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A~trichydrldctra~fcrrsactlo~w~Orignrml reagents', alkoxynagneslum hallde8*, 

and alkoxyalruirmn dlclbrlde~3 have been midsly used during the last few years for reduction 

of ketones aai other electrophi.llc double bonds I dth varied degree of l apnetxic Mu&ion. 

Whitemcre*~ cyclic me&ani8m, anmlogcw to that accepted In Meerucin-Pcnwlorf-Verley reduction, 

haa beenoftengocdenough toexplainthe rermlts'. Recently, it har been ruggested that* 

mat, tavcured hydrogen transfer is linear, be it through a cyclic transition state (I)6 or an 

acycllc one (II)'. Inaplte of theae refinements, hcmever, one aspect of thaae reactiona still 

remalna unsolved: in the reduction of phergrl alkyl ketones, the asymrstric induction goes up 

as the effective bdlk of the alkyl increaser through the serles, He, Et, n-Pr, i_Bu, and i-R. 

It has been pointed out that electronic effect of phenyl group is somehow responsible for this 

behaviour'l. Scme tirs back, we put forward an explanation8 bered on Earabatsoa rode1 for 

1,2-asyanetrlc Induction9 and an assumption that the stereospecificity of a reaction dependa 

appreciably on rate'. The validity of this theory has since then been found doubtful from 

(1) (II) (III) 
the reduction data of various p-substituted aryl alkyl ketones in our laboratorylO. The ieotcpe 

effect on asymmetric induction ii,12 , previously attributed to rate factor, may as well be a 

consequence of isotcpic disparity in the substrates (difference in bulk betmen Ii and D,for 

example), as pointed out by Horrie~n'~. During the peat one year, on several occassions U , ne 

suggested a transition state (III) to explain this discrepancy as well 8.v some other curious 

observations. h In view of a recent report of an acyclic trr-nsition state (II) to which our 
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model has noms formal analogy, we like to record our interpretation. 

The trensltion state suggested by us Is very similar to the one (I) proposed by Mathieu6 

differlag fkcm it in tw imp&ant aspectar i) the model haa been twisted along C=*H**C ude 

to relieve steric and torsional strain, and Ii) the tw oppositely develop- dipoles, 06- and 

H 6+ (I! stands for halogenated I4g and Al) are 1ccaeL bcund through apace thus avoiding rigidity 

consequent tc a cyclic mcdel. The transition state Is very much reactant-like and the sterio 

interactlona iaay be appraised from a Rein-type formula (III), viewed alcrg C**H*.C arls, the 

relatively short C-H bond's and the radial distribution of R, R', and 0 largely compensating 

for the extra II sandwiched betweenthe tw carbons. 

Far a reagent typified by the ateric formula IV (X stands for -O- OT -CHp,and L & S for 

large and rnll groups), six transition states could be envisaged for the reduction of FhCCR. 

Only four (Va, Vb, Via, VIb) are of significance because they have the opposing dipoles, 06- and 

M b+ gauche to each other thus permitting to form a loose bond. Of the two conformationa, Va 

and Vb leading to R-alcohol, Va is by far the stabler ens both from steric (L and Ph anti) and 

electronic (XH*+ placed between two negative dipoles, 06- and C-Fh) reasons. Similarly for 

S-alcohol, transition state Via is more favourable (electronic reason), although the assessnsnt 

of ateric Interaction Is rather uncertain. The product ratio R/S will thereP_ be determined 

by the Me energy dtiference between Va and Via. Simple consideration of steric interactions 

shous that R-alcohol would be formed predominantly (compare Fh-4 + L--O in Va against 

Fh--L + S4 in Via) and that is actually the case l-j. 

Now if R is gradually increared in bulk, a buttressing effect will operate in the two 

ccnformations: rotation to separate L and R in Via uill push Fh and L together whereas a 

slmllar rotation in Va is quite easy. As a result, conformation Via is further destabilissd 

and more of R-alcohol formed. This explains the higher asymmetric induction in the phenyl alkyl 

series as the alkyl group changes from methyl to isopropyl or even to ;-butyl*. 

+ Highest asymetric induction (72%) has indeed been reported 16 in phewl allryl serier nhen 
R- t-Bu using lsobornylmagnesium bromide as reducing agent. In all these cases, Menyl 
behzves as effectively the bigger group of the tuc. 



The pcirent picture also clarlflee one obaoure point: It ha bean obrcnd that t&a 

l qmwtria induction lnphenylal)qlsarier lawuallyhlgher than In o~rcloh~l~lor 

t_autyl mrlee Innpita of the comparable aiae of the three groups*. For instance, raduetim 

of ph.@, ~-but~l,aad cyclohexyliso&wopylket4mea dth ma 8anreagent,2-mlJhylbutylmgno&~ 

chloride gave alcohol6 of optloalprritie~ 2b,5,and 2~rempectivalyl3. A rimplo aplamtion 

naybe offord thuar in case of cycloheqlm ~-bu~lkotom8,the contrlbutiom of&a oW two 

tranaltionutatesVbau3vIb (~-Bllor 4fy~inplaceofPh) oouldxmtb i@orod,tho l lootroalc 

effoot of Eh bolq abrent, Retweenthentno,VIb 3~ clear~wro 6tablo (oorpm L-B + S-0 

lnVbagairmtS~R+L+-OlnVIb). lhe gmduot ratio R/S thewofara drop dmm tomdora* valwa. 

