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sumnlary Two Pxltes ax presented for the ConversLOn of opncauy act,ve a-ammo acld am&s mto the 
tale compounds One route(route A) features the formatmn of the Schlff’s base 6 whtch 1s subsequently 
oxxlued to the correspondmg oxazmdmes 7 Route B ts chaactenzed by the fotmatmn of an tmtdazolm 
11 which IS hydroxylated to compound 12 Alcoholysls of 7 and 12 m the presence of hydroxylamme 
hydrocblortde yields the title compounds m overall yrelds rvlgmg from 65 to 85%(route A) and from 14 
to 2l%(routc B) 

Introduction 

N-hydroxy-a-ammo acid denvattves are widely encountered m nature’ They can be found 

amongst others as constituents of pephdes, to which physlologlcal properties can be atmbuted hke 

antlblotlc activity2 for example Moreover, it has been postulated3 that N-hydroxy ammo acids play 

an important role m the metabolism of peptldogemc ammo acids For example m the blosynthesls 

of dhumn4 2, the intermediate N-hydroxy tyrosm 1 has been proposed(scheme 1) Another natural 

product that contains an N-hydroxy ammo acid as a structural feature IS nortryptoqmvalme 3, a 

toxic metabollte5a isolated from a steam of Aspergdlus chvatus 

p-(HO)Ph 

I 

1 

scheme 1 

2 “Dhurnn” 
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Most of the methods reported for the synthesis of N-hydroxy-a-ammoacids yield racen-nc 

rmxturessb Hence, there 1s a need for a general route to homochnal N-hydroxy-a-ammo acids 

Our contnbution to the answer addressing this challenge has resulted m three approaches 

The first one features a substitution reaction mvolvmg mflates of a-hydroxy esters and 

hydroxylamme or denvatives thereo@ The second approach IS based on the enzymatic resolution 

of N-benzyloxy-ammo acid ethyl esters7 Here we report our thud approach which 1s based on the 

sclectlve N-oxidation of denvatives of optically active ammo acids 

Although oxidation of ammo acids directly to the title compounds seems to be stralghht 

forward, a method for the direct oxidation of the ammo function m ammo acids has been 

unsuccessful* 

Indirect oxidation - of winch two examples are discussed here - however offers a viable 

approach Poiodsky et al 9 demonstrated that converSion of the ammo function of an a-ammo acid 

ester into an lrnme renders this functlonallty susceptible to N-hydroxylation, a process mvolvmg an 

oxazmdme as mtermediate (cf structure 7, scheme 3) Despite later improvements to this 

methodlo, this approach still suffers from vanable yields that are - occasionally - unacceptably low 

We now report that this approach can be made more efficient and reliable by employing a-ammo 

carboxy amides S(scheme 2, route A) 

Furthermore, from Buchi’s synthe& of nortryptoquivdhne 3 we concluded that 

N-hydroxylation should also be feasible when a secundarv amme 1s subjected to oxidation 

con&ions Studies on the posslbihty whether the nmdazohdmones 11 - masked denvatives of the 

corresponding L-ammo acid amides 10 - could be oxidized to the 1-hydroxy-nmdazohclmones 12 

as potential precursors for 13, have proved route B(scheme 2) to be viable indeed 

Results and ducuwon 

Route A 

Optically active ammo acid armdes 5 are readily avaIlable on a large scale by applying 

enzymatic hydrolysis to D,L-ammo acid amides l1 4 Using an L-specific ammopeptldase from 

Pseudomonas putrda, stereoselechve hydrolysis of the L-ammo acid amide into the L-a-ammo acid 

1s achieved while the D-ammo acid amide 5 remnns untouched, see scheme 3 Separation of the 
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ester and the amide 1s afforded by addmg one equlvalent(wlth respect to the D-a-ammo acid 

amide) of an aromatic aldehyde, e g anysaldehyde, to the enzymatic hydrolysate12 Since the 

Schlff’s base 6 of the ammo acid atmde, which IS formed quantltatlvely, IS msoluble m water It can 

easily be Isolated by filtration 

The Schiff’s base of the ammo acid denvahve having either the L or D chlrahty IS the 

mtermedlate of choice for the oxldatlon procedure 
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The dry lmme 6 when dissolved m dry &chloromethane at -1Y’C 1s nearly quanmatlvely 

converted mto the oxazmdme 7 when a slight excess of m-CPBA 1s used Subsequent treatment 

with hydroxylamme gives the hydrochlonde of the N-hydroxy a-D- or L-ammo acid anude 8 

Tnturanon with ether gives wiute crystals in good yields based on L- or D-u-ammo acid armde 5, 

see table 1 

Table 1 Chemical yields of the conversion 5 - 8(route A) 

entrv R 

chenucal yield (%) 

