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nated as below : BA W-butanol: acetic acid: water-4: 1 : 5. 
The upper phase was used: BAm-butanol: 1.5A' ammonium 
hydroxide-1: 1. The upper phase was used. MPW-methyl 
ethyl ketone: pyridine: w a t e r 4 :  1: 1.6. The compounds 
were located on the paper by means of ninhydrin (N) or 
diazotized sulfanilic acid (P). A compound which has an  
Rs value of 0.5 in the MPW system and was located with 
ninhydrin reagent is reported as Rypw 0.5 (N) .  

N-Carbobenzyloxy-L-Iralyl- L-tyrosyl-L-tyrosane methyl ester 
(IIIa).  A solution of 12.5 g. of L-tyrosine methyl ester2 in 92 
ml. of N,N-dimethylformamide was cooled to about 0" 
in an ice bath and 13.5 g. of N,N'-dicyclohexylcarbodiimide 
was added. A cold solution of 26.6 g. of N-carbobenzyloxy- 
L-valyl-L-tyrosine' in 180 ml. of ethyl acetate was added 
dropwise during a period of 30 min. while the reaction mix- 
ture was stirred. After 2 hr. a t  O', the mixture was kept 
a t  room temperature for 16 hr. The N,N'-dicyclohexylurea 
(12 g.; 82%) was removed and the filtrate was concentrated 
a t  reduced pressure. The residual oil (55 8.) was dissolved 
in 150 ml. of warm ethyl acetate and kept a t  0" for 2 hr. 
About 0.2 g. of additional N,N'-dicyclohexylurea was re- 
moved. The ethyl acetate solution was washed with 100 ml. 
of saturated sodium bicarbonate solution and 100 ml. of 
saturated sodium sulfate solution. The product (23 g.) crys- 
tallized rapidly from the ethyl acetate layer. Recrystalliza- 
tion from 75 ml. of methanol gave 16.5 g. of N-carbobenzyl- 
oxy-L-valyl-btyrosyl-Ltyrosine methyl ester, m.p. 173-176'. 
A 0.5-g. sample of the product, recrystallized from 5 ml. of 
methanol, gave 0.38 g. of N-carbobenzyloxy-cvalyl-L- 
tyrosyl-L-tyrosine methyl ester, m.p. 175-177'; [a] aJ 
-6.0' (c, 2.02 in N,N-dimethylformamide). 

Anal. Calcd. for C32H37N308 (591.6). C, 64.96; H, 6.30; 
N, 7.10. Found: C, 65.27; H, 6.73; N, 6.97. 

N-Carbobenzyloxy-L-valyl-L-tyrosyl-Ltyrosine ( IIIb).  N -  
Carbobenzyloxy-L-valyl-L-tyrosyl-L-tyrosine methyl ester 
(9.4 g.; 15.9 mmoles) was dissolved in a mixture of 100 ml. 
of methanol, 50 mI. of acetonitrile and 32.7 ml. of 1.ON 
sodium hydroxide. An additional 32.7 ml. of 1.ON sodium 
hydroxide and 50 ml. of water were added and the solution 
was kept a t  room temperature for 1.5 hr. The reaction mix- 
ture was diluted with 250 ml. of water and acidified (pH 1) 
with concentrated hydrochloric acid, After being cooled in 
an ice bath for 1 hr., the mixture was filtered. The dried 
product, m.p. 175-205', weighed 9.7 g. 

The product above was combined with similar material 
from another preparation giving a total of 11.9 g. which was 
dissolved in 250 ml. of boiling acetone. The cooled solution 
was chromatographed on a column of 300 g. of acid-washed 
alumina. Elution with 1200 ml. of acetone gave 1.5 g. of re- 
covered starting ester. Elution with 1 1. of methanol-formic 
acid (9: 1) gave, after concentration of the eluate to  a volume 
of 100 ml., 7.2 g. of N-carbobenzyloxy-L-valyl-ttyrosyl-L- 
tyrosine, m.p. 214-217'. 

