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i-Butyl Esters of Amino Acids and Peptides and their Use in Peptide Synthesis1 

BY GEORGE W. ANDERSON AND FRANCIS M. CALLAHAN 

RECEIVED NOVEMBER 30, 1959 

The synthesis of £-butyl esters of amino acids and peptides and their use in peptide synthesis is described. The most 
convenient method was the acid-catalyzed reaction of isobutylene with benzyloxycarbonylamino acids or peptides followed 
by catalytic hydrogenation to produce the basic esters. Another general method entailed the use of silver salts and /-butyl 
iodide. /-Butyl esters are particularly useful in peptide synthesis in that the ester group may be removed by acid catalysis 
and thus side reactions encountered in alkaline hydrolysis may be avoided. Other advantages arise from the stability of 
amino acid or peptide esters as free bases, particularly in allowing their storage and use as such. Comparative stabilities to 
ethyl esters are reported in several examples. The synthesis of several /-butyl peptides is reported as well as selective re
moval of this ester group or of amine-protecting groups when both are present. 

In recent years naturally occurring peptides with 
high biological activities in such diverse fields as 
antibiotics, bacterial growth factors, hormones, 
smooth muscle stimulants and pain-producing sub
stances have been isolated. Synthesis of such pep
tides has not kept up with structure determination 
largely because present methods are time-consum
ing and frequently give poor yields.2 As part of an 
investigation of synthetic methods, the work re
ported here was directed toward improvements of 
carboxyl-protecting groups. 

I t has been found that /-butyl esters of amino 
acids and peptides have advantages over the cus
tomarily used methyl and ethyl esters. Specifi
cally, they are much more stable as the free bases to 
self-condensation reactions (Table IV) and thus 
may usually be stored and used as such. This 
avoids the customary neutralization of hydrohalide 
salts with bases such as triethylamine during a 
peptide synthesis, a complicating procedure which 
adds to the danger of racemization in sensitive 
cases as well.8'4 Perhaps more important, the 
many side reactions of saponification of peptide 
esters2 can be avoided since the /-butyl group is 
readily removed by acid catalysis under mild 
conditions. In comparison to benzyl esters, /-butyl 
esters are much more readily removed by acid 
catalysis and are not affected by hydrogenation in 
the presence of palladium or platinum. 

Two general procedures for the synthesis of 
amino acid and peptide /-butyl esters have been 
investigated. In both an amine-protecting group 
which was subsequently removed was used. In 
spite of the extra steps necessary it seems likely 
that the utility of /-butyl esters will make this worth 
while. 

(1) Presented in part at the 133rd Meeting of the American Chemi
cal Society at San Francisco, Calif., April, 1958. During preparation 
of this manuscript, a brief note on amino acid f-butyl esters appeared 
(R. W. Roeske, Chemistry 6f Industry, Sept. 5, 1959). 

(2) For a recent review see M. Goodman and G. W. Kenner, Ad
vances in Protein Chem., 12, 465 (1957). 

(3) G. W. Anderson, J. Blodinger and A. D. Welcher, T H I S JOURNAL, 
74, 5309 (1952). 

(4) H. J. Penneman, A. F. Marx and J. F. Arens, Rec. trav. chim., 78, 
488 (1959). 

The first method entailed the reaction of silver 
salts of acylamino acids or acylpeptides with /-butyl 
iodide (example 1 in Experimental and Table I). 
Although this is straightforward, the second method 
is simpler, gives better yields and is preferable for 
large-scale reactions. In the latter, acylamino 
acids or acylpeptides were treated with a large 
excess of isobutylene in the presence of sulfuric 
acid or p-toluenesulfonic acid as catalyst. The 
products were isolated by treatment with aqueous 
alkali (example 2 and Table I). The preferred 
amine-protecting group in this investigation was 
benzyloxycarbonyl (carbobenzoxy) but others were 
used (see experimental). 

The benzyloxycarbonyl group was removed by 
hydrogenation and phosphite salts were prepared 
for purification and characterization. Since phos
phorous acid is weak, danger of cleavage of the 
/-butyl group was avoided (example 3 and Table 
II). In some cases, phosphite salts were not iso
lated, but were converted to the free bases (example 
4 and Table III). 

Several peptides were synthesized from amino 
acid /-butyl esters by the tetraethyl pyrophosphite,3 

dicyclohexylcarbodiimide5 and p-nitrophenyl ester0 

procedures. 
Since commonly used amine-protecting groups 

have varying degrees of sensitivity to removal by 
acids, selective or simultaneous removal with /-butyl 
esters is possible. Thus refluxing with p-toluene-
sulfonic acid in benzene was used to remove selec
tively /-butyl esters in the presence of benzyloxy
carbonyl or trifluoroacetyl groups (examples 6 and 
8B). A stronger acid, hydrogen bromide in 
glacial acetic acid, does not affect phthaloyl groups 
(example 11) or trifluoroacetyl groups at 10° 
(example 8A), but it will simultaneously remove 
benzyloxycarbonyl or /-butyloxycarbonyl groups 
along with /-butyl esters (example 15). 

The trifluoroacetyl group can be selectively re
moved from trifluoroacetylpeptide /-butyl esters 

(5) J. C. Sheehan and G. P. Hess, THIS JOURNAL, 77, 1067 (1955). 
(6) M. Bodansky, Nature, 175, 085 (1955); B. Iselin, W. Rittel, P. 

