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ASYMMETRIC CLEAVAGE OF CHIRAL ACETALS BY RzCuLi,BF3 REAGENTS
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Summanry - The title reagents cleave diastereoselectively the acetals derived
—_ from various aldehydes and chiral 2-3 butane diol (or higher
homologs). This reaction affords an asymetric synthesis of secondary
alcohols from an aldehyde and a trivial organolithium reagent.

Asymmetric nucleophilic attack on a carbonyl center is, in theory, an easy
way to create a new chiral carbon. For example, the reduction of aryl or
alkynyl prochiral ketones by complex chiral metal hydrides has found many
applications in organic synthesisl’z. However, access to a chiral) alcohol by
carbon carbon bond formation from an aldehyde or a ketone and an organome-
tallic reagent has met with scarce successa. The use of a chiral acetal
(usually from the commercially available R,R-2,3-butanediol or R,R-2-4-
pentanediol) in place of the free carbonyl, permits a better diastereo-
selection. The elegant recent work by Johnson4, and then Kishi5 and
Yamamotob, showed that silicon derivatives (4%*»/51Me3, R-C=C-Si,Me,,
NEC-Si,MeB, CH3-8-CH2-SiMe3), in the presence of a Lewis acid (TiC14 or SnC]d
were able to react with such acetals with high asymmetric induction.

The diastereomeric excess (d.e.) are usually high (80-96%) and the free
alcohol may be easily liberated without loss of enantiomeric purity.
Although this methodology has been described only with silyl derivatives,

a wide range of synthetic applications may be envisioned.

In the preceding note we described that RCu,BF3 or R2CuL1',BF3 reagents are
able to cleave acetals with concomitant carbon-carbon bond formation. If
these reagents were also able to react with chiral acetals with high
diastereoselection a new step in this methodology would be achieved,
allowing the introduction of any organic group generated from an organo-

Tithium reagent.
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We report in this preliminary note our first findings in this area.

Benzaldehyde acetal derived from R,R-2,3-butanediol was reacted with a three-
fold excess of MeZCuLi,BF3 reagent, in EtZO, at -78°C (see table, entry 1).
After 10min at -78° and 20min at -50° all of the starting material was
consumed and two products were obtained, A and B, in a 83.5/16.5 ratio after
G.L.C. analysis {product A has the shortest retention time). In order to
check if there was any kinetic preference for product A or B, the same
experiment was performed, and aliquots were taken every 5min. G.L.C. analysis
showed that products A and B were present in the same ratio from the begining
up to the end of the reaction, indicating no kinetic diastereoselection.
Changing the experimental procedure, by adding BF3.Et20 to the mixture of
MeZCuLi and acetal at -70°, did not modify the above result. On the other
hand, changing the nature of the organometallic reagent has some influence

on the proportion of A and B. RCu,BF3 (entry 2) was slighly more selective
for A and R2CuL1',T1'C14 (entry 3) was clearly more selective, again for
product A. Although in both cases, the yield was low, these results suggest
that the observed selectivity depends more on the nature of the Lewis acid
than on the type of the organocopper or organocuprate reagent.

Johnson et a14a and Yamamoto et a16 reported that theirasymmetric reaction
was greatly improved when six membered ring acetals were used instead of

five membered ones. Indeed, when benzaldehyde acetal derived from R,R-2,4-
pentanediol was reacted with MeZCuLi,BF3 (entry 4), the diastereomeric
excess jumped to 91% in favor of product A (with the shortest retention time)
A comparison was also made with the seven membered ring, the benzaldehyde
acetal derived from §,§-2,5-hexanediol7 {entry 5). Again, the product with
the shortest retention time was the major one with a d.e. of 86%. These
results confirm that the six membered ring acetals are the most efficient

for such diastereoselective reactions., In fact they are advantageous for two
other reasons : a/ both R,R and $,S enantiomers are easily available by
asymetric hydrogenation of acetonyl acetones, and b/ removal of the chiral
aufiTiary is easily effected without racemisation., Indeed, the product
obtained in entry 4 was flash chromatographied to afford pure isomer A, which
was oxidized 9 {oxalyl chloride/DMSO in CH2C12) and subjected to
B-elimination (THF/MeOH/7.5M KOH, +20°, overnight). Pure l-phenyl-l-ethanol
was obtained of § conf1gurat1on (100% e.e.

