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Ah&act--Zs-acykmioocinnamic acids sod esters were hy- with rhodium(I) compkxes cootainiag 
(4RJR) - tmiu - 43 - biidipheoylphosphinomethy9 - 23 - dimethyl - 13 - dkxolaa (DIOP). Increasing the steric 
bulk of the acyl function (NHCOR, where R is ao alkyl moiety) resulted io a lowered reduction of the si-re 
pro&Al face to ykld a deaasiq excess of the (R)-amino acid derivatives. In the series of N-acylpbeoykkaioe 
free acids (resulting from bye of Zaacy* acids) t& optical purity decnased from 
82% ee-(R) [Me]; 57% e+(R) [i-P& 52% cc-(R) [t-Bu]; to 46% ee-(R) [l-adamaotyl]. The a-be~ido, a-formamid 
and a-tlihor0aCeWN ‘do substrates gave hydrogen&n products having 68% ee-(R) [Ph]; 60% eeG) 
[HI; and 16% ee-(R)[CF,]. In the correspooding methyl esters, inaasing the sterk bulk of the acyl function 
(NHCOR) resulted in P markedly grrater decrease in enantiofaw ditTereotiatioo. IO the series of N-acylpbeoyl- 
alaoine methyl ester products (resultfog from by-0 of Z-methyl a-acykmioociitea) the optical purity 
decreased from 6946 eeG)[bfe]; 15% ee-(R)[i-Pr]; to 0% ec [t-Bu mad l-adamaotyl]. The a-benxamido, Q- 
form&do, and US substrates gnve hydrogenatioo products having 36% e&R) [phi; 58% 
oe-(R) [HI; and 22% cc-(s) P31. 

IO the serks of N-acetylpheoyl xlkyl ester products (resukiog from hydrogenatioo of Z-alkyl a- . . 
acaamrdoclnnsmateastm)~su~intbe~lllcobdmoietynsultedinadccrraseinopticalpurity 
to 52% @R) [CH&Fd ampared to 72,76 aod 77% @R) m i-Pr and t-Bu. respectively]. 

We have been engaged over the last few years in in- 
vestigatmg the structural requisites in chiral dipbosphine- 
rhodium(I) hydrogenation complexes. As structural 
probes we have utilized N-acyldebydroamhm acid 
derivatives (1) in which the steric and/or electronic 
nature of the substituents R’ to Rs can be systematkally 
vatied. These prochiral oleflns give redu&on products 
(formed via use of the above-mentioned catalysts) which 
generally show quite high optical purities. The high 
degree of enantioface selectivity can be rationalized as 
arising from intimate and specific interactions between 
the chiral diphosphine/rhodium(I) hydrogenation com- 
plex and the prochiral dehydroamino acid derivative, 1. 

R4 

R! ’ COOR’ 

1 

This present work will report upon tbe steric and elec- 
~~natureoftheR’andR~moietiesandtheir~~ 
upon the optical purity of the reduction products of 
olefin 1. Some of these 6ndings have been previously 
communicated in preliminary form.= 

IuLwJLxxANDw 
Z-U-aCylami.ttocimUlk acidsandesterswereprepared 

via ring opening of the corresponding 24benxylidene-2- 

alkyl or aryl-2-oxaxolinS-one axlactones. The assignment 
of Z-contiguration to these olefins has been made using ‘H 
NMR spectr~scopy~’ and is ultimately based upon the 
X-ray structure determination of Z-a-benxamidocinnamic 
ackL6 The ‘H NMR spectra (ItHI MHz, CDCIJI’MS) of the 
parent Z4benzylidcna2-alLyl-2-oxazolin-S-ones (alkyl = 
methyl, i-propyl, t-butyl, and l-adamantyl) all show the 
H,&nylic proton signal at 7.02+0.1 S (singlet). The 
Z-conftguration of the tritluoroacetamido substrates were 
proven by Breitholle and Stammer.’ 

‘Ihe Z-a-acylaminocinnamic acids and esters (in 
EtOHjbenxene 2.3: 1.0 solvent mixture) underwent 
reduction catalyzed by homogeneous rhodium(I) com- 
pkxes [prepared in-situ from (4R,5R) - tmns - 4$ - 
bis(diphenylphosphinomethy1) - 22 - dimetbyl - 1.3 - 
dioxolan (DIOP), 2? and chioro(l,5 - cycle 
octadiene)rhodiun@) duner, 31 (see Scheme, in which 
R3 = R’ = H and R’= Ph). The optical purities of the 
resulting N-acylphenylalanine free acid and ester reduc- 
tion products, 4, are listed in Tables 1 and 2. 

