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Asymmetric Reaction of (RS)-2-Phenylpropanal with Chiral Aluminium

Alkoxides. Part 1

By Jolanta Maslinska-Solich * and Irena Rudnicka, Institute of Polymer Chemistry, Silesian Technical

University, 44-100 Gliwice, Poland

Zbigniew J. Jedlinski, Institute of Polymer Chemistry, Polish Academy of Sciences, 41—800 Zabrze, Poland

The reaction of chiral aluminium alkoxides (2) [(—)-menthyloxide (2a); (—)-2-methylbutoxide (2b); (-)-2-
butoxide (2c); and (—)-2-bornanyl oxide (2d)] with (RS)-2-phenylpropanal (1) gives the optically active (S)-
(—)-2-phenylpropy! (R)-(—)2-phenylpropanoate (3), and the mixed esters (—)-menthyl 2-phenylpropanoate (5a),
(+)-2-ph§nylpropyl 2-methylbutanoate (4b), and (+)-2-methylbutyl 2-phenylpropanoate (5b), respectively. An
asymmetric disproportionation reaction mechanism has been proposed for compound (1 ).

ALTHOUGH many papers have dealt with asymmetric
reduction of prochiral carbonyl compounds,’ there are
only a few known examples of asymmetric reduction
with chiral alkoxides. The Meerwein-Ponndorf-Verley
(M—P-V) reduction of prochiral ketones using chiral
aluminium alkoxides is an important example. How-
ever, the stereoselectivity achieved is frequently very
low,”8 and this may be due to the equilibrium nature of
the reaction which leads to extensive racemisation of
the product via re-oxidation of the initially-formed alco-
hol.

Until now, however, there has been no information
about the effect of chiral aluminium alkoxides on the
course of the Tischenko reaction involving racemic mix-
tures of aldehydes with an asymmetric carbon « to the
aldehyde group. Before starting the present study we
hoped that the asymmetric character of the dispropor-
tionation reaction, leading to the formation of the optic-
ally active ester, would enable us to elucidate the
mechanism of certain stages of the Tischenko reaction.
The mechanism of the Tischenko reaction has been of
interest for some time,?12 and several alternatives have
been proposed.

In the mechanism proposed by Lin and Day 19 it is
assumed that a complex compound is formed as a result
of the co-ordination of the aldehyde by the aluminium
alkoxide. Another aldehyde molecule is then thought to
combine with that complex compound, followed by an
intramolecular hydride ion-transfer process, whereupon
the said complex compound decomposes into an ester and
an aluminium alkoxide.

Ogata and Kawasaki proposed another reaction mech-
anism whereby the formation of a complex compound of
aluminium alkoxide with the aldehyde is also assumed.12
In their mechanism, however, the alkoxide ion at the
aluminium atom is transferred to the carbonyl group of
the co-ordinated complex, a mixed aluminium alkoxide
being formed. The next step involves the co-ordination
of another aldehyde molecule by the aluminium alkoxide
and the simultaneous hydride ion transfer, a mixed ester
being thus formed.

The basic aim of this work involved the determination
of the mechanism of the Tischenko reaction by means of
asymmetric induction. Consequently, we attempted to
study in detail the asymmetric Tischenko reaction of

(RS)-2-phenylpropanal (1) with optically active alumin-
ium alkoxides (2a—d).

RESULTS AND DISCUSSION

The condensation of (RS)-2-phenylpropanal (1) was
carried out in a variety of solvents [methylene dichloride,
toluene, (S)-(—)-2-methylbutanol, THF, diethyl ether]
in the presence of chiral aluminium alkoxides in the
temperature range —78—+50 °C. The catalyst con-
centration of aluminium (—)-menthyloxide (2a), alu-
minium (—)-2-methylbutoxide (2b), aluminium (—)-2-
butoxide (2c), and aluminium (—)-2-bornanyl oxide (2d)
was varied from 0.5 to 20 molY%,.

