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.4b~: Homogeneous h-nahon of smbshtuted @-ena-1,2-d,-(- )-(IR. 3R. 4&menrhylcarbamate catal&sed 
by rhodwm complexes contaoang (+)-(2S,35) or (-)_(2R,33R)-rsopropylr&~-2,3~~h~i.~b~s(d~~ny~5 
phmno)butane (DROP) gwes rrse to the saturnted pmducts wrth a dravtemnnenc erczss (&) of 47% and 40% . 
rrspccrvely I&bvgenahon of substttuted ~~~ne-I.2-dr-r~utylccubmMlr affi an enant~omenc excess (ee) 
of 20% and 18% 

Most studes of homogeneous enant~oselectwe hydrogdon usmg Rh or Ru complexes as u@lysts have 
beu~ performed Hnth N-acylammo unsaturated mdq dehydropeptldes, ketones’ and munesz The homogeneous 
hydrogenation of subshtuted (Z)+ne- 1,2d1c&amates had not pn~lously been mveshgated Ene-1,2- 
dilates are obtamed upon Bamberger-rmg cleavage acylation of mndazoles3 Their hydrogmon Hnth 

Pd or Raney NI, followed by removal of acyl groups. IS an approach to the synthess of vicmal -es havmg 
an additumal timchon4. or of selecbvely protected 1,2,4-tnanunobutaness These compounds are important III 
&&Won chermstrys, as mtermedmtes m the synthesis of hgands used for tiolabelhng and 1magtngS and ~1 

synthesis of heteromacrocycles7 The questron arises whether homogeneous hydrogenation, usmg Rh(1) 
complexes as catalysts would lead to ena&oselechve synthesis 

4a has been chosen as the substrate for mgenation stu&es It IS easdy prepared from NW-amsoyl 
histam& 1. The amsoyl group has a charactenstic UV absowon wlncb can be useful in followmg the synthebc 
steps on TLC The open-cham enedlcarbamate 4a was obtamed Hnth (-)-(I& 3H, AS)-menthyl chloroforma@ 
as acylatmg reagent under Schotten Baumann reacbon cox&tums, followed by removal of the formy1 group 

(==el) 
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Homogeneous hydrogenation of 4r was performed with neutral non-chual complexes VIZ, [Rh(I) 
(Ph)3P]3CI As, binuclear Rh(l) carb~nyl compound Bl”. and Hnth IONC compl~es”.‘~ havmg chual phosphme 

hgand&t4 vu , [Rh(+)DIOP(COD)]+BF4’ C. [Rh(-)DIOP(COD)]+BF4- D and lRh(-)BPPM(COD)]+BF4’ 

E Hydrogmon was camed under 650 psi of hydrogen at 20-5O’JC m ethanol-benzene (3 7) (Table 1) All 

catalysts afforded nuxtures of dlastereomers 5a and 6a, Sa havmg the configurahon R at the newly formed 

&astereocenter and 6b havmg the conliguratton S (Scheme 2) 

c-)-DIOP 

D 

H-crPPM 

E 

The non&ml substrate 4b was hydrogenated only with the catalysts C and D The lowest homologue 

4c (R’ = Me), due to Its low solub&ty, was -table for hydrogenahon studies it could be reduced under 
heterogeneous cot&tons WI& IO?/0 Pd on charcoal or mth Raney mckel III ethanol 

Scheme 2 

The two (-)-menthyl groups mfhznce the course of homogeneous hydrogenahon of 48 unth neutral non- 
choral complexes A and B, mduang low Qastereomenc excess (de) of 23% and 26% respectively, both wth 
the con6gurtion K of the major component 5a Conversion &d not exceed 50% at 5oOC When 

hydrogenation was performed at 7ooC, ketone 9a was isolated m add&on to 5a and 6a, probably owing to 
lsomenzatlon of 4a to the unstable acyl-unme 8q which upon workup underwent hydrolysis Jnductton was not 

observed under heterogeneous hydrogenation condltlons usmg 10% Pd-C or Raney NI 
Sebemc 3 