Sieber and R. Schwyzer, HeIv. Chim. Ada, 40, 373 (1957); M. Good
man and K. C. Steuben, THIS JOURNAL, 81, 3980 (1959). 
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TABLE I 

BENZYLOXYCARBONYLAMIXO ACID Z-BLTYL ESTERS, 7,R-O-, 

R 

D L - a l a 6 

g l y 

g l y 

L - g l u 

L - g l u - 7 -

L-IeU 

L- l eu 

L- i l eu 

L - m e t c 

L - p h e 

L - p h e 

D L - p h e 4 

D - p h e 

L - p r o 

L - t y r " 

DL-va l* 

L - v a l 

" S e e 
F o u n d : 

XH, 

M e t h o d 

Z-Bu 
Ag 
j-Bu 
i-Bu 
•j-Bu 
i-Bu 
Ag 
i-Bu 
V-Bu 
Ag 
j-Bu 
-Bu 
-Bu 

i-Bu 
i-Bu 
i-Bu 
i-Bu 

Yield, 

% 
46.8 
36 
69 
95 
64 
94 
9 
86 
82 
30 
50d 

61 
90 
95 
56 
59 
97 

(C1 E t O H ) 

- 1 0 . 9 ° (5) 

- 8 . 8 (3.1) 
- 2 7 ( 5 . 7 ) 

- 4 . 4 ( 2 ) 
- 4 . 6 ( 2 ) 

+ 4 . 5 ( 2 ) 
- 5 2 . 5 (2.2) 

•Bu" 
— Calcd 

H 

examples 1 and 2 for procedures used 
9.78. d Crude yield 7 1 % , m.p. 78-80° 

Physical cons t an t s 

M25D 1.4877, dr'-ib 1.0710 
B. 162-165° (0 .4mm. ) , »2iD 1.4960 63 4 7 
K29D 1.4976 
M25D 1.4867, d*% 1.1032 
M. 94-95° 60.7 7 
M25D 1.4853, d 2 M . 0 4 2 8 
M26D 1.4853, d"2i 1.0532 
W20D 1.4865, dwi 1.0473 67.3 8 
Ji20D 1.5190, d2% 1.1226 
M. 81-82° (MeOH-H2O) 
M. 80.5-81.5° (diisopropyl ether) 
M28D 1.5196, (J728SS 1.0914 
M. 80-81° 
M. 44-45° (ether-petr. ether) 
«26-5D 1.5222, dto*ts.b 1.1212 
B27D 1.4806, d21

r, 1.4806 
«2»D 1.4887, d*\ 1.0580 66.4 8.20 

6 Reaction carried out in methyl isopropyl ke 
this is suitable for the reduction step. 

60.2 
71.(1 

71.0 
66.9 

47 
42 
09 

5 28 63.7 

19 8.33 «0.6 

4.3« 
4.13 
3.94 

3.94 
4. 59 

4.56 

tone. 

'mind 
II N 

38 5.33 

12 8.23 

67.1 8 
59.6 7 
71.0 7 

70.3 
66,7 

66.3 7 

'' Calcd. 

71 4.42 
36 4.27 
21 3.89 

24 4.01 
89 4.4« 

99 4.7« 

S, 9.44. 

XH2 

Yield 
from 
Z. de

riv.,* % 

TABLE II" 

PHOSPHITE SALTS OF AMIXO ACID Z-BUTYL ESTERS, H3PO3-H-R-O-Z-Bu" 

M . p . , 
0 C . 

R e c r y s t n . 
solvent M 2 5 D (c, H2O) 

-Calcd . -
H 

- F o u n d -
H 

L - G l U 

g l y 

L - l e u 

L - p h e 

D L - p h e 

L - t y r 

D L - v a l 

74 
82 
70 

35 
55 

123-124 
155-157 d. 
163-164 d. 
156-158 d. 
168-169 d. 
167.5 d.c 

138-139 d. 

MeOH-(J-Pr)2O 
MeOH-(J-Pr)2O 
EtOH-(J-Pr)2O 
MeOH-(J-Pr)2O 
i-PrOH 
MeOH-(J-Pr)2O 
MeCOEt 

+ 15.3° (4.59) 

+ 5 .0 (5 ) 
+ 3 . 1 (4.58) 

+ 4 . 4 ( 5 . 0 1 ) 

38.0 
33.8 
44.6 
51.4 
51.4 
48.9 
42,4 

7.44 
7.56 
8.92 
7.31 
7.31 
6.94 
8.69 

9.86 
6.57 
5.20 
4.62 
4.62 
4.39 
5.49 

38.0 
34.1 
44.6 
50,8 
51 ,4 
48.9 
42.5 

7.52 
7.89 
9.15 
7.38 
7.29 
6.71 
8.81 

° See example 3 for procedure used. * Z = benzyloxycarbonyl (carbobenzoxy). c The pure compound dec 
sharply at 167.5° without melting, presumably losing isobutylene; the remaining product then melted 185-188°. 

9.82 
6.71 
5.20 
4.63 
4.62 
4.35 
5. 56 

imposed 

L - g l u " 

g l y 

L-i leU 

L - l e u 

D-J)Il" 

D L - p h e 

i . - p h e 

L - p r o 

L - t y r 

L - v a l 

" S e e 

Yield 
from 

Z. der iv . 
or phos 

ph i t e 
sal ts & 

60 (Z) 
83 (P) 
82 (Z) 
85 (Z) 
86 (Z) 
" ( P ) 
86 (Z) 
77(Z) 
50 (P) 
88 (Z) 

example 

TABLE III 

AMIXO ACID ZCYZ-BUTYL ESTERS, H-R-O-Z-Bu" 

B.p. (mm.) 
or m.p., 0C. iapu (c, KtOH) 
110(0.05) + 1 6 . 6 ° (5.4) 1 
30(2) 1 
52(0 .45) + 2 6 . 7 ( 1 0 0 % ) 1 
45(0 .15) + 2 1 . 6 ( 2 . 5 ) 1 

