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SUPPORTING INFORMATION

Direct N-Cyclopropylation of Cyclic Amides and Azoles Employing a
Cyclopropylbismuth Reagent

Alexandre Gagnon®*, Miguel St-Onge, Kelly Little, Martin Duplessis and Francis Barabé

Boehringer Ingelheim (Canada) Ltd., Research and Development, 2100 Cunard Street,
Laval (Québec) Canada, H7S 2G5

General: All reactions were run under nitrogen atmosphere in non flame dried glassware.
Anhydrous solvents were purchased from Aldrich and used directly without further
treatment. Flash column chromatography was performed employing 230-400 mesh silica
(Silicycle) using the indicated solvent system according to standard techniques.' Infrared
spectra were taken on a Mattson Research Series FTIR spectrometer and are reported in
reciprocal centimeters (cm’'). Nuclear magnetic resonance spectra ('H, ”C) were
recorded on a Bruker Avance 400 spectrometer. Chemical shifts for 'H NMR spectra are
recorded in parts per million from tetramethylsilane with the solvent resonance as the
internal standard (chloroform, 8 7.27 ppm, DMSO 6 2.54 ppm). Data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet and br = broad), coupling constant in Hz and integration. Chemical shifts for
B¢ NMR spectra are recorded in parts per million from tetramethylsilane using the
central peak of deuterochloroform (77.00 ppm) as the internal standard. All spectra were
obtained with complete proton decoupling. Optical rotations were determined with a
Perkin-Elmer 241 polarimeter at 589 nm. Data are reported as follows: [o]temp,
concentration (¢ in g/100 mL) and solvent.. High resolution mass spectra (electron
impact) were performed at the Université de Sherbrooke, chemistry department.
Combustion analyses (carbon, hydrogen and nitrogen) were performed by the Laboratoire
d’analyse élémentaire de 1’Université de Montréal. Chlorine, bromine and magnesium
analyses (neutron activation) were performed at the Ecole Polytechnique de Montréal.
Bismuth content was calculated by ICP-MS following acid digestion. The bismuth
analyses were performed at Maxxam Analytique Inc.

Reagents: Unless otherwise stated, commercial reagents were used without further
purification. Cyclopropylmagnesium bromide 0.5M in THF was purchased from Boulder
and titrated prior to use.? Anhydrous bismuth chloride 99.999% was purchased from
Strem. Indole was recrystallized from hot hexanes prior to use.

Tricyclopropylbismuth (2a). Bismuth chloride (2.50 g, 7.93 mmol) was dissolved in
anhydrous THF (100 mL) and cooled to -10 °C (ice-acetone bath).
Cyclopropylmagnesium bromide (77.1 mL, 26.2 mmol, 0.34M in THF) was slowly added
dropwise under argon via syringe pump over one hour. The reaction mixture was stirred

"'Still, C. W.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923-2925,
* The Grignard reagent was titrated using the diphenyl ditelluride method: Aso, Y.; Yamashita, H.; Otsubo,
T.; Ogura, F. J. Org. Chem. 1989, 54, 5627-5629.

* The bismuth chloride is not entirely soluble at this temperature and a white solid may be observed.
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at room temperature for one hour, and heated at 70 °C for 30 minutes.! After cooling to
r.t., the solution was cannulated under argon over a degassed biphasic solution of brine
(200 mL) and ether (200 mL). The heterogeneous solution was stirred five minutes,
transferred in a separation funnel and diluted with EtOAc (100 mL). The organic phase
was collected, dried over sodium sulfate, filtered and concentrated under reduced
pressure to afford a yellow oily solid. Ether (50 mL) was added, followed by hexanes (50
mL). The mixture was sonicated, cooled to 0 °C and filtered over Buchner to afford 2a as
a white solid (1.75 g, 72%): 'H-NMR (400 MHz, DMS0O-d6) & 1.91 (s (br), 3H), 1.57 (s
(br), 6H), 1.22 (s (br) 6H); HRMS (EI) caled for CoH;5Bi (M) 332.0978, found 332.0973
(M), 291.0584 (M-Pr), 250.0191 (M-2(°Pr)), 208.9808 (Bi). The reagent should not be
extensively pumped under high vacuum for a prolonged period of time. The solid should
be placed immediately under argon in the freezer after use. The reactivity will remain
essentially the same for a few weeks if stored appropriately.

General procedure for the N-cyclopropylation of amides, azoles, and derivatives,
Compounds 4, 6a-j, and 8a-p were prepared according to the following procedure: In a
scaled tube, the starting amide or azole (0.30 mmol) was diluted in dichloromethane (3
mkL). Copper acetate (82 mg, 0.45 mmol, 1.5 equiv) was added, followed by pyridine (73
ul, 0.90 mmol, 3.0 equiv) and cyclopropylbismuth reagent 2a (250 mg, 0.75 mmole, 2.5
equiv). The tube was purged with argon, sealed and heated to 50 °C for 18 hours. The
reaction mixture was cooled to r.t. and silica gel was added. The mixture was
concentrated under reduced pressure and the crude product was purified by column
chromatography using the indicated solvent system to afford the desired pure N-
cyclopropyl amide or azole.

<L o 10-Cyclopropyldibenzo[b,f][1,4]oxazepin-11-one (4). The general

N procedure was followed on a 0.14 mmol scale starting from 10, 11-

@b dihydrodibenz[b,f][1,4]oxazepin-1-one. The crude material was purified

0 on silica gel (20% EtOAc/hexanes) to afford 4 as a pale yellow oil (22.4

mg, 63%): Ry 0.40 (40% EtOAc/hexanes); 'H-NMR (400 MHz, CDCL)

8 7.98 (dd, /=8, 2 Hz, 1H), 7.46 (dt, /=8, 2 Hz, 1H), 7.40 (dd, /= 8, 2 Hz, 1H), 7.24-

7.19 (m, 4H), 7.14-7.10 (m, 1H), 3.32-3.27 (m, 1H), 1.12-1.11 (m, 2H), 0.67 (s (br), 2H);

*C NMR (100 MHz, CDCls) & 166.5, 159.7, 152.6, 134.6, 132.7, 131.4, 124.9, 124.5,

1241, 122.9, 119.9, 118.9, 30.0, 9.1; IR (neat) 3075, 3011, 2961, 2924, 2854, 1664,

1604, 1497, 1451, 1352, 1271 cm™; HRMS (EI) caled for C ¢HNO, (M+H) 252.1025,
found 252.1018.

<{ o 5-Cyclopropyl-11, 12-dihydrodibenz[b,flazocin-6-one (6a). The

N general procedure was followed on a 0.18 mmol scale starting from 5,

Q O 6, 11, 12-tetrahydrodibenz[b,flazocin-6-one. The crude material was
purified on silica gel (2% acetone/CH,Cl,) to afford 6a as a colorless

oil (45.6 mg, 97%): R; 0.31 (40% EtOAc/hexanes); 'H-NMR (400

MHz, CDCl3) & 7.25-7.23 (m, 1H), 7.13-7.02 (m, 5H), 6.97-6.91 (m, 2H), 3.42-3.36 (m,
1H), 3.34-3.27 (m, 1H), 3.21-3.13 (m, 1H), 2.95-2.82 (m, 2H), 1.09-1.01 (m, 1H), 0.84-

‘A black precipitate is observed at this point. When stirring is stopped, a clear greyish solution is obtained.



A. Gagnon, M. S§t-Onge, K. Little, M. Duplessis and F. Barabé Page §3

0.77 (m, 1H), 0.76-0.68 (m, 1H), 0.42-0.35 (m, 1H); *C NMR (100 MHz, CDCl3) &
173.8, 141.6, 137.9, 137.7, 135.8, 130.4, 129.5, 128.8, 127.8, 127.7, 127.2, 126.7, 126.4,
32.2,31.7,30.8, 8.2, 5.8; IR (neat) 3065, 3016, 2924, 2853, 1657, 1346 cm™'; HRMS (EI)
caled for CigH;sNO (M+H) 264.1388, found 264.1384.