The application of these chiral catalysts leads to the
optically active diastereoisomeric ester (3), the mixed
esters (4) and (5), unreacted aldehyde and (—)-menthone
(6) or (—)-camphor [Scheme 1]. It is possible to isolate
the reaction products by fractional distillation. The
composition of the reaction products was also determined
by g.l.c. Treatment of the esters with alkaline KOH at
room temperature gave 2-phenylpropanol!® and 2-
phenylpropanoic acid 1415 of known absolute configur-
ation.

The mixed menthol ester (5a) did not undergo alkaline
hydrolysis at room temperature, and was separated
from the alcohol fraction by fractional distillation. The
experimental results obtained show that the composition
and magnitude of the optical activity of the products of
the asymmetric disproportionation reaction depend on
the nature and concentration of the catalyst and on the
reaction temperature (see the Table).

The catalyst activity was expressed in terms of the
optical activity of the diastereoisomeric esters, and the
optical purity of the alcohols and acids obtained from
them. The results obtained demonstrate clearly that,
in comparison with other aluminium alkoxides, alumin-
ium (—)-menthyl oxide (2a) is the most active catalyst in
the Tischenko reaction of (RS)-(1). The disproportion-
ation of (1) by (2a) leads mainly to the formation of the
diastereoisomeric ester (-—)-2-phenylpropyl-2-phenyl-
propanoate (3) with the (S,R)-configuration, (—)-
menthone (6), and (—)-menthyl 2-phenylpropanoate
(5a). At low catalyst concentration (0.5—2.0 mol%,)
only traces of the mixed ester (5a) were detected by g.l.c.
in the reaction products. The higher concentration of
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(2a) resulted in an increase in the optical yield of (S)-(—)-
2-phenylpropanol (11) obtained from the esters (3).
Higher concentrations of (2a) were also found to give
appreciably higher yields of (6), the amount of the mixed
ester (5a) decreasing gradually. It should be empha-
sized that the Tischenko reaction was shown to exhibit its

Me

3035

experiment (10) carried out using aldehyde (1) and
catalyst (2a) in (S)-(—)-2-methylbutanol. The follow-
ing optically active esters were the products of the reac-
tion: optically active simple esters of (3), [#546?® —10.95°
(neat); (S)-(—)-2-methylbutyl(S)-(+)-2-methylbutano-
ate (13), [0)542° + 5.8° (neat); and the mixed esters (+)-
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asymmetric nature even in the case when the same
aluminium alkoxide catalyst was used in successive
experiments with the aldehydes. However, the chemical
composition and optical activity of the catalyst was
found to change in each successive synthesis. Thus in
the reaction, of e.g. (1) with (2a), all the menthyloxy-
groups of the catalyst were replaced with 2-phenyl-
propoxy-groups, the catalyst optical activity changing
simultaneously from [o;,,2® —136.1° to [o5,62° +7.41°
(¢ 2.0, benzene) (Scheme 2). Application of the catalyst
(2a’-2a"’) [i.e. after two successive syntheses with the
aldehyde (1)] for the reaction with another aldehyde
3,4-dihydro-2,5-dimethyl-2H-pyran-2-carbaldehyde (the
dimer of methacrylaldehyde) (7) was shown to lead to
the formation of mainly the mixed ester (8) and the
simple ester (3).

This result is thought to indicate that the alkoxy-
groups in the catalyst are replaced continuously with the
alkoxy-groups derived from the corresponding reduced
aldehydes. This process is accompanied by the simul-
taneous oxidation of the corresponding alcohols to the
aldehyde (1) and the formation of the simple ester (3).
That free aldehydes do indeed participate in the asym-
metric Tischenko reaction is supported by results of

-2-phenylpropyl 2-methylbutanoate (4b), (—)-2-methyl-
butyl 2-phenylpropanoate (5b), [of;,6* —0.76° (neat),
and (5a), [o)562° —64.98° (neat). The formation of the
mixed ester (4b) in the reaction may be explained by the
oxidation of the (S)-(—)-2-methylbutanol to the alde-
hyde (15), which then undergoes disproportionation.
Our investigations on the asymmetric Tischenko reaction
mechanism were then extended to include other chiral
aluminium alkoxides.

