
NOTES 

SYNTHESES OF ALPHA AMIDE AND PEPTIDE DERIVATIVES OF DL-ASPARTIC ACID 

In  previous \\rorli we have prepared a and P amide and peptide derivatives of aspartic 
acid starting with K-benzyl-aspartic acid as the anhydride l~ydrochloride (1) or as  the 
inixed anhydride with chlorofor~nic acid obtained by reaction with phosgene (2, 3, 4). 
Exclusive preparation of the /3 derivatives in good yield was obtained starting with 
inaleic anhydride (3). In the previous methods, a amides and peptides were obtained 
sometimes exclusively, and sometimes in admixture with B derivatives (2, 3, 4). The  use 
of active amines or aminoacid esters led to  the formation of a derivatives, while with 
weali aromatic amines p derivatives were obtained (2, 4, G) .  From \.veal< aroillatic a~nines ,  
a derivatives were obtained only on using large excess of amine (6). 

In the present worli the use of /3-benzyl N-benzyl-DL-aspartate (I) as starting material 
for the exclusive formation of a-aspartyl ainides and peptides is described. In this com- 
pound the p-carbosyl group is 111aslied with a benzyl group, which can be removed easily 
by hydrogenolysis. The use of other ester groups such as the methj,l group [the corre- 
sponding N-benz!.l derivative has been prepared (7)] did not seem feasible, as these call 
be removed only by h>.drolysis, and it has already been shown that  such hydrolysis leads 
to  the formation of i~nide derivatives as  cyclic intermediates, which afterwards may open 
t o  ~, ie ld  either the a or B derivatives (8, 9). 

p-Benzyl N-benz!,l-DI.-aspartate (I) was prepared starting from benzyl inaleate as  
follows: 

CI-ICOOCH,CeH, + CeHjCI-IrSHz -+ CH~COOCHrCeH: 
II I 
~ ~ 1 ~ 0 0 1 - 1  CHCOOH 

I 

One equivalent of benzylamine was used, and it led exclusively to opeiling of the double 
bond without attacliing the ester group, showing that  addition t o  the double bond is 
preferable to  amidation (7). DL-Aspnrtic acid was obtained on hydrogenolysis of (I). 
Reaction of ( I )  with phosgene in diosane gave an active intermediate from \vhicl~ a -  
aspartpl ainide and peptide derivatives were obtained on reaction with two equivalents 
of amine or amino-acid ester in dioxane. The  product usually was difficult t o  crystallize, 
so that  the dioxane solution was evaporated after filtration froin the amine hydrochloride 
that  precipitated, and the product was hydrogenolyzed with alcohol in the presence of 
palladiun~ chloride (30% on carbon). In  the case of cyclohexylamine, the intermediate 
product N?-benzyl-N-cj.clohexy1-or-asparagine /3-benzyl ester was isolated. By this method 
the ! ields in inany cases were much higher than those obtained previously (2, 4). 

The a amides and peptides gave positive biuret reactions and purple spots on paper 
chromatograms as was found previously (2). 

Strzlcf~lre o f  the Ac the  Intermediate (11) 
T o  ascertain the nature of the active intermediate (11), the ltnown determinations (10) 

of acid chlorides, anhydrides, and amino acids by anhydrous titrations with sodiuill 
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metlloxide and Triton B (trimeth)-lbenz)~larnmoni~~m hydroxide) were used, as shown 
in the equations below: 

IiCOCl + Sn0C14.1 + IiCOOCIIJ + S a C l  (no back-titration \\-ith I-ICIOI) 

RCOCl + 2 (CI-13),SCiI-IjOI-I + RCOOS(CM3)3CiMi + (CH3)jNC;HjCI + Hz0 

IiCIICOOII $ LaOCHj + IiCI-ICOOSa + CI I ,OM ----+ IiCMCOOM + S a c 1 0  
I 1 back-titration I 

AII? S I I ?  11-I? MC10, 

I t  may be noted tha t  ~vhile 1 eqiiivalent of sodium metl~oxide is required for the titration 
of a chloride or anhgdride, 2 equivalents of 'Triton B are required. I-Iowever, we found tha t  
a solution of carbon clioxicle in dioxane required 1 equivalent of Triton B for titration, 
using thymol blue as indicator, the same as  1vit11 sodiuin metlloxide. 