Q (8)-10-Cyclopropyl-1, 2, 3, 1la-tetrahydrobenzo|e]pyrrolofl, 2-
d N a}|1,4]-5, 11-dione (6b). The general procedure was followed on a 0.14
N H mmol  scale  starting from  (S)-(+)-2,3-dihydro-1H-pyrrol[2,1-
A 0 C][1.4]benzodiazepine(10H, 11AH)-dione. The crude material was
purified on silica gel (2% acetone/CH,Cly) to afford 6b as a white solid
(23.1 mg, 65%): mp 168 °C; [a]p™® +391.8 (¢ 0.50, MeOH); R 0.20 (5%
acetone/CH,Cly); "H-NMR (400 MHz, CDCl3) & 7.85 (d, /= 8 Hz, 1H), 7.53 (t, /=8 Hz,
1H), 7.36 (d, J= 8 Hz, 1H), 7.27 (dd, J = 8, S Hz, 1H), 4.02-4.00 (m, 1H), 3.79-3.75 (m,
1H), 3.60-3.52 (m, 1H), 3.18-3.13 (m, 1H), 2.79-2.76 (m, 1H), 2.09-1.96 (m, 3H), 1.26-
1.16 (m, 1H), 0.84-0.77 (m, 1H), 0.73-0.67 (m, 1H), 0.23-0.17 (m, 1H); “C NMR (100
MHz, CDCl3) & 172.0, 165.4, 140.1, 131.6, 129.8, 129.7, 125.2, 122.9, 58.0, 46.6, 30.3,
26.5, 23.6, 11.5, 7.4; IR (neat) 3014, 2986, 2954, 2877, 1693, 1637, 1271 c¢m™'; HRMS
(EI) caled for CysH7N>O, (M+H) 257.1290, found 257.1285; Elemental analysis caled
for CsHsN202: C, 70.29; H, 6.29; N, 10.93. Found: C, 70.61, H, 6.33; N, 10.79.

Y S-Cyclopropylphenanthridin-6-one (6¢). The general procedure was

N, .o followed on a 0.20 mmol scale starting from 6(5H)-phenanthridinone. The

O crude material was purified on silica gel (20% EtOAc/hexanes) to afford 6¢
as a colorless oil (18.0 mg, 37%): R;0.29 (40% EtOAc/hexanes); 'H-NMR
(400 MHz, CDCl3) 6 8.51 (d, J= 8 Hz, 1H), 8.25 (d, /= 8 Hz, 2H), 7.92

(d,J=8 Hz, 1H), 7.75 (t, /=8 Hz, 1H), 7.58 (t, /= 8 Hz, 1H), 7.54 (dd, J

=8, 1 Hz, 1H), 732 (t, /= 8 Hz, 1H), 3.10-3.04 (m, 1H), 1.41 (dd, J = 13, 6 Hz, 2H),
0.95-0.91 (m, 2H); >C NMR (100 MHz, CDCls) & 163.5, 139.2, 134.2, 132.8, 129.4,
128.9, 128.3, 126.7, 123.6, 122.9, 121.9, 120.0, 116.9, 26.9, 11.2; IR (neat) 3073, 2971,

2922, 2852, 1657, 1608, 1318, 1119 cm™; HRMS (EI) caled for CgH14NO (M+H)
236.1073, found 236.1071.

o 4-Benzyloxy-1-cyclopropyl-3-pyrrolidin-2-one (6d). The general
ﬁ“‘ﬂ procedure was followed on a 0.16 mmol scale starting from 4-benzyloxy-
BnO 3-pyrrolin-2-one. The crude material was purified on silica gel 2%

MeOH/CH,Cly) to afford 6d as a pale yellow oil (25.5 mg, 70%): R, 0.20
(100% EtOAc); 'H-NMR (400 MHz, CDCl3) § 7.42-7.36 (m, 5H), 5.10 (s, 1H), 4.95 (s,
2H), 3.85 (s, 2H), 2.67-2.62 (m, 1H), 0.82-0.77 (m, 2H), 0.73-0.69 (m, 2H): *C NMR
(100 MHz, CDCl3) & 173.2, 171.5, 134.7, 128.7, 127.9, 95.8, 72.9, 51.3, 24.1, 5.538; IR
(neat) 3087, 3034, 3011, 2951, 2920, 2870, 1659, 1611, 1461, 1397, 1339, 1211 cm™;
HRMS (EI) caled for C4H¢(NO2 (M+H) 230.1181, found 230.1174.

o 2-Azabicyclo[2.2.1]-2-cyclopropylhept-5-en-3-one (6e). The general
@f procedure was followed on a 0.30 mmol scale starting from 2-
W azabicyclo[2.2.1]hept-5-en-3-one. The crude material was purified on silica

gel (100% EtOAc) to afford 6e as a colorless oil (26.9 mg, 60%): R, 0.17
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(50% EtOAc/hexanes); 'H-NMR (400 MHz, CDCls) 8 6.86 (d, /=3 Hz, 1H), 6.83 (d, J
=3 Hz, 1H), 4.12 (s, 1H), 3.31 (s, 1H), 2.23-2.19 (m, 2H), 2.10-2.08 (m, 1H), 0.83-0.71
(m, 2H), 0.61-0.54 (m, 1H), 0.50-0.43 (m, 1H); *C NMR (100 MHz, CDCl;) & 181.8,
139.6, 137.8, 64.4, 58.2, 54.5, 26.3, 6.2, 4.1; IR (neat) 3079, 3011, 2952, 1705, 1390,
1367 ecm™; HRMS (EI) caled for CoH, NO (M) 149.0841, found 149.0836.

ol 2 5-Chloro-1-cyclopropylisatin  (6f).  The general procedure was
L
N

followed on a 0.20 mmol scale starting from 5-chloroisatin. The crude

material was purified on silica gel (30% EtOAc/hexanes) to afford 6f as

N an orange solid (193 mg, 44%): mp 144 °C; R, 0.37 (40%

EtOAc/hexanes); 'TI-NMR (400 MHz, CDCls) & 7.59-7.57 (m, 2H), 7.16

(d, J = 8 Hz, 1H), 2.72-2.67 (m, 1H), 1.15-1.11 (m, 2H), 0.98-0.95 (m, 2H); *C NMR

(100 MMz, CDCls) 8 182.6, 158.0, 150.2, 137.7, 129.6, 124.8, 118.1, 112.5,22.2, 6.2; IR

(neat) 3105, 3077, 3024, 1744, 1606, 1300, 1178 em™; HRMS (EI) caled for CiHsCINO,
(M) 221.0244, found 221.0250.

cl 5-Chloro-1-cyclopropyloxindole (6g). The general procedure was
\©:N\F followed on a 0.30 mmol scale starting from 5-chlorooxindole. The

b crude material was purified on silica gel (25% EtOAc/hexanes) to afford

6g as a white wax (24.0 mg, 38%): Ry 0.31 (40% EtOAc/hexanes); 'H-

NMR (400 MHz, CDClz) & 7.29-7.23 (m, 2H), 7.04-7.02 (m, 1H), 3.50 (s, 2H), 2.66-2.62

(m, 1H), 1.11-1.08 (m, 2H), 0.94-0.91 (m, 2H); *C NMR (100 MHz, CDCly) § 175.1,

144.1, 127.7, 127.6, 125.6, 124.6, 110.2, 35.9, 22.1, 6.0; IR (neat) 3068, 3018, 2952,

2921, 1708, 1610, 1485, 1372, 1328, 1182 cm™; HRMS (EI) caled for C11HioCINO (M)
207.0451, found 207.0455.

procedure was followed on a 0.20 mmol scale starting from cis-1,2,3,6-
tetrahydrophthalimide. The crude material was purified on silica gel
(25% EtOAc/hexanes) to afford 6h as a colorless oil (18.0 mg, 47%): Ry
0.25 (40% EtOAc/hexanes); 'H-NMR (400 MHz, CDCl3) 8 5.90-5.84 (m, 2H), 3.03-2.98
(m, 2H), 2.62-2.59 (m, 1H), 2.59-2.53 (m, 2H), 2.23-2.21 (m, 1H), 2.20-2.17 (m, 1H),
0.96-0.89 (m, 2H), 0.89-0.84 (m, 2H); *C NMR (100 MHz, CDCly) 6 180.9, 128.0, 39.0,
23.9, 22.5, 5.30; IR (neat) 3041, 2952, 2903, 2850, 1773, 1707, 1403, 1220 cm™'; HRMS
(EI) caled for Cy1H3NO; (M) 191.0946, found 191.0952.