One furtha pointmaybemmtlomd bfom w clomuptho dlmuaalw. Rmtsald~o-l-dmhan 

reduced with bor@oqmagm~ltmbro~Ue l xl bornyloxyaludmmdichlorido, both from (-)-baawool, 

afforded napectlvely a-(-)-, and S-(+)-bans+Cc-d alcohol of hi& opUcalpmritjl2. 'Iho pr- 

ponderance of R-alcoholfrom~lo~oiumtmmido lm lnorderdththo pmf& tramltion 

atate VII which ciormapondr toVa inpewiaw diaow&m. Rut the furmationofSJlo&ol fra 

raagmt of identioal configuration ir definitely uaazpectsd. lh@ only erplamtionwa om offer i8 

thir: with there@ac~ntof&Br bAlC% nhiohlr bfar a rtxmgor olwtrophilic rpoojm, the 

Ph 

bon3 betwwn 0 &- and AlO%‘+ btmomaaoratightm~dtlm tramltionsta~VIIclo.eempteto 

cycucmodolVIII. It18 possible urd alao verified by modal8 thattheowrhaw* gam4m1 

groupnow introduoas anadditional 8terio interaationtithW InVIII thus ~attingtha~ 

rtablllty order baaed onhaving the twobigger groupa,Cl4la ad pb ondlfMt&dw of Iho 

rti. As amrult, aonform~onIXir insured OvervIIIud 9-alcdl01 farmed_. 

ime iu3deed been found inrev8ral im8t8naer that tha oomfiguration ofrodwtion~oductardth 

borrprloxyalmpinu diohloride doee follow the l bova plotmrl7. 

Itappearr therefore thatmhila tlm rgmaiumdorivativoa of aloabla (aa al.110 tha Or- 

* me statemnti~ over-ai8plifled~1 tnm onlyuha tha l lkylw ar8 w. Thir land8 
additlonalau~to GIG 8ub1~0quamt~t&.ir (via iafPa) thatmtah htsraatiom m 
9nportant in plshlng th~reaotioa touard8 l cydllc~~. 
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reagents) in general react with ketonas through acyclic transition &ate (a8 III), the correa- 

poniing &loroelumiaunderivatlvse probeblyreactthrough * cyclic one (a8 I),particularly 

when the two chiral carbon atoms In the tmnaition rtate do not bear heavy rubetituente, &.z., 

eclipsing eifect is emall. Gntheotbrha&, when the aubetrate and tha reegentare both 

sterically encumbered, the re8ctions go through acyclic transition etate III. Unfortunately, 

bor~loxyaluminum dichloride does not reduce hindered ketones and we do not have any indepen- 

dent way to chow that such change of machanian does take place. Isoborqyloxyalminum 

dichloride is a good reducing agent." but it would afford products of identical configuration 

by either mechanism. 

We are deeply indebted to Dr. H. Fe&in of Gif-aur-Yvette, France for helpful suggestion. 

Referencee 

1. 

2. 

3. 

Ir. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

l4. 

15. 
16. 

17. 

19. 

J.S. Birtwiatle, K. Lee, J.D. Morrison, W.A. Sanderson, and H.S. Moaher, J. Org. Chem., 
2Y, 37 (1964); and ewlier papars. 

G. Vavon and A. Antonini, Corn t. rand. 1120 (199): A Streiweiser, Jr., arxl 
M.R. Granger, J. Orfs. Chem+= m 8%‘~ ; aad earlier pspera. 

D. Nasipuri and G. Sarker, J. Indian Chem. Sec., I&, 165, 425 (1967). 

0. Cabaret and 2. Welvart, e. s., 1061, (1970). 

E.L, Eliel, Stereochemistry of Carbon Compounia, MoGraw Hill, New York, 72 (1962) 

J. Hathieu and J. Waill-Raynal, Bull. SOC. Chim., Fr., l2ll (1968). 

M. Chore&, H. Felkin, and N. Prudent, Tetrahedron Letters, 2199 (1968); and also 
ref. 13. For other case8 of pheqyl interaction, see J. D. Morrison, D. Black, and 
R. Ridgeway, ibid.,985 (1968). 

D. Naaipuri, 0. Sarker, and C.K. Ghoah, x., 5189 (1968). 

G.J. Karabatsos, J. Amer. Chem. Sot., 89, 1367 (1967). 

D. Naslpuri and P.R. Mukherjee, unpublished data; also see ref. 13. 

V.E. Althouae, E. Kaufn!anu, P. Loeffler, K. Ueda, and H.S. Mosher, J. Amer. Chem. Sot., 
8& 3133 (1961). 

D. Nasipuri, C.K. Ghosh, anl R.J.L. Martin, J. Grg. Chem., & 657 (1970) 

J.D. Morrison, Survey of Progress in Chemistry, Vol. 3, Academic Press, New York, 
ti7 (1966). 

D. Nasipuri, Abstracts Part IS, Second Indo-Swiet Symposium on Chemistry of Natural 
&odu&s, 100 (1970); Abstracts, Chemical Convention, India, 1969. 

G. Chauviere and 2. Welvart, Bull. SOC. Chim. Fr., 77k (1970). 
G. Vavon and B. Angelo, compt. rand., 2& lb35 (1Yk7). 
D. Naaipuri ati C.K. Ghoah, J. Indian Chem. Sot., 
P.R. Mukherjee, unpublished results. 

&&, $6 (1967); 0. Nasiplri ati 

E.L. Eliel and D. Nasipori, J. Org. Chem., 3G, 38Q9 (1965). 