A 0.5-g. sample was dissolved in 15 ml. of acetone and 
50 ml. of water was added; 0.45 g. of crystalline product 
was obtained, m.p. 215-217", [ala. $1.7" (e ,  2.33 in N , N -  
dimethylformamide) ; Rym 0.5-0.7(P). 

Anal. Calcd. for C~lH35N308 (577.61): C, 64.46; H, 6.11; 
N, 7.28. Found: C, 64.57; H, 6.26; N, 7.15. 

N-Carbobenzyloxy-tvalyl-L-tyros yl-L-t yros yl-L-isoleucyl-L- 
histidyl-Lptolyl-L-phenylalanine methyl ester (V). A solution 
of 4.0 g. of L-isoleucyl-~histidyl-L-prolyl-~J-phenylalanyl 
methyl ester d ihydr~bromide~ in 100 ml. of water was 
washed with 50 ml. of ethyl acetate. The aqueous phase 
plus 200 ml. of chloroform was cooled and adjusted to  pH 
10 with saturated potassium carbonate solution. The chloro- 
form layer was separated and the aqueous layer was ex- 
tracted with an additional 100 nil. of chloroform. The dried 
chloroform solution was concentrated a t  reduced pressure. 
About 2.2 g. of L-isoleucyl-1.-histidyl-L-prolyl-L-phenylala- 
nine methyl ester mas obtained as an oil. 

This tetrapeptide methyl ester was dissolved in 20 ml. of 
ethyl acetate; 0.9 g. (4.3 mmoles) of N,N'-dicyclohexyl- 
carbodiimide was added. The mixture was cooled to about 

0" and i~ solution of 2.4 g. (4.2 niniolcs) of 'V-carbobenzyl- 
oxy-r,-vnlyl-L-tyrosyl-L-tyrosiiic in 15 nil. of K,N-dimethyl- 
fornianiide was added dropwise. Stirriug \\'as continued a t  
room tcniperature for 16 hr. 

The precipitated N,N '-dicyclohesylurea (0.42 g.) was 
removed and the filtrate was concentrated a t  reduced pres- 
sure. The residue was dissolved in 100 nil. of ethyl acetate- 
n-butyl alcohol (3: 1) and the solution was washed irith two 
50-ml. portions of 1N hydrochloric acid, two 50-nil. portion? 
of saturated aqueous sodium bicarbonate and 25 ml.' of 
water. The organic phase was concentrated n t  reduced prcs- 
sure and a 4.7-g. residue was obtained. This was dissolved 
in 50 ml. of warm acetonitrile. When the solution was 
cooled, 2.2 g. of crude substituted heptapeptide precipitztted. 
For further purification, i t  was dissolved in 20 nil. of iso- 
propyl alcohol and chromatographed on 150 g. of acid- 
washed alumina. Elution with isopropyl alcohol containing 
increasing amounts of methanol gave a total of 0.46 g. of 
product containing impurities. Finally, elution with metha- 
nol gave 1.3 g. of product. This material was dissolved in 
100 ml. of acetone, 400 ml. of water was added, and the 
solution was concentrated to 250 ml., giving 0.95 g. of Ai- 
carbobenzyloxy-L-valyl-L- tyrosyl-L- tyrosyl- ~-isoleucyl- L- 
histidyl-~-prolyl-~-phenylalanine methyl ester, m.p. 205- 
210°, [a]: -59" (c, 2.0 in methanol). A sample after treat- 
ment with hydrogen bromide in acetic acid showed R y" 
0.78 (N) .  

Anal. Calcd for C5aH:lNs0,2 (1086.2). C, 64.13; H, 6.59; 
N, 11.61. Found. C, 63.85; H, 6.79; N, 12.27. 

bValyl-L-tyrosyl-L-tyrosyl-L-isolezLcyl-L-histidyl-L-pro/yl- 
L-phenylalanine methyl ester dihydrochloride (I) .  A mixture of 
817 mg. of N-carbobenzyloxy-L-valyl-L-tyrosyl-1.-tyrosyl- 
L-isoleucyl-L-histidyl-L-prolyl-L-phenylalanine methyl ester, 
400 mg. of 10% palladium on charcoal and 50 ml. of acetic 
acid was shaken with hydrogen a t  low pressure for 16 hr. 
The catalyst was removed and the filtrate was concentrated 
a t  reduced pressure. The product showed fi$"'m 0.80 (Si 
and RyPW 1.0 (N) ,  while L-valyl-L-tyrosyl-L-tyrosine showed 
RFAw 0.70 (X) and RYpw 0.80 (X) and 1,-isoleucyl-L-histidyl- 
L-prolyl-L-phenylalanine showed RJ BAW 0.70 (X)  and R~" '  
0.90 (N).  

