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AhUrad - Rcactton of N-prorecral ammo acds wfh plvalonltnlc oxldc affords “acwc cs~crs” which 

are useful m pcprtdc syntheses. 

IN PART I of this series’ we reported the use of benzonitrile oxides for the synthesis 
of 0-acylbenzohydroxamic acids. The latter were found to bc “active esters” and 
could be coupled with amino acid esters to form the peptide bond. 

Following the previous results, two considerations motivated us to try an aliphatic 
nitrile oxide in place of substituted benzonittik oxides: (i) there are reports suggesting 
that aliphatic nitrile oxides may be more reactive than their aromatic counterparts’ 
and (ii) aliphatic hydroxamic acids are, at least partially, solubk in water; this 
was expected to be of great utility in the second stage. 

In the actual choice of the aliphatic nitrile oxide, there was a third factor which 
impelled us to choose pivalonitrik oxide -we expected that the bulky t-butyl group 
might prevent. or at least retard, the familiar dimerization to furoxan. 

Pivalaldoxime was chlorinated to the hydroxamoyl chloride; the nitrik oxide 
was generated in situ, as usual.’ 

Formation ofnctiw esters. Reaction of the nitrile oxide with N-protected amino 
acids at 0” gave very good yields of the following crystalline active esters (Table 1). 

TABI+ I 

R R 

MC, C C=: ce, t Z-KH L 
I 

H COOH + Z .NH 611 CO-O. NH CO--CMe, 

R YlCkl m.p. 
- ._ -- - ._- 

11 909, 127” 

Ph CH,- 90 04 104 lo6 
Me,CH 72”, IXJ-130” 

Me&H CllI- 730, I06 107” 

Z - Ph .CH,--O C&. 

l Part II. K. Nagarajan. S. Rajappa and V. S lyer. Terrahtdrm 23. IO@ (1967). 
t Contnbutmn No. 94 from CIBA Research Ccnlre. Bombay. 

’ T R. Govmdachan. K. hagarayn. S. Raypps A. S Akerkar sod V. S Iyet Tctmkdm 22 3367 (19661 

’ cl: G tinner and H. GBnlcr. Chum Ber. m, 1353 (lW5) 
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Peptidefirmotion. Reaction of the active ester from N-benzyloxycarbonyl phenyl- 
alanine with ethyl glycinate at room temperature in DMF gave only a 62% yield of the 
dipeptide after 44 hr. 

Z*Phe*O*NH*CO-CMe, + H*Gly-OEt + Z-Phe*Gly+OEt 

+ Me,C*CO*NH-OH 

However, the use of ethyl glycinate hydrochloride in conjunction with sodium 
acetate’ gave an 88.5% yield of the pure dipeptide in 4 hr at room temperature. 
Similarly. the following dipeptides were made (Table 2). 

Dipcpudc Ytekl [z]~ found [aID reported Ref. 
-. _-_- 

Z*Phe.GIy*OEr 88.5 :tO - 174 - 169 4 
Z*Gly .Tyr* OEr 730”, + 189 +I92 5 
Z~Leu~Lcu*OMe 600”/, - 35.1 - 353 6 

Test for racemization. The Anderson test’ was carried out in order to detect any 
propensity for racemization during the course of this reaction. This involved the 
following steps : 

Z-Gly-Phe-OH + Me,C-C&l -8 4 Z-Gly-Phe-O*NH*CGCMe, 

I 
H *Gly *OEt 

ZaGlyePhe*Gly-OEt 

In spite of the most careful fractional crystallization, no trace of racemic material 
could be found in the resultant tripeptide obtained in 78?/, yield. 

Amino acids with side-chain finctionul groups 
(i) Attempts to prepare Z-!kr*Gly*OEt using pivalonitrile oxide gave variable 

yields of impure product. The active ester of N-benzyloxycarbonyl serine could not 
be obtained crystalline. 

(ii) Z-GlueOH gave a noncrystalline active ester, which on condensation with 

A Et 
H-Ser.Gly-OEt gave a 58% yield of the tripeptide: 

Z-Glu.0.NH-CO-CMe, + H*Ser-Gly*OEt --, Z-Glu*!k*Gly-OEt 

d Et d Et 

’ cf. S. M. Eeaumont, B. 0. Handford. J. H. Jona and G. T. Young C~CJTI Commun. 53 (IWS); B 0. 
Handford. J H. Joaa G. T Young and T. F. N Johnson. 1. Chem Sot. 6814 (IWS). 

l J. P Grcawcin and M Wuutr Chemis~y o/the Amino acids Vol. 2; p. 113s. Wiley, N.Y. (IWI). 
’ Rei.4.p 1131. 
’ Rd 4.~. 1133. 
’ G W. Anderson and F. M Callahan, J Am Chum Sot. #). 2902 (1958). 
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(iii) ‘The reaction of N-benzyloxycarbonyl asparagine with pivalonitrik oxide had 
to be carried out in dioxan<hloroform because of the poor volubility of the acid. 
Even under these conditions, part of the acid was recovered. The active ester formed 
was immediately reacted with H*Ser*Gly*OEt in acetonitrik solution. The tri- 
peptide directly crystallized out of the solution. The yield of Z~Asp*Scr~Gly~OEt 
was about 45% from the active ester. 