S-6 6-8 

a 
b 
C 
d 
e 

Z-Pr 295 
r-But 295 
Ph 295 
CH2Ph 295 
CH2CH2Ph 295 

To establish the stereochenucal identity, the N-hydroxy-a-ammo acid armdes 8 are reduced 

in a Parr-apparatus with Pd/C The specific rotattons of the resultmg cc-ammo acid armdes 5 were 

m good agreement with those of the starting matenal5 

Route B 

Subsequently, we studed the oxldanon of Imldazohchnones 11 The latter compounds are 

easily obtamed by refluxmg a solution of the amide 10 and anysaldehyde m methanol For this 

cychzation reaction an aldehyde was selected and not a ketone as we observed that the amrnals 

resulting from ketones, e g acetone, were very difficult to hydrolyse after the oxidation step From 

the reaction with p-methoxybenzaldehyde two dlastereomers emerge, the ratlo of which m some 

cases could be determmed by lsolanon of the separate dlastereomers, see scheme 4 

The total yields of the two dlastereomers of 11 together average 75% after punficanon by 

column chromatography, see table 2 It should be stressed here that reaction of 10 with the 

aldehyde yields the five membered nng only at elevated temperature, at room temperature the 

correspondmg Schlff’s base 14 1s formed as discussed for route A Refluxmg m MeOH probably 

causes the mmally formed Schlff’s base 14 to cychze to give 11 
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The prmclple of the conversion 14411 has a precedent m l~teratun?3 

The oxldanon of 11 to 12 1s performed as before with one equivalent of m-chloroperbenzcnc 

acid III methanol Subsequently, the rmg 1s cleaved by treatment with ethanohc HCl and an 

equlmolar amount of H*NOH HCl(see scheme 2) 

The solvolys~ of 12 by ethanohc HCl alone also takes place, but recondensation of the 

N-hydroxy ammo acid armde 13 with the released aldehyde moiety to give the correspondmg 

mtrone decreases the yield of 13 This problem IS solved by the addmon of H,NOH HCl which 

bmds the aldehyde &ethyl acetal liberated from the solvolys~s reacuon 

Table 2 Chemical yields of the conversion 9 - 13(route B) 

chermcal yield (%) 

entry R 9+10 10+lla 11-+12* 12+13 

a Me 
E 

78 
b I-But 

ii i?I$‘h ;; 

;,?i7e 7gf 
50/26# --I88 
46133’ --/74 83; 

3 &ast Mast II b, rauo estimated from *H-NMR “) one 
dlastereomer Isolated d, ratlo estimated from TLC ‘) a nuxture 
of hastereomers of llb was oxydlzed, but the se arate mastereomers 
of 12b could be Isolated f, yield not optlmlzed B ) Qastereomers 
isolated m the ratio given 

From table 2 it can be seen that the yield of the oxldatlon step 11+12 vanes with the nature 

of the side cham and 1s highest when R = phenyl or benzyl(entnes c and d) Another feature 1s that 

one of the dlastereomers of lla-d 1s oxldlzed slgmficantly faster than the other In the case of llb 

the reaction with the slow reacting dlastereomer is accompamed by the formahon of more side 
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products When the slower reactmg dlastereomers of llc and lld were treated with more than one 

molar equivalent of m-CPBA, the correspondmg N-hydroxylated compound 12 could not be 

isolated 

The formanon of 12b was also accompanied by a small amount of the correspondmg, 

overoxi&zed product 15b 

The optical punty(lOO%) of 13a could be determined by comparison to a reference 

compound 

Concllmons 

Two routes for the synthesis of optically pure N-hydroxy-a-ammo acid amldes are described 

and in both routes the stereochenucal identity of the startmg matenal 1s retatned 

Route A harts with the optlcally pure ammo acid amides 5 which are avdable m large 

quantities by methods developed at DSM *l This route has proven to be very efficient (overall 

chenucal yields rangmg from 65 to 85%) and yields the choral N-hydroxy-a-ammo acid amides 8 

Although the yield of the oxldatlon step 6 -+ 7 has not been determined separately it can be 

concluded that this reaction proceeds m high yleld(>65%) 

Route B starts with the ammo acid amides 10 and follows the reaction sequence 10 - 11 + 

12 -+ 13 which shows some noteworthy features In the conversion 10 + 11 dlastereoselectlvlty 1s 

nearly absent In the conversion 11 - 12 only one dlastereomer 1s oxidized cleanly, which 

drastically reduces the total yield of this oxldatlon step In route B the presence of an aromauc side 

cham increases the yield of the oxtdatlon reacnon In route A thrs reaction mvanably proceeds in 

good yield regardless of the substltuent present The alcoholysts of 7 and 12 carned out in the 

presence of H,NOH HCl yields the desired title compounds m satisfactory yields 
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Exvermental Part 

‘H-NMR spectra were measured on a Bruker WH-90 spectrometer Infra red spectra were 
measured on a Perkm Elmer 298 spectrometer Mass spectra were obtnned with a double focussmg 
VG 707OE spectrometer Optical rotahons were taken on a Perkm Elmer 241 polanmeter 
Thin-layer chromatography(TLC) was carned out by using Merck precoated nhcagel F-254 
plates(thlckness 0 25 mm) For preparative column chromatography Merck slhcagel type H60 was 
used 

