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Novel Electronic Effects of Remote Substituents on the Oxazaborolidine- 
Catalyzed Enantioselective Reduction of Ketones 

E J. Ccnq* and (‘hrl\topher J. tHcla1 

‘l‘hc catalpc cndntlc)seLti\c rcductlcln 01 I\ctc~~~cs m~*d~a~cd hq chiral oxa/.ahorolldincst (CBS rcductionla) 
is an intriguing synthcuc reaction not only hccausc (11 111~ vq broad range of practical applications.2 hut also 
hccausc of the clear insights IWO I‘inc mechanlstlc ~&III which ha\< cmcrged from its investigation.t,3 The 
enantiot‘acc-,\cl~~ti\e rcducuon 111‘ a large‘ numhcr 01 vchlral kt%)nza WI .h an S-proline derived oxalahorolidine can 
bc understood in tclrnh 01‘ the tmnsltion stats! rqrc~cnt~tlon 1. in which RI. and Rg r&r to the cffcctivc steric size 
of these groups with rcspcct to thclr cfl’&t on the cqu~llhrlum (and ratI:) of coordination of the syn c:arhonyl lone 
pair hlth the catalytic oxa/ahl)rolldinc~horanc complex The hydrrde transfer occur:, as an irrcvcrsihle, rate- 
limiting step al’tcr a gcncrall) fast and rcvL>rslhlc l~~~rmati~ln tll the I\~tonz-horanc-oxazaborolidinc complex. 
Howcvcr. in the USC OU unusu;ill~ clcctrophilic kctclnc>\. \uch 3s RCOCF?, the transitmn state for hydride transfer 
(witlun the three-component complex) 1s \er) Carl? dnd thy> hydrlS.lc transfer may occur at a rate which is 
comparable to the Lla,~oclation/dlssc,ciatl~)n ol‘kctonc u Ith the i)xa/ahorolidlne-horane complcx.tc.3 In this paper 
WC present a numhcr ~~t’rcmark~hlc neu I‘indin~s rcgardlng L~lc‘Ctromc (%I 1’~~s on the cfl’ectivc si/r of the groups RL 
and Rg and on the ~nantlos~lcctlvit~, VI CBS rcductlont 

The gcncral idc‘a which for&s the haal ()I‘ this \tud\ may hc illJstratsd hy the specific cast ofp-methoxy- 
/I’-nltrobcn/oph~nc\nc 2a. This suhstratc ma! comhinc with the catnlyuc horon center (BXq) at tither lone pair a 
or h. It can hc argued that coordination oi RX?. a rathL%r bulky I.cwii acid. will occur more strongly (and more 
rapidly) at Ionc pall- O, SIIKC the rc\ultmg complex. 1o1 cxampL> 3 with the (SLcatalyst and catcchol horane (CB), 
allows maximum rr-~lectr~~n donatmn from pmcth~~uyphcnyt to th; clcctron deficient carhonyl carbon with 
simultaneous ~~r~h~lg~~nallty hetwecn the plancx of the I?-m~thosyphellyl and p’-nitrophenyl groups to minimize 
steric rcpulslon with the bulky RX? mcricty. ~1x 1x dcplL,tcd m tc’fnary cnmplcx 3. This mode of reduction, which 
lcads to the R-carhlnol 4. ought to hc considcrahly mol-c lavorahlc than reduction of 2 via 5 (coordination to lone 
pair hi. assumlns correctness 01. the mechanistic mc~d~l. hccausc 5 dots not allow con.jugation of the p- 
methoxyphenyl group ulth the electron dcficlent carbonyl carbon. I‘hc same: arguments apply to the reduction of 
p-triisopropylsilylox~ -I”-nltruhcn/~)phcnon~ 2b, which hccausc 01 its ready soluhility in orgamc solvents allows 
reduction at lower tcmpL‘raturc\ than dots the pmi‘thrl\l anal~~$ 2a. The predictions hased on these 
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considerattons were strtkmgly confirmed by expcrtmcnts perl.nrmcd with unsymmetrical benzophenones and a 
variety of other kctonic substrates with the results summari/ed in Table I. 

The reduction ofp-triisopropylsilyloxy-p’-niuohenAophenone (2b) in toluene at -78 “C was remarkably 
selective and afforded the predicted major cnantiomer 4b with 97.5 : 2.5 (39/I) selectivity. Reduction of 2b 
under the same conditions except for CH2Cl2 as solvent also afforded mainly 4b, hut was considerably less 
selective (9/l). The reduction of p-methoxy-p’-mtrohenlophenone (2a) could not be carried out at -78 “C due to 
poor solubility of the substrate. Nonetheless. even at (I “C the reduction proceeded enantioselectively (10 : 1 in 
toluene, 7 : 1 in CH?Cl;?) to give the predicted major enantiomer 4a. 1 In contrast to the major substituent effects 
observed in the reductions of 2a and 2b, the (S)-oxazahorolidine cataly/.cd reductions of 6-mcthoxy- and 6-nitro- 
I tetralone proceeded to give the (R)-alcohol with excellent enantiosclectivity in each case (Table I, entries 3 and 
4) with no appreciable suhstitucnt effects. These data support the proposition that the enantioselectivity of the 
reduction of 2a or 2b is due to preferential coordination to Ionc pair <I as shown in 3 so as to allow maximum K- 
electron donation to the complexed carhonyl group. and that suhstituent effects do not operate in coplanar aryl 
ketones such as the I-tetralones. 

