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A U typc strain is demonstrated directly by the nuclear magnetic resonance studies (IH and 13C NMR) on the 
N-acetyl derivati ves of 2-phenyl-trans:-decahydroquinolin-4-ones 5-8. In compounds 5-8 the bulky phenyl group 
is forced to ass ume ax ial orientation due to a severe A 1.3 interaction in equatorial position. The ring torsional 
angles abo ut Cm -CO) bond and Karplus constants have been determined using DAERM method. The calculated 
torsional ang les in the N-acetyl derivatives are significantly higher than that in the normal chair conformation 
and thus confirm the nonchair (twist-boat) conformation of the heterocyclic ring with diaxial orientation of 
phenyl and alkyl groups in N-acetyl derivatives. 

From a ste reochemical study of the reactions of 2-
alkylcyclohexane deri vatives (A ~ B) Johnsonl 
concluded that there is a severe non-bonded 
interaction between the group X (or X') and an 
equatorial alkyl group. This interaction was tenned 
A I.J strain and the energy was approximated with 1,3-
diaxial CH,ICH:l interaction (3 .7 kcallmol). The 
presence of A U interacti on in the acyl derivatives of 
cis-2,6-d imethylpiperidine and of 2-methylpiperidine 
was demonstrated by NMR spectroscopl. These two 
compounds are shown to adopt the alternate chair 
form , so that the methyl groups become axia l and the 
strain gets relieved. The presence of partial double 

bond character In amide ( ;::: N.:...:...:C~~ . and 

nitrosami ne ( ..:::- N :-:-: N::-= 0 ) due to an extensive 
delocalisation of the lone pai r e lectrons of nitrogen 
with the hetero 11: e lectron system has been well 
documented3.4. The rotational barriers due to the 
partial double bond craracter ( 15-2 1 kcallmol for 
amide and 23 kcal/mol for dimethylnitrosamine) 
apparently represent quantitative ly the extent of 
de localisat ion energy and also qualitative ly the extent 
of planar configuration at N::-:-C and N:-::-: N bonds 
in amide and nitrosamine. 

In our ea rl ier report, the co'nfonnational change 
from chair to twist-boat of the heterocyclic ring in N­
nitroso-2-phenyl-trans-decahydroquinolin-4-ones IS 

A e 

established through NMR spectroscopl. This 
conformational change is attributed to the A U 

interaction between the equatorial a-phenyl group 
and the N-nitroso . group. In continuation of our 
stereochemical studies on N-substi tuted 2-phenyl­
trans-decahydroquinolin-4-one derivatives we have 
synthesised four N-acetyl-2-phenyl-trans-decahydro­
quinolin-4-ones and analysed their confonnation in 
the light of 'H and I3C NMR data. There is only one 
report on the stereochemistry of N-acyl-trans­
decahydroquinolines6

, but in these compounds there 
is no substituent in the 2-position to introduce A U 
strain. The aim of the present communication is to 
demonstrate directly the presence of AU strain by 
NMR spectroscopy and further to explain the 
confonnational preference in N-acetyl-2-phenyl­
trans-decahydroquinolin-4-ones. 

The N-acetyl-2-phenyl-trans-decahydroquinolin-4-
ones 5-8 were prepared from the corresponding 2-
phenyl-trans-decahydroquinolin-4-ones 1-4 by reac­
tion with acety l chloride in ether-triethylamine 
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medium (Scheme I). The parent amines 1-4 are found 
to exist in twin-chair conformation. The trans-fusion 
of the two rings and the equatorial orientation of the 
phenyl and alkyl groups in the amines have already 
been confirmed through IH and nC NMR data? The 
phenyl and alkyl groups in adjacent positions in 
diequatorial orientation represent trans-configuration 
in the parent amines . The IR spectra of the acetylated 
products showed two carbonyl absorptions . The high 
intensity peak appearing at 1720-1700 cm' l 

corresponds to the ring carbonyl group, while the 
peak at I64S- 1620 cm·1 is due to the amide carbonyl 
function. 