The reaction of (1) catalysed by 20 mol%, aluminium
(—)-2-methylbutoxide (2b) was shown to result in the
formation of small amounts of simple esters; (13), 4%,
(5462 +5.6° (neat), and (3), 18.79, [el5462° —0.75° (neat),
and a mixture of mixed esters: (S,R)-(5b), 59.29%,,
(5462 +3.8° (neat), and (S,S)-(4b), 24.69%,, [l5,62 +2.54°
(neat). After the reaction products had been distilled
off, the same catalyst [z.e. (2b)] was used for the next
reaction with (R,S)-(1). Reaction products having a
different composition were obtained; i.e. the simple
ester (3), yield 72%,, [o]5462° —0.15° (neat), and the mixed
esters (4b) and (5b), yields 24 and 4.09,, respectively,
[d5462° +4.73° (neat).

The changed yields of the esters (4b) and (5b) (24 and
49%,) are thought to be due to the altered quantitative
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composition of the (S)-2-methylbutoxy-groups in the
catalyst, and also to the (S)-2-methylbutanal (15) formed
in the reaction. The alcohol is oxidized to aldehyde,
which in turn undergoes disproportionation to yield
mainly the mixed ester (4b). The optical activity of the
simple ester (3) obtained in the reaction of (1) catalysed
by (2b) is relatively small, which may be due to the
alkoxy-group chiral centre being in the g-position. The
stereoselectivity of the reaction (1) catalysed by (2c) is
equally small.

b'Ae
PhCHCHO + Al(O-menthyl)

(RS)-(1) (2q)

Me

|
PhCHCH; ~O—Al(O-menthyl); + menthone

(2a') (6)

P'Ae
(PhCHCH,—0),~Al(O-menthyl) + (6)

—
—

(2a’) +(1)

(2a")

Me

|
(2a”) + (1) Al(Ph—~CH—CH,—0); + (6)

—_—
_—

(2a™)

SCHEME 2

The disproportionation of (1) catalysed by aluminium
(—)-2-bornanyl oxide (2d), obtained from (—)-2-bornanol
with 449, enantiomeric excess (e.e.) leads to the form-
ation of (3) having the (S,R)-configuration; [o]s6*
— 7.56° (neat).

It was found that when the disproportionation reac-
tions of aldehyde (1) catalysed by chiral aluminium
alkoxides were stopped before completion, optically
active (1) with the (R)-configuration had been formed.

All these experimental results indicate that, in the
catalytic system studied, the (S)-enantiomer (1) is more
reactive. The maximum specific rotations found for
(S)-2-phenylpropanol (11) and (R)-2-phenylpropanoic
acid (12) were [u]5442° —8.7° (e.e. 41.49%,) and [«]546%® — 2.5°
(e.e. 2.29,), respectively. The low optical purity of (12)
is most probably due to the following two factors;
partial racemization takes place during the saponification
of the ester; and the small influence of the factor con-
trolling the stereoselectivity of that stage of the dispro-
portionation reaction in the course of which the acidic
part of the ester is formed. On the other hand, the
optical purity of the alcoholic part of the ester was
found to be much higher, and to depend on the amount
of the chiral aluminium alkoxide used. Assuming the
validity of the disproportionation reaction mechanism
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proposed by Ogata and Kawasaki,1?it was to be expected
that the optical purity of the ester formed (and especially
of its acidic part) should increase with increasing catalyst
concentration, and with the increase of the amount of
the mixed ester formed.

However, the considerable optical purity of the alco-
holic part and the formation of mixed esters [e.g. (4b)],
whose acidic part is derived from the alkoxy-group of the
catalyst employed, cannot be explained in terms of the
above-mentioned reaction mechanism, which is also
unable to account for the dependence of the amount of
(—)-menthone or (—)-camphor on the optical activity of
the esters.

