398.2114, meas 398.2115.

Cis-1-(N-1,1-diphenylmethyl)-2-benzyl-2-carboxyethy3-phenyl aziridine(5d): R=0.35 (9:1 hexanes: EtOAc), oil.
Yield 33 %.'H NMR (500MHz, CDC}) = 0.95 (t, 3H,J =7 Hz), 3.1 (s, 1 H), 3.26 (d, 1 H, J = 15.7 H&R4 (d, 1 H, J = 15.7
Hz), 3.82 (m, 2 H), 4.68 (s, 1 H), 7.0-7.8 (m, 2)) HC NMR (125MHz, CDGJ) & = 13.69, 33.39, 51.20, 54.94, 60.47, 70.11,
126.31, 126.92, 127.05, 127.12, 127.23, 127.61,982128.04, 128.37, 129.33, 129.28, 136.25, 138.88.15, 143.27, 169.63,
(one aryl C not located); IR (thin film) (¢H13063, 3029, 2980, 1742, 1495, 1455, 1142, 748, BB (El) m/z (% rel intensity)
447 (M) (0.04), 386 (1), 280 (100), 206 (18), 167 (2%5119), 91 (61); HRMS calcd forsE,sNO," (M-H) m/z 446.2115,

meas 446.2092.
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Cis-1-(N-1,1-diphenylmethyl)-2-carboxyethyl-2-methoxyimgd-3-phenyl aziriding(5e): R=0.23 (9:1 hexanes: EtOAc).
Yield 63 %.*H NMR (300 MHz, CDCJ) 8 = 0.95 (t, 3 HJ = 7.0 Hz), 3.29 (s, 3 H), 3.38 (s, 1 H), 3.95 &), 4.68 (s, 1 H), 7.1-
7.4 (m, 11 H), 7.52 (d, 2 H, = 7.7 Hz), 7.76 (d, 2 H] = 7.7 Hz); **C NMR (75 MHz, CDCJ) & = 13.79, 48.03, 53.95, 58.36,
60.75, 68.27, 69.02, 126.75, 127.10, 127.22, 1271.28.68, 127.90, 128.27, 128.39, 135.75, 143.88,65; IR (thin film) (crif)
3063, 3029, 2982, 2930, 1746, 1719, 1495, 14532 1180; MS (EI) m/z (% rel intensity) 402 (M+H).19, 306 (8), 234 (100),

167 (40), 131 (18), 91 (28), 77.0 (23), 45 (29)RMS (FAB) calcd for GsH,NO;* (M*) m/z 401.1991, meas 401.1948.

Cis-1-(N-1,1-diphenylmethyl)-2-carboxyethyl-2-(hypa-phenyl-methyl)-3-phenyl aziridingsf): R = 0.4 and 0.25 (9:1
hexanes: EtOAc). Yield 95 %. A mixture of diasterers were produced in a ratio of 0.72 : 1..0 wtichild be readily
separated. The following spectral data was takethe major diastereometH NMR (300 MHz, CDC}) 3= 0.75 (t, 3HJ =7
Hz), 2.82 (d, 1 HJ = 9.6 Hz), 3.64-3.76 (m, 1 H), 3.84-4.00 (m, 1 B9 (s, 1 H), 4.49 (d, 1 H,= 9.9 Hz), 4.65 (s, 1 H), 7.0-
7.75 (m, 20 H)*C NMR (75 MHz, CDC}) & = 13.33, 52.41, 56.54, 61.29, 71.16, 71.76, 125.08.81, 127.22, 127.34, 127.46,
127.68, 127.75, 127.87, 127.96, 128.24, 128.33,4528.35.20, 141.24, 142.66, 142.82, 167.68; IR (itm) (cm™) 3578, 3063,

2082, 1726, 1495, 1453, 1208, 1148, 1028, 700.
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Cis-1-(N-1,1-diphenylmethyl)-2-carboxyethyl-2-(1drpxy-butyl)-3-phenyl  aziridine (5g): R=0.28 and 0.16
(9:1Hexanes: EtOAC). Yield 89 % (combined yieldad.1 : 1 of diastereomers). The diastereomers sagparated on a silica gel
column. The following spectral data was colleaedhe major isomer:*H NMR (300 MHz, CDGJ) 5 = 0.40 (t, 3 HJ = 7 Hz),
0.95-1.50 (m, 7 H), 2.40 (bs, 1 H, OH), 3.18 (4,1 = 9.6 Hz), 3.9-4.2 (m, 3 H), 4.62 (s, 1 H), 7.0-fhd} 11 H), 7.55 (d, 2H]
= 8 Hz), 7.64 (d, 2 HJ = 8 Hz);®*C NMR (75 MHz, CDC}) & = 13.01, 13.86, 18.66, 35.52, 51.85, 54.46, 6178468, 72.44,
127.15, 127.24, 127.37, 127.64, 127.75, 127.83,9227128.17, 128.42, 135.24, 142.67, 143.16, 16882 (thin film) (cm")
3588, 3030, 2961, 2872, 1726, 1454, 1205, 11530,1030; MS (EI) m/z (% rel intensity) 430 (M+H).(@), 386 (1), 356 (3),

262 (100), 167 (38), 162 (23), 91 (39), 71 (L3RMS calcd for GsHzNOs™ (M+H) m/z 430.2376, meas 430.2375

N .Sn(n-Bu)s
Y

Cis-1-(N-1,1-diphenylmethyl)-2-carboxyethyl-2-trigistannanyl-3-phenyl aziridingsh): R=0.5 (9:1 hexanes: EtOAc),
oil. Yield 91 %. This product was isolated frone tkilica gel column with hexanes/ethyl acetatelasne as an inseparable 4 : 1
mixture of isomers. The isomers could be separatedn HPLC silica column with 9 : 1 mixtures ofkames and acetonitrile.
Samples of each isomer could be obtained in puma foy silica gel column chromatography (97 : 3 migt of hexanes and
acetonitrile): R= 0.24 (minor), R= 0.16 (major) (95 : 5 hexanes and acetonitrilé&e following spectral data was collected on
pure samples of each isomer. The minor isomer agaggned as an O-alkylated product on the bas@adifon-tin coupling
constants.

Spectral data faBh: (major)*H NMR (300 MHz, CDCJ) & = 0.70-1.02 (m, 18 H), 1.17-1.30 (m, 6 H), 1.3481(6H, m),
3.12 (s+d, 1 H3Jy.sh = 22.2 Hz), 3.68-4.00 (m, 2 H), 4.03 (s, 1H), 7030 (m, 13 H), 7.78 (d, 2 H, J = 7.50 HZJC NMR (75
MHz) & = 12.29 (s+d+d s, = 331.8, 315.5 Hz), 13.62, 13.98, 27.35 (sdsn = 63.9 Hz), 28.87 (s+dJe.sn = 19.00 Hz),

50.07, 51.34 (s+d+dJ)c.s, = 246, 236 Hz),, 60.02, 75.85 (s+d.,s]= 28.8 Hz), 126.99, 127.07, 127.23, 127.45, 127183.91,
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127.97, 128.50, 128.59, 137.50, 142.81, 143.53,147&+d,%J.s, = 40 Hz); IR (Neat) (cH) 3063, 3028, 2957, 2926, 2872,
28.53, 1726, 1495, 1454, 1300, 1297, 1192, 107801042, 698; MS (FAB) m/z (% rel intensity) 6484H)* (6.5,%Sn), 590
(6.4,™°Sn), 588 (5'Sn), 480 (8), 478 (6), 430 (3), 423 (2.5). 395 &F6 (13), 291 (13), 289 (10), 235 (16), 233 (13 (35),
177 (30), 167 (100).

Spectral data foh: (minor)*H NMR (300 MHz, CDCY) & = 0.44-0.61 (m, 6H), 0.74-0.82 (m, 9 H, t, J =06H&), 0.99-
1.04 (3H, t, J = 7.20Hz), 1.08-1.28 (12H, m), 3(§¥d, 1H,°};.s, = 8 Hz), 3.87-4.02 (m, 2 H), 5.09 (s, 1 H), 7.1197(m, 5 H),
7.21-7.29 (m, 7 H), 7.44-7.54 (t, 3H, J = 7.8 HZAZ NMR (75 MHz)3 = 10.80 (s+d+d-J..s, = 338.6, 323.1 Hz), 13.62, 13.96,
27.39 (s+d2Jc.sn = 63.9 Hz), 28.84 (s+dJc.sn = 18.1 Hz), 47.71, 52.53 (s+tk.s, = 7 Hz), 60.89, 70.03, 126.70, 127.03, 127.11,
127.46, 127.64, 127.89, 128.11, 128.14, 128.40,063943.57, 144.07, 172.96 (s#d.s, = 41 Hz); IR (Neat) (cfh 3028,
2955, 2924, 2870, 28.03, 1707, 1495, 1452, 13297,18213, 1182, 1098, 1028, 754, 700; MS (FAB) (Mzrel intensity) 648
(M+H)* (1.5,%Sn), 590 (27°Sn), 589 (12), 588 (201'Sn), 587 (10), 586 (11), 544 (0.7), 480 (2.3), 4¥P 478 (1.8), 476

(2.8), 430 (1.3), 423 (2). 395(1.4), 393 (1.1), 88p 291 (8), 257 (6), 235 (11), 233 (9), 167 (100

Cis-1-(N-1,1-diphenylmethyl)-2-carboxyethyl-2-melt83¢napthyl aziriding5i): R=0.31 (9:1 hexanes: EtOAc). Yield 70
%. *H NMR (300 MHz, CDCJ) 8 = 0.88 (t, 3 HJ = 7.1 Hz), 1.64 (s, 3 H), 3.17 (s, 1 H), 3.55-3(85 2 H), 4.60 (s, 1 H), 7.12-
7.84 (m, 17 H);*3C NMR (75 MHz, CDC)) & = 13.76, 14.08, 50.92, 53.22, 60.78, 70.83, 125.85.81, 125.97, 126.46, 127.14,
127.23, 127.43, 127.54, 127.78, 128.05, 128.13,6528.28.67, 132.99, 133.25, 134.19, 143.57, 143.8@.36; IR (thin film)
(cm™®) 3061, 2980(s), 1740(s), 1453(s), 1148(s), 703k4% (EI) m/z (% rel intensity) 422 (M+H) (0.14)2% (M") (0.4), 348 (1),
254 (100), 181 (75), 180 (81), 167 (39), 165 (2B (20), 139 (38), 129 (32); HRMS: calcd forl,;;NO," (M*) m/z 421.2042,

meas 421.2030.
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Cis-1-(N-1,1-diphenylmethyl)-2-carboxyethyl-2-mel3¢(4-biphenyl) aziridine(5j): R=0.32 (9:1 hexanes: EtOAc).
Yield 64 %. Solid.*H NMR (300 MHz, CDCJ) &= 0.95 (t, 3 H,J = 7.1 Hz), 1.60 (s, 3 H), 3.09 (s, 1 H), 3.95 f), 4.58 (s, 1
H), 7.1-7.6 (m, 17 H), 7.75 (d, 2 H)}:*C NMR (75 MHz, CDCJ) & = 13.36, 13.85, 50.35, 52.47, 60.56, 70.49, 126125.85,
126.91, 127.03, 127.29, 127.72, 127.84, 128.42,6412835.40, 139.75, 140.94, 143.29, 143.61, 17@0&yl C’s not located);
IR (thin film) (cm®) 3061, 3029 (s), 1742 (s), 1489 (s), 1150 (s); MI3 (% rel intensity) 447 (k) (0.03), 374 (0.7), 281 (100),

206 (32), 165 (35), 155 (12), 76 (7); HRMS (FABJad for GiHsoNO," (M+H) m/z 448.2271, meas 448.2275.

