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2-Acetamido-4-hydroxy-6-phenyl-5-pyrimidylpropionaldehyde
Diethyl Acetal (XVII).—A solution of 5.0 g. (15.8 mmoles) of
VI, 50 ml. of pyridine, and 15 ml. of acetic anhydride was heated
in a bath at 85-90° for 1 hr. Solvent was removed by spin-
evaporation in vacuo. The residue was dissolved in 50 ml. of
warm toluene and again spin-evaporated in vacuo. The toluene
treatment was repeated twice more to remove the last of the
pyridine. Recrystallization from benzene gave 3.39 g. (60%)
of product, m.p. 133-140°, that was suitable for further trans-
formations. Two further recrystallizations from di-n-butyl
ether gave white crystals (775 recovery), m.p. 142-144°; X%
3.12 (NH), 6.03, 6.15, 6.43 (C=0, aromatic double bonds, NH),
9.45 (ether C-0-C); 12.9 u (phenyl).

Anal  Caled. for CyHxN:O4: C, 63.6; H, 6.99; N, 11.7.
Found: C,63.7; H, 6.99; N, 11.6.

2-Acetamido-4-hydroxy-6-phenyl-5-pyrimidylpropionaldehyde
(XVIII).—A stirred mixture of 1.00 g. (2.78) mmoles) of XVII
and 50 ml. of water was refluxed for 1 hr. after solution took place,
solution requiring 15 min. Spin-evaporation to dryness in
vacuo left 0,747 g. (919%,) of product, m.p. 148-152°. Kecrystal-
lization from benzene gave white crystals, m.p. 149-152°; yield,
0.680 g. (87%); ALEr 3.15 (NH), 5.89 (aldehyde C=0), 6.20
(broad) 6.47, 6.73 (amide C=0, aromatic double bonds, NH),
14.3 (phenyl), no acetal at 9.45 u.

N-[1-(2-Amino-4-hydroxy-6-phenyl-5-pyrimidyl)-3-propyl] -

p-aminobenzoyl-L-glutamic Acid (II).—A solution of 500 ng.
(1.75 mmoles) of XVIII and 465 mg. (1.75 mmoles) of p-amino-
benzoyl-L-glutamic acid in 10 ml, of N,N-diniethylformamide was
stirred for 20 min., then diluted with 75 ml. of reagent methanol.
After the addition of 1.0 g. of sodium borohydride over a period
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of about 10 min., the reaction mixture was magnetically stirred
for 18 hr. To the mixture was added 25 ml. of 0.1 N sodium
hydroxide, then the solution was spin-evaporated in vacuo to
about 20 ml. and diluted with 50 ml. of water. The solution was
acidified to pH 5 with 3 N hydrochloric acid. After being chilled,
the mixture was filtered and the product washed with water.
The crude material was dissolved in 15 ml. of 3 N hydrochloric
acid and heated on a steam-bath for 15 min. to hydrolyze most
of the contaminating intermediate ‘‘anil’”’ that was present.
The cooled solution was brought to pH 8 with 109} sodium hy-
droxide, and the solution was clarified by filtration. The filtrate
was acidified to pH 5 with 3 N hydrochloric acid; the product was
collected by centrifugation and washed successively with four
5-ml. portions each of water, ethanol, and dichloromethane;
after being dried overnight 7n vacuo, the product weighed 0.31 g.
(369,). The product was further purified by solution in hot
N,N-dimethylformamide, addition of water to turbidity, and
chilling; the recovery was 68%,. For analysis the precipitation
from N,N-dimethylformamide was repeated twice more. The
compound retains traces of solvent tenaciously; acceptable com-
bustion values were only obtained after drying the sample at
100° under high vacuum. The recovery of material was 60-755,
in each reprecipitation. Ultraviolet data showed that the second
and third reprecipitations gave niaterial with constants essentially
identical with the material obtained in the first reprecipitation
from N,N-dimethylformamide. The constants were as follows:
NE 1226 (¢ 21,900), 285 mu (15,300); N7 220 (¢ 26,900), 298 my
(19,700); A2 204 mu (e 20,250); the Bratton-Marshall test
showed!! 2.6, “‘anil’’ was present.