In the past, we have shown that in situ prepared 
DIOP/RhO hydrogenation complexes are not particu- 
larly sensitive to the steric bulk of the alcohol moiety R’ 
in Z-alkyl a-acetamidoc’ mnamate esters, CJGCH 
= C(NHCOCH3)COOR’: 6996 enantiomeric excess-(R) 
W-Mel; 7296 a_(R) [Et]; 76% ee-@ [i-P& and 77% 
eeG) [t-Bu].3 The corresponding free acid shows an 
optical purity of 8246 ee_(R) [HI whose magnitude is not 
commensurate with the steric sire of the carboxylk acid 
moiety alone.’ In Table 1 it is shown that changing tbe 
polar/electronic nature of the R’ group from CHLH3 to 
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Table 2. Aaymwtric by-n of Z-alkyl a-acylsmiaa&aamatc esters, C&CH=C(NHCOR~OOR’, 
catalyzed by in situ Rh(I)/(JR,SR~DIOP 
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I? I? $ collversiap zsc [a], t opt. mtrd abs. dig. 

m Ii SlOO -57.8 SEf R 

m Ma *loo -70.4 691 R 

m i-Pr SlOO -13.8 lsh R 

m t-w S1LR-l 0 0 R 

m l-Ada SlW 0 0 R 

m Ph SlOO +16.0 SSk R 

m cps 09 +21.6 22. s 

CX2CFS m '*loo -52.9" 529 R 

Et m -100 -61.8 72p R 

i-Pr m SlW -57.0 76' II 

t-BlJ m -100 -57.3 779 R 

(SW Table 1.) 

CHXK resulted in a decrease in the degree of hydro- 
genation of the si-re pro&al face: 52% co(R) [CHAJKI 
vs 72% ee-(R) [CHtC&]. The interpretation of the 
CHXK result mainly in terms of polar/electronic effects 
is justitkble since we have seen that the R’ moiety 
exhibits an in&n&ant steric bulk effect. 

In Table 2, it can be seen that increasing the stcric 
bulk of the acyhunino function (NHCOR’, where R* is 
an alkyl moiety) resulted in less reduction of the si-re 
pro&al face to yield a decreasing excess of the (R)- 
amino acid derivatives. In the series of N-acylphenyl- 
alanine free acids [resulting from hydrogenation 
of za-acyhlminocimuuGc acids, C&CH = 
C(NHCORXOOHj the optical purity decreased from 
82% e+(R) E2= Me]; 57% ee-(R) [LPr]; 52% eedR) 
[t-Bul; to 46% ee_(R) [I-adamantyll. The a--o, 
a-formamido and a-trifluoroa&amido substrates gave 
hydrogenation products having 68% ee-(R) [Ph]; 60% 
ee-(R) [Hl; and 16% ee-(R) [CFal. In the corresponding 
methyl esters, increasing the R2 steric bulk in the acyl- 
amino function resulted in a considerably sharper 
decrease in enantioface differentiation. In the series of 
N-acylphenylalanine methyl ester products [resulting 
from hydrogenation of Z-methyl a-acylaminocin- 
namates, C,&CH=C(NHCOR~OOCHJ] the optical 
purity decreased from 69% @) m2 = Me]; 15% ee-(R) 
[LPrl; to 0% ee [t-Bu and l-adamantyl]. Tbe &en- 
zamido, a-formamido and a-tritluoroacetamido sub 
strates gave hydrogenation products having 36% eecR) 
[Phl; 58% ee-(R) [HI; and 22% e-0) [CF,I. 