H 9 N-Cyclopropyl cis-1,2,3,6-tetrahydrophthalimide (6h). The general
EN—Q

H o

i A (R)-3-Cyclopropyl-4-benzyl-2-oxazolidinone (6i). The general procedure
OuN was followed on a 0.23 mmol scale starting from (R)-(+)-4-benzyl-2-

oxazolidinone. The crude material was purified on silica gel (3%
acetone/CHyCly) to afford 6i as a pale yellow oil (42.5 mg, 87%): R 0.38
(40% EtOAc/hexanes); '"H-NMR (400 MHz, CDCls) & 7.37-7.27 (m, 3H), 7.20(d, J=7
Hz, 2H), 4.08 (t, /= 9 Hz, 1H), 4.02 (dd, /=9, 4 Hz, 1H), 3.92-3.85 (m, 1H), 3.30 (dd, J
= 14, 4 Hz, 1H), 2.73 (dd, J = 14, 10 Hz, 1H), 2.55-2.50 (m, 1H), 1.03-0.95 (m, 1H),
0.95-0.90 (m, 1H), 0.78-0.72 (m, 1H), 0.71-0.63 (m, 1H); *C NMR (100 MHz, CDCl5) &
158.5, 136.3, 129.5, 129.4, 127.6, 66.6, 58.7, 38.9, 24.5, 8.4, 5.3; IR (neat) 2982, 2919,

" ph
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2851, 1755, 1417, 1123 em’™’; HRMS (EI) caled for Cj3HgNO, (M+H) 218.1181, found
218.1178.

3-Cyclopropyl-3, 3a, 8, 8a-tetrahydroindenofl, 2-djoxazol-2-one (6j).
W N0 The general procedure was followed on a 0.20 mmol scale starting from
©i§;g tetrahydro-2H-indeno[1,2-D]oxazol-2-one.  The crude material was
H purified on silica gel (40% EtOAc/hexanes) to afford 6j as a pale yellow
0;1 (38.0 mg, 87%): [alp -33.9 (c 0.88, MeOH); R; 0.20 (40%
EtOAc/hexanes); 'H-NMR (400 MHz, DMSO-d6) § 7.57 (d, J = 7 Hz, 1H), 7.39-7.29 (m,
3H), 5.19 (t, J="7 Hz, 1H), 5.13 (d, J= 7 Hz, 1H), 3.37 (dd, J= 18, 6 Hz, 1H), 3.12 (4, J
= 18 Hz, 1H), 2.50-2.46 (m, 1H), 0.91-0.83 (m, 3H), 0.78-0.73 (m, 1H); *C NMR (100
MHz, DMSO-d6) & 157.0, 140.7, 139.5, 129.5, 127.6, 126.0, 125.5, 77.2, 64.9, 38.8,
24.6, 9.0, 5.2; IR (neat) 3075, 3011, 2955, 2925, 1750, 1406, 1033 c¢m™; HRMS (EI)
caled for Cyj3H5NO2 (M) 215.0946, found 215.0941.

N 1-Cyclopropylindole (8a). The_general procedure was followed on a 0.20

©;> mmol scale starting from indole.” The crude material was purified on silica

b gel (2% EtOAc/hexanes) to afford 8a as a colorless oil (14.8 mg, 47%): Ry

0.57 (20% EtOAc/hexanes); 'H-NMR (400 MHz, CDCl3) & 7.62 (d, J = 8

Hz, 1H), 7.59 (d, /= 8 Hz, 1H), 7.24 (t, /= 8 Hz, 1H), 7.14 (d, /=3 Hz, 1H), 7.12 (d, J

=7 Hz, 1H), 6.44 (d, J = 3 Hz, 1H), 3.39-3.33 (m, 1H), 1.10-1.07 (m, 2H), 1.04-1.00 (m,

2H); C NMR (100 MHz, CDCl3) & 137.5, 128.7, 128.0, 121.5, 120.8, 119.7, 110.3,

101.0, 26.9, 6.2; IR (neat) 3088, 3052, 3012, 2925, 1511, 1476, 1464, 1371, 1324, 1234
cm’l; HRMS (EI) caled for C | H ;N (M) 157.0891, found 157.0886.

NC y  3-Cyano-1-cyclopropylindole (8b).5  The general procedure was

m followed on a 0.21 mmol scale starting from 5-cyanoindole. The crude

B material was purified on silica gel (10% EtOAc/hexanes) to afford 8b as

a colorless oil (23.1 mg, 60%): Ry 0.48 (40% EtOAc/hexanes); '"H-NMR

(400 MHz, CDCl3) 8 7.95 (s, 1H), 7.62 (d, J = 8 Hz, 1H), 7.46 (d, /=8 Hz, 1H), 7.25 (4,

J =3 Hz, 1H), 6.51 (d, J = 3 Hz, 1H), 3.42-3.36 {(m, 1H), 1.17-1.12 (m, 2H), 1.05-1.01

(m, 2H); *C NMR (100 MHz, CDCl3) & 139.5, 130.8, 128.8, 126.9, 124.9, 121.3, 111.6,

103. 2 102.6, 27.6, 6.8; IR (neat) 3090, 3063, 3031, 3010, 2924, 2866, 1484, 1247, 1150
em”! ; HRMS (El) calcd for CjpHy Ny (M-+H) 183.0922, found 183.0917.

CHO \,  1-Cyclopropylindole-5-carboxaldehyde (8c). The general procedure
@:} was followed on a 0.20 mmol scale starting from indole-5-

h carboxaldehyde. The crude material was purified on silica gel (20%
EtOAc/hexanes) to afford 8c as a white solid (26.0 mg, 66%): mp 68°C;

R;0.44 (40% EtOAc/hexanes); "H-NMR (400 MHz, CDCl3) § 10.04 (s, 1H), 8.13 (s, 1H),
7.80 (dd, /=9, 1 Hz, 1H), 7.66 (d, J = 9 Hz, 1H), 7.24 (d, /=3 Hz, 1H), 6.60 (d, J = 3
Hz, 1H), 3.44-3.38 (m, 1H), 1.17-1.12 (m, 2H), 1.07-1.03 (m, 2H); °C NMR (100 MHz,
CDCl3) 6 193.0, 141.3, 1304, 130.1, 128.9, 126.7, 122.3, 111.3, 103.6, 27.7, 6.8; IR

> Indole was recrystallized from hot hexanes prior to use.
® For a previous synthesis of this compound, see: Li, Q. et al. Bioor g. Med. Chem. Lett. 2002, 12, 465-469.
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(neat) 3100, 3013, 2820, 2790, 2720, 1685, 1605, 1382, 1297 cm'l; HRMS (EI) caled for
CyoHpNO (M+H) 186.0919, found 186.0913; Elemental analysis caled for C,H;NO: C,
77.81; H, 5.99; N, 7.56. Found: C, 77.45, H, 5.66; N, 7.68.

NO, \  1-Cyclopropyl-5-nitroindole (8d). = The general procedure was
\©\/N> followed on a 0.19 mmol scale starting from 5-nitroindole. The crude
b material was purified on silica gel (20% EtOAc/hexanes) to afford 8d as
a yellow solid (33.7 mg, 90%): mp 71 °C, R, 041 (40%
EtOAc/hexanes); 'H-NMR (400 MHz, CDCls) 8 8.57 (d, J=2 Hz, IH), 8.14 (dd, /=9, 2
Hz, 1H), 7.59 (d, /=9 Hz, 1H), 7.28 (d, /=3 Hz, 1H), 6.61 (d, /=3 Hz, 1H), 3.45-3.39
(m, 1H), 1.19-1.14 (m, 2H), 1.07-1.03 (m, 2H); '*C NMR (100 MHz, CDCl3) & 140.9,
1394, 1303, 126.9, 117.1, 116.3, 109.1, 102.7, 26.3, 5.4; IR (neat) 3100, 3015, 2956,
2921, 2851, 1611, 1511, 1327, 1069 cm™; HRMS (EI) caled for C;1HN>O, (M+H)
203.0821, found 203.0817; Elemental analysis caled for C; H;joN2Oz: C, 65.34; H, 4.98;
N, 13.85. Found: C, 64.98, H, 4.58; N, 13.93.