Cis-1-(N-1,1-diphenylmethyl)-2-carboxyethyl-3-cybkxyl-2-methyl aziridine(5l): R=0.37 (15:1 hexanes: EtOAc).
Yield 70 %. Waxy solid.*H NMR (300 MHz, CDCJ) & = 0.84-1.16 (m, 6 H), 1.30 (t, 3 H= 7 Hz), 1.40 (s, 3 H), 1.48-1.68 (m,
6 H), 4.14-4.37 (m, 2 H), 4.19 (s, 1 H), 7.16-7(88 8 H), 7.61 (d, 2 HJ = 6.5 Hz); *C NMR (75 MHz, CDC}) & = 13.53,
14.32, 25.44, 25.61, 26.15, 30.15, 30.37, 37.77274657.08, 60.72, 70.87, 126.59, 126.92, 127.28,21, 128.79, 143.64,
171.82; IR (thin film) (crit) 2980, 2930, 2851, 1742, 1719, 1451, 1146, 708 (HI) m/z (% rel intensity) 378 (M+H) (0.06),
377 (M) (0.03), 304 (1), 294 (1), 211 (15), 210 (100)7 180), 116 (57), 95 (53), 88 (19), 67 (22); HRKEScd for GsHz,NO,"

(M+H) m/z 378.2428, meas 378.2452.
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Cis-1-(N-1,1-diphenylmethyl)-3tért-butyl)-2-carboxyethyl-2-methoxymethyl-aziridin®m): R; = 0.31 (15:1 hexanes:
EtOAcC). Yield 66 %. Oil.*H NMR (300 MHz, CDCJ) 8 = 0.64 (s, 9 H), 1.37 (t, 3 H,= 7.0 Hz), 1.85 (s, 1 H), 3.18 (s, m3 H),
3.57 (d, 1 HJ = 11.3 Hz), 3.91 (d, 1 Hl = 11.5 Hz), 4.22 (m, 2 H), 4.34 (s, 1 H), 7.1667(8, 6 H), 7.44 (d, 2 H] = 7.7 Hz),
7.80 (d, 2 HJ = 7.7 Hz); *C NMR (75 MHz, CDCJ) & = 13.97, 26.91, 31.39, 49.97, 56.25, 58.28, 606969, 70.21, 126.43,
126.97, 127.17, 127.87, 128.20, 128.57, 1432.50,294 170.49; IR (thin film) (cf) 2953, 2870, 1747, 1719, 1453, 1152, 1115,
702; MS (El) m/z (% rel intensity) 382 (M+H) (0)0&881 (M) (0.03), 380 (M-H) (0.09), 308 (2), 292 (2), 214 (100), 167 (86),
165 (62), 152 (35), 108 (19), 98 (13), 69 (12); MiRcalcd for GHz,NOs" (M+H) m/z 382.2377, meas 382.2383.

The synthesis and attempted alkylation of aziridine.

Ph Ph

e H
N Pd(OH),/C, H, N
()/L\COZB MeOH. 25 9C. 5 h UL\ CO,Et
23 24 95 %

Synthesis of aziridine 24:  To an oven-dried 500 mL round bottom flaslefilwith argon was added aziridi@&” (2.50
g, 6.89 mmol) and 800 mg Pd(QO¥g, followed by 250 mL of MeOH. The flask was Iiifeexposed to high-vacuum and then
back-filled with hydrogen. This was repeated thtieges and then a hydrogen gas ballon was attatthéde flask and the
suspension was stirred for five hours at room teatpee. After the reaction finished, the solutioasiltered to remove the Pd
catalyst and concentratéd vacuo. Silica gel chromatography (50:50,8thexane to 100 % &D) afforded24 (1.291 g, 95 %
yield) as white solid. Spectral data2# [a]p = -45.4 € = 1.0, CHCJ); *H NMR (300 MHz, CDC}) & 0.77 (br, 1 H), 0.99-1.20
(m, 6 H), 1.13 (t, 3 H, J = 7.1 Hz), 1.30-1.82 @), 2.48 (d, 1 H, J = 5.8 Hz), 4.07 (q, 2 H, 7. Hz);**C NMR (75 MHz,
CDCl,) 6 14.20, 25.44, 26.05, 30.89, 31.67, 34.31, 36.96)2 61.12, 171.04 (one carbon not located); (FzMZDg) 6 14.20,
25.87, 26.44, 31.38, 31.97, 34.45, 37.33, 44.48%0L71.30 (one carbon not located); IR (thin ¥ilB165w, 2924vs, 2849s,
1730vs, 1194s, 1180s &m mass spectrumm/z (% rel intensity) 197 M (4), 168 (32), 124 (100), 95 (84). Anal calcd for
C1HiNOy: C, 66.97; H, 9.71; N, 7.10. Found: C, 66.98; 330; N, 7.08. White solid, mp 59-6C, R = 0.16 (1:4

EtOAc/hexane)
17



Ph

H r

N 1) NaH N
UACOZE'[ 2) BnBr UACOZH

24 985 %

Synthesis of N-benzyl aziridine 9: To an oven-dried 250mL flask filled with argaas added aziridin24 (1.291 g, 6.55
mmol), 80 mL dry THF. The solution was stirred &€ 0and NaH (943 mg of 60% dispersion, 23.58 mmol} wdded. The
mixture was stirred at°Q for 1 hour, then benzyl bromide (4.48 g, 26.19afyrand tetrabutyl ammonium iodide (4.94 g, 13.10
mmol) was added. The mixture was stirred % fbr 15 minutes, then warmed up to room tempegadund stirred for 48 hours.
The reaction was quenched by adding 1 mD Nia syringe dropwisely, followed by addition d 5L saturated NECI solution.
The mixture was loaded to separatory funnel, aricheted with 3x 60 mL EtO. The combined organic layer was washed with
brine, dried over MgS§) concentratedh vacuo. Silica gel chromatography (1:10 EtOAc/hexaneprféd9 (1.605 g, 85% yield)
as white solid. Spectral data @f[a]p = 47.3 € = 1.0, CHC}); *H NMR (300 MHz, CDC}) 5 0.92 (dq, 2H, J = 11, 3 Hz), 1.04-
1.71 (m, 10H), 1.22 (t, 3H, J = 7 Hz), 2.10 (d, 2+ 7 Hz), 3.51 (d, 2H, J = 4 Hz), 4.17 (m, 2HR377.29 (m, 5H)**C NMR
(75 MHz, CDC}) &6 14.21, 25.38, 25.49, 26.11, 30.04, 31.30, 36.293} 51.94, 60.73, 64.22, 127.18, 128.22, 128133,71,
169.84:: IR (thin film, crit) 2926 vs, 2851 s, 1745 vs, 1720 s, 1178 vs; Mpastsimm/z (% rel intensity) 287 M(7), 286 (7),

214 (51), 91 (100); Anal calcd for;§,5NO,: C, 75.22; H, 8.77; N, 4.87. Found: C, 75.63; H,19 N, 4.75; White solid, mp 39-

r i Ph. O
j Et
1) LDA, -78° N o
CO,Et 2) Mel X \
OH
9 10 3%

42°C, Rf = 0.27 (1:9 EtOAc/hexane).

Attempted alkylation of 9:  To a flame-dried 100 mL flask cooled under arg@s added diisopropylamine (449 mg, 4.5
mmol), followed by 25 mL DME. The solution was cedlto -78 C, thenn-BuLi (2.8 mL, 4.5 mmol) was added via syringe. The
LDA solution was stirred at -?& for 5 min, then warmed up t6 0 and stirred for 15 min. After cooling to 78, a solution of
pre-cooled (-78° C) aziridin® (800 mg, 2.7 mmol) in 15 mL DME and 8 mL,Btwas transferred via cannula to the flask
containing LDA gaving a light brown solution. Aftefirring at -78C for 30 min, iodomethane (950 mg, 6.7 mmol) wadeakvia

syringe. The solution was then stirred at®-Z8for 1 h, then allowed to warm up to room tempeeatslowly over 2h before
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guenching with saturated NaHg®olution. The mixture was extracted witk 300 mL E$O and the combined organic solution
was dried over MgSgand concentrateith vacuo. Silica gel chromatography (1:15 mixutre of CH2@Exane) afforded0 (30
mg, 3% yield) as the only product that was mobite silica gel. Spectral data df0: Colorless needle, mp = 119-£20
(CH,Cl,/hexane); R= 0.26 (1:15 EtOAc/hexane)*H NMR (300 MHz, CDCJ) & 1.14-1.77 (m, 9 H), 1.23 (t, 3 H, J = 6.9 Hz),
2.43(tt, 1 H, J = 1.6 Hz, J < 1 Hz), 4.18 (q, 2K 6.9 Hz), 5.3 (s, 2 H), 5.7 (s, 1H), 6.88 (#,2) = 7.5 Hz), 7.19-7.29 (M, 5 H);
%C NMR (75 MHz, CDCJ) & 14.26, 25.82, 26.35, 33.26, 35.57, 47.87, 59.6220] 94.04, 104.72, 125.37, 126.86, 128.51,
139.12, 146.83 (one carbon not located); IR (ftin, cm™) 2928 vs, 1647vs, 1559vs; Mass spectroin(% rel intensity) 327
M* (100), 281 (46), 91 (38). Anal calcd forg3,sNOs: C, 73.37; H, 7.70; N, 4.28. Found: C, 72.99; H487 N, 4.49.
Crystallization ofl0 was achieved by dissolving 30 mgXifin ~0.2 mL of CHCI, and transferred to a NMR tube and then the
CH,CI, solution was covered with 1 mL of hexane. Aftaeaveek needle-like crystal was grown in the tule@n X-ray crystal

structure was obtained.

