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Low-temperature '3C and 'H NMR spectra
show perhydrooxazolo[3,4-a]pyridine to
exist in CDCI;-CFCl, solution at 183 K as
an equilibrium between 73% trans-fused
and 27% O-inside cis-fused conformers.
cis-(H-1, H-8a)-1-Alkylperhydrooxazolo-
{3.4-a]pyridines  (alkyi =methyl, ethyl,
isopropyl) adopt equilibria heavily biased
towards the trans-fused conformers,
whereas the epimers adopt 18% O-inside
cis-fused = 82% trans-fused com-
formational equilibria at 183 K in
CDCI,-CFCl,. At 190 K in CDCl, cis-(H-

* Part 55 in the series ‘Compounds with
Bridgehead Nitrogen.” For Part 54, see Ref. 1.

6, H-8a)-6-ethylperhydrooxazolo[3,4-
a]pyridine adopts an equilibrium
containing ca 3% trans-fused conformer in
equilibrium with 97% O-inside cis-fused
conformer.

INTRODUCTION

The conformational equilibria (e.g. 1a=1b)
in  perhydrooxazolo[3,4-a]pyridines have
been investigated by NMR spectroscopy?—¢
using model compounds to obtain shifts for
the various conformers. Such estimates of the
position of equilibrium are open to objection,
since even remote substitution may exert an
effect on the NMR parameter in question.
Accordingly, low-temperature NMR spectra
of the perhydrooxazolo[3,4-a]pyridines have
been measured in order to provide direct esti-
mates of equilibria positions.

RESULTS AND DISCUSSION

The low-temperature *3C NMR spectra of 1,
3 and 5 in CDCI,—CFCl, at 183 K showed
two sets of signals, assigned as in Table 1 to
the trans conformers (1a, 3a and 5a) and the
O-inside cis conformers (1b, 3b and 5b),
largely on the basis of the upfield shifts of
C-1 and C-7 due to y-axial interactions. Esti-
mates of equilibria in CDCI;—CFCl; solu-
tions based on integration of comparable
signals (provided in the footnotes to Table 1)
compare favourably with those reported pre-

viously.>~® The position of the 1la=1b equi-
librium was confirmed by the 'H NMR
spectrum of 1 recorded in CD,Cl,-CS, at
173 K (Table 2). Similar conformational equi-
libria positions to that adopted by 5 are indi-
cated for 7 and 9 by the spectral data (Tables
1 and 2), which also show that 2, 4, 6 and 8
adopt exclusively the trans-fused conforma-
tions.

EXPERIMENTAL

Elemental analyses were carried out by the
Butterworth Microanalytical Consultancy,
Teddington, Middlesex. Melting points are
uncorrected.

The 'H NMR spectra were recorded as
10% solutions in the appropriate solvent
with tetramethylsilane (TMS) as internal ref-
erence, on a Bruker WH270 spectrometer.
Accumulated scans over 4K data points were
normally 100, and the resultant FID was
Fourier transformed over 8K data points
after application of a trapezoidal window
filter to the FID signal; the resultant peak-to-
peak resolution was 0.1 Hz, with an error of
+0.7 Hz when the sweep width was ca 3 kHz
(3012 Hz). The !3C NMR spectra were
recorded on a Jeol FX90Q (22.5 MH2)
Fourier transform spectrometer as ca 10%
solutions with TMS as internal reference;
pulse length 6 us, pulse interval 2 s, 2000
scans. *3C chemical shifts are considered to
be accurate to +0.05 ppm and 'J(CH) values
to +1.0 Hz.

