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Summary: Two canphor derived lactams 7 and 2 have been examined as tu their utilily as chiral &IxMaries ibr use in 

asymmetric aldol reactions. The results show QOO~ to excellent selectivities can be achieved with 2 in most cases 

employing diethflboron enolates. These enolates p~ovz?d less reactive than anticipated and exhibited a sensitivity to 

the steric size of the Iigands on borvn. A model which rafionalizes fhe sense of diastereoseiection is presented. 

The design of enantffmerically pure chiral molecules for use both as covalently bound adjuvants and as lfgands 

in catalytic processes for the dtastereofacially selective construction of carbon-carban bonds Is one of the fmportant 

thrusts of synthetic organic chemistry. 102 As pan of ongoing studies in this area in our laboratories, we have evaluated 

the use of the isomerfc laotams 1 (distal) and 2 (proximal), both readily available in either antlpode. to control 

diistereofacial selectivtt in the aldol reactiin.3 
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The required imides 2 ( mp 50-51”C, [a]D = -lO.g” (c 5.31, CHCt$) and 4 ( bp 51-51WO.Pmm, [a]0 = +72.7” (c 

4.95. CHCl3)) are easily prepared from 1 and 2 by N-acylfttlln of the corresponding lllhikMtI Salt (n-butyltithiuW TRW 0°C) 

wfth proplonyl chbrlde at 0°C in 88% and 95% yields, respec8~ly.~ 

Since the lithium enolates derived from 3 and 4 proved unsultabfe owing b&t ta their relatfvefy higb basicfty and 

bw diastemofacial seleotivtty, 3 and 4 were oonverted to the reepeotfve Z dlethylboron enolates 5 and 5 by exposure to 

Et2BOTf (1 .O equlv) and tiunigs’ base (1 .l equfv) in &f2Ci2 at 0°C. 4.5 Addltion of fsobutyrakfehyde II.0 equiv) to 

diethylenotborfnate 5 derived from 3 and stirrfng at 0°C for 45h was followed by an oxkfatfve work-up &OH/ pH 7 

phosphate buffer/30% aqueous H202 ). Isolation of the aldofpmduots by column chromatography afforded a 2.2: 1 

mixture of syr~ diastereomers 7 and 8 in 35% yield (Scheme l).! The minor isomer 8, $olated as a &stalk sofid, was 

found to possess the eyrk(2R,3S) stereoehemtetry by sfngle &al x-my analysts7 The pmxbnal Wde 4 was. found to 

provide much htgher seleotfvfty. Under optknal caxfdftfons (Table 1). 4 afforded a 87% yfofd (75% oonvenslon) of a 928 

mixture of aldol products 9-10 (Entry 5, Table 1). with the crystalline s~~t-(2SbR) dlastereomer 9 being the major 

component of the mixture. These results clearly suggested imfde 4 as the best candidate for further stud&. 

The reaction of the diethylenotborfnate dertved from 4 (1 .O equlv) with a representative series of aldehydes (2-3 
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Table 1 

& 
I) Et#OTf 

Rr2NEVCl+C~ 
N 

10 sym(2R) 

0 
2) RCHO 

4 3) CH3~202 

11 anti- 12 anti-(2R) 

AIdehyde’ syn-/antCb DlastereoselectIvltyb Weld’ 

Entry R (S+lO)/(l 1+12) 9 10 11 12 (%) 

1 

2 

3 

4 

5 

8 

7 

9 

9 
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b 
I 
y> 3 
c 
y> 3 

10.111 

13.411 

fS.5/ld 

>200/1’ 

>200/1Q 

13.211 

,30/t 

>200/lQ 

>2OQ/l f 

>2QO/lQ 

80 

04 

90 

96 

92 

80 

86 

91 
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92 
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10 

4 
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13 
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9 
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8 

3 

2 

l 
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0 

@ 

0 

e 

6 62 

5 75(76) 

0 ww 

e 92(50) 

m 87( 75) 

0 82(78) 

a 43(43) 

. 69(99) 

0 W50) 

a 83 

’ Reactions conducted by slow rddltlon of the aldohydo (1-3 equlv) to the boron l nolate ln CH,CI, 
at temperatures ranging fcom -78’ to 0-C. 

b Ratios determined by ‘H #MR. Absolute conflguratlon of the major Isomer dotormlned by hydrolynls 
and comparison of [a]ovaluas of the rosultlng &hydroxy acids or esters with Iltsraturo values. 