A comparison of the above results for the free acid 
and methyl ester substrates shows that the free car- 
boxylic acid function appears to restrain the steric bulk 
effectoftheR2n&ty.Inbothtbecaseofthefreeacid 
and of the methyl ester, the benzamido substrates m2 = 
Ph] gave reduction product optical purities intMmediate 
between those of tbe acetam& and isobutyramido sub 
strates. Kagan et 1’ investigated Z-a-benzam&&- 
namk acids and methyl esters having electron withdraw- 
ing or electron rek.asir@ pom-substituents on the be-n- 
zamido moiety. Their results with DIOP/Rh(I) complexes 

do not indicate the presence of a simple correlation 
between the Hammett sigma values of the pam-sub 
stituent and the optical purity of the product. However, 
insight into the polar/electronic nature of the R2 moiety 
is gained when one considers the results for the 
trifhmroacetamido substrates. In both the case of the 
free acid and of the metbyl ester there is a markedly 
lower reduction of the si-re pro&al face than is com- 
mensurate with the steric size of the trilhmrometbyl 
group alone. The trifhmrometbyl group has been des- 
cribed by Pirkle et al.’ as having a van der Walls 
diameter (5.1 A) that is intenntite between those of the 
Me and t-Bu groups. Thus, we can ascrii the observed 
hehaviour of the tritluoroacetamido olefins to the known 
electron withdrawing character of the CK-group. 

The formamido substrates also exhibit behavior that is 
not commensurate with the steric size of the aldehydic 
proton alone. By ‘H NMR spectroscopy, it has been 
shown that Z-methyl &alkyl or aryl-a-formamidoacryl- 
ates, R’CH = C(NHCOH)COOCH$ exist in CDClJrMS 
in both tmns- and &-amide conformations, while in this 
solvent the other alkylacyhunino analogues (R2* Me) 
only exhibit signals corresponding to the trans-amide 
conformer.s Pnliminary asymmetric hydrogenation 
results of the formamidoacrylate olefins do not show a 
simple correlation between product optical purity and the 
extent of tmnslcis-amide equilibria in tbe okfin. 

An alternative interpretation is that the NC0 moiety 
prefers a small electron donating alkyl group (i.e. Me) to 
be adjacent to it. It is reasonable to expect that an 
adjacent Me map can more effectively satisfy the 
requirements of a partklly positively charged carbonyl 
C-atom than can an aldehydic proton. The results obser- 
ved with the triiluoroa&amido oletins are consistent 
witll the latter interpretation. 

It was found that tbe rates of hydrogenation of Z- 
methyl a-acylamiaocinnamates decrea& in the follow- 
ing order: isobutyramido, bed, pivalamido, 
adamantyl-1uuboxamido, formamido and 
V. The rates of hydrogenation of the 
corresponding free acids were comparable to theii 
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methyl ester analolplcs with the exception of the for- 
bonds wroacetamido analogy which were 
exccptionauy slow. 

In the previous article In this series we have shown 
that N-methylation of the acetamido moiety in Z-a-N- 
methylac&ami~ic acid and its methyl ester did 
not rest& ia a marked change in the enan$ofac4 
$kreda&> bry e in #@I Rh(?/DiOP catalyst. Z-a- 

* de actd gave a reduction 
prodact showiag 87% ee@) [R’= Me] vs 82% ee_(R) 
B3= H], while the methyl ester showed 73% cc-(R) 
@’ = Me] vs 6946 @R) m’ = HI.’ 

In conchision, t&e systematic studies descA!d in this 
paper were undertaken to provide information on the 
steric and polar/ektronic requirements of the carboxyl 
and acyiamino moieties in N-acyldehydroamino acid 
derivatives used in asymmetric hymn. Using in 
s& ~~~IOP complexes it was found that the car- 
boxy1 moiety showed a sensitivity to polarkktronic 
effects and a relative insensitivity to sterk factors. On 
the other hand, in the acylamiao moiety both types of 
factors appear to play a primary role in the enantioface 
differentiation process. 

~4RjRMxoP*~crlt-lls(c I.O,basz#re)lit”~a)ff-l23PfC4.~, 
bcnzeae), was purcbascd from Stnm Cbemkak Inc. aad used as 
recci~ed. All BCW compounds gave satisfactory C. H aad N 
mkroaMlyscs ia aceofd with tbcir mokc.ubu folmukc [analyses 
performed at tbc Hebmw University of Jerusalem]. M m.ps arc 
unconW& ‘H NMR spectra were obtained oo a Varian XL100 
spcctmmetn. 