1 1 5 ( 0 , 7 5 / - 2 4 . 8 (100%.) 1 
96 (0.35) 1 

107(0.25)" + 2 4 . 0 ( 1 0 0 % ) 1 
57(1 .5) - 4 1 . 5 ( 1 . 8 ) 1 

142-143 
63(1 .25) + 2 5 . 5 ( 1 0 0 % ) 1 

4. b Z is beuzovloxvearbimvl, P 

4265 

is plu: 

d!", 
, MRD--
Calcd 

4378 
4239 
4309 
4254 
5006 
4536 
4970 
4421 0.971 

0.992 
0.960 
0.909 
0.899 
1.016 
1.014 
1 .015 

0.912 

sphitc ;• 

69.1 
35.1 
53.6 
53.6 
63.8 
63.8 
63.8 
46.8 

49.0 

,alt 

F o u n d 

69.1 
34.8 
53.3 
53.3 
64.0 
64.2 
«3.8 
46.7 

48.7 

M.p. 6C 

Calcd.-
C 

60.2 
54.9 
«4.1 
«4.1 
70.0 

70.6 
63. 1 
«5.8 
«2.4 

H 

9.72 
10.0 
11.3 
11.3 
8. «5 

8. «5 
10.0 
8.07 

11. 1 

F o u n d • 

5.40 
10.7 

7.48 
7.48 
«. 33 

6.33 
8. 18 
5.90 
8.00 

C 

60.0 
54.8 
64.6 
«3.9 
70.3 

70 
«2. 
05 
02 

H 

9.64 
10.0 
11.0 
11 .8 
8.94 

8.61 
10.2 
8.14 

11.2 

N 

5.69 
10.3 
7.43 
7.91 
0.31 

6. «3 
8.1« 
5.90 
8. 17 

'' Diester. 

b y a lka l i t r e a t m e n t ; t h i s c o m b i n a t i o n of p r o t e c t i n g 
g r o u p s cou ld b e v e r y useful ( e x a m p l e 9 B ) . 

Se lec t ive r e m o v a l of a / - b u t y l o x y c a r b o n y l g r o u p 
in t h e p r e s e n c e of a / - b u t y l e s t e r s h o u l d b e poss ib le 
w i t h t r i f luoroace t ic ac id . T h e r e m o v a l of p h t h a l o y l 
g r o u p s in t h e p re sence of e t h y l o r m e t h y l e s t e r s b y 
h y d r a z i n e is n o t p r a c t i c a l b e c a u s e t h e e s t e r s a l so 

r e a c t ; t h e r e s i s t a n c e of / - b u t y l e s t e r s t o an i ino lys i s 
r a i ses t h e poss ib i l i ty t h a t p h t h a l o y l g r o u p s c a n b e 
r e m o v e d in t h e i r p r e sence . T h e s e poss ib i l i t i es 
a r e u n d e r i n v e s t i g a t i o n . 

A c k n o w l e d g m e n t s . — W e t h a n k M r . L . B r a n c o n e 
a n d staff for a n a l y s e s a n d M r . W . F u l l m o r a n d 
staff for op t i ca l r o t a t i o n s a n d inf rared d a t a . 
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Experimental7 

Example 1. Preparation of /-Butyl Benzyloxycarbonyl-
L-phenylalaninate by the Silver Salt Method (see Table I ) .— 
Benzyloxycarbonyl-L-phenylalanine8 (m.p. 75-76°, 54.5 g.) 
was dissolved in an excess of concentrated ammonium hy
droxide, and the solution was concentrated under vacuum 
to near dryness. Isopropyl alcohol was added and the 
concentrating process repeated. Water was added (200 
ml.) and the resulting solution was combined with a solution 
of silver nitrate (30.9 g. in 200 ml. of water). The resulting 
precipitate of silver benzyloxycarbonyl-L-phenylalaninate 
was collected and dried in a steam oven; wt. 74 g. (88% 
yield), m.p. 183-188° dec. This was suspended in 500 ml. 
of anhydrous ethyl ether, and 35 g. of Z-butyliodide9 was 
slowly added. The precipitate of silver iodide was removed 
and washed with anhydrous ether. Evaporation of the 
combined ether portions in an open dish left Z-butyl benzyl-
oxycarbonyl-L-phenylalaninate (2Og., 3 3 % yield from Ag 
salt) as a crystalline solid. This was recrystallized by 
making a solution in 100 ml. of warm methanol and adding 
this to 100 ml. of water containing 2 g. of sodium bisulfite; 
yield 19 g., m.p. 79-80°. A 1-g. sample was recrystallized 
from 3 ml. of diisopropyl ether to yield 0.90 g., m.p. 81-82°, 
[a]2'D —4.4° (c2, ethanol). 

2. Preparation of Z-Butyl Benzyloxycarbonyl-L-prolinate 
by the Isobutylene Method.—Three ml. of coned, sulfuric 
acid was added to a solution of 74.3 g. (0.30 mole) of benzyl-
oxycarbonyl-L-proline10 in 600 ml. of methylene chloride. 
The solution was saturated with isobutylene, causing a 
volume increase of 300 ml. After 65 hours at room tempera
ture, the solution was added to 500 ml. of water containing 
sodium carbonate sufficient to neutralize all acids. The 
methylene chloride layer was separated, washed with water, 
then concentrated under vacuum at 60° to an oil which crvs-
tallized; weight 86.5 g. (95% of theory), m.p. 44-45°. 
A sample recrystallized from petroleum ether-ethyl ether 
by chilling in a Dry Ice-acetone mixture had the same m.p. 