The most reasonable explanation of these results is
that the first stage of the asymmetric Tischenko reaction
involves the formation of a cyclic complex between the
chiral aluminium alkoxide and (1). Thus the electro-
philic carbon of the carbonyl group is close to the hydro-
gen atom in the aluminium complex, while the carbonyl
oxygen is co-ordinated to the aluminium atom. Accord-
ing to the rules proposed by Cram1® the favoured
transition state is then the one in which each of the
large (RY) and small (R®) substituent groups of the
reagent faces similar groups (R3 and (RF) in the sub-
strate. From this hypothesis, two possible conform-
ations for the transition state of cyclic complex must be
then considered (Scheme 3). In our model of asymmet-
ric induction, structures expected best to represent the
two minimum-energy transition states leading to the
diastereoisomers [A] and [B], were chosen. In both
transition states the incoming Al{OR*), group is nearest
to the smallest groups. The diastereoisomeric product
ratio [A]/[B] was predicted from the relative magnitude
of the AI(OR*), «— Ph[A] vs. Al{OR¥), = Me[B]
interactions.

From an examination of the mode of reagent attack it
follows that the preferential formation of [B] will lead to
the formation of the (S)-enantiomer of 2-phenylpropan-
al. Let us now consider the steric interactions, particu-
larly when three menthyloxy-groups are present in the
catalyst. The asymmetric reduction equilibrium of (1)
is favourably shifted to the right. Consequently, the
first step of the asymmetric disproportionation reaction
proceeds vta hydride-ion transfer taking place under a
M-P-V mechanism and the formation of a chiral mixed
aluminium alkoxide (Scheme 4).

The next step most probably involves the co-ordination
of the next molecule of the aldehyde to the mixed cata-
lyst, and the subsequent formation of the intermediate
compound [C]. The intermediate compound [C] can
then co-ordinate the next aldehyde molecule, that process
being accompanied by the transfer of the hydride ion and
the alkoxy-group OR* [E] or OCH,CHMePh [D], which
results in the formation of a mixed or simple ester and of
a mixed aluminium alkoxide.

The stereochemical evidence presented above thus
supports the view that enantioselectivity depends sub-
stantially on the steric interactions occurring between
the various groups present in the aldehyde (1) and in the
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aluminium alkoxide (2). A similar dependence was also
observed for the asymmetric disproportionation reaction
of (R,S)-2-methylbutanal and (R,S)-3,4-dihydro-2,5-
dimethyl-2H-pyran-2-carboxyaldehyde. The results of
these investigations will be the subject of another paper.

EXPERIMENTAL

All b.p.s were uncorrected. 'H N.m.r. spectra were
recorded with Varian XL-100 and JEOL 60 H instruments;
i.r. spectra were recorded on a UR-20 spectrometer Carl
Zeiss-Jena. Optical rotations were measured with the
Polamat A Carl Zeiss-Jena polarimeter. G.l.c. was per-
formed using a Varian 2800 instrument.

(RS)-2-Phenylpropanal (1) was prepared by a literature
method; 15 it had b.p. 90—92 °C/10 mmHg, #»,* 1.5180—
1.5200.

(RS)-3,4-Dihydro-2,5-dimethyl-2H-pyran-2-carbalde-
hyde (7) was obtained from a Diels—Alder reaction of meth-
acrylaldehyde,? b.p. 60—62 °C/15 mmHg, »n;* 1.4560.

(S)-(—)-2-Methylbutanol, [«];,6*® —5.35° (neat); (R)-(—)-
butan-2-ol, [uJsee2® —11.64° (neat); (—)-menthol, [o]s,42°
—56.2° (¢ 5.0, EtOH), (—)-2-bornanol, [o]5,42° —23.5° (¢ 5.0,
EtOH), were commercial products.

Preparation of the Optically Active Catalysts (2).—Alu-
wminium (—)-menthyl oxide (2a). (—)-Menthol 78 g, (0.5
mol) was dissolved in dry benzene (50 ml). Activated
aluminium wire (6.5 g, 0.24 mol) was added to the menthol
solution and then heated for 128 h. The solvent and excess
of (—)-menthol were removed by distillation in a current of
dry argon at 120—125 °C/1 mmHg to give solid white
product (yield 879%,); [o546%° —136.1, [0]5,6%° —120.2° (¢ 5.3,

benzene). This compound was analysed for aluminium by
the 8-hydroxyquinoline method (Found: Al 5.3. Calc.
for C;oH;,AlO4: Al, 5.479,).

