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3C NMR chemical shift assignments have
been made for a series of 1-substituted
carbazoles, 8-substituted 1,2,3,4-tetra-
hydrocarbazoles, 1-substituted benzol[a]-
carbazoles and 6-substituted dibenzo-
[c.g]carbazoles. Single examples were
examined of other classes of substituted
carbazoles: 3-butylcarbazole and its tetra-
hydro precursor 6-butyl-1,2,3,4-tetra-
hydrocarbazole, 8-butyl- and 8,10-diethyl-
benzo{a]carbazoles and their 5,6-dihydro
precursors, dibenzo[a]carbazole and its
5,6,7.8-tetrahydro precursor, benzo[c]-
carbazole and its 6-chloro derivatives
and 5,6-dihydrobenzo[c]carbazole and 5,6,
8,9-tetrahydrodibenzo[c.g]lcarbazole and
their N-methy! derivatives. In addition,
the N-(1-pyrrolidinomethyl) derivatives of
carbazole, 1,2,3,4-tetrahydrocarbazole,
benzo[c]carbazole and dibenzo{c.g] carb-
azole were also studied.

Key worps '3C NMR  Chemical
assignments Carbazole derivatives.

shift

INTRODUCTION

Although several publications are available
on the *3C NMR chemical shift assignments
of carbazoles, these mainly deal with N-

substituted or symmetrically substituted com-
pounds,"™ and the amount of data for
unsymmetrical C-substituted derivatives is
limited.>*® We now report the analyses of the
13C NMR spectra of a range of
unsymetrically substituted carbazoles, includ-
ing some benzo and dibenzo derivatives,
which allow considerable insight into the
pattern of chemical shifts in these com-
pounds.

EXPERIMENTAL

The compounds studied were prepared by
procedures described elsewhere.”® Thus,
3-11, 16, 17, 31, 36 and 37 were prepared via
lithiation of the respective aminal derivatives
2, 14, 30 and 35, and 19-21 were prepared
from benzo[a]carbazole-1,11-dianion.”  6-
Chlorobenzo[c]carbazole (31) was available
only as a mixture containing a smaller
amount of the 8-isomer, but the signals due
to the major component were readily identi-
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35 R' = CH,N l;RZ:H
36 R'=HR?=Cl
37 R'=H;R?Z = CO,H

= CH,4

fied as being those of the 6-isomer by chemi-
cal shift comparison with 6 and 36.
3-Butylcarbazole (12), benzocarbazoles 18,
22, 23 and 29 and dibenzocarbazoles 27 and
34 were prepared by dehydrogenation of the
analogous hydro precursors 15, 24-26, 32, 28
and 38, respectively.® The N-methyl deriv-
atives 33 and 39 were prepared by treatment
of 32 and 38, respectively, with sodium
hydride and iodomethane in THF. The syn-
theses of 16 and 19 have not been described
elsewhere, but the procedures used were iden-

tical with those for the analogous compounds
except that D,O was used as the electrophile.
The degree of deuteriation achieved was
determined by 'H NMR spectrometry as
being approximately 65% for 16 and 100%
for 19.

8-Deuterio-1,2,3,4-tetrahydrocarbazole (16)

A solution of 0.51 g (2 mmol) of 9-{1-pyr-
rolidinomethyl) - 1,2,3,4 - tetrahydrocarbazole
(14) in 60 ml of dry hexane was cooled to
—78°C under an argon atmosphere, and a
solution of 1.7 M tert-butyllithium (1.8 ml, 1.5
equiv.) in pentane was added dropwise to the
resulting white suspension. The mixture was
allowed to warm to room temperature, giving
a clear, colourless solution which was stirred
for a further 16 h as a bright yellow precipi-
tate was formed. The reaction mixture was
then cooled to —78 °C and 20 ml of dry THF
were added to dissolve the solid. D,O (0.12
ml, 6 mmol) was added and the mixture was
allowed to warm to room temperature. The
solvent was removed under vacuum and the
residue was treated with 60 ml of 1 M hydro-
chloric acid. The resulting mixture was
heated on a steam-bath for 30 min to ensure
complete hydrolysis of the pyrrolidinomethyl
group. The product was extracted into ethyl
acetate (3 x 50 ml), dried (MgSO,) and the
solvent was removed under vacuum to give a
solid which was purified by chromatography
on alumina. Elution with benzene-hexane
(1:1) gave 0.31 g (90%) of a mixture contain-
ing approximately 65% of 16 and 35% of
undeuteriated 13. Recrystallization from
benzene gave material identical with 13 by

TLC and melting point (118-120°C). 'H
NMR (DMSO-dg), 6 1.80 (bs, 4 H, CH ,), 2.64
(d, 4 H, CH,), 695 (m, 1.35 H, arom.), 7.30
(m, 2 H, arom.) and 10.60 (s, { H, N-H).

