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AbdrKt-z-a-acy esters were IlydlogcwA with DcuIral rbodhlm compkxes c!onrainiog w. 
2S)-tmn.9-lJbis(dipkclly~yl)cyclo&xxne. Immiog the stuic bulk of the alcohol moiety of the 
atu functioa resulta in incexd endofxce diRere~ in favor of t& n-si prochird fxcc to yield an exceal 
of the S-am& acid derivatives. In the series of N-acetytpheaytplpninc ester prodwts (resulting from hydm 
gmatbn of Z-a9utamid- esters) the optical p&y iicmad from 1% cc-@) [Me]; 20% cc_(S) [Et]; 
47% cc-61 fi-Prl: to 58% c&S) It-Bul. Inmasii tbc at& bulk of the acvl function INHCOR where R is an alkyl 
m&Q) i&8 the red& 6r‘thc AC. pro&l face [in the IIICJUI~I aher &I to yield an exca. of t&e 
R-amino acid derivatives. In the s&s of N-acylphylahnine methyl ester pm&Is (resulting from Wrogcnhn 
of Z-methyl a-acylanhocinnnm) the optical pity hawed from 1% cc-(R) [Mel; 13% u+(R) [i-RI; to 15% 
cc-(R) [t-Bu ad I-adunaatyl]. Tbc a-forma&o and ahtzaado s~bsbates gwc bydrqwmtb products having 
u46cc_(R)[H]ead35%$~)[Ph].IntbccomspoadiqefrtcItcids,iacrersiss thestaicbdkofthcacyiflmctb 
(NHCOR,wherrRisanPlLylmoiety)nwltsinalmostaochrngeintbeogtiulpuritydthereductionproducts.In 
tbe series of N-acylpbenyMani~~ products (rdting from bydrqcnhm of Z-u-acytamiaocinnamic acids) the 
opticd purity was 35% CCQ) [Me]; 31% ce8) [i-RI; 33% CCQ) rtm1; aud 35% cc_(S) iI-adamntyll. me 
a-Lunzamido substlate gave a hydrogedon product ha* 8% cc_(S). 

The (IR, 2R) - rrans - 1.2 - bis(diphenyl- 
phosphiuomethyl)cyclobutaue (1) chid chelating 
diphosphiue was recently investigated in rhodium(I) 
complexes used for the asymmetric bydro@uatiou of 
Z-u-acetamidocimamate esters (2).’ It was deck&d to 
continue this study llsing the aualogom (IS, 2s)_rmm- 
12_bis(diphenylphosphinomethyl)cyclohcxan (3). lbc 
two abovWnelltioned chiral diphosphines are carbocy- 
clic amlo~ues of the heterocyclic 2$-isopropylidene-2$ 
dihydroxy- 1,4bis(diphenylphosphiuo)butane ’ (DIOP) 
(4) (Pig. I). 
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Neutral Rho catalysts were prepared in-situ from 
chkXo(lScyclooctadieu@rhodiuul(I) dimer (5) and the 
chiral diphosphine in benxeue. The holuogetmnls cata- 
lysts ivele used in the asymmetric llydrogenatioo of 
Z-a-acetamidocimamate eaters (2) to yield the cor- 
respomiing N-acetylpheuyhdanine esters (6) (Scheme 1). 
lllCEdtSOfthCiIlVestigations@ufonaedill~ 

EtOH/bmime=2.3)arcreportediuTabk1.~ 
thestericbuIkofthealcoholmoktyoftheesterflmction 
results in increased euautioface dilIereutiation in favor 
of the re-si pm&al face to yield more of an excess of 
UJeS-aminoesterderivatives.Intbeserksofitmming 
steric bulk within the alcohol moiety of the ester, the 
op~yieldoftIqrodmchaugedQpmaticelly:196 
emntiomeric excess (e&(R) [Mel; 20% ee+I) [Et]; 47% 

&‘.NHkH, 
W bc,ou 

f 6 W-8 (lS,2SI-3 

cat? 

