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Selective Reductions. 22. Facile Reduction of «,8-Unsaturated
Aldehydes and Ketones with 9-Borabicyclo[3.3.1Jnonane.

A Remarkably Convenient Procedure for the Selective Conversion
of Conjugated Aldehydes and Ketones to the Corresponding
Allylic Alcohols in the Presence of Other Functional Groups!
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Conjugated aldehydes and ketones are reduced rapidly and quantitatively to the corresponding allylic alcohols
by 9-borabicyclo[3.3.1]nonane in tetrahydrofuran in excellent purities. Even cyclic enones, such as 2-cyclohexenone
and 2-cyclopentenone, are reduced cleanly to the desired allylic alcohols without concomitant attack at the double
bond. The development of a unique workup procedure renders possible the isolation of carbinols in excellent yields.
Unlike more conventional reagents, such as aluminum hydride and diisobutylaluminum hydride, the mildness of
the reagent, 9-BBN, permits the presence of almost any other functional groups, such as ester, amide, carboxylic
acid, nitro, halogen, nitrile, etc. The superior ability of this reagent for the selective reduction of «,3-unsaturated
aldehydes and ketones was confirmed by the selective conversion of o-nitrocinnamaldehyde to o-nitrocinnamyl
alcohol and of 4-carbethoxy-3-methyl-2-cyclohexenone to 4-carbethoxy-3-methyl-2-cyclohexenol in yields of 76
and 95%, respectively. The present development provides a highly convenient synthetic procedure for the selective
reduction of conjugated aldehydes and ketones in a multifunctional molecule, where this is required in synthetic

operations.

Selective reduction of «,8-unsaturated aldehydes and ke-
tones to the corresponding allylic alcohols (1,2-addition) has
been examined with a variety of hydride reducing agents.3
Often this is accompanied with conjugate reduction (1,4-
addition) to a varying extent, thereby affording saturated
aldehyde or ketone, accompanied by subsequent reduction
to vield saturated carbinol (Scheme I). Systematic exploration
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of the reaction of conjugated aldehydes and ketones with so-
dium borohydride, a mild reducing agent, clearly indicates
that the reaction invariably yields substantial proportions of
saturated carbinols? (1,4-addition). Comparatively, the results
realized with lithium aluminum hydride, a powerful reducing
agent, are considerably better. However, this can by no means
be adapted as a general procedure; labile systems, such as
2-cyclopentenones, yield considerable amounts of the conju-
gate reduction products. Application of alkoxy derivatives of
lithium aluminum hydride, such as lithium trimethoxyalu-
minohydride and lithium tri-tert-butoxyaluminohydride, do
not improve the results. Sodium cyanoborohydride reduces
acyclic conjugated aldehydes and ketones cleanly to the allylic
alcohols; however, cyclic enones give a mixture of allylic and
saturated alcohols.?

The failure to achieve clean reduction of «,3-unsaturated
aldehydes and ketones with conventional reducing systems
led to the exploration of various other new hydride reducing
agents. The development of aluminum hydride as a reducing
agent in our laboratory and its application to 2-cyclopenten-
one considerably decreased the unwanted 1,4-reduction
products.? Recently, diisobutylaluminum hydride has been
reported to reduce 2-en-1-ones to the corresponding allylic
carbinols in higher yields and cleaner products than observed
with aluminum hydride.” Unfortunately, its application to
acyclic enones appears to give considerable amounts of the
undesired saturated products.3® Moreover, both aluminum
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Figure 1. Rates of reaction of conjugated aldehydes and ketones
(0.125 M) with 9-BBN (0.5 M) in tetrahydrofuran at 25 °C.

hydride and diisobutylaluminum hydride are powerful re-
ducing agents capable of reducing many other functional
groups in the same molecule, groups such as esters, acids, ni-
triles, amides, epoxides, halides, acetals, etc.3° Consequently,
this introduces severe limitations in utilizing these reagents
for the reduction of a particular group in a multifunctional
molecule.