Anal. Caled. fOI‘ CstmA\vaOsl C, 609, H, 548, N, 142,
0,19.5. Found: C,61.1; H, 5.46; N, 14.1; O, 10.6.

The Synthesis of Antineoplastic Agents. XXXII. N-Nitrosoureas.' 1.

Taomas P. JounstoN, GEORGE S. McCALEB, AND JoHN A. MONTGOMERY

Kettering-Meyer Laboratory, Southern Research Institute, Birmingham, Alabama

Recetved June 27, 1963

A number of N-nitrosoureas have been synthesized and evaluated for activity against Leukemia L1210. The
most active member of the series thus far evaluated, 1,3-bis(2-chloroethyl)-1-nitrosourea, is highly active in a

nuniber of other experimental animal tumor systems.

The reported ability of 1-methyl-3-nitro-1-nitroso-
guanidine to increase the life span of mice implanted
intraperitoneally with Leukemia 1.12102 prompted us to
investigate the anticancer activity of the closely related
compound, 1-methyl-1-nitrosourea.? Although this
compound showed only borderline activity against
Adenocarcinoma 755 and Sarcoma 180, it proved even
more effective, in our hands, against Leukemia 11210
than 1-methyl-3-nitro-1-nitrosoguanidine, increasing
the life span by a factor of 2. These significant results
caused 1-methyl-1-nitrosourea to be selected, along with
other compounds of known activity against L1210 such
as amethopterin, for evaluation against L1210 implanted
intracerebrally in mice.®* Of the compounds evaluated

(1) This work was sunported by funds from the C. F. Kettering Founda-
tion and the Cancer Chemotherapy National Service Center. National Can-
cer Institute, National Institutes of Health. Contract Nc. SA-43-ph-1740.
Part XXXI: C. Temple, Jr., C. L. Kussner. and J. A. Montgomery, J.
Med. Pharm. Chem.. 5, 866 (1962).

(2) Personal communication from Dr. Howard Bond of the Cancer
Cliemotherapy National Service Center. Seealsoref. 4.

(3) B. R. Baker and co-workers have investizated a large number of
derivatives of 1-methyl-3-nitro-1-nitrosoguanidine itself.*

(4) W. A. Skinner, H, F. Gram, M. O. Greene. J. Greenberg, and B. R.
Baker, J. Med. Pharm. Chem., 2, 299 (1960).

(5) A possible explanation of the failure of leukemias to respond to drug
tlierapy is the sequestering of leukemic cells in the brain where they cannot
be reached by drugs that fail to cross the so-called ‘‘blood-brain barrier.”

Compounds effective against experimental animal leakemias implanted
in the brain might be of value in the treatment of the human disease.

in this test system prior to this study, only 1-methyl-
I-nitrosourea has shown significant activity.® These
results stimulated our interest in the preparaticn of a
number of congeners of 1-methyl-1-nitrosourea’ for
screening against experimental animal neoplasms,
particularly Leukemia L1210.

Chemistry.—Ureas and N-nitrosoureas of varied
structure have been prepared in this continuing study.
Table I summarizes the syntheses of those ureas that
were used in the preparation of the previously unde-
scribed N-nitrosoureas of Table II; in addition, Table
I includes several new ureas, the attempted nitrosations
of which have not led thus far to the isolation of pure
N-nitroso derivatives. The synthetic procedures used
in the preparation of the ureas are adapted from known
methods, which are indicated in the footnotes to Table
I. Examples of unusual variations of these procedures
are described in the Experimental section.

Each of the tabulated nitrosations involved the use of
a cold acidic medium and either aqueous sodium nitrite
solution of variable concentration or solid sodium

(6) H. E. Skipper. F. M. Schabel. Jr., M. W. Trader. and J. R. Thom-
son, Cancer Res.. 21, 1154 (1961).