Synthesis and Alkylaltion of aziridine 112

OH O
OH O 1) Et;N, CH,Cl,
o o™
+NHq 2) Ph,CHCI HNYPh
- Cl Ph
25 26 52 %

Synthesis of N-benzhydryl L-serine ester 26: To a 25 mL Schlenk flask filled with argon was add_-serine ethyl ester
hydrochloride25 (1.2 g, 7.1 mmol) (purchased from Aldrich), follesby 12 mL CHGl The suspension was stirred at@
Triethylamine (1.72 g, 16.8 mmol) was added viangg. Then benzhydryl chloride (1.01 g, 4.86 mmas added via syringe
drop-wise over 10 minutes. The flask was then sealeder argon and heated to reflux for 3 days. terA€ooling room
temperature, the reaction mixture was quenchedsaithrated aqueous ammonium chloride solution atrdated with 3x 30 mL
CH.CI,. The organic solution was dried over MgS&hd concentrateish vacuo. Silica gel chromatography (1:3 EtOAc/hexane)
afforded26 (756 mg, 52 % vyield) as a colorless oil. Spedatedh of26: Colorless oil, R= 0.24 (1:3 EtOAc/hexanel]p = -44.1
(c=1.6, CHCY); *H NMR (300 MHz, CDCJ) 81.26 (t, 3H, J = 7.1 Hz), 2.65 (s, 2 H, br), 3(89 1 H), 3.63-3.77 (m, 2 H), 4.19
(0, 2 H, J = 7.1 Hz), 4.94 (s, 1 H), 7.22-7.43 (1®,H); **C NMR (75 MHz, CDCJ) 5 14.15, 60.40, 61.13, 63.12, 65.23, 127.23,

127.29, 127.50, 128.53, 142.21, 143.53, 173.15 éxybcarbon not located); IR (thin film, cM3420vs, 1725vs, 1190vs; mass
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spectrummv/z (% rel intensity) 300 (M+1)(<1), 226 (17), 182 (80), 167 (100). Anal calod €;gH,NOs: C, 72.22; H, 7.07; N,

4.68. Found: C, 72.10; H, 7.04; N, 4.77.

OH O
Ph_ _Ph
N
HN\l/Ph DMAP, Et;N / '\ .COLEt
Ph
26 (S)-11 83 %

Synthesis of (29-aziridine 11: To a schlenk flask filled with argon was addedh&hzhydryl serine est@6 (756 mg, 2.53
mmol) and 40 mL chloroform, followed by 4-(dimethgino)pyridine (32 mg, 0.27 mmol) and triethyl ami(614 mg, 6.07
mmol). The solution was cooled t§ O. Methanesulfonic anhydride (681 mg, 3.79 mmolbkimL chloroform was added via
syringe drop-wise over 30 minutes. The solution stased at OC for 1 h, then allowed to reach room temperatuna finally
heated to reflux for 44 h. The solution was allowedool to room temperature and then quenchedwétier. The mixture was
extracted with 3x 50 mL CHCl, and the combined organic layer was dried over Mg&t@ concentrateih vacuo. Silica gel
chromatography (1:9 EtOAc/hexane) afford&y-11(588 mg, 83 % yield) as a white solid. Spectathdf (S)11: White solid,
mp = 93-95°C, R = 0.24 (1:9 EtOAc/hexane)d NMR (300 MHz, CDCJ) 8 1.23 (t, 3H, J = 7.1 Hz), 1.82 (d, 1 H, J = 63 H
2.23(dd, 1 H, J = 6.3, 3.0 Hz), 2.29 (d, 1 H,2.&Hz), 3.6 (s, 1 H), 4.19 (g, 2 H, J = 7.1 HzP0F7.42 (m, 10 H)*C NMR (75
MHz, CDCk) & 14.12, 34.73, 38.26, 60.97, 77.76, 127.07, 12719G,36, 127.60, 128.41, 142.41, 142.44, 170.52 @yl
carbon not located); IR (thin film, ¢ 1728vs, 1186vs; mass spectroviz (% rel intensity) 281 M(1), 280 (11), 252 (38), 167
(100), 165 (70). Anal calcd for,6H:0NO,: C, 76.84; H, 6.81; N, 4.98. Found: C, 76.92; 816 N, 4.60. The optical purity by
HPLC of aziridine(S)-11 was found to be 88 % by using a Chiralpak AD caluwith the following conditions: 221nm, 0.5
mL/min, 99.6:0.4 mixture of hexane and 2-propafial= 31.44 min for major isomer angl+ 37.48 for minor isomer): optical

rotation p]p = -84.5 € = 1.0, CHC}).

OH O
OH O Ph._ _Ph
1) Et3N, CH,CI MsCl
K_)J\O/\ ) EtgN, CHzClz K;)J\O/\ \N(
+NH, 2) Ph,CHCI HNYPh DMAP, Et;N A
-cl Ph CO,Et
27 28 51 % (R)-11 90 %

Synthesis of (2-R)-aziridine 11: Aziridine (R)}11 was prepared from D-serine ethyl ester hydroctio®7 (purchased

from Senn Chemicals) according to the procedurd dige the synthesis of aziridings)-11 The optical purity by HPLC of
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aziridine (R)-11 was found to be 94 % ee by using a Chiralpak ADiroa with the following conditions: 221nm, 0.5 mlifm
99.6:0.4 mixture of hexane and 2-propan@.<(t31.44 min for minor isomer and £ 37.48 for major isomer). Optical rotation:

[a]o = +95.5 € = 1.0, CHCJ).

Ph\rPh
Ph.__Ph
N Ph.  Ph Ph.__Ph
/ \ ..COEt he \Nr h
N
Sp11 N + _COEt
/ \_..CO,Et
88 % ee Mel 2
i-Pr),NLi o
(-Pr)z DME/Et,0
18oC (S)-12 26 % 29 47 %
30 min 76 %ee

Alkylation of aziridine (S)-11 with methyl iodide:  To a flame-dried 100 mL flask cooled under argors maded
diisopropylamine (627 mg, 6.2 mmol), followed by 8®& DME. The solution was cooled to °a8, thenn-BuLi (3.85 mL, 6.2
mmol) was added via syringe. The LDA solution whisexd at -78 C for 5 min, then warmed up td G and stirred for 15 min
then cooled down to -7&. A solution of aziridingS)-11 (847 mg, 3.03 mmol, 88 % ee) in 22 mL DME and 11 BEt,O was
also cooled to -78C and transferred via cannula to the flask comaihiDA gaving a light brown solution. After stirdrat -78 C
for 30 min, iodomethane (1.31 g, 9.2 mmol) was ddda syringe. The solution was then stirred at® @&or 1 h and then
allowed to warm up to room temperature slowly o2éen before quenching with saturated NaHQ®lution. The mixture was
extracted with 3x 100 mL EtO and then the combined organic solution was driedt MgSQ and concentrateish vacuo. Silica
gel chromatography (1:15 to 1:5 EtOAc/hexane) a#ar(S)-12 (200 mg, 26 % yield) as a colorless oil &®(367 mg, 47 %
yield) as a white solid. Spectral data(8-12 Colorless oil, R= 0.29 (1:15 EtOAc/hexanel], = -35.4 € = 2.13, CHC)); *H
NMR (300 MHz, CDCJ)) (2:1 ratio of N-invertomers) major N-invertomér0.93 (t, 3 H, J = 6.9 Hz), 1.52 (s, 3 H), 2.011($]),
2.44 (s, 1 H), 3.90 (m, 2 H), 4.66 (s, 1 H), 7.1807(m, 10 H); minor N-invertometd NMR (300 MHz, CDC}) 1.29 (t, 3 H, J =
6.9 Hz), 1.42 (s, 3 H), 4.66 (m, 2 H), other prosignals were obscured by major inverom&C NMR of major invertomer (75
MHz, CDCk) & 13.62, 20.33, 39.59, 41.26, 60.90, 69.17, 126.28,00, 127.10, 127.67, 128.04, 128.33, 143.20,614370.29;
Upon heating the samplg-tbluene to 11%C, the two invertomers emergeétt NMR 300 Mhz (g-toluene)d 0.83 (t, J = 6.8 Hz),
1.38 (s, 3 H), 1.60 (s, 1 H), 2.32 (s, 1 H), 3.812H, J = 6.8 Hz), 7.05-7.44 (m, 10 H); IR (tfilm, cm}) 2980 s, 1720 vs, 1176
vs; mass spectrumvz (% rel intensity) 295 M(2), 294 (11), 266 (32), 180 (55), 167 (100). Acalcd for GgH,:NO,: C, 77.26;
H, 7.17; N, 4.74. Found:C, 77.11; H, 7.21; N, 4.7The optical purity by HPLC of aziriding)-12was found to be 76 % by
using a Chiracel OD-H column with the following clitions: 254 nm, 0.6 mL/min, 99.5:0.5 mixture okhae and 2-propanolz(t
= 5.52 min for major isomer and + 6.63 for minor isomer). Spectral data2& mp = 52-56°C (decomposed), ;R 0.28 (1:5

EtOAc/Hexane),d]o = 17.9 € = 1.0, CHCY); *H NMR (300 MHz, CDCJ) 50.96 (t, 3 H, J = 7.3 Hz), 1.88 (d, 1 H, J =83,
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1.98 (s, 1 H), 2.41 (d, 1 H), 2.42 (s, 1 H), 2.88,(1 H, J = 6.3, 2.9 Hz), 3.64 (s, 1 H), 3.99 2nt), 4.51 (s, 1 H), 7.22-7.50 (m,
20 H); *C NMR (75 MHz, CDC}) & 13.51, 37.60, 39.01, 40.41, 51.84, 61.73, 69.8314] 127.19, 127.21, 127.28, 127.40,
127.42, 128.28, 128.34, 128.36, 128.44, 142.17,404242.55, 142.60, 165.88, 199.73 (three anbaramot located); IR (thin
film, cm™): 3028 s, 1720 vs; mass spectrovz (% rel intensity) 516 M+ (<1), 349 (8), 248 (3157 (100), 165 (100), HRMS
calcd for G4H33N,O5 (M+H) m/z 517.2491, meas 517.2495(FAB). Anal ddtor C;4H3,N,Os: C, 79.04; H, 6.24; N, 5.42. Found:

C, 78.82; H, 6.10; N, 5.38;

Ph. PP
Ph Ph
N Ph Ph Y Ph\rph
N N
(R)-11 COEt N + CoEt N
94 % ee Mel A\'“CH3
(i'Pr)zN Li COzEt o)
DME/EL,0
aee (R)-12 15 % 30 74 %
30 min 81 % ee

Alkylation of aziridine (R)-11 with methyl iodide: To a flame-dried 100 mL flask cooled under argors vealded
diisopropylamine (314 mg, 3.1 mmol), followed by i DME. The solution was cooled to “#8, thenn-BuLi (1.93 mL, 3.1
mmol) was added via syringe. The LDA solution wirses] at -78C for 5 min, then warmed up t8 0 and stirred for 15 min and
finally cooled to -78C. The solution of aziridingR)-11 (423 mg, 1.51 mmol) in 11 mL DME and 5 mL@&twas also cooled to -
78 C and transferred via cannula to the flask contginiDA giving a light brown solution. After stirrinat -78 C for 30 min,
iodomethane (642 mg, 4.6 mmol) was added via sgrifipe solution was then stirred at*T8for 1 h, then allowed to warm up
to room temperature slowly over 2 h before querghith saturated NaHCsolution. The mixture was extracted with«3.00
mL Et,O and the combined organic solution was dried dg80, and concentrateich vacuo. Silica gel chromatography (1:15 to
1:5 EtOAc/hexane) afforded JH2 (65 mg, 15 % yield) as colorless oil aBd (290 mg, 74 % vyield) as white solid. The optical

purity by HPLC of aziridingR)-12 was found to be 81% with the same method as destabove fo(S)-12

PhYPh
Ph_ _Ph
N Ph\rPh h Ph\rPh
N N

(R)-11  CO2Et N + CoEt N

94 % ee Mel A\‘“CHa

(i-Pr),NLi CO,Et 0

DME/Et,0

.78°C (R)-12 29 % 30 44 %

2 min 73 % ee
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Alkylation of aziridine (R)-11 with methyl iodide (short enolate formation time).  To a flame-dried 100 mL flask cooled
under argon was added diisopropylamine (314 mgn8rbl), followed by 16 mL DME. The solution was tetto -78 C, then
n-BuLi (1.93 mL, 3.1 mmol) was added via syringeeTHDA solution was stirred at -78 for 5 min, then warmed up t6 0 and
stirred for 15 min finally cooled to -7&. The solution of aziridineR)-11 (423 mg, 1.51 mmol) in 11 mL DME and 5 mL@t
was also cooled to -7& and transferred via cannula to the flask contgihniDA gaving a light brown solution. After sting at -
78 C for 2 min, iodomethane (642 mg, 4.6 mmol) wasealddia syringe. The solution was then stirred & & for 1 h, then
allowed to warm up to room temperature slowly o2éen before quenching with saturated NaHQ®Ilution. The mixture was

extracted with 3« 100 mL E$O and the combined organic solution was dried dg80, and concentrateich vacuo. Silica gel

Ph\rPh
Ph Ph
{NE Ph\rPh Y Ph\(Ph
N

(R)-11 COsEt N + CoEt N

94 % ee Mel A\“‘”CH3

(i-PP),NLi CO,E o

DME/Et,0

. (R)-12 29 % 30 48 %

30 min 78 % ee

chromatography (1:15 to 1:5 EtOAc/hexane) affor(lRd12 (128 mg, 29 % yield) as a colorless oil 88177 mg, 44 % vyield)

as a white solid. The optical purity d®)-12 was found to be 73% ee by HPLC by the method destabove fo(S)-12

Alkylation of aziridine (R)-11 with methyl iodide (slow addition of aziridine (R)-11).  To a flame-dried 100 mL flask
cooled under argon was added diisopropylamine (8d43.1 mmol), followed by 16 mL DME. The solutiaras cooled to -78
C, thenn-BuLi (1.93 mL, 3.1 mmol) was added via syringeeTtDA solution was stirred at -7€ for 5 min, then warmed up to
0°C and stirred for 15 min then cooled down to®Z8The solution of aziridineR)-11 (423 mg, 1.51 mmol) in 11 mL DME and
5 mL EO was added via syringe pump through & &8ooling coil to the flask containing LDA over @ finute period gaving
a light brown solution. After the addition was fihied the enolate solution was stirred af &&r 30 min and then iodomethane
(642 mg, 4.6 mmol) was added via syringe. The &olutvas then stirred at -7& for 1 h, then allowed to warm up to room
temperature slowly over 2 h before quenching wéttusated NaHC®@solution. The mixture was extracted withx 300 mL E$O
and the combined organic solution was dried ovelS@gand concentrateth vacuo. Silica gel chromatography (1:15 to 1:5
EtOAc/hexane) affordedR)-12 (130 mg, 29 % yield) as a colorless oil 8188 mg, 48 % yield) as a white solid. The optical

purity of (R)-12 was found to be 78 % ee by HPLC by the methodribest above fo(S)-12
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Ph Ph

N on ph Ph\rPh Ph\rph

Y

A N
(R)-11  CO2Et N + coEt N
94 9% ce 2) EtOH A\

(i-Pr),NLi CO,Et o
DME/Et,0 RY11 14 9 .
. (R)- 0 30 73%
20 min 47 % ee
Deprotonation/protonation of aziridine (R)-11. To a flame-dried 100 mL flask cooled under argors veaded

diisopropylamine (314 mg, 3.1 mmol), followed by & DME. The solution was cooled to °a8, thenn-BuLi (1.93 mL, 3.1
mmol) was added via syringe. The LDA solution whisexd at -78 C for 5 min, then warmed up t§ G and stirred for 15 min
then finally cooled to -78C. A solution of aziridineR)-11 (423 mg, 1.51 mmol) in 11 mL DME and 5 mL,@twas also cooled
to -78 C and transferred via cannula to the flask comaihiDA gaving a light brown solution. After stirgrat -78 C for 20 min,
ethanol (348 mg, 7.55 mmol) was added via syrifige. solution was then stirred at °TBfor 1 h, then allowed to warm up t& 0
C slowly over 2 h before quenching with saturatetHSQ; solution. The mixture was extracted with3.00 mL E$O and the
combined organic solution was dried over MgSé&nd concentratedn vacuo. Silica gel chromatography (1:15 to 1:5
EtOAc/hexane) affordedR()-11 (60 mg, 14 % yield) as a colorless oil a@ (285 mg, 73 % yield) as a white solid. HPLC
analysis ofR)-11 indicated its optical purity was 47 % ee as désttiabove. Optical rotation of recover&-L1 [a]p = +45.0

(c= 1.0, CHCY)

Synthesis of Benzhydryl Imine 18.

" O MgsO, ‘
o 4
H,N CH,Clp =N
Br 2 O g
Br
.

1 18 92 %

To a magnetically stirred solution of diphenylamimethane (4.575 g, 25 mmol) in dichloromethane (&) was added
MgSQ, (4.5 g). After stirring for 10 mirp-bromobenzaldehyd#&7 (4.625 g, 45 mmol) in dichloromethane (5 mL) wddged to

the mixture over a 2 minute period. After stirrifay 24 h at rt, the reaction mixture was filterbdough filter paper and the
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MgSO, was washed with dichloromethane (20 mL). The dosbfiltrates were concentratedviacuo to yield p-bromophenyl
benzhydraliminel8 as a colorless solid. Crude product was takemn9:1 mixture of hexanes and dicholormethanen(h)
and heated on hot plate until all was dissolvetie 3olution was allowed to cool on the bench togriaight. The crystals were
collected and subjected to a second crystallizafe® mL of hexanes and dichloromethane) to givee parystalline p-
bromophenyl benzhydralimine (8.02 g, 92 %), whichsvdried under high vacuum and stored in a dessic&pectral data for
18 H NMR (500 MMz, CDC}) & = 5.23 (s, 1 H), 7.15-7.35 (m, 10 H), 7.47 (d, 2)H 7 Hz), 7.64 (d, 2 H, J = 7 Hz), 8.28 (s, 1

H).

Catalytic asymmetric aziridination of p-bromophenyl benzhydral imine 18 with S-VAPOL catayst prepared from
B(OPh)s.

1 mol% ?h Bh.
~. BN i)s-vAPOL/B(OPh); N NH

N
CCly, 55 °C, 1h CO,Et
g ! -~ COEt H(Ph))\/ 2
Br (H)Ph
Br

vacuum, 55 °C, 30min
18 i) EDA, CCly, RT, 24h 3d 31

87 % (94 % ee)

The following procedure for the preparation of #zéridine3d is taken from the published methbdlo a flame-dried 25
mL Schlenk flask equipped with a stir bar and €illeith argon was added S-VAPOL (0.054 g, 0.10 mp®{PPh} (0.087 g, 0.3
mmol) and dry dichloromethane (3 mL). The flasksvilashed with argon and closed with a stoppere flésk was placed in a
pre-heated oil bath at 8& and the catalyst mixture was stirred for 1 he Tlask was allowed cool to room temperature aed th
the volatiles were removed under vacuum rt and theger high vacuum (0.5 mm Hg) for 30 min with egtat 55°C. The
catalyst was dissolved in 2 x 1 mL portions of carltetrachloride and transferred by syringe to latem of p-bromophenyl
benzhydral iminel8 (0.698 g, 2 mmol) in 2 mL of dichloromethane ahd tesulting solution was stirred for 10 min. Hthy
diazoacetate (0.23 mL, 2.2 mmol) was then addedlyapfter stirring 5-10 min some bubbling was eid and then stirring was
continued at rt for 24 h. The reaction mixture veilsited with hexanes (3 mL) and the solvents wemoved by rotary
evaporator to give the crude aziridiBd as a solid, which was dried under high vacuumHAMR spectrum was taken to
measure the ratio of diastereomers. The crudeuptodlas subjected to column chromatography onasifel (hexanes/ ethyl
acetate 95 : 5) to give 0.68 g of puis-aziridine 3d (78 % vyield) which was found to be 94 % ee by HAWCa published
method® The spectral data f@d match that published for this compouhd.

The purecis-aziridine (0.68 g) was dissolved in hot hexanes @dichloromethane (75 mL of hexanes and few drdps o

CH,CI,) and allowed to cool on the bench top for 2 holl€gtion of this first crop gaved as cotton like needles oifs-aziridine
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(0.488 g, 72 %) which was found to be > 99 % eegapration of the solvents from the mother liquavegis-aziridine of 68 %

ee.