R’ a = (-)-Mennthyt 
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Usmg lomc Rh(I) complexes C and D contammg chml hphosphme hgands (+)DIOP and (-)DIOP m 

hydrogem&on of 4a, a moderate de of 40% (R) and 47% Q respechveiy was obtamed, as measured by lH 
NMR spectra The configuration of the major component was dependent on the &Wchemlstry of the chlral 
hgand of the catalyst (see Table 1) The assignment of the absolute configuration was baaed on comparison 
v&b the compound prepared by unambiguous synthesis, startmg from (S)-pyrogh&mx aad methyl ester, VIU 
&u-al 4,5dmmmovalenc acldl5, which was subjected to the Curhus ma&on and acylation@ The complex 
m(-)BPPM (COD)]+ E appeared to be meffectwe m hydrogenation of 4a The enanhometlc excess (ee) 
obtamed upon hydrogenation of the non&ml substrate 4b (R = iso-Bu) v&h the catalyst C was 20% (R) and 
wth the catalyst D 18% (S) The optxxl yield was calculated on the basis of the value for the optxally pure 
compound prepared by unambiguous synthesis, whxh was [a]# - 37 2 (c 3 6, EtOH)16 

Table 1 Hydrogenation of Nl~-DlaUcoxycarbonyl-~-~~yl- 1,3,4-trmmmobut- 1 -enes ~tb 
Rh(I) Phosphme Complexes 