(7) Degradation studies indicate that streptozotocin, a new broad spec-

trum antibiotic, contains an N-methyl-N-nitrosoamide or N-methyl-N-
nitrogsourea function.®

(8) E. R. Garrett. J. Am. Pharm. Assoc. Sci. Fd.. 49, 767 (1960).
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CICH,CH,
CF3;CHs

(G ~@{‘H;

NCCH,CH.
CeH;CH,Cl1,
CH,N(NOYCtLCH,CH,
CeH,

p"FCsH4

p-CICsH,

P-CHao CsH4
p-HO,CCH,
p-H;C20:CCeH,

CH.N( NOK'O:O“ 1,CH;

A
/

TNTRN
A

e AL
H} 7
AN
O 1 [§]
ﬁ(‘HJ(‘H
AN
NZ ]/'\\
LQN/ \’
11
SCH.CH
.. N
:i\/ l/\\\

NN
)
CILCHLOT

SIRRY

CH,CH,CsH,;

CH;
CH;s
CH;
CH;,
CH;
CH,
CH;
CH;
CH;
CH;
CH;
CH;

CH;

CH,4

CHs

CH;

CH;

Cll,;

Clly

CII,

Urea,
nunoles

19

23

30

= Mediom

Acid, ml.

Formic, 5
Formic, 10
Formic, 2
Formic, 100
Formie, 1
Formie, 10
Formic, 50
Formic, 7t
Formice, 130
Formie, 100
Formic, 75
Formic, 130
Formic, 80

Formic, 50

N HCI, 120

{ormie, 550

Formie, 5

Acetic, 15

N HCI, 200

N T, 2

N HCI, 20

~—Nitrosatiol®” =—=——

TasLe I1

N-NITROSOUREAS

Map.p e,

100 dec.
65
33-344

115
86 dec.
58
70 dec.
95 dec.
114 dec.

142 dec.

120 dec.

191 dee.

120 dec.

140 dee.

143 dec.

215 dee.

200 dec.

100

200 dee.

- e ~——Agent——
Water., NaNOz, Water, Yield.
ml. nmuinoles ml. o
A. N-Nitrosoureas, RNHCON(NO)R'

b} 6.1 5 59
100 9) 35 74
10 i3 5 30
0 75 15 79
10 10 5 70
50 60 20 84
8 171 30 66

0 90 35 75
100 100 40 78
a H0 10 86

0 110 45 81

0 100 25 100
10 5 20) 92
0 100 50 91

1] 40 20 92

it b 46) 83

O bl 10 65
10D 50 10 92
0 70 15 sl

4} 4 3 91

¢} 4 ) 90

165 dec.

v (em1. =) in
CO stretehing
region®

1745
1710, 1725
1735
1705
1725
1715
1725, 1745
1720
1740
1730
1715
1680, 1740
1690, 1725

1716, 1750

1725

1670, 1735

1680, 1713,
1750

1715

1730

1720

Firmala

CyH 1 N0,
C.HCIN,;(0),
CiHgF3N 30,
CoH,,CIN;0,
C5H3N4()2
CroH 3Nyt )y
CsH11 N0,
CgHgN;0),
CsHsFN,),
CgHgCIN; ().
CoHiu N3Oy
CoHyN;0),
CuH N3O,

Crll,NL 04

CiuHpN-

Gel TNy

CyH N4

CylloN70:3

Crall1sN70.8

(39H11N7025

Ciel N30

Caled.

21

25.
22,

0.

Bt

9

34.