Methylation of aziridine 3d.

Bh DIPA (2equiv.)/ Bh
N n-BuLi (2equiv.) N .
DME + Ether (5 : 1), N
CO,Et . CO,Et
Br Mel (3equiv.), -78 °C Br
3d 5k
>99% ee >09% ee
86% yield

A flame dried 25 mL round-bottomed flask was eqeippvith a stir bar and a septa pierced with anraigiet needle.
The flask was charged with dry ethylene glycol dimgeether (DME) (7 mL), dry diethyl ether (2 mihd dry diisopropylamine
(DIPA) (0.28 mL, 2 mmol) at —7&. To this solution was addeeBuLi (0.8 mL, 2.5 M in hexanes) and after 5 miririgine 3d
(0.436 g, 1 mmol in 3 mL of DME) was added. Thécof the reaction immediately turned brown. Af8® min methyl iodide
(0.187 mL, 3 mmol) was added via syringe and tlaetien was continued to stir as the temperature gradually raised to rt.
The reaction mixture was quenched with saturatémeb{25 mL) and extracted with diethyl ether (2xt%). The combined
organic layers were dried over anhydh,8@, filtered and solvents removed on rotary evaporaldne crude product was purified
by silica gel column chromatography (10 % ethyltatzein hexanes) to give pure methylated pro8kc0.388 g, 86 % yield, R
0.38 (10 % ethyl acetate in hexanes), white solid=nl28 — C. The enantiomeric excess of >99 % ee was ditedby
HPLC on a Chiralcel OD-H column (9 : 1 hexane®r-OH ; 1 mL / min).g (R,R, major) = 6.56 ming{S,S, minor) = 5.26 min.
Spectral data fobk: *H NMR (300 MHz, CDC}) 3= 0.99 (t, 3 H, J = 7.0 Hz), 1.57 (s, 3 H), 2.951H), 3.78-3.99 (m, 2 H), 4.51
(s, 1 H), 7.16 — 7.39 (m, 10 H), 7.22 (d, 2 H, 8.8 Hz), 7.49 (d, 2 H, J = 6.8 Hz}*C NMR (75 MHz, CDC}J) & = 13.31, 13.91,
50.49, 51.92, 60.67, 70.36, 120.87, 126.80, 126122.09, 127.37, 127.77, 128.42, 129.08, 130.78,283 143.08, 143.32,
169.76; IR (thin film) 3028, 2980, 2936, 1741, 072489, 1452, 1149, 1012, 744, 702'cnmass spectrum (FAB) m/z (% rel
intensity) 451 M (21,%Br), 449 M (27,°Br), 373 (6,'Br), 371 (5,"Br), 284 (12), 283 (7G''Br), 282 (11), 281 (70,Br), 168
(45), 167 (100), 165 (30). Anal Calcd fogs8,.BrNO,: C, 66.67; H, 5.37; N, 3.11. Found: C, 66.925H0; N, 3.06. d]*p:

+690’( c=1,in CHzClz)
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Reductive cleavage of aziridine 5k with triflic acil / borane- trimethyl amine complex!

Bh Triflic acid /
N o BH3 . MegN COE
CO,Et NH
CH,Cl,, 0 °C to RT, Br Bh
Br 36 h
5k 19
>99 % ee >99 % ee

87% yield

To a cold solution (GC) of aziridine5k (0.3 g, 0.67 mmol, >99 % ee) in dry dichloromethéh mL) in a 10 mL round-
bottomed flask was added a solution of B#e;N complex (0.741 g, 8.04 mmol) in 2 mL dry dichlorethane. Triflic acid (177
pL, 2.01 mmol) was added drop-wise via syringe oweo minutes and the reaction mixture was contintedstir as the
temperature was gradually raised to ambient. Afh, the reaction mixture was cooled foC0and an additional portion of
triflic acid (177pL, 2.01 mmol) was added. The final dose of triflidd (177uL, 2.01 mmol) was added after an additional 12 h
and the resulting solution was stirred at 0° Cifdrh. The reaction mixture was quenched with gatlaHCQ (5 mL) and after
stirring for 15 min was extracted with dichloromestie (3x10 mL). The combined organic extracts wieied over anhyd NSO,
and concentrated on a rotary evaporator. The guumiuct was subjected to silica gel column chrogephy (5 % ethyl acetate
in hexanes) to give the pure prod@ét(R; = 0.44 in 10 % ethyl acetate in hexanes) as a(262 mg, 87 % yield) along with 24
mg of the starting material {R 0.36 in 10 % ethyl acetate in hexanes). Thetwraeric excess was determined to be > 99 % ee
by HPLC on a Chiralcel OD-H column (9 : 1 hexane®f-OH ; 1 mL / min): 4 (R, major) = 5.70 mingt(S, minor) = 6.36 min.
The retention time of the S-enantiomerl®fwas determined on material obtained from the reaaif 5k that was only 92 % ee.
Spectral data fot9: *H NMR (300 MHz, CDC}) 5= 1.07 (s, 3 H), 1.18 (t, 3 H, J = 7.2 Hz), 2.871 H, -NH-), 2.89 (d, 1 H, J =
13.2 Hz), 2.94 (d, 1 H, J = 13.2 Hz), 4.03 (dq, 2JH 7.1, 2.1 Hz), 4.87 (s, 1 H), 7.07 (d, 2 H; 8.1 Hz), 7.30-7.19 (m, 8 H),
7.45-7.38 (m, 4 H);*C NMR (75 MHz, CDC)) & = 14.09, 21.63, 46.64, 60.78, 63.07, 63.83, 120128.57, 126.91, 127.17,
127.41, 128.15, 128.49, 131.02, 132.09, 135.47,1743.45.58, 175.83; IR (Neat) 3344, 3063, 303842 2939, 2867, 1725,
1599, 1489, 1452, 1404, 1379, 1182, 1111, 10722,1044, 702 cth. MS (FAB) m/z (% rel intensity) 454 (M+H)20, 8'Br),
452 (M+H) (25, Br), 433 (10), 419 (35), 391 (30), 380 (30), 378)(280 (100), 168 (80), 167 (100), 149 (100), 84)( 57
(62). Anal Calcd for gH,BrNO,: C, 66.37; H, 5.79; N, 3.10. Found: C, 66.39;5:86; N, 3.04. HRMS (FAB) Calcd for

CosHa7 "BINO, (M+H)* m/z 452.1225neas 452.1216.0]%: -39.( ¢ = 1,in CH,C,).
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Reductive cleavage of aziridine 5k with trifluoroaetic acid / borane- trimethyl amine complex.

OH
N BH3 . MesN /©/>/cozEt _COuEt
\ “NH +
/()/L\COZB CH,Cl,, 0°Cto RT, pr Bh . /©/>/'}‘H
r
Br 36h Bh
5k 19 22
92 % ee

This reaction was carried out with the proceduescdbed above for the ring cleavage with triflicida/ borane-
trimethylamine complex except that trifluoroacetaid (TFA) was substituted for triflic acid. Réaa with 4 equiv TFA and 12
equiv of borane-trimethylamine complex gave 90 %wverssion and a 6.3 : 1 ratio of the desired prodi9cand the undesired
hydroxy-opened produ@2. With 4 equiv of TFA and 4 equiv of borane-tritmgamine compleX9 and22 were obtained in a 1:2
ratio in 100 % conversion. Spectral dataZ@r Oil. *H NMR (300 MHz, CDC}) 5= 0.97 (s, 3 H), 1.14 (t, 3H, J = 7.2 Hz), 2.79
(brs, 1 H, -NH-), 3.88 (br s, 1 H, OH), 3.97 (¢H2J = 7.2 Hz), 4.78 (s, 1 H), 4.93 (s, 1H), 7-38.19 (m, 10 H), 7.39 (d, 2H, J =
7.5 Hz), 7.46 (d, 2 H, J = 8.4 Hz)°C NMR (125 MHz, CDG)) 5 = 13.94, 15.10, 61.15, 62.44, 67.46, 77.47, 121178.82,
126.92, 127.25, 127.57, 128.31, 128.61, 129.16,8P3037.44, 143.91, 144.42, 174.94; IR (Neat)383@r), 3064, 3026, 2984,
1716, 1597, 1488, 1450, 1383, 1234, 1176, 11092,10610, 912, 839, 744, 702 ¢m MS (FAB) m/z (% rel intensity) 480
(M+H) (7, 8'Br), 468 (7,”Br), 396 (2,Br), 394 (2,°Br), 282 (15), 167 (100). Anal Calcd fopsH,6BrNO,: HRMS (FAB)
Calcd for GsH,BrNO; (M+H) m/z 468.1174, meas 468.1173a]¥p = -21.6 (¢ = 1.0, EtOH ) taken on material that was

prepared from a sample 5k that was 92 % ee.

Reductive cleavage of aziridine 5k with trifluoroaetic acid / ESiH.

Bh
g CFaCOH / Et;SiH OH

_COzEt CO,Et
K “ + “,
M Ot CHyCh 0°C 1o RT, Brmg‘:j ©/>/'I“H
Br
Br

36h Bh
5k 19 22

To a solution of aziridin&k (0.056 g, 0.125 mmol) in dry dichloromethane (3 riiLa 10 mL round-bottomed flask was
added EfSiH (19 §iL, 1.25 mmol). The mixture was cooled t8® and then TFA (1QiL, 0.125 mmol) was added via syringe

and then reaction mixture was allowed to graduadlg to rt with stirring. After 12 h, the reactiomxture was quenched with a
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few drops of sat ag NaHGOAfter stirring for 10 min, the reaction mixture wesuted with water (10 mL) and extracted with
dichloromethane (2x10 mL). The combined organitaexs were dried over NaO, and concentrated on rotary evaporator. The
crude product was subjected to silica gel colunmomiatography (5 to 10 % ethyl acetate in hexaregjve a small amount of

the desired produd (Rf = 0.44 in 10 % ethyl acetate in hexanes) as aangilthe hydroxy-opened prod@& (R = 0.28 in 10 %

ethyl acetate in hexanes) as the major product.

Deprotection of benzhydral group to give the aminaster 20.

