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Substituted allyl alcohols, namely crotyl alcohol, 4-methylpent-3-en-2-ol, cinnamyl alcohol, 4-
phenylbut-3-en-2-ol, 1,3-diphenylprop-2-en-1-ol, cyclopent-2-en-1-ol, and cyclohex-2-en-1-ol were
found to isomerize to the corresponding carbonyl compounds in the presence of Raney nickel. The
mechanism appears to involve the ‘‘half-hydrogenated state’’ followed by reversal as in the case of
the well-known isomerization of olefins during hydrogenation. Tricyclo-[5.2.1.026]-dec-3-en-4-0ls
were also found to undergo isomerization to tricyclo-[5.2.1.0%¢]-decan-3-one.

INTRODUCTION

This is a continuation of our earlier study
on the isomerization of allyl alcohol over
Raney nickel (1), substituted allyl alcohols
were also studied. The isomerization of ole-
fins bearing functional groups has been re-
viewed (2). Later on there were many re-
ports on the isomerization of substituted
allyl alcohols in the presence of n-butyl-
lithium (3), ruthenium (4), rhodium (3, 6),
and nickel (7) complexes under homoge-
neous conditions and over heterogeneous
catalysts, e.g., aluminosilicates (8), palla-
dium catalysts (9-11) Raney nickel (12),
and also at heptane-water boundary using
aqueous us-oxo-triruthenium acetate (13).
Thermal isomerization of trans-1,3-diphe-
nyl and trans-1,3-dimethylprop-2-en-1-ol
was also reported (14).

EXPERIMENTAL

Proton nuclear magnetic resonance spec-
tra were recorded on Varian XL 100 and
Varian EM 390 instruments. Infrared and
mass spectra were recorded using Perkin-
Elmer 257 spectrophotometer and Varian
MAT CH7 instruments, respectively. Gas-
liquid chromatography (GLC) analyses

were done on Varian 1800 series and Varian
700 series chromatographs using hydrogen
as carrier gas (thermal conductivity detec-
tor).

MATERIALS

Preparation of Raney nickel and deuter-
ated Raney nickel has been described (1).
4-Methylpent-3-en-2-ol (15), 2-methylbut-
3-en-2-o0l (16), phenylbut-3-en-2-o0l (15), 1,3-
diphenylprop-2-en-1-ol  (15), cyclopent-
2-en-1-ol (17), cyclohex-2-en-1-01 (I8),
allylbenzene (19), tricyclo-[5.2.1.0%¢]-dec-
4-en-3-ols (20), allyl ether (21), allyl phenyl
ether (22), allyl cyanide, vinyl acetic acid,
and methyl vinyl acetate (23), were pre-
pared according to the literature proce-
dures.

PROCEDURES
Isomerization

(a) The methanol-washed Raney nickel
(in the case of alkyl-substituted allyl alco-
hols) or xylene-washed Raney nickel (in the
case of aryl-substituted allyl alcohols) (0.5
g) was added to the substituted allyl alcohol
in the corresponding solvent (methanol in
the case of alkyl-substituted alcohols and
xylene in the case of aryl-substituted alco-
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hols) and stirred for 12 h under reflux. The
catalyst was filtered off and most of the sol-
vent was evaporated and the residue was
subjected to GC analysis.

(b) The reactant (5 g) and Raney nickel (1
g) were taken in methanol in a round-bot-
tom flask which was connected to the hy-
drogenation apparatus. The system as
flushed with hydrogen 3-4 times and the
contents of the flask were kept under stir-
ring in hydrogen atmosphere at atmo-
spheric pressure. The samples were with-
drawn with the help of a syringe at the
required time intervals and subjected to
GLC analysis.

(c) The reactant (5 g) and Raney nickel (1
g) were taken in isopropyl alcohol (50 ml)
and were kept under reflux with stirring.
Samples were withdrawn at the required
time intervals and subjected to GLC analy-
sis.
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Analysis

The conversion was measured by GLC
with 20% Carbowax 20M on varaport 30,
80-100 mesh, 6 ft. X in. and 10 ft. X in.
and 20% SE-30 on Chromosorb-W, 60-80
mesh; 6 ft. X 3-in. columns. The products
were identified by comparing their re-
tention times with those of the authentic
samples or by isolation by preparative
gas chromatography and spectroscopic
identification. The reaction with allyl
phenyl ether was followed by NMR.

