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?WE SUCCESS'UL SYWI'HESIS OF GLYCYLGLYCINE! PEPTIDE FX3NDS 

VIA THE EXCESS MIXED AMIYDRIDE METHOD 

J. A. Hoffmann and M. A. Tilak* 

"he Lilly Research Laboratories, Indianapolis, Indiana 46206 

Several literature references ( 4 ,  suggest the possible side reaction 

of double acylation of amino groups o r  urethane acylation &ile using mixed 

anhydrides to form peptide bonds. 

promunced during the formation of glycyl-glycine peptide bonds and the 

syntheses of such seqcu3nces 

usually avoided. 

multiple amino acid residues i n  a peptide during the reaction of Bpoc-dno 

acid mixed anhydride. 

partial  r m v a l  of the protective biphenylaxycarbonyl (Bpoc) group by tert iary 

base sal ts  of strong mineral acids such as N-methylmrpbline HC1; -1es 

of such deblockings are reported in the literature. ( 5 )  

stated that absolutely 110 acylation of protected mnino groups an the resin 

occurred i n  standard solid phase procedure or  on treatment with mixed 

anhydrides. This may be due to the inability of Et3N'HCl to deproted the 

iDnin0 group while it is on the resin; consequently, there is no acylation. 

The polymerization of the BPOCqlycine mixed anhydride i n  solution thus 

appears to be the result of the very acid labile nature of the Bpoc group 

rather than the tendency of nixed anhydrides to cause diacylation. The 

mixed anhydrides derived frcm ethyl chlomfomate have been reported to 

The double acylation is assumed to be more 

the mixed anhydride activations are therefore 

m i f i e l d  e t  al. ('1 recently reported the incorporation of 

This observed polymerizatim may be the resul t  of the 

The sam a u t b r s  
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J. A. H0FFPI.A” AND M. A .  TILAK 

lead to the f o m t i o n  of considerable munts of diacylated side products. 

( l F 2 )  

side product during synthesis of Z-gly-gly4-Et y& the mixed anhydride 

derived from ethyl chlorofomte with only a 1:l ratio of the reactants. 

In contrast, our results suggest that the use of isohutyl cNomfomte  

does not lead to detectable levels of diacylated side-pxducts even though 

1.6 equivalent of the mixed anhydride was  used. The use of mixed anhydride 

forming reagents w i t h  ccanparable s ter ic  hindrance (e.g. pivalic chloride) 

therefore sefmed preferable in case of peptide couplinqs which are mre 

prone to fonn diacylated side products. 

n u s ,  Kopple and Renick(’) r ep r t ed  isolation of a 30% diacylated 

Schellenberq and Ullrich(6) reported fonnation of diacylamides during 

the synthesis of Z-gly-glu(OEt)-OEt while using Z-gly mixed anhydride 

derived fran isobutyl chlorofomte. 

between the y-carbony1 of glutamic acid and the urethane -NH, the nitrogen 

m y  beam more susceptible t o  the attack by vigorous acylating agents 

such as mixed anhydrides. 

the diethyl glutamate as apposed to only a small m u n t  of diacylation 

observed with dibenzyl glutamate which would sterically restrict the 

extent of the diacylation. Schellenberg and TJllrich state that neither 

the increased ratio (2:l) of Z-glycine mixed anhydride over the amino m- 

ponent nor the longer reaction t h e s  afforded t k  expected higher yields 

of the diacylated side products. The diacylation my  be occurrinq mainly 

during the associative state between the mixed anhydride and the qlutadc 

acid diester and the extent of the diacylation therefore m y  not depend 

on the rat io  of the mixed anhydride used. The observed diacylation may 

be the property of glutamic acid diesters when reacted w i t h  the mixed 

anhydxides . 

Ixle t o  the hydogen bond f o m t i o n  

This may also explain the 17% side reaction of 
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SYNTHESIS OF GLYCYL-GLYCINE PEPTIDE BONDS 

AS a severe test for the supposed tendency of the mixed anhydrides to 

cause diacylation of t h e  amino group, we synthesized t h e  k n m  ampunds 

benzyloxycarbnyl (Z)-gly-gly-OEt a d  Z-gly-gly-gly-OEt y& the excess mixed 

anhydride methcd of peptide synthesis. ('t Glycine is less s t e r i c a l l y  hin- 

dered and should facilitate any tendency to  und.elqo double acylation. 

Furthemre, t h e  excess mixed anhydride methcd, by providing an excess 

acylating agent, would tend to augment such a diacylation side reaction. 

The syntheses of both peptides, hcwever, resulted i n  surpr is ingly pure 

mnpounds which according to detai led analyses contain no detectable amounts 

of side p d u c t s .  

logical ly  rmve any diacylated or urethane acylated mmpounds unless such 

products are hydrolyzed by KHCO&I20 under conditions q l o y e d  below. 

our opinion this is not  very l i k e l y  because diacylated products reprted 

by Kopple and Tienick( ')  and Schellenberg and Ul l r ich(6)  m e  isolated after 

?he experimental procedures we followed should not 

In 

bicarbonate washes a t  loom m a t u r e .  

reactions occurred a t  a level that could be detected by analysis  including 

several chromatographic systems. 