CO,Et ) . CO,Et
TFA | Et3SiH (3equiv.) +
NH NH;
Br Br

Bh reflux, 5h
19 20 31

>99 % ee
yield 95 %

To a solution ofL9 (0.214 g, 0.47 mmol) in trifluoroacetic acid (5 jnkas added BBiH (0.224 mL, 1.41 mmol) and the
resulting solution refluxed for 5 h. The reactimixture was cooled to rt and the excess triflucetiacacid was removed under
reduced pressure. The crude reaction mixture Wated with dichloromethane (5 mL), exposed toaaiNaHCQ (3 mL) for 10
min, extracted with dichloromethane (3x10 mL), driver anhyd N#&O, and concentrated on a rotary evaporator. Theuesi
was loaded onto a silica gel column and eluted f¥iigh with 10 % ethyl acetate in hexanes to giyjghdnylmethane3l) (0.074
g, 94 %) and then with 10 % MeOH in gEN to give pure amino est®0 as a solid: 0.124 g, 95 % vyield, mp 43¢
Enantiomeric excess was determined to be > 99 %y é#PLC on a Chiralcel OD-H column (9 : 1 of hexanePr-OH ; 1 mL /
min); t (S, minor) = 6.52 minigt(R, major) = 5.22 min. Spectral data & *H NMR (300 MHz, CDC}) = 1.28 (t, 3 H, J =
7.2 Hz), 1.41 (s, 3 H), 2.1-2.4 (bs, 2 H, -\H.80 (d, 1 H, J = 13.2 Hz), 3.10 (d, 1 H, d, 33:2 Hz), 4.16 (q, 2 H, J = 7.2 Hz),
7.07 (d, 2 H, J = 8.1 Hz), 7.41 (d, 2 H, J = 8.);HZC NMR (75 MHz, CDCJ) & = 14.11, 26.18, 45.81, 58.56, 61.25, 121.00,
131.34, 131.69, 135.31, 176.30; IR (Neat) 3372132980, 2932, 2870, 1728, 1593, 1489, 1451, 14863, 1196, 1113, 1072,
1012, 846, 788 cih MS (FAB) m/z (% rel intensity) 288 (M+F1Y99, ®Br), 286 (100,°Br), 214 (50%'Br), 212 (50,"°Br), 154
(15), 149 (10), 133 (15), 117 (60), 116 (50), 95)(F9 (40), 57 (45), 55 (45);0]* . +6.2 (¢ = 1,in C;HsOH). HRMS (FAB)

calcd for GoHi6 "BrNO, (M+H)* m/z 286.0443, meas 286.0439.
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Synthesis of BIRT — 377 (21).

O Cl
CO,Et 3, 5-d|chlor0phenyl isocyanate \)(
/©/>/ (1.1equiv.) N
NH HN
Br 2 Br %
e} Cl
32

DMSO, Na,COs3,

20 120 °C, 1.5h
o) cl
DMF, NaHMDS (1.2equiv.) /@/MNQ
Mel (1.2equiv.), RT, 2h Br /N«O ol

21 >99%ee
yield 76 %

To a stirred solution amino acd (0.114 g, 0.42 mmol) in dry DMSO (1.5 mL) was adi@5-dichlorophenylisocyante
(0.086 g, 0.46 mmol) at rt and resulting mixturesveirred for 1.5 h. To this was added,Gi@; (0.118 g, 0.84 mmol) and
reaction mixture was heated at P20for 1.5 h. The reaction mixture was cooled tand diluted with ethyl acetate (10 mL). The
mixture was washed with water (2x5 mL) and brine5(fhL) and the dried over anhyd }$£. The mixture was concentrated on
a rotary evaporator and dried under high vacuumive the product as a solid which was subjectedetd step without further
purification.

The crude product was dissolved in dry DMF (1.5 ptdated with NaHMDS (0.5 mL, 1 M in THF) and thetirred for
20 min at rt. Methyl iodide (3fiL, 0.5 mmol) was added and stirred for 2 h affitte reaction was quenched with ice-c old water
(2 mL) and diluted with ethyl acetate (10 mL). Tdrganic layer was separated and washed with & (0 mL), dried over
anhyd NaSO, and concentrated on rotary evaporator. The cpudéuct was purified by silica gel column chrongaephy (20
% ethyl acetate in hexanes) to give pRigRs = 0.23 in 20 % ethyl acetate in hexanes): 0.1485¢% yield; white solid, mp 135
—136°C. Enantiomeric excess was determined to be >@@ %y HPLC on a Chiralcel OD-H column (9 : 1 okdwees i-Pr-OH
;1 mL/ min). & (R, major) = 15.6 mingt(S, minor) = 21.5 min. Spectral data &t *H NMR (300 MHz, CDC}) = 1.63 (s, 3
H), 2.98 (d, 1 H, J = 14.1 Hz), 3.09 (s, 3 H), 3(d21 H, J = 14.1 Hz), 6.86 (m, 2 H), 6.96 (d, 2JH 7.7 Hz), 7.30 (m, 1 H), 7.44
(d, 2 H, J = 7.7 Hz);®*C NMR (75 MHz, CDC}) & = 20.98, 25.25, 40.63, 65.61, 121.92, 124.46,288.31.06, 131.79, 132.77,
132.94, 135.00 153.38, 173.28; IR (thin fil8986, 2981, 2932, 1778, 1724, 1587, 1574, 1489414400, 1379, 1145, 1107,
1012, 804, 740 cih MS (FAB) m/z (% rel intensity) 447 (8'Br, 3'Cl, *'Cl), 445 (18 Br, YCl, “Cl), 443 (38Br, YCl, *Cl), 441
(30, ™Br, *Cl, **Cl), 273 (15), 271 (20), 154 (100), 137 (60); HRFRB) calcd for GgHis Bri°CI,N,0, (M+H)" m/z 440.9772,
meas 440.9770. Anal Calcd forg8;sBrCLLN,O,: C, 48.90; H, 3.42; N, 6.34. Found: C, 49.02;380; N, 6.21. d]%s:
+130.2( ¢ = 1,in C,HsOH).
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Crystal Structure of Aziridine 5a
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Table 1. Crystal data and structure refinement for

5a (1-benzhydryl—2-methyl-3-phenyl
acid ethyl ester)

aziridine-2-carboxylic

Identification code 5a
Empirical formula C25H25NO
Formula weight 371.46
Temperature 173(2) K
Wavelength 0.71073 A
Crystal system monoclinic
Space group pP21/c
Unit cell dimensions a=10.419(

b =22.506(

¢ =8.7510(

alpha =90

beta = 98.

gamma = 90
Volume 2030.6(7) A
z 4
Density (calculated) 1.215 Mg/m~
Absorption coefficient 0.076 mm~-1
F(000) 792
Crystal size 0.6 x 0.3 x

Theta range for data collection 1.81 to 28.
Index ranges -13<=h<=13,
Reflections collected / unique 12867 / 481
Completeness to theta = 28.33  94.9%
Refinement method Full-matrix
Data / restraints / parameters 4811/0/
Goodness-of-fit on F2 0.944

Final R indices [I>2sigma(l)] R1 =0.0449

R indices (all data) R1 =0.0694

Largest diff. peak and hole  0.263 and -0.222

2)A

5) A

18) A
deg.

27(3) deg.
deg.

"3

0.25 mm
33 deg.
-27<=k<=29, -11<=I<=9

1 [R(int) = 0.0250]

least-squares on F"2

261

, WR2 =0.1279
, WR2 =0.1421

e.A"-3
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Table 2. Atomic coordinates ( x 10"4), equi valent isotropic

displacement parameters (A2 x 10" 3), and occupancies for
5a
X y z U(eq) Occ.

C(1) 4014(1) 3426(1) 458(2) 26(1) 1
C(2) 5191(1) 3177(1) 209(2) 341 1
C(3) 6142(2) 3041(1) 1428(2) 411) 1
C(4) 5926(2) 3146(1) 2921(2) 411) 1
C(5) 4768(2) 3393(1) 3189(2) 411) 1
C(6) 3811(2) 3536(1) 1964(2) 341 1
C(7) 2998(1) 3552(1) -930(2) 25(1) 1
C(8) 3273(1) 4103(1) -1834(2) 26(1) 1
C(9) 3536(2) 4645(1) -1103(2) 321) 1
C(10) 3710(2) 5153(1) -1959(2) 36(1) 1
C(11) 3643(2) 5119(1) -3542(2) 38(1) 1
C(12) 3400(2) 4581(1) -4278(2) 42(1) 1
C(13) 3216(2) 4075(1) -3424(2) 351) 1
N(14) 1709(1) 3631(1) -446(1) 241) 1
C(15) 609(1) 3430(1) -1549(2) 26(1) 1
C(16) 1022(1) 3090(1) -73(2) 26(1) 1
C(17) 1601(2) 2475(1) -144(2) 341 1
C(18) -599(1) 3799(1) -1808(2) 26(1) 1
C(19) -1755(1) 3529(1) -2442(2) 341 1
C(20) -2893(2) 3858(1) -2686(2) 391 1
C(21) -2880(2) 4453(1) -2312(2) 391 1
C(22) -1732(2) 4725(1) -1708(2) 40(1) 1
C(23) -588(2) 4397(1) -1446(2) 341 1
C(24) 145(1) 3153(1) 1141(2) 301) 1
0(25) 246(1) 3670(1) 1881(1) 36(1) 1
C(26) -718(2) 3774(1) 2920(2) 44(1) 1
C(27) -249(2) 4254(1) 3997(2) 571 1
0(28) -595(1) 2762(1) 1372(2) 46(1) 1
U(eq) is defined as one third of the trace of the orthogonalized
Uij tensor.
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Table 3. Bond lengths [A] and angles [deg] for 5a

C(1)-C(6)
C(1)-C(2)
C(1)-C(7)
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(7)-N(14)
C(7)-C(8)
C(8)-C(13)
C(8)-C(9)
C(9)-C(10)
C(10)-C(11)
C(11)-C(12)
C(12)-C(13)
N(14)-C(15)
N(14)-C(16)
C(15)-C(18)
C(15)-C(16)
C(16)-C(24)
C(16)-C(17)
C(18)-C(23)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(21)-C(22)
C(22)-C(23)
C(24)-0(28)
C(24)-0(25)
0(25)-C(26)
C(26)-C(27)

C(6)-C(1)-C(2)
C(6)-C(1)-C(7)
C(2)-C(1)-C(7)
C(3)-C(2)-C(1)
C(4)-C(3)-C(2)
C(3)-C(4)-C(5)
C(4)-C(5)-C(6)
C(1)-C(6)-C(5)
N(14)-C(7)-C(8)
N(14)-C(7)-C(1)
C(8)-C(7)-C(1)
C(13)-C(8)-C(9)
C(13)-C(8)-C(7)
C(9)-C(8)-C(7)
C(8)-C(9)-C(10)
C(11)-C(10)-C(9)
C(12)-C(11)-C(10)
C(11)-C(12)-C(13)
C(8)-C(13)-C(12)
C(15)-N(14)-C(16)
C(15)-N(14)-C(7)

