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if sulfur were part)icipating in elcctrron-pair acceptor 
typc conjugation. 

TABLE I1 
(tU.41,ITbTTVE RELATIONSHIP BETT%-VEES  if^ ~T.iI,UES FOR 

-s\x AND iig \'MALES FOR x 
. .  . "  

T ~ R  for 

/ionization\ -'\~b 
of benzoic ionization . .  . .  

-S,x Group up  for Xu \ acids (of phenols) 
~ ~~~~ 

--SCHs -0.17 -0 24 -0.03 
-SCOCHa +o . 5 2  +o. 10 +o. 12 
- XCK +O .63 +0.06 1 0 . 1 4  

a 1%. H. Jaffe, Chem. Revs., 53, 191 (1953). li The i i ~  

values for -S,x mere calculated from the data of Bord- 
\\ell and Boutan (2)  using the p1 values given in Table I1 
of reference (3). The aliphatic u1 values of Taft and Lewis 
nere used (see (a), Table I) except for the thiolacetoxy 
(-SCOCHd) and thiocyanate groups. The UI value for 
thc thiolacetoxy group TTas obtained from the data of 
Bordwell and Boutan2 using equations (1) and (6) of refer- 
ence (3)  and the p, and CY values given in Table I1 of refer- 
ence (3). The u1 value of the thiocyanate group has not been 
experimentally determined, and was estimated from the 
Pquation : 

. .  . .  

U'i-Ax = C1-x (A) + U I L \ H  

xhere 1/2.8 is a fall-off factor. This equation comes from 
iinpublished work of R. R. Taft, Jr., and I. C. Lewis 
which is patterned after earlier work of G. E. K. Branch 
and P*I. Calvin, The Theory of Organic Chemistry, Prentice- 
Hall, Inc., New York, N. Y., 1941, pp. 201-225. In  general, 
the method gives good agreement with experimental 
results. 

although the observed electron-pair acceptor 
participation by sulfur is small, the (p -d )  T conjuga- 
tion need not necessarily be small since the 
observed effect could be the net result of (p -d )n  
ronjugation, such as shown in resonance form (TI), 
acting against a somewhat smaller magnitude of 
ordinary ( p - p ) ~  conjugation of the type shown in 
resonance forms (IV) and (I). 
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At the time Schramm and Wissmanl reported on 
the use of phosphorus pentoxide for the synthesis 
of peptides, an essentially identical procedure was 

(1) G. Schramm and A. Wissman, Ber., 91, 1073 (1958). 

being developed in this laboratory. The purpcw 
of this communication is, first of all, t o  report that, 
contrary to the findings of the above author?, 
racemization can occur when ncylated peptides are 
employed as intermediates and, secondly, t o  supply 
additional information about the potential use- 
fulness of this synthetic procedure. 

The general procedure was as follows: A diethyl 
phosphite solutioii containing one mole of acylatetl 
amino acid, one mole of amino acid (or peptide) 
ester hydrochloride, and two moles of tri-n- 
butylamine, was added to a solution of phosphorus 
pentoxide in diethylpho,crphite. Mter being heated 
on a steam bath for forty minuter, the reaction 
mixture was poured into an aqueous sodium bi- 
carbonate solution. Crystallization frcyuently oc- 
curred at this point. The reaction was carried out in 
a hood, since phosphine appeared as a by-product. 

A number of the compounds not hitherto syn- 
thesized by this method are liqted in Table I a i d  
include peptides containing the following amino 
acid residues : glycine, D-alanine, JA-phenylalaninr, 
L-tyrosine, L-tryptophan, e-AT-carbobenzoxy-L-ly- 
sine, and L-glutamic acid dibenzyl ester. The pro- 
tecting groups include N-benzoyl, A'-carboheilzox-y, 

TABLE I 
PEPTIDE DERIVATIVES 

Yield,b X.P., n w . ,  
Compounda yo found lit. 