The product mas dissolved in 6 ml. of methanol and 
treated with dry hydrogen chloride. When ether was added, 
the hydrochloride precipitated. This material was reprecipi- 
tated from 3 ml. of methanol with 50 ml. of acetone. The 
yield of L-valyl-L-tyrosyl-ttyrosyl-L-isoleucyl-L-histidyl-~~- 
prolyl-L-phenylalanine methyl ester dihydrochloride, [a]': 
-34.3' (c. 1.05 in 0.1N hydrochloric acid) was 630 mg 

Anal. Calcd. for CSOH~~NPOIOCI~ (1024.1). C, 58.60; H, 
6.59; C1, 6.92. Found: C, 58.66; H, 6.59: C1, 7.27; ash, 1.4. 

The ratios of the amino acids in this product relative to 
phenylalanine were Val, 1.04; Tyr, 1.91; Ileu, 0.98; His, 
0.96; Pro, 1.05; Phe, 1.00.6 

MERCK SHARP & DOHME RESEARCH LABORATORIES 
DIVISION OF MERCK & Co., INC. 
RAHWAY, S. J. 

(6) Amino acid analyses were carried out in thc Iabora- 
tories of Prof. hl. Brenner of the Organisch-Chemischca 
Anstalt der Universitat, Basel, Switzerland by the Moore 
and Stein method. 
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The cytidine and deoxycytidine diphosphates of 
choline and ethanolamine occur in living matter 



MAY 1961 NOTES 1659 

and they are intermediates in the formation of 
phospholipids.' In  order to elucidate the mecha- 
nism whereby phosphorylethanolamine and phos- 
phorylcholine are incorporated into these natural 
products, a convenient synthesis of the carbon- 
14-labeled compounds was required. The available 
methods leading to phosphorylcholine and ethanol- 
amine involved phosphorylation of the alcohols by 
phosphoric acid with or without phosphorus pent- 
oxide, by phosphorus oxychloride, by diphenyl- 
phosphoryl chloride, or required phosphorylation 
of an ethylene chlorohydrin followed by amination 
of the chloro derivative.2 However, they suffer 
from various disadvantages in regard to the yields 
achieved, or the complexity of the procedures re- 
quired. In addition, the products were often ob- 
tained as salts, rather than the free compounds. 

This paper describes a simplified methodology 
giving about 60% yields of C14-labeled, free phos- 
phorylethanolamine or choline starting with these 
amino alcohols and phosphoric acid. In  principle, 
the amino alcohol or its hydrochloride salt was 
heated in vacuo for twelvc hours with 1.5-2 fold 
molar excess3 of phosphoric acid, the water evolved 
being trapped in phosphorus pentoxide, and the 
hydrochloric acid in solid sodium hydroxide. An 
important factor was the temperature a t  which 
the reaction was performed. With ethanolamine 
135-140" mas optimal. The recommended tempera- 
tureZC of 190" for three hours led to an 85% loss 
of aut hentic phosphorylet hanolamine. With cho- 
line the best temperature was 155-160". Lower 
temperatures gave increased recoveries of starting 
material, while higher ones led to what is believed 
to  be polyphosphorylated compounds. The prod- 
ucts were isolated by ion-exchange chromatog- 

(1) E. P. Kennedy and S. B. Weiss, J .  Biol. Chem., 222, 
193 (1956); R .  L. Potter and V. Buettner-Janusch, J .  Bio2. 
Chem., 233, 462 (1958); V. Sugino, J .  Am. Chem. Soc., 
79, 5074 (1957); W. C. Schneider and J. Rotherham, J .  
Biol. Chem., 233,948 (1958). 