The acetyl group in amides can adopt either a 
coplmlar orientati on or a perpendicular orientation 
with respect to C(2)-N-C(9) pl ane of the heterocyclic 
ring. In the I H NMR spectra of the ami des 5-8 
recorded at 23" and SSDC, the s ignals for H(2) and 
H(9) protons appear broad. The observetl line­
broadening i ~ an indicat ion of a dynamic process 
tak ing place in the molecule . The most probable 
dynamic process is the rotat ion about N--CO bond8

•
9 

which arises due to conjugat ion of the nitrogen lone 
pai r with CO IT elec trons of the acetyl group. Such a 
conjugat ion is poss ible only when the acetyl group is 
coplanar with the C(2)-N-C(9) plane. The IR spectra 
of the amide~ S-8 bri ng support to the coplanar 
orientati on of the acetyl group . The Bohlmann bands 
(28 IS-2500 cm' l) observed fo r the amines are absent 
in the amides. Bohlmann bands ari se due to 
antiperip lanarity of the nitrogen n-electrons with a.-C­
H bonds. Since in the amides the nitrogen n-electrons 
L~re not free and are involved in conj ugati on the 
Bohlman band di sappears. The coplanarity of the 
acety l group with the ring has also been confirmed by 

the s ingle c rystal X-ray diffraction studylO on N­
acetyl-t(3)-ethyl-r(2)-phenyl-trans-decahydroquinolin-
4-one 7 . 

In the coplanar o rientation of the N-acetyl group 
there wi II be severe A I.J interaction between the 
acetyl group and the a.-phenyl group in its equatorial 
orientati on. Thi s interac ti on cannot be avoided by 
ring flip into the alte rnate chair form (when the 
phenyl group becomes axial), s ince the trans­
decahydroquinoline molecule is rigid. The other 
possibility is that heterocyclic part of the molecule 
may chan o-e into a twi st-boat form where in the phenyl 

b 13 
and the a lkyl groups become axial and the A ' 
interac ti on is re li eved . The conformational change 
from chair to twi st-boat in the heterocyclic part of the 
trall .l'-decah ydroquinoline system is reflected in the 

MR data. 
Since the I H MR spectra of the amides 5-8 

recorded at 55°C show broad signals for H(2}and 
Hc,) protons. the spectra were recorded at sufficiently 
high temperature (70°C) to ensure the condition of 
rapid exchange. The proton signals in 5-8 were 
ass igned by compari son with the signals of the parent 
amines 1-4. 

The 'H NMR data of the amides along with the 
parent amines are summarised in Table I. It can be 
seen from Table I that the ring protons H(2) and H(3) 
(heterocyclic part) in 5-8 are shifted downfield 
compared to the. respective amines 1-4. The 
deshielding observed on H(2) varies from 1.7-2.0 
ppm,which is larger than that expected for equatorial 
proton in the chair conformation ( 1.39 ppm) ll. The 
large deshielding may be due to a change in the 
conformation of the heterocyclic ring in the amides. 
Comparison of the chemical shift of benzylic proton 
H(2) with H(9) reveals that H(2) is deshielded to a 
greater extent than H(9) ( I .0-1.2ppm) indicating that 
H(2) lies in the plane of the N-C=O moiety. However, 
the deshield ing observed on H(9) is close to the 
deshielding on H(9) ax ial proton (1. 18ppm) in N­
acetyl-7-methyl-trans-decahydroquinoline 9 12 (which 
is in twin-chair conformation) suggesting that the 
carbocyclic part of the trans-decahydroquinoline 

~CH3 
I 
c 

H c/ ~o 
3 

9 
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Table I_I H MR data of N-acelyl-2-phenyl-tra1ls-decahydroquinoli n-4-ones 5-8 and 2-phenyl-trans-decahydroquinol in-4-ones7 1-4 

[8 ppm, 1 in Hz] 