N-ac~lgiycincs (RCONHCH~O&whcrc R=i-Pr.t-Buaad 
l-adamaatyl) were prepared by ~h~~B~ typ~‘~ acyl- 
ation of glyciaa aad exbibitcd m.ps of 101-1020 [R = CPr]; 127- 
128” [t-Bu]; aad 161-162” [l-adamaatyl]. Z4beazylidcac - 2 - 
atkyl-2-onazdin-5-oneaztactoncswnesyatbesiz#ifromtbe 
appropriate N-acylgWacs accordiag to the m&xl of He&t aad 
Sbemia.” TIIC m.ps, fR aad ‘H NMR specba arc lited ia 
Tabk 3. 

Z-u-acykmiaoc~c acids were prepared from the cor- 
lespondiqt azkctoW by hydrolysis accord&g to the me&xi of 
Carter aad R&r,” aad tbeo were r~stallked from 
acetone/water. The q .ps, IR sod ‘H NMR spectra are listed in 
Table 4. Tbc Z-methyl a-acy~tes were prepared 
from the conespoad& acids via rcactioo with diazom&hane.‘~ 
Z-2,2,2 - Tifhmoab~l a-ac&mid- was mpsr#l 
from Z-4-beazyIidcoe : 2 - methyl - 2 - oxazolia - 5 - 008 via 
riag opmdag witb 1 N sodium ~~-~~~~~~~ The m.ps, fR 
and ‘Ii NMR spectra of the Z-alkyI a-acykmmo~~~tes ate 
lktUiifITabk5. 