(2)(a) E. Baer, Biochem. Preparations, 2, 96 (1952); ( b )  
E. P.  Kennedy, J .  Biol. Chem., 209,525 (1954); (c)  C. Artom, 
in Methods in Enzymology ( S .  P.  Colowick and 1J. 0. Kaplan, 
eds.), Vol. 4, pp. 815-16, Academic Press, N. Y., 1957; 
( d )  E. Cherbuliez and J. Rabinowitz, Helv. Chim. Acta, 
41, 1168 (1958), 42, 1154 (1959), and references cited 
therein; (e)  R. Hazard, J.  Cheymol, P. Chabrier, and A. 
Carayon-Gentil, Thkrapie 13, 614 (1958); ( f )  J. Bremer, P. 
H. Figard, and D .  M. Greenberg, Biophys. Biochem. Acta 
43, 477 (1960). 

(3) Slightly lower yields (45-5070) of phosphorylated 
products were obtained with equimolar amounts of amino 
alcohol and phosphoric acid, but the yields dropped sharply 
if a fourfold excess of acid was used. 

(4)  In  one experiment in which the temperature rose to 
178" for the major part of the reaction period, 22% of the 
radioactivity was accounted for as unchanged choline, 3870 
as phosphorylcholine, 5% as material eluted from the Dowcx 
1 column with 5N formic acid, and 13% as material eluted 
wit,h 1N sodium hydroxide. Paper chromatography of the 
latter two fractions gave a number of spots, different from 
choline, or phosphorylcholine. Hydrolysis of these two 
materials for 24 hr. in refluxing 6.V hydrochloric acid yielded 
mainly choline, and small amounts of phosphorylcholine. 

raphy5ss which allowed the recovery and recycling 
of unreacted starting material, 

EXPERIMENTAL 

Phosphorylethanolamine. To an ice-cold solution of 0.84 
mmole of ethanolamine-1,2-C14 hydrochloride (3.59 x 108 
counts per min., c.p.m.)? supplied by the Volk Radiochemical 
Co., Chicago 40, Ill., and contained in the tube of an Abder- 
halden type drying apparatus (Kontes Glass Co., Vineland, 
N.  J. ,  No. E(-56350) in 3 ml. of water, was added 0.8 ml. of 
2111 phosphoric acid, and most of the water was removed 
in  uucuo. The desiccant flask holding phosphorus pentoxide 
and a small tube with some pellets of sodium hydroxide was 
attached, and the assembly was evacuated to  a pressure of 
3-5 mm. The stopcock was closed and the tube immersed 
in an oil bath kept at 138 f 2". After 12 hr. 75 ml. of water 
was added and the p H  adjusted to  about 9 with 2.1 ml. of 
1;V potassium hydroxide. 

The solution was applied to a 1 X 30 cm. Dowex 1 formate 
column (200-400 mesh, 2Y0 cross linked) and washed in 
with 100 ml. of water. The effluent ( A )  was ninhydrin- 
positive and radioactive. The column was transferred to a 
fraction collector and gradient elution begun with a 300 
ml. mixing flask containing water into which 0.045N formic 
acid was fed.6 Fractions of 20 nil. were collected every 30 
min. Phosphorylethanolamine was found in tubes 14 to  17 
(effluent distinctly acid). Removal of solvent in  vacuo by 
means of a rotating evaporator left 69.2 mg. (58T0) of white 
crystalline material, m.p. 236-237" (lit.2d m.p. 237") with 
an activity of 2.16 X lo8 c.p.m. (60%). Paper chroma- 
tography of the product in two dimensions, as described 
by Smith,8 gave a single radioactive (autoradiography), 
ninhydrin-positive spot with the correct mobility. 