Aluminium (—)-2-methylbutoxide (2b). This was ob-

tained from (S)-(—)-2-methylbutanol as a solid product;
(o562 —1.32, H;,42° —1.02° (¢ 20, benzene) (Found: Al,
9.1. Calc. for C;;H 3,AlO;: Al 9.37%).

Aluminium S-butoxide (2c). This was obtained from
(R)-(—)-S-butyl alcohol in the same manner as described
above for (2a). A semi-solid product was obtained; [o];44%°
—3.04, (o575 —2.76: (¢ 2.2, benzene) (Found: Al, 7.55.
Calc. for C;,H,,Al0,; Al, 7.79%).

Aluminium (—)-2-bornanyl oxide (2d). This was ob-
tained from (—)-2-bornanol as a white powder, [o]5,4%°
—20.8, [od5742®° —18.24° (¢ 6.2, benzene) (Found: Al, 5.2.
Calc. for C40H;,AlO,: Al 5.519,).

General Procedure for Asymmetric Reduction.—A solution
of the appropriate chiral aluminium alkoxide (2) (0.5—20
mol?%,) was added to a stirred solution of (RS)-2-phenyl-
propanal (1) (1.22—4.0 mol 1! in a solvent, see Table) at the
appropriate temperature (see Table) under dry argon. The
mixture was poured into water—ice and extracted with ether
or chloroform. The extract was washed with 1M HCI, then
59, aqueous NaHCQO,, dried with MgSO,, and evaporated to
yield the crude reaction products, which were isolated by
vacuum distillation. A g.l.c. analysis was also performed.
In a repeat procedure, the apparatus was fitted for distil-
lation with a small Vigreaux column. The mixture was
distilled under high vacuum and an argon atmosphere.
The residue was again treated with an appropriate amount
of aldehyde (1) or (7) in solution.

The mixture of reaction products was distilled through a
glass-spiral fractionating column. (—)-Menthone and (—)-
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camphor were converted into semicarbazones. The un-
reacted aldehyde (1) was reduced with sodium borohydride,
and the alcohol was then purified by steam-distillation.
The following optically active diastereoisomeric esters were
recovered. 2-Phenylpropyl 2-phemylpropanoate (3), b.p.
156—171 °C{3 mmHg; [o]56*® —11.8° (neat); n,?° 1.5160;
[o5762° + 1.2 (neat); »;* 1.5408 (for S,S) v, . 1 730vs 1 500s,
1 170vs, 1 208vs, 775m and 705s cm™; S(CCI )1.05 (3H, d,
J 6Hz),1.37 3H,d, J 6Hz), 29 (1 H, m) 3.1 (1 H, m),
4.0—4.2 (2H, m),and 7.1 (10 H, m) (Found: C, 80.4; H, 7.5.
C1H O, requires C, 80.56; H, 7.51%,).

2-Methylbutyl 2-methylbutanoate (13), b.p. 185—186 °C;
1,20 1.4200—1.4269; (o542 +5.21 to —4.07° (neat) (S,5),
(S\R); Voax 1 738vs, 1 460s, 1 380s, 1 189vs, and 1 155vs
cm™; §(CCl) 0.9 (9 H, d), 1.05 (3 H, d), 1.2—1.8 (4 H, m),
2.0—2.1 (1 H, m), 2.2—2.5 (1 H, m), and 3.8—3.9 (2 H, m)
(Found: C, 69.6; H, 11.6. C,,H,,O, requires C, 69.72;
H, 11.79,). (—)-Menthyl 2-phenylpropanoate (5a), b.p. 142
--183 °C/5 mmHg; #,? 1.5005; [0];4,% —64.88° (neat);
Ymax S 088w, 3 064w, 3 034w, 1730vs, 1600w, 1500m,
14605 1 375s, 1390s, 1210vs, 1 188vs, 765s, and 705vs
cm™! (Found: C,79.0; H,9.6. C,H,0,requires: C, 79.12;
H, 9.78%).