(in-situ) 

e+(S) [i&l; aud 58% ee_(S) [t-Bu]. ‘Ihe correspooding 
free acid Rave 35% ee-(S) under the same reaction 
WllditiOllS.’ 

Rh(I) compkxes of the (IR, 2R)-cyclobutaue diphos- 
phine analogue (1) showed a relative lack of sensitivity to 
the alcohol moiety bulk (in the asymmetric hydra 
geuation of the sam series of ester subsbates): 44% 
eeq) [Mel; 42% e+(R) [Et]; 41% eeG) [LPr]; 40% 
et-(R) [t-Bu]; aud 8696 ee-(R) for the free acid.’ A 
somewhat similar lack of sensitivity was shown by Rh(I) 
hydmgeua& complexes of the heterocyclic diphos- 
phiue (2R, 3R>DIOP (4): 69% eea) [Mel; 72% ee-(R) 
[Et]; 76% ee-(R) Wrl; 77% ee-(R) Wul; and 82% 
ee-(R)fortbefreeacid.4Itcanbeseenthattbecarbo- 
cyclic cyclohexyl dipho@& (3) behaves ditferently 
than the carbocyclic cyclobutam analogue (1) and DIOP 
(4) in the Rh(I) catalyzed hydrogenation of the WI- 
samated esters (2). me uubocyclic cycbhexyl diphos- 



phhe (3) also behaved differently than the cyckpentyl, 
cyckbutyl and DIOP dipbosphines in the Rho cataiyxed 
hy~~on of N~~~ehy~: 72% a-@) 
i(lR, 2R)-cyclobutanef; 72% et-(R) [(IR, 2R)cycb 
pentane]; 40% ee_(S) [(lS, 2Skyclohexane]; and 73% 
ee-(R) [(2R, 3R)_DIOP].’ 

The relatively large dependence of the ester reductinn 
product (6) optical pnrity upon the akoboi steric bulk 
(for the cyckhexyl analopue 3 compared to the cycb 
butyi anal- 1 and to DIOP 4) can be interpreted as 
resulting from a more fkxiie ‘i-membered chelating ring 
that is I ,2-rms fused to the ~~~ cyck. Thus, an 
increase in abhol moiety steric bulk in the substrate 
could increase the popuktion of a part&&u cheiate riq 
chiral conformer. This reduction in confcrmational 
possibiiities cot&i result in the react&r products having 
higher optical purity. If the ‘T-membered &elate rinfj is 
already fairly rigid and exists in ma& one CIriraI 
~~o~~n, then the series of ixl@maM esters (2) 
and the N~~i~hy~ might show a different 
trpeOfbChaviorCUtQMUCdtOttlCmO~fkN~clue. 

In addition, as in the case of the cyclobuta~ anakgre 
(I) and ccmrary to that with DIOP (4), there is a mu& 
larger differeace between the degree of enantioface 
sekctivity CxhiMed by the pro&al free acid CWpared 
to the unsatmated methyl ester. It is likely that this is 
indicative of differences in the poiar character of the 
ester moiety compared to that of the carbuxyl group. 

In a similar manuer, a series of N-acyipbenykknine 
free acids and methyl esters were produced via hydro- 
genation of the using ~~~ substmtes. 
FrumTabk2itcanbeseenthatincma&gtIresteric 
btdk uf t&e acykminu functiou (NIICOR, where R is an 
a&y1 mokty) favors the reduction of the si-m prncbiraI 
face [in the methyl ester substmtes] to yield an excess of 
the R-amino acid derivatives. In tbe series of N-acyi- 
phenykknine methyl ester products (msuIting from the 
Wrrespunding z-methyl a*~~~ 