3. Z-Butyl L-Phenylalaninate Phosphite from the Ben-
zyloxycarbonyl Derivative (see Table II).—Hvdrogenation 
of 10.7 g. of Z-phe-0-/-Bu inlOO ml. of ethanol with 1 g. of 
10% palladium-on-charcoal catalyst was complete in 90 
min. at room temperature and atmospheric pressure as 
measured by the disappearance of carbon dioxide in the 
exit gases. The mixture was filtered and 2.42 g. of crystal
line phosphorus acid11 was added, causing immediate crystal
lization of /-butyl L-phenvlalaninate phosphite: wt. 7.0 g. 
(77% yield), m.p. 156-158°, M25D + 3.1° (c 4.58, water). 
A sample recrystallized from methanol-diisopropyl ether 
had the same m.p. 

4. /-Butyl L-Prolinate from the Benzyloxycarbonyl 
Derivative (see Table III).—Hvdrogenation of 30.5 g. (0.10 
mole) of Z'pro-O-Z-Bu in 250 ml. of absolute ethanol in the 
presence of 3 g. of 10% Pd-C was accomplished in 3 hours. 
After removal of the catalyst, the resulting solution was 
concentrated to 75 ml. under vacuum and 8.2 g. (0.10 mole) 
of phosphorus acid in 200 ml. of ether was added. The 
phosphite salt precipitated as an oil so 250 ml. of water was 
added. The ether layer was separated and concentrated, 
giving 1.6 g. (5%) of unreacted Z-pro-0-/-Bu. The aqueous 
layer was made alkaline with 7 g. of NaOH and then ex
tracted with two 100-ml. portions of ether. The combined 
ether solutions were dried over sodium sulfate, then con
centrated under vacuum to yield 13.2 g. (77%) of an oil, b.p. 
approx. 57° at 1.5 mm. 

5. /-Butyl Benzyloxycarbonylglycyl-L-phenylalaninate. 
A. By the Isobutylene Reaction.—Z-gly-phe-OH(L)12 

(18.3 g., [a]25D + 38.5° (c 5, EtOH)) was suspended in 500 
nil. of methylenechloride and 1 ml. of coned, sulfuric acid was 
added. Isobutylene was passed in for 2 hours with stirring, 
and the resulting solution was stored at room temperature 
for 66 hours. The /-butyl ester was then isolated by stirring 
the solution with 200 ml. of 5% potassium hydroxide solu-

(7) Melting points were taken on a Fisher-Johns biock and are un
corrected. 

(8) M. Goodman and K. C. Steuben, J. Org. Chem., 24, 112 (1959). 
(G) Purified by washing with aqueous sodium bisulfite solution and 

drying over calcium chloride. 
(10) A. Berger, J. Kurtz and E. Katchalski, THIS JOURNAL, 76, 

5552 (1954). 
(11) Purchased from Fisher Scientific Co. 
(12) G. W. Anderson and F. M. Callahan, THIS JOURNAL, 80, 2902 

(1958). 

tion, separating the organic layer, washing it with 100 ml. of 
water, drying over sodium sulfate, filtering through Celite 
and removing the solvent under a vacuum. A 19-g. portion 
of the resulting 22 g. of thick oil was dissolved in 20 ml. of 
diisopropyl ether, filtered through Celite and diluted with 
100 ml. of re-heptane. The product, which rapidly crystal
lized, was separated after chilling an hour in ice-water and 
washed with diisopropyl ether; wt. 14 g. (75% yield), m.p. 
61-63°. A sample recrystallized from methyl ethyl ketone 
by adding heptane had m.p. 62-63°, H2 5D + 10.2° (c 2, 
E tOH) . Anal. Calcd. for C23H28N2O6: C, 67.0; H, 6.84; 
N, 6.79. Found: C, 66.6; H, 7.13; N, 6.62. 

B. By Peptide Synthesis Using Tetraethyl Pyrophos
phite.—Z-gly-OH13 (10.45 g.), H-phe^O-Z-Bu ( L ) (11.05 g.) 
and 15 ml. of tetraethyl pyrophosphite were added to 35 ml. 
of dimethoxyethane (distilled from calcium hydride). The 
solution was refluxed for 30 min., then added to 250 ml. of 
of ice-water. The oil which formed crystallized on refrig
erating overnight; yield 20.5 g. (99.5%), m.p. 60.5-62°. 
A 1-g. sample was recrystallized from 2 ml. of diisopropyl 
ether plus 10 ml. of re-heptane; yield 0.85 g., m.p. 61.5-
63.5°. 

6. Benzyloxycarbonylglycyl-L-phenylalanine from the Z-
Butyl Ester.—A 10.0-g. sample of the ester from 5A was 
refluxed in solution with 1 g. of p-toluenesulfonic acid in 75 
ml. of benzene for an hour. The cooled solution was ex
tracted with 300 ml. of 5% sodium bicarbonate solution. 
After filtration to remove a small amount of gum, acidifica
tion of the extracts gave a crystalline precipitate Z-gly-phe--
O H ( L ) . Recrystallization from 80.0 ml. of water vielded 
6.29g. (71%), m.p. 127-128°, H2 5D + 36.6 ± 0.5° (c 5, 
ethanol). 

7. Z-Butyl Trifluoroacetylglycyl-L-phenylalaninate.—Tri-
fluoroacetylglycine (0.010 mole), /-butyl L-phenylalaninate 
(0.010 mole) and tetraethyl pyrophosphite (0.011 mole) 
were added to 7 ml. of dry dimethoxyethane. The solution 
was refluxed for 30 minutes, cooled and diluted with 50 ml. 
of ice-water. The crystalline product which precipitated 
was collected, washed with water and dried; yield 3.60 g. 
(96%), m.p. 113-114°. Recrystallization was accomplished 
by dissolving in 15 ml. of isopropyl alcohol, filtering, and 
adding 50 ml. of water in portions; yield 3.10 g. (83%), 
m.p. 119-120°, M26D + 7.2° (c 5, ethanol). Anal. 
Calcd. for CnH21F3N2O4: C, 54.6; H, 5.66; N, 7.49; F , 
15.2. Found: C, 54.3; H, 6.20; N, 7.80; F , 15.7. 