General procedure for the preparation of the Schlff’s bases 6 
Solution of 5-10 % w/w of the anudes 5 are made m water of 40 “C (5 % w/w for R= Ph. and 10 
%w/w for R = I&) 
The pH of the solution 1s adjusted to 11 by addmg 1 N KOH 
Then m about 15 mm 1 10 equivalents of p-methoxybenzaldehyde 1s added to the solution After 2 
hours of stunng at roomtemperature the cnstalhzed Scluff’s bases are Isolated by filtranon, washed 
with water and dned m vacua The products 6 are obtained m nearly quantltanve yields 

General procedure for the preparation of oxazmdmes 7 
100 mm01 of the Schlff’s bases are hssolved m about 100-150 ml of dry &chloromethane This 
soluhon 1s cooled to O-5 ‘C and 1,l equivalent of m-CPBA (85 %) 1s added m potions Stimng 1s 
continued for 4 hours at room temperature after which the m-CBA 1s fiitered off The filtrate 1s 
washed several tunes with dlchloromethane The remammg solunon 1s then evaporated m vacua 
(T<30 “C) 

General procedure for the ureparatlon of N-hvdroxyammoacld amides g 
The solid oxazmdmes 7 were not punfied due to their mstablhty but directly &ssolved m about 150 
ml of methanol and 1 1 equivalents of H,NOH HCl are added After stunng at room temperature 
for atout 5-12 hours, the solution 1s mturated with about 1 L of dry ether The preclpltate 1s 
isolated by filtration 

General procedure for the preparation of the amides 10 
The hvdrochlondes of 9(20 mm00 are susnended m 150 ml CHCL. toeether with 1 eamvalentf2 03 
g, 20 mmol) of tnethylamme Afier 15 dnutes the solvent 1s regoveud, the residue extracted with 
dlethylether(3x) The combmed etherfrachons are concentrated m vacua yleldmg the free a-ammo 
ester The yields are almost quantnatlve, except m the case of the hydrochlonde of alamne ethyl 
ester 9a(16%) which has been handled m another way(vzde &a) The free a-ammo ester 1s 
immediately &ssolved(to prevent self ammolysls) III 140 ml 40% CH,NH.JH,O After half an hour 
the reaction mixture 1s concentrated zn vacua, yleldmg amides 10 m almost quantitative ylelds(see 
table 2) In the case of 9a the hydrochlonde was dssolved Immediately m 40% CH,NH,/H,O 
After half an hour the reacnon mixture was concentrated 111 vacua yleldmg a residue contammg 
equlmolar amounts of 10a and CH,NH, HCl This residue 1s used wlthout further punflcatlon for 
the preparation of lla 

Generalprocedure for the preuaratlon of the lsoxazohdmones 11 
Twenty mmol anude 10 and 20 mmol freshly dlstdled p-methoxybenzaldehyde are dissolved m 
150 ml of MeOH This solution 1s refluxed over molecular sieves 3 8, dunng 18 hours after which 
the solvent 1s evaporated The residue 1s purified by column chromatography 

lla The residue containing eqmmolar quantmes of anude 1Oa and CH,NH, HCl(see general 
procedure for amides 10) are refluxed m methanol with p-methoxybenzaldehyde as described 
above The residue 1s punfled chromatographlcally(eluent 2% MeOH/CH,Cl,) The product lla 1s 
a mixture of two dlastereomers(Rif 0 50,3% MeOH/CH,Cl,) 

llb: According to TLC, the hastereomers are formed m a ratio of about l/1(1% 
MeOH/CHCl,) The residue is subjected to flash column chromatography(eluent 1% 
MeOH/CH+&) The eluate 1s dlvlded m three fractions, the first yielding pure chastereomer II(R, 
0 52, 3% MeOH/CHC13)(crystals from CH#&/hexane), the last one yleldmg pure dlastexeomer 
I(R, 0 45, 3% MeOH/CHCl,) The fraction m between was a mixture of both dlastereomers 

llc Chromatography of the resldue(eluent EtOAc/hexane 40/60) gives two fractions, one 
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contammg hastereomer I(R 0 34, EtOAc/hexane I/l)(crystals from Et20/hexane), another 
contaming bastereomer II(R, 5 11, EtOAc/hexane l/l)(crystals from CH#&/hexane) 

lld Chromatography of the rendue(eluent 1% MeOI-J/CH Cl,) gves two fractions, one 
contamng dastereomer I(R, 0 21, 1% MeOH/CHCl$(crystals h om CH$&/hexane), another 
contauung bastereomer II(R, 0 11, 1% MeOH/CHCl$(crystals from Et;?O/hexane) 

General procedure for the preparation of the I-hvdroxy-lsoxazohdmones 12 
A solution of 1 014 ef5 mm00 of 85% m-CPl3A m 10 ml CHXL 1s a&ied dronwlse to a cooled 
soluhon(ice/water) oril (5 mmol) m 100 ml CH#& After 3 hours(unless othkrwlse stated, see 
below) the solvent 1s evaporated and the residue 1s chromatographed 