Substrate Catalyst t”C Conversion Ratlo of Optical yeld* 
% 5 6 

4a A 50 60 62 38 24 R 
4a B 50 50 63 37 26 R 
4a C 20 100 70 30 40 R 
4a C 50 100 74 26 48 R 
4a D 20 60 30 70 40 s 
4a E 20 100 50 50 0 
4b C 20 50 60 40 20 R 
4b D 30 40 41 59 18 S 

~~~~~---~_l-~l_-l~l~~------ll----------- 
ReactIon condlhons mbstmte 0 25 mMo1, [F&J 3x10-* mMo1, benzeneetbanol 7 3, lOmL, 
presm650pst,reactmtme72h, +ed - lllthecas?of hydmgenahonof4@wasmasured 
bylH-NIV@ ee -mthecaseof4b, wasmeasuredbyopWalrota@onwnhrespecttothe 
OpWauy pure compoluld (2S)_N~~~~l~~~-~-~i-l~,4~~6 

5a and 6a differ m the chenucal sh&s of the butane skeleton carbons m 13C NMR spectra (see Table 2) 
and m the chemxal sb&s of NH protons 5a shows a mplet at 4 91 ppm of NH-l and a doublet at 5 36 ppm of 
NH-2 whereas the correspondmg NH mpkt of 6a appears at 4 99 ppm and the doublet at 5 43 ppm, the ratio 
of the two doublets and the two tnplets was determmed by mtegra&on 

The two carbamate subtituentq whether contammg the bulky (-)menthyl group (5a, 6a) or the small 
alkyl group, such as Me @e&c), impose hmdered rota&on on the molecule at room temperaturel7, gvmg a 
broad pattern of protons bound to the stereogemc center at C-2 and to pro&n-al posmons at C-l, C-3 and C- 
4 lH chemxal sh& assignments could be obtamed only wth lH-13C correlated spectra 

The mechamsm of hydrogenation of subsmuted (Z)-ene-1,2&xtrbamates IS not clear and unposes 
several quesbons Does a molecule of the catalyst have an equal chance to be coordmated by each of the 
carbamates or IS the coo&nation to that at C-l, wluch 1s the less hmdered of the two, preferred? Equal chances 
would lead to a racemx product and &s may be the case with [Rh(-)BPPM]+ E as a catalyst The seco& 
question 1s whether hydrogenation proceeds by reductmn of the C=C double bond, or whether ~somenzat~on 
to acyl-unmes 7 and 8 takes place upon complexat~on, fbllowmg the C=N double bond reduchcm. 
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Tautomenzahon to 7, poor to hydrogenatton, would also give nse to a racenuc muture Isolation of ketone 9 
from hydrogenation expernnents performed wtth catalyst A or unth catalyst B does not rule out the possrbGty 
that tautomenzatmn drd mdeed take place at 7O-%PC, but the it-&ate acyl-mune 8 w&stood reduction, 
undergomg hydrolysis dunng workup procedure 

Table 2 Selave Data for 1H and 13C Chemrcal ShdIs for N1~2-I)laUroxycarbonyl-~-~~yl-1,54- 
tnammobutanes 5 and 6 

1 a3 4 

~~2C~~2~+c~&@,C 

R’oocNH NHCCKW 

Com- 
pound H-l E-2 E-3 E-4 NH-1 NH-2 NE-4 C-l C-2 C-3 C-4 R’ 

SIP 2 9-3 3 3 I 14 29 4 91 5 36 159 445 503 330 35 6 
C-l’ 31 4, C-2’41 2.41 3, 
C-3’ 75 C-4’ 0.75 2, 412, 

11 31 C-5’ 23 23 5, C-6’ 34 2, 4, 
6a’ 

31-33 31 
1s 30 499 5 43 145 450 4g6 32g 36 1 C-7’ 22 0, C-8’ 26 1.26 2, 
17 C-9’201.208,C-10’164 

38 
31-33 37 15 32 5 34 5 63 148 448 502 321 360 CH3 189, Cl-I 219, 

5b, 6b’ 18 38 CH20 713 

3 l-3 3 3 I 1s 31 619 681 I 58 440 492 295 35 4 CH30 510.51 1 