Ho’m 1-Cyclopropyl-5-hydroxymethylindole (8e). The general procedure
N was followed on a 0.20 mmol scale starting from 35-

B hydroxymethylindole. The crude material was purified on silica gel

(20% EtOAc/hexanes) to afford 8e as a colorless oil (11.5 mg, 31%): Ry

0.28 (40% EtOAc/hexanes); 'H-NMR (400 MHz, CDCls) & 7.60 (s, 1H), 7.57 (d, /=8

Hz, 1H), 7.25 (d, /=1 Hz, 1H), 7.15 (d, /= 3 Hz, 1H), 6.43 (d, J =3 Hz, 1H), 4.77 (s,

2H), 3.39-3.33 (m, 1H), 1.59 (s (br), 1H), 1.11-1.06 (m, 2H), 1.04-0.99 (m, 2H); >C

NMR (100 MHz, CDCly) 8 137.5, 132.8, 129.1, 129.0, 121.9, 120.2, 110.9, 101.5, 66.7,

27.3, 6.6; IR (neat) 3368 (br), 3098, 3012, 2929, 2871, 1485, 1388, 1229 cm™'; HRMS
(EI) caled for CpHisNO (M) 187.0997, found 187.1003.

BnO \, >-Benzyloxy-1-Cyclopropylindole (8f). The general procedure was

CL/{\} followed on a 0.13 mmol scale starting from 5-benzyloxyindole. The

b crude material was purified on silica gel (10% EtOAc/hexanes) to afford

8f as a pale yellow oil (16.7 mg, 47%): Rr 0.58 (40% EtOAc/hexanes);

'H-NMR (400 MHz, CDCls) & 7.49-7.46 (m, 3H), 7.41-7.30 (m, 3H), 7.15 (d, /=12 Hz,

1H), 7.11 (d, J = 3 Hz, 1H), 6.98 (dd, /= 9, 2 Hz, 1H), 6.34 (d, J =3 Hz, 1H), 5.11 (s,

2H), 3.35-3.30 (m, 1H), 1.07-0.98 (m, 4H); *C NMR (100 MHz, CDCls) & 153.8, 138.1,

133.3, 129.3, 128.9, 128.8, 128.1, 127.9, 112.9, 111.3, 104.6, 101.0, 71.3, 27.3, 6.5; IR

(neat) 3090, 3063, 3031, 3009, 2924, 2866, 1620, 1574, 1484, 1247, 1150 cm™'; HRMS
(EI) caled for CgH1gNO (M+H) 264.1388, found 264.1385.

@ 6-Benzyloxy-1-cyclopropylindole (8g). The general procedure was
BRO N followed on a 0.13 mmol scale starting from 6-benzyloxyindole. The

b crude material was purified on silica gel (10% EtOAc/hexanes) to afford

8g as a pale yellow oil (12.3 mg, 35%): R, 0.46 (20% EtOAc/hexanes);

'"H-NMR (400 MHz, CDCl3) & 7.51-7.47 (m, 3H), 7.42-7.32 (m, 3H), 7.12 (d, J =2 Hz,
1H), 7.03 (d, /=3 Hz, 1H), 6.88 (dd, J =9, 2 Hz, 1H), 6.36 (d, J = 3 Hz, 1H), 5.16 (s,
2H), 3.30-3.25 (m, 1H), 1.06-1.02 (m, 2H), 1.00-0.95 (m, 2H); *C NMR (100 MHz,
CDCls) & 155.6, 138.5, 137.9, 128.9, 128.2, 1279, 127.5, 123.5, 121.7, 1104, 101.3,
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96.0, 71.1, 27.1, 6.5; IR (neat) 3090, 3064, 3030, 3009, 2927, 2869, 1620, 1486, 1457,
1224, 1025 cm™'; HRMS (EI) caled for CigH,sNO (M+H) 264.1388, found 264.1385.

BnO \coe 5-Benzyloxy-1-cyclopropylindole-2-carboxylic acid ethyl ester

m ' (8h). The general procedure was followed on a 0.10 mmol scale

B starting from ethyl 5-benzyloxyindole-2-carboxylate. The crude

material was purified on silica gel (20% EtOAc/hexanes) to afford

8h as a colorless oil (33.5 mg, 98%): R,0.60 (40% EtOAc/hexanes); 'H-NMR (400 MHz,

CDCl3) 8 7.54 (d, /= 8 Hz, |H), 7.48 (d, J = 8 Hz, 1H), 7.47 (s, 1H), 7.40 (1, /= 8 Hz,

2H), 7.35-7.31 (m, 1H), 7.14-7.07 (m, 3H), 5.10 (s, 2H), 4.38 (q, /=7 Hz, 2H), 3.52-3.46

(m, 1H), 1.41 (t, J = 7 Hz, 3H), 1.23-1.18 (m, 2H), 0.96-0.92 (m, 2H); *C NMR (100

MHz, CDCI3) 8 161.9, 154.1, 137.7, 136.0, 130.4, 128.9, 128.2, 127.9, 126.3, 117.0,

113.3, 110.4, 104.6, 71.0, 60.8, 27.4, 14.7, 9.4; IR (neat) 3090, 3065, 2959, 2928, 2856,

1713, 1261, 1528, 1462, 1412, 1024 cm™: HRMS (ED) caled for CyHaNO; (M)
335.1521, found 335.1516.

O.N A\ 1-Cyclopropyl-2-methyl-5-nitroindole (8i). The general procedure
m was followed on a 0.30 mmol scale starting from 2-methyl-5-
B nitroindole. The crude material was purified on silica gel (20%
EtOAc/hexanes) to afford 8i as a yellow solid (37.7 mg, 58%): mp
117°C; R;0.32 (20% EtOAc/hexanes); "H-NMR (400 MHz, CDCls) § 8.40 (s, 1H), 8.04-
8.01 (m, 1H), 7.54-7.51 (m, 1H), 6.36 (s, 1H), 3.21-3.17 (m, 1H), 2.54 (s, 3H), 1.26-1.23
(m, 2H), 1.07-1.04 (m, 2H); C NMR (100 MHz, CDCl5) & 142.3, 141.4, 141.0, 127.1,
116.5,116.2, 109.8, 102.5, 25.0, 13.7, 7.2; IR (neat) 3097, 3032, 2988, 2961, 2923, 1512,
1399, 1344 cm™'; HRMS (BI) caled for C15H,,N20, (M) 216.0899, found 216.0902.

C[Nm 1-Cyclopropyl-2-furan-2-ylbenzimidazole (8j). The general
N o~ procedure was followed on a 0.20 mmol scale starting from
fuberidazole. The crude material was purified on silica gel (50%
EtOAc/hexanes) to afford 8j as a colorless oil (13.3 mg, 30%): R;0.18
(40% EtOAc/hexanes);, 'H-NMR (400 MHz, CDCls) & 7.80-7.78 (m, 1H), 7.67 (s, 1H),
7.59-7.57 (m, 1H), 7.30-7.27 (m, 2H), 7.22 (d, J = 0.5 Hz, 1H), 6.62 (¢, J = 0.5 Hz, 1H),
3.55-3.51 (m, 1H), 1.32-1.27 (m, 1H), 1.07-1.03 (m, 1H); *C NMR (100 MHz, CDCl;) &
145.9, 145.4, 144.5, 142.8, 136.6, 123.3, 123.1, 120.3, 113.2, 112.1, 111.3, 26.4,9.1 ; IR
{neat) 3119, 3089, 3055, 3017, 2925, 1726, 1512, 1428, 1322, 1256, 1187 cm™'; HRMS
(EI) caled for C14H3N20 (M+H) 225.1028, found 225.1024.
EtO,C.  C9:E Diethyl 1-Cyclopropyl-3, 4-pyrroledicarboxylate (8k). The general
8 procedure was followed on a 0.19 mmol scale starting from diethyl 3, 4-
i pyrroledicarboxylate. The crude material was purified on silica gel (20%
EtOAc/hexanes) to afford 8k as a pale yellow oil (39.5 mg, 83%): R;0.29
(40% EtOAc/hexanes); '"H-NMR (400 MHz, CDCl3) 8 7.29 (s, 2H), 4.29
(q, J=7 Hz, 4H), 3.39-3.34 (m, 1H), 1.34 (t, J = 7 Hz, 6H), 1.10-0.98 (m, 4H); *C NMR
(100 MHz, CDCl3) & 164.0, 128.6, 116.4, 60.6, 31.1, 14.8, 6.8; IR (neat) 3130, 2981,
2906, 1728, 1538, 1269, 1065 cm™; HRMS (EI) caled for Ci3H gNO4 (M+H) 252.1236,
found 252.1234.
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COEL  1-Cyclopropyl-4-methylpyrrole-3-carboxylic acid ethyl ester (81). The
N general procedure was followed on a 0.20 mmol scale starting from ethyl 4-
N methylpyrrole-3-carboxylate. The crude material was purified on silica gel
A (30% ether/hexanes) to afford 81 as a colorless oil (20.3 mg, 54%): R, 0.54
(40% EtOAc/hexanes); 'H-NMR (400 MHz, CDCly) 8 7.30 (d, J = 2Hz,
1H), 6.49 (s, 1H), 4.25 (g, /= 7 Hz, 2H), 3.32-3.27 (m, 1H), 2.24 (s, 3H), 1.33 (t, J= 7
Hz, 3H), 0.92-0.83 (m, 4H); *C NMR (100 MHz, CDCl3) & 165.6, 127.4, 121.7, 121.3,
114.4, 59.5, 30.5, 14.9, 12.0, 6.5 ; IR (neat) 3131, 3095, 2979, 2927, 1704, 1526, 1247,
1092 em™; HRMS (EI) caled for Ci(HNO; (M+H) 194.1181, found 194.1178.