ZGly-Phe,OH(DL) 
Z,Gly-Phe,OH( L )  
Z.Ala-Gly,OBz( L )  
Z.AUa-Ala.OBz( D-D) 
Z.Phe-GlyOC2Hj( I,) 
B.Gly-Z.Lys.OCH3( L j z  
Tr.Gly-Gly.OCZH5 
2.  Ala-Tpr ,OCiHs( L-L) 
Z.Try-Glr OH(L) 
Z.Gly-Try.OH(Lj 
Z.Ala-Glu .( OBz)z( L-L) 

70c 160 
64c 125-126 
85 112 
75 138 
77 109 
75 146 
65 161 
50 136 
32c 156 
50c 142 
65 103 

]GOd 

lllf 
138" 

109-1 10" 
145j 
163k 
137' 
15gm 
14Zm 

104-105fl 

125-1 

a The abbreviations are those of E. Brand and B. F. 
Erlanger, J .  4m. Chem. SOC., 73, 3508 (1951). Tr  = trit,yl = 
triphenylmethyl; B = benzoyl; Z = carbobenzoxy; 137; = 
benzyl. b Yield of purified products. c Over-all yield of 
coupling reaction and subsequent saponification of methyl 
ester. J. Taughan, Jr., and R. L. Osato, J .  Am. Chem. 
Sac., 74, 676 (1952). e I<. Hofmann and ill. Berymann, 
J. Bioi. Chem., 134, 225 (1940) report [oily f38.5 (5.0clt 
in ethanol); we find [a]:: +37.8 (0.5% in et,hanol). fl3. F. 
Erlanger and E. Brand, J .  Am. Chem. Sac., 73, 3508 (1951). 
0 This is n1.p. of I>-L isomer as reported in ref. j .  '' G. TV. 
Anderson and R. TT. Young, J .  Am.  Chem. Sor., 74, 5308 
(1952). They also report [a]  "2 -16.0 (2y0 i n  ethanol); \\-e 
find [a]*< -17.3 ( 2 5  in ethanol). ' This compound mas 
saponified and converted, by hydrogenolysis, to hippuryl 
L-lysine: [a]'; -5 .2  (2.5% in water); ref. e reports the 5ame 
rotation. j &I. Bergmann, L. Zervas, a n d  F. Ross, J .  H i d .  
Chem., 111, 245 (1935). li G. hmiard, R. Heynes, and 1,. 
Velluz, Bull. Sac. Chim. Frunce, 191 (1955). ' M. Bergmann 
and J. S. Fruton, J. Biol. Chem., 145, 247 (1942). E. I,. 
Smith, J .  Biol. Chenz., 175, 39 (1948). n. H. Sachs and E. 
Brand, J .  Am. Chem. Sac., 75, 4608 (1953). They also 
report [a]y  -16.6 (2% in glacial acetic acid); n e  find 
[ a ] y  -16.8 ( 2 %  in glacial acct'ic acid). 
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and -V-trityl, Except for the peptide containing 
tyrosine and one containing tryptophan, the yields 
are good. The yield of tyrosine peptides could 
probably be increased by protecting the phenolic 
hydroxyl group. 

In  order to ascertain whether racemization would 
occur when an acylated dipeptide was used as an 
intermediate, the sensitive test of Anderson and 
co-workers3 was applied. Carbobenzoxyglycyl L- 
phenylalanine was condensed with glycine ethyl 
ester hydrochloride in the presence of tri-n- 
butylamine and the products were examined. 
Approximately 40% of the total product was found 
to be carbobenzoxyglycyl DL-phenylalanylglycine 
ethyl ester. The experimental conditions were 
modified in a number of ways without effecting a 
decrease in the extent of racemization (see Experi- 
mental section). 