1-Deuteriobenzofa]carbazole (19)

To a solution of 037 g (1.77 mmol) of
benzo[a]carbazole (18) in 20 ml of dry
diethyl ether at room temperature was added
dropwise a solution of 1.7 ml of 25 M n-
butyllithium (4.43 mmol) in hexane. After 28
h the colourless solution was treated with 0.1
ml (5 mmol) of D,O and stirred for a further
15 min. The mixture was then diluted with
further diethy! ether and acidified with dilute
hydrochloric acid. After being washed twice
with water and dried (MgSO,), the solvent
was removed to give 0.34 g (92%) of 19,
which was recrystallized from ethanol to give
material identical with 18 by TLC and
melting point (227-229°C). 'H NMR
(DMSO-dg), 6 7.22 (dxt, 1 H), 7.41 (dxt, 1 H),
7.52 (dxt, 1 H), 7.45-7.72 (m, 3 H), 8.01 (dxd,
1 H), 8.14 (dxd, 1 H), 8.19 (dxd, 1 H) and
1242 (s, 1 H, N-H).

NMR spectra

The *3C NMR spectra were all measured at
20°C in DMSO-d, solution at 50 MHz using
a Varian XL 200 NMR spectrometer. Pulse
widths were optimized for estimated values of
T, using Ernst’s equation, with no delay
between acquisition. Values were recorded
relative to tetramethylsilane and have a
reproducibility of +0.1 ppm.

Table 1. 13C NMR chemical shifts of carbazoles

Compound Cc-1 Cc-2 Cc-3
1° 1109 1254 118.4
2 109.8 1255 1189
3 120.0 1259 118.6°
4 1248 1249 118.5°
5 1431 110.0 119.1°
6 115.2 126.2 119.4°
7 1316 1216 118.2°
8 1126 1275 117.9°
9 118.8 129.9 117.6°

10 119.0 1296 117.6°
11 130.2 125.2 117.4°
12 110.5° 1261 1323

13 23.0¢° 22.8¢ 22.7¢
14 21.7¢ 22.8¢ 22.7¢
15 23.1°¢ 23.0° 22.9°
16 23.0 22.8f 22.7¢
17 22.8¢ 22.8° 22.7¢

@ Assignments based on Ref. 3.

c-4 C-4a C-4b c-5 c-6
1201 122.4 122.4 1201 118.4
119.9 1221 1221 119.9 118.9
1175 122.0 122.8 1201 118.4
1175 1221 122.7 120.0 118.3
111.2 1239 122.8 1201 118.2
118.9 124.4 1224 1205 119.1
1279 121.4 1271 120.5 120.5
126.1 121.6 1241 1201 119.2
125.8 121.5 1245 120.2 1195
1255 1215 124.4 120.2 1195
1183 121.8 123.2 119.7 119.2
119.2 1223 122.4 119.9 11841

20.6 108.0 127.3 117.0 117.9

20.6 108.2 126.9 117.0 118.3

20.7 107.6 127.5 116.2 131.6

206 108.0 127.3 117.0 117.9°

203 108.4 128.8 122.6 117.4°

> Unequivocal assignment due to absence of J(CH) component.

f"‘ Assignments may be interchanged.
' Deuteriated carbon signal not observed.

c-7 Cc-8 C-8a C-8a
125.4 110.9 139.7 138.7
12556 109.8 140.8 140.8
125.2 1110 139.8 139.1
125.2 111.0 139.7 1384
1251 111.0 13956 1294
124.7 111.6 139.9 136.5
127.2 1126 140.6 1329
125.2 112.2 140.2 139.0
126.2 1123 140.5 138.7
126.2 112.2 1405 138.7
125.2 111.7 139.5 1375
125.2 110.8 140.0 138.1
119.9 1104 135.6 134.3
120.1 109.56 136.8 135.6
120.7 110.1° 134.2° 134.3"
119.8 i 135.6 134.3
122.2 1125 136.2 134.7
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RESULTS AND DISCUSSION

The chemical shift assignments for 1,2,3,4-

The results obtained are given in Tables 1-6.
Chemical shift assignments are based on
those of carbazole® and were made on the
basis of substituent and N-alkylation effects,
coupling information and by comparison
with model compounds. For comparative
purposes the data are all tabulated using the
carbazole numbering (structure A), although
the correct numbering systems for the benzo
and dibenzo derivatives are also given in the
tables.

