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Abctnct- kxscn rearrangement IS revealed as the malor sldc-reactton m the use of pwalohydroxamx 

acid cs~ers for the synthcw of larger peprldn. 

1~ THE previous paper’ we reported the addition of N-protected amino acids to 
pivalonitrile oxide to form esters of pivalohydroxamic acid which could subsequently 
be coupled with amino acid esters to form peptides. In order to define the scope and 
limitations of this method, we decided to synthesize the following two tetrapeptide 
sequences : 

Pro-Phe-Leu-Val and Pro-Leu-Phe-Val. 

I II 
In a parallel study, these two tetrapeptides were also synthesized using DCCI; 

this enabled us to compare the yields in the two methods and evaluate the utility of 
pivalonitrile oxide for the synthesis of larger pcptides 

Method. In both cases, the synthesis was carried out stepwise from the C-terminal 
end, one unit being added each time. The carbobenzoxy group was used for N- 
protection and was removed at each stage by hydrogenolysis. In the pivalonitrile 
oxide method, the active esters from carbobenzoxyphenylalanine and carbobenzoxy- 
leucine were crystalline,’ whereas carbobenzoxyproline gave only a gummy product 
which was used as such for the coupling reaction. 

For the coupling stage. it was found preferable to have the amine component as 
the acetic acid salt. The next best alternative was to use the amine hydrochloride in 
conjunction with one equivalent of sodium acetate. The least efkient process was 
to use the free base liberated from its hydrochloride by means of triethylamine: 

Results. The yields in the various coupling stages are listed in the following Table. 
In the last reaction, no tetrapeptide could be isolated by our method. The only 

product obtained (36.7% yield) could be assigned structure III, arising obviously 
from a Lossen rearrangement of the active ester followed by reaction of the iso- 
cyanate with the amine component : 

Z.Pro.e, N-CO.CMe, --, Z.Pro*OH + Me,C.N=C=O 

I 

H’B 
l Conmbution No 95 from CIBA Research Ccntrc. Bombay 

’ part 111. Ttnahdron 

4x11 
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Me,C.N=C=O + H.Leu.Phe.Val.OMe + Mc,C.NH CO.Leu.PheVal.OMe 

III 

Analytical values are in agreement with this structure, and in the NMR spectrum, 
the hydrogens of the t-butyl group occurred as a singlet at 80 c/s in addition to the 
sidechain methyls of valine and leucine at S&60 c/s. 

TAIU I 

PeptIde Y lclds* 
- . . ._ . 

Pwalohydroxamlc 

aad method 
DCCI 

- ._ ._ _ _ 

Z*Lcu’Val.OMe’ us “0 W”0 
Z*Phe Lcu*Val*OMe 2x4;’ 46.3 no 

Z*Pro Phc*Leu*Val*OMe 56”: 20.‘,, 

Z*Phe Val*OMe’ 70-4 )” 837”, 

Z~Leu:Phc~Val*OMe 37.4 *” 41 5”” 

Z*ProLcu*Phe~Val+OMc 17 S”, 

l Ytclds refer IO the peptIde hond produced a~ the pomr mdlcawd 

by dotted Ime. 

l 011; known compound; E L Smlrh. D II Spackman and 

W J Polglasc. J Bwl Chem 199. 801 (1952) 

’ cl Chum Ahsn. 60. XI28 11964) Details not available 

A similar side reaction has been observed in the two 
leading to the following compounds, but in lower yields. 

Me,C.NH.CO.Phe.Val.OMe 

Me,C.NH.CO.Leu.Val.OMe 

tripeptide stages as well, 

IV 

V 

Occurrence of the Lossen rearrangement is thus a serious drawback in this method, 
especially when used for the synthesis of larger peptides. 

The two tetrapeptide sequences (I and II) have been suggested as possible structures 
for a peptide isolated from Linseed.’ We have not yet made a direct comparison of 
our synthetic samples with the original naturally occurring specimen. WC are 
currently engaged in isolating the peptide from the same natural source and a future 
communication would deal with this aspect of the problem. 