We recently reported an extensive study of the approximate
rates, stoichiometry, and products of the reaction of excess
9-borabicyclo[3.3.1]nonane (9-BBN) with organic compounds
containing representative functional groups in tetrahydro-
furan (THF) at 25 °C. It was observed that conjugated al-
dehydes and ketones, such as cinnamaldehyde and 2-cyclo-
hexenone, rapidly utilize 1 equiv of 9-BBN (<30 min), with
the uptake of a second equivalent being very slow, requiring
3 days or more (Figure 1). In the case of 2-cyclohexenone,
analysis by the reaction mixture at the end of 10 min by GLC,
following hydrolysis of the intermediate, indicated the pres-
ence of 2-cyclohexenol in 100% yield. Consequently, we are
achieving a rapid reduction of the carbonyl group followed by
a very slow subsequent hydroboration of the double bond.
Further, competition experiments involving 9-BBN clearly
establish that aldehydes and ketones are rapidly and cleanly
reduced to alcohols, much faster than the hydroboration of
most olefins (kcyclohexanone/kcyclupentene = 317).

The unique reduction characteristics of 9-BBN revealed
in our previous study should permit the selective reduction
of the a,8-unsaturated aldehydes and ketones to the corre-
sponding allylic alcohols in the presence of many other less
reactive functional groups. Accordingly, we undertook a sys-
tematic study of the scope of the reaction and its applicability
for multifunctional molecules. The results of this investigation
are reported in the present paper.

Results and Discussion

Reaction Conditions and General Procedure. The re-
actions were carried out by the dropwise addition of an es-
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sentially stoichiometric quantity of 9-BBN solution in THF
(3-5% excess) to the conjugated aldehyde or ketone in THF
solution stirred and maintained at 0 °C. The resulting mixture
was stirred at 0 °C for 2—4 h, and subsequently at 25 °C for 1
h.

For product analysis by GLC, separate reactions on a 5-
mmol scale were carried out. The products were identified by
GLC comparison with authentic samples and yields were
determined utilizing internal standards and authentic syn-
thetic mixtures.

The preparative reductions were carried out on a 25-100-
mmol scale. Two convenient workup procedures have been
developed for the isolation of the products. After the reaction
is over, the mixture can be treated with alkaline hydrogen
peroxide to oxidize the 9-BBN moiety and the carbinol sep-
arated from the cis-1,5-cyclooctanediol by distillation. Al-
ternatively, the diol can be readily washed out with water from
most allylic alcohols (procedure A).

Alternatively and more conveniently, the THF can be re-
moved under vacuum from the reaction mixture and n-pen-
tane added. The addition of 1 mol of ethanolamine precipi-
tates the 9-BBN moiety as the adduct, displacing the allylic
aleohol to the pentane layer quantitatively. Removal of the
pentane and distillation yields the desired carbinol in excellent
yields!! (procedure B) (eq 1).

@B—O—(IIJ—(lJ=%

H,NCH,CH,0H I |

N
HO_C_C_T + GjBk jl 1)

n-pentane |
NH.,

Competition Experiments. Relative Reactivity of En-
ones to Other Organic Functional Groups. Examination
of the reaction of typical organic functional groups with excess
9-BBN gave a rough indication of the relative ease of reduction
by this reagent of representative functional groups. We be-
came interested in exploring the possibility of the selective
reduction of enones in the presence of other reducible func-
tional groups in a multifunctional molecule. It appeared de-
sirable to establish the reactivity of selected organic functional
groups relative to an a,3-unsaturated ketone by means of
competition experiments. Accordingly, equimolar amounts
of 2-cyclohexenone and a compound containing the repre-
sentative functional group were allowed to compete for a
limited quantity of 9-BBN solution in THF at 0 °C. After 2
h, the mixture was hydrolyzed, oxidized (NaOH-H;05) and
analyzed by GLC using an internal standard.

The results summarized in Table I clearly show that the
enones can be preferentially reduced in the presence of many
other organic functional groups, groups such as ester, nitrile,
amide, carboxylic acid, epoxide, halogen, etc.

Synthetic Utility. In order to establish the synthetic utility
of this synthetic procedure, product studies for the reduction
of representative conjugated aldehydes and ketones were
carried out.

Simple conjugated aldehydes, such as crotonaldehyde and
cinnamaldehyde, are converted into crotyl alcohol and cin-
namyl alcohol in yields of 98 and 99%, respectively (eq 2).