12a A rmxture of Qastereomers of lla(see preparatton of lla) 1s oxidized with m-CPBA 
The reacaon penod has to be extended to 2 days(OV) TLC showed two &me posmve spots(Rf 
0.57 and 0 51, toluene/ethylfomuate/fornuc acid 10/7/3) After chromatography of the 
rendue(eluent toluene/ethylfornuate/fornuc acid 90/7/3), only one of the mastereomers of 12a 1s 
isolated(24%, Rf 0 5 1 toluene/ethylforrmate/fom-nc acid 10/7/3)(crystals from CH&!@exane) 

12b A rmxture of bastereomers of llb(see preparation of llb) 1s oxl&zed with m-CPBA 
The reacuon penod had to be extended to 2 days(0oC) After chromatography(eluent toluene/- 
ethylforrmate/fonmc acid 90/7/3) two fractions were collected each contamng one of the 
dlastereomers of 12b Dlastereomer 1(14%) Rf 049 EtOAc/hexane l/l(crystals from 
CH#&/hexane) Dlastereomer 11(2 5%) R, 0 32 EtOAc/hexane l/l(crystals from CH&/hexane) 
Another impure fraction contammg dlastereomer I together with the concentrated filtrates of the 
previous crystalhzatlons were chromatographed agam(eluent EtOAc/hexane 20/80 changing to 
50/50) Again two fractions were collected each contammg one of the dastereomers After 
crystalhzatlons(tiom CH,CI /hexane) 

f 
13% of hastereomer I and 6 5% of dastereomer II could be 

isolated Another Impure racuon was Lhromatographed agam(eluent EtOAc/bexane l/l) and 
afforded m 7% yield the cychc mtr~ne 15b(R, 0 22, EtOAc/hexane l/l) 

12~ Dlastereomer II of llc was oxl&zed The residue was chromatographed(eluent toluene/- 
ethylfornuate/forrmc acid 90/7/3), 88% of dlastereomer II of 12c could be lsolated(Rf 0 63 
toluene/ethylforrruate/formlc acid 10/7/3)(crystals from CH##exane) 

12d Dlastereomer 11 of lld was oxidized The residue was chromatographed(eluent 
toluene/ethylforrmate/fonc acid 90/7/3) 74% of dlastereomer II of 12d could be tsolated(Rf 0 53 
3% MeOH/CHC13)(crystals from CH&/hexane) 

General procedure for the pxeparatton of the N-hvdroxvamldes 13 
2 mm01 of compound 12 1s dissolved m 7 N HCl/EtOH together with 139 mg(2 mmol) of 
H,NOH HCl After 3 hours of gently refluxmg, the solvent 1s evaporated The residue 1s smpped 
three times with EtOH Subsequently the residue 1s subjected to flash coIumn chromatography 

13a Dlastereomer I of 12a 1s used for the hydrolysis using hydroxylamme hydrochlonde 
Eluent 3% MeOH/CH,Cl, changmg to 7% MeOH/CH,C12 Crystals from MeOH/CHzC12/bexane 
m the ratio l/25/25 To check the optlcal puntj of this compound, the compound was synthesized 
also from optically pure N-hydroxy-alamne ethyl este@(3 mmol) and 40% H~NCH$I~O(l 5 ml) 
at O°C After 1 hour the reactlon mixture was concentrated in vacua and smpped with MeOH three 
times The residue was crystalhzed from MeOH/CH&/hexane l/25/25 Yield 
25% Tbe latter method yielded 13a with [a]02’ +45 8(c 2, MeOH) 13a obtamed by the oxldatlve 
method showed [alDZo -45 7(c 2, MeOH), so the optlcal purtty 1s 100% 

13b Dlastereomer I of 12b IS used for the hydroxylammolyse Eluent 2% MeOH/CH2C12 
changing to 5% MeOH/CH2C12 Crystals from EtOAc/hexane 

13c Dlastereomer II of 12c IS used for the hydroxylammolyse Eluent 2% MeOWCH2ClZ 
changmg to 5% MeOH/CH$& Crystals from CHClfiexane 

13d Dlastereomer II of 12d IS used for the hydroxylammolyse Eluent 5% MeOH/CH2C12 
Crystals from CHClJhexane 

Spectroscopic data and elemental analyses 

6a: (R)-Isomer 
m p 115-l 15 5 ‘C ‘H-NMR(CDC1,) 6 0 92(dd, 6H, CHCH(C&),), 2 28(m, lH, CHCu(CH,),), 
3.54(d, lH, CuCH(CH,),), 3 81(s, 3H, PhOC&), 5 86 and 6 67(2H, CONH,), 6 91 and 7 68(d 2x, 
4H, C6H4), 8 OS(s, lH, N=C_HPhOCH,) IR(KBr, cm-‘) 3320(m), 3180(m), 1650(s), 1605(s) 
‘3C-NMR(CDC13) 6 17 5 and 19 5(CHCH(CH3)2), 32 8(CHcH(CH3)2), 55 4(0CH3b 
79 2cHCH(CH3)2), 114 0, I28 8 and 162 O(C,H,), 161 S(N=cHF’hOCH,), 175 7(CONH2) [a]2o 
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-8 7(c 2, MeOH) 

