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freehydroxyl band; found: C, 73.24; H, 8.88). The 
presently described procedure is equally applicable 
to the steroidal sapogenins as exemplified by the 
performic acid oxidation of A7,9,11)-22-isoallo-
spirostadien-3(3-ol acetate3 to 9a,lla-oxido-22-iso-
allospirostan-3/3-ol-7-one acetate (m.p. 295-297°, 
[a]20D -128° (CHCl3), An^"1 1736 and 1718 cm.- ' ; 
found: C, 71.74; H, 8.94). Analogous trans
formations of this oxidoketone to 11-oxygenated 
22-isoallospirostan-3/°-ols have already been com
pleted and will be reported shortly in a detailed 
paper. 

Since the starting diol (I)5 has been prepared from 
both diosgenin3,4 and A5-pregnen-3j3-ol-20-one4 

(which is also available from stigmasterol), the 
above described experiments constitute the con
version of the two most abundant plant steroids 
into 11-oxygenated pregnane derivatives. 
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ACYLALKYLCARBONATES AS ACYLATING AGENTS 
FOR THE SYNTHESIS OF PEPTIDES 

Sir: 
Mixed anhydrides of carbonic with carboxylic 

acids have been found to be excellent acylating 
agents for the preparation of amides. In particu
lar, anhydrides between branched chain alkyl car
bonic acids and N-substituted amino acids or pep
tides react readily at low temperature with amino 
acid or peptide esters, or with a salt of an amino 
acid, to give the corresponding peptide or higher 
peptide in good yield. The by-products of the re
action, carbon dioxide and an alcohol, are readily 
removed and the peptide is obtained initially in a 
very high state of purity. 

For peptide synthesis, the over-all reaction is 
given by 

X-NHCH(R)COOCOOR'" + H 2 NCH(R' )COOR" — > -

X-NHCH(R)CONHCH(R' )COOR" + R ' " OH + CO2 f 

where X is a blocking group, R and R' are amino-
acid residues and R" is an esterifying or salt form
ing group. Best results have been obtained when 
R ' " is a s- or isobutyl radical. 

The mixed anhydrides are formed by treating s- or 
isobutylchlorocarbonate with a solution of the tri-
ethylamine salt of an N-substituted aminoacid or 
peptide in an inert solvent as toluene or chloroform 
at O to - 1 0 ° . The reaction is complete in 25-30 
minutes. A solution of the amino acid or peptide 
ester to be acylated, also in an inert solvent, is then 
added and the reaction mixture is allowed to warm 
to room temperature and stand overnight. Carbon 
dioxide evolution begins immediately upon addi
tion of the base and is substantially complete after 
several hours. In some cases, the formed N-sub
stituted peptide ester crystallizes directly from the 
reaction mixture and is essentially pure after wash
ing with water to remove triethylamine hydrochlo
ride. More generally, the reaction mixture is 

washed with water and with dilute sodium bicarbo
nate solution, dried and diluted with petroleum 
ether to crystallize the product. 

Amino acids may be used in this procedure by 
preparing a solution in one equivalent of 2 N alkali 
and adding this to the preformed mixed anhydride. 
The heterogeneous mixture is then stirred rapidly 
for 1-2 hours and the aqueous phase is separated, 
extracted with ether and acidified to precipitate the 
formed peptide acid. 

In general, s-butylchlorocarbonate gave slightly 
higher yields than the isobutyl isomer. Peptide 
ethyl esters prepared using these reagents to form 
the reactive mixed anhydrides include those of 
carbobenzoxyglycyl-L-tyrosine1 (68%); m.p. 129— 
130°, [a]24D +19.3° (c = 10, ethanol); dicar-
bobenzoxy-L-lysylglycine2 (64%), m.p. 89-90°, 
[a]24D —12.0° (c = 4, ethanol); carbobenzoxy-L-
leucyl-L-tyrosine8 (63%), m.p. 116-118°, [a]24D 
-14.9° (c = 10, ethanol); phthalylglycyl-L-leu-
cine3 (61%), m.p. 142-143°, H2 4D -23.2° (c = 5, 
ethanol); carbobenzoxyglycyl-DL-phenylalanylgly-
cine3 (83%), m.p. 134-135° (from carbobenzoxy-
glycyl-DL-phenylalanine and ethyl glycinate); 
phthalyl - DL - phenylalanylglycylglycine8 (67%), 
m.p. 164-165° (from phthalyl-DL-phenylalanine 
and ethyl glycylglycinate) and carbobenzoxygly-
cyl-DL-phenylalanyl-DL-phenylalanylglycylglycine3 

(59%), m.p. 188-193° (from carbobenzoxyglycyl-
DL-phenylalanine and ethyl DL-phenylalanylglycyl-
glycinate). 

Peptide acids prepared by the free aminoacid pro
cedure include carbobenzoxyglycyl-DL-phenylala-
nine4 (63%), m.p. 160-162°; carbobenzoxyglycyl-
DL-valine5 (49%), m.p. 127-128° and 146-147° and 
carbobenzoxy-DL-alanyl-DL-phenylalanine6 (50%), 
m.p. 145-146°. 

ADDED IN PROOF. We have just received a publication by 
R. A. Boissonnas (HeIv. Chim. Acta, 34, 874 (1951)) on this 
same general subject matter . 

(1) M. Bergmann and J. S. Fruton, J. Biol. Chem., 118,405 (1937). 
(2) M. Bergmann, el al., Z. fhysiol. Chem., 224, 26 (1934). 
(3) Carbon, hydrogen and nitrogen analysis was satisfactory. 
(4) H. Neurath, et al., J. Biol. Chem., 170, 221 (1947). 
(5) T. Wielandand R. Sehring, Ann., 519,122 (1950). 
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THE TOTAL SYNTHESIS OF SOME NATURALLY 
OCCURRING STEROIDS 

Sir: 
We have resolved methyl d/-3-keto-A4'9(u>'16-

etiocholatrienate1 by the following method. Re
duction of the keto-ester with sodium borohydride 
in ethanol gave a mixture of the corresponding 3-a 
and 3-;3-hydroxy-esters. Treatment with excess 
digitonin,2 followed by decomposition of the precipi
tated complex, gave material enriched in the desired 
d - 3 - /3 - hydroxy-ester. Further resolution was 
achieved by two repetitions of this procedure, and 

(1) Woodward, Sondheimer, Taub, Heusler and McLamore, THIS 
JOURNAL, 73, 2403 (1951). 

(2) Cf. Windaus, Klanhardt and Weinhold, Z. physiol. Chem., 126, 
308 (1923). 