Compd H-2 H-3 H-9 H-I O CH} CH 2 NH Acetyl Aromatic 

5 5-73 3.28,2.85 3.69 2.05 
32,3=1 .5,6.4 19.1!J= 11 .2 
hJ= 19.1 

4.02 2.60.2.53 2.63 2.19 
11.1= 1 1.9,3.0 h .J=1 3.4 19. 111= 10.7 

ti 5.50 3.38 3.65 2. 13 
32,3=1 .5 19. 111=11 .2 

2 3.53 2.65 2.65 2.28 
h .\=10.3 19. 111= 11.0 

7 5.53 3. 12 3.62 2.09 
h J=2.0 19.111= 11.2 

3 3,63 2.57 2.57 2.27 
12,.\=10.8 19.m=II .0 

l! 5.41 3.72 2.60 
19. 111= 11.2 

4 3.71 2.52 2.52 

19.111= 10.5 

system exists in the chair conformation itself in the 
amides as in the parent amines. 

In addition to the changes in chemical shifts due to 
N-acetylation , there occurs drastic change in the 
coupling constants also. In N-acetyl-2-phenyl-trans­
decahydroquinolin-4-one 5 the observed vicinal 
coupling constant lz.3 values are 6.4 and 1.5 Hz and 
are considerably lower than the 12,3 values (11.9 and 
3.0 Hz) of 2-phenyl-trans-decahydroquinolin-4-one 
l.The geminal coupling constant (i3 •. k) increases in 5 
( 19. 1 Hz). Similarly, the observed 12,J values for N­
acetyl-t(3)-methyl-r(2)-phenyl-trans-decahydroquino­
lin-4-one (1.5 Hz) and N-acetyl-t(3)-ethyl-r(2)­
phenyl-trans-decahydroquinolin-4-one (2.0 Hz) are 
very much lower than that of the corresponding 
parent amines 2 and 3 ( 10.5 Hz). The lower values 
indicate that the torsional angle between the trans­
protons (~ trans) decreased from 1800 to a greater 
extent in the amides. This clearly reveals that the: 
conformation of the heterocyclic ring is modified and 
is no longer in the chair conformation in the amides . 
The preference for a nonchair conformation is 
presumably due to A 1.3 strain between the acetyl 
grou p and the a-phenyl group in the chair 
conformation. A twi st-boat conformation with diaxial 
orientation of the phenyl and alkyl groups appears 
more probable for the heterocyclic ring in 5-8 
(Figure 1). In contrast, the carbocycl ic part is found 
to exis t in the chai r form with coupling constants 
19a.8a. l 100.5.= I 0- 12 Hz; 19 •. 8c. l IOa.5e=2.9-3 .6 Hz, whIch 
are characteristic of normal chair form. 
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A. suming a twist-boat confol l' atiun for the 
heterocyc lic part , the di hedral angles between C(2)-H 
and CO)-H bonds in the amides 5, 6 and T are 
ca lculated by DAERM method (dihedral angle 
es timati on by rati o method)u. Equations 1 and 2 
relate cou pi i ng constants with dihedra l angles and 
Karplus constant. 

11=KI co,,] 8 1-0.3 

h=K2 cos1 8r O.3 
... (I ) 

... (2) 

In the twi st-boat form of the amides, both the dihedral 
angles (8 1 and 82) are expected to be <900 (Figure 2) 
"knce, equati on 3 obtained from 1 and 2 where 
KI=Kl and 81+82= 1200 (i n a regu lar tetrahedra l 
system) is used for the calculations. 



BHA V ANI et af. : STUDIES ON N-ACETYL-2-PHENYL-trans-DECAHYDROQUINOLIN-4-0NES 19 

l, +0.3 = cos
2 

(), 

l2 +0.3 cos 2 
(), (120-(), ) 

.. . (3) 

