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{ Some 2-aryl-trans-decahydroquinolin-4-ones and 3-methyl-
2-aryl-trans-decahydroquinolin-4-ones have been subjected to
sodium n-butanol, MPV and sodium borohydride reductions.
The sodium borohydride reduction gives both the epimers, the
sodium n-butanol reduction gives almost exclusively the equato-
rial alcohol (a-form) and the MPV reduction the axial alcohol
(B-form). The second order rate constants for the oxidation of
the epimeric 2-aryl-trans-decahydroquinolin-4-ols and their
3-methyl and 1,3-dimethyl derivatives by chromic acid have
been determined in acetic acid-water in the presence of perch-
loric acid at 30°C. The rate constants reveal the steric environ-
ment of the hydroxy group in these alcohols. Introduction of me-
thyl substituent in 1 and 3 positions of decahydroquinoline sys-
tem results in the distortion of the heterocychc ring from the re-
gular chair conformation.

In the present investigation some 2-aryl- and 2-aryl-
3-methyl-trans-decahydroquinolin-4-ones  (I-IV)
were reduced to the corresponding alcohols and the
steric environment of the hydroxy group in these
was studied kinetically by subjecting them to chrom-
ic acid oxidation. '

Compounds I-1V were prepared according to the
procedure given earlier'. The trans ring fusion in
these was established by us earlier?.

The reduction of homogeneous cyclic ketones
generally gives epimeric pairs of alcohols*’. In some
cases only one of the epimers (a or f) is formed
predominantly®* or exclusively*®. In the present
study sodium n-butanol reduction accordmg to the
procedure of Balasubramanian and Padma’® gave al-
most exclusively the OH-equatorially oriented alco-
hols (a-form) in 70-75% yields. The MPV reduc-
tion gave the OH-axially oriented alcohols (S-form)
in 75-85% yields. The sodium borohydride reduc-
tion gave both the epimers, the a-forms were pre-
dominant in the case of I and II (65%) while the -
isomers were obtained in 10% yield. In the case of
III the yields of both the isomers were identical
(40%). NaBH, reduction of IV gave a- and B-forms
in 40 and 55% yield, respectively.
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I Ar=Ph,R,=R,=H

II Ar=p-Toly,R,=R,=H
III Ar=Ph,R,=CH;,R,=H
IV Ar=Ph,R, =R, =CH;

Ra
R

N 2

/ Ar

Ry
V Ar=Ph,R,=R,=R,=H,R,=OH
VI Ar=Ph,R,=R,=R,=H,R,= OH
VII Ar=p-Tolyl,R, =R, =R, =H,R,=OH
VIII Ar = p-Tolyl, R, =R, =R, =H, R, = OH
IX Ar=Ph, R, =Me, R,=R,=H,R,=OH
XAr=Ph,R,=Me,R1=R4=H,R;=OH
XI Ar=Ph,R,=R,=Me,R;=H,R,=0H
XII Ar=Ph,R, =R, =Me, R, = H, R, = OH

The reduction product in each case was chromot-
ographed on alumina. The order of elution on
chromatography provides usually sufficient evid-
ence to predict the conformations of the epimeric
alcohols®. The axial alcohol was eluted first. The
relevant details about the decahydroquinolin-4-ols
are given in Table 1.

We studied the kinetics of chromic acid oxidation
of the epimers of 2-aryl-trans-decahydroquinolin-4-
ols and their 1-methyl and 1,3-dimethyl derivatives
in acetic acid-water (3:1, v/v) in the presence of
HCIO, (0.1 M)at 30°C. The second order rate con-
stants for the oxidation of the a- and B-forms of
2-aryl-trans-decahydroquinolin-4-ols  (V-XII) are
given in Table 2.

The rate data indicate that the axial alcohols are
oxidised faster than the equatorial alcohols. The
2-p-tolyl compounds (VI and VIII) react faster than
the 2-phenyl compounds; and rate difference is
much more in the case of the axial alcohol pair (VI
and VIII). The slightly higher rate of VII over V may
be due to p-tolyl being more electron-releasing than
phenyl (electron-releasing groups favour Cr(VI) ox-
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Table I —Decahydroquinolin-4-ols

-

trans-Decahydroquinolin-4-ol m.p. Mol. Found (%) Calc. (%)
(°C) formula
@ H @ H
2-Phenyl-(a-form) 98-99 CsH, NO 78.3 9.4 77.9 9.2
(B-form) 177-78 C,sH, NO 77.8 9.4 77.9 9.2
2-p-Tolyl-(a-form) 137-38 C,H,;NO 78.4 9.8 78.3 9.5
(p-form) 208-209  C,,H,;NO 78.1 9.7 78.3 95
3-Methyl-2-phenyl-(a-form) 131-32 C,,H,;NO 78.0 9.7 78.3 9:5
(p-form) 154-55 C(H,;NO 78.0 9.5 78.3 9.5
1,3-Dimethyl-2-phenyl-

(a-form) 111-12 C,;H,sNO 78.8 10.0 78.7 9.7
(B-form) 92-93 C;H,;NO 79.0 9.9 78.7 9.7

Table 2—Second-order Rate Constants for Chromic
Acid Oxidation of Decahydroquinolin-4-ols