6b: (S)-enantlomer 
mp 126-128 “C ‘H-NMR(CDCl,) 6 090(d, 6H, CHCH$H(CHH)$, 152(m, lH, 
CHCH,CH(CH,),), 1 76(t, 2H, CHCHZCH(CH,),), 3 92(4H, CHCH&H(CH& and PhOCHH), 
5 43 and 6 66(2H, CONH,), 6 93 and 7 68(d 2x, 4H, $$H& 8 12(s, lH, N=CphOCH,) IR(KBr, 
cm-‘) 3340(m), 3150(m), 1650(s), 1608(s) C-NMR(CDC1,) 6 212, 23 4 and 
24 2(CHCH&H@&), 43 6(CHQIZCH(CH&), 55 4(PhOCH,), 72 2(QiCH$H(CH,),), 114 3, 
128 5, 130 0 and 162 2(C&), 116 3(N=cHPhOCHs), 176 S(CONH,) [a]D195 -32 5(c 2, MeOH) 

6c: (R)-enantromer 
mp 124-5T ‘H-NMR(CDC1,) 6 3 82(s, 3H, OCH$, 49O(s, lH, wh), 602 and 7 04(2H, 
NH,), 6 90-7 75(9H, CHPP, N=CHPPOCH& 8 21(s, lH, NC_HPhOCH$ IR(KBr, cm-‘) 3300(m), 
1665(s), 1605(s) 13C-NMR(CDCI,) 6 55 4(N=CHPhO_CH3), 76 8-h), 114 1, 128 6, 130 0 and 
162 2(N=CH!&OMei, 127 2, 127 8, 
174 4(CONH,) [a], ’ +30 O(c 2, MeOH) 

128 4 and 139 5(CHPP), 162 4(N=cHPhOCH,), 

6d: (R)-enanuomer 
m p 130-2 T ‘H-NMR(CDCI ) 6 2 9-3 38(m, 2H, C&Ph), 3 8O(s, 3H, N=CHPhOMQ, 4 87(m, 
lH, aCONH& 5 84( lH, CH&NI-&( lH)), 6 90-7 6( 11H CH& N=CmOMe and NH (1H) 
IR(KBr, cm-‘) 3350(m), 3160(m), 1660(s), 1605(s) ‘k-NMR(CDC1,) 6 41 l(CH& Ph) 
55 3(N=CHPhOm, 74 9&ZHCONH& 1140, 128 2 and 130 O(N=CHPhOMe), 126 4, 138 1: 
129 8 and 137 6(CHCHm, 162 O(CHmNH& 175 O(N=cHPhOMe) [a]? -262 5(c 2, MeOH) 

6e: racermc modlficauon 
m p 136-8’C ‘H-NMR(CDC1 ) 6 124 and 143(m 2x, 2H, CHCHZCH2Ph), 177(m, 2H, 
CHCH&HHPh), 2 92(m, lH, (!HCH$H,Ph), 3 OO(s, 3H, N=CHPhOm, 4 66 and 5 86(2H, 
CHCOlrr’H,), 6 l-6 9(m, 9H, NiCHPPOMe and CHCH,CHp, 7 23(s, lH, NmhOMe) 
IR(KBr, cm-‘) 3310(m), 3150(m), 1650(s), 1605(s) 1 C-NMR(CDC1,) 6 31 8 and 
36 2(CHGH&HzPh), 55 4(N=CHPhO&). 114 2, 130 0 and 162 3(N=CHPPOMe), 125 9, 128 4 
and 141 l(CHCH#ZHm, 162 l(N=QIPhOMe), 175 8(CHcONH2) 

8a: (R)-enannomer hydrogenchlonde 
Yield 76 % m p 108-9 ‘C ‘H-NMR(DMS0) 6 0 94(d, 6H, CH(CH&), 1 74(d, lH, CH(CH3)2, 
NHOH not detected IR(KBr, cm-‘) 3360(m), 3060(m), 1690(s), 1605(m), 1400(s) [a]D2F-73(c 1, 
H20) 

8b: (S)-enantlomer, hydrogenchlonde 
Yield 65 % m p 114-5T ‘H NMR(CDC1,) 6 0 94(d, 6H, CH2CH(C&)2), 1 29-l 84(m, 3H, 
CH CH(CH&), 3 50(4 hnes, X-part of ABX, CHCH,CH(CH,),), 3 8-5 l(s, broad, 2H, NHOH), 
7 06-7 54(2H ,CON&) IR(KBr, cm-‘) 3350(m), 7150(m), 1680(s), 1600(s) 

8c: racermc modification 
Yield 83 % m p 162-3 T ‘H-NMR(DMS0) 6 4 32(d, lH, CHPh, J(H ,NH)=8 Hz), 6 lo(d, 
CHEOH), 7 45(d, lH, NHOFI, J(NH,OH)=2 Hz), 7 14-7 42(21?; COd2). 7 24-7 4(5H, m 
IR(KBr, cm-‘) 3350(m), 3140(m), 1650(s), 1600(m) 