EXPERIMENTAL 

All amino acids used had the L-coaliguratlon 

N-Benryfoxycarhmy/ lacy/ whe merhyl esrer 
(a) OdN-benzylorycarbonyl lcucyl) plvalohydtoxamlc acid’ (364 g) in DMF (Xl ml) was addal IO a 

* H P. Kaufmann and A. Tobscbirbcl. Chum Leer. 92.BW (1959) 
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slirred mixrure d valine methyl ester hydrochlonde (168 0) and AcONr3H,O (I4 g) in DMF (20 ml) 

Stimag was oontinual 81 rmm tcmp overnigh and Ihc product isolatai as usual (cf Rd. I). The oil 

(3.2 g) after passag through silica gel had idcn~cal RI value on TLC wilb that of the product obtainal 

by the DCCI method. 

(b) A mixlure of N-bcnzyloxycarbonyl lcucine (3.7 g) and vahnc mcIhyl cslcr hydrocbbride (2.35 g) in 

DMF (50 ml) was a~lai in ICE salt ad Iresled with EI,N (I4 g), followal by DCCI (3.24 g1 The mlxturc 

was rIirred ovcmigb~. and the product isolated as usual (-909; yield oil). 
tiyl c&w merhyl esrer. Hydrogcnolysis d the above oil III M&H-A&H aad evaporation gave 

Ihe ~IXUC acid salt of leucyl valinc methyl ester. 

AddiIion of methanolic HCI gave rhc hydrochloride (single spt on paper cbromarogram). which was 

used for Ihe ncxI expcrimcnr 

h’-Benry&xycarbmyl phmylahyl lcucyl wlinc methyl ester 
(a) Abour 2.75 g of the above aceIaIe Salk in 25 ml DMF was stir& for Xl hr with O_(N-benzyloxy- 

carbonylphenylalanyl) pivalohydroxamic and’ (3.6 g) m 25 ml acctomtrilc. The usual work-up gave 49 g 

of crude product which was exhausrivcly chromarographcd over 50 g of silica gel The folbwmg Irac~ions 

were collccred : 

5 x 100ml benzene;4 x l5Oml chloroform; 3 x IWml chloroform: erhyl acctaic (3:l) 

Rccrysralluat~n d the product from fractions IO and I I from AcOE1 petrol gave 07 8 of the lnpepll&. 

Fractrons 7.8. I I and I2 were oombinad and rc-chromarograpbcd lo promde an addilionalO65 8 of the 

~ripepclidc. m.p. 13%lW. (Found: C, 6659; Ii. 7.11. C,,HsoO,N, requtra: C. 66.26; H. 748x.) 

RcacIlon as usual of hc hydrochlondc 41 (3.45 g) with lhc active CSIQ (4.Y s) m prcscnae d Ad)h’a 

(I.7 g)and exhausttve chromalography of lhe product 8avc Ihe tnpcpt& (I .35 g) and compund V ( lo0 mg). 

m.p. 203 206’. (Found. C. 59.6Y; H. 9.95. C,,H,,O,N, rcqutra: C. 5945. H. 96X9;.) NMR and IR 

spectra are m agrccmcm wlIh this ~~~ct~rc. 

(b) A mixture of bcnzybxyarboaylphcnylalarunc (7Q g). kucyl vahne methyl cs~cr hydrochloride (from 

701 of Z*Leu*Val~OMe). EI,N (3.3 ml) and DCCI (64 g) III DMF (90 ml) and aatonitrile (30 ml) was 

sunal overmghr and workal up as usual. Chromatography of the product as b&rc gave 4.5 g of the 

tripeptidc. idenItcal with the previous product. m.p. 139-140”. (Found: C. 6590; H. 7.22. C,,H,eO,N, 

rcqulrc.5: C. 6626; H, 7.48”/,.) [ax6 - 349” (c. 2 in ethanol). 