@—CH=CHCHO — @—CH=CHCHZOH @)

99% (86% isolated)

Acyclic enones, such as 1-acetylcyclohexene and 3-pen-
ten-2-one, are selectively reduced to 1-cyclohexene-1-ethanol
and 3-penten-2-ol in yields of 90 and 75%, respectively (eq
3).
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Table I. Relative Reactivities of 2-Cyclohexenone to Other Funetional Groups toward 9-BBN in THF¢
Compd Registry 9-BBN,¢ . Mol,
used no. mmol mmol Reaction products %

2-Cyclohexenone 930-68-7 4.0 2-Cyclohexenol/ 50.0
4.0 2-Cyclohexenone 0.0
Cyclohexene oxide 286-20-4 4.0 Cyclohexanol 0.0
Cyclohexene oxide 50.0
2-Cyclohexenone 4.0 2-Cyclohexenol 50.0
4.0 2-Cyclohexenone 0.0
n-Octyl bromide 111-83-1 4.0 n-Octane 0.0
n-Octyl bromide 50.0
2-Cyclohexenone 4.0 2-Cyclohexenol 50.0
4.0 2-Cyclohexenone 0.0

Nitrobenzene 98-95-3 4.0 Reduced products 0.0%
Nitrobenzene 50.0
2-Cyclohexenone 4.0 2-Cyclohexenol 49.2
4.0 2-Cyclohexenone 1.0

n-Valeronitrile 110-59-8 4.0 n-Pentylamine 0.0¢
n-Valeronitrile 50.0
2-Cyclohexenone 4.0 2-Cyclohexenol 50.0
4.0 2-Cyclohexenone 0.0
Ethyl hexanoate 123-66-0 4.0 n-Hexyl alcohol 0.0
Ethyl hexanoate 49,5
2-Cyclohexenone 4.0 2-Cyclohexenol 32.5
4.0 2-Cyclohexenone 17.5
N,N-Dimethyl- 760-79-2 4.0 n-Butyl alcohol 1.?
butyramide¢ N,N-Dimethylbutyramide 48.5
2-Cyclohexenone 2.0 2-Cyclohexenol 41.0

4.0 2-Cyclohexenone

Hexanoic acid? 142-62-1 2.0 n-Hexyl alcohol 0.0

Hexanoic acid 50.00

a 9-BBN solution in THF was added to the THF solution of the compound at 0 °C and stirred at 0 °C for 1 h and at 25 °C for 1 h.
b Not determined directly; estimated by the difference. ¢ It appears that tertiary amide derivatives diminish the reactivity of 9-BBN,
presumably by coordination. ¢ An extra equivalent of -BBN was utilized to correct for the rapid hydrogen evolution from the carquylw
acid. Carboxylic acid destroys some of the 2-cyclohexenone, as indicated by the deep yellow color. ¢ Registry no., 280-64-8. / Registry

no., 822-67-3.

OH

0
I

g “en, . EJCH\CHs 90% (isolated) o

2-Cyclohexenone is converted to 2-cyclohexenol in quan-
titative yield (eq 4).

0 OH
— [ﬁ 100% (85% isolated) )

Even 2-cyclopentenone, known for its susceptibility to
undergo conjugate reduction, is cleanly converted to the de-
sired 2-cyclopentenol in essentially quantitative yield (eq 5).

0 OH

é __.§ ] 99% (85% isolated) (5)

Similarly, 3-methyl-2-cyclopentenone is converted to 3-
methyl-2-cyclopentenol in an isolated yield of 75%.

Finally, we examined o-nitrocinnamaldehyde and 4-carb-
ethoxy-3-methyl-2-cyclohexenone to test the utility of this
procedure for selective reductions. The products, o-nitro-
cinnamyl alcohol and the isomeric (30:70) 4-carbethoxy-3-
methyl-2-cyclohexenols, were obtained in excellent yields,
confirming the value of this procedure for selective reductions
(eq 6).

O OH

95% (86% isolated) (6)
CH;

COOC,H, COOC,H,

The results are summarized in Table II.

Scope and Applicability. For the selective reduction of
the enones to the corresponding allylic alcohols, 9-BBN offers
three major advantages over the conventional reagents, such
as lithium aluminum hydride, sodium borohydride, aluminum
hydride, and diisobutylaluminum hydride.