~a-~ acid, m.p. 22&m lit-’ 221-226”; Z- 
methyl a-beazamidocioaamatc. m.o. 143-145” lit.” 142-143”: 
Z*-~~~~ aciA mq. 193-195” lit.” 1% 
19; aad Z-methyl ff~~~~~, m.p. 80-W 
lit.” 79-W arc known compounds aad were prepared accotding 
to the appropriate litcrahuc pmcedurcs, z-metbyl m-for- * . 
* (m.p. 88-W) was a gif? of Prof. U. W&U- 
kopf. Z-a-formamidocbmamk acid (m.p. MS@) was obtained 
from the mctbyl ester via mild KOH-catalyzed hydrolysis.” 

~~~ N - acyl - (S) - Payne m&y1 esters well: 
pnpared from (stphenyklaainc methyl ester hydrochloride, 
al-p. 1s3-ls4° aod [a# t 35.00 (C 1.0, abs. EtoH) lit-’ [aIt: t 
34.8” (C 1.0, abs. &OH) acc&iag to tttc IpMal method dcs- 
c&cd ia Ref. 3. N - formyl -is) - phc~~yManine methyl ester was 
prepared by tbe mctbod of Vimcaud et uL’* N-triflooroacetyt - 
(S)-- poodle methyl ester, I&-8.9 (c 2.0, abs. EtoH) 
tit.” k~1??-7.2 labs. EtOHI. was ~urcba~cd from sinma cbem- - -.. 
id Co. The q&al rota& in dHC1, sola was fckad to be: 
[a]~+lW.~ [u]&31+224.00; and [a]$&+5512 S at (C 1.0, 
CHCIS). The m.ps, optical rotation, IR aad ‘H NMR specrra of the 
opticafly-pure staodard compounds are listed in Tabk 6. 

Tabk 3. C-n of Z4benzylidcne-2-aikyi-2~az&-S-oae Azlactooes, GHICHq-N=Wq=O 

i-Fr 40-41. 

t-h' 80-81. 

1-W x42-143* 

1760 (C-o s) 7.99 f 0.13 (m) 

1650 (C-N I)) 7.29 f 0.09 (a) 

7.01 (s) 

2.72 (mptet) 

1.34 (d) 

1780 (WI a) 7.99 t 0.06 (m) 

1625 (C-N 8) 7.52 f 0.07 (m) 

7.03 Is) 

1.38 (5) 

1760 (C-O 8) 7.w f 0.12 (8) 

I4SO (C-N s+) 7.32 f 0.11 (9) 

7.03 (r) 

2.04 (broad s) 

1.79 (broad 8) 

2H-phK 

s&m_ 

lH-Pbcg 

lH-cgY$)2'3 7 Hx 

fsi-cIi(aiil2*3 7 Hz 

2&P& 

SH-wH_ 

I&Phca_ 

%I-aii 

2H-PI&j 

YI-PW_ 

"PhCg 

w-m_ 

6M-hg 

ILcm-‘,KBrpeUn,r=stntchiss.bb,CDCl~,l00MHz,m=mpltipict.s=siagkfd=douM~ 
R = MC azkctoac (m.p. W-148’. vinytic protoo 7.02 6) undqocs M opeoiag to give mctbyl . . rr~te (m-p. t%lrr) having Z-CO~IQU~OQ Ref. 45. 
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Tabk 4. C-n of Z-u-acylamiaocinnamic acids, C&CH=C(NHCOR)cOOH 

R ..p. InfraredP 1H nmrb 
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i-R 164-186. 3200 (N-H.O-H I) 

1690 (GO s, acid) 

1660 (C-0 I, amide] 

1515 (N-H b) 

t-nu 202-203. 3300 (N-H,O-H s) 

1690 (C-O s, acid) 

1640 (GO s, amide) 

1500 (N-H b) 

1-h 188-189* 3500 (O-H I) 

3340 (N-H s, sharp) 

1695 (C-O s. acid) 

1640 (C-O s. amide) 

1500 (N-H b) 

7.30 f 0.20 (a) ‘M-m_, PhEi. m_ 
3.55 f 0.35 (m) =ol(~3) 2 

1.38 (d) 6~-a(Oii)~.J 7 Hz. 

7.74 @mad) 

7.33 i 0.17 (0) 

1.26 (s) 

lH-M_ 

6H-Pb$ Phq! 

9w& 

7.24 t 0.14 (m) 

6.11 (broad) 

1.86 f 0.14 (B) 

6HaHH Pha_ 

lH-W_ 

1%AQI_ 

‘an ‘,KRrp&t,s=strctchiog,b=bcndhg_b8,DM%l&’MS, 100 MHz m = q ultiplct, 
s=hgkt,d=doubkt. 

Tabk 5. thracterization of Z-alkyl a-acylamhccicmamatcs. C&CH=C(NHCOR~OOR’ 

R1 it2 II.p: Infrared* 'H nmrb 

m i-R 115-116. 3230 [N-H s) 

1725 (C-O s,estsr) 

1665 (C-O r,uide) 

1525 (N-H b) 

m 

us 

a2cp3 

t-WI 101-102~ 3300 (N-H 8) 

1720 (CM s,estsr) 

1660 (C-O s,amide) 

1505 (N-H b) 

1-h 136-137. 3285 (N-H s) 

1715 (C.0 s,ester) 

1635 (C-O s,ami&) 

1500 (N-H b) 

ye lSO-151. 3200 (N-H s) 

1730 (C-O 5,ester) 

1665 (C=O s,nide) 

1520 (N-H b) 

7.30 f 0.16 (a) 

6.78 [broad) 

3.79 (I) 

2.51 (septet) 

1.21 (d) 

7.27 f 0.23 (m) 

3.76 (s) 

1.24 (I) 

7.22 f 0.14 (m) 

6.05 (broad) 

3.64 (s) 

1.82 2 0.16 (m) 

7.90 (bmad) lH-M_ 