8. Trifluoroacetylglycyl-L-phenylalanine from the /-
Butyl Ester. A. Using Hydrogen Bromide.—Five ml. of 
glacial acetic acid was saturated with HBr at 10°. The 
ester (1.02 g.) was added; this promptly dissolved. After 
2 minutes the solution was added to 25 ml. of ice-water, 
giving a slightly turbid solution. This was filtered after 10 
minutes and concentrated under vacuum to 15 ml. The 
dipeptide acid rapidly crystallized at this point. I t was 
collected after chilling an hour, and a further portion was ob
tained bv concentration of the filtrate to 10 ml.; yield 0.60 g. 
(71%), m.p. 184-187°. 

B. Using ^-Toluenesulfonic Acid.—A solution of 1.12 g. 
of the /-butyl ester and 0.10 g. of ^-toluenesulfonic acid in 5 
ml. of benzene was refluxed for 30 minutes. The product 
began crystallizing during the reaction; it was collected 
after cooling and washed with 3 ml. of benzene; yield 0.72 g. 
(76%), m.p. 184-185°. A 450-mg. portion was recrystal
lized by dissolving in 2,2-dimethyldioxolane and adding 3 
ml. of re heptane; vield 400 mg., m.p. 186.5-187°, [a]2br> 
+ 41.2 ± 0.5° (c 4.9, ethanol). Anal. Calcd. for C13 
Hi3F3N2O4: C, 49.1; H, 4.11; N, 8.80; F, 17.9. Found: 
C, 49.2; H, 4.41; N, 9.20; F , 16.8. 

9. /-Butyl Glycyl-L-phenylalaninate. A. By Hydro-
genation of the Benzyloxycarbonyl Derivative.—A portion 
(8.2 g.) of the product from 5A was hydrogenated in 100 ml. 
of ethanol with 2 g. of 10% Pd-C "catalyst for an hour. 
After filtering, the resultant solution was treated with a 
solution of 1.64 g. of phosphorus acid in 50 ml. of ether. No 
precipitate occurred, so the solution was concentrated to 
20-ml. volume. Addition of 300 ml. of ethyl ether and 300 
ml. of diisopropj'l ether precipitated a crude phosphite salt. 
This was added to 25 ml. of water containing an excess of 
sodium hydroxide, and the free base was extracted into 50 
ml. of ether. After drying over sodium sulfate, the solvent 
was removed under vacuum, leaving an oil which slowly 
crystallized on refrigeration; weight 3.8 g. (66% yield as 
the hemihydrate), m.p. 34.5-35.5°. Anal, (after 18 

(13) M. Bergmann and I,. Zervas, Bey., 68, 1192 (1932). 
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months at - 2 0 ° ) Calcd. for Ci6H22 N2O2-V2H20: C, 62.7; 
H, 8.07; N, 9.75. Found: C, 63.5; H, 8.23; N, 10.4. 
The m.p. was unchanged, [a]26D + 17.3° (c 4, EtOH) and 
neutral equivalent 292 (theory 287). Solution in anhydrous 
ether-petroleum ether (1:1) gave a slight haze, indicating 
possibly a small amount of the diketopiperazine. A better 
analysis was obtained for the freshly prepared material in B 
below. 

B. By Alkaline Hydrolysis of the Trifluoroacetyl Deriva
tive.— TFA-gly-phe-0-/-Bu()L (compd. 7, 3.16 g., 85 milli-
moles) was stirred with 15 ml. of N sodium hydroxide solu
tion for 5 minutes. The oil which separated was extracted 
into 40 ml. of ether (two portions). The ether layer was 
separated and shaken with 25 ml. of 0.6 N hydrochloric 
acid. The product was then liberated from the aqueous 
phase by the addition of solid KOH and extracted into 20 
ml. of ether (two portions). Removal of the ether under 
vacuum followed by drying by evacuation to 20 M pressure 
for 7 hours left 1.56 g. (65% yield) of an oil, w2«D 1.5094, 
which crystallized on refrigeration; m.p. 35-36°, [a]26D 
+ 17.7° (c 4, ethanol). Anal. Calcd. for Ci5H22N2O3-

1A 
H2O: C, 62.7; H, 8.07; N, 9.75. Found: C, 63.3; H, 
7.95; N, 10.08. Evaporation of the original ether extracts 
gave a recovery of 0.40 g. (12%) of the TFA peptide ester. 

10. /-Butyl Phthaloylglycylglycinate. A. By the Tet-
raethyl Pyrophosphite Procedure.—Phthaloylglycine14 and 
/-butyl glycinate (0.020 mole of each) were treated with 
tetraethyl pyrophosphite (0.022 mole) in 14 ml. of dry di-
methoxyethane by refluxing for 30 minutes. The product 
crystallized in quantitative yield on addition of 75 ml. of ice-
water; m.p. 163-164°. Recrystallization from 75 ml. of 
absolute alcohol yielded 4.48 g. (92%), m.p. 165.5-166.5°. 

