Tetrahedron Letters No.4l, pp. 3657-3660, 1969, Pergamon Press. Printed in Great Britain.

ASYMMETRIC SYNTHESIS., PART IV, THE STEREOSELRCTIVITY OF GRIGNARD-CARBONYL

REACTIONS IN SOLVENTS THAT CONTAIN CARBOHYDRATES
T.D. Inch, G.J. Lewis, G.L. Sainsbury and D.J. Sellers

Chemiocal Defence Establishment, Porton Down, Salisbury, Wiltshire.
(Received in UK 28 July 1969; accepted for publication 8 August 1969)

It has been demonstrated (1,2,3,4) that chiral products can be formed in reactions
between achiral Grignard reagents and aldehydes or ketones, in optically active solvents or
when the solvent contains an optically active substance. Generally the stereoselectivity of
such resctions is low and indeed the highest optical yield hitherto reported (3) is 17 %

[ for the formation of 2-phenylbuten-2-ol from butan-2-one and C,E,MgBr in (S)dimethoxybutane
~bensens _7. Wo have observed that in the presence of suitably substituted carbohydrates
BMgX—R/COR' reactions oan yield produots with optical ylelds as high as 70%.

The availability of optically pure S(-)oyolohexylwethylphenyloarbinol ([a_ 7, - 20.6°
in CHCl,) prompted the study of its stereoselective formation by MelgX — B, COC H, , C.H MeX
—CH,COC‘H", G.H“Ia— c!i,coc‘n_ Grignard-ketone resctions, Surprisingly, the stereo-
selective formation of ocarbinols by omly two of the three possible ketone-Grignard reactions
appears to have been investigated previously. The reactions were carrisd out in ether and the
carbohydrate was usually 1,2:5,6~di-0-isopropylideno~@-D-glucofurancse (I). The best optical
yields were obtainsd when the ketone (1 mol) was added to a solution at room temperature of
the gluocofuranose derivative (I, 2 mol) in ether to which the Grignard reagent (3.5 mol) had
been added previocusly. The products were purified by chromstographio techniques and the
stereoselectivity of the addition resctions was messured polarimetrically. PFor comparison
with previous investigations of this type the formation of 2-phenylbutan-2-ol by Grignard-
ketone reactions and the formation of 1-phenylpropan-i-ol by Grignard-aldehydse reactions were
also studied. The optical yields for the Grignard-carbonyl reactions in the presence of (I)
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TABLR 1

Sterecsslectivity of RMgX R’'COR' Reactions in the Presence of 1,2:5,6~Di~0
~Isopropylidens-a-D-glucofuranocse (I)

Resotion  RNgX » cox’ Produot ( %o Yield) s o;itﬁ:_}l?::ﬁon. i”:.:ﬁ:;o?
(] $

1. CH,Mgl  C,H,COC(H,, C,H,C(OH)(CH,) G,H;, (88) 4+ 13.35 (65) 82.5 s 17.5
fa.  CHMgbr C,H,COC,H,, C,H,C(CH)(CH,)C,Hf, (95) + .3 (70) 85 15
2.  CHMghr C,H COCH, C,H C(OH)(CH,)CH, (60) - 5.3 (26) 37 163
3.  C,H, MgBr C,H,COCH,  C,H C(OH)(CH,)C,H}, (50) - 5.8 (28) 36 : 64
M CHMeBr CHCOGH CEC(E)(GE)CE (45) - h75 (2)  36.5 5 63.5
5. CHMer CACOCH CHC(oE)(ca)c,® (70) - 1.8 (10) &5 155
6. GHMgBr C,B,C0C,E, C,H,C(0H)(CH)C,EE (70) + 42 (z) 62 138
7. CHugr CHCE 5 caomc g (81) + 7 (M) 62 138
8.  C,H Mgbr C,H,CHO ¢, B, CHOHC, B,” (60) + 2.7 (9)  5he5 1 455

s Optically pure S cyolohexylmethyiphenyloarbinol, (/[ @_/ - 20.6° in CHCl,) was prepared
by sequential reduction, toluene-p-sulphonation and reduction of 8(+)2-cyclohexyl-2
~hydroxy-2-phenylacetic aoid (5).

b Information about the configuration and rotations of 2-phenylbutan~2-ol and 1-phenyl-
propan—1-0l is given in ref.1.

and ligted in Table 1 were generally about 25%, but were much higher in favourable cases.