(—)-2-Bornanyl 2-phenylpropanoate (5d); b.p. 136—
138 °C/5 mmHg, #n? 1.5130, [o504% —21.2° (neat); v
3 088w, 3030m, 1 730vs 1 600w, 1 500m, 1 465s, 1 375s,
1 390s, 1240m, 1208vs, 1175vs, 765m, and 705s cm™;
3(CCl,) 0.6 (3 H, s), 0.8 (3 H, s), 0.85 (3 H, s, J 7.5 Hz),
0.9—2.5 (7H, m), 1.45 3 H, d, J 7.5 Hz), 3.65 (1 H, q, ]
7.5 Hz), 4.65—5.0 (1 H, m), and 7.25 (5 H, s) (Found: C,
79.6; H, 9.0. C,,H,;0, requires: C, 79.67; H, 9.15%).

(—)-3,4-Dihydro-2,2,5-trimethyl-2H-pyran 3,4-dihydro-
2,5-dimethyl-2H-pyran-2-carboxylate (9), b.p. 140—142 °C/8
mmHg, 7,2 1.4964, [x)5442° —1.02° (neat), bromine number
112.7; v, .. 3070m, 3025w, 1745vs, 1680vs, 1 450s,
1 380s, 1175vs, 1140vs, and 1105s cm™; 3§(CCl,) 1.32
(3H, d), 1.08 (3 H, s), 1.42 (6 H, s), 1.5—2.3 (8 H, m), 3.9
(2 H, m), and 5.95 (2 H, d) (Found: C, 68.4; H, 8.55;
CeH,,0, requires C, 68.54; H, 8.629%,).

Mixture of (-+)-2-methylbutyl 2-phenylpropanoate (4b)
{b.p. 122—123 °C/5 mmHg, [«];5e® +3.8° (neat), #,?
1.4876} and (+)-2-phenylpropyl 2-methylbutanoate (5b)
{b.p. 107-108 °C/5 mmHg, [uls* +1.89° (neat), u,2°
1.5100}; v . 3090w, 3068w, 3035m, 1 734vs, 1600m,
1 500m, 1455s, 1210vs, 1 170vs, 778s, and 705vs cm™;
3(CCl,) (4b) —0.7 (3 H, d, J 6.0 Hz), 0.5—1.7 (6 H, m), 1.4
(3H,d, J 6.0 Hz), 3.3—4.1 (3H, m),and 7.1 (5 H, s); 3(CCl,)
(6b) —0.72 (3H, d), 0.8—1.8 (5H, m), 1.1 (3H, d, J 6.0 Hz),
2.5—3.2 (1 H, m), 2.9 (1 H, m), 4.0—4.2 (2 H, m), and 7.1
(6 H, s) (Found: C, 69.6; H, 11.6. C,,H,,0, requires
C, 69.72; H, 11.7%).

(—)-2-Phenylpropyl  3,4-dihydro-2,5-dimethyl-2H-pyran-
2-cavboxylate (8), b.p. 135—138 °C/5 mmHg, # % 1.4894;
(5452 — 19.2° (neat); v 3 069w, 3 040w, 1 745vs, 1 678vs,
1 500m, 1455m, 1375m, 1290s, 1248s, 1190vs, 1 162vs,
1 140s, 1 020vs, 765m, and 700s cm™ (Found: C, 75.1;
H, 7.0. C,;H,,O, requires C, 75 25; H, 7.05%,).

Hydrolysis of Esters. The ester (5 g—10 g) was stirred
with alcoholic KOH solution [KOH(4—9 g) in EtOH (50
ml)] for 2 days at room temperature. The mixture was
concentrated in vacuo to remove EtOH, diluted with water,
and extracted with CHCl;. The aqueous layer was acidified
with ice—dilute HCI and extracted with CHCl,. The CHCl,
extracts were washed, dried with MgSO,, and concentrated
in vacuo to give crude alcohol and acid.
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2-Phenylpropanol (11) b.p. 100—102°/10 mmHg, =
1.5230, [o]546%® — 8.1 to +3.2° (neat) [¢.e. 38.579, e.e. (S) to
15 23%, e.e. (R)]. The optical purity of (11) was estimated
based on the highest reported 13 value, i.e. [05,42° —21.0°
(neat); Voax. 3 580vs, 3 560vs, 1 500s, 1065vs, 1 020vs,
765m, and 700s cm™; §(CCly): 1.2 (3 H, d, J 6.0 Hz), 2.75
(1H, q), 3.48 (2 H, q), 4.08 (1 H, s), and 7.12 (5 H, s).