First, the reaction is rapid and essentially quantitative, free
of side products. The stoichiometric quantity of 9-BBN is
adequate to bring about a rapid completion of the reaction.

Second, even enones which are highly susceptible to con-
jugate reduction, such as 2-cyclopentenones, are cleanly re-
duced to the allylic alcohols in far superior purity and yields
than most of the conventional reagents (Table III) without
any observable 1,4-reduction.

Third, the reagent 9-BBN is a very mild reducing agent and
can tolerate the presence of many functional groups. Thus,
it is evident from our previous rate and stoichiometry studies
and the present studies on competition experiments that
enones can be selectively reduced completely in the presence
of functional groups, such as nitro, halogen, epoxide, car-
boxylic acid, ester, amide, nitrile, sulfide, disulfide, sulfoxide,
sulfone, tosylate, azo, etc. This represents major advantage
of 9-BBN over the more conventional reagents for the re-
duction of enones to allylic alcohols.

Conclusions

9-Borabicyclo[3.3.1)nonane reduces conjugated aldehydes
and ketones, normally highly susceptible to conjugate re-
duction, cleanly to the allylic alcohols. Moreover, the 9-BBN
moijety is readily separated from the product, permitting the
isolation of the product in excellent yields utilizing simple
procedures.
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Table I1. Reduction of a,8-Unsaturated Aldehydes and Ketones with 9-Borabicyclo[3.3.1]Jnonane in Tetrahydrofuran at

0 OCa,b
Registry Time, Registry Yield, ¢ d
Compd no. h Product no. %

Crotonaldehyde 4170-30-3 2 Crotyl alcohol 6117-91-5 98
Cinnamaldehyde 104-55-2 2 Cinnamy! alcohol 104-54-1 99 (86)
3-Penten-2-one 625-33-2 3 3-Penten-2-ol 1569-50-2 75
1-Acetylcyclohexene 932-66-1 2 1-Cyclohexene-1- 3197-68-0 (90)

ethanol
2-Cyclohexenone 2 2-Cyclohexenol 100 (85)
2-Cyclopentenone 930-30-3 4 2-Cyclopentenol 3212-60-0 99 (85)
3-Methyl-2-cyclopentenone 2758-18-1 2 3-Methyl-2-cyclo- 3718-59-0 (76)

pentenol
o-Nitrocinnamaldehyde 1466-88-2 2 o-Nitrocinnamyl 1504-65-0 (76)

alcohol
4-Carbethoxy-3-methyl-2- 487-51-4 4 4-Carbethoxy-3- 61203-59-6/ 95 (86)

cyclohexenone

methyl-2-cyclo- 61203-60-92

hexenol¢

a Essentially stoichiometric amount of 9-BBN was utilized (3-5% excess). ® Reactions were maintained for an additional period
of 1-2 h at 25 °C before workup. ¢ Yield by GLC. ¢ Numbers in parentheses indicate the yield isolated. ¢ A 30:70 mixture of cis and

trans alcohols, as indicated by GLC examination. / Cis. & Trans.

Table III. Reduction of 2-Cyclopentenone
with Various Reducing Agents

Product composition,® %

0 OH 0] OH
O O OO
LiAlH,, THF, 0 °C? 0.0 14.0 2.5 83.5
LiAlH(OCH,),, THF, 0 °C? 0.0 90.5 0.0 9.5
LiAlH(O-¢-Bu),, THF, 0°C? 0.0 0.0 11.2 88.8
NaBH,, EtOH, 78 °C? 0.0 0.0 0.0 100.0
AlH,, THF, 0 °Cb 0.0 90.0 6.1 3.9
i-Bu,AlH, C,H,, 0 °C¢ 0.5 99.0 0.0 0.5

9-BBN, THF, 0 °cd 0.0 100.0 0.0 0.

@ Analysis by GLC. b Reference 6. ¢ Reference 7. 4 Present
study. ¢ Registry no., 120-92-3. f Registry no., 96-41-3.

The mildness of the reducing agent permits the selective
reduction of the enone grouping in the presence of numerous
other organic functional groups. For this reason, 9-BBN ap-
pears to be the reagent of choice for the reduction of the enone
group, especially in polyfunctional molecules.