It is pertinent to comment first on the use of the glucofurancse derivative (I) in ether
as the solvent medium for the addition reactions since this chiral medium is significantly
different to those used in other investigations. Previously optiocally active ethers or
bensens containing an optically active ether have been used and for the results reported,
partioularly where methylated alditols were used as the optically active ether (3), the
degree of stereocselectivity of the sddition reactions was low. The glucofuranose derivative
(I) contains a free hydroxyl group which was first allowed to react with an equimolar quan-
tity of Grignard reagent. Addition of a secord equimolar quantity of Grignard reagent to the
3-0lg derivative of (I) formed a chiral Grignard-sugar ocuplex, evidenoe in support of which
was provided by rotational studies. It has been demonstrated that the rotation of chiral
others in bensens is enhanced by ocomplex formation with Grignard reagents but that usually
the addition of achiral ethers to the mixture considerable reduces the rotational enhancement
(6). When an equimolar quantity of MeMgI was added to (I) in the achirel ether, diethylether,
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the rotation changed from —-6° to =3°. However addition of & second equimolar quantity of
MeMgT caused the rotation to change to -30". Essentially the same changes in rotation were
observed with C,H,MgBr and C,H, MgBr. Perbaps significantly the rotations of the 3-0-methyl
and 3-0-bensyl ethers of (I) were not enhanced by addition of an equimolar quantity of
Grignard reagent and optically inmotive carbinols resulted from RMgX-—R’COR' reactions in
their presence. This evidenoe suggeats that (I) forms a very strong oomplex with the
Grignard reagent whioch is independent of the nature of the Grignard reagent and consequently
that the chirality of the carbindls must result from a specifiocally orientated complex =~
carbongl oompound intersction.

In other types of asymmetrioc synthesis such as BNMgK—R’COR' reactions where B or B is
asymmetrio and where the stereoselectivity may be antioipated by application of Cram (7) or
Prelog (8) type rules, it has been possible in many instances to rationalise the results in
terms of "bulk" effects or in terms of coordinated transition states whioh control the
preferred direction of addition. The results presented in Table 1 do not lend themselves to
such treatment. Por the purposes of discussion it can be sssumed that in ‘the R’ COR"- (Ragt
-sugar) transition state the R’ and B groups will be associated respectively with apecifio
areas of the sugar-Grignard complex A and B, and that the incoming group attacks the carbomyl

carbon from below the plane of the paper. Then to account for the observed configuration of
the products in Table 1, R’ and B must be associated with areas A and B as shown in Teble 20

From these results it is clear that "bulk™ effects do not provide a simple explamation
why the phenyl group in reaction )4 occupies a different position to the phenyl group in
reaction 7 or why the methyl groups in reactions 2 and 3 do not cocupy equivalent positions.
It is of course possible that with oomplex chiral compounds such as (I) a nusber of equally
probable transition states are possible but with the evidence at present-available further
apeculation is not justified.

A number of other sugar derivatives also proved effective in promoting the asymmetric
synthesis of ocarbinols. Among these were 1,2:3,4~di-0-isopropylidene-c-D-galactopyrancse,
1,2:3,4~d1~0-is0propylidene-L~rhamnitol and 4,2:5,6-di-0-0yclohexylidens—-a-D-gluoccfurancse.
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Orientation of Mml—(swn::nnb.l: io-plex) to account for Observed Chirality
Reaction Sit;,A Si;,. B R Configuration

1 CTH: CeHyy CH, R

2 CE, C,H,, % ) s

3 CeHy GH, C.H,, 8

b G5 cH, CpH, 8

5 CH, Gy By ey 5

6 G, H, C,H GHy B

7 B CH GH R

8 G5 B G B, R

Of the fully blocked sugar derivatives investigated methyl 4,6=0-bensylidens-2, 3~di~0-me thyl
~a-D-gluoopyranoside (II) was most effective and in its presence in bensene the MeMgI -
C4HyCOG H, ,reaction afforded R(+)oyclohexylmethylphenyloarbinol in 50 %o optical yield. Per-
haps significantly in ether in the presenoe of methyl-4,6-bensylidene—a-D-glucopyranoside,
8(~)oyolohexylme thylphenyloarbinol was the preferred product from the MeMgI-C,H,COC,H,,
reactlion,

Recent papers (9,10) have demonstrated the utility of sugar derivatives as satisfaotory
substrates for highly sterecselective Cram and Prelog type reactions where the carbonyl group
is covalently linked to the sugar. This paper demonstrates that substituted sugars may also
provide a suitable enviromment for studies of a third type of asymmetric synthesis where the

sugar and carbonyl compound are not covalently linked.
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