Table 1. **C NMR spectra (CDCL,—CFCl;)* of perhydrooxazolo|3,4-a]pyridines

Compound Temperature (K) Cc-1
1 273 69.0
1a® 183 71.6
1b 183 62.9
2 301° 71.5
2 186 715
3 301 64.0
3a° 190 71.6
3b 190 62.9
4 301 76.1
5 298 76.8
bad 183 789
5b 183 75.9
6 298 81.4
7 298 81.9
8 298 85.2
9 298 856.5

Chemical shifts, (ppm)

C3 C-5 C-6 Cc-7
86.9 47.7 250 225
85.8 47.4 245 236
88.5 471 248 185
86.0 53.3 37.6 309
85.6 52.85 373 30.6
88.4 53.1 374 228
856.6 529 374 305
88.6 52.9 374 22,6
86.0 48.4 241 246
85.9 48.2 249 23.0
8565 478 24.4 235
86.8 48.4 24.4 185
85.8 48.4 248 242
858 48.0 24.8 228
85.2 48.1 243 237
85.7 47.9 235 230

c-8 C-8a Alkyl
257 60.8
26.5 61.8
225 57.4
265 62.35 27.3,11.65
26.3 62.1 27.25,11.9
2565 58.1 271,114
19.8 62.1 27.3,11.6
24.8 57.4 273,116
249 64.5 17.6
258 68.4 18.0
26.2 68.4 17.9
30.0 64.4 18.1
248 645 245,103
26.2 66.3 26.1,104
244 63.8 29.3,18.8, 20.3
242 64.2 31.2,18.5, 19.1

# Ambient temperature spectra of all the compounds in CDCI;—CFCI, and in CDCI, provide very similar chemical shift values.

*73% 1a=27% 1b at 183 K.
3% 3a—=97% 3b at 190 K.
982% 5a—=18% 5b at 183 K.
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Table 2. "H NMR spectra of perhydrooxazolo[3,4-alpyridines

Compound Solvent Temperature (K) 1eq’
12 CDCi—CS, 300 3.74
1a CD,Cl-CS, 173 3.92
1b CD_CI-Cs, 173 348
2 CDCI3 301 3.95
3 CDCI3 301 3.62
6 CDCI3 301 3.90
7 CDCI3 301
8 cpal, 301 369
92 €bcl, 301

Teq’,

Compound Solvent Temperature (K) 1'ax’
12 CD,Ci-Cs, 300 -6.8
1a CD_CIL-Cs, 173 -6.7
1b C02CI2—C32 173
2 CDCI3 301 -6.6
3 CDCI3 301 =72
6 CDCI3 301
72 CDCI3 301
8 CDCI3 301
9 coci, 301

Chemical shifts, § {(ppm)

1’ax’ 3eq’ 3ax’ Seq Sax 6eq 6ax
334 4.40 3.81 2.85 2.20
3.38 4.50 3.68 3.02 201
355 4.27 4.33 250 272
3.46 4.59 3.78 3.06 174 — 1.58
348 4.40 433 273 2.30 —_ 1.48
4.60 373 3.04 202
3.58 4.54 385 2.90 207
4.58 383 3.03 212 157 157
342 442 3.89 293 218
Coupling constants {Hz)
1'eq’, 1'ax’, 3'eq’. 5eq, Sax, Sax, 8a,
8a 8a 3ax’ Bax Bax beq 8ax
6.8 103 -25
6.7 0 -9.7
-58
6.6 94 -0.8 -10.3 103
72 9.7 —5.6 -106 106
6.9 -1.3 -10.6 1.3 34 10.0
8.1 ~25 -11.3 89 38 10.6
6.7 -11 -11.3 97 119
875 -28 -10.6 88

2 Spectra represent average of trans- == cis conformational equilibria.

Teq Tax 8eq 8ax 8a Alky{
242
212
3.38
18 100 180 132 221 1.28 092
178 105 164 197 323 1.26 090
1.85 223 1.44,096
1.82 224 153,1.02
187 129 169 143 239 1.76, 098 089
224 098, 095