In N-acety 1-2-pheny I-trans-decahydroquinolin-4-
one 5 the dihedral angle associated with the coupling 
constants 6.5 Hz (1,) and 1.5 Hz (l 2) as per equation 3 
are calculated to be 41 .5° and 78.5°, respectively . The 
value of Karplus constant is estimated to be 11.86. 
Since only one coupling constant is possible (12) for 
the ami des 6 and 7, the Karplus constant cannot be 
calculated . In tead the Karplus constant is taken as 
11.86, from the prev ious calculation for compound 5. 
Using this value the dihedral angles about the C(2)­
C(3) bond in amides 6 and 7 are calculated to be 
64.40° ana 69~4° using equation 2. The OAERM 
calculated value 69.4° for 7 is close to the observed 
dihedral angle 73.3° H(2)-C(2)-C(3)-H(3) in the 
twist-boat form derived from X-ray analysis'O of 7. 
The calcul ated torsional angles in the amides 5-7 are 
sign ificantly higher tn~n that in the normal chair 
conformation (-60°) and thus confirm the twi st-boat 
conformation of the heterocyclic ring in amjdes 5-8. 

Ph 

As in the I H NMR spectra, the carbon signals of 
the ami des 5-8 also appear broad in the I3C NMR 
spectra recorded at 23° and 55°C. The spectral data 
obtained at 70°C under condition of rapid exchange 
are used for the conformational study. The '3C 
chemical shifts were assigned from the multiplicities 
of signals in the off-resonance decoupled spectra and 
a l s~ by comparing the data with those of the parent 
ammes. 

In N-acetyl-t(3)-ethyl-r(2)-phenyl--trans-decahydro­
quinolin-4-one 7 two downfield signals (58.8 and 

58.1 ppm) are very close to each other. Both the 
signals appear as doublets in the off-resonance 
spectrum. To identify the carbons responsible for 
these signals, 20 'H_ 13C HETCOR spectrum was 
recorded for this compound. Among the two signals 
the down field one (58.8 ppm) correlates with H(2) 
signal at 5.63 ppm in the 'H NMR spectrum, and 
hence this is from C(2) . 

Table II reports .the DC chemical shifts of the 
ami des 5-8 and the corresponding parent amines 1-4. 
The data in Table II indicate that in the ami des the 
heterocyclic ring carbons are shielded. The C(2) 
carbons are more shielded (5.0-7.6 ppm) than the 
C(9) carbons (2.5-4.3 ppm). The higher shielding 
observed on C(2) rel ative to C(9) is due to the 
coplanarity of the benzylic hydrogen at C(2) with the 
amide moiety. Such coplanar orientation deshields the 

Table 1I_I3C NMR chemical shifits (ppm) of N-acetyl-2-phenyl- trans-decahydroquinolin-4-ones 5-8 and 
2-phenyl-trans-decahydroquinolin-4-ones 7 1-4 

Compd C-2 C-3 C-4 C-8 C-9 C- IO Other carbons Acetyl Acetyl CH~ CH2 Aromatic carbons 
carbonyl methyl 
carbon carbon 

5 54.2 42.9 206.3 35.2 59.2 51.3 26.4, 26.0,25.9 170.8 22.7 142.4,129.7,129.4, 128.9 

128.7, 128.4. 128.0. 126.8 

61.8 50.6 209.7 33.9 6 1.7 55.4 25 .0, 24.6, 23.4 142.6, 128.7, 127.8,126.5 

6 60.8 46.5 209.4 35. 1 58.8 50.8 26.6,25.9, 25 .9 171.6 22.5 16.9 142.7, 129.7, 128.9.1 28.7 

128.5. 128. 1, 126.9 

'2 69.2 51.5 2 11.1 33.9 62.1 55 .6 25.0,24.5, 23.6 10.4 141.9, 128.6.1 27.9, 127.6 

7 58.8 54.0 208.6 35.2 58.1 50.9 26.5 , 26.0· 171 .5 24.6 12 .8 22.5 143.0, 130.3, 129.7, 128.9 

128.7,128.5.128.1,126.9 

3 67.7 58.5 210.7 33.9 62.4 56.2 25.0.24.6, 23 .6 12.3 18.1 141.8,128.6,127.9,127.4 

8 65.2 5 1.5 211 .0 35.6 59.0 49.7 27.8,27.4,26.5 171.5 23.6~ 26.0h 141.8, 129.9,129.0, 128.9 