8c: (R)-enantlomer hydrogenchlonde [a]020 -107 5(c 1, MeOH) 

8c: (S)-enantiomer hydrogenchlonde [alD2' +107 5(c 1, MeOH) 

& (R)-enantlomer [alDzo -57 6(c 1, MeOH) 

8c: (.S)-enantiomer [alD20 +57 3(c 1, MeOH) m p 137 4-137 8 T 

8d: raceme modification 
Yield 80 % m p 145-6T ‘H-NMR(DMS0) 6 2 62 - 2 77(2H, CHCH Ph, J = 8 HZ, J, = 14 Hi, 
J,=5 5 Hz), 3 45(m, H-I, CHCH2Ph, J,= 8 5 Hz, J,,= 5 5 HZ), 5&1H,?QI, J - 3 Hz), 
7 4l(lH, OH, J= 3 Hz), 7 01 and 7 15(2H, CONH_2), 7 l-7 3(5H ,Ph) IR(KBr, cgyi345(m), 
3170(m), 1645(s), 1610(q) 
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8d: (R)-enantiomer [a]~*~ +4 3(c 1, MeOH) 

8d: (.!+enantlomer [a]~*’ -4 3(c 1, MeOH) 

8e: racemlc mtificatlon, hydrogenchlonde mp 128-30 ‘T IR(KBr, cm-‘) 3300(m), 3150(m), 
1675(s), 1620(m), 1600(T) 

lla (two bastereomers) 
‘H-NMWDC13) 6 1 35(d, 3H, CHad), 144(d, 3H, CI-IC&), 1 77(s, lH, NH), 2 62(s, 3H, 
NCH& 2 67(s, 3H, NC&), 3 6O(q, lH, CHCHs), 3 83(s, 3H, PhOm, 3 84(q, lH, CECHs), 
5 18(s, lH, CUPhOMe), 5 28(s, lH, CmhOMe), 6 69 and 7 02(AB, 
6 73 and 7 02(AB, 4H, CHi%OMe, J,,b=8 6 Hz) lR(neat, cm-‘) 

4H, mAOMe, J,=8 5 Hz), 
3450(w), 3330(m), 1690(s), 

1615(s), 1590(m) MS(E1, m/z) 220(M+, 34), 219(66), 163(53), 162(53), 148(100), 113(55) 

llb (blast I) 
‘H-NMR(CDCl$ 6 0 99(d, 6H, CH,CH(C&)& 123-2 14(m, 4H, CH(NHHCH2CJI(CH,),), 
2 64(s, 3H, NCH ). 3 55(4 lines, X-part of ABX, lH, NH2CHCH2, J,+ J,,=12 9 Hz), 3 86(s, 3H, 
CHPhOm, 5 l&d, lH, C_KPhOMe, J=l 1 Hz due to couphng with the C&-proton), 697 and 
7 29(AB, 4H, CHPPOMe, J,,=8 7 Hz) MS(E1, m/z) 262(M+, ll), 261(36), 206(63), 205(73), 
177(14), 162(100), 149(73), 148(93), 135(30) 

u(&ast II) 
118 5-119 5 “C tH-NMR(CDC1,) 6 0 91 and 0 98(2x d, 6H, CHCH CH(C&)*), 

?A-203(m 3H CHCH CH(CH ) ) 1 85(s 1H NH) 2 66(s 3H NCH,), $73(m, lH, 
CHCH2CH(kH& 3 83(s, $H, CI-IF%b&, 5 2i(d, lkI, CHkhOMe, i=l iHz due to coupling with 
Ciproton), 6 97 and 7 29(AB, 4H, CH&OMe, J,=8 7%) IR(KBr, cm-‘) 3310(m), 1685(s), 
1615(m), 1590(w) MS(E1, m/z) 262(M+, 18), 261(39), 206(60), 205(100), 177(10), 162(49), 
149(51), 148(56), 135(11) Elem anal talc C 68 67, H 8 45, N 10 68, found C 68 65, H 8 47, N 
10 56 

&(&ast I) 
m p 87 5-88 5 ‘T ‘H-NMR(CDC1,) 6 1 8O(s, lH, NH), 2 67(s, 3H, NCHs), 3 84(s, 3H, 
CHI’hO&&), 4 88(d, lH, NHCmh), 5 44(d, lH, CmhOMe, J=l 5 Hz, due to coupling with 
C,-proton), 6 96 and 7 30(AB, 4H, CHPhOMe, J b=8 7 Hz), 7 26-7 62(m, 5H, CHPP IR(KBr, 
cm- ) 3365(w), 3335(w), 1685(s), 161v(m), 1540(w) MS@, m/z) 282(M+, 21), 225(100), 
210(10), 175(7), 148(37), 106(15) Elem anal talc C 72 32, H 6 43, N 9 92, found C 72 35, H 
643,N985 