Schramm and Wissmanl reported that no race- 
mization occurred when carbobenzoxyglycyl L- 
!eucylglycine ethyl ester was synthesized by the 
condensation of carbobenzoxyglycyl L-leucine with 
glycine ethyl ester hydrochloride in the presence of 
tri-n-butylamine and phosphorus pentoxide. Since 
their procedure was quite similar to  the one used 
in our laboratory, the degree of racemization must 
be influenced by the nature of peptide being synthe- 
sized. Our experiments demonstrate, however, that  
racemization is possible when acylated peptides 
are employed as intermediates in this reaction. 

It would appear from our work, as well as from 
that of Schramm and Wissman,l that phosphorus 
pentoxide is a valuable reagent for the synthesis 
of simple peptide derivatives of amino acids which 
lack reactive groups in their side chains or whose 
reactive groups are suitably protected. It is es- 
pecially adaptable to the synthesis of large quanti- 
ties of peptides in small reaction volumes, as illus- 
trated in the Experimental section by the prepara- 
tion of 90 g. carbobenzoxyglycyl L-phenylalanine. 
It has also been found to be a useful reagent for 
the preparation of hydroxamic acids and anilides 
directly from carboxylic acids. The synthesis 
of hexanohydroxamic acid from the acid and hy- 
droxylamine hydrochloride is described in another 
paper,4 as is the synthesis of a new substrate for 
trypsin, benzoyl DL-arginine-p-nitroanilide hydro- 
chloride.5 

EXPERIMEKTAL 

The following procedure was used to  prepare all com- 
pounds listed in Table I. In crystallizing these compounds, 

(2) Cf. K. Blau and S. G. Waley, Biochem. J. ,  57, 538 
(1954); S. G. Waley and J. Watson, Biochem. J. ,  57, 529 
(1954); E. Wunsch, G. Fries, and A. Zwick, Ber., 91, 542 
(1958). 

(3) G. W. Anderson and F. N. Callahan, J .  Am. Chem. 
XQC., 80, 2902 (1958). 

(4) W. Cohen and B. F. Erlanger, J. Am. Chem. Soc., 82, 
3928 (1960). 

( 5 )  B. F. Erlanger, N. Kokowsky, and W. Cohen, in 
preparation. 

the solvents used were the Same as those described in th r  
literature for the particular peptide derivative (see Table 
I). 

Standard procedure: Carbobeneoxyglycyl L-phenylalanine. 
-4 suspension of 85.5 g. (0.397 mole) of L-phenylalanine 
methyl ester hydrochloride (Tvlann Research Laboratories), 
83.2 g. (0.397 mole) of carbobenzoxyglycine,o and 148 g. 
(190 ml., 0.795 mole) of tri-a-butylamine in 125 ml. of di- 
ethylphosphite was added to  a solution of 56 g. (0.397 mole) 
of phosphorus pentoxide (Mallinckrodt, A.R.) in 175 ml. 
of diethylphosphite (Victor Chemical Works) (warming is 
necessary to  effect solution of the phosphorus pentoxide). 
The reaction mixture was heated on a steam bath for 40 
min., poured into 700 ml. of water containing an excess of 
sodium bicarbonate, and the resulting oil extracted into 
ethyl acetate. After washing with dilute hydrochloric acid 
and water, the ethyl acetate extract was dried over an- 
hydrous sodium sulfate and concentrated in vacuo to yield 
145 g. of an oil. The above procedure should be carried out 
in a hood, since a considerable quantity of phosphine appears 
as a by-product. 

The oily ester was saponified by allowing it to  stand in a 
solution of 236 nil. 2N of sodium hydroxide in 500 ml. of 
methanol for 90 min. a t  room temperature It was then acidi- 
fied with concentrated hydrochloric acid, concentrated in 
volume in vacuo and poured into 200 ml. of water. The re- 
sulting oil was extracted into ethyl acetate, washed with 
water, and dried over anhydrous sodium sulfate. Removal 
of the solvent zn vacuo gave a solid mass which could be 
crystallized from ethyl acetate-ether. The yield was 45 g. 
The mother liquor was found to contain unsaponified ester 
which was allowed to  react for an additional hour a t  room 
temperature with a solution of 150 m1.2h7 of sodium hy- 
droxide in 200 ml. of methanol. The reaction mixture was 
treated as above and yielded 51 g. of material, which was 
combined with the 45 g. obtained breviously and recrystal- 
lized from ethyl acetate-ether. The yield was 90 g. (64% 
over-all yield for both steps); m.p. 125-12'7'; [a12 $37.5 
(0.5% in ethanol); r e p ~ r t e d , ~  m.p. 125-126', [CY]: +38.5 
(570 in ethanol). 