Another way of enhancing the rr-electron donor properties of an aromatic ring is hy complexation with the 
s chromium tricarbonyl moiety: As shown in Table I, entry 5, such complexation with one ring of a 

benzophenone allows the realization of highly cnantioselcctive reduction (32 : I in tolucnc) leading to the R- 
enantiomer. as expected for reduction via coordination of BXj to the lone pair anti to the Cr(CO)g-complexed 
aromatic ring. In the BXT-complexed ketone. the ri-electrons of chromium can flow into the electron deficient 
carbonyl group if the interconnecting aromatic ring is coplanar. Thr: synthesis of x-chromium-tricarbonyl-p’- 
chlorobcnLophenone was effected as shown in Scheme I. The absolute configuration of the reduction product 
was established by X-ray diffraction ana1ysis.n 

A different case of this type of stcreoclcctronic effect nl’rcmotc aromatic substitucnts is rcvcaled by entries 
6, 7 and 8 of Table 1. The superior rr-conjugatingielcctron-donating properties of the E-styryl and E-p- 
mcthoxystyryl groups account for the excellent enantiomeric ratios for the reductions summarized in entries 6 and 
7 (ca. 50 : 1) as contrasted with the diminished selectivity for the reduction E-R-nitrostyryl methyl ketone, entry 8 
(cn. 6 : lj.7 In each of these cases the effective si/.e of the E-styryl group is greater than methyl for the 
stcrcoclectronic reasons detailed above. which also account for the adverse effect of a y-nitro substituent on 
cnantioselectivity. The previously observed cnantiosclcctive reduction of a number of E-P-substituted vinyl n- 
alkyl ketones to R-vinyl carhinols using the (S)-proline-derived oxa/.aborolidinc as catalystthxIe is now readily 
understandable in the context of the present study. 

The reduction of a$acetylcntc kctoncs m the oxazaborolidine system proceeds with only mediocre 
cnantioselectivity. For example, under the conditions outlined in Table 1, the reduction of 4-phcnoxy-but-l-yne- 
j-one affords the corresponding propargylic alcohol in only 74% cc. 8 However, the x-adducts of a$-ynones 
with the dicohalt hexacarbonyl moiety undergo the CBS reduction with superb enantioselectivity. As shown in 
Table 1, entry 9, the Co2(CO)6 adduct of non-3-yn-?-one is reduced to the corresponding R alcohol in toluene 
with 97% ee, 65 : 1 enantiomeric ratio. Coordination of the Coz(CO)n unit with the C-C triple bond greatly 
enhances the electron-donating power relative to uncomplexed C&Y.” while also increasing effective steric size. 
Both effects contribute to enantioselection by favoring coordination of BX3 to the lone pair anti to the Co2(CO)@ 
complexed triple bond. This CBS reduction of C’o2(CO‘)6-cl,mplexed c&acetylenic kctoncs provides a very 
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cffcctive and useful ncu synthetic route to a broad rsngc of propargyhc alcohols, since the removal of cobalt is 
readily accomplished as shown in Scheme 2 which also depicts the method used for determination of the absolute 
configuration of the reduction product, correlation with Icvorotatory (R) methyl benzoyllactate.to~t t 

Cyclopropyl isopropyl ketonc12 reprcscnts an interesting test of the stereoelectronic proposal discussed 
above. Since the cyclopropyl group is much more electron-donating t \ than the isopropyl group, it was predicted 
that the CBS reduction with the (S)-proline-derived oxa/aborolidine should produce predominantly the R carbinol. 
Indeed, this is the cast’. as is Indicated in Scheme 3. Thus, dcspitc the somewhat smaller steric size of 
cyclopropyl relative to isopropyl, the cyclopropyl group cffectivcly functions as the bulkier group for 
stereoelectronic rcasonst i.t4 and directs BX1 coordination to the anti lone pair in the CBS reduction. The 
absolute configuration of the carbinol was estahlishcd by csterification with N-(t-hutoxycarbonyl)-(Qalanine 
(DCC. DMAP (cat), CH$3:, -. ‘3 “CL recrystalliratton of the product and X-ray analysishn~t~ 

The reactions rcportcd hercm represent a new class of highly cnantioselcctivc carbonyl reduction, 
dependent on stereoelectromc cfl’ccts involvmg special groups or rcmotc substitucnts. The discovery of these 
reactions was guided hy the transition-state model 1, for which they provide strong support. The greater 
magnitude of the stcreoclcctronic effects in toluene vs CH$Zl2 as solvent (sect Tahlc I) is of great interest and may 
be due to a hydrogen honding cffcct of CH$lz which effectively rrduccs the electron-donating power of the x- 
rich carbonyl suhstitucnt (RI. in 1). Finally, these results arc valuahlc because they open thr way for numerous 
extensions and practical synthetic applications 16 
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