Phmylalanyl &ucyl mime wurhyl csm 
Hydrogcnolysis of the above IripcpIide in McOH AcOH and addition of methanolic HCI gave Ihe 

hydrochloride, mp. I95 2W. RccrystalltiIion da sampk fran MeOH-Et,0 raised the m.p. to 203-204’. 

(Found: C. 5705: H. 7.84 C,,H,,O,N,CI * Hz0 requires: C. 5654, H. R.149;) The compound showed a 

ungle spot on paper chromaIogram 

N-BenryloxycurbonyI prolyl phcnylafanyl leucyl wline merhyl ester 

(a) Gubobcnzoxyprolinc was reacted in the usual manna with pivabmtrik 0x1& to y&l tbc gummy 
active ala 

A mIxlure of the above active ester (0.5 g). tbc tnpcpude hydrochloride (0.61 g) and AcONa (0.2 g) In 

DMF (30 ml) was stirrod aI room ~cmp for 2 days The usual work-up gave @3 g of uude material. This 

was chromatographcd over 5 gof silica gel and rhc lollowmg fractions were collected : 2 x 50 ml chloroform ; 
2 x 50 ml chloroform: ethyl acetalc (3: I). Tbc residue from fraction 3 &PH 50 mg of the required term- 

pepMe. m.p. 117, 122’. 

In one expcrimcnI, a product, m.p. I97 2UO’ was obtamed. which could be Mc,C~NH~CO*Phc*Leu~ 

Val.OMe BUI III most oIha experiments. a compound m.p. 140 l54* was oblainai. wL& appearal 

IO be a mixture of the abou IWO pure ma~uials 

(b) A mixlure of carbobenzoxyprolinc (2.8 g) and the tripepride hydrochloride (48 g) in DMF (80 ml) 

and acetonilrilc (60 ml) was amlal and treated with EI,N (1.6 ml) followed by DCCI (2.8 g) Afkr stirring 

ovctnigh~. the product was ~soolrtcd u usual. Digestton witb erbcr. followed by rccrystalhntion from 

AcOEr- petrol gave Ihe Icnapepridr. (I.5 g), m p. 122.125‘ (Found: C. 65.62: H. 7.23 C,.H,,O,N, 

requires: C. 65.57; H. 7-45 “; ) [a]: - 64 15’ (c. 2 m EIOH). 
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Prolyl phtnyhbnyl kucyl wline methyl ester hydrochloride 

The above refrapcptkk was bydrogenolysal in MeOH-A&H and then converted to the h&-cMwidt. 

m.p. IZg 135”. (Found: C, 58.31 ; H, 8.10. CI,H,,0,N,ChO~5 H,O requires: C. 5848; H. 7937;) The 
compound showed a single spot (ninhydrin and isatin) on paper chromatogrsm. 

N-B~ryl4xyrarbonylphtnyl4hnyl wht methyl esrer 

(a) To a stirral mixture of valinc methyl ester hydrochloride (168 g) and AcONa (Id 8) in DMF (20 ml) 
wax added O~benxyloxycarbonyl phenylalanyl) pivalohydroxamic aadi (4 g) in dry aatonitrik (I5 ml). 
Stimng was continual overnight and the product worked up as usual to give the d@cpfldc (2.7 g) m.p. 
lOf&lW’. Recrystalliratioa from A&Et petrol raised the m p to 110 111”. (Found: C 66.84; H. 709. 
C,,H,,O,‘F;, requires: C. 6697; H. 6&t”;.) [a]$’ - 14.8. (c, 2 in EIOH). 

(b) 299 g d carbobenzoxyphcnylalanme and 167 g d value methyl eater hydrochloride gave by the 
DCCf procedure 3.45 g of the dipptide, m.p. l@% II 1 (Found: C. 6&70; fi. 6 Wt. C,,H,,OSNI requires: 
C. 6697; H. 6W”:) 

Phenyf&nyl r&w merhyi cswr hydrochloride 

Hydrogenolysis of the above dipeptidc in MeOH A&H. followed by treatment with methanolic 
HCI and evaporation gave the hydrochloride which was used as such for the next experiment. 