To effluent A above, containing the unchanged C14- 
ethanolamine, was added 0.6 mmole of unlabeled ethanola- 
mine and 1.2 mmoles of phosphoric acid and the solution 
was reduced to  a small volume in vacuo. After the addition 
of 3 ml. of 1 N  potassium hydroxide the mixture was dis- 
tilled in  uacuo with a 90" bath temperature and a receiver 
cooled in Dry Ice. Aft.er transfer of the distillate to the reac- 
tion vessel and acidification with 1.2 mmoles of phosphoric 
acid t'he phosphorylation was repeated, yielding 42.5 mg. 
of phosphorylethanolamine with an activity of 5.15 x l o 7  

c.p.m. Thus, the total recovery of radioactivity was 2.68 x 
108c.p.m. or 75%. 

Phosphorylcholine. A solution of 0.521 mmole of choline- 
l,2-C14 chloride (1.88 x lo6 c.p.m., Volk Radiochemical 
Co.) in 4 ml. of water and 0.5 ml. of 2M phosphoric acid was 
taken to  dryness in vacuo in the tube of the drying apparatus 
as in the previous experiment. The assembly was kept in an 
oil bath a t  160 f 2' for 12 hr. Then, a solution of the reac- 
tion mixture in 50 ml. of water, adjusted to  pH 9 by means 
of 1.5 ml. of 1 N  potassium hydroxide, was applied to  a 1 X 
30 cm. column of Dowex 1 formate and washed in with 
35 ml. of water. The eluate containing the unchanged choline 
accounted for'6.54 X lo5 c.p.m. (3570). Gradient elution, as 
described for ethanolamine, gave radioactivity in tubes 11-13 
(24 ml. per tube) which contained 1.19 X lo6 c.p.m. (63%). 

(5) We are grateful to  Drs. E. A. Peterson and H. A. 

(6)  E. P. Kennedy, J .  Biol. Chem., 222, 185 (1956). 
(7)  Determinations of radioactivity were performed by 

direct plating of aliquots of solutions on glass disks, followed 
by counting in a gas-flow counter with a 48% efficiency for 
carbon-14. In  the case of ethanolamine, choline, and the 
corresponding column eluates a few drops of 2144 phosphoric 
acid were added to  the aliquots in a volumetric flask in 
order to  avoid loss of material by volatilization during the 
plating and counting operations. 

(8) I. Smith, Chromatographic Techniques, W. Heincmann, 
London, 1958, Fig. 4.3. 

Sober for valuable discussion on procedures. 
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After removal of the solvcnt a noncrystalline material re- 
sulted a t  first. Upon drying i? vacuo over magnesium per- 
chlorate ti9.5 mg. ((36%) of phosphorylcholine was ob- 
tained = a white solid,@ n1.p. 235-240' with decomposit<ion. 

Anal. Calcd. for C6H16NObP: N, 6.96; P, 15.40. Found: 
N, 7.10; P, 15.56. 

The solution of the unchanged choline, above, was acidi- 
fied with hydrochloric acid, the solvent evaporated in vacuo, 
and choline hydrochloride extracted from the residue with 
absolute ethanol. After dilution with unlabeled choline 
chloridc, addition of phosphoric acid and removal of the 
solvcnt, another reaction cycle was performed. This gave 
a 57% yield and a total recovery of 75y0 of the radio- 
activity. 

Addition of hydrochloric acid to a solution of phos- 
phorylcholine in water, followed by removal of the solvent 
gave a white powder of phosphorylcholine chloride, m.p. 
108-111° dec., soluble in water and ethanol. The compound 
readily lost hydrogen chloride upon drying at temperatures 
of GO-100'. 

Anal. Calcd. for CsHl&lN02P: C1, 14.86. Found: C1, 
15.15. 

NATIONAL CANCER INSTITUTE 
BETHESDA 14, MD. 

(9) This compound showed an infrared spectrum identi- 
cal to that of a product obtained by passing a solution of 
commercial calcium phosphorylcholine hydrochloride (Cali- 
fornia Foundation for Biochemical Research, Los Angeles 
63) successively through Dowex 50 in the hydrogen form 
(elution with a hydrochloric acid gradient), and through 
Dowex 1 formate, as described above. 