(S)-(—)-2-Methylbutanol (14), b.p. 128—129 °C, [o];442°
—5.35° (neat); from mixed esters, [«];,4%° —4.3° (neat).

(—)-3,4-Dihydro-2,5-dimethyl-2H-pyran-2-ylmethanol
(10), b.p. 96—97 °C/8 mmHg, 7% 14760, [u]5,4*® —0.8°
(neat) from mixed esters; (o542 —2.46° (neat) from simple
ester; bromine number 112.5; v . 3 430vs, 3 080m,
3 020m, 1680vs, 1190vs, 1160vs, and 1 145vs cm™;
3(CCl,) 1.1 (3H,s),1.5(3H,s),1.2—1.9(4 H, m), 3.4 (2 H,
s), 3.55 (1 H, s), and 6.0 (1 H, s).

(R)-(—)-2-Phenylpropanoic acid (12), b.p. 158—159 °C/25
mmHg, 7,20 1.5204—1.5210, [a)54>® —0.1 to —2.5° (neat);
Vpax 3 100—2 550vs, 1715vs, 1500m, 1460s, 1420s,
1 280vs, 1 190vs, 1 070s, 950s, 770s, 730s, and 703vs cm™;
8(CCl,) 1.25 (3H, d, J 7.56 Hz), 2.95 (1 H, q), 7.1 (5 H, m),
and 12.2 (1 H, s).

(S)-(—)-2-Methylbutanoic acid, b.p. 177—178 °C, [o]5442°
+9.2—4.6° (neat) from mixed esters (4b).

Reduction of aldehyde (1).—Sodium borohydride (1.8 g)
was added to a solution of the aldehyde (1) in methanol (100
ml) with ice-cooling. The mixture was stirred for 4 h;
dilute hydrochloric acid was then added and the mixture
extracted with ether and the solution treated in the usual
manner. The residue was distilled at 75~—78 °C/5 mmHg to
give (R)-(—)-2-phenylpropanol, [o;442° +0.5—+4-2.7° (neat),
89.59, yield.

Oxidation of (1).—The unreacted mixture of (1) and po-
tassium permanganate was stirred at room temperature.
The mixture was then brought to pH 7; MnO, was filtered
off and the filtrate acidified and extracted with CHCl;. The
chloroform extracts were washed, dried with MgSO,, and
concentrated i# vacuo to give crude (12). The acid residue
was distilled to give (R)-(—)-2-phenylpropanoic acid (12),
with [0, —1.7 to —7.5° (neat).

(—)Menthone (8).—This was obtained as the product of the
Tischenko reaction catalysed by (2a); b.p. 86—88 °C/15
mmHg, [o5442° —28.7° (neat); the semicarbazone had m.p.
163—164 °C, [0]542° —45.8° (¢ 2.0, AcOH).

J.C.S. Perkin I

(—)-Camphor (15) —This was isolated from the reaction
[catalysed by (2d)] mixture, m.p. 176—178 °C, [o54¢2°
—30.06° (¢ 1.5, EtOH); the oxime had m.p. 118—119 °C.

Purification of (1) via the 2,4-Dinitrophenylhydrazone.—
The aldehyde (1) was converted into its 2,4-dinitrophenyl-
hydrazone by the usual method. This was then converted
back into aldehyde (1) by mildly alkaline hydrolysis; the
2,4-dinitrophenylhydrazone of (1) (3 g) and KHCO; (7.5 g)
in water—ethylene glycol (75 ml) were refluxed to give a
product (1), which was of 989, purity after two steam-
distillations.

We wish to express our gratitude to the authorities of the
Polish Academy of Sciences for financial support of this
research work.
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