Racemizatzon studies: Carbobenzox yglyc yl-L-phen ylalarayl- 
glycine. Carbobenzoxyglycyl-L-phenylalanine (356 mg., 1 
mmole), glycine ethyl ester hydrochloride (140 mg., 1 
mmole), and 0.48 ml. (2 mmoles) of tri-n-butylamine were 
suspended in 5.0 ml. of diethylphosphite. This mixture n w  
added to  a solution of 142 mg. (1 mmole) of phosphorus 
pentoxide in 5.0 ml. of diethylphosphite and the whole re- 
action mixture heated on a steam bath for 20 min. After 
this heating period, it was poured into 15 ml. of water, ex- 
tracted into ethyl acetate, and the ethyl acetate extract 
vas  washed successively with water, dilute hydrochloric 
acid, and dilute sodium bicarbonate. After drying over an- 
hydrous sodium sulfate, the ethyl acetate was removed zn 
vacuo, the residue was dissolved in absolute alcohol and 
allowed t o  crystallize in the refrigerator; yield, 140 mg. 
(32%), m.p. 130",   CY]^ 0 (c, 2, ethanol). According t o  An- 
derson and Callahan,3 this is the racemized product, $ .e . ,  
carbobenzoxyglycyl-DL-phenylalanylglycine ethyl ester. 

The mother liquor was taken to  dryness in vacuo and the 
residue crystallized from ethyl acetate-petroleum ether; 
yield, 140 mg., m.p. llb-12O0, [a ]Y  -12.8 (c, 2,  ethanol). 
Literature3 reports m.p. 120-120.5" and [a]:: -13.2 (c, 
2,  ethanol) for carbobenzoxyglycyl L-phenylalanylglycine 
rthyl ester. 

Essentially the same results were obtained when experi- 
mental conditions were changed as follows: (a) decreasing 
the reaction time to  10 rnin.; (b)  using free glycine ethyl 
ester in place of the hydrochloride and 1 mole of tri-n- 
butylamine; ( e )  heating the glycine ethyl ester with phos- 
phorus pentoxide for 10 min. prior to  addition of other rea- 

(6) M. Bergmann and L. Zervas, Ber., 65, 1192 (1932). 
(7) K. Hofmann and M. Bergmann, J .  Biol. Chsm., 134, 

225 (1940). 
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gmts; (d) decreasing the volume in order to discourage intra- 
molecular reactions: ( e )  carrying out the reaction a t  room 
temperature for 45 min. (the yield was decreased con- 
siderably but the same degree of racemization occurred); 
and ( f )  adding only 1 mole of tri-n-butylamine to the re- 
action mixture, 
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The type of influence which acetic anhydride has 
on the nitrating ability of nitric acid is not defi- 
nitely understood. Menke2 examined the nitrating 
abilities of inorganic nitrates with acetic anhydride. 
He found that nitrates of metals such as 

