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Summary:  Completely stereospecific 1,2-migration of alkyl groups was achieved in EtZAZCZ-
promoted pinacol-type rearrangement of chiral B-mesyloxy alcohols to give optically pure o-

alkyl ketones including both enantiomers of 4-methyl-3-hexanone, an alarm pheromone of ant.

In biosynthetic pathways, stereospecific 1,2-migration of hydride or alkyl
groups constitutes one of the fundamental processes for the construction of the
complex framework of natural products. On the other hand, the stereospecifi-
city is substantially lost in the related chemical reactions mainly through the
intermediacy of free carbocation. Thus, exploitation of such a chemical
process attracts much interests from both theoretical and synthetic standpoints.

In our continuing research on the exploitation of facile access to the
optically pure compounds, we reported the stereospecific (asymmetric) pinacol-

D In this process, aryl or alkenyl

type rearrangement promoted by EtsAl.
groups participated in the ready 1,2-migration, whereas alkyl group behaved as
the "staying group" reflecting its low migratory aptitude. We examined the
migration of the latter group intrigued by the following points of view;

i) the requisite reaction conditions for the smooth migration to take place
compensating the low migratory aptitude, and ii) the extent of the stereo-
specificity under the conditions stated above. These two precarious points
turned to be easily surmounted by a subtle change of the organocaluminum

reaction promoter.

0
Me R R
'R = )f,:\R (eq1)
1 Realkyl Me H

In this communication, we wish to report the realization of the smooth and

completely stereospecific 1,2-shift of alkyl groups by employing a more Lewis-
acidic promoter EtZA1C1 in place of Et3A1 and its successful application to the
chiral synthesis of both enantiomers of 4-methyl-3-hexanone, an alarm pheromone
of ant starting from (R)- and (S)-lactate.
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Et3A1 was ineffective as a promoter of the alkyl-shift; treatment of the
B-mesyloxy alcohol 1b with Et;Al (-78°C~+0°C /CH2C12) resulted in a sluggish
1,2-migration of butyl group which was accompanied by a serious side reaction,
epoxide formation (eq 2). This result could be ascribable to the low migratory
aptitude of the alkyl group compared with aryl or alkenyl groups, wherein the
raised reaction temperature rendered the nucleophilicity of the diethylaluminum

alkoxide no longer negligible to result in the internal SNZ ring closure.

Me OHBu * Bu 9 Me_ A\ Bu
ey >y Seut X
MsO® "H ME “H H BU (eq2)
1b 2b 3b
*{ Et Al 53% 9%
ELAICL  90% —

To suppress this undesirable side reaction, we examined more Lewis-acidic
promoter in expectation of i) the increased level of the activation and ii) the
decreased nucleophilicity of the alkoxide. After some experimentation,
Et2A1C1 was found to be a highly efficient promoter for this purpose; the
alcohol 1b was treated with Et2A1Cl (2.1 equiV‘/CH2C12) at -78°C for 1.5 h and
the temperature was slowly raised during 2h to 0°C to give (S)-6-methyl-5-
decanone(2b) in 90% yield without any contamination with the epoxide 3b. Thus,
the perplexity was cleanly solved by the modulation of the reaction promoter.

Under the similar conditions, the Et2A1C1-promoted pinacol-type rearrange-
ments of alkyl groups were examined and the results are summarized in Table I.

TABLE I. Asymmetric Pinacol Rearrangement of Alkyl Groups

H 0

M R Et2AlCL - R R
" R , -
ms0” " e e M H 2
1 R- Yield ($)¢ ee (5)¢ [aly (c, temp.)”
a CH, - 72P (99)¢ > 95 + 26.1° (neat, 18)9
b n-C,Hy- 90 > 95 +22.3° (2.44, 17)
c n-CgH , - 90 > 95 +15.1° (5.17, 18)

d O— 92 > 99¢ + 58.9° (5.17, 18)

a) Isolated yields after purification on silica-gel column chromatography. b) Yield
after distillation (ref 10). c) By GLC (PEG 20M; 2-octanone as standard). d) By 13
NMR (ref 2,3). e) By HPLC (ref 2). f) Measured in CHC1,. g) Lit. [a]ﬁ5 +24.08°
(neat) (ref 8).
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It is noteworthy that the smooth migration of alkyl groups including
cyclohexyl group was effected by this procedure to give the a-alkyl-substituted
chiral ketones 2 in excellent yields and any of the epoxide congener was not
detected in every case.

In addition and more importantly, the chiral ketones 2

were proved to be enantiomerically pure within the limit of

the analyses: Reduction of 2 with DIBAL gave 1/1 mixture of

the alcohols 4 which was converted to (+)-MTPA esters 5 and 4 R=H C
analyzed with 100 MHz 'C NMR (5a,b,c) or HPLC (5d).%?3) 5: H=MeO »i CO—
Thus, the mode of the 1,2-migration of the alkyl groups was Ph
confirmed to proceed in a stereospecific manner. To our knowledge, this is
the first example of the acyclic pinacol-type rearrangement wherein the
stereospecific 1,2-migration of alkyl group was proved.4

This positive result stems from two factors, i) efficacy Me, o R

of Et2A1C1 as a reaction promoter by push-pull sense, HR
and ii) the o participation of alkyl groups to exclude Co 1 (Dpush
the intermediacy of the open carbocation.s) We assume \ C
that these two factors are of indispensable relationship 0 O\l“Al/ l
since the HOMO level of the migrating alkyl group is FAG\'{Z \Et
adequately highered by the aluminum alkoxide (push) so pu .

as to have an effective interaction with the LUMO of the F|gI
developing carbocation generated by the pull of the Lewis-

acidic aluminum. In other word, the ¢ participation is embodied by the6)

ambidextrous action of the organoaluminum promoter as depicted in Fig I.
Synthetic aspect of this stereospecific 1,2-migration of alkyl groups was
demonstrated by a facile synthesis of both enantiomers of 4-methyl-3-hexanone
7,8)
),

(2a), an alarm pheromone of ant (Manica mutica, Manica bradleyi starting

from (S)-ethyl lactate and (R)-methyl lactate as shown in Scheme 1.9) Thus,
Schemel

0 OHE I a) EtMgBr 3.5equiv / THF, rt;
Me),/U\OEt ._a)_> Me _. t _b)> b) MsC]-Et3N / CH2C12, 0°C;
Ho “H Viest ol o

H 6 c) Et2A101 / CHZC]Z’ -78°C = 0°C;
H 0 - !
Me: Et c) Et | Et
Et Y:72% ""’: Et . Et
MsO H (fr(;m éo) Me H [OL]]:1)8+26.1° (neat)! H Me [a]§0—25.3° (neat)
1a (S)-2a'” | (Rr2a'®

both antipodes of the pheromone were readily prepared by this process in the
enantiomerically pure forms as evidenced by 1:(’C NMR analysis.z’s) Since the
chirality vs the pheromone activity relationship of this substance has not

been specified yet,ll’lz)

availability of both enantiomers of 2a would attract
biological and ecological interests.
In summary, completely stereospecific 1,2-migration of alkyl groups in

the pinacol-type rearrangement of lactate-derived chiral B-mesyloxy alcohols 1
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was accomplished by employing Lewis acidic promoter Et2A1C1 to furnish the

enantiomerically pure a-alkyl-substituted chiral ketones 2 including (R)- and

(S8)-4-methyl-3-hexanone, both enantiomers of an ant alarm pheromone.
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