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Iloently, ve oarried out aqmmtrio reduotion of a nriaty of ket0ne.a with (-)iaobo~VL 

o~@mloiu diahloride (l), a rea9ent of ready availability end high atereoreleotivlty (2). 

Durlw theao reduotioru, it w obaerwl that the extant of aeymetrlo lnduotlon went on 

inoreuing in the wlphenyl serier, as the sise of the alkyl groups lncreared in passing 

through methyl, ethyl, proppl, iaobutyl, and isopropyl. The value however dropped down at 

t-butyl rather abruptly. In eaoh case, the oonfiguratlon of the major rnantlomer MI) such that 

@onyl mwt have behaved u the bu.lHert group, end so the inoreaee of bulk of the alkyl groul# 

na expeated to lead to lowr l emetria lndwtion. Similar obrervatlone wre mw3e by other 

workMa Ming 

alkyl-t-buty1 

different nagentr, in thir eerier ud to a leaner extent in elkylcyclohexyl 

8eriee. Some of the data are rhoun in the table belova 

TAXi 

no Et n-Pr LEO I-R mlohexyl t-Bu Ph Rsfr 

and 

smrl*~l R = 

RICOB 5.9 5.7 5.9 9.9 24.0 25.0 18.0 - (5) 

47.2 52.2 - 53.2 82.1 - 15.8 - (4) 

27.0 38.0 44.0 66.0 84.0 40.0 23.0 - (1) 

C6QCOR 3.6 8.8 8.1 16.1 2.1 - -2.5 -25.0 (5) 

&QS9cOa 13.0 11.6 ll.0 6.0 5.0 2.5 -16.0 (6) 

CR$OR - 2.8 - 5.0 15.0 - 18.0 27.0 (7) 

l lbo extent of aqmmetrlo iadwtlon ia expreaaed u&~~~~~~~~~*x 100; the negative figure8 
M1aat.a that the major iumer haa got oonfiguretion oppoalte to those if other6 in the 
8OriW. 
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With the exoepth of the all@~ti@ eerier and two or three other entries in the table, 

the results could hardly be rationalised in terms of the ususl stwic interaotions of groupe 

in the six-membered cyclio transition state ass-d for these reactione. Masher &a (5) 

uho first pointed out these anomalies ascribed them to faotorr other than sterio such as rate 

and electronic. A slower rats of reduotion would lead to greater stereoselectirity and henoe 

to higher asymmetric induotion. The increasing order Of asymmetric inductiOn in the allrgl- 

phewl series is thus a consequence of the decreasing rates of reduotlon of the ketones as 

the alI@ groups becorm bulkier (8). The view was strengthened by a further observation that 

the asymmetric induction in neopentyl alochol-l-d was three fold as high when formed by 

deuterium transfer from a Grignard reagent as by hydrogen transfer (9). The former reaotion 

is known to be much slower (10). The effect of rate on atereoeelectitiiy of the reaction 

thus seems to be well established. However, this factor alone is hardly expected to over- 

shadow the steric effect to the extent seen in the elkylphenyl series. It muat be assumed 

therefore that the steric interactions of groups are somehow aodified in the transition 

state so as to lose their usual significanoe in the ground state. In this communication, ue 

suggest a simple explanation how this can happen, based on an empirical model recently 

proposed by Xarabatsos (11). According to this, the following two dlastereoisomeric 

transition states (I & II) for the reduction of ketones with optically active dlkox@lminim 

dichloride (or similar reagents) w bs considered i 

I II 

The hydride transfer reactions using either Grlgnard reagents or slkoxyaltini~a 

dichlorides, sre generally fast and exotherraio and SO the assqtion that the arrangement 

of groups In the transition state with respect to carbOny is similar to that of the ketone 

in the ground state nay be well justified. 'ibis would require that one of the aubstituents, 



either the mdiuaor the large (Rl amd RS in the diagrany) be In eclipre with the carbonyl 

double bond (12), while the rmallgroup, R2 be neamatto the incoming hydrogen. If WI now 

conrider the rterlc Interactions between the group, -CRlR2RS and the aubrtltmnta, L and S on 

the aayxnmtrlc carbon in the two trautvition rthtea, these wouldbe reduced to two simpler term, 