22.6 128.7,129.5,128.0 

4 70.2 49.8 214.3 34.0 62.1 51.2 25. 1, 24.5. 23 .9 20.9. 139.5,128.6,127.2,1 27.6 

20.4 

• Intense peak appears due to overlaping of two carbon signals 
~ Values having the same superscript may be interchanged 
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concerned hydrogen . If the hydrogen attached to a 
carbon is deshielded by some mechanism, the carbon 
will experience shielding. The coplanarity of the 
benzylic hydrogen and the amide group is possible 
only in the twist-boat form of the heterocyclic ring in 
which phenyl group occupies axial orientation and 
benzylic hydrogen is equatorial . Similar large 
shielding is observed on C(2) (8.2 ppm) relative to 
C(9) (0 .5 ppm) in N-acetyl -7-methyl-trans-decahydro­
quanoline 9 also. It is interesting to note that C(2) 
resonates almost at the same field (58.8 ppm) as that 
of C(9) (58.1ppm) in N-acetyl-t(3)-ethyl-r(2)-phenyl­
trans-decahydroquinolin-4 one 7. This may be due to 
a compensation of the shielding effect of acetyl group 
by the deshielding ~ -effect of ethyl group in the axial 
orientation of the twist-boat fo rm. The IH, I3C NMR 
data and the estimated dihedral angles confirm the 
twist-boat conformation of the heterocyclic ring in the 
ami des 5-8. 

Experimental Section 
The method of Lynch and Cole l4 was followed to 

prepare the amides 5-8. To the ketones 1-4 (2.5-2.8 g, 
0.1 mole) dissolved in dry ether (95 rnL) was added 
triethylmine ( 1.5 rnL) followed by acetyl chloride 
(l rnL) in dry ether (95 rnL) . The mixture was stirred 
for 45 min at room temperature. The reaction was 
monitered by TLC [si lica, CHClrEtOAc (19: 1)]. The 
reaction mixture was poured into ice-cold water, 
extracted fou r ti mes with ether (100 rnL) and the 
extract washed with water several times. The ether 
layer was dried over anhydrous sodium sulphate. 
After removal of ether, the crude product was 
recrystallized twice from pet. ether (60-80°C) 
provided pure 5, 6, 7 and 8 with melting poi nts 121 -
122", 139- 140°, 127-128° and 135-136°C, respec­
tively. These compounds were characterized by their 
elemental analyses . 

5: Anal. Calcd for C ,7H2INOf C, 75.3 ; H, 7.7; N, 
5.2%. Found : C. 74.9: H, 7.4; N, 4.9%. 

6: Anal. Calcd for Cl sH2JN02: C, 75.8 ; H, 8.1: N, 
4.9%. Found: C, 75.4 ; H, 7 .7; N, '4.8 %. 

7: Anal. Calcd for CI9H2sN02: C, 76.3; H, 8.4; N, 
4.7%. Found: C, 76.1; H, 8.1; N, 4 .5%. 

8: Anal. Ca lcd for CI')H2sN02: C, 76.3; H, 8.4; N, 
4.7%. Found : C. 76.2; H, 7.9 ; , 4.4%. 

The I H 'MR spectra were recorded for 0.3M 
DMSO-d6 soluti on at 70°C on a Jeol GSX-400 FT 
NM R spectrometer at 270 MHz using TMS as 
interna l standard . I.'C NMR spectra were recorded 
(C,D6) at 70°C on a Bruker AMX-400 FT NMR 
spectrometer at 100 MHz with full proton decoupling 
(TMS was used as internal standard). 20 IH_ I3C 
HETCOR spectru m was obtained on a Jeol GSX-400 
FT MR spectrometer uS1l1g the fo llowing 
parameters : number of scan ' 64, number of data 
points 204 , acquisition time 0.066 sec., re laxation 
delay I sec . a.nd spectral width 4571 Hz in FI and 
15576 Hz in Fl ' 
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