Alcohol kx10* (dm*mol 's ')

a-form p-form
1 2-Phenyl-trans-decahydro-
quinolin-4-ol 11.4 23.9
2 2-p-Tolyl-trans-decahydro-
quinolin-4-ol 12.0 29.2
3 3-Methyl-2-phenyl-trans-
decahydroquinolin-4-ol 4.1 19.2
4 1,3-Dimethyl-2-Phenyl-trans-
decahydroquinolin-4-ol 3.8 13.6

idation®). Due to steric factor the rate of VIII is
much higher than that of VI (p-tolyl is bulkier than
the phenyl group). Both the epimers of 3-methyl-2-
phenyl-trans-decahydroquinolin-4-ol (IX and X)
are expected to react faster than the epimers (V and
VI) of 2-phenyl-trans-decahydroquinolin-4-ol due
to electron-releasing nature of the methyl group and
the nonbonded interactions of methyl with the hy-
droxy groups. But IX and X react slower than V and
VI, respectively. The observed rate trend suggests a
distortion of the heterocyclic ring from a regular
chair conformation. In the a- and B-forms of 3-me-
thyl-2-phenyl-frans-decahydroquinolin-4-ol, there
are many gauche interactions involving substituents
at C-2, C-3, C-4, C-9 and C-10 which can be re-
lieved by a flattening of the heterocyclic ring. This
will decrease the net steric hindrance faced by the
hydroxy group at C-4 thereby making it less reac-
tive. In the epimers (XI and XII) of 1,3-dimethyl-2-
phenyl-trans-decahydroquinolin-4-ol, this distor-
tion is even greater because they react even slower
than IX and X. A similar situation was observed in
the chromic acid oxidation of a- and S-forms of
3,5-dimethyl-2, 6-diphenylpiperidin-4-ol°.
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1,3-Dimethyl-2-phenyl-trans-decahydro-
quinolin-4-one (IV)

A mixture of  3-methyl-2-phenyl-trans-
decahydroquinolin-4-ohe! (III, 5 g) formic acid (5
ml) and formaldehyde solution (40%; 6 ml) was
heated on a water-bath for 8 hr. The mixture was
poured into ice-water and made distinctly ammoni-
acal. The N-methyl derivative (IV), which separated
out as a solid, was filtered off, washed, dried and
recrystallised from pet ether; yield 90%, m.p. 99-
100° (Found: C, 79.6; H, 9.2. C|;H,;NO requires C,
79.3; H, 9.0%).

MPV reduction

The ketone (0.02 mol) in isopropyl alcohol (40
ml) was added to a solution of aluminium isopro-
poxide in isopropyl alcohol (prepared from 2.2 g of
aluminium wire and 80 ml of isopropyl alcohol as
described by Wilds!?). The mixture was refluxed for
30-40 min and distilled slowly'’. After a negative
test for acetone, most of the isopropyl alcohol was
removed by distillation under reduced pressure.
The cooled residue was hydrolysed with ice-cold
water containing sodium hydroxide (50 g). After al-
lowing to stand for 1 hr, the mixture was extracted
with benzene several times, the extract was washed
with water and dried. The crude product was sub-
jected to chromatography.

Reduction with sodium borohydride

To a solution of the ketone (2 g) in isopropyl alco-
hol (100 ml), powdered sodium borohydride (1-1.5
g) was added and the mixture refluxed on a steam-
bath for 6-8 hr. After removing most of the solvent,
the residue was treated with water. The mixture was
acidified with acetic acid. After the evolution of hy-
drogen ceased, ammonia was added. The solid that
separated was filtered off, dried, dissolved in ben-
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zene, filtered, the solvent removed and the residue
chromatographed.

Chromatography of the reduction products

For 1 g of the product, 50 g of alumina were used.
Elutions were carried out with pet ether (b.p. 60-
80°), pet ether-benzene (1 :1), benzene, benzene-
ether (1 : 1), and ether in the order given. The reduc-
tion product was dissolved in the minimum quantity
of benzene and fixed on the column. About five
fractions were collected with each eluent. The sol-
vent was removed and the m.p. of each fraction was
determined. The fractions melting at the same tem-
perature were collected and further purified by rec-
rystallisation from benzene or benzene-pet ether.

Kinetic measurements

The titrimetric method of Wiberg and Mill!! was

used for following the kinetics. Purified acetic acid
(AR) was mixed with water in the ratio 3:1 (v/v).
All the other reagents were AR grade chemicals.

Doubly distilled water was used for all purposes.

The reaction mixture was adjusted to 0.1 M with re-
spect to perchloric acid. All measurements were
made at 30.0 £ 0.1°. The rate constants were calcu-
lated using the second order rate equation for un-
equal concentrations.

References
1 Baliah V & Natarajan A, Indian J Chem, 20B (1981) 725.
2 Baliah V, Natarajan A & Chandrasekharan J, Indian J
Chem, 21B (1982) 70.
3 Balasubramanian M & Padma N, Tetrahedron, 19 (1963)
2135.
Baliah V & Chellathurai T, Indian J Chem, 9 (1971) 424.
5 Radhakrishnan T R, Balasubramanian M & Baliah V, Indmn
J Chem, 11 (1973) 318.
6 Baliah V & Usha R, IndianJ Chem, 15B (1977) 684.
7 Baliah V & Jeyaraman R, Indian J Chem, 15B (1977) 791.
8 Wiberg K B, Oxidation in organic chemistry, edited by K B
Wiberg (Academic Press, New York) 1965, 159.
9 Baliah V & Chandrasekharan J, Indian J Chem, 15B (1977)
1035.
10 Wilds A L, Organic reactions, edited by R Adams, Vol II
(John Wiley, New York) 1944, 178.
11 Wiberg K B & Mill T, J Am chem Soc, 80 (1958) 3022.

&

611