Ii-Prl; to 15% ee-(R) [t-Bu and WamantyI). Ihe a- 
formamido and obnimmido substrates gave hydra. 
genatbn products having 22% ee@) (HI and 35% ee-(R) 
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CHC33). %&cd upm Naxtyf~Skbcnyfthmu 
mthyl eater: [oh,= + 101.3’ (C 1.0, WC&), Ref. 4. Rascd upoa N~S)pbm~ ethyl ata: [a)# 
+859 (C 1.0, CHCQ, Ref. 4. ‘Bo#f upon N~x@@@cD~~&~Ic rpropri CSW [efD= +7&l* (C LO, CHfBe), 
Ref. 4. ‘Rasd upa N-aty&(~ybbninc thtyl e&e [a)os +74# (C 1.0. CHCQ, Ref. 4. *Free rid 
lIxwial~coavutedtomethyleatcrsvtdiruwdhnae ~ofqpticrlpurity(WittltbC 
uccpthof R-Me).'BmcdupooN-formyl-(S).phea~ a!iii$tOate:[&'+99.V(C l.O,CHCb),Rd 6. 
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[ph]. Rh(I) complexes of (2S, 3S)-DIOP gave a similar 
iucreaae in tbc amount of attack on the si-re prochiral 
face upon increase in the steric bulk of the alkyl group 
withintheacylaminofunction.:Thus,inthiscasethe 
correspond@ red&ion products showed 69% ee3S) 
[Me]; 15% e&S) [i-Pr]; to 0% ee [Mu and l-adaman- 
~41.6 The a-formamido and a-benzamido substrates 
gave hydrogenation products having 58% ee-(S) [HI and 
36% cc_(S) [Ph] using DIOP.6 A comparison between the 
Rh(I) complexes containing DIOP and the cyclohexyl 
analogue (3) show that in both catalytic systems the 
forman&Je shows increased attack on the re-si prochiral 
face bss (S)-product] relative to the a&amide 
anakXue* 

It is clear that the formamido group is smaller in steric 
size than the a&amid0 group. Yet, inspection of the 
optical purity data for the N-acylphenylalanine methyl 
esters (produced by Rh(I) complexes containing either 
DIOP or the cyclobexyl analogue) show that steric 
cottsiderations alone c8Mo1 explain the results of the 
formamido substrate uis-d-ois the rest of the series. By 
‘H NMR it has been shown that in CD& the 
formamide substrate exists in both trm.9 and cis-amide 
conformations, while the acetamido substrate only ex- 
hibits signals corresponding to the rrons-amide confor- 
mer.’ One must be cautioned with regard to the 
sign&ance of the ‘H NMR data since it has yet to be 
shown that the optical purity of the reduction product 
may be effected by the existence of cis/trms-amide 
conformatioaa equihia within the a-acylaminu moiety 
of UK oleiinic substrate. This point is currently under 
active investigation. 

Another reason for special behavior of the formamides 
may well be tbe diiference in the electronic nature of the 
substituent adjacent to the CO carbon within the a- 
acylaminu group of the olefin. This appears to be 
reasonable since the tiuoromethyl group [in a- 
trifhoroacetamido substrates] exerts a very defmite 
electronic intluence upon the optical purity of the reduc- 
tion product. sl When the a-tri!Iuoroacetamido analogue 
(both the methyl ester and the free acid) is reduced with 
Rh(I)-DIOP complexes, there is a considerably greater 
reduction of the si-re prochiral face than is comensurate 
with the steric size of the tioromethyl group alone.” 
In this particular case the steric size effect can be 
efficiently estimated since the Van der Waals diameter of 
CK is intermediate between that of Me and t-BUT It is 
reasonable to state that C atom substituents adjacent ta 
the CO carbon atom of the a-acylamino group are more 
efficient in their ability to push electrons towards the 
partiaUy positive carbon center than either the 
trilluoromethyl group or the proton moiety. 

If we look at the optical purity of the N-acylphenyl- 
alanine methyl esters in which the acylamino moiety 
contains an alkyl group adjacent to the CO, it is seen that 
there is a huger difference in the values for the 
acetamide vs the isobutyramide than there is for the 
isobutyramide vs the pivalylamide (A% ee = 12 and 2, 
respectively). Similar results were also found when the 
diphosphine used in the catalyst was the cyclobutane 
analogue (1) of DIOP.’ This can be interpreted more in 
terms of a masking of the polar character of the acyl- 
amino function rather than just a steric effect alone. In 
addition, simple steric considerations also seem 
insticient to explain the relatively high optical purity of 
35% cc-(R) shown by the N-benzamidophenykdanine 
methyl ester. polar factors effecting the CO are most 

likely at work here, perhaps even some type of r-11 
interaction with the phenyl rings of the catalyst itself. 
This point is under current investigation. 