RESULTS AND DISCUSSION

The isomerization of various substituted
allyl alcohols over Raney nickel were stud-
ied and the results are shown in Table 1.
The alkyl-substituted allyl alcohols under-
went isomerization at the refluxing temper-
ature of methanol (Table 1, Nos. 2 and 3)

TABLE 1

Isomerization of Substituted Allyl Alcohols over Raney Nickel

S. No. Substrate Temperature Products % Yield
0
i. Allyl alcohol 64 Propanal 62
n-Propanol 3
2. Crotyl alcohol 64 Butanal 25
n-Butanol 5
3. 4-Methylpent-3-en-2-ol 64 4-Methylpentan-2-one 17
4-Methylpentan-2-ol 4
4. 2-Methylbut-3-en-2-ol 64 Penten-2-one —
2-Methylbutan-2-ol Traces
S. Cinnamy! alcohol 135-140 B-Phenylpropionaldehyde 20
Dihydrocinnamyl alcohol 5
6. 1,3-Diphenylprop-2-en-1-ol 135-140 (B-Phenylethyl phenyl ketone 10
1,3-Diphenylpropan-1-ol 4
7. 4-Phenylbut-3-en-2-ol 135-140 4-Phenylbutan-2-one 14
4-Phenylbutan-2-ol S
8. Cyclopent-2-en-1-ol 135-140 Cyclopentanone 10
Cyclopentanol 3
9. Cyclohex-2-en-1-0l 135-140 Cyclohexanone 8
Cyclohexanol 3
10. Allylbenzene 135-140 trans-B-Methylstyrene 12
cis-B-Methylstyrene Traces
n-Propyl benzene 2

Note. Catalyst-to-substrate ratio = 0.2. Weight of the substrate taken = 3 g. Reaction time = 12
h. Solvent: methanol for S. Nos. 1-4; xylene for S. Nos. 5-10.
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and the aryl-substituted allyl alcohols at the
refluxing temperature of xylene (Table 1,
Nos. 5 to 7). Cyclic allyl alcohols also un-
derwent isomerization at the refluxing tem-
perature of xylene (Table 1, Nos. 8 and 9).
The substituted allyl alcohols did not isom-
erize at room temperature unlike allyl alco-
hol.

The difficulty of isomerization of substi-
tuted allyl alcohols compared to allyl alco-
hol may be due to the steric hindrance in
the adsorbed state. Other allyl derivatives
such as allyl methyl ether, allyl phenyl
ether, methyl vinyl acetate, allyl cyanide,
and vinylacetic acid did not undergo ready
isomerization at the refluxing temperature
of methanol. Propargyl alcohol on stirring
with Raney nickel at room temperature did
not yield acrolein, but a highly viscous ma-
terial, probably polymer, was obtained.
This was not unexpected since acrolein it-
self underwent nearly complete polymer-
ization, when it was stirred with Raney
nickel at room temperature.

Isomerization of Substituted Allyl
Alcohols in the Presence of
Hydrogen/Isopropyl Alcohol

The reaction of substituted allyl alcohols
yielded only small amounts of isomerized
products in the presence of Raney nickel
alone. However, they isomerized readily
under hydrogenation conditions (using hy-
drogen gas or a hydrogen donor like isopro-
pyl alcohol). Hence the latter conditions
were employed for the study of isomeriza-
tion of such compounds.

Cinnamyl alcohol was stirred with Raney
nickel in hydrogen atmosphere at atmo-
spheric pressure over Raney nickel using
methanol as solvent. The samples were
withdrawn at various time intervals and
subjected to GLC analysis. Results are
shown in Table 2. Similarly cinnamyl alco-
hol and isopropyl alcohol were taken (1: 10
wt/wt ratio) and stirred over Raney nickel
at the reflux temperature of isopropyl alco-
hol. The samples were withdrawn at vari-
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TABLE 2

Isomerization of Cinnamyl Alcohol in the Presence
of Hydrogen or Isopropyl Alcohol over Raney
Nickel with Time

S. No. Time Temper- % Yield
(h) ature
°C) B-Phenylpro-  Dihydrocinnamyl
pionaldehyde alcohol
Procedure (b): in the presence of hydrogen
1. 1.0 30 16 18
2. 2.5 30 20 25
3. 5.0 30 21 42
4. 9.0 30 — 98
Procedure (¢): in the presence of isopropyl alcohol®
5. 1.0 82 16 5
6. 2.5 82 19 1t
7. 5.0 82 24 22
8. 9.0 82 20 37

Note. Catalyst-to-substrate ratio = (.2. Weight of cinnamyl alcohol
taken = 5 g,
4 Cinnamyl alcohol-to-isopropyl alcohol ratio = 1:10 (wt/wt).

ous time intervals and the results are shown
in Table 2.

In both the above cases, B-phenylpro-
pionaldehyde was observed in addition to
the usual hydrogenated product, dihydro-
cinnamyl alcohol. These were isolated by
preparative GLC and characterized by ir
and NMR. Results showed that at first
there was an increase of the isomerized
product, B-Phenylpropionaldehyde and
later on it decreased and dihydrocinnamyl
alcohol increased with time throughout the
experiment. It showed that the initially
formed B-phenylpropionaldehyde was get-
ting reduced after its formation. Isomeriza-
tion of cinnamyl alcohol to B-phenylpro-
pionaldehyde in the absence of hydrogen or
isopropyl alcohol was extremely slow.
Hence a 1,3-sigmatropic shift of hydrogen
as in the case of allyl alcohol was consid-
ered unlikely in this case. Formation of the
isomerized product g-phenylpropionalde-
hyde can be viewed as proceeding through
the ‘‘half-hydrogenated state’’ followed by
its reversal as shown in Scheme 1, as pro-
posed for the well-known isomerization of
olefins during hydrogenation (25, 26).

It was already established that the hydro-
gen transfer over Raney nickel proceeded
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SCHEME 1

by a stepwise mechanism (27). Hence the
above isomerization in the presence of iso-
propyl alcohol was also viewed as depicted
in Scheme 2. Similar results were obtained
with crotyl alcohol (Table 3) and allylben-
zene (Table 4) also.

Since substituted allyl alcohols, namely,
cinnamyl alcohol and crotyl alcohol under-
went isomerization easily in presence of hy-
drogen and in view of the fact that Raney
nickel contains 50-100 ml of hydrogen per
gram (28) it was assumed that substituted
allyl alcohols also underwent isomerization
through ‘‘half-hydrogenated state.”

Isomerization of a- and B-Tricyclo-
[5.2.1.0%5]-dec~4-en-3-ols

Tricyclo-[5.2.1.0%6]-dec-4-en-3-8-0l (1)
and tricyclo-[5.2.1.02%-dec-4-en-3-a-0l (2)

Path 'a’
~-C — =& C-C-C
[

H H

C=C-C

I—0
1
*—O

Path ‘b

[ ——

- e c-CeC

*

-0
*—0

SCHEME 2

underwent isomerization to the corre-
sponding saturated ketone, tricyclo-
[5.2.1.0%%])-decan-3-one (3) on refluxing in
xylene over Raney nickel for 24 h. Com-
pound 2 was found to be more reactive
(nearly three times) compared to compound
1.

If the isomerization proceeded through a
1,3-shift of hydrogen compound 1 should
have isomerized at a faster rate than 2, as-
suming that the molecule will adsorb on the

TABLE 3

Isomerization of Crotyl Alcohol in the
Presence of Hydrogen over Raney Nickel;
Procedure (b)

S. No. Time % Yield
(h)

Butanal  »-Butanol
1. 0.5 41 2
2. 1.0 38 4
3. 1.5 34 7
4, 2.5 30 20
S. 3.5 27 25
Note. Catalyst-to-substrate ratio = 0.2.

Weight of crotyl alcohol taken = § g. Tempera-
ture = 30°C.
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TABLE 4

Isomerization of Allylbenzene over Raney Nickel in
Presence of Hydrogen/Isopropyl Alcohol with Time

S. No. Time  Temper- % Yield
(h) ature
C) Propenyl-  Propyl-
benzene benzene
Procedure (b): in the presence of hydrogen

1. 0.5 30 Traces 21
2. 1.0 30 2 32
3. 2.0 30 12 56
4, 3.0 30 7 76
5. 4.0 30 4 93
6. 6.0 30 — 100

Procedure (c): in the presence of isopropyl alcohol
7. 0.5 82 Traces 4
8. 1.0 82 3 7
9. 1.5 82 6 16
10. 2.0 82 10 22
11. 4.0 82 18 35

Note. Catalyst-to-substrate ratio = 0.2. Weight of
the allylbenzene taken = 5 g.

catalyst surface preferentially on the exo-
side and availability of an endo hydrogen is
necessary for ready 1,3-sigmatropic migra-
tion without involving a hydrido-complex
(24). The observed results were just the op-
posite. Since no unsaturated ketone, tri-

H5 ;
OH
1
—_—
HO““
H
2

%/ﬁ%

w

o A

SCHEME 3

VARA PRASAD AND PILLAI

cyclo-[5.2.1.0%6-dec-4-en-3-one (4) was de-
tected as intermediate, a stepwise mecha-
nism involving dehydrogenation to the un-
saturated ketone followed by hydroge-
nation of the double bond appears unlikely.
The ready isomerization of compound
2 was in conformity with a mechanisms
involving a ‘‘half-hydrogenated state™’
(Scheme 3).

REFERENCES

1. Vara Prasad, J. V. N., Samuelson, A. G., and
Pillai, C. N., J. Catal. 75, 1 (1982).

2. Yanovskaya, L. A., and Shakhidayota, Kh.,
Russ. Chem. Rev. 39, 859 (1970).

3. Dimmol, D. R., Yu, W. F., and Gharpure, S. B.,
J. Org. Chem. 41, 3092 (1976).

4. Sasson, Y., and Rempel, G. L., Tetrahedron Lett.
4133 (1974).

5. Strohmeir, W., J. Organometal. Chem. 86, 1
(1975).

6. Botteghi, C., and Giacomell, G., Gazz. Chim. Ital.
106, 1131 (1976).

7. Lochow, C. F., and Miller, R. G., J. Org. Chem.
41, 18 (1976).

8. Polyakov, V. M., Denov, S. M., and Badrikov, 1.
V., Khim. Prom. (Moscow) 48, 743 (1972).
(Russ.); Chem. Abstr. 78, 42812 (1973).

9. Kraus, M., Collect. Czech. Chem. Commun. 31,
460 (1972).

10. Bernek, L., and Kraus, M., Collect. Czech.
Chem. Commun. 317, 3778 (1972).

11. Kraus, M., and Cavrilova, 1., Czech. 151, 625 (C1
B Olj) Dec. 15, 1973; Chem. Abstr. 81, 17226y
(1974).

12, Couge, M., Ann. Chim. (Fr.) 6, 648 (1971).

13. Sasson, Y., Zoran, A., and Blum, J., J. Mol. Ca-
tal. 6, 289 (1979).

14. Arndrist, A. H., Slivon, L. E., and Graas, J. E., J.
Org. Chem. 43, 634 (1978).

15. Igbal, K., and Jackson, W. R., J. Chem. Soc. (C)
616 (1968).

16. Green, H. B., and Hickinbottom, W. J., J. Chem.
Soc. 3262, 3270 (1957).

17. Eisch,J.J., Merkley, J. H., and Gallo, E., J. Org.
Chem. 44, 587 (1979).

18. Ford, M. C., and Waters, W. A., J. Chem. Soc.
2240 (1952).

19. Weinstock, J., J. Org. Chem. 31, 540 (1956).

20. (a) Katz, T. J., Rosenberger, M., and O’Hara, R.
K.,J. Amer. Chem. Soc. 86, 249 (1964); (b) Wood-
ward, R. B., and Katz, T. J., Tetrahedron 5, 70
(1959).

2]. Watanbe, W. H., Conlon, L. E., and Hwa, J. C.
H., J. Org. Chem. 23, 1666 (1958).



22.
23.

4.

25.

ISOMERIZATION OF ALLYL ALCOHOLS OVER RANEY NICKEL 423

Perkin, W. H., J. Chem. Soc. 69, 1896, 1225. 26. Horiuti, J., and Polanyi, M., Trans. Faraday Soc.
30, 663 (1934).

27. (a) Andrews, M. J., Ph.D. thesis, I.L1.T., Madras,
1977; (b) Andrews, M. J., and Phillai, C. N., In-

Vogel, A. L., ‘A Text-book of Practical Organic
Chemistry.”” Longmans, Green, New York, 1957.

Cowherd, F. G., and von Rosenberg, J. L., J. dian J. Chem. Sect. B 16, 465 (1978).
Amer. Chem. Soc. 91, 2157 (1969). 28. (a) Kokes, R. J., and Emmott, P, H., J. Amer.
Horiuti, J., and Polanyi, M., Nature (London) Chem. Soc. 82, 4497 (1960); (b) Foulliouz, P., J.

132, 819 (1933). Catal. 25, 212 (1972).