&(&ast II) 
m p 119 5-120 5 T ‘H-NMR(CDC1,) 6 1 92(s broad, lH, NH), 2 68(s, 3H, NCH,), 3 84(s, 3H, 
CHPhO&@, 4 69(d, lH, NH-h), 5 35(d, lH, QPhOMe, J=15 Hz, due to coupling with the 
C -proton), 6 97 and 7 37(AB, 4H, CHhOMe, J=8 8 Hz) IR(KBr, cm-‘) 3360(s), 1690(s), 
l&O(s), 1590(m) MS(E1, m/z) 282(M+, 32), 225(100), 210(16), 196(7), 175(7), 148(54), 106(17) 
Elem anal talc C 72 32, H 6 43, N 9 92, found C 72 40, H 6 44, N 9 84 

%%%~&l ) S 1 85(s 1H NH) 2 55(s 3H NCH ) 2 93 and 3 lO(8 lines AB-part of ABX 
2H CHCH Ph,3 J =7 7 H;, J;,=3 7’ Hz, J,;=li 6 Hz?, ‘3 78(s, 3H, CHPhO&, 4 05(X-part oi 
AB’X, lHrtHCH?Ph, Jax+ Jbx=ll 1 Hz), 4 80(d, lH, C_HPhOMe, J=l4 Hz, due to couphng with 
the Cdprotoq, 6 ii 6 and 7 12(AB, 4H, CHPPOMe, J,,-8 5 Hz), 7 26(s, 5H, CHCH Ph 

k) 
IR(KBr, 

cm-‘) 3320(w), 1690(s), 1610(m) MS(EI, m/z) 296(M+, 6), 205(100), 150(17), l(10) Elem 
anal talc C7295,H680,N945,found C7281,H668,N937 

lld (&ast II) 
‘H-NMR(CDC~~) S 1 82(s, lH, NH), 2 53(s, 3H, NCH,), 3 12 and 3 23(8 hnes, AB-part of ABX, 
2H, J,=4 8 Hz, J,=5 1 Hz, J,=14 0 Hz, CHC&Ph), 3 78(s, 3H, CHPhO&), 3 84(X-part of 
ABX, J,+ J,,=9 6 Hz, lH, CHCH*Ph). 5 06(d, lH, C_HPhOMe, J=l 0 Hz, due to couplmg wth the 
C&-proton), 6 73(s, 4H, CHFFOMe), 7 24(s, 5H, CHCHB IR(KBr, cm-‘) 3320(m), 1680(s), 
1610(m) MS@, m/z) 296(M+, 6), 205(100), 150(16), 91(10) Elem anal talc C 72 95, H 6 80, 
N945,found C7286,H682,N943 
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m(one dlastereomer isolated) 
179 5-180 5 T ‘H-NMR(CDC1,) S 142(d, 3H, CHCHH), 2 54(s, 3H, NCH ), 3 53(q, lH, 

FI!CH ) 3 82(s 3H CHPhOMe 4 87(s 1H CHPhOMe) 5 07(s broad 1H N&H) 694 and 
732(Ab: 4H ClkPPGMe J =m’Hz) IR&Br’cn?) 3330(k) 167i(s) 16iO(mj 1590(k) MS(E1 
m/z) 236(M;, 8), 218(83, %2(15), 149(100), ‘148(100), 128(iOO) Ellm anal ‘talc C 61 00, fi 
683,N1186,found C6096,H683,N1166 

12b (&ast I) 
‘H-NMR(CDC13) 6 0 96 and 0 99(d 2x, 6H, CH(md)2), 148-2 17(m, 3H, CHCHzCEl(CH,)z), 
2 55(s, 3H, NCH,), 3 58(t, lH, CHCH,CH(CH&), 3 84(s, 3H, CI-IPhOw, 4 88(s, lH, 
C_HPhOMe), 5 02(s, lH, NOH), 6 93 and 7 30(AB, 4H, CHPPOMe, J,8 8 Hz) IR(KBr, cm-‘) 
3350(s), 1680(s), 1610(m), 1590(w) MS(E1, m/z) 278(M+, 5), 221(22), 205(15), 170(50), 149(90), 
114(lOO) Elem anal talc C 64 73, H 7 97, N 10 06, found C 64 75, H 7 97, N 10 00 

12b (dlast II) 
‘H-NMR(CDC~,) 6 0 90 and 0 94(d 2x, 6~, CHCH,CH(CH,),), i 47-2 05(m 3~, 
CHCH&HKH3)2), 2 78(s, 3H, NCH,), 3 61(t, lH, ~CH$I-I(CI-&), 3 82(s, 3H, CHPhOm, 
4 8-5 5(s broad, lH, NOH), 5 36(s, IH, C_HPhOMe), 6 92 and 7 20(AB, 4H, CHPhOMe, J,=8 7 
Hz) IR(KBr, cm-‘) 3260(m), 1675(s), 1610(m), 1585(w) MS(E1, m/z) 278(I@, 2), 221(20), 
205(15), 170(44), 149(84), 114(100) Elem anal talc C 64 73, H 7 97, N 10 06, found C 64 67, 
H8OO,N985 