. 0 Cdati Me (& WOH
Me CuL1,BF3 :> & 1/ Oxidation R\
Ph-«(o::z 2 > > Ph:>>

Et,0 2/ B-elimination

[“]25 59,45(c.6.17,pentane)

The configuration of this alcohol indicates that the MeZCuL‘I.BF3 reége?t
approaches from the Si-face of the masked carbonyl, a result which is 1in
accordance to Johnson's f1nd1ngs with RS1Me3/T1C14. The same mechanism may
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-78° to -50°C, 30min
A B
Entry Acetal Cuprate Yield Ratio A/Ba d.e. %
0—>
1 Ph-—<< MeZCuL"l,BF3 95% 83.5/16.5 67
0
2 " MeCu ,BF 5042 | 86 /14 72
3 " MeZCuLi,TiU4 48%b 94 [/ 6 88
0 S
4 Ph-—<: t MeZCuLi,BF3 93% 95.5/ 4.5 91
0
0 c,d
5 Ph-—<: " 92% 7 /937 86
O oy

0 .9
6 Hex——<: " 96% | 100/ O 100
0
0 >
7 Me —( Ph,Culi,BF 944 100/ of 100
0 [ 2 3

8 HeszuLi,BF3 89% 100/ 0¢ 100

0
9 <i::>x< Me,Culi,BF , 71% 0 lee : 26f
o::Ei

Me

a : Determined by capillary glass gas chromatography (OV 1,20m,Hp).Products
A and B were base line separated. The indicated ratio is an average of
Three Tnjections and the values given are +0.5%.

b : After 3h at room temperature

¢ : Clean G.C. separation was obtained after conversion into the trimethyl

silyl! ether
d : In this case the products were A : Me>»“‘0 » B Me>'° \
Ph? HO—2, Ph™ HO—m
e : The intermediate enol ether was directly hydrolyzed into the ketone
(oxalic acid/MeOH/HZO)

£ [«]%% ¢ -3.8(c. 7.0, CHCly)
D

also be assumed with the five and seven membered ring acetals (entries 1 and
5) since in all cases the predominent product was the one with the shorter
retention time. Confirmation of this assumption may be found in the example
in entry 6. Heptanal acetal, derived from R,R-2,3-butanediol reacted to
afford only one diastereo isomer. Oxidation (PPC) and treatment with excess
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Na in Et20 at +20° for 4 days4a afforded pure S-2-octanol b@gsz+9.06 (c.15,

pentane) (100%) e.e.). Thus the same si-face approach is observed in the five
membered ring system,

Acetaldehyde acetzl derived from R,R-2,3-butanediol reacted under the usual
conditions with Ph2CuL1',BF3 and HexZCuLi,BF3 (entries 7 and 8) to afford, in
both cases, a single diastereoisomer of opposite configuration, of course,
to the ones obtained in entries 4 and 6. Thus, various RZCuLi,BF3 reagents
may be used successfully in this reaction.

These overall transformations may finally be viewed as a successful enantio-
selective attack of an aldehyde by any available organolithium reagent.

The extension of this concept to formal conjugate addition was less promising.
Reaction of cyclchexenone acetal derived from R,R-2,3-butanediol with MeZCuLi,
BF3(entry 9) afforded an enol ether, which, after hydrolysis, gave, in 71%,
3-methyl cyclohexanone Dqgsz-3.8°(c.7.O,CHC13) of S configuration (e.e.:26%).
Again attack of the organometallic reagent occured from the si-face. Surpri-
singly the same reaction with the six membered ring acetal (entry 10) was not
stereoselective at all.

A better choice of the chiral diol auxiliary may afford higher selectivities
and work is in progress in the field.
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