Cu, Ni, Co, AlrCe, and UOz++ acted as very 
strong nitrating agents in acetic anhydride, Menke 
suggested possibly that acetyl nitrate is formed in 
the nascent state and this is then decomposed as the 
temperature rises. Also, he found that the velocity 
of nitrat,ion could be modified by a change in 
temperature, the choice of inorganic nitrate, and by 
using mixtures of acetic anhydride and acetic 
acid in various proportions. PutokhinY nitrated 
thiopene with cupric nitrate-trihydrate in acetic 
anhydride and obtained good results. We found 
the reaction quieter with 80% acetic acid in place 
of acetic anhydride and almost nil with 6070 acetic 
acid. Dewar and fi4ai?lis4 nitrated quinoline using 
lithium nitrate with a little copper nitrate in acetic 
anhydride a t  100'. Traverses examined the nitra- 
tion of tetralin with copper and aluminum nitrates 
in acetic acid and acetic anhydride. Borewell and 
Garbisch6 in a recent study of the behavior of 
acetic anhydride and 70% nitric acid feel that the 
exothermic reaction between these compounds 
forming acetyl nitrate is essential for successful 

( I )  This work was supported by a grant from the Chemis- 
try Branch of the Division of Research, United States 
dtomic Energy Commission. 

(3 )  J. I3. Rlenke, Rec. Trav. Chim., 44, 141 (1925). 
(3) K. I. Putokhin, Sbornilc Nauch. Trudov Kuibyshev, 

(4) M. J. S. Dewar, P. hl. Maitlis, Chem. ck Ind., 48, 

(5) Georgio Traverso, Ann. Chim., 45, 706 (1955). 
(6) F. c*. Bordwell and C. W. Garbisch, ,Jr., J .  Am. 

Ind. Inst. im. V .  V .  Kuibyshivn, No. 5 ,  271 (1955). 

685 (1955). 

Chrtn Soc., 82, 3588 (1960) 

Moles Acetic Anhydride ( X  10+) 
Nitrations Kith I. UOn( N03)2.Nn04.H20. 11. UOt(Tu'03)~. 

6Hn0 
0 Nitrobenzene I 
X Nitrobenzene I1 
0 Nitro-0-xylenes I 

nitrations, and the acetyl nitrate so formcd is the 
nitrating agent. 

We initially intended to nitrate aromatic com- 
pounds with uranium nitrate-nitrogen tetroxide- 
water complex7 in acetic anhydride. It was noted 
that as the quantity of acetic anhydride was in- 
creased the reaction became increasingly vigorous. 
We therefore, investigated the influence of in- 
creasing amounts of acetic anhydride on the 
amount of mononitration products of benzene and 
o-oxylene. An excess of aromatic compound was 
used as a solvent. Nitration with uranyl nitrate 
hexahydrate was also investigated for comparison 
to the above uranyl nitrate complex. 

EXPERIMENTAL 

Benzene, 25 cc. and varying quantities of acetic anhydride 
(from 0.02 to 0.40 mole) were mixed in a 125 cc. Erlenmeyer 
flask immersed in an ice bath with a magnetic stirrer. 
Uranium nitrate-nitrogen tetraoxide-water complex (0.02 
mole) was slowly added to this mixture with constant stir- 
ring. Approximately 20 min. was taken for addition. A slight 
exothermic reaction occurred during addition of complex 
while the reaction flask was in the ice bath. When all the 
complex had been added and the solution was well stirred, it 
mas removed from the ice bath and stirring was continued 
a t  room temperature. A very vigorous exothermic reaction 
occurred, and a yellow precipitate settled out of the solution. 
The temperature vas  kept below 60" until the reaction had 
subsided. The yellow precipitate has been identified as uranyl 
acetate. The entire reaction mixt>ure was then washed twice 
with ice water and once with 5% sodium carbonate solution. 
The resulting organic lager was vacuum distilled. The 
nitrobenzene obtained was weighed and the amount in 
moles was recorded in Fig. 1 as a function of the moles of 
acetic anhydride used. 

Benzene nitrations were also carried out using uranyl 
nitrate hexahydrate (0.02 mole) in the same manner as 
above with the exception that addition of the solid nitrate 
was a t  room temperature, as the reaction was much less 
vigorous than that with the complex. 

(7) J. R. Lacher, Keith Ensley, Anne Tenge, and J. D. 
Park, J. Org. Chem., 24, 1347 ( I  959). 