&(&ast II) 
m p 176-177‘T(dec ) ‘H-NMR(CDC1,) 6 2 62(s, 3H, NCH,), 3 85(s, 3H, CI-IPhOm, 4 54(s, 
lH, Cmh), 5 02(s, lH, NOH), 5 06(s, lH, CHPhOMe), 6 98 and 7 54(AB, 4H, CHPPOMe, J,=8 7 
Hz), 7 31-7 54(m, 5H, CHPP) IR(KBr, cm-l7 341O(s, broad), 1695(s), 1610(m), 1585(w) MS@, 
m/z) 298(M+, 6), 280(31), 224(18), 190(100), 149(84), 148(82) Elem anal talc C 68 44, H 
608,N939,found C6832,H604,N936 

m(dlast II) 
m p 160-161 ‘T ‘H-NMR(CDC1,) 6 2 51(s, 3H, NCH,), 3 04 and 3 28~8 lmes, AB-part of ABX, 
2H, J,=7 0 Hz, J,,,=4 4 Hz, J,=13 9 Hz, CHCH,Ph), 3 8O(s, 3H, CHPhOm, 3 84(X-part of 
ABX, lH, CBCH,Ph), 471(s, IH, NOH), 4 86(s, lH, CHPhOMe), 6 88 and 7 ll(AB, 4H, 
CHPPOMe, J&=8 7 Hz), 7 26(s, 5H, CHCH$h) IR(KBr, cmwT) 33OO(s, broad), 1680(s), 1610(m), 
1585(w) MS(E1, m/z) 312(M+, 2), 294(6), 221(100), 204(19), 148(30), 91(16), 85(54) Elem 
anal talc C6921,H645 N897,found C6917,H649,N881 

gQi_ 
m p 131-132 T ‘H-NMR(CDC1,) 6 125(d, 3H, CHC&), 2 85(d, 3H, NHC&), 3 6O(q, lH, 
CHCH,), 4 8-5 3(s broad, 2H, NHOH), 6 5-69(s broad), lH, NI/CI-I,) IR(KBr, cm-*) 
3100-35OO(s, broad), 1650(s), 1550(s) MS(C1, m/z) 119(M++l, 77), 103(8), 87(11), 74(17), 
60(100) Elem anal talc C 40 67, H 8 53, N 23 71, found C 4097, H 8 56, N 23 27 
[aID”- 7(c 2, MeOH) 

13b 
m p 85-86T ‘H-NMR(CDC1,) S 0 94(d, 6H, CH2CH(C&)& 1 29-l 84(m, 3H, CF12CH(CH3)2), 
2 86(d, 3H, NHC&), 3 50(4 lines, X-part of ABX, C@ZH2CH(CHq2, Jax+ J,,=14 4 Hz), 3 8-5 l(s 
broad, 2H, NHOH), 6 l-6 6(broad, lH, NHCH,) IR(KBr, cm- ) 3340(s), 325Ofg), 3130(s), 
1660(s), 1560(s) MS(C1, m/z) 161(M++l, loo), 141(21), 102(82), 86(14) [aID2 -28O(c 2, 
CHCl,) 

13c 
‘H-NMR(CDC~~) 6 2 83(d, 3H, mcg), 4 2-5 O(broad, 
6 4-6 7(broad, lH, NHCH.$, 7 35(s, 5H, CHPP 

2X mOW, 4 62(s, lH, CW, 

13d 
m p 151-152 5 ‘C ‘H-NMR(CDC1,) 6 2 36-3 93(s broad, 2H, NHOH), 2 81 and 3 12(8 Imes, 
AB-part of ABX, 2H, J,=9 7 Hz, J,,,=4 9 Hz, J,=13 9 Hz, CHCH2Ph), 2 84(d, 3H, NH(&), 
3 67(4 lmes, X-part of ABX, IH, J,+ J,,=14 5 Hz, CgCH,Ph), 6 2-6 6(s broad, lH, mCH3), 
7 27(s, 5H, CHCH7Ph) IR(KBr, cm-‘) 3390(s), 3220(s), 1645(s), 1550(s) MS(C1, m/z) 
195(M++l, 52). 120(100), 118(45), 91(51), 58(32) Elem anal talc C 61 84, H 7 27, N 1442, 
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found C 6178, H 7 27, N 14 35 [alD20 +6 6(c 2, MeOH), [a]H,3ti20+30 6(c 2, MeOH) 

15b 
'H-NMR(CDCl,) 6 0 96 and 0 98(d 2x, 6H, 
2 9l(s, 3H, NCH,), 3 83(s, 3H, CHPhOm, 

CH@-I(CH3) ), 2 00-2 71(m, 3H CH2ClI(CH3)2) 
5 7O(s, lH, &HPhOMe), 6 97 a;ld 24(AB, 4H: 7 

CmOMe, J&=8 6Hz) MS@, m/z) 276(14, M+), 259(88), 148(100), 135(84), 121(17) 
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