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Aluminum hydride, a very interesting and valuable reduc-Table 1 Stereochemistry in the Reduction of Cyclic Ketones with
ing agent, has been widely used in numerous applications iluminum Hydride in Tetrahydrofurdn

organic synthesésJorgenson first reported the comparison Ratio of more stable isomer
in the reducing properties between lithium aluminum Ketone Time (%)°
hydride and aluminum hydride on the reduction of cinnama- (d)
. At0° At25° Under reflux
Idehyde? and Brown and Yoon reported a systematic study:
on the reducing properties of aluminum hydride in PHF. 2-Methylcyclohexanone 01574 75 79
Finally, Cha and Brown introduced a very stable solutions of 025 /8
. . . . 1 84 86
aluminum hydride - triethylamine complex (AHTEA) and 3 86 87
showed this complex possesses actually the same reducing 7 88 38
properties as does aluminum hydride alone. Nevertheless, 10 88
we have believed that this reagent can not be applicable f@fyethyicyclohexanone 02580 82 85
the stereoselective reduction of cyclic ketones, because the 1 85 84
stereoselectivity achieved by the reagenf & Quite similar 3 86 85
to that by lithium aluminum hydride and hence is insignifi- 7 86
cant>®However, in the course of reexamining the reducing4-Methylcyclohexanone 0.25 78 81 83
characteristics of aluminum hydride, we have found that this 1 84 85
reagent possesses a potentiality to be used as a stereoselec- 3 84 86
tive reducing agent to provide thermodynamically more sta4-tert-Butylcyclohexanone 02580 83 86
ble alcohols. This report describes such stereoselective 1 85 86
reduction. 3 85 86
3,3,5-Trimethylcyclohexanone 1 75 88 93
Results and Discussion 3 92 96
7 95 97
. . . . . 10 96 97
The reduction pf represgntatlve monocycllq and b'.CyC“CNorcamphor 025 20 20 16
ketones by aluminum hydride has been studied at different 1 30 57
reaction temperature 025 and reflux) and the reactivity 3 77 8
and the isomeric ratio of the product mixture are summa- 7 81 83
rized in Table 1. When the reduction of monocyclic ketonesamphor 1 19 21 3¢¢
was carried out at°0the thermodynamically more stable 3 19 3
isomer alcohol were produced preferentially. For example, 5 20 34

the r.edUCtion Qf 2-methylcyclohexanone in THFani_eldS aTen % excess (3.3 equiv) of Ketone was reaé@@. yield.°Turn to be
a mixture ofcis- and trans-2-methylcyclohexanol in the turbid.“Turn to be turbid and precipitated.

ratio of 26 : 74. On the contrary, the reduction of bicyclic

ketones such as norcamphor and camphot aff@ded the ratio of 12 : 88. Especially, in the case of norcamphor a dra-
thermodynamically less stable alcohols predominantlymatic change of isomeric ratio was observed. Thus, in the
(Table 1). Thus, the reduction of norcamphor yields a mix+reduction of norcamphor the isomeric ratio of 20:80
ture ofexo-andendo-norborneol in the ratio of 20 : 80; the changes to be 83:17 to produce the thermodynamically
reduction of camphor yields a mixture @ko- and endo-  more stable isomer predominantly. Very much the same is
borneol in the ratio of 81 : 18lowever, when the reduction true to all other cases of cyclic ketones examined.

of excess cyclic ketones (3.3 equiv) with aluminum hydride The most striking feature of the Table 1 is that the stere-
was carried out for a long period of time af 86under  ochemistry of reduction with aluminum hydride is appar-
reflux, the stereoselectivity shifted in favor of being pro- ently dependent on the reduction time, similar to the case of
duced the thermodynamically more stable isomer alcoholgdiisobutylaluminum hydride (DIBAH)and Al-isopropoxy-

For example, the reduction of 2-methylcyclohexanone yieldsliisobutylalane (DIBACPr)® The stereoselectivity increases

a mixture ofcis- and trans2-methylcyclohexanol in the consistently with increase of reaction time to afford the ther-
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modynamically more stable isomer alcohols predominantlyhydride has the advantage of an economical point of view in
with the exception of camphor. This seems to be a phenomeuch stereoselective reduction, because all the three equiva-
non that must rise where the thermodynamically less stablents of hydride are involved in this reaction.

alcohol isomer, one of the two isomers produced by reduc-

tion with aluminum hydride, is converted to the more stable Experimental Section

one by thermodynamically controlled isomer equilibration

via a Meerwein-Ponndorf-Verley (MPV) type reducfién All reactions were performed under a dry &mosphere.
(Eg. 1). The exceptional case of camphor seems to happefll chemicals used were commercial products of the highest
apparently due to its too large steric requirement to meet theurity available; THF was dried over 4 A molecular sieve
MPYV type reduction. and distilled from sodium-benzophenone ketyl prior to use.
A solution of aluminum hydride in THF was prepared by the
reaction of lithium aluminum hydride with methanesulfonic

330 | \AI—O—<:> acid, according to the reported procedu@as chromato-
° - graphic analysis were carried out with a Varian 3300 Chro-
74% trans matograph using TTB”-WAX capillary column (30 m).
Stereoselective Reactian The following procedure was
AHOTHE | 25° or reflux utilized to examine the stereoselectivity of aluminum hydride.