7.29 * 0.15 (m) 6H-m_, ma_ 

4.54 (9) ZH-0Qi2,J 8.5 Hz 

2.06 (8) al-Qga 

al-m_, Phcy 

lH-NH_ 

3H-e!, 

~HH-CH_(O~~)~,J 7 Hz 

stc-Oi(arj),.J 7 Hz 

6H-Phk& phaj 

lH-t+ 

3H-@!3 

lSH-a_ 

km-‘, KBr @et, s = shtcbing, b = beading. b& CDCIJTMS, 100 MHZ, m = multipkt, J = si@& 
d=doukkt,q=qwtct. 
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Table 6. Charectcrization of N-acyl++pbcnylalanine methyl esters, C&CH#X(NHCOR)CGGCH, 

R n.p. I.l~a lnfr.mdb 
1 Ii-= 

H 

i-R 

t-Bu 

1-a 

43-44. 

62-63. 

84-85. 

lOl-1020 

+99.0d 

+225.1' 

+564.4f 

+90.Bd 

+206.3' 

l 5l9.3f 

+13.sd 

+167.7' 

l 430.Bf 

+63.7d 

l 143.se 

+35a.7f 

3200 (N-H s) 

1730 (C-0 s,ester) 

1655 (C=O s,ui&) 

1510 (N-H b) 

3330 (N-H s) 

1735 (CIO s.sstar) 

1645 (C-0 s,uide) 

1545 (N-H b) 

3300 (N-H I) 

1740 (C-O s,ester) 

1640 (C.0 s.uide) 

1515 (N-H b) 

3320 (N-H s) 

1710 cc-0 s,ester) 

1630 (C-0 s,a8ide) 

1525 (N-H b) 

8.06 (bmad I) 

7.27 f 0.15 (m) 

6.70 (brood) 

4.83 f 0.10 (m) 

3.61 (I) 

3.04 (d) 

7.04 f 0.15 (m) 

5.77 (broad) 

4.80 f 0.10 (m) 

3.66 (I) 

3.06 (d) 

2.40 (septet) 

1.09 (d) 

7.06 i 0.14 (m) 

5.96 (broad) 

4.60 t 0.10 (m) 

3.68 (s) 

3.10 (d) 

1.14 (6) 

7.00 f 0.06 (m) 

5.95 (bmad) 

4.82 k 0.14 (ml 

3.70 (s) 

3.10 (d) 

1.87 f 0.13 (m) 

lH-foql H 

w-w_ 

IH-W_ 

IH-Ol_ 

SH-oai 
-3 

ZH-ai2Ph.J 7 Hz 

SH-PhH 

lH-m_ 

ui-Ql 

3H-e.!3 

2H-aiiPh,J 6 Hz 

lH-LH_(M312,J 7 Hz 

6IMi(Ci),.J 7 Hz 

5n-pNI_ 

lH-NH 

lit-Ql 

SH-OLXI 

2HGiPh,J 7 Hz 

9H-Qll 

5&m_ 

IH-NH 

l&a_ 

JH-0CX3 

2H-CH_2~,J 7 Hz 

15H-MH_ 

'IO-' X [d t delpee g-’ cm*, KBr pelkt. s = ~hrkhing, b = b&ing. ‘6, ClUJlMS, 100 MHz, m = q dtipla, 
s=singlct,d=douMet.dA=sodium-D(589nm).’A=3M1Saa 

The work-up of tbc hydrogehon experiments aml the 
polarimebic determinath of the nhction product optical 
pluitywasp&rmedasdcscriiinRcf.#)[withthcexccprion 
of tbc N-bihoroacetylphcnylalardae and Nacetylphenylalaniw 
232~lrinuorocrllyl ester products]. All free acid reduction 
plIxhwsweledinxtlyumvcltaltothcmctbylestas~~- 
owlbaneas&scn’badinRcf.#).ThevPlidityoftbeopticalPurity 
determiMtio0 of the methyl esters (from the free acid prhcts Pills 
diazomethaM?) ha8 been showa in Ref. aI. 

l.ktrrminoHon of opt&d purity of the N-Mpuomti- 
phylal&pnnfuct.hdescriiinRef.m,tbecrudefree 
acidproductmixturewastreatedwitbdhzomcthaneandtbsn 
cbronmtogmphed on a silica-gel cohuna. ‘he puri&d N- 
triBuoroacetylphenylehinc nhyl ester was &en analyzed by 
gaschrometogmphyusingacoluomwitba5%loadingofN- 
huroyl - (S) - valine 2 - methyl - 2 - hcptadecylamide on 
Chromosorb P (ecid-wasbed, DMCS coated, 80-100 mesh); 
60 mljmin He dew rate, l/E-ii diam. and 3.0 m column lepeth. 
Usissa~tcmp.of170”,tbcrc~tioatimesoftbc(R)Pad 
(S)-cnanti~ of NJ methyl ester 

were found to be 48.0 aad 50.7miu, rcapcctively, uaiq tbc 
appqhtesEandardcompounds.lluratioofpcakuacoftbc 
(R):(S)cnantiownwasfoundtobc58:42*rqm?aenbr 
16% cllrantioti excess of the (R~nMtionler. 

ktamhlion of optid pwity of the N-ac#y@ha~ylahbu 
2.2.2~trijbomuh~~tuprodwct. ThcpuritkdN-accW- 
pknylplpainew-~ylester~rulbl-22-6~(C 
1.21, CHCl&. was converted to UIC comxpoodisr methyl ester . . 
viaacidcohlyzsd~ slzcdhgtotbcntdbod 
dcscrhdinRaf.3.Aftcr~cohlmn 
purified N-a&ylpkn~ methyl csta 
1.0, CHCl,) for 52% cc-(R), bawl upon [a]::+ 101.3’ (c 1.0. 
CHCld for the pure (S-W. 
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