SC, 6cb 11 31 44 1 35 5 

a measured in CDCl3, b measured m a nuxture acetone-4 - c~q 

EXPERIMENTAL 

Mel~gpo~wereuncomft+dl~spedrawcre~onaRriunElmer257~~ lH and 13C NMR 
spectraweremeasudonaAMBruker4@lh4HzWBs$WnnWz MassspeurawereobtamcdwaTSQ-‘IOmassspectrome(u 
aodoovana11MAT7lldoublefo~us1qmassspcdromter Spcu6crotatwnwssmaswcdwthsDIPJASCOpolanme(a 
Elementaianalyseswerepe&medbyhf~~cal !k~~~oftheChemWyDepartmatattkHebnwUntverstyof 
Jerusalem TLC was pedormed on Merck shca gel 60 F25a (+)DlOP and (-)DlOP were obtamed from Strem Chcrmcals lnc and 
(-)-BPPM from Aldncll 

A”“-A~inoyihistami~~ (1). The solutmn of N-hydroxysuaxomude ester, prepared by conss&w~ofmlsicacld(456mg. 
3 m). N-WV succlrurmde(366~33mmd)and~o~~((680~34mmol)lntodryDMF(2OmL) 
at-100C,wasslowlyaddedmtoasolutmnoflustamw, preparedby1wdwatmnof~~or~k(552mg,3 
mmol)~~thEt~N(6o6m&6mmol),1ndryDMF(4omL)~-lO~C Tbem1xtumwasstnxdforlhat-l00andkftatmont 
teqemtmefortwodayr.DMFwasmmowdmvacw Thcruuduewasnuxed w1thBtOAc(3OmL)aadHClW (3OmL)and 
scparatedfkomd~cydohexylmea atthc mtedxz.byftItnmon Tbeaqwouslayerwassqwtd,extmctdonctmo~wthE(oAc 
(10mL),bmughttopH10~10MKoH~~5~~~EtoAc Tbecxtmctwwdned(Na+~endcoocmtratad, 
gwmg 6501ng(88%)ufl mpl5Sl59o(needlesthmwater),RfO22(CHCl3EtowBt~N-782O2).~~~~y 
reagd*. IR (KBr) 1630. 1608, 1560 cm-l, ‘H NMR @MS@&) 2 72 (t, 2H, CJQ, 3 42 (m w, w). 3 78 (s, 3Y C$). 
6 79 (s, lH, Im-5), 6 97 (d, 2Ii, amm) 7 52 (8, Ill, Im-2), 7 80 (d, 2H. lm-2). 8 43 (t, lH, NH). HRMS 246 1236 m+ (7 2%). 
245 1176 M+ (3t?%), 135 4449 [O=C+H&CJ-I~]+ (10041) Anal found C. 63 78, H, 5 98. N. 16 94 C,,H,,N& rcrIuves C, 
6365,H,616,N.l713% 
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eh&dti1O%EtOAc-hexaoeElutnmw1U12O%EtOAc-kxanegave tbepmduu28,3a 124&(98%), mp101-104°.Rf 
0 80 (6Q%EtoAc-kxal& N wxth W and L& IR (CHCl$ 1730,1700,1645, 1605 cm, ‘H NMR (CD& 6 52 and 
665((XH),71~,82_84(NH),918and928(CH=O),C~m/z6283~+(1~),~FoaadC,67~,~834, 
N, 6 87 C&,N,O, reqnues C, 66 %, H, 8 57, N, 6 87% 

N’v+D@em #-aniN@-lJ&&i&@mt-lxae (48). Defolmylatlon was camed out by tmatmg 2% 3a 
(272mg)mether(5mL)wtth11%MeNI$mether(5mL)atmomtEmpuature for 12 h Thesol~onwaswashedw~thwater, 
dr& and amnmtm@ ymldmg qua&tatwely 4a, mp 83 - 85O, RfO 72 (60% EtOAc-ti), IR (CDCl$ 1700,1644,1605 cm- 
‘, ‘H NMR (CD$) 0 86 - 2 00 (m, 36H, (-)-menthyl + CIQ 2 34 (f w, CIQ. 3 49 (q, Ws CIQ’0.3 78 (a 3Y OMe), 4 57 (6, 
3YoCH),622(4lYC=cH),642(s,1H,NH),672@r,lYNH),685(4W,~m),72O(br,lH,MI),77O~4W,~m), 
CUvfS m/z 600 m+ (lOO%), Anal Fouod C, 68 08, H, 8 75, N, 7 01 (&H,,N,O, mqmms C,68 08, H,8 90, N, 7 00% 

~~-~but=y~*j+-Mk@-&.&4-tn~ -l+ae (4b). RUQ cleavage of 1 with rso-bulyl chloroformate 
and deformylatlon, as &scnkd ahove, ymId~I 4h m 83%, mp 125 - 127“, IR (CHCQ 1720, 1700,1603 cm-‘, ‘Ii NMR (CDC&) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
OCI$),625(d, lH,C==U0,658(4 lYNIQ,685(4w,arom),621@r, lYMi),768(dw,arom),C~S &436m+ 
(lOO%), Anal Found C, 60 90, H, 7 54, N, 9 73 C&H,,N,O, reqmres C, 60 67, II, 7 63, N, 9 64% 