’ Isolated yield8 of aldol products after flash chromatography corrected for convorslon which 
is glvon in parenthssea. 

d DlmatJ~yl boron bromldo wao utltlzod to form the dlmothylenolborlnato In this case. 
T Below the datoctlon llmlt of tho NMR method (-2%). 

In this cass, slow addltlon (0.52h) of 2.0 oqulv of aldehydo was conducted at -45% 
(csso 0. -78%) with a roaotlon parlod of 24-48 h, followad by qusnchlng of the raactlon mlxturo. 

o In thb csso, slow addltlon (0.52h) of 3.0 equlv of aldohyde wa8 conducted at -42% 
wlth a reactlon perkd of 24-48 h. followed by quenching of the reaotlon mkturo. 
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Scheme 1 

7 syrP(2S) 6 syrr(2R) 
2.2 : 1 

squiv) in CH2Cl2 al -45% for 24-46h is SutnmSrIzSd in Table 1. The major product in each case was the syrr(PS.SR) 

dfastereomer 9. Since the chemical shift of the chiral auxiliary bridgehead methine proton was well-resotved for ail 

diastereomers, the stereoseiectivfties were readily determined by lH NMR. After removal of the chirai auxiiiary by 

treatment with tBuCCl-WLffH (superior to H202 in these cases), which affOrded the desired 6-hydroxy a&s in 6062% 

yields wth 265% recovery of the chirai iactam 2, the absotute stereochemistry of the resulting 6-hydroxy acids or 

corresponding methyl esters was assigned by comparison of the observed optical rotations with values given in the 

literature.8.g 

Under optimal react&&n conditions. it was found that cormersbn with respect to the enofborfnate 6 was improved 

by use of 2-3 equivalents of aidehyde as has been observed wfth the enol borinates derived from the Cppotzer camphor 

suftam auxiliary.2d of course, use of excess 6 affords excellent conversions with respect to aidehyde as bng as the 

presence of excess diethylboron tnflate is avoided. M Syn-Anti ratios of up to 2OO:l can be achieved under these 

Optimhed COndiiiOnS (Table 1). Best results with respect to facial selectivity are obtained at bw temperatures (-76%) 

however, al the expense of lower reactivity. For many cases, an acceptabie compromise between rate and seiactfvity 

can be reached by conducting the condensation at -45% which affords synthetically useful facial sefectfvfties. generaify 

a12:l (Table 1). 

Figure 1 

‘W CH. - 
2.ZChair E,Z-Chair 

In an effort to understand the origin of the facial selectfvlty observed wfth this chirai enolate, a series of MN DC 

and molecular mechanics cafoulations was carried wt. Comparison of relative energies for the possible transitbn states 

was not considered reliable, however the geometries were considered qualitatively valid. The resulting model of the 

transition state (Figure 1) suggek that the E.Zchair transition state, leading to the minor product 10, is less favorable 

due to the presence of a significant non-bonded interaction between an axial boron ligand and the proximal methyiene 

group in the two catin bridge of the lactam auxiliary. Cur studies have shown that selectivfty and reactivity decreases 

with increasing size of the iigands on boron (compare Tabfs 1 cases 2 and 3). The aiternatff Z,Z transition state lacks 

this methyiene-methylene interaction. but does possess a potentfally destabffttng .aiiyib interaction between the 

enolate double bond proton and the bridgehead rnethine proton in the auxiliary. Another contrfbuting factor may be a 



significant destabilization of the Z,Z transition state due to unfavorable dipole aliinmenfs.* These opposing effects may 

limit the ultimate level of diastereofacial selectivity attainable, and are in aggregate responsible for the lower reactivity of 

these boron enolates relative to those derived from oxazolidinone auxillaries.2a In most respects, the boron enolate 

derived from 4 more cbsely parallels the behavior of the boron enolates derived from the Oppolzer camphorsullam 

auxiliaries.2d We are currently testing this model by selective structural mcdifiitbn of the auxiliary. 

The present studiis clearly indicate that enolborinates derived from 4 afford synthetically useful syn/anfi and 

facial selectivitiis, providing a useful alternative to the existing repertoire of auxiliaries for asymmetric aldol reactions 

parlicularty when modulated reactivity is reguired to achieve required regioselectivii or chemoseleclivity. 
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