m 2-Acetyl-1-cyclopropylpyrrole (8m). The general procedure was followed
N on a (.20 mmol scale starting from 2-acetylpyrrole. The crude material was
A © purified on silica gel (50% EtOAc/hexanes) to afford 8m as a colorless oil

(25.0 mg, 83%): R;0.34 (30% EtOAc/hexanes); 'H-NMR (400 MHz, CDCly)
6 6.94-6.92 (m, 2H), 6.08 (t, J = 3 Hz, 1H), 3.84-3.78 (m, 1H), 2.45 (s, 3H), 1.07-1.02
(m, 2H), 0.89-0.85 (m, 2H); '*C NMR (100 MHz, CDCls) & 188.1, 132.7, 128.6, 120.5,
107.9, 32.3, 27.8, 8.1; IR (neat) 2987, 2917, 2870, 1656, 1409, 1141 cm™; HRMS (ED
caled for CoH2NO (M+H) 150.0919, found 150.0912,

@ 1-Cyclopropylpyrrole-2-carboxylic acid ethyl ester (8n). The general
N~ "CO:Et procedure was followed on a 0.30 mmol scale starting from ethyl pyrrole-2-
carboxylate.  The crude material was purified on silica gel (30%
ether/hexanes) to afford 8n as a colorless oil (28.4 mg, 53%): R, 0.60 (40%
EtOAc/hexanes); 'H-NMR (400 MHz, CDCl3) 8 6.95 (dd, J=4, 2 Hz, 1H), 6.87 (t, /=2
Hz, 1H), 6.07 (dd, J=4, 3 Hz, 1H), 4.31 (q, /=7 Hz, 2H), 3.75-3.69 (m, 1H), 1.36 (t, J =
7 Hz, 3H), 1.07-1.02 (m, 2H), 0.95-0.91 (m, 2H); *C NMR (100 MHz, CDCl5) § 161.2,
127.4, 124.5, 118.6, 107.7, 60.0, 31.5, 14.8, 7.9; IR (neat) 2979, 2917, 2850, 1710, 1418,
1254, 1116 cm"l; HRMS (EI) caled for CigH14NO, (M+H) 180.1025, found 180.1022.

procedure was followed on a 0.22 mmol scale starting from 1,5,6,7-

tetrahydro-4H-indol-4-one. The crude material was purified on silica gel

B (2% acetone/CH,Cly) to afford 8o as a pale yellow oil (21.9 mg, 56%): R,

0.13 (40% EtOAc/hexanes); 'H.NMR (400 MHz, CDCl3) 8 6.58 (d, J = 3 Hz,

1H), 6.47 (d, /= 3 Hz, 1H), 3.20-3.14 (m, 1H), 2.87 (1, / = 6 Hz, 2H), 2.47 (t, J = 6 Hz,

2H), 2.19-2.13 (m, 2H), 1.05-0.99 (m, 2H), 0.96-0.92 (m, 2H); *C NMR (100 MHz,

CDCl3) & 194.8, 146.1, 122.9, 121.4, 105.2, 38.3, 28.3, 24.2, 22.7, 6.8; IR (neat) 3110,

3014, 2943, 2864, 1657, 1499, 1468 cm™; HRMS (EI) caled for C,\HsNO (M+H)
176.1075, found 176.1070.

®
N
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COEt Ethyl 1-cyclopropyl-3, 5-dimethylpyrazole d-carboxylate (8p). The
E/_\L general procedure was followed on a 0.20 mmol scale starting from ethyl
N 3,5-dimethyl-1H-pyrazolecarboxylate. The crude material was purified on
A silica gel (40% EtOAc/hexanes) to afford 8p as a colorless oil (16.0 mg,
38%): Ry 0.33 (40% EtOAc/hexanes); 'H-NMR (400 MHz, CDCls) & 4.28
(q, J =7 Hz, 2H), 3.30-3.25 (m, 1H), 2.59 (s, 3H), 2.92 (s, 3H), 1.35 (t, J = 7 Hz, 3H),
1.16-1.12 (m, 2H), 1.10-1.04 (m, 2H); *C NMR (100 MHz, CDCl;) § 164.9, 150.1,
146.3, 131.3, 129.2, 110.1, 59.9, 30.2, 14.8, 14.6, 11.8, 7.1; IR (neat) 2979, 2927, 1707,
1513, 1425, 1288, 1110 cm™; HRMS (EI) caled for C,1H;gN,0, (M) 208.1212, found
208.1210.



KL-4064-0223PA1

07/05/2005 1119 AM

Acquisition Time (sec} 5.1120

I Comment

1Dproton COCI3 D klittle1 19

Date 05 Jul 2005 15:15:12
File Name WLAVFSO\nmrdata\Data\klittlel\nmr\KL-4064-0228PA1_010001r
Frequency (MHz) 400.13 Nucleus 1H Number of Transients 16
Crigin spect Qriginal Points Count 32768 Owner chemistry
Points Count 32768 Pulse Sequence 2g60 Receiver Gain 1290.20
SW(cyclical) (Hz} 6410.26 Solvent CHLOROFORM-d
Spectrum Offset (Hz} 2465.7559 Sweep Width (Hz) 6410.06
E VerticalScaleFactor = 1
0.55 7
0D 3
0.45 7
0.40 3
= 0.35 g
I
2 m
E 0303
o 3
B q 0
€ 0357 N
3 4
= B
050 @O
; 4
0.18 7
0.10 3 |
_g I;
0.05 7 ’ i L
¢ 3
.00 1.08 1.00 1.03 227 215
[ 2 = [ -
1
8.0 7.5 7.0 6.5 6.0 55 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 g 05
Chemical Shift {ppm)
No. {ppm} Value | Absolute Value Non-Negative Value
1 [0.60..0.75] | 2150 : 4.66775e+9 2150
2 | [1.06.119] | 2274 | 4.93571e+9 2274
3 | [3.25..3.35] | 1.025 | 2.22502e+9 1.025 /Ey
4 {[7.09.7.16] | 1.000 | 2.17141e+9 1.000 Z
5 | [717..7.25] | 4008 | 8.69967e+8 4.008 J
6 |[7.36..7.43] | 1.050 | 2.29919e+9 1.059 G / ‘f
7 | [7.43..752] | 1.078 | 2.34272e+9 1.079 57 ZQ'J\S"
8 |[7.93..8.03] | 1.000 | 2.16986e+9 1.000