Compounds 1 and 4-9 were prepared by
modifications of published routes.?3

R'=R?=R*=R*=H

R!'=Et,R2=R*=R*=H
R!=R3>=R*=H,R>=Et
R?®=Me, R!'=R2=R*=H
R*=Me, R'=R>=R*=H
R3>=Et,R'=R?=R*=H
R*=Et,R' =R>=R*=H
R®=iPr,R'=R>=R*=H
R*=iPr,R'=R?*=R*=H

o 0 3 N R W N -

5-Ethyl-2-piperidylcarbinol

2-(5-Ethylpyridyl)carbinol (0.3 M, 40 g) was
dissolved in glacial acetic acid (100 ml) and
reduced with hydrogen at 60 Ib in~2 in a
Parr hydrogenator in the presence of Adams
platinum oxide catalyst (1 g). When the

reduction was complete the catalyst was fil-
tered off and the acetic acid removed in
vacuo. The residue was basified with 30%
aqueous sodium hydroxide solution and
extracted with diethyl ether (3 x 200 ml). The
combined extracts were dried (Na,SO,), con-
centrated and the residue was distilled in
vacuo to yield a mixture of the S5-ethyl-2-
piperidylcarbinols (33 g, 79%) as a colourless
oil, b.p. 89-90°C at 0.04 mmHg (found, C
67.2, H 12.15, N 9.6; C;H,,NO requires C
67.1, H 12.0, N 9.8%).

ST =

3a
H Me H Me
.
0 7 | NTo
H H
Sa
5b

N~ 0

N/\O S >
3b

6-Ethylperhydro-oxazolo|3,4-a]pyridine

The mixture of isomeric 2-(5-ethylpiperidyl)-
carbinols (0.16 M, 23 g) was shaken with an
excess of 36% aqueous formaldehyde solu-
tion (20 ml) for 0.5 h. The solution was basi-
fied with 30% sodium hydroxide solution
and extracted with diethyl ether (3 x 60 ml).
The extracts were combined, dried (Na,SO,),
concentrated and the residue was distilled in
vacuo to give a mixture of 6-
ethylperhydrooxazolo[3,4-a]pyridines (20.7 g,
83%) as a colourless oil, b.p. 87-90°C at 6.5
mmHg. Isomer separation (4 g of mixture)
was achieved by column chromatography
over Grade IV Woelm neutral alumina (400
g). Elution was begun with light petroleum
(b.p. 40-60°C) (1 1) followed by diethyl ether—
light petroleum (5:95). Sixty fractions (15 ml)
of the latter solvent were collected before the
eluate was detected. The progress of the
elution was monitored by "H NMR spectros-
copy. Evaporation of the next 100 fractions
gave trans-(H-6, H-8a)-6-ethylperhydro-
oxazolo[3,4- a]pyridine (found, C 69.8, H
11.1; N 88; C,H,,NO requires C 69.6, H
11.0, N 9.0%). The following 200 fractions
yielded a mixture of isomers but the next 100
fractions gave, on evaporation, cis{H-6, H-
8a)-6-cthylperhydrooxazolo[3,4-a]pyridine
(found, C 69.7, H 108, N 9.0; C,H,,NO
requires C 69.6, H 11.0, N 9.0%)).
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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-

R3
N
i!{’ R?
1 R'=RZ=R’=H
2 R' =CH,N ‘;R2 =R3¥=H
3 R'=R®=H;R? = CH;4
4 R'=R?=H;R? = CH,CH,CH,CH,4
5§ R'=R3=H;R?=0H
6 R'=R3=HR?=Cl
7 R'=R®=H;R?=NO,
8 R'=R3=H;R?Z=CO,H
9 R' =R3 = H;R? = COCgHy
10 R' = R® = H;R? = COCgH,—p—CH3
11 R' = R% = H; R? = C(OH}(CgH5),
12 R' = R2 = H; R% = CH,CH,CH,CH3
R2
|
R3 R!

13 R'"=R2=R¥=H
14 R' = CH,N ;RZ=R3=H
15 R' = R® = H; R? = CH,CH,CH,CH;,
16 R'=RZ2=H;R¥ =D
17 R!' =RZ = H;R3 = CO,H

=CiR2=R3=H

20 R'=
21 R'=CO,H;RZ=R3=H
22 R' =R3 = H;R? = CH,CH,CH,CH,
23 R' = H;R2 = R? = CH,CH,
RT
N

R? H
24 R'=R?2=H
25 R!' = CH,CH,CH,CH;;R? = H
26 R' = R2 = CH,CH,

29 R'=R?

(7]
(=]
pe]
i
O
I

31 R'=H;RZ2=CI

x—2Z

32 R=H
33 R =CH,