1.387(2)
1.393(2)
1.5189(19
1.382(2)
1.378(3)
1.379(2)
1.392(2)
1.4751(17
1.5189(18
1.385(2)
1.3866(19
1.393(2)
1.379(2)
1.378(2)
1.390(2)
1.4601(17
1.4726(17
1.4977(19
1.5090(19
1.505(2)
1.5153(19
1.383(2)
1.391(2)
1.387(2)
1.379(2)
1.379(2)
1.393(2)
1.2059(18
1.3278(18
1.4675(19
1.471(3)

118.60(13)
122.80(13)
118.59(13)
121.20(15)
119.76(15)
119.84(15)
120.60(16)
119.99(14)
107.44(10)
110.59(11)
114.07(11)
118.66(13)
120.17(12)
121.12(13)
120.47(14)
120.12(14)
119.92(14)
119.86(15)
120.96(14)
61.93(9)
115.71(11)

20
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C(16)-N(14)-C(7) 117.16(10)

N(14)-C(15)-C(18) 119.42(12)

N(14)-C(15)-C(16) 59.44(9)

C(18)-C(15)-C(16) 122.70(12)

N(14)-C(16)-C(24) 116.28(11)

N(14)-C(16)-C(15) 58.63(8)

C(24)-C(16)-C(15) 115.44(11)

N(14)-C(16)-C(17) 122.51(12)

C(24)-C(16)-C(17) 113.60(12)

C(15)-C(16)-C(17) 119.64(13)

C(23)-C(18)-C(19) 119.63(13)

C(23)-C(18)-C(15) 121.72(13)

C(19)-C(18)-C(15) 118.65(13)

C(20)-C(19)-C(18) 120.04(14)

C(21)-C(20)-C(19) 120.16(15)

C(22)-C(21)-C(20) 120.04(14)

C(21)-C(22)-C(23) 120.15(15)

C(18)-C(23)-C(22) 119.96(14)

0(28)-C(24)-0(25) 124.39(14)

0(28)-C(24)-C(16) 121.17(14)

0(25)-C(24)-C(16) 114.42(12)

C(24)-0(25)-C(26) 115.39(12)

0(25)-C(26)-C(27) 108.71(14)
Symmetry transformations used to generate equivalent atoms:
Table 4. Anisotropic displacement parameter s (A2 x 1073) for

5a

U1l u22 U33 u23 u13 ui12
C(1) 23(1) 23(1) 331 11 ) 41) -1(1)
C(2) 28(1) 35(1) 40(1) o0(1 ) 8(1)  4(1)
C(3) 27(1) 40(1) 56(1) 501 ) 4(1) 6(1)
C(4) 30(1) 44(1) 46(1) 11(1 ) -7(1)  -2(1)
C(’) 37(1) 53(1) 33(1) 4@ ) 2(1) -5(2)
C(®) 26(1) 42(1) 33(1) 01 ) 51) 2(1)
C(7) 22(1) 24(1) 28(1) -2(1 ) 6(1) 2(1)
C(8) 19(1) 28(1) 31(1) 201 ) 5(1) 2(2)
C(9) 34(1) 29(1) 3411 -1(1 ) 6(1) 0(1)
C(10) 33(1) 27(1) 471) o0@1 ) 41 1(D)
C(11) 32(1) 36(1) 45(1) 13(1 ) 3(1) -3(1)
C(12) 48(1) 46(1) 31(1) 6(1 ) 5(1) -8(1)
C(13) 39(1) 33(1) 33(1) -1(1 ) 7(1) -6(1)
N(14) 21(1) 25(1) 27(1) 11 ) 41) 0(1)
C(15) 23(1) 25(1) 28(1) 01 ) 2(1) 0(1)
C(16) 23(1) 24(1) 32(1) =201 ) 21) -1(1)
C(17) 33(1) 26(1) 43(1) 4(1 ) 3(1)  1(1)
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C(18) 25(1) 29(1) 25(1) 4(1 ) 3(1)  2(1)
C(19) 28(1) 34(1) 39(1) -1(1 ) 0(1) 1(2)
C(20) 24(1) 51(1) 41(1) 3(1 ) -1(1) 21
C(21) 30(1) 51(1) 36(1) 7(1 ) 5(1) 16(1)
C(22) 41(1) 35(1) 44(1) o0@1 ) 4(1) 11(1)
C(23) 31(1) 31(1) 39(1) o0@1 ) 0(1) 4(2)
C(24) 22(1) 32(1) 34(1) 91 ) 1(1)  3(1)
O(25) 29(1) 44(1) 38(1) -4(1 ) 12(1) -2(1)
C(26) 31(1) 59(1) 45(1) -3(1 ) 16(1)  4(1)
C(27) 53(1) 69(1) 52(1) -14(1 ) 21(1) -4Q2)
0(28) 37(1) 38(1) 66(1) 121 ) 20(1) -3(1)
The anisotropic displacement factor expone nt takes the form:
2pif2[hM2 a2 Ull+...+2hka* b* U12 ]
Table 5. Hydrogen coordinates ( x 1074), is otropic displacement
parameters (A*2 x 10"3), and occup ancies for
5a
X y z U(eq) Occ.
H(2) 5339 3101 -796 41 1
H(3) 6927 2879 1241 49 1
H(4) 6559 3051 3745 49 1
H(5) 4625 3465 4197 50 1
H(6) 3036 3706 2156 40 1
H(7) 2968(14) 3204(6) -1664(17 ) 244) 1
H(9) 3596 4670 -35 39 1
H(10) 3871 5516 -1462 43 1
H(11) 3762 5458 -4111 46 1
H(12) 3358 4556 -5345 50 1
H(13) 3053 3713 -3926 42 1
H(15) 835(16) 3223(7) -2504(19 ) 324) 1
H(17A) 2147 2464 -937 51 1
H(17B) 916 2189 -371 51 1
H(17C) 2104 2381 834 51 1
H(19) -1765 3128 -2703 41 1
H(20) -3666 3676 -3102 47 1
H(21) -3645 4671 -2468 47 1
H(22) -1722 5128 -1475 48 1
H(23) 183 4580 -1028 41 1
H(26A) -844 3414 3490 53 1
H(26B) -1542 3885 2327 53 1
H(27A) -870 4326 4687 85 1
H(27B) -135 4610 3426 85 1
H(27C) 566 4141 4582 85 1
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ba

Table 6. Torsion angles [deg] for

C(6) C(1) C(2) C(3)
C(7) C(1) C(2) C(3)
C(1) C(2) C(3) C(4)
C(2) C(3) C(4) C(5)
C(3) C(4) C(5) C(6)
C(2) C(1) C(6) C(5)
C(7) C(1) C(6) C(5)
C(4) C(5) C(6) C(1)
C(6) C(1) C(7) N(14)
C(2) C(1) C(7) N(14)
C(6) C(1) C(7) C(8)
C(2) C(1) C(7) C(8)
N(14) C(7) C(8) C(13)
C(1) C(7) C(8) C(13)
N(14) C(7) C(8) C(9)
C(1) C(7) C(8) C(9)
C(13) C(8) C(9) C(10)
C(7) C(8) C(9) C(10)
C(8) C(9) C(10) C(11)
C(9) C(10) C(11) C(12)
C(10) C(11) C(12) C(13)
C(9) C(8) C(13) C(12)
C(7) C(8) C(13) C(12)
C(11) C(12) C(13) C(8)
C(8) C(7) N(14) C(15)
C(1) C(7) N(14) C(15)
C(8) C(7) N(14) C(16)
C(1) C(7) N(14) C(16)
C(16) N(14) C(15) C(18)
C(7) N(14) C(15) C(18)
C(7) N(14) C(15) C(16)
C(15) N(14) C(16) C(24)
C(7) N(14) C(16) C(24)
C(7) N(14) C(16) C(15)
C(15) N(14) C(16) C(17)
C(7) N(14) C(16) C(17)
C(18) C(15) C(16) N(14)
N(14) C(15) C(16) C(24)
C(18) C(15) C(16) C(24)
N(14) C(15) C(16) C(17)
C(18) C(15) C(16) C(17)
N(14) C(15) C(18) C(23)
C(16) C(15) C(18) C(23)
N(14) C(15) C(18) C(19)
C(16) C(15) C(18) C(19)
C(23) C(18) C(19) C(20)
C(15) C(18) C(19) C(20)
C(18) C(19) C(20) C(21)
C(19) C(20) C(21) C(22)

0.0(2)

-178.75(13)

0.7(2)
-0.8(3)
0.2(3)
0.7(2)
178.08(14)
0.5(2)
-16.59(18)
162.15(12)
104.63(15)
-76.63(16)
-106.47(14)
130.58(14)
71.06(15)
-51.89(17)
1.4(2)

-176.15(13)

-1.1(2)
0.2(2)
0.3(3)
-0.9(2)
176.69(14)
0.0(2)
87.84(13)
-147.09(11)
157.97(11)
-76.96(14)
112.78(14)
-138.71(12)
108.51(12)
-105.07(13)
148.73(12)
-106.20(12)
107.35(15)
1.15(19)
-107.38(14)
106.51(13)
-0.87(19)
-112.17(14)
140.44(14)
21.1(2)
91.71(17)
-159.49(13)
-88.86(17)
-1.0(2)
179.53(14)
0.5(2)
0.6(3)
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C(20) C(21) C(22) C(23)
C(19) C(18) C(23) C(22)
C(15) C(18) C(23) C(22)
C(21) C(22) C(23) C(18)
N(14) C(16) C(24) O(28)
C(15) C(16) C(24) O(28)
C(17) C(16) C(24) O(28)
N(14) C(16) C(24) O(25)
C(15) C(16) C(24) O(25)
C(17) C(16) C(24) O(25)
0(28) C(24) O(25) C(26)
C(16) C(24) O(25) C(26)
C(24) O(25) C(26) C(27)

-1.2(3)
0.4(2)
179.84(14)
0.7(2)
169.37(13)
103.45(16)
-40.19(19)
-9.18(17)
-75.10(16)
141.26(13)
-6.4(2)
172.11(12)
162.12(15)

Symmetry transformations used to generate

24

equivalent atoms:
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Crystal Structure of Pyrrole 10.



Figure 2. ORTEP of 10.