The  internlediate (11) was prepared directly in dioxaile solution (excess phosgene 
expelled) and aliquot portions analyzecl. \:olhard titration for chlorine shotved the 
presence of approximately 1 equivalent of chlorine. Anhydrous titration with soclii~m 
methoxide using thymol blue as indicator required the use of 2 equivalents of reagent, 
while titration with Triton B required the use of 3 equivalents of reagent (10). Back- 
titration of the sodium metlloxide titrated aliquot with perchloric acid in dioxa~lc re- 
quired the use of 2 equivalents of reagent, one to  titrate the sodium carboxj~late formed, 
and the other the aini~lo group. Addition of fi-toluidine to the dioxaile solution of I1 
led to the generation of I mole equivaleilt of CO:. Also, the dioxane solution ol the inter- 
mediate did not t i tratc directly ~ v i t h  perchloric acid in dioxane wit11 thymol blue as  
indicator, presenting evidence tha t  the amino group was blocked. 

All these results are consistent with the formation of an  N-cl~loroform!~l derivative 
( I Ia) ,  bu t  not a mixed anhydride with cl~loroformic acid (IIb), which has a free ainino 
group, or a simple anhydride l ~ ~ ~ d r o c l ~ l o r i d e  between two n~olecules of the benzyl ester 
derivative. 

CI-I.COOCI-I~C~I-I~ CI-I.COOCI-I-.C~I-I~ 
I I 

Such an N-chloroforinyl derivative was formed in the reaction of phosgene with X- 
pl~cnyl-p-alanine or N-p-tolyl-P-amii~ob~ityric acid (11). I t  can cyclize (11) on reaction 
wit11 amines t o  a n  N-carboxyanhydride, nlllich decomposes wit11 carbon dioxicle evolution 
on reaction with additioilal amine. 

tried to  obtain more evidence from exalnination of the infrared spectra of the  
active intermediate (11). A mixed anhjdr ide structure, such as (IIb), must have double 
absorption pealcs a t  about 5.4 p and 5.G p whicll are not given by the K-chloroformyl 
structure (IIa).  The  clioxane solution was evaporated to  clryness i?z vaclio a t  :30°, and the 
residue showed a double absorptioil peak in the inlrarecl a t  3.4 p and .'>.G5 p,  ivllicl~ is con- 
sistent with either a mixed anhydride or an K-carboxyanh>,dride structilre. IIowever, 
during the evaporation, the compound must have undergone considerable transformation 
as  its chlorine content was reduced by some 30y0. T h e  dry compoul~d also evolved fumes 
of hydrogen cllloricle 011 standing. After several fractional crystallizatioils ol  the residue 
from dioxane - petroleuin ether or chloroform-ether, the K-carboxj-anhydride derivative 
of (I)  was isolated. This was identical with tha t  obtained on addition of an equivalent of 
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2 
7 
5 - 

'I'ABLE I ; Z 

a-DL-Asparty1 alllitles and peptides 4 

- . - 
0 

- --- - - c 
P 

Nitrogen, 75 Z 
Carbon, 7; I-Iydrogen, % Nitrogen, r/b (Van Slyke) $ 

N-Al1;yl (or aryl)- n'I.p.,* Yield, 
(17 

0 
~~-0-asparagine "C / o  X I  Formula r' : ,Calc. Fountl Calc. 1;ound Calc. Found Calc. Found 7 
- 0 

Phenyl (6) 252 GO 0.79 C ~ O H ~ ? S ? O J  57.7 57.6 5 . 8  5 .8  13.4 13.0 6.7 6 .5  ; 
0-Naphthyl 227 95 Cl.!I-Ii 1x203 10.8 10.6 5.4 5.2 '% 
p-Tolyl (1) 235 60 0.79 CIIH14N?O3 58.5 59.5 6 . 3  6 . 2  12.6 12.7 6 . 3  6 .3  E 
IsobutyI 242 80 0.87 CsI-I,,S203 51.1 51.1 5 . 5  8 . 6  14.9 14.5 7 .4  7 .3  2 
?~-Butyl (4) 226 70 0.89 CjN,cNe03 51.1 51.1 8 . 5  8 . 5  14.9 14.7 7 . 4  7 .4  5 
n-Hesyl (4) 223 65 0.83 CioI-InoNnOs 55.5 55.1 9 . 3  9 . 3  13.0 13.1 6.5 6 . 6  
Carbethosy~~iethpl (2) 175 60 0.89 C,I<,4N2o5 44.0 43.7 6 .4  6 . 2  12.5 12.7 6.4 6 . 5  5 
2-Carbethoxpethpl (3) 188 50 0.93 CgI-Il,Nz05 46.5 46.5 6 . 9  6.9 12.0 12.3 6.0 6 . 3  

1.2 

"Substances were recrystallized from ethanol or water. + 
0 
C: + 
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