B. By the Dicyclohexylcarbodiimide Procedure.— 
Phthaloylglycine, /-butylglycinate phosphite and triethyla-
mine (0.010 mole of each ) were dissolved in 17 ml. of tetra-
hydrofuran, then 2.27 g. (0.011 mole) of dicyclohexylcarbo
diimide was added with stirring. The temperature of the 
solution slowly rose to 46°; after 5 minutes, the reaction 
was expedited by refluxing on a steam-bath for 10 minutes. 
The dicyclohexylurea which crystallized was collected at 
room temperature; m.p. 220-222°. One ml. of acetic acid 
was added to decompose excess dicyclohexylcarbodiimide, 
and 50 mg. of a precipitate having m.p. 153-156° was col
lected after 2 hours. Addition of 50'ml. of water to the fil
trate gave a crystalline precipitate; weight 2.68 g., m.p. 
145-148°. Solution of this product in 20 ml. of methyl 
ethyl ketone left 30 mg. of the urea undissolved. Addition 
of 50 ml. of n-heptane to the filtrate gave 1.0 g. of crystalline 
peptide derivative, m.p. 164-165° and additional heptane 
gave 0.35 g., m.p. 161-163°. The higher melting fraction 
was recrystallized from absolute ethanol; weight 0.8 g., 
m.p. 165-165.5°. Anal. Calcd. for Ci6Hi8N2O5: C, 60.4; 
H, 5.70; N, 8.80. Found: C, 60.3; H, 5.57; N, 8.93. 

Evaporation of the original methyl ethyl ketone-heptane 
filtrates gave 0.89 g. of a compound having m.p. 150-160°. 
Recrystallization of this from absolute ethanol yielded 0.42 
g., m.p. 180-182°, which gave correct analyses for phthaloyl-
glycyldicyclohexylurea. Calcd. for C23H^N3O1: C, 67.13; 
H, 7.10; N, 10.21. Found: C, 67.11; 11,7.43; N, 10.15. 

11. Phthaloylglycylglycine from its /-Butyl Ester.—The 
ester (0.74 g.) was added to a solution of 0.77 g. of hydrogen 
bromide in 5 ml. of glacial acetic acid at 10°. The material 
apparently did not dissolve, so an additional 4 ml. of acetic 
acid was added and hydrogen bromide was bubbled in for 2 
minutes. Insoluble material was collected, washed with a 
few drops of acetic acid, then a few ml. of water, then dried. 
The product had m.p. 233-234°, and the m.p. of a sample 
mixed witli authentic material15 was not depressed. The 
yield was 0.58 g. (95%). 

12. /-Butyl Benzyloxycarbonylprolyl-L-leucinate. A. 
By the Tetraethyl Pyrophosphite Method.—/-Butyl i,-
lcucinate was liberated from its phosphite salt by treatment 
with aqueous alkali, extraction into ether, drying the solu
tion with anhydr. sodium sulfate and evaporation of the 
ether under vacuum. The product from 2.16 g. (0.0080 
mole) of the phosphite was dissolved in 20 ml. of redistilled 
diethyl phosphonate along with 1.99 g. (0.0080 mole) of 
benzyloxycarbonyl-L-proline10 and 3.0 ml. (0.011 mole) of 
tetraethyl pyrophosphite. After heating 30 minutes on a 

(14) J. H. Billmati and W. F. Harting, T H I S JOURNAL, 70, 1473 
(1948). 

(15) J. C. Sheehan and V. S. Frank, ibid., 71, 1856 (1949). 

steam-bath the solution was added to 50 ml. of ice-water and 
the product precipitated as an oil which soon crystallized. 
This was washed with 10 ml. of 5 % potassium bicarbonate 
solution, then water (2 X 10 ml.). The air-dried material 
had m.p. 89-91°, wt. 3.3 g. (97% yield). A sample was re-
crystallized from heptane containing a small amount of iso-
propyl alcohol; m.p. 89-90°, [a]aa - 7 6 . 5 ° (c 5, MeOH). 
Anal. CaICd^OrC23H34N2O6-1AH2O: C, 64.6; H, 8.25; N, 
6.56. Found: C, 64.6; H, 7.79; N, 6.67. 

B. By the ^-Nitrophenyl Ester Method.—A solution of 
3.76 g. (0.010 mole) of benzyloxycarbonyl-L-proline ^-nitro-
phenyl ester16 and 1.87 g. (0.010 mole) of /-butyl L-leucinate 
in 15 ml. of methylene chloride was kept at room temperature 
for 48 hours. I t was then washed with 30 ml. of 0.5 N so
dium hydroxide solution (to remove ^-nitrophenol) followed 
by 30 ml. of water. Washing with 15 ml. of an aqueous solu
tion of phosphorous acid ( I g . ) followed by 10 ml. of water (to 
remove any base) left a solution of the peptide derivative. 
This was obtained as a colorless solid, m.p. 89.5-91°, wt. 
4.15 g. (96% yield as the hemihydrate), by evaporation of 
the solvent. A 1.00-g. sample was recrystallized from 15 ml. 
of heptane to yield 0.85 g., m.p . 91.5-92°. 

13. Benzyloxycarbonyl-L-prolyl-L-leucine.—A solution of 
1.07 g. (2.5 millimoles) of Z-pro-leu-0-/-Bu(L, L) and 0.10 g. 
of p-toluenesulfonic acid in 10 ml. of benzene was refiuxed for 
an hour. The product was extracted with 30 ml. of 5% aque
ous potassium bicarbonate solution. Acidification of the 
aqueous solution produced a crystalline precipitate of Z p r o -
leu-OH(L, L ) , m.p. 117.5-118.5°, weight 0.38 g. Recrystal
lization from isopropvl alcohol (5 ml.) plus water (20 ml.) 
left 0.34 g. (37% viel'd), m.p. 118.5-119.5°, M25D - 6 2 . 7 ° 
(c 5, methanol). Anal. Calcd. for Ci9H26N-O5: C, 63.0; 
H, 7.23; N, 7.73. Found: C, 62.8; H, 7.44; N, 
7.70. 