W e  must conclude that no such side 

EXPERIMENTAL 

m p s  are uncorrected. tW? spectra were  measured on a Varian &We1 
T-60 NMR Spectnm?ter i n  d6-DMSO using TFS as in te rna l  standard. 
analyses were performed on a Perkin-Elmer 240 Analyzer. 
graphic (W) results w e r e  obtained on S i l i c a 1  G e l  60 F-254 (E. Merck, 
Damstadt, &many). Solvent systans used were; A. 93:7:10 THF:cyclohexane: 
H 2 0  B. 75:24:1 ether:MeOH:H20 C. 75:24:1 cHcl3:MeoH:Ibo D. 75:24:1 
C H C ~ ~ : B ~ O H : H Z O  E. 9O:lO CHC1~:mAc. High Pressure Liquid Chrcanatography 
(HPLC) w a s  p e r f o d .  by placinq a 100 mcg sample of peptide on a 2f t .  x 4 mn 
colm w i t h  CIS Carasil reverse phase packing (Waters Assoc.) and e lu t ing  a t  
300 p s i  and a flow rate of 100 ml/hr with a solvent gradient mns is t ing  of 
15% C H 3 C N  i n  0.05M, pH 8.5 sodium borate buffer and 1% CH3C". 
was mnitored  a t  254 nm. 

Elemental 
Tkin layer chranato- 

The eluent  

Z-gly-gly-OEt. - To 320 my (66.97 9.) Z-gly-OH i n  200 ml m!J? a t  -15' 

was  added 35.76 m l  (319.97 mM) N-mthyl morpholine (W) and 39.73 m l  

(319.97 M) isobutyl chloroformate (IECF). After stirrinq a t  -15 for 5 
0 
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J.  A .  HOFFPUNN AND PI. A .  T I U K  

minutes, a ch i l l ed  Solution of H-gly-OEt (prepared by neutr-ization of 

27.916 g. (200 KM) H-gly-OEt*HCl i n  150 ml DMF with 22.55 ml (200.2 m) 

NMM) was added. 

a t  -15' for 16 hr. 

to maintain pH 8 for 30 min. a t  0'. 

a t  0' was  added. The p rec ip i t a t e  was  f i l t e r e d  and washed w e l l  with water. 

The pmduct  was then dissolved i n  EtOAc, treated w i t h  decolorizing carbon 

and the solut ion was evaporated on a rotary evaprator to a sol id .  

turat ion with petrolem ether afforded 45.319 g. (77%) of a white, 

c rys t a l l i ne  solid, mp. 80-82 . 
$&. C a l d .  for C14H18N205: C ,  57.14; H, 6.06; N, 9.52 

Found: C, 57.41; H, 6.05; N, 9.20 

The mixtm was stirred for 3 hr. a t  -15' and then stored 

A saturated aqueous solut ion of KHm3 a t  0' was added 

One liter of 50% saturated NaC1/H20 

T r i -  

0 

' H - W ( m 6 ) :  6 = 1.2 ( t , 3 H ) ,  3.9 (m, 4 H ) ,  4.15 (m, 2 H ) ,  5.1 (S, ZH) ,  

6.05 (m, 1H), 7.2 (m, lH), 7.4 (s, 5H). TLC, A. Rf= 0.73 B. Rf= 0.79 

C. Rf= 0.87 D. Rf= 0.78 E. Rf= 0.75. 

Z-gly-gly-+ly-OEt. 

hydrogenolyzed i n  50 ml MeCH plus 10  ml lN HC1 with H21. and 5% Pd/C (wetted 

w i t h  M H )  for 4 hr. at 23'. A f t e r  filtration and evaporation of the f i l t r a t e  

to an o i l ,  1 0  m l  of EM? was added. The dipeptide ester hydrochloride was  

neutralized w i t h  1.12 m l  (10 RM) NMM and the solut ion was cooled to -15'. 

In a separate f la sk ,  16 I-W (3.3483 9.) Z-gly-Cm dissolved i n  30 m l  W w a s  

cooled to -15'. 1.8 ml (16 mM) W and 2.0 ml (16 mM) IBCF were  add& and 

the solut ion was  stirred 5 min. at  -15'. 

was added to the mixed anhydride solut ion a t  -15'. 

stirred 1 hr. and then stored 18 hr. a t  -15'. 

and 100 ml of 50% saturated N a C l f i 2 0  followed by f i l t r a t i o n  and washing w i t h  

water yielded 3.1114 g. (88%) of a white, amOrphouS solid, mp. 150-153'. 

- 10 nM (2.9431 9.) of the above Z-gly-gly-OEt was  

The ch i l l ed  dipeptide solut ion abave 

The react ion mixture was 

The usual treatment with KHm3 

And. C d d .  for C i g H 2 1 N @ 6 :  c, 54.70; H, 6.02; N, 11.96 - 
2 18 
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SYNTHESIS OF GLYCYL-GLYCINE PEPTIDE BONDS 

Found: C,  54.73; H,  6.06; N, 11.87 

1 ~ - ~ ( ~ ~ 6 ) :  fi = 1.2 (t, W ) ,  3.8  (m, 6H), 4 . 1  (m, 2H), 5.1 ( s ,  2H), 

7 . 4  ( s ,  5H), 8.2 (m, 2H). W, A. R =  0.55 E. R =  0.22. W E ,  a s i n g l e  

s m t r i c a l  pc& w i t h  a retention time of 0.24 hours. 

f f 

XI--. - The authors express thanks to Mr. E. E. Logsdon fo r  his 

s k i l l f u l  help in  performing the high pEssure l iquid chrcmatography mrk .  
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