NH, 

Pepride formation in aqueous solution 
(i) Reaction of N-benzyloxycarbonyl glycine active ester with ethyl glycinate 

hydrochloride and sodium acetate in aqueous dioxan for 4f hr gave a 54’4 yield 
of the pure dipeptide. 

(ii) In spite of numerous attempts under a variety of conditions the active ester 
did not react with free glycine in water. Either the active ester was recovered (in 
absence of added base) or a mixture of Z-Gly-OH and Z*Gly*Gly*OH was 
obtained (in presence of base). 

CONCLUSION 

It wouM thus appear that pivalohydroxamic acid active esters are useful for 
peptide synthesis The methti seems to compare favourably with existing ones for 
the synthesis of di- and tripeptides. In attempts to exploit this for larger peptides, 
we have come across interesting side-reactions which are reportal in the accom- 
panying paper. 

EXPERIMENTAL 

All amino ands used. excepr glycme. had rhe I.-configuration 

Ache csm with N&nryloxycarbonylphcnylalaGne 

a-Chloroptvalaldoxtme’ (I.75 g; 0013 mole) m dry CHCI, (20 ml) was coolad in ~asalr and rrcsled 

wilh Et,N (101 g; 001 mole). The mIxlure was shaken well for I mm, and tha, a prc-a~kd sotn of 

N-bcnzyloxycarbonyl phcoylalanme (3 g 001 mole) III dry CHCI, (30 ml) was addad with swirling. 

The mixture was left in Ihe refrigerator for 24 hr. The CHCI, soln was lhcn washed with waler. sat. 

NaHCO,aq and again WI& water (As most ol Ihe ac~vc es~crs arc solubk in Na,CO,aq. care should 

be ukar u) check the pH of the bicarbonate soInk The CHCI, sotn was dnai and Ihc solvcn~ removed 

in ~DND ar a balh temp of 45’. The oily rcsldue was dnad thoroughly 61 cacw and then trituratal wilb 

ether petrol. The yield of solid active CSICI was 3.3- 36 g (82.90”/,, dcpcndmg on rbc age and purity of 

Ihc reagent A sampk was ~tallizzd from AcOEt petrd to provide Ofl-benzyloxycarbonyl I.- 

phcnylalanyl) pivalohydroxamic add. m p. I04 106” (Found. C. 6625; H. 6.81 CIJtz,O,N, rcqulrcs. 

C. 66.31; H. 6.58 “J tR (Nujol) band at l7Ml cm- ’ 

The following were similarly prepared : 
TABLE 3 

Compound 
--. 

2.Gly*O*NH*CO-CMc, 

Z-ValeO*NH+CO-CMc, 

Z~Leu*O~NH*CO*CMe, 

Formula Analysis 
_.... _.-.. .-__-.--.-_._----_ _-.- 

Found Calc. 
---- _- 

C H C H 
-._.. 

C,,HzoO,N, 58.82 6.37 5843 654 

G,H,,O,N, 61.78 7.57 61.70 748 

C,.HzaO,N, 6265 760 6262 7.14 
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Some represenror~~~ pepride syntheses 
(i) Z*Plu*Gly*OEr. OiN-Bmzyloxycarbonylphcnylalanyl) pivalohydroxamic acsd (20 a) in accromrnlc 

(drsrillat over P,O,: 20 ml) was addod to ethyl glyanatc hydrochlonde (0.7 8) in DMF (IO ml) Powderat 

AcONa*3H,O (@7 a) was then added and the mixrun stirred 81 room tctnp for 5 hr. The sohr was then 
filmrat and lc solvmrs disullcd ofl in rocuo The residue was taker up in AcOE(. washed wilh water. 

me-cold 0 SN NaOH. waler. IN HCI. and again wuh waler. The organic layer was dnal and evaporated 

ro dryness a~ LIOCU ‘Ihe rardue. on crys(a)lizarion from AcOEr-petrol aflordal Z*Phc*Gly*OEr (I.7 g). 

m p. and mixcd m p 107-109 ‘; [x]o - I74 (c. 2 m tl10H) Z *fau*f*u.OMr was made by a similar 

procuiure m about 509” yreld Conunuing rhe reaction for 40 hr gave a 60”; yield, m.p. 93-94’. [a]? 