KL-4064-0228PA1

08/18/2005 11:15 AM

Acquisition Time (sec) 1.3566 l Comment iDcarbon CDCI3 D; Kklittle] 38 ‘
Date i8 Aug 2005 02:35:44
File Name WAVESO1\nmrdata\Data\klitile1\'nmAKL-4064-0228PA1_020001r
Frequency (MHz) 100.61 Nucleus 13C Number of Transients 4000
Origin spect Criginal Points Count 32768 Owner chemistry
Points Count 32768 Fulse Seguence 2gpg80 Receiver Gain 18390.40
SWeyclical) (Hz) 24154.59 Solvent CHLOROFORM-d
Spectrum Cffset (Hz} 9916.7803 Sweep Width (Hz) 24153.85 E
3 VerticalScaleFactor = 1 l O
095 N
0.80 ;
3 N
E NZ O\O
0.85 % 2 P
E : 8% @ 4
e Hald B
0.80 3 @~ LT 89
E 2y Y 89
0.75 3 Ve E > b
é bl - E
0.70 3 o (e i
0.65 3
2 060 3
2
3] 3
S 0 55%
§ 0503
& E
E 0.45 3
2 3
0.40 = 3
E 2
0.35 _% ?
0.30
0.25 =
B 2 8 g
0205 « & 9 o b
12 8 8 2
0153 12 T ‘i_ -
R
o103 |
0.05 ; Jw J‘lm
s s e il Lw e #’MMWHL’LW*&W“W b
lt}hiiullllu\‘Illiinu“Iliiiiu“llllli\lLII-iIlIH;IMIELHIHH\Illil|HiE!iiil]lili[liil||EFEE1HllllllIEEi!}HHIIII['LE[ii!lIllgi}llilillgtllllll\4;Hlllllli;lliiJillllllli]
160 150 140 130 120 110 100 90 80 70 80 50 40 30 20 10 0 -10
Chemical Shift (ppm)
No. | (ppm) | (H2) | Height

9.10 9159 |0.3142

30.03 | 3021.2 | 0.6550

118.86 | 11958.0 | 0.6864

119.95 | 12068.9 | 0.7051

122.89 | 12364.5 | 0.6785

124.06 | 12482.4 )| 0.7544
124.48 | 12524.4 | 0.7291

W~ B |[WIN|—

124.88 | 12564.2 | 0.7627

9 |131.44 :13224.7 | 0.6840

10 | 132.70 1 13351.5| 0.7282

11 | 134.60 | 13542.4; 0.1039
12 | 152.61 : 16355.0] 0.1078
13 | 150.68 | 16065.61 0.1044
14 | 166.50 | 16751.9 | 0.0712




Fri Apr 28 17:37:36:25 2008

I

1000

3500

Lm:mE-—uﬂ'mcum

— 6E'ZL8 oveLs
.
% LE206
— 03 ¥EQL
== FRLERE
L8'502 )
¥5'0L24
——e 5 rse
¢
B £0° LT}
e 22 L6YL
SEF09L
— (0’9
o eoaf
o
0/'E582
SE'vE6e
£F 1962
LLOLOE
LE67L0€
& S & & o N &
M~ [T B‘q u?_ o [3Y] —

500

1500

2000

2500

3000

4000

Wavenumbers



o' s+ovleaye | 100 | lag L gz | L
1oL’ oL+err0sz L | LOLe | lsrLi-oodl | o1
120°L 648124662 | L1207 |l66'9 " ¥B0l | B
S00°L 6+988105¢ |s00°L |[v69 689l | 8
0041 6+o1668.¢ |o00LL |bbeseel | L
; P60 6+266EPEC | L¥6°0 |[sEc9z¢El | 9
l.mQQN // % 990t 6+9G1p59c | 990') |[zze " Liel | §
@\Q\ 1912 6+94808c'¢ | Love | ez el | ¥
881t 6+o15656¢ |eglL |lovi-ooil | €
06E°2 6+a0bese's | 0682 | [s80 890l | Z
NB ave'L 6+219500°Z |ov0L | B0 pe0l | 4
anjea aanebaN-UON| anjea sInjosqy | onEea (wadd) "ON
(wdd) yys lewayy
0 50 o'l gl 0z g2 og ge 0% G'¥ 05 GG 0'9 69 02 g/
R A RN NP T TS PEENE ST AR Nl TS FE TR INE TS F RSN SRR AR AT A RE Rl PR STl SN S ATl PR RS SRR AT A NN NN NN NS I RN RN N W)
= F = T P 1
SO'L B8'C 6L o9’z 0L 0L 00'lL 00°L .
| S 1o
=70
=1} £
ceo &
o 3
B =
I T
AU
N -1
H- 1]
a jm |
FS0 %
= b
=90
20
" 90
L = 1CloB{2|ROg|BOaA i
S0°0LY9 {(zH) wIpp daomg
GLP1°99v¢  (2f) 195410 winnsads P-WHOJOHOTHD JUBA[OS 9z'01¥g {(zH) (reanpAolms
0¥ 6FiL WIBS) JBAIBIOY 086z aouanbag asiNd 90/2¢ uno) spuod Aljsiwayo JUMO
QOJ7E JUN0D sjuiod jeuibio 10ads 71117 7s) Q| SJuUBISUEBI| JO J3qQLUNN H1 SNaInN
£1°00% (ZHN) Aouanbaly 1100020 1Yd6 1 L0-90F- 15U L afHPeIe QVBIEPILLLOS JAY TH QWEN ajid
0T 1¥E) G00C FEW £ L ajed Z1 LM -Q €100 uojodql JURWOT | 02116 (0as] oy uonssinboy
Wd v0:Z S002/1 LIS

Lvd6LL0-790%-TM




KL-4064-0119PA1

08/01/2005 9:18 AM
Acquisition Time (sec) 1.3566 | comment 1Dcarbon CDCI3 D: Kittle1 43
Date 30 Jul 2005 23:40:48
File Name WAVFSOT\nmrdata\Data\klittle T\nmr\KL-4064-0119PA1_$10001r
Frequency (MHz) 100.61 Nucleus 13C Number of Transients 10240
Origin spect Qriginal Points Count 32768 Owner chemistry
Points Count 32768 Pulse Sequernce zgpgeo Receiver Gain 20642.50
SW(eyclical) (Hz) 24154.59 Soivent CHLOROFORM-d
Spectrum Offset (Hz}) 10018.6865 Sweep Width (Hz) 24153.85 !
VerticalScaleFactor = 1
0.40 -
0.35 -
] 0O
E N
: 6a
Z0.25 4
= i
@ 1
2 A
e E
E E ﬁ 'gre:’:lse'
s 020 o & .
5 ] B o o 8§ o
z od NS I & &R
] a7 o ! 0 3
. - SiNG& I
0.15 4 e
] ‘ B
= o
o o
. /
0.10
: 8
e E_%EQ
0.05; g E E ., f
15 =
R LA bl E:-\'ii.L,s[iu-.“l uu fi.'lalm',a'h..ni ds LI s 2l b bt VT 0k I b U;ff.;h,'.' S ol .i.fiL.L el "au..-m:.-m;‘ Lkl
170 160 150 140 130 120 110 100 20 80 70 &80 50 40 30 20 10 0
Chemical Shift (ppm)
No. | (ppm) {Hz) *(ppmy} *Hz) Height | *Height | *FWHH | *Area | *LF *Function No. | {ppm) (Hz} *(ppm) “(Hz) H
1 5.77 580.7 577 580.72 | 0.1482 | 0.1482 0.74 0.14 | 0.50 | Gauss+Lorentz|| 10 | 127.78 | 12856.3 | 127.78 | 12856.31 | 0.
2 8.20 825.5 8.20 82545 |0.1494 | 0.1494 0.74 0.15 | 0.50 | Gauss+Lorentz|| 11 | 128,75 | 12953.6 | 128.75 | 12853.61 | 0.
3 | 30.81 | 31003 - - 0.1066 - - - - - 12 | 120.48 | 13027.3 | 129.48 | 13027.32 | 0.
4 | 31.73 | 31924 - - 0.1564 - - - - - 13 1130.37 | 13116.5| 130.37 | 13116.52 | 0.
5 | 3222 | 32418 - - 0.1645 - - - - - 14 | 135.80 71 13663.5| 135.80 | 13663.47 | 0.
6 |126.43|12720.7 | 126.43 | 12720.67 | 0.1393 | 0.1393 0.74 0.14 | 0.50 | Gauss+l.orentz | 15 | 137.67 | 13851.4] 137.67 | 13851.44 | 0.
7 1126.68 127457 | 126,68 | 12745.73 | 0.1339 | 0.1339 0.74 0.13 | 0.50 | Gauss+Lorentz{| 16 | 137.85 | 138691 | 137.85 | 13869.14 | 0.
8 1 127.22112800.3|127.22 | 12800.28 | 0.1417 | 0.1417 0.74 0.14 | 0.50 | Gauss+Lorentz|| 17 | 141.61 [ 14248.0 | 141.61 | 14248.02 | G
9 [127.74 128526 127.74 | 12852.62 | 0.1525] 0.1525 0.74 0.5 | 0.50 | Gauss+Lorentz|| 18 | 173.83 | 17490.0 | 173.83 | 17489.96 | 0

bl
X 4.
Aﬁ’l‘j I‘, ZQS-



Fri Apr 28 17:17:45:05 2006

167962
£8'€201
610211
%ﬂssat
9'SHEL
=" 85°25p1
Q 6626V |
( :
5]
W0
v Z:
L0°ES82
087262