&4uimeuxycarbouyl-ivQllilloyl-l~&&mie&t-l+Lle (4e). 4c was prepmed as dmcnhed ahove 24 and 3c were 
elutedfromashcagei cohmmusmgEtOAc-hexane11toge&rw1thsomedeformylatedppodud. De&mylatmnwascmup&al 
hytmatmgthemc&uewdbmethanolatnnBntcmpaatun for 72 h. Mp 198“C, IR (KBr) 1725, 1715, 1618, 1603 cm-l, ‘H 
NMR(p@MSO) 24-26(m,wiCH& 326@,2H,CI$N), 356@.3Y~H~),358(~,3YocHJ),376(~,3I-L~H~), 
594(d1H,C~H),697(d,W,arom),777(~W,arom),811~,lYMI),823(t,lYMi),871(4lYNH),C~S nut 
354 w+ (lOO%), Anal Found C, 54 40, H, 5 77, N, 1159 Ct,&,N306 teqmms C, 54 69, H, 6 02, N, 1195% 

N’fl-w-my ~~~-udwYl-l~ @am o&almd from hydmgenatton, using IRho- 
(DIOP)]+ as catalyst (see Table 1) had mp 187-19X, IR (CHCI,) 1696, 1644, 1605 cm-l , CIMS m/s 602 w+ (lOO%), 
Anal Fouml C, 67 63, Ii, 8 %, N, 6 76 C&Hs5N306 reqmres C, 67 85, I-I, 9 21, N, 6 98% A donble cystaulzaoon from 

ethanolt?a=51,strll ~byasmallamomUof6awhichcaunotbeevahx&dby1HNh@L,mp191-1930C For’Hand 
13C NIUR data see Table 2 5468 from hydrogenah usmg [Rb(-)@IOP)]+as cata&t had mp 186-19ooc, IR (CHCl$ 1698, 
1646,1604 cm-* A double ~fromkJ=-=gan~ contarmnated wsh some Sa, mp 190-194oC For ‘H and 13C! 
NMRdatasesTabie2 

N’-MenthyIoxycarbonyI+‘hhoyl-1,-m (9. Tkreacam-~~on WlihcatalystAat 
9O‘Xwasamcentmtedaodapphedontoa slltcagelcohmm(15g)preparedmhexane (+Menthyla&amate (31mg)wasehxted 
with 10% EtOAc-hexanc, Sa& were ddamd with 20% EtOAc-ti (27 mg, 1%) Ehmon wth 40% EtOAc y&led ketooe 
9 73 mg (70%), mp 126”C, IR (CHC13) 1704, 1650, 1602 cm‘ ‘, ‘H NMR (CDCQ 0 7-2 0 (m, 18H, menthyl), 2 65 (t, 2H, 
CH&O), 3 70 (q, 2H, CH& 3 81 (s, 3I-L CHsO), 4 02 (d, 2H, CH.#, 4 55 @II, lH, CHO), 5 30 (t, H-l, NH-l), 6 24 (t, lH, NH- 
4),69O(d,2H,a~m1),775(d,2H,atum),CIMS m/z419 m+( lOO%)),Amxl Found C,6619,H,SlS,N,670 
C&&,N20s reqmres C, 66 00, II, 8 18, N, 6 6% Wkn the hydrogeoauon &on was cmned out with the catalyst B at 7ooC 
5a,6a was ohtamed wth a 52% and 9 wxth a 34% yield 

i@,bP-m~~~~wvkti80yw4-t~ @bW. The ~~w=Qou of 4b Uyng [Rh(+)@IoWl+ $!a= 
Sb,6b (50%) yield sod the recmwed oletin (50%) Sb&b had mp 117oC. [aID 2s = + 7 4 (c 17, &OH), lR (CHCI,) 1700, 
1644, 1604 cnrl, for tH and 13C NMR data - see Table 2, CIMS Vz 438 w + (lOO%), Anal Foond C, 60 20, l-l, 8 02, N, 
9 33 C$2H3,N306 re~lures C, 60 39, H, 8 06, N, 9 60% The hydrogen&m of4b m the preaenoe of Bh(-)@IoP)l+ gave the 
m&ore of5b,6b ttanq mp 114-I 16O, [a]$5 = - 6 6 (c 2, EtOH) 

N’J@-Db=tbo~uuhonyl-IQ’-udsoyI-l,&l-tri~ (S&e). Substmte 4c (2OOmg) m ethanol (50 mL), m the pmsmce 
oflO%~oncharcoal(4Omg)was hydmgenatedmaParrAppammsat40psland30°Cfor12h The-on- was 
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tiltuodfnmlthecnmlystalldw~lll- gwlng 5c& mp 157 -158oc (#km IsOH), IR (CHCI~) 1704, 1640, 

1602cm-1,for’Haud’3C NMRdata-seeTable2, CIMS m’z354m+ (lOO%), Anal Found C,5463,H,640,N,1210 
C,&N30s requues C, 54 38, H, 6 56, N, 1189%. 
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