Although this feature was not explored in the present study,
9-BBN would appear to have related advantages for the clean
reduction of the carbonyl groups of aldehydes and ketones in
polyfunctional molecules. It constitutes a valuable addition
to the repertoire of the organic chemist interested in the
synthesis of complex structures.

Experimental Section

Materials. Tetrahydrofuran was dried with excess lithium alu-
minum hydride, distilled under nitrogen, and stored over 5-A mo-
lecular sieves. Tetrahydrofuran solution of 9-BBN was prepared by
dissolving commercial 9-BBN powder!? in THF to give a standard
solution. Its concentration was determined by hydrolyzing a known
aliquot of the solution and measuring the hydrogen evolved (~40
min).

Conjugated aldehydes and ketones were the commercial products
of the highest purity. They were further purified by distillation under
nitrogen or recrystallization prior to use and kept in the cold room.

All reduction experiments were carried out under a dry nitrogen
atmosphere. Hypodermic syringes were used to transfer the solu-
tion.

Procedure for Rate and Stoichiometry. Reaction of 2-Cyclo-
hexenone with Excess 9-BBN. A 100-ml flask with a side arm was
dried in an oven and cooled down to room temperature under a dry
stream of nitrogen. The flask was equipped with a rubber syringe cap,
a magnetic stirring bar, and a reflux condenser connected to a gas
buret through a dry ice trap. The flask was immersed in a water bath

(ca. 25 °C) and 4.0 ml of THF was introduced into the reaction flask
followed by 31.5 ml (20 mmol) of 0.64 M solution of 9-BBN in THF
and 0.57 ml (2.5 mmol) of n-dodecane to serve as the internal stan-
dard. Finally, 4 ml (5 mmol) of a 1.25 M solution of 2-cyclohexenone
in THF was injected into the reaction flask. Now the reaction mixture
was 0.5 M in 9-BBN and 0.125 M in enone. No significant hydrogen
evolution was observed (<2%).

At the end of 10 min, a 4-ml aliquot of the reaction mixture (0.5
mmol of the compound) was removed with a hypodermic syringe and
injected into a hydrolyzing mixture of THF-MeOH (1:1). The hy-
drogen evolved was measured. This indicated that 1.08 mmol of hy-
dride had reacted per millimole of the enone. The reaction was
monitored at theend of 1 h (1.13H~),3h (1.32H),12h (1.72 H™),
24 h (1.88 H-) and 72 h (2.05 H™).

At the end of 10 min, a small aliquot of the reaction mixture was
hydrolyzed, oxidized, and analyzed by GLC on a 5% Carbowax 20M
column, 6 ft X 0.125 in., indicating the presence of 2-cyclochexenol in
100% yield.

Product Analysis by GLC. Reduction of Crotonaldehyde to
Crotyl Alcohol. A clean oven-dried 25-mi flask equipped with a side
arm fitted with a silicone rubber stopple, a magnetic stirring bar, and
a reflux condenser connected to a mercury bubbler was cooled down
to room temperature with nitrogen. THF (3.1 ml) was injected into
the reaction flask followed by 0.42 ml (5 mmol) of crotonaldehyde
(freshly distilled) and 0.48 m! (2 mmol) of n-tridecane. The reaction
flask was cooled to 0 °C (ice bath) and 8.5 ml (5.1 mmol) of a 0.6 M
9-BBN solution in THF was added dropwise over a period of 5 min.
The mixture was stirred at 0 °C for 2 h and at 25 °C for 1 h. Then the
reaction mixture was hydrolyzed (MeOH) and oxidized (NaOH-H20,,
60 °C, 1 h). The aqueous layer was saturated with potassium car-
bonate and the dry THF layer was subjected to GLC analysis on a 5%
Carbowax 20M column, 6 ft X 0.125 in., indicating the presence of
crotyl alcohol in 98% yield.