L8310
G8790¢

859591

3500

4000

70+
60+

ES

T

o
}—l—ﬂlnnccos-—-a--—‘mco

I
2
@

30+

20-

500

1000

1500

2000

2500

3000

Wavenumbers



gL oL+20gege’L | €20t | Iegs mzea) | w1 LEOL oL+96v600'Z | Le0°) { {oz'g " ooel | £
00o'L oL+8282€6'L | 0001 | 862 " 6v 2] | €1 61071 oL+956060'7 | 6L0°)L | [ogz "egEl | o
986°0 0L+820016'L | 986'0 | [6e2 " 682 | 21 (FXAS 0L+22¥9cE9 | LLZe | {etz 1Bt} §
gLe'L oL+a099se'z | 9Ly | logs " vzad | LY LAOT) 0L+288980'Z | L2001 (b2 L " LLE | ¥
ZLo'L 01+286095°'L | ZL0'L | [sow " 98°El | 0L £60°1 ol+elgorn’z | £50°1 ({os0~ 520l €
G60°L oL+23162z1'2 | 6601 | [vee " goel | B ¥L0°) oL+0/9180'Z | PL0L | IvL0 €90l | 2
Z60°L 01+98491LZ | 260} | leoe " Gtel | 8 GL0°) oL+20¥e80z | s20'4 | fozo ool | 4
anjeA aaebBeN-UON| anfeA ainjosqy | anjea {wdd) ‘ON | |anjea aalebaN-UON] BR|BA SINNOSAY | SNjEA (wdd) "ON
{wdd) Biys jeonuaysn
oL 54 oz A ot gt oy 'y o5 &S 09 g9 oL gl 0g g8 0’6 S8
vadev e v deaaats T N T T R U R PR T SN I P RN E DU NSRS SRR N R RN TNl A AR TR FEUTE R URAN RN SRR SNE ERS TS NN RETURRA AN ARRNR SN WE FRETN FERTN NN R NRRN)
L = o e e L iERR f
8oL FXA> 804 YO 601 LWt 22001 2oy L o
Wy AR W
Y
1 | EZ0
E
£E0
| £ b0

TERPLTETY

|

uy
[an]
Aysuanl] pazijeuton

EARAFLELY)

9'0
q9 d
0 EL0
N g
H E
L 80
N £
60
© m
| = JO}0E48|EOS|EDINSA 04
90'0L¥9 (zH) Wipipm doamg
Szl '29%2  (zH)19SHO wnaaads P-WHOJ4CHOTHD AjoS 9z 0Lv8 (zet) (feaiofo)ms
00181 uiegy Jaajaoey oobz asdanbag asing 89/Z¢ o) suod Kysiways FEITYS)
Q0/2€ juno) spulod feuibLg 1oads [1113 1) gl SuBIsuBlf JO JB3qLUNN HL snajony
£1°00%v (zHw) Aotenbaiy 1L.00020 Y4098 i-6+0r-D avvlitucubeseeleQere pJNE0SJIAY TN eleN a4
80:9%'61 900¢C AeW L€ aze 1€ uoubebe -q £)0go ucloldql JuBLue) _ 0Z11°G (o9s) aulli uonpismboy

Nd 6¥:€ 9002/ €/50



PLGLO | LLOELL | 20TLL ] 8L {{2PBO0 | Z4ivLL | OOLL B
I8GL°0 1 OEV9SL { EFSOL | AL |1 €999°0 1 GGLLL | 899L | 8
6091°0 [ ¥'860¥L | SLO¥PL | 91 || ¥2ee 0] @ZERSG | L6.G L
9998°0 | O'FPPZEL | E9LEL | S1 || 9260 | €069 | C99F | 9
GGOL0 | TLI0EL | 2862l | ¥ || 9L<BO | 9'1G0E | £E°0C S
ZEFPS0 |EPPOEL | G961 | €1 {0000 ; 06992 | €99C | ¥
G880 | 1'96521L | 6L°G2L | ZL || 29¥6'0 ) £'6iEC | G9EC | €
60280 | B'69ETL | PETIE ) ML || 2680 FOSLL | BV LL 4
V290 | 6'8L4L ) 28LL | 0L L6¥6'0 1 L'SkL R ¥ l
whien | {(zH) | (wdd) | on [|WBlBH | (zH) | (wdd) | oN
{wdd) Yys |eiwayd
ol ¢ 01 0z 0g (1) 4 08 09 0L 08 08 001} gLl 0zl ogl 0%l aGlL 091 0Ll o8t 06E
ST TP TR O ENETY IUTE ATl PN TP SEUTT T FPURE YN RN T SR TTRE SR UTE NUTNE SETTL ITNTS RS F L TN PN T PEREY FOWRY RN S IR TY EEUNS IUTS EFRNE FETUS REANS S SRS SRR SR TEUPHENN KN _T:_::,\
At x ..ﬁ?..?.ﬂ s AN pesha e “, A .J_: P hf, P I 2 4, i 7.4};3# L . i ki) ‘- M
ELD
L4 220
8 2 » 3
& SIS S €0
!
o =
= 8
50 8
E N
. 13
B 2
90 5
£ @
c 2
e q9 P L0 2
31,3 m
235 0 -
&5 1 H N L 80
(=] I
d L1y -
& o B si N 80
o3 o W O -
[ | ~ B o O e
N A 5 & & E oL
NI & | > s -
- B % % n
o | = 0B 3BIg[EOIUBA
GR'ESLYT (zH) tipip deams
Z066'7L00L (zH)Josyo wnaoadg P-WHOS0HO0THD wRAjog B85 ¥SLPZ (zH) (feoyoAa)ms
0V 0BES | WEL 1anleday oobdbz aausnbag a5ind 80/Z¢ unon S0 Anysiaug ABUMO
Q0JZE IUR0D Sulod [eUBig 10ads wbii0 026 sjuaisuel] jo daquuny gL snajony
19'001 “{zHw) Aovanbaly 100120 1 V409€E L-Sr0r- DOV UGUBEGERIeNEIBPILLNALOS A TV SLEN IS
8 ¥1:00 9007 Unf L0 aeq L¢ uouBEdE ' £1Da0 uoaqreogl JusuIue ) w 9aGE'| (das)awiy uoiisinboy

WY O¥:8 9002/1.0/90




1685  §L°H001
6228 Lv'0LL BLBE G9'BSL  LL6E L2710Z)
6928 19°vb2l  9v'GZ  60°LLZL  SE6E  £8°8GEI
7868 OB'LE¥L  Q0°EE 9£08Fl  £E°0Z  ¥GE001
Be'R  99°9891  SE'Bl  £5°2691  £L°2E 0V 4482
9662 /2'8562 L0'BE £0'9862 £9°0v 1S'E10E
1% b-wo L% L-wa 1% b-wo
fllaeID |0 181UB7) JuIed 88ly] 18)id
9007 881E:6LIGL LE AR Pam BNIL
sg1'p9e LBpeyo 8114
SIQUUNUIABM oday yeed
00§ 0coL 0061 0002 0052 000g 00SE 000%
-0}
@
w
o
o
o
N ~0Z
fael —
~ =]
Py &
~I 2 h
g T Ed 3
P R a 8
= R 2 gy ;
2 £ 5 a9 ﬂ 3 ogu
N = : o) 5 ¢
n
0 5 |8 & !
Q n ﬂw ) 1
= fo &= w
N 2 © o
[4x]
Hobu
B
j _
( <f\ /«rk\i\;zi»\ L
%
06
09