For 3-11 the spectral data are in consistent
agreement with the site of substitution being
at C-1. The chemical shift assignments for the
C-3 carbon resonances were obtained

unequivocally from the coupled spectra due
to the absence of a three-bond [3J(CH)]
coupling component. All of the other CH
carbon signals displayed this feature, with a
coupling close to the benzene value of
7.63 Hz.?

tetrahydrocarbazole (13) are derived from the
8-deutero derivative (16), which showed a
small upfield shift due to deuteriation for the
C-7 carbon resonance, and a disappearance
of the C-8 signal. The C-6 carbon was
unequivocally identified due to the absence of
a 3J(CH) component. The assignments
obtained for C-6 and C-7 differ from those in
the literature;'° the possibility that this was a
result of solvent effects was excluded by a
re-run of the spectra of 13 and 16 in CDCl,,
the solvent used in the earlier work.!®

The chemical shift assignments for
benzo[a]carbazole (18) and dibenzo[a,i]carb-
azole (27) are based on a combination of
those of carbazole, 1-aminonaphthalene and

Table 2. 13C NMR chemical shifts of benzoa]carbazoles

c-12 c-2 c-3 Cc-4 C-4a C-4b C-5 c-6 Cc-7 c-8 C-8a C-9a C-1a C-1b C-1c C-1d
Compound C-11b® C-4a c-5 c-6 C-6a C-6b c-7 c-8 c-9 C-10 C-10a C-11a C-1 Cc-2 c-3 c-4
18 1213 1319 1191 1194° 1173 1232 1197 1191 1244 1113 1387 1356.2 1218 1254 1251 128.5¢
19 1212 1319 1191 119.4° 1173 1232 1197 1191 1244 1113 1387 1352 f 1262 1251° 1285¢
20 1196 1323 1193 120.4° 1189 1218 1200 1195 1250 1125 1386 1341 1276 1268 1249° 128.0°
21 120.2 1329 1194 1201 1187 1223 1201 119.7 1253 1121 1379 1333 1264 1305 123.8° 134.4¢
22 1213 1318 118.8° 1194° 1171 1233 1187° 1330 1252 111.0° 1372 1354 1218 1252 1249 128.4¢
23 1215 1318 1189 118.4° 1177 1232 1165 1348 1238 1268 1359 1353 1223 1250 1248 128.4¢
24 1293 1332 291 194 1108 1268 1184 1188 1216 1114 137.2 1358 1209 1266 1264 128.2¢
25 1292 1332 29.1 193 1104 1268 1173 1326 1225 110.0° 1357 1357 1207 1265 1262 128.1¢
26 1295 1331 29.2 195 1111 1268 1142 1345 1212 1268 1345 1357 1213 1263 1260 128.0¢
2 First row: carbazole numbering system (see structure A).
® Second row: benzofa]carbazole numbering system (see structures 18-23).
© Unequivocal assignment due to absence of >J{CH) component.
¢ Unequivocal assignment due to the presence of two 3J(CH) components.
¢ Assignments may be interchanged.
f Deuteriated carbon signal not observed.
Table 3. '3C NMR chemical shifts of dibenzoe|a,ilcarbazoles
c-1= Cc-2 Cc-3 c-4 C-4a C-4b c-5 c-6 c-7 C-8 C-8a C-9a 1a/7d 1b/7c 1c/7b 1d/7a
Compound  C-13b® C-4a c-5 Cc-6 C-6a C-6b c-7 Cc-8 C-8a C-12a C-12b C-13a c-1/12  C-2/11 C-3/10 C-4/9
27 1217 1314 1199 1192°¢ 1184 1184 1192° 1199 1314 1217 1340 1340 1218 1255 1248 12859
28 1282 1296 29.2 19.6 117.7 1177 18.6 292 1296 1282 1341 1341 1194 1264 1245 127.9¢
2 First row: carbazole numbering system (see structure A).
® Second row: dibenzo[a,/]Jcarbazole numbering system (see structure 27).
© Unequivocal assignment due to absence of °J{CH) component.
¢ Unequivocal assignment due to presence of two 3J(CH) components.
Table 4. '3C NMR chemical shifts of benzo|c|carbazoles
c-12 c-2 c-3 c-4 C-4a C-4b Cc-5 Cc-6 Cc-7 c-8 C-8a C-9a C-3a C-3b C-3¢ C-3d
Compound Cc-6° Cc-5 C-4a C-11c C-11b C-11a c-11 C-10 c-9 Cc-8 C-7a C-6a Cc-4 Cc-3 c-2 c-1
29 113.4° 126.8 1284 1284 1139 1229 1215 1195 1268 1116 1386 1374 1291 1225 1228 1239
30 1121 126.8° 1290 1284 1138 1226 1215 1199 1270° 1105 1398 1384 1290 1228 1228 1240
3 1175 1271 1288 1275 1159 123.0 1218 1201 1270 1122 1389 1342 1284° 1234 1234 1247
32 217 289 1338 1329 1086 1242 1197 1186 1205 1115 1382 1363 127.9° 1214 1267 1237
33 195 28.6 1335 1326 1085 1238 1200 1188 1206 1098 13856 1373 127.8¢ 1214 1267 1237