Unreacted Z-pro-leu-O-Z-Bu was recovered from the ben
zene solution; wt. 0.40 g. (37%), m.p. 91-92°. 

14. /-Butyl /-Butyloxycarbonyl-L-prolyl-L-leucinate.—A 
solution of 4.30 g. (0.020 mole) of /-BOC- pro-OH(i.),17 

3.74 g. (0.020 mole) of H leu 0-/-Bu ( L ) and 6 ml. of tetra
ethyl pyrophosphite in 10 ml. of dry dimethoxyethane was 
refiuxed for 30 minutes. Addition of 30 ml. of water and 
chilling gave the crystalline product. This was collected 
and washed with 5% potassium bicarbonate, then water. 
After thorough drying in a vacuum desiccator, the yield was 
6.97 g. (91%) and m.p. 93-94°. 

Recrystallization from 50 ml. of ethanol by adding 00 nil. 
of water yielded 5.32 g., and addition of more water gave 0.86 
g. which was recrystallized again to give 0.64 g.; total 5.96 
g- ("6%), m.p. 93-94°. A sample prepared by the same 
procedure had the same m.p. and [a]25D —78.3° (r 5, metha
nol). This compound shows dimorphism; the melt at 94° 
soon crystallizes and this will then melt at 107-108°. The 
higher melting form readily goes over to the lower melting 
form on grinding with a spatula. Anal. Calcd. for C2IiNsO 
N,0 5 : C, 62.5; H, 9.44; N, 7.29. Found: C, 62.4; H, 
9.75; N, 7.37. 

15. L-Prolyl-L-leucine. A. From Compound 12.--A 
saturated solution of hydrogen bromide in glacial acetic acid 
was made at 0°. Then 2.14 g. (5 millimoles) of Z-pm-leu-f)-
/-Bu(L,L) was added. Gas was rapidly evolved on warming 
to room temperature. After 20 minutes, the hydrobromide 
of H-pro-leuOII was precipitated as a gum by the addition 
of about 100 ml. of anhydrous ether. This was separated, 
dissolved in 20 ml. of water and ammonium hydroxide was 
added to pli 7. The free peptide crystallized as a hemiliv-
drate; dry weight 0.79 g. (67%), m.p. 247-249°. Recrys-
lallization from 80 ml. of water yielded 0.40 g., m.p. 249.5 
250.5°, and addition of an equal volume of dimetlioxycthaiie 
to the filtrate yielded 0.10 g. with the same m.p.; total yield 
42%, [«125D - 7 9 ° (c 0.18, water). Anal. Calcd. for C1,-
11,0NoO3-

1AH^O: C, 55.7; H, 8.92; N, 11.8. Found: C, 
55.9; H, 8.94; N, 12.0. 

B. From Compound 14,—/-BOC-pro-leu-0-/-]>u(2i.) 
was treated with hydrogen bromide in acetic acid by the 
same procedure used in A. The crude yield of H-pro-leu-
O H ( 2 L ) was 78% and the recrystallized yield (from water, iti 
which the peptide is somewhat soluble) was 39%, [«]2 5D 
- 5 8 ± 1.5° (c 0.17, water), m.p. 250°. The discrepancy 
in rotation compared to the product in A is being investi
gated . 

(IG) M. Goodman and K. C. Steuben, ibid.. 81, 3980 (1959). 
(17) G. W. Anderson and A. C. McGregor, ibid., 79, 0180 (1957). 
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16. <-Butyl Trifluoroacetylglycyl-L-prolinate.—Tri-
fluoroacetylglycine18 (1.71 g., 0.010 mole), 2-butyl L-pro-
linate (1.71 g., 0.010 mole) and tetraethyl pyrophosphite 
(3 ml., 0.011 mole) were added to 7 ml. of dry dimethoxy-
ethane. After 30 minutes of refluxing, the solution was 
added to 50 ml. of ice-water and the peptide derivative soon 
crystallized. It was collected, washed with water and air-
dried; wt. 2.27 g. (69%), m.p. 89-90°. A 1-g. sample 
recrystallized from 10 ml. of methylcyclohexane yielded 0.85 
g. having the same m.p. and [a]25D —83° (c 2, ethanol). 
Anal. Calcd. for C3Hi9F3N2O4: C, 48.1; H, 5.91; N, 8.64; 
F , 17.6. Found: C, 48.2; H, 5.78; N, 8.90; F , 17.8. 

17. Ethyl Glycyl-DL-phenyalaninate. (Table IV).— 
Ethyl benzyloxycarbonylglycyl-DL-phenylalaninate3 (3.84 
g.) was added to 20 ml. of a solution of JV hydrogen bromide 
in glacial acetic acid and the resulting solution was heated on 
a steam-bath for 15 minutes. Addition of a double volume 
of ether and chilling caused crystallization of 3.05 g. (93% 
yield) of ethyl glycyl-DL-phenylalaninate hydrobromide, 
m.p. 154-155°; calcd. 2 4 . 1 % Br, found 24.0% (Volhard 
titration). The free base was obtained as an oil by adding 
anhydrous ammonia to a suspension of 1.66 g. (0.0050 mole) 
in 75 ml. of anhydrous ether, filtering off the precipitated 
ammonium bromide (Celite used) and evaporating the ether 
solution. The recovery was 90.4% for the dipeptide ester. 
Crystallization began in 38 minutes. After 5 hours at 25° 
the product was triturated with anhydrous ether (3 X 10 
ml.) and air-dried; a 73% yield (670 mg.) of DL-3(6)-benzyl-
2,5-diketopiperazine, m.p. 271-274° d e c , was obtained. 
After a period of 23 hours an additional 150 mg. of diketo-
piperazine with the same m.p. was isolated, making a total 
recovery of 89% from the free base. 