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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Table 1. Crystal data and structure refinement for 10

18

Identification code p21n

Empirical formula C20H25 N O3

Formula weight 327.41

Temperature 173(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2(1)/n

Unit cell dimensions a=28.7829(18) A
b=6.1391(12) A
c=32.373(7) A
alpha = 90 deg.
beta =93.08(3) deg.

gamma = 90 deg.

Volume 1743.0(6) A3

4 4

Density (calculated) 1.248 Mg/m”3

Absorption coefficient 0.083 mm~-1

F(000) 704

Crystal size 0.7 x0.3x0.15 mm

Theta range for data collection 2.37 to 28.28 deg.

Index ranges -11<=h<=11, -7<=k<=7, -41<=I<=41
Reflections collected / unique 19969 / 4167 [R(int) = 0.0331]
Completeness to theta = 28.28 96.6%

Refinement method Full-matrix least-squares on F"2
Data / restraints / parameters 4167 /0 /317

Goodness-of-fit on F*2 0.868

Final R indices [I>2sigma(l)] R1 =0.0393, wR2 =0.1116

R indices (all data) R1 =0.0657, wR2 = 0.1268

Largest diff. peak and hole  0.245 and -0.228 e.A"-3

Table 2. Atomic coordinates ( x 10"4), equivalent isotropic displacement parameters (A*2 x1073), and
occupancies for 10.
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X y z U(eq) Occ.
C(1) 4556(1) -2288(2) 1536(1) 24(1) 1
C(2) 5268(1) -4136(2) 1392(1) 28(1) 1
C(3) 5051(1) -4145(2) 961(1) 27(1) 1
C(4) 4217(1) -2310(2) 840(1) 26(1) 1
N(5) 3929(1) -1161(2) 1203(1) 25(1) 1
0(6) 5574(1) -5741(2) 716(1) 36(1) 1
C(7) 3067(1) 872(2) 1222(1) 26(1) 1
C(8) 1352(1) 582(2) 1188(1) 25(1) 1
C(9) 644(2) -1325(2) 1306(1) 31(1) 1
C(10) -946(2) -1463(3) 1289(1) 40(1) 1
C(11) -1825(2) 288(3) 1152(1) 41(1)
C(12) -1123(2) 2177(3) 1032(1) 38(1) 1
C(13) 454(2) 2330(2) 1049(1) 32(1) 1
C(14) 4425(2) -1559(2) 1976(1) 25(1) 1
C(15) 4561(2) -3509(2) 2273(1) 34(1) 1
C(16) 4394(2) -2819(3) 2722(1) 40(1) 1
C(17) 5541(2) -1066(3) 2853(1) 40(1) 1
C(18) 5428(2) 877(2) 2560(1) 35(1) 1
C(19) 5612(2) 175(2) 2111(1) 30(1) 1
C(20) 3751(2) -1829(2) 416(1) 30(1) 1
0(21) 2921(1) -24(2) 352(1) 34(1) 1
C(22) 2404(2) 406(3) -77(1) 40(1) 1
C(23) 1560(2) 2520(3) -83(1) 52(1) 1
0(24) 4107(1) -3031(2) 135(1) 41(1) 1

U(eq) is defined as one third of the trace of the orthogonalized Uij tensor.

Table 3. Bond lengths [A] and angles [deg] for10.
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C(1)-N(5)
C(1)-C(2)
C(1)-C(14)
C(2)-C(3)
C(3)-C(4)
C(3)-0(6)
C(4)-N(5)
C(4)-C(20)
N(5)-C(7)
C(7)-C(8)
C(8)-C(9)
C(8)-C(13)
C(9)-C(10)
C(10)-C(11)
C(11)-C(12)
C(12)-C(13)
C(14)-C(15)
C(14)-C(19)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(18)-C(19)
C(20)-0(24)
C(20)-0(21)
0(21)-C(22)
C(22)-C(23)
N(5)-C(1)-C(2)
N(5)-C(1)-C(14)
C(2)-C(1)-C(14)
C(1)-C(2)-C(3)
C(4)-C(3)-0(6)
C(4)-C(3)-C(2)
0(6)-C(3)-C(2)
C(3)-C(4)-N(5)
C(3)-C(4)-C(20)
N(5)-C(4)-C(20)
C(1)-N(5)-C(4)
C(1)-N(5)-C(7)
C(4)-N(5)-C(7)
N(5)-C(7)-C(8)
C(9)-C(8)-C(13)
C(9)-C(8)-C(7)
C(13)-C(8)-C(7)
C(8)-C(9)-C(10)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(13)-C(12)-C(11)
C(12)-C(13)-C(8)
C(1)-C(14)-C(15)
C(1)-C(14)-C(19)
C(15)-C(14)-C(19)
C(16)-C(15)-C(14)
C(15)-C(16)-C(17)
C(18)-C(17)-C(16)
C(17)-C(18)-C(19)
C(18)-C(19)-C(14)
0(24)-C(20)-0(21)
0(24)-C(20)-C(4)
0(21)-C(20)-C(4)

1.3714(16)
1.3874(18)
1.5030(17)
1.3990(18)
1.3884(18)
1.3561(16)
1.4032(16)
1.4420(18)
1.4626(16)
1.5153(18)
1.3881(19)
1.3922(19)
1.398(2)
1.382(2)
1.380(2)
1.387(2)
1.5367(19)
1.5366(18)
1.527(2)
1.520(2)
1.524(2)
1.5320(19)
1.2263(16)
1.3364(17)
1.4611(16)
1.494(3)
108.57(11)
123.16(11)
128.27(12)
107.33(12)
127.69(12)
108.59(11)
123.71(12)
106.80(11)
123.56(12)
129.63(12)
108.71(10)
125.76(10)
125.51(10)
114.31(10)
118.98(12)
122.54(11)
118.43(12)
120.11(14)
120.36(15)
119.60(14)
120.38(14)
120.57(14)
110.73(11)
113.04(10)
109.44(11)
111.81(12)
111.50(13)
111.09(12)
111.35(12)
111.12(11)
122.81(12)
120.87(13)
116.31(11)
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C(20)-0(21)-C(22) 115.92(11)
0(21)-C(22)-C(23) 107.37(13)

Symmetry transformations used to generate equivalent atoms:

Table 4. Anisotropic displacement parameters (A*2 x 10"3) for 10.

ull u22 u33 uz23 ui3 uiz

C(1) 21(1) 27(1) 24(1) 2(1) 0@1) -3(1)
C(2) 26(1) 29(1) 29(1) O0(1) 1(1) 1(1)
C(3) 22(1) 31(1) 29(1) -6(1) 4(1) -1(1)
C(4) 23(1) 32(1) 25(1) -4(1) 1(1) -2(1)
N(B) 24(1) 28(1) 23(1) -2(1) 0(1) 1(1)
0(6) 37(1) 40(1) 31(1) -9(1) 3(1) 9(1)
C(7) 27(1) 25(1) 25(1) -2(1) -2(1) O(1)
c(8) 27(1) 31(1) 18(1) -4(1) O01) 2(1)
C(9 29(1) 35(1) 29(1) 1(1) -1(1) O()
C(10) 33(1) 49(1) 36(1) 0(1) 2(1) -10(1)
C(11) 26(1) 64(1) 32(1) -8(1) 0(1) 2(1)
C(12) 34(1) 48(1) 33(1) -4(1) -4(1) 14(1)
C(13) 34(1) 34(1) 28(1) -1(1) -1(1) 5(1)
C(14) 26(1) 26(1) 24(1) 1(1) 1(1) 0Q1)
C(15) 46(1) 27(1) 29(1) 2(1) 6(1) -3(1)
C(16) 54(1) 36(1) 29(1) 7(1) 9(1) 2(1)
C(17) 50(1) 44(1) 24(1) 1(1) -4(1) 6(1)
C(18) 44(1) 34(1) 28(1) -3(1) -6(1) -3(1)
C(19) 34(1) 30(1) 25(1) 2(1) -3(1) -5(1)
C(20) 25(1) 38(1) 26(1) -3(1) 1(1) -4(1)

O(21) 36(1) 42(1) 23(1) 1(1) -2(1) 4(1)

21



C(22) 38(1) 57(1) 23(1) 5(1) -4(1) -3(1)
C(23) 58(1) 58(1) 38(1) 13(1) -6(1) 3(1)

O(24) 45(1) 53(1) 27(1) -11(1) 2(1) 6(1)

The anisotropic displacement factor exponent takes the form:

22 pif2[h"2a*2Ull+...+2hka*b*Ul2]

Table 5. Hydrogen coordinates ( x 1074), isotropic displacement

parameters (A*2 x 10"3), and occupancies for 10.

X y z U(eq) Occ.

H(2) 5821(17) -5240(20) 1569(5) 31(4) 1
H(6) 5280(20) -5400(40) 448(7) 72(7) 1
H(7TA) 3328(15) 1550(20) 1483(4) 25(3) 1
H(7B) 3368(15) 1850(20) 1002(4) 22(3) 1
H©)  1245(18) -2470(30) 1397(5) 37(4) 1
H(10) -1420(20) -2840(30) 1365(6) 51(5) 1
H(11) -2920(20) 180(30) 1139(5) 51(5) 1
H(12) -1670(20) 3380(30) 930(5) 49(5) 1
H(13)  954(19) 3630(30) 960(5) 43(4) 1
H(14) 3412(18) -910(30) 2002(5) 38(4) 1
H(15A) 5570(20) -4190(30) 2242(5) 41(4) 1
H(15B) 3790(20) -4560(30) 2188(5) 50(5) 1
H(16A) 3340(20) -2260(30) 2758(5) 50(5) 1
H(16B) 4510(20) -4110(30) 2905(6) 53(5) 1
H(17A) 6600(20) -1650(30) 2855(6) 57(5) 1
H(17B) 5340(18) -610(30) 3138(5) 43(4) 1

H(18A) 4343(19) 1580(30) 2582(5) 38(4) 1
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H(18B)
H(19A)
H(19B)
H(22A)
H(22B)
H(23A)
H(23B)

H(23C)

6200(20)
5519(19)
6639(18)
1710(20)
3300(20)
710(30)
1150(20)

2230(30)

2020(30) 2640(5) 46(5) 1
1470(30) 1924(6) 46(4) 1
-510(20) 2082(5) 33(4) 1
-820(30) -170(5) 47(5) 1
450(30) -238(6) 55(5) 1
2500(40) 96(8) 79(7) 1
2820(30) -367(6) 58(5) 1

3640(40) -3(8) 89(8) 1

Table 6. Hydrogen-bonds [A and deg.] for 10.

D-H...A

d(D-H) d(H...A) d(D..A) <(DHA)
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