The series of N-acytphenylaline free acids gives 
interesting results in Table 2. The size of the alkyl group 
in the a-acylamino function of the -ted substrate 
appears not to effect the optical purity of the reduction 
product. ‘I& importance of the carboxylic acid function 
is indicated by these results. Again, it is evident that the 
relatively low value of 8% ee-(R) for the benzamido 
analogue compared to the 31-3596 et-(R) for the 
acetami&pivalylamido substrates cannot be explained 
on the basis of steric effects alone. 

The above experiments with a-acylaminocirmamic 
acids and methyl esters are most indicative of the im- 
portance of polar effects upon the enantioface dilferen- 
tiation step in the asymmetric hydrogenation of dehy- 
droaminu acid derivatives. Fwther investigarions are in 
progress on this subject. 
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Hydro@mtbn3 wm CalTied out in a glass atmospbcric pres- 

sureappmtu3at2%0’0.~ixcodagtoutemthoddc3criiin 

Ref. 4, 10. Neutral rhodium(I) compkxcs were prcpnr4 from, 
chl~l*yclooc~~O Mimer purchased from 
Strem chemiads Inc.] eccadiq to the method dew-ii in Ref. 
4, 10. An nt8 p43 are ummcctd. Microanslyses were performd 

at tbc Hehkw University of Jerusakm. 
(IS, 2s) - hns - I2 - B~(drphay/phosphinomcihpl)cyclo- 

hexanc. Racemic tmwlJcyclobc~carboxylic acid, m.p. 
22@-221” (lit-” m-22!?), was prqared from cis-l&zycb- 
bcxam&arboxylic anhydride (Aldrich Chemical Co.) via the 
me&l of Applcquist ad Werner.” (IS, tS)trfins-IJ-cycb- 

xan&a&oxylic acid, m.p. 173-17Y and [a]~~ +20.3” (c 2.0, 
~&one) [lit. m.p. 183.S--185.0” and [a]~” +22.3” (c 5.3, 
acctonc),” m.p. 179-180” and [ah +22.4* (c 0.214, a&one), 
rd. 12; m.p. 182-189 and [alou +20.8” (c 5.0, acetot@,” and 
[aJo= t 20.P (c 3.5, ac&onc,“], was oh&cd via resolution with 
cinchonidineaccordingtothcmethodofArmaqoandKobay- 
ashi.” Ccnversbn to tbc methyl di-eter via reaction with 

diammethslw wa3 followed by rcductbn with LAH to yield (IS, 
2S)_~-l2-bidhydroxymethyl)cyclobexaac, m.p. 66-67 and 
[aloU - 19.80 (2, hcnzenc) @it. q .p. 63-64” and [a]~~ -20.t” (c 
4.0, benzene), ref. 12; q .p. 6162” and [alo” +21.4” (c 4.0, 
benzene) for the (IR, ZR)-eaantbmer.” Ration with p- 
tobcncsutfonyl &bride in pylidine aftorded the (IS, 2!+tran.F1, 
2-bis@ydroxymethyl)cycbhexanc di-p-tolucnesuifonatc. m.p. 
112-I 13 and [alo” ’ +24.P (c 4.0, h&r.& Lt. m.p. lO%lO9.? 
and [oh,” t25.V Ic 5.0. bcnzeoc).” m.o. 109-1100 and l~ld’~ . .- 
-24.6 (c 5, hc&ne) ior the (ik, ZRj-enantiomcr.” Fily, 
rcactbn with lithbm dip&nylphosph& accordin to the method 
of Aguiar et d.16 gave a solid which was rcc.rystaUized from 
MeOH to yield (IS. 2S)-truu-12&is&iiphcnyl- 
phosphinomethyl)c~cbbcxanc hydrate i a crystalline solid, m.p. 
55-s aad Iuln= tS2.7” (c 1.0. henzenc). lltc. IR snectrum (KBr . .- 
pdbt) slmwul absorptiol;s al &Ocm-i @road wj O-H st&ch; 
2940 cm-’ (3) C-H stretch; 1545 cm-’ (w) C=C stretch; 1455 cm-’ 
(s) C-H h&ing; 1405cm- (s) P-phcnyl stretch; 705 and 
69Ocm-’ (3) monosubs&tcd hcnzenc rink IXe ‘H NMR 
IODMHz spectrum in CDCIDMS showed a multipkt at 7.m+ 
0.10 & #IH.aromatk protons; a crude doubkt at 234 8, J- 