Comparative Stabilities of <-Butyl Glycinate and Ethyl 
Glycinate. (Table IV).—The free base of i-butyl glycinate 
was prepared by shaking 0.050 mole (10.65 g.) of the phos
phite salt with a mixture of 50 ml. of 2 JV sodium hydroxide 
and 100 ml. of ether. The ether layer was separated, washed 
with 10 ml. of water and dried with anhydrous sodium sul
fate. Concentration of the solution and distillation of the 

(18) F. Weygand and E. Leising, Ber., 87, 248 U954). 

The importance of uridylic acid in ribonucleic 
acid synthesis and its determination as a constituent 
of the novel nucleotide shown by Park and Strom-
inger1 to be implicated in bacterial cell wall forma
tion made it of interest to examine analogs of uri
dylic acid as potential antitumor, antiviral and an
tibacterial agents. 

Although considerable data have been accumu
lated concerning nuclear derivatives of pyrimidine 
nucleosides,2 relatively little information is avail
able concerning pyrimidine nucleosides which in
corporate substituted sugar moieties.3 For this 

* Presented at the Michigan-Toledo-South Bend Meeting in Mini 
ature of the America Chemical Society, Wayne State University, De
troit, Michigan, on February 26, 1960. 

(1) J. T. Park and J. L. Strominger, Science, 125, 99 (1957). 
(2) See, inter alia, "Antimetabolites of Nucleic Acid Precursors," 

D. W. Visser in "Antimetabolites and Cancer," A.A.A.S. Symposium, 
A.A.A.S. publication, 1955, p. 47. 

(3) J. J. Fox, J. F. Codington, N. C. Yung, L. Kaplan and J. O. 
Lampeu, T H I S JOURNAL, 80, 5155 (1958), and earlier papers. 

TABLE IV 

STABILITY OF AMINO ACID AND DIPEPTIDE ESTERS AS F R E E 

BASES 
Solid formation,0 %——^ 

Amino ester At rm. temp. At —20° 

1 H-gly-OEt6 100/4 days 35/21 d. 
2 H-gly-CW-Bu 25/325 d. 0 /700d. 
3 H-pro-O-i-Bu(L) Trace/150 d. 
4 H-PrO-OEt(L)0 100/30 d. 
5 H-gly-phe-OEt(DL) 73/5 hr. 
6 H-gly-phe-O-i-Bu(L) 0/23 d. Trace/540 d. 

<• The ether-insoluble solid from (5) was found to have the 
m.p. of the known diketopiperazine (see Exptl .) . The trace 
of material from (6) had m.p. 95° d e c , whereas the reported 
m.p. of the diketopiperazine is 260° (H. T . Huang and C. 
Niemann, T H I S JOURNAL, 72, 921 (1950)). ' P repa red 
from the hydrochloride by NH3 in ether and distilled under 
red ced pressure. c Prepared from the hydrochloride by 
Et 3 N in ether; b.p. 53° at 2.5 mm., »16D 1.4500. 

residue at 2 mm. yielded 4.0 g. (62%), b .p . 30°, »24D 
1.4227. The distillate was divided into two equal portions 
and each was placed in a screw-cap vial to exclude moisture 
and carbon dioxide.19 One sample was kept at —20° and 
the other at room temperature. Freshly prepared ethyl 
glycinate was prepared and kept under identical conditions 
for comparison. The latter solidified completely during 4 
days at room temperature, and was about one-third solid 
after 21 days at —20°. By contrast, i-butyl glycinate was 
unchanged after 30 days and only about one-fourth solidified 
after 325 days at room temperature; at —20°, no solid had 
formed in 700 days and the refractive index was unchanged. 
Reconversion to the phosphite salt, m.p. 157-159° d e c , was 
quantitative. 

(19) K. T. Poroshin, Yu. I. Khurgin and T. D. Kozarenko, Bull. 
Acad. Sci. U.S.S.R., 1453 (1959), have shown that carbon dioxide 
catalyzes the self-condensation of ethyl glycinate. 

reason, attention in the present work was directed 
initially toward the synthesis of the phosphonic 
acid analog (V) of uridylic acid (VI). The phos
phonic acid group bears an extremely close resem
blance to the acid function of a monophosphate 
ester both sterically and in pKK values, as has been 
pointed out previously.2-4-5 

Burger, et al.,* have described the syntheses of 
"7- [2,3,4-tri-0-acetyl-6-deoxy-6-(diethyl phos-
phonate) -/3-D-glucopyranosyl] -theophylline" and 
"6- benzamido- 9- [2,3,4-tri- O- acetyl- 6- deoxy- 6- (di
ethyl phosphonate)-/3-D-glucopyranosyl]-purine" in 
continuation of studies of phosphonate analogs of 
nucleotides, but no phosphonate analog of a nat
urally occurring nucleoside phosphate has been re-

(4) S. Preis, T. C. Myers and E. V. Jensen, THIS JOURNAL, 77, 
6225 (1955). 

(5) J. R. Parikh and A. Burger, ibid., 77, 2386 (1955); B. S. Griffin 
and A. Burger, ibid., 78, 2336 (1956). 

(6) J. R. Parikh, M. E. Wolff ana A. Burger, ibid., 79, 2778 (1957). 
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The synthesis of a diethyl 5'-deoxy-5'-phosphonate analog of uridylic acid is described, together with certain other 5'-
substituted uridines. The 5'-deoxy-5'-mercapto analog of uridine exists in the solid state and in neutral and acid solutions 
as a 5,6-dihydro-5',6-cyclic sulfide. In alkaline solution (0.01 N), ring opening occurs to regenerate the 5,6-double bond 
of an authentic uridine structure together with the formation of the 5'-mercaptide anion (vide X I I I —• XVT). 