N-Bmzy/oxycmbonyl Ieucy/ phmylahnyl twline mtifhyl ester 

(a) The above hydrochloride (1.75 g) in DMF (a ml) was stirred overmght wtth O-(N-benryloxycarbonyl- 
let@) pivalohydroxamic sad’ (20 9) and AcONa (0.78 a) in acetonitnle (a0 ml) The crude product 
(265 g) was chromatographed over 25 g silica gel. 4 x Ix) ml fractions of CHCl,-eluate were collected 
The residue from the lint 2 fractions gave IO g solid (m.p 145-1521 on tnturation with ether. The mother 
liquor from this was combined with fraction 3 and rechromatographal to provide another 75 mg of rhe 
same solid. Rarystalhzation from A&Et petrol gave the rrtpepfde. mp. 152. 154 (Found C. 66.58; 
H, 740. Cr,H,,O,h’, requires: C. 6626. ii. 748”,) 

Fraction 4 from the above chromatography gave 50 mg sohd. which was recrystallized from AcOEt- 
petrol, to pronde compound IV, mp. 20@ 204”. (Found: C, 63.76; H. 8.24. CI,H,,O,N, requires: C, 
6363; H. 8 2g”‘,.) The NMR spectrum 1s in agreement with this structure. 

(b) 2,X6 g of carbobenxoxyleucine and 3.32 g d the dipeptide hydrochloride gave by th DCCI method 
235 g of the tripepride (after chromatography and recrystallization) m.p. 152-154”. (Found: C 6638; 
Ii. 7.311 CJoH,,O,N, rquiree: C. W26; H. 7-48O;) [z‘];’ -42-85’ (c. 2 in EtOH). 

The above tripeptide was bydrogenolyxd as usual, converted to the hydrochloride and recrystallized 
from MeOH+ther,m.p. 24&248”.(Found: C 58.93; H.Efll. Cx,H,,O,N,Cl requires: C5894;H.EC)I %.) 

N-Benryloxycorbonyf prolyl feucyl phennyl olany4 vufine methyl ester 

(a) 0.78 8 of the carbobentoxy prolme active ester in 20 ml aottonitnk was added to a sttrrcd mixture 
of the tripeptide hydrochloride (095 g)and AcONa (@31 g) m 20 ml DMF. After4 day% the soln was filteral. 
The liltrate showed no colour with FeCl,aq. The usual work-up gave 04 g of a solid. m.p 188-190’. 
Recrystallimtion from Ac0F.t petrol gave MC-buryl rurbarncyf) ~~cyt-p~y&~~yf-~~j~ methyl ester 

(Ill).m.p. 194 196” (Found:C.6397;H.8~76.C,,H,,O,N,rrquires:C.63~~;H.863*~)Notetrrrpeptide 
could be obtained m this reaction. 

(b) A mixture of the tripepride hydrochloride (2.7 g) ~rbobenxoxyprolim (Id3 p) and Et,N (09 ml) in 
DMF wu mokd and treatad with DCCI (1.45 g) Stirring was continual for 2 days; after tbt usual work-up. 
the crude product (3-2 g) was chromatographal on 30 g of slliar gel. The following fractions were collected: 
6 x 50 ml chloroform; 100 ml chloroform: ethyl acetate (4: I) The last fraction gave a solid which was 
rechromatographed and recrystallixed from AcOEt petrol to provide the pure refr4pcpridc. m p. 176 178’. 
(Found. C. 65.55; H, 743 C,,H,~O.N, rquires: C, 65.57: H. 7.45”;) [a)? - 750’ fc. 2 in EtOH). 

Prolyl Ieucyl phenyl alonyl raline methyl ester hydrochloride 

The above protected tetrapptide was hydrogenolysal. convcrtai to the hydrochloride and recrystallimd 
from F&OH-ether to give the product, m p 125-145. (Found: C. 5701; H, RW C,,H,,OsN,Cl+HrO 
requires: C 57.50; H. 7 98 v0 1 
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