Competitive Experiments. Reaction of 2-Cyclohexenone and
Ethyl Hexanoate with Limited Quantity of 9-BBN in THF. The
experimental setup was the same as in the previous experiment. To
the reaction flask was added 2 ml of THF followed by 0.4 ml (4 mmol)
of 2-cyclohexenone and 0.66 ml (4 mmol) of ethyl hexanoate; n-tri-
decane (0.49 ml, 2 mmol) was added to serve as the internal standard.
The mixture was stirred well and a minute sample was withdrawn and
analyzed by GLC. The mixture was cooled to 0 °C in an ice bath. Then
6.7 ml (4 mmol) of a 0.6 M 9-BBN solution in THF was added drop-
wise over a period of 5 min. The reaction mixture was stirred at 0 °C
for 2 h and at 25 °C for 1 h. A small aliquot of the reaction mixture was
withdrawn by a syringe hydrolyzed with water and analyzed by GLC
on 5% SE-30 column, 6 ft X 0.125 in., for the unreacted ester. There
was present 99% of ethyl hexanoate. Now the reaction mixture was
hydrolyzed, oxidized (NaOH-H303, 1 h, 60 °C), and analyzed by GLC
on a 5% Carbowax 20M, 6 ft X 0.125 in., indicating the presence of
100% 2-cyclohexenol and 0% r-hexyl alcohol and 2-cyclohexenone.

The results for the other pairs are summarized in Table I.

General Preparative Procedures for the Reduction of Con-
jugated Aldehydes and Ketones with 9-BBN. Representative
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a,B-unsaturated aldehydes and ketones were reduced (25-100-mmol
scale) with 9-BBN and the allylic alcohols were isolated to establish
the synthetic utility of the reaction.

Reduction of Cinnamaldehyde to Cinnamyl Alcohol (Proce-
dure A). A 300-ml flask with a side arm capped with silicone rubber
stopple, a magnetic stirring bar, and a reflux condenser connected to
a mercury bubbler was flame dried and cooled down to room tem-
perature under a dry stream of nitrogen. Tetrahydrofuran (10 ml),
was injected into the reaction flask followed by 3.15 ml (25 mmol) of
cinnamaldehyde. The contents of the flask were cooled to 0 °C (ice
bath). To this well-stirred solution, 42 ml (27 mmol) of a 0.62 M so-
lution of 9-BBN in THF was added dropwise. The resulting mixture
was stirred well at 0 °C for 2 h and at 25 °C for 1 h. Then methanol
(1 ml) was added to destroy the excess hydride. The boronic acid
derivative was oxidized by the addition of 10 m] (30 mmol) of 3 N
aqueous sodium hydroxide followed by dropwise addition of 8 ml (70
mmol) of 30% hydrogen peroxide (Caution: exothermic reaction). The
resulting mixture was stirred at 60 °C for 1 h. The aqueous phase was
saturated with anhydrous potassium carbonate. The organic phase
was separated. The aqueous phase was extracted with 2 X 20 ml of
ether. The combined organic extract was washed four times with
20-ml portions of water to remove 1,5-cyclooctanediol and dried
(MgS0y4). Removal of the volatile solvents and vacuum distillation
yielded 2.87 g (86%) of cinnamy! alcohol as a low-melting white solid,
mp 30-32 °C,

Reduction of 2-Cyclepentenone to 2-Cyclopentenol (Proce-
dure B). A 500-ml three-necked flask equipped with a side arm fitted
with a silicone rubber stopple, egg-shaped stirring bar, and a pressure
equalizing dropping funnel connected to a mercury bubbler through
a connecting tube was flame dried and cooled to room temperature
under a dry stream of nitrogen. The flask was charged with 25 ml of
dry THF and 8.35 ml (8.21 g, 100 mmol) of 2-cyclopentenone (distilled
under nitrogen, n2°D 1.4814) and cooled to 0 °C with an ice bath. Then
171.7 ml (103 mmol) of a 0.6 M 9-BBN solution in THF was added
dropwise over a period of 2 h with vigorous stirring. After 4 hat 0 °C,
the solution was stirred for 2 h at 25 °C. Then 0.5 ml of methano! was
added to destroy excess 9-BBN. THF was removed under reduced
pressure and dry n-pentane {100 ml) was introduced followed by 6.4
m] (6.3 g, 103 mmol) of 2-aminoethanol. Immediately, the ethanola-
mine derivative of 9-BBN starts to precipitate. The mixture was
centrifuged and the clean pentane layer decanted. The precipitate
was washed with three 30-ml portions of n-pentane and centrifuged,
and the decants were added to the main fraction. Pentane was distilled
off and the residue on vacuum distillation gave 7.12 g (85%) of 2-
cyclopentenol as a colorless liquid, bp 78 °C (59 mm), n2°D 1.47186,
>99% pure by GLC.