9002 8ETLEGLIGL LE AR PAW




0£6°0 6+956€0L'e | 0860 |[sgeLvel ] 6
Ly02 6+0p0988'9 | L¥0C | [8Z9 028l | @
2660 6+90.928'c | 2660|962 684l | £
9670 6+9pEBIZ'E | 960 (6L L el | 9
Lo 6+9/5189°9 | 1002 | 192052 | §
950°L g+ozs0zee | 950t [fogs el | ¥
000 L 6+9g08ce’'e | 0001 |[ZLe~g0el | €
6LL°2 g+ozlviz L | 6212 [ [y ) " ogL] [4
1214 8+90J06L°L | ¥Siz | [4670 7 L8°0] l
anjeA aanebBaN-UoON] anjeA SINjosdy | SN[BA {wdd) "ON
(wdd) yiyg Jeaiayn
g g0 ot gl 0z (S ot SE oy &y 0 GG 09 9 ) gL ag g8 06 ¢'6
::W__IW::_:.__:_,_v_:___:A____w::_____m::__:_m____w_,____:,_:_m_::___:m_:_h::_::_m____::u___“___:_::___::___f,____.:____.___:m_:_m:.____m__:m_w____w:___,_:___Im_::::
=i 1 [ m AR R
1A g1z oot 90't 860 GO'TE60 0
T RTIe
= L0
- 20
)
3 z
E g
E¥O0 3
E B
E N
5 ©
Ego &
E 3
£ @
M» 3
90 2
29 2
c /0
g0
0~ N 3
)
1 = lioyoejaEogEoaA cOL
90 01¥9 (ZH) YIpiM daamg
0L¥1'99F2 (2H]19SHO wnijoadg P-WHOAQHOTHD JuaAjog Q9Z'0L¥o e N (CENELEN TS
00'¥20l ujen aAfadey 6obz douanbag asing 90176 juncy sjuiod Angitiago 1BUMQ
GOI2e junoy Spuiod JetibLcy yoads uibrio gl SIURISUBI] JO Jaquiny ML snajony
€100 {ZHw) Aduznbayy IL000LO LY dELlo-FO0-TXGELO-S0 LOWINNSIIPIGO0Z\RAILOIYIEIE I L OSJAY TV QLeN i

PrEYI0Z GOOZ ABIN L1 oreq

9% LalH 1 £1000 uotoudgl

ST m

GZI1°G (9as) 3ty uopisinboy

Wd E¥'¥ 90021820




KL-4064-0124PA1

i

08/17/2005 2:43 PM
Acquisition Time (sec) 1.3566 i Comment 1Dcarbon CDCI3 D: klittle1 96 i
Date 02 Aug 2005 04:48.00
File Name WLAVFSO1inmrdata\Dataiklittie\nmnKL-4064-0124PA1_010001r
Frequency (MHz} 100.61 Nucleus 13C Number of Transients 10240
Origin spect Original Points Count 32768 Owner chemistry
Paints Count 32768 FPulse Sequence zgpg60 Receiver Gain 18390.40
SWicyclical) (Hz) 24154.59 Solvent CHLORQOFORM-d
Spectrum Offset (Hz) 10061.2686 Sweep Width (Hz) 24153.85 [
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170 160 150 140
No. | (ppm) {Hz) Height
1 1117 | 11238 | 0.7729
2 2694 | 27101 1 0.3078
3 | 116.86  11757.8 | 0.3296
4 1118.99 | 12072.6 | 0.0502
5 112198 12273.1 0.3316
6 | 122.87 | 12362.2 | 0.3208
7 |123.56|12431.5| 0.3355
8 [126.7412751.5| 0.0470
9 |128.29|12907.7  0.3359
10 | 128.96 | 12974.8 : 0.3308
11 | 129,40 | 13019.0 | 0.3258
12 | 132,82 | 13363.3 | 0.3389
13 | 134.21 | 13503.3 | 0.0556
i4 | 139.25| 140105 0.0489
15 | 163.49 | 16449.0 | 0.0352
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KL-4064-0145PA1

05/18/2005 10:27 AM

Acquisition Time (sec) 5.1120

i Comment

1Bproton CDCI3 D: Kiittle1 3

Date 18 May 2005 12:35:12
File Name WAVESO\nmrdata\Datakklittle \nmr\K L-4064-0145PA1T_010001r
Frequency (MHz) 400.13 Nucleus 1H Number of Transients 18
Origin spect QOriginal Points Count 32768 Qwner chemistry
Paints Count 32768 Pulse Sequence Zza80 Receiver Gain 1149.40
SWicyclical} (Hz) 6410.26 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 2465.7559 Sweep Width (Hz) 6410.06 i
VerticalScaleFactor = 1
0.9 ]
0.8 3 Q
4 <70
3 0
06 3 .
= 3 6i
[ —
& ]
o E
£ 3
= 0.5 3
n) -
N |
© B
E ]
2 0.4 3
03 3
0.2 .
0.1 7 . |
3 Aot / L 1 k i L A
0 1.96 1.01 1.03 209210
Ly e | [} eed ed
R R A R R R L Rl R e R N R R N L R RN LR R N L E s RN N LN R N N R AR R RN RER RN AR RN}
7.5 7.0 8.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.0 1.0 0.5 0]
Chemical Shift (ppm)
No. (ppm) Value | Absolute Value |[Non-Negative Value
1 [0.61..0.80] | 2100 | 7.20068e+9 2.100
2 [ [0.88..1.05] | 2.093 | 7.176804e+9 2.093
3 1 [247 .2571]0.977 | 3.35044e+9 0.977
4 | [268..2.80]1.035| 3.5487%+9 1.035
5 | [3.26..3.37] 1 1.032 | 3.54024e+9 1.032
6 1 [3.83..384]1.012 | 3.47i43e+9 1.012
7 | [3.98..4.14] | 2.070 | 7.09881e+9 2.070
8 | [7.16..7.23) | 1.965 1 B.73736e+8 1.965
9 [ {7.27..7.31] 1 0928 3.18555e+9 0.92%9
10 | [7.31..7.39] | 1.943 | 6.66313e+9 1.943

Y7/

"y 15 a0



KL-4064-0145PA1

06/07/2005 11:16 AM

Acquisition Time (sec) 1.3566 ] Comment 1Dcarbon CDCI3 D; Idittle1 3 E
Date 19 May 2005 02:52:48
File Name WLAVFS01\nmrdata\Dataiklitile1\nmr\0136-0165\KL-40684-0145PAT_0110019r
Frequency (MHz) 100.81 Nucleus 13C Number of Transients 10240
Origin spect Original Points Count 32768 Qwner chemistry
Points Count 32768 Pulse Sequence zgpyg60 Receiver Gain 20642.50
SWeyclical) (Hz) 2415459 Solvent CHLOROFORM-d
Spectrum Offset (Hz) 10061.2686 Sweep Width (Hz) 24153.85 I
VerticalScaleFactor = 1 CDCI3
0.9 3
0.8 E
0.7 ; :
E N \“\“
] O:( 3
2706 1 O
8 ]
= — -
o ] Gi
a 3
N
w 05 1
E 4
s -
z : b
04 3 a &
E ]
03 3 8 & py -
3 & & g 8 o
E 4 8 i )
02 3 | o
E 0
3 3
— © 82
0.1 - :i ,I_
= 2
| N )
7 M, ‘ v Iy o & ettt .‘_.;,.n '.-" " & y P d
o, Yt bl A AN b hwlbvati Ak w‘ml ”“Hllmu
170 160 150 140 130 120 110 100 90 80 70 B0 50 40 30 20 10 0 -10
Chemical Shift {(ppm)
No. | {ppm} (Hz) Height No. | Annofation | (ppm)
1 5.27 5304 | 0.2089 1 CDCI3 77.42
2 8.43 848.1 | 0.2140
3 | 2445 | 2460.3 | 0.1583
4 3891 | 39146 { 0.2130 / /
5 58.66 | 5902.0 | 0.1768 /f:{
<] 66.62 | 6703.2 | 0.2195 :
7 | 127.56 | 12834.0 | 0.2035 \j
8 |129.35|13013.9 0.3368 (A -
~ .
9 | 129.54 | 13033.0] 0.3312 e ¥f ZOL’J
i0 | 136.25|13708.3 | 0.0495
11 | 158.46 | 15943.3 | 0.0145
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