R2C, L (in I) and R2wS (in II), the other two a<-sub&.ltuents, Rl and RS being too far awey 

to ham any appreciable effect+ on L and S. A oomparlson of these two term with those 

represented by RwS and R-L respeotively, will then deteraim the preference of one 

transition atate over the other and conaequsntly the extent of aamtric Induction, provided 

the other non-comon interactiona, e.g., RpO and Rc-)RS In (I) and R+O and R-R1 in (II), __ 

are equal. In ketones which do not contain any M-trio aarbon ae in the pmaent inrtancea, 

atleant two of the three groupa, Rl, I$ andRS, am identiaal and the maative conformatlona 

(I & II) may be 80 written that these interactions are exactly the aam with the smalleat group, 

II2 still nearest to the approaching magent. It will be now apparent that in a particular 

series, say eilkylphenyl (R = Ph In I & II), all alkyl groups containing atleast one g<-hydrogen, 

F&, CHS, C2HS, n-C&, I-CsH2, and i-C&, dll have very similar sterlc effects with respect 

to L and S in the transition state8 beoause R2 is hydrogen in each case. Other interactions 

being equal, the energy diffemnae between the palm of transition atate8 (I & II) will 

therefore mmaln reasonably constant throughout the wrles and no appmciable fall In 

aaganetric induction la expeated on ateric ground. However, the alower rate of reduction aa 

one pamerr fton methyl to isopropyl (dus mainly to electronic factor) will result in increasing 

stemoealeotivity and the overall effect is an orderly rlae In aaymaetric Induction. The 

altuation la different when the elkyl is t-butyl; R2 beuomea neoesearlly methyl and the sterlc 

effect is now mom pronounced and almost parallels that of phony1 with a consequent drop in 

aaymetric induction*. The enhanaed rate of reduction of t-butyl ketone (S), this being less 

of an aromatic ketone, mny alao be a contributing factor. That phony1 still behaves u a 

bulkier group than t-butyl ie probably due to nonplanarity of the bensene ring with the 

carbonyl aa suggested by Masher g&d. 

*The substituents, % and RS may however raise the activation emrgy of both the transition 
otater aa a mault of skew interactions, or if suffioiently large, bring about significant 
distortion of the model. / 

+Vavon and Angelo, m. a., &#& 1435 (1247), however reported higheat asymmetric 
induatiw with tbutyl phenyl oompound in this eeriea, which is contrary to the results 
Of Our8 a8 WellofMoehem g&d. 
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The cbeerved data in the alQlcyclahe@ and all@-tbutyl eeries'cm eimilerly be 

r8tionalieed. The drop in aeymaetrla Induction in the8a cuem, hcuwer, ha8 appeared eulier 

thenexpeoted. The situation here is more complex becaueo of the pcsribllitJ of rctmre 

around ctherbcndr, which will m&e the nature of the trendtion &ate rather uncertain. The 

low aemtrlh Induction in methylethyl- and methylisobutyl-oarblncloIr (laet eeriee In the 

table) la ccnsletent with the idea that very little difference exietr in the eteric effecte 

of methyl, ethyl, and irobutyl. The aompuatlrely high aeymmetrlc induction in the aromatic 

aeriee 10 elmost oertainly linked up with the decreaeed reactivitJ of t&e elm phenyl ketones 

in Benorel. The above model tcEat.her with a conelderation of tbe rata factor thue provides a 

rationale for the neults l Q fu obtained In there aeymmetrio reducticne. 

Investigationa on f'urther axampler aud on the effect of lowering the reactivity both in 

the eubetrates and the reaSentr, aa well ae the effect of temperature on the extant of 

aeymmetric induction are In prcgrees. 

1. D. Nadpurl and 0, Sarker, ~ss,h;3~~O.!~Q~.end C.K. 
@loah, w., & 556 (1967 ; and tie0 ra 

2. B. L. Qiel and D. Naripurl, w., g$ 3809 (1963). 

1. B. MacLeod, 1. J. Ueleh, end H. S. Moeher, w . ., g&# 876 (196C). 

4. J. S. Birtvietle, I(. Lee, J. D. !4crrircm, W. A. Sandereon, and Be Se tieher, I.*, 
g$ 57 (1964). 