On the Reaction of Dihydroxypurines with 
Phosphorus Pentasulfide 

FELIX BERGMANN AND ABRAHAM KALMUS 

Received September 19, 1960 

It is known that in xanthine and 4,5-diamino- 
uracil reaction with phosphorus pentasulfide ex- 
changes selectively the oxygen atom a t  C-6.'e2 
On the other hand, in the reaction with uric acid, 
one obtains-in addition to the main product, 
G-thiouric acid-products thiated a t  position 
In order to determine the directive influence of 
oxygen in various positions of the purine ring 
on the thiation process, we have studied the be- 
havior of the isomeric dihydroxypurines. 

2,8-Dihydroxypurine was not attacked by phos- 
phorus pentasulfide under a variety of conditions, 
using either pyridine or tetraline as solvent. 
However, 6,&dihydroxypurine (11) reacted 
smoothly to give a 75% yield of pure 8-hydroxy- 
purine-6-thione (111). No other purine derivative 
was found in the reaction mixture. As I1 is acces- 
sible from 2-thiouric acid (I), the thio derivative 
I11 has now become easily available. 

(1) A .  G .  Beaman, J .  Am. Chem. Soc., 76, 5833 (1954). 
(2) G. Levin, A. Kalmus, and F. Bergmann, J. Org. 

(3)  G. B. Elion, S. Mueller, and G. H. Hitching, J .  Am.  
Chem., 2 5 ,  1752 (1960). 

Chem. Soc., 81,3042 (1959). 

For the synthesis of 11, it has been found pref- 
erable to desulfurate 2-thiouric acid instead of 
2-mercapto-6-hydroxy-4,5-diaminopyrimidine.4 Al- 
though the latter procedure gives an 89% yield 
of the 6-hydroxy derivative, subsequent cyclization 
with urea5 or phosgenea leaves much to be desired. 
On the other hand, direct cyclization of the above 
mercaptopyrimidine gives 2-thiouric acid in al- 
most quantitative yield7s8 and subsequent catalytic 
desulfuration results in a G4% yield of Q-dihy- 
droxypurine (I). 

8-Hydroxypurine-6-thione (111) in its turn 
may serve as a source of 8-hydroxypurine (IV). 
Desulfuration of I11 was tricd under a variety 
of conditions. Even the best yields, obtained by 
carrying out the reaction in concentrated ammonia, 
were only 30%. Therefore, this route to IV has no 
advantage over the conventional method of cycli- 
zation of 4,5-diaminopyrimidine.6 

In view of the low yields of IV, and taking into 
account previous experience with 3,7-dimethyl-2- 
hydro~ypurine-6-thione,~ desulfuration of the S- 
methyl ether (IIIa) of I11 was also tried. I I Ia  can 
not be prepared by methylation in the presence of 
sodium hydroxide because of the great sensitivity of 
the ether to alkali. By using pyridine instead, a 
41% yield of IIIa was secured. Conversion of 
I I Ia  into IV proved even less satisfactory than 
the desulfuration of 111. With IIIa, the reaction 
cannot be carried out in the presence of sodium 
hydroxide or ammonia. When working in aqueous 
suspension a t  a temperature of 70-80", a large 
portion of the starting material was recovered. 
At higher temperatures, a considerable part of 
IV was apparently converted into a dihydro deriv- 
ative as judged by the fact that the optical density of 
the solution a t  280 mp, the A,,, of IV, first in- 
creased, but then diminished again. Similar un- 

(4) R. 0. Roblin, Jr., J. 0. Lampcn, J. P. English, Q. P. 
Cole, and J. R. Vaughan, Jr., J .  Am.  C h m .  Soc., 67, 290 
(1945). 

(5)  A. Albert and D. J. Brown, J. Chem. Soc., 2060 (1951). 
(6)  L. F. Cavalieri and A. Bendich, J .  Am.  Chem. Soc., 

72; 2587 (1950). 
(7)  C. 0. Johns and A. G. Hogen, J .  Biol. Chem., 14,299 - .  . .  

(1913). 
(8) T. L. Loo, M. E. Michael, A. J. Garceau, and J. 

(9)  A. Kalmus and E'. Bergmann, J. Chem. SOC., 3679 
Reid, J .  Am.  Chem. SOC., 81,3039 (1959). 

(1960). 


