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TABLE ~.-ULTRAVIOLET ABSORPTION MAXIMA OF RUBBER CLOSURE INGREDIENTS 
-~ 

7 Wavelength, m s  -- 
50y0 Poly- 

2yo Renzyl 50y0 N,N-Di- ethylene Glycol 
Rubber Stopper Water 107, Ethanol Alcohnl methylacetamide 300 

Natural 
Thiazole-type accelerator 312 312 312 322 322 

227 230 I . .  . . .  228 
Thiuram-type accelerator 274 274 278 276 278 
Dithiocarbamate reaction product 274 276 I . .  274 274 

. . .  2.50 . . .  257 253 
Polyurethan 

Urethan monomer 
Orgatlo-metallic catalyst 

__ 

. . .  . . .  . . .  288 
272 274 272 274 

287 
274 

vents from both the unlined polyurethan alld 
natural rubber closures were qualitatively identified. 

were perforated several times by a hypodermic (5) Wing, W. T., ibid., 5, ~ ~ ~ ( I s s R ) .  
needle, still afforded some protection against sorp- 
tion and considerable protection against leaching. 

52, t14[ i~6$yn,  r, . ,  Urbinyi, T., and Weinstein, s., ibid.. 
( 3 )  R ~ ~ ~ ~ ,  A, ,  and Sykes, G., J .  pharm. phavmacol., 9, 

4. Teflon lined natural rubber stoppers, which 814(195i). 
(4) Weiner, S., ibid., 7, 188(196cij. 

{:{ ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ , s ~ ~ ~ ~ , 8 ~ ~ ~ ~ ) ~ a ~ , n .  Se / skop , ,  13, 121, 

(8) Garnet, J. K., Auslralion J .  Phorm., September 29, 
1962, 908. 

(9) Lachman, L. ,  Sheth, P. B., and Urbinyi, T., J .  
Phuvm. Sc i . ,  53, 211(1964j. 

135(1951). 
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Notes 

Phosphorus-Nitrogen Compounds V. 
Some Guanidine and 2-Aminopyrimidine Derivatives 

By LINDLEY A. CATES and NOEL M. FERGUSON 

Five amidino (thio)phosphoramidates and six 2-pyrimidyl (thio)phosphorami- 
dates were prepared for screening in four cancer test systems. Three of these 
derivatives were also tested against Plasmodium berghei. None of the compounds 

exhibited significant antineoplastic or antimalarial activity. 

HE SYNTHESIS of phosphordmidopyrimidines was T undertaken to further ascertain the effect of 
phosphorus bonding on the cytotoxic properties of 
heterocyclic anlines The preparation of similar 
pyridine-containing compounds was described in an 
earlier report in this series (1). 

The rationale for antineoplastic activity by these 
derivatives originates from an hypothesis concerning 
the mechanism of action of cyclophosphamide. 
According to this theory, cyclophosphamide exists 
as an inactive transport form in oivo until the P-N 
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bond is cleaved by the enzymatic action of phospha- 
midases or ph0SphdkdSeS to yield the alkylating 
ethylenimmonium ion (2). Thus ,  replacement of 
the bis(khloroethy1)arnino group by an atnino- 
pyrimidine moiety might give rise to an antirnet- 
abolic activity of a more specific nature than ~vvould 
be realized by administration of the parent com- 
pound. More recent evidence ( 3 ) ,  however, sug- 
gests that the conversion of cyclophosphamide 
in Y ~ W  into a cytostatically effective activation 
product is the result of a metabolic process de- 
pendent on the presence of oxygen atid not the result 
of simple hydrolysis. A t  this time it can be stated 
that no direct proof of the postulated biochemical 
trat~sformations of cyclophosphamide and related 
congeners is available. 

Since guanidime and some of its derivatives are 
known to possess antiprotozoal properties (4) three 
of the arr1idinojthio)phosphoramidate intermedi- 
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TABLE ~.--AMIDINO( TIIIO)PHOSPHORAMIDATES 

X 

(KO)2-P--NH-C 
II ”H 

967 

C‘omyd. R X M p., O C Q  Foi mula 
r Methyl S 108-1 10 C J H ~ O N ~ O ~ P S  

I1 Ethyl S 87-88 CSHI~N~O~PS 

I11 Ethyl 0 127-129 C5HIJJaOBP 

I \I n-Propyl S 73-74 CiHisNa02PS 

v n-Butyl 0 83-84 CgH22h ,<031’  

Vlc Phenyl 0 119 C I ~ H I ~ N ~ ~ J ’  

-- Anal., %h- 
Calcd. Found 

c, 19.7 c, 19.8 
H, 5.5 H, 5.6 
N, 22.9 N, 23.3 
C ,  28.4 C, 28.6 
H, 6 . 7  H, 6.8 
N,  19.9 N, 19.9 
C, 30.8 C, 30.9 
H, 7.2 H, 7.4 
N, 21.5 N, 21.8 
C, 35.1 c, 35.2 
H, 7.6 H, 7.8 
N, 17.6 N. 17.4 
c; 43.0 C, 43.2 
H, 8.8 H, 8 . 8  
K, 16.7 N ,  16.6 

H, 4 . 8  H, 4 . 8  
N, 14.4 N, 14.5 

C, 53.6 c, 53.4 

~______ - 
All melting points were determined on a Fisher Johns apparatus and are uncori-ected. * Elemental analyses were run on 

a Fisher CHN analyzer. Previously pt-epai-ed by different methods [reported m.p. 118’ (6, 8)1. 

T A B L E  II.-~-Pk.RIMIDYI.(’~HIO)PHOSPHORAMIDATES 

X 

R” 

- ~- 

-Anal., %”- 
Comgd. I< X R’ R ”  M p..  ‘(2.’’ Formula CdCd. Found 
VII Phenyl O H  H 137-139 C16H14NaOaP C, 55.6 C, 55.6 

. H20 H, 4.7 H, 4.7 
N, 12.2 K, 12.0 

VIII l’h~tlyl 0 CH3 CH3 

I x Ethyl S 011 OH 

?i 1~ I’ropyl S OH OH 

XI n I’ropyl S 011 NHy 

52-153 CISHI8N3OxP C, 57.9 
’ HzO €1, 5.4 

N, 11.3 

08-109 CIOH18N304PS C, 39.1 
H. 5 . 9  
N: 13.7 

N. 18.3 

C, 58.1 

K, 11.3 
c, 34.3 
H, 5.1 
N ,  14.4 
c, 39.5 
H ,  6 .0  
K, 13.5 
c, 39.5 
H, 6 .3  
N. 18.3 

H, .5.4 

XI1 n Propyl S OH CH3 127-128 CIIIImNaO~PS C, 43.3 C, 43 3 
H. 6 6 H. 6.7 
N; 13.8 N: 13.9 

.~ 
” All melting points were dctc~-n~ined on a Fisher- Johns apparatus and are uncoi-rected. ‘ Elemental analyses were run 

o n  a Fisher CHN analyzer. 

at’es, which contain the guariidino moiety, were halo- and hydroxy-substituted pyrimidines em- 
incidentally tested for antimalarial activity. ploying alkyl and aryl phosphorochloridates proved 

The pyrimidine derivatives were prepared by two unsuccessful. This failure is attributed to the 
different niethods : phosphorylation and condensa- relatively high pKb values of these pyrimidines. A 
tion. Two of the products were synthesized by recent report ( 5 )  indicates that halo-substituted 
direct acylation using diphenyl phosphorochlori- 2-aminopyrimidines will, however, yield phosphor- 
date, whereas several attempts a t  phosphorylation of aniidic dichlorides and phosphorimidic trichlorides 
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when the more reactivc phosphorus pentachloride is 
employed. 

As an alternate route pyrimidinc synthctic meth- 
ods involving double condensation between cyano- 
acetic, malonic and P-kcto esters and substituted 
guariidines were employed. The arnidinophosphor- 
amidatcs and aniidinophosphoramidothiondtes re- 
quired in these conderisatioris were obtained by the 
reaction hctcveen phosphorochloridatcs or phos- 
phorochloridothionates and guanidiue. The latter 
rcactant was prcparcd in situ using gudnidine hydro- 
chloride and alcoholic potassium hydroxide. The 
synthesis of amidinophosphoramidatcs is somewhat 
controvcrsisl in that Shvachkin and Prokof'rv ( 6 )  
reported that the preparation of diphenylphos- 
phorylg~~anidi~ir iroui phosphoryl chloride, phenol, 
and gnanidinc. (7)  could not be duplicated, and they 
synthesized the product using diphenylphosphoro- 
chloridate and guanidine. This procedure was also 
reported by Cramer and Vollmar (8 ) ,  as well as an 
alternate rnethod involving the treatment of guani- 
dine hydrochloride in aqueous sodium hydroside 
with diphenylphosphorochloridate in benzene. The 
guanidine hydrochloride-alcoholic potassium hy- 
droxide process reported in this paper is considered 
to be a convcnient and cconomical method for the 
synthesis of phosphoryl( t1iio)guanidines. Of the 
guanidinc dcrivativcs prcparcd, the ethyl and n- 
propyl arnidinophosphorarriidothioriates were se- 
lected for pyrimidine condensation. 

EXPEKIMENTAL 

Chemistry 
Amidinophosphoramidates and Amidinophos- 

phoramidothionates (Table I).-A solution of po- 
tassium hydroxide (0.2 mole) in 100 ml. of absolute 
ethanol was added in portions to guanidine HCl 
(0.2 mole) in 100 ml. of absolute ethanol at 0" 
with stirring. This temperature was maintained 
and the appropriatc phosphorochloridate or phos- 
phorochloridothionate (0.1 mole) was introduced 
dropwisc with stirring. The reaction mixture was 
allow-ed to remain overnight and then spin evap- 
orated over a steam bath to yield a white mass or 
oil. The residue was dissolvcd in hot benzcne and 
ethcr mas added to precipitate guanidine hydro- 
chloride. The filtrate was again spin evaporated to 
yield a white Inass or oil. Compounds I, 11, and 
I11 were isolated by crystallizing from hot benzene. 
Compounds IV and V wcrc obtaincd in purc form by 
washing an rthereal solution of the residue with 10% 
sodium hydroxide solution and water, drying over 
anhydrous calcium sulfate, and concentrating the 
ethcr filtrate. Known compound VI  was purified 
according to a prcviously dcscribcd mcthod (6). 
All products were white crystalline solids. 
2-Pyrimidylphosphorarnidates (Table II).-A mix- 

ture of 2-arninogyrirriidine or 2-amino-4,6-dimethyl- 
pyrimidine (0.2 mole) and diphenyl phosphoro- 
chloridate (0.1 mole) in 500 ml. of reagent dioxane 
was refluxed for 0.5 hr. and allowed to remain over- 
night. The reaction mixture was spin evaporated 
to yield a brown mass which was washed with 
petrolcum ether and water and the residue dissolved 
in hot ethanol. After treating with activated char- 
coal, clouding with water, and cooling, the product 
formcd as a white crystalline solid. 

2-Pyrimidylphosphoraidothionates (Table 11.F 
The appropriate amidinophosphoramidothionate 
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(0.05 mole) was rduxed for 1 hr. with sodium 
(0.25 mole), which was previously reacted with 300 
mI. of absolute ethanol, and the reaction mixture 
was allowcd to sct overnight. fivefold excess of 
diethyl malonate, ethyl cyanoacetate, or ethyl 
acetoacetate was added, the mixture refluxed for 
2 hr., and allowed to remain overnight. The reac- 
tion misture was conccntrated by spin evaporation 
and any precipitate dissolved by addition of the 
least amount of water. Following filtration the 
solution was adjusted to pH 8 using 570 hydrochloric 
acid and a Corning pH metcr. The resulting pre- 
cipitate was collected and crystallized from ethanol- 
water. 

Infrared Spectra 

All starting materials and products were examined 
by means of a Beckman IK-8 spectrophotometer 
using a Kujol mull. The new guanidine derivatives 
showed the following characteristic absorptions, Y 

in cm.-': 3200 (NH), 1020-1060 (POCalkyl), and 
1240 (P=O in compounds I11 and V) .  Some of the 
principal absorptions given by the pyrimidine de- 
rivatives were, v in the cm-': 1520-1580 (C=C, 
C=N in all compounds), 1240 (P=O in compounds 
VII and VIII), 1080-1090 and 1200 (POC aryl in 
compounds VI I  and VIII), 1020-1055 (POC alkyl in 
compounds IX-XII), and 3350 (NHz in compound 
XI). The lack of a frce amino group (except, of 
course, in compound XI) indicates the correctness 
of the proposed structures, eliminating an alterna- 
tive course of the coridensations. No assignment 
of I-'-N absorption was attempted since this band, 
usually designatcd around 715 em.-', falls in thc 
skeletal structure absorption range. Derkach (9) 
reported the infrared spectra of some related phos- 
phoratnidates and assigned the 893-910 cm. -1 

range to P-N. This assignment may not be correct 
since a similar strong pcak was notcd in the cotu- 
pounds reported here but only in the case of the 
phenyl csters. The rcliability of assigning P-N 
absorption in the region of 715 cm:-' has also been 
qucstioncd by Bellamy (10) and Thomas (11). 

Screening Data 
Samples of the new compounds w r c  submitted 

for antitumor testing against sarcoma 180, Lcwis 
lung carcinoma, lymphoid leukemia L-1210, and KB 
cell culture.' Results of that testing which have 
been completed indicate that only compound I has 
a pcr ccnt T/C (ratio of tumor wcight of tcst ani- 
mals to control animals; expressed as per cent) of 
lcss than 50 whrn screened against sarcoma 180 
arid that a t  a dose of 500 mg./Kg. The most toxic 
member of the series was compound V which gave 
no survivors a t  a dosc of 101) mg./Kg. The py- 
rimidine derivatives exhibited relatively low acutc 
toxicities having lethal doses in excess of 260 rng./ 
Kg. Five micc WCIC infectcd with a lethal dosc of 
Plasmodium berghei 3 days prior to administration 
of compounds I, 111, and V in doses of 40, 160, and 
640 nig./Kg.* At the higher dose lrvcl compound 
111 (most active) extended the survival time by 
only 3570. Compounds I and I11 showcd low 
acute toxicities and thc relatively high toxicity of 
componnd V was confirmed in these tests. 

1 Testing results furnished by the Cancer Chemothet-apy 

2 Testing results furnished by the Walter Reed Army 
National Service Center, Bethesda, Md. 

Medical Center, Washington, D. C. 



Vol.  55, No. 9, September 1966 969 
REFERENCES 

(1) Cates, L.. A,,  and Ferguson, N. M., J .  Phaum. Sci., 
54, 465(196,5). 

(2) Ariens, IE. J., “Molecular Pharmacology,” vol. 11, 
A.cademc Press Inc., New York, N. Y.,  1064, p. 162. 

(3) Brock, T i . ,  and Hohorst, H. J., Arzaeirnittel-Forsch., 
13, 1021(1963). 

( 4 )  Bin-ger, A., “Medicinal Chemistry,” 2nd ed., Inter- 
science Publishws, Inc., New York, N.  Y.,  l H G O ,  p. 1003. 

(5) Kropdcheva, A. A, ,  and Sazonov, N .  V., Khim. 
Grfrvotsakl. Sodin . ,  1965 (3) ,  433; through Chrm. Abstr., 
63, 14859(1965). 

(6) Shvachkin Y .  P., and Prokof’ev M. A,, Zh. 
Obshch. Kham., is, 1617(1558); through ’ Chem. Abstr., 
4 3  m c r i a w  --, -”~~-”-”, .  

(7) Schering-Kahlhaum A. G. Ger. pat. 556 145 (Jan- 
uary 22, 1930); through dhem. Abstr., 26, 5574(i932). 

(8) Cramer, F., and Vollmar, A,,  Chem. Bev., 91, 511 
(1958). 

(9) Derkach, G. I., el al., Zh. Obshch. Khim.,  34(1), 82 
(1564); through Chem. Abs fv . ,  60, 11502(1964). 

(10) Belpmy, 1,. J., “The InIrared Spectra of Complex 
Molecules, John Wiley & Sons, Inc., New York, N. B., 
1958, p. 323. 

(11) Thomas, I,. C., Chem. I n d . ,  February 16, 1957, 198. 

Tracer and Radioactivation Studies on Tartar Emetic Impurities 
By A. ALIAN, YEHIA M. DESSOUKY*, and R. SHABANA 

The problem of contamination of tartar emetic with arsenic and lead was examined 
using the radioactive isotopes, j6As and 209Pb. Neutron activation and radio- 
chemical separation methods have been applied for the determination of arsenic 
and lead concentrations throughout the different stages of tartar emetic synthesis. 
It has been shown that, while most of arsenic is eliminated during the synthesis 
process, the major portion of lead remains in  the final product. It was also found 
that the two impurities can be eliminated by successive washing of the starting ma- 
terials with 0.2 M nitric acid and water. Tartar emetic synthesized from purified 

starting materials conforms to  the requirements in  pharmacopeias. 

NE OF T[IE most important problems of the 0 pharmaceutical industry is thc production of 
synthetic drugs in a suitably pure conclition. The 
c!lassical methods of tracing impurities are either 
niisleading, tedious, or inaccurate. Antiniony po- 

nionly employed drug in the treatment of bilhar- 
ziasis, schistosomiasis, leishmaniasis, filariasis, as- 
cxiasis, and other tropical diseases (1 ) .  I t  is one 
O F  thc early drugs found to be active against tryp- 
anosomes (2). The drug is widely used in Africa, 
Asia, and Latin America because of the simplicity 
atid easiness of  its synthesis and acccptancc among 
patients and physicians. It is still the drug of choice 
in the treatment of bilharziasis in Egypt as well as 
other countries where infections occur ( 3 ) .  Cases 
of toxicity nntl inconvcniencc of intravenous injec- 
tion of this drug are reported. however, and have 
been attributed, a t  lcast partly to the presence ol 
toxic impurities such as arsenic and lead (3,4). 

Most pharmacopcias in which tartar emetic is 
mcntioncd require certain specilicatiotis for arsenic 
atid lead limits for the sake of its mrrliral safrty. 
‘ihcsc limits vary in the case of arsenic to not more 
tlian2OO p.p.ni. in thc U.S.P. (5), 10 p.p.m. in the E. 
P. ( 6 ) ,  8 p.p.tm in the R.P .  (7),  and in casc of lead to 
not more than 10 p.p.m. in the E.P. and 5 p.p.m. 
iu the B.P. 

The quantitative dctermiiralion of the two metals, 
particularly arsenic, a t  such low conccntrations in 
the presence of antimony caiinot b P  performed with 
accuracy by the convenliorlal analytical methods 
(8-1 1). The utilization of radioactive isotopes in 
solving some production proble~ns and in working 

t, ‘issium .. tartrate (tartar emetic) is the most com- 
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up technical operations in the pharmaceutical 
industry has found its way only recently (12). Some 
studies have been published on the manufacture 
of pure tartar emetic (3 ,  13), but none of the authors 
have made use of radioactive isotope techniques. 

The purpose of the present paper was to find an 
ecotiomical method to eliminate arsenic and lead 
and to produce tartar emetic in pure form. For 
tracing these two metals, the radioactive isotopes, 
’6As and 203Pb, have bccn used, while their concen- 
trations in the starting materials arid in the final 
products havc hccn dctcrmined by a neutron radio- 
activation procedure. 

EXPERIMENTAL 

Materials.--Unless otherwise stated, all chemicals 
employed were analytical grade reagents. The 
radioactive isotopes j6As and 209Pb wcre prcparcd by 
irradiating spectrographically pure arsenic trioxide 
and lead. Arsenic trioxide was then dissolved 
in dilute hydrochloric acid, while lead was dissolved 
in dilute nitric acid. Standard and carrier solutions 
of arsenic and lcad were prepared by dissolving inac- 
tive arsenic trioxide and lead in a similar manner. 

Apparatus.--The instruments used were an EKCO 
scintillation assembly for counting the y radiation of 
‘ G A S  atid a Philips counting instrument with an cnd 
window G.M. tube for measuring 2D9Pb p-radiations. 

Irradiations.-Samples to be irradiated were 
wrapped in thin alunlinum sheets and were en- 
closed in aluminum cans which were then irradiated 
a t  a flux of about 1.3 X l0l3 neutrons/cm.2/sec. in 
the U.A.-KR-1, 2 MW reactor. For the radioacti- 
vation analysis of arsenic and lead, every sample 
Was placed together with the standards in one can and 
exposures were of about 5 hr. duration. 

Procedure.-All experiments on the study of 
arsenic and lend uptake were performed in 100-m1. 
conical flasks. For evaluatitig arsenic uptake on 