2 First row: carbazole numbering system (see structure A).

® Second row: benzo[c]carbazole numbering system (see structures 29-31).
¢ Unequivocal assignment due to absence of >/(CH) component.
¢ Unequivocal assignment due to presence of two 3J(CH) components.
€ Assignments may be interchanged.
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Table 5. 13C NMR chemical shifts of dibenzo[c,g]carbazoles

c-12 c-2 c3 c-4 C4a C-4b c5 c-6 c-7 c-8 C8  C9a 3a5d 3b/5ic 3¢/5b  3d/5a
Compound  C-6° c5 C4a C13d C13 C13b C13  C-9 c-9 cs8 C-7a C-6a C-4/10 C-3/11 C-2/12 C-1/13
34 1136° 1263 1287 129.4 116.2 116.2 1294 128.7 1263 113.6° 1366 1366 129.3¢ 1229 1254 1242
35 112.2 126.2 128.2 1294 1159 1159 1294 128.2 126.2 1122 1376 1376 12919 1231 1264 1242
12869 1237 1242 1242

36 1176 127.2 1296 127.3 1182 1165 1296 1285 1257 1138 137.2 1332 1293¢ 1233 1256 1242
130.7¢ 1235 1299 1241

37 115.0 127.7 1283 1305 1154 117.7 1295 128.0 126.7 1145 137.4 1343 12929 1230 1253 1241
38 21.7 299 133.7¢ 1339° 1135 1135 133.7° 133.9° 29.9 21.7 131.0 1310 12799 1224 1261 1235
39 20.1 296 133.6' 1335 1134 1134 1335" 1336' 29.6 201 1329 1329 127.8¢ 1224 1261 123.6

2 First row : carbazole numbering system (see structure A).

b Second row : dibenzo[c.g]carbazole numbering system (see structures 34-37).
¢ Unequivocal assignment due te absence of >J(CH) component.

¢ Unequivocal assignment due to presence of two >J(CH) components.

=f Assignments may be interchanged.

Table 6. *C NMR of substituent groups

Compound

2

3

4

8

9
10
11
12
14
15
17
21
22
23
25
26
30
33
35
37
39

Chemical shifts and assignments

23.1 (CH,), 50.9 (CH,N), 60.6 (NCH,N)

16.9 (CH,)

13.8 (CH,), 22.1 (CH,), 30.6 (CH,), 31.7 (CH,)

167.9 (CO,H)

128.4 (C-2', 6), 129.1 (C-3', 5'),* 131.7 (C-4"), 138.6 (C-1'), 194.2 (CO)
128.9 (C-2', 6), 129.4 (C-3', 5'), 135.7 (C-4’), 142.1 (C-1"), 193.8 (CO)
81.7 (COH), 126.8 (C-4'), 127.5 (C-2’, 6'), 127.8 (C-3', 5}, 146.6 (C-1")
13.8 (CH,). 22.1 (CH,), 30.6 (CH,), 31.7 (CH,)

23.0 (CH,), 50.9 (CH,N), 60.6 (NCH,N)

13.8 (CH,), 21.9 (CH,), 34.3 (CH,), 35.4 (CH,)

168.1 (CO,H)

171.7 (CO,H)

13.8 (CH,), 21.8 (CH,), 34.1 (CH,), 35.1 (CH,)

14.7 (CH,), 16.5 (CH,), 23.9 (CH,), 28.5 (CH,)

13.9 (CH,), 21.9 (CH,), 34.1 (CH,), 35.3 (CH,)

14.8 (CH,), 16.6 (CH), 23.9 (CH,), 28.6 (CH,)

23.0 (CH,), 50.8 (CH,N), 60.5 (NCH,N)

29.1 (CH,)

23.0 (CH,), 50.7 (CH,N), 60.4 (NCH,N)

167.7 (CO,H)

29.7 (CH,)

2 Unequivocal assignment due to absence of *J(CH) component.

phenanthrene,'*

and are confirmed by the

6. |. Mester, D. Bergenthal and J. Reisch,

predictable substituent shifts seen for the
derivatives 19-23. Assignments for
benzo[c]carbazole and dibenzo[c,g]- car-
bazole (29 and 34) were similarly obtained
from a combination of those of carbazole, 2-
aminonaphthalene and phenanthrene.'*
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