- 35-7 (c, 2 m ErOH) (Found: C. 64 17; H, 8.32 Calc for Cz,ttJzO,N,: C. 64 26. il. 8 227,) 

(ii) Z.*Gly*Tp*OEt. A mixture d OjN-benzyloxycarbonyl glycyl) pivatohydroxamif actd (1.5 e), 

ethyl (yrosinatc hydrochtonde (I.23 g) and AcONa (07 gl rn accronrrrik (IS ml) and DMF (IS ml) was 

stirred as before for 4j hr. The soln was hIrerad and evaporated IO dryness in ~vscuo. The residue was 

laker up m AcOEr and washat wtlh SBI. NaHCO,aq. lollowed by water. The washings were repealed 

until such trme rhat the aqueous soln gave no colour wirh FcCl,aq The orpmc layer was then dnal and 

evaporated IO drynti.r. (‘ryslallirarion from A&Ii1 ,pcrrol gave % * G/y. 7’vr. OEr (I.45 g), m p. I23 I24 

[z]o + 189’(c. 5 m ErOH) 

(iii) Z~Asp(h’H,)~Scr~G/y~Ot’r (a) ‘DK acttw arer: a-Chloroprvataldoximc (095 g) was dissolved in 

dry CHCI, (30 ml) anl cooled in ice sah. Er,N (0.5 e) was addad wuh shaking To rhu mrxturc was 

added a soln of N-bcnzyloxycarbonylasparaginc (I.33 gkn dioxan (90 ml) The soln was lch in the 

refrrgerator for 24-48 hr The solvent was removed ur racw, the residue (akcn up in CHCI,. washed 

wirh waler. NaHCO,aq and again wcth waler The CHCI, rohx was dnal and the solvent removed under 

reduced prcL% The residual only ac(rvc cstcr (1 25 g) had an IR band ar 171#) cm ’ and wa\ usul as such 

for rhe next srcp 

The brcarbonarc washings were combined and andrhal WIT cone HCI Aboul 400 mg of N-bcnzyl- 

oxycarbonylasparagme was rca-rvcrcd 

(b) Z*Scr~Gly*OE1(0~8 g) in McOH (40 ml) and AcOH (0 IS ml) was hydrogmolysal as usual to give 

(he aceucaad sah of H*Scr.Gly+OE( (0.65 g) 

(c) The Tripeptde: A mixlure of the acuvc ester (09 a) and AcOtt~it*S.cr*Gly~OEr (065 g) In dry 

actronirnk (60 ml) was surral a( room lcmp for 24 36 hr. The rripcpridc crystallized OUI of the reaction 

soln. Thu was Iihercd o!T &I give 047 g of Z.Asp(NH,).Scr.Gly.OEl, m.p. 213 214’ Rccrysralhrarron 

from McOH mscd (he m p IO 224 226‘ (Found: C. 51 86. H. 6-35 Calc. for C,,H#,N,. C. 520s; 

H. 598 “,.)’ 

(IV) Z.G/u(OF.r).S~.Gly.~~r N-Rcnryloxycarbonyl-yerhyl glmamrc acrd (3-l a) was convertal as 

usual IO the acrivc am. Without purrficarion rhls was mixal wifh AcOH*H*Scr*Gly*OEr (from 2.8 g 

Z+Scr.Gly*OE(. as m rhe previous experiment) m 50 ml accronilrik and surrcd ovemrghr ar room rcmp. 

Working up as usual gave 24 g of the rnpcprrde. m p 14%.147’ [xl:’ -2-S. (c. 2 in EIOAC) (Found. 

C. 54g2: H. 667. Calc for CszH,,O,N,: C. %gg; H. 649”,.) 

(v) Z*Gly*Phc+G/y*OEr (Anderson rat) Z*Gly*Phc*OH was made m IWO s~cps via the cswr usmg 

rhc pivalohydroxamrc acrd method in an overall y~cld of X4”, Thhu and (2 5 a) was rcacrcd as usual m 

CHCI, soln with x-chloroprvalaldoxunc (I 23 g) and El,N (0.76 g) The acuvc ala (3 I g) was obmincd 
as a gum by the usual work-up 

The acbve cs~cr tn accronrrrilc (20 ml) was surrcd w~rh ethyl glynnarc hydrochlondc (095 gl in DMF 

(IS ml) rogerher wrrh Acd)Na 10% gl for 4 hr al room rcmp. The usual work-up gave 241 g of 

Z~Gly~t’hc~Gly*OE~ (7X”, afrcr fracrronal crysrallinrion in an arrcmpr IO derccl any raccmcrauon No 

raccmrc marenal was uolalat). m.p. 117-l 19 ‘. [z]o - 1305 (c. 2 I in EfOtl). 

’ R. I; Fuchs and R. R. Whetsron. I Am. Chum Sot 77. 750 (1955) have reported m.p. 139 140’ for 

a “hydrate” of this rnpcptdc. However. our compound had rhe corrcc( analyrical and spectral dara: 

IR (Nupl) bands 81 1735. 1710. 1690 (Sh) and 1645 cm .’ NMR (DMSO&) r~gnab corrcspondmg IO 

both the N-benzyloxycarbonyl and the rammal ethyl am group. 
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