Reduction of 2-Cyclohexenone to 2-Cyclohexenol. A typical
reaction setup was assembled. The flask was charged with 6.5 ml of
THF and 2.45 ml {25 mmol) of 2-cyclohexenone. To this solution of
the enone stirred and maintained at 0 °C (ice bath), 42.5 ml (25.5
mmol) of a 0.6 M solution of 9-BBN in THF was added dropwise (45
min). The resulting mixture was stirred at 0 °C for 2 h and at 25 °C
for 1 h. The reaction mixture was worked up by procedure B. Distil-
lation of pentane and vacuum distillation of the residue gave 2.07 g
(85%) of 2-cyclohexenol as a colorless liquid, bp 75 (22 mm), n2°D
1.4865, >99% pure by GLC.

Reduction of 3-Methyl-2-cyclopentenone to 3-Methyl-2-
cyclopentenol. 3-Methyl-2-cyclopentenone (2.5 ml, 25 mmol) in 10
ml of THF was reacted with 42.5 ml (27 mmol) of 0.63 M solution of
9-BBN in THF at 0 °C for 2 h and at 25 °C for 1 h and worked up by
procedure B. Removal of pentane and distillation of the residue
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yielded 1.83 g (76%) of 3-methyl-2-cyclopentenol as a colorless liquid,
bp 67-68 °C (8 mm), n2°D 1.4705.

Reduction of 1-Acetylcyclohexene to 1-Cyclohexene-1-eth-
anol, 1-Acetylcyclohexene (3.3 ml, 25 mmol) was reduced with 26
mmol of 3-BBN solution in THF and the product isolated by proce-
dure B. 1-Cyclohexene-1-ethanol (2.84 g, 90%) was isolated as a col-
orless liquid, bp 78 °C (5 mm), n2°D 1.4845.

Selective Reduction of 4-Carbethoxy-3-methyl-2-cyclohex-
enone to 4-Carbethoxy-3-methyl-2-cyclohexenol. The reaction
setup was the same as in the reduction of 2-cyclopentenone. The flask
was charged with 25 m] of dry THF and 17.2 ml (18.2 g, 100 mmol) of
4-carbethoxy-3-methyl-2-cyclohexenone. The flask was immersed
in an ice bath and the contents were cooled to 0 °C. Then 191 ml (104
mmol) of a 0.54 M solution of 9-BBN in THF was added dropwise over
a period of 1 h through a dropping funnel. After 3h at 0 °C, the mix-
ture was stirred at 25 °C for 1 h. Methanol (0.5 ml), was added to de-
stroy the excess hydride. THF was removed under reduced pressure
and replaced with 120 m! of n-pentane. 2-Aminoethanol (6.4 ml, 104
mmol) was added and immediately the ethanolamine derivative of
9-BBN begins to precipitate out. The mixture was centrifuged and
the clean pentane layer decanted. The precipitate was washed with
5 X 20 ml of pentane and the decantes were added to the main frac-
tion. Pentane was distilled off and vacuum distillation of the residue
gave 15.2 g (83%) of 4-carbethoxy-3-methyl-2-cyclohexenol as a pale
yellow liquid: bp 99-100 °C (0.6 mm); n?°D 1.4812, IR (neat) 3390
(-OH, broad), 1740 em~?! {[0C(=0)CH:CHg|; parent enone has an
additional intense absorption at 1675 cm~! (0=CC==C); NMR (CCl,,
MeySi) 6 1.3 (1, 3, -CHoCH3y), 1.4-2.2 (m, 7, -CH;CH,-, C=CCHa),
2.9 (m, 1, >CHCOOEt), 3.8-44 (m, 1, >CHOH), 4.1 (q, 2,
-OCH:CHj3), 3.9 (s, 1, -OH, exchange with Dy0), 5.6 (m, 1,
>C=CH-).

GLC analysis of the product on a 5% Carbowax 20M column, 2 ft
X 0.125 in., indicated it to be a mixture of cis and trans isomers in
30:70 proportions and the absence of enone. It is probable that the
major isomer is the trans, but the stereochemistry was not investigated
at this time.
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