75
46)
72

45

.30

2.80

83

ST

i

ST

G m e

Found

21.
.22

25

22.
18.
80

30

34.5

3.7

35

64
63
09

A

-y

.20

St

NiE:

50

9.50

cm— = = —— . —sAqalyses, ¢
~——Coarhon—— ~=-Ilydrogen-— .—=~Nitrogen-—
Caled. Foand Claled. Found
55.95 56.24 5.74 5.58
290.03 28.91 4.87 4.99
25.93 25.81 3.27 3.59
47.55 47.75 4.43 1.42
3%.46 38.61 5.16 5.28
57.96 5802 6.32 6.15
30.90 31.22 4.75 4.91
53.62 53.59 5.06 5.05
4871 48.66 4.09 4.13
45.00 41,796 3.78 4.1l
5167 31.81 5.30 5.45
48.43 45.30 1.06 3.96
52.58 52.65 5.22 5.39
46.060 46940 4.89 5.03
57.38 57.20 4.3 443
3381 33.86 3.31 3.32
37.00 37.26 3.90 401
3813 38,23 3,04 403
46.28  465.31 5.68  5.54
38.43 38.16 3.94 4.1
40.68 40,56 .43 4 21

42
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CH, 25 Formic, 50 0 60 10 57 200 dec. 1685, 1730 CyH N/, 40.75 40.83 4.18 4.14 36.97 36.92
CH.CH.
NIICH.CH,
N
N fN> "HC CH, 12 N HCI, 45 0 25 20 88 193 dec.? 1650, 1715 CoHuNgO:-  36.00° 35.80 4.37 4.69 37.36 37.39
H HCI
CICH,CH, CH,CH,ClI 44 Formie, 50 0 100 60 71 30-32¢ 1725 C:HoCLN;O: 28 067 28.01 4.24 4.20 19.64 19.45
H;C:0,CCH; CH,CH,CI 2.4  Formic, 5 10 5 5 61 100-1014 1735, 1710 C;HCIN;O, 35.30 35.46 5.09 5.03 17.66 17.7%
JsHs CH,CH,CI 2.5 ¥ormie, 17 10 6 5 61 7540 1725, 1695  CoH,CINaO):  47.61 47.59 4.40 4.42 18.45 18.48
p-CICH, CH,CH,CI 2.2 Formic, 20 0 6 5 89 a5 1730 CoHoCLN;O:,  41.26 41.22 3.47 3.49 27.10% 26.90*
p-CH;0C:H, CH,CH,CI 2.2 Formie, 20 0 6 5 61 95 dec. 1705, 1735  C,Hi:CIN;(), 46.60 46.28 4.70 5.01 16.30 16.38
NCCH,CH, CH,CH,CN 6 Formic, 20 40 12 20 60 110 dec. 1735 C;H4N;0. 43.07 43.13 4.65 4.8 35.89 36.25
ClOCm cm@—cx 1.6  Formic, 30 0 30 0 93 140 1705 CisHCLN(), 53.27 53.48 3.87 3.82 21.00 20.90
HN" .
/\/I CH.CH,OH 2.3 Formic, 20 0 6 3 56 170 dec. 1670, 1735  C;HN;0); 34.57 34.72 3.73 3.64 28.80 28.64
N
O H O
B. N,N'’-Dinitrosobisureas, R‘'N(NQ)CO—R—CON(NO)R’ )
NHNH CH, 40 Formic, 100 0 160 50 44 142 dec. 1710, 1750  C,HNO, 23.50 23.70 3.95 3.91 41.17 41.29
NH(CH,).NH CH; 17 Acetic, 4.5 25 69 10 50 130 dec. 1705, 1740  CsHiaN4O4 31.03 31.56 5.21 5.25 36.20 36.01
NH(CH,);NH CH; 2.7 Acetic, 1 20 11 5 40 ca. 100 dec.? 1705 C;H ;N0 34.14 34.16 5.73 5.80 34.13 34.39
NH(CH.)NH CH;, 61.4  Acetic, 68 1350 242 300 67 >110 dec.t 1715 CsH16N604 36.92 37.09 6.20 6.46 32.29 32.05
NH(CH:).NH CH; 23 Formiic, 50 40 50 10 79 110 dec. 1710 CyHisNg()4 39.41 39.31 6.62 6.62 30.78 30.78
NH(CH:):55(CHz),NH CH; 10.5  Acetic, 28 110 45 10 84  ca. 100 dec.t 1700 CsHisNeQ4 20.62 29.90 4.98 5.15 25.94 25.62
/N
NN CH; 25 Acetic, 6 50 100 20 65 131 dee. 1705 CsH1uNgO, 37.21 37.50 5.46 5.12 32.55 32.69
NHONH CH, 23 Formic, 100 0 113 30 95 >250 dec. 1710 CroH 12N, 42.85 42.56 4.32 4.22 29.99 29.89
NO C. Miscellaneous N-Nitrosoureas
N/
<>:0 50 N HCI, 50 0 50 0 21 105 dec. 1700, 1725  C,H;N;0. 37.21 37.37 5.46 5.46 32.55 32.87
"
N/NO
&)=0 50 6 N HCI, 50 0 300 0 76 133-135 dec.d 1750 CiHgNLO; 30.38 30.52 3.82 3.84 3544 35.53
N
“NO
N/ancnzm
E>:0 6.7 NHQ,7 0 7 5 73 75 1750 C:HCIN;0, 33.81 33.97 4.53 4.53 19.90 20.00
N
“NO
NHCNCH; | CH.,
1.3 Formic, 50 0 26 0 61 190 dec. 1680, 1750 CiHuN,Os  35.52 35.63 3.21 3.17 31.86 31.67