12Hs 2H CC&P; a crude douhkt at 1.99 8, J- 12Hz. 2H, 
EC&P; and a multiplet at 1.30*0.50 8, lOH, cycbbexyl protons. 
(Found: C. 77.w. H, 7.12 Cakd. for &H&-H@ C, 77.69; H, 
7.28%). 

ltn? synttMi3 of the Z-a-ac&midociMamate esters and ap- 
prqriatc N-autylpbcnylahmine ester optically-pure standards 
haa been dcscriM previously.’ The synthesis of the Z-u-acyl- 
amiwcinnamif acids and wthyl esters as well as the appmpriatc 
N-acyfphenykkninc methyl ester optkally-pure standa& will 
he described clscwhcrc.’ Au new compounds exhibited satis- 



factory elemental analyses, sad tkii proposed shucturcs were 
ailin~mcatwithtkobsmedlRand’HNMRspcctm 

M1ea&nswcrc-aftcr24hr.Aftc~ev~of 
thcsolvcatinwcuo.thepmmtwavnsioawud-by 
‘H NMR usiag a Varian XL-100 .spwtnmw IEc paomt 
convmkmofesterswasalsod&mnmxlbyandysisoarVakn 
model21OO@schrolprtolnpbluiugrcohlmaof6%Cubowax 
2MfcQatedonChromwM W AW/DMCS @‘lo me&). 1.0 m 
kn@h,andl/4-in.o.d.&sstub&-fhcognWingcu&oms 
wcrc:collunntcmD. l~,inkctoraDddetcuortcolu.WP.aMla 

Rcaiducsdcrudcproductmixtwcs(fromtbcfrceacidsub 
stratcs)wcrcdirwttytrcatalwith-inetha.-nlc 
muhing methyl eaters were annlyzcd by gas c-y to 
dctcrmkthcpc~coaversion.MthccNdcestas(~ 
thosepnpendviadWlWthC)Wnt&CUUpiaamiUilllUln 
qwtity of CHCI,. and chrowtoplpbed oaadic&gclcdumn 
(&pa&dinpctrdeuok&kr 6o#-ehuai with al-inawing 
nrrdimtofEtOAcin~ WSU7.ThCtlUl&dN- 
&ylphcnylahnk ester products were stored in a d&xator in 
wcyo ovaP~,priortodc-ofthcopticalrotrtioairl 
a P&in-Ebner MC-141 pobuimeter. Tbc tutatkm was measurd 
at three wav&ngtbs: 589 (Na-D). 434.75 and 334.13 mu: 25” and 
a wwcntratiom of 1.0X IO-‘pd-’ in CHCl3 (uukss otbuwk 
twtcd).Eachcxpcriwntwaapcrformedatkasttwkadtbe 
optical~ofatkasttwossmplesfromeacbexpaimeat 
wrecierml&. 

vawy of diazonwthaac ttwtnwnt of crude ftvc lacki radon 
DldllCt mixtures. i&ea~~tam&&Wk pcid yields N-acdyi- 

..-. 
DIOPcompkx.‘~The~offrcescidproductopticsl 

column. The pritkl N-acctylphcnybdaninc methyl ester gave 
[QIDL +S4.r (c 1.0. CHCl,) for 83% CeQ). based npoo [lxlo= 
+ 1Ol.r (c 1.0. CHCld for the pure (S)-enantimncr. 
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