An oven-dried, 50 mL, round-bottomed flask, equipped with
a sidearm, a condenser, and an adaptor connected to a mer-
N __<:> N cury bubbler, was cooled to room temperature under a
Al—O +  Al—Qu- . . . .
- - stream of nitrogen and maintained under a static pressure of
(1) nitrogen. The flask was then immersed in the water b&th 25

9 or heated to be under gentle reflux. To this flask was added

é/ slow 5.0 mL of a 2.0 M solution of the reagent in THF (10 mmaol)
I and 33 mmol of ketone examined was injected as a neat into

the flask dropwise with vigorous stirring. After the appropri-

\ ate time intervals, the reaction aliquot was withdrawn and
/A'_O"O then quenched by addition of 3 N HCI. The aqueous layer

was saturated with MgSQand the organic layer was dried
over anhydrous ¥COs; The isomeric ratio of alcohol prod-
Support for the above explanation is provided by the factict analyzed by GC using a capillary column is listed in
that the reaction of trialkoxyaluminum, formed from alumi- Table 1.
num hydride and 3 equiv afis-2-methylcyclohexanol(a Reduction of Tri(2-methylcyclohexyloxy)aluminum in
99.5% isomeric purity), in the presence of 0.3 equiv of 2the Presence of 2-methylcyclohexanondhe following
methylcyclohexanone for 7 days under reflux givass2- procedure was used to conveid-2-methylcyclohexanol to
methylcyclohexanol in a 85% isomeric purity upon hydroly- trans-2-methylcyclohexanol. Into a 50 mL flask, dried thor-
sis (Eq. 2). This is an interesting example which shows @ughly as described above, 5.0 mL of a 2.0 M solution of
possibility for isomer conversion from thermodynamically aluminum hydride in THF (10 mmol) was introduced and
less stable alcohols to more stable ones. We are examinitige flask was cooled td0To this 30 mmol o€is-2-methyl-

88% trans

this possibility in detail. cyclohexanol (a 99.5% isomeric purity) was injected as a
neat dropwise with stirring. After the complete addition, the
i reaction mixture was allowed to stir for an additional 1 h at
03 é/ HyO OH room temperature and then 3 mmol of 2-methylcyclohex-
A|<o > 3 @) anone was added. After 7 days under reflux the mixture was
3 e guenched by addition of 3 N HCI. After the usual workup

procedure, the alcohol product was subjected to GC analysis
to show the presence ofs- and trans2-methylcyclohex-

In general, the stereoselectivity of this system is somewhatnols in a isomeric ratio of 15 : 85.
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tems : the latter systems yield 92-93¢dnsisomer in the financial support of the Korea Research Foundation made in
reduction of 2-methylcyclohexanone. This difference can béhe program year of 1998.
rationalized as resulting from the enhanced steric require-
ment of isobutyl group directly bound to aluminum atom. References
Thus, the difference in the thermodynamic stabilities between
the more stable alkoxy moiety and the less stable alkoxy1, some examples: (a) Ellefson, C. R.; Cusic, JJ.\Med.
moiety is increased by the isobutyl group, when compared to  Chem 1976 19, 1345. (b) Martinez, E.; Muchowski, J
the case of aluminum hydride itself. However, aluminum M.; Velarde, E J. Org. Chem1977, 42, 1087. (c) Packer,

99.5% cis 85 % trans



130 Bull. Korean Chem. So200Q Vol. 21, No. 1

R. A.; Whitehurst, J. SJ. Chem. SocPRerkin Trans 1
1978 110. (d) Jacob, P, llI; Kline, T.; Castagnoli, N.JJr.
Med. Chem1979 22, 662. (e) Martin, S. F.; Williamson,
S. A,; Gist, R. P.; Smith, K. Ml. Org. Chem1983 48,
5170. (f) Pratt, J. A. E.; Sutherland, I. O.; Newton, R. F.
Chem. Sog¢Perkin Trans1 1998 13.

. Jorgenson, M. Jetrahedron Lettl962 559.

. (a) Brown, H. C.; Yoon, N. Ml. Am. Chem. So&966
88, 1464. (b) Yoon, N. M.; Brown, H. Gbid. 1968 90,
2927.

. Cha, J. S.; Kwon, O. O.; Kim, J. M.; Cho, S.Synlett
1997 1465.

. (@) Cha, J. S.; Kwon, O. @.0rg. Chem1997, 62, 3209.

Notes

(b) Haubenstock, H.; Davidson, E. Bid. 1963 28,
2772.

. For comprehensive reviews, see: (a) Brund,ie.Use of

Aluminum Alkyls in Organic Synthedighyl Corp.: Baton
Rouge, LA, 1968. (b) Bruno, G:he Use of Aluminum
Alkyls in Organic Synthesid4969-1972. (c) Winterfeldt,
E. Synthesid975 617.

. (a) Ashby, E. C.; Yu, S. H. Org. Chem197Q 35, 1034.

(b) Heinsohn, G. E.; Ashby, E. id. 1973 38, 4232.

. (a) Brown, H. C.; Yoon, N. Ml. Am. Chem. So&966

88, 1464. (b) Yoon, N. M.; Brown, H. Qbid. 1968 90,
2927. (c) Cha, J. S.; Brown, H. £.0rg. Chem1993 58,
3974.