m\’/IJ |
NO
(%\g

@ A solution or suspension of the urea in the medium indicated is treated cold (0-5°) with sodium nitrite either solid or in aqueous solution; after 0.5-2 hr. the precipitate is washed with water
and dried in vacuo; several typical procedures are described in the Experimental section. ° Taken on a Kofler Heizbank unless indicated otherwise; ‘“dec.”’ denotes relatively rapid decomposi-
tion before or during melting. © Major bands, 1650-1750 cm. ™!, in order of intensity. ¢ Capillary. ¢ Caled. Cl, 11.80; found, 12.0. / Caled. Cl, 33.14; found, 33.20. ¢ Dec.80°. * ¢ Cl. * Indef.
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and therefore it is not surprising that isocyanates
gencrated by the action of water on appropriate N-
methyl-N-nitrosourcas also give urcas whether an
amine is added or not. For example, 1,3-big(2,2,2-
trifluoroethyl)urea was formed according to the follow-
ing over-all equation.
2CF;CH,NIICON(NO)CH; + Hol) —

(CI%CH.NH),CO 4 2CH,0LL 4 2N, + CO.

Wheun 1-methyl-1-nitroso-3-phenethylurea was al-
lowed to decompose in boiling water in the absence of
phenethylamine and in its presence, 1,3-bisphenethyl-
urea was formed in yields of 77 and 8497, respectively.
These results are compelling evidence for the structure
of the nitroso compound, which might have been con-
sidered ambiguous in view of the facile nitrosation of
phenethylurea. In the attempted preparation of 1,3~
bis(2-hydroxyethyl)urea by the hydrolytic decompo-
sition of l-nitroso-2-imidazolidinone (III) in the pres-
ence of 2-aminoethanol, the ouly product isolated was
2-oxazolidinone (IV), whose infrared absorption spec-
trum is characterized by a CO band at 1735 em.™';
this is an unusual example of an N-nitrosourea decom-
position in which both the hydroxyl and isocyanato
functions are retained in the intermediate 2-hydroxy-
cthyl isocyanate.

N—NO

O
(o om0
N N
H H
111 v

During the course of preparation of N-nitrosourcas
having heterocyclic carrier groups of biologic impor-
tance, some observations of interest were made in the
preparation of intermediates.

5-Aminouracil responded well to reaction with 1,3-
dimethyl-1-nitrosourea to give 1-methyl-3-(1,2,34-
tetrahydro-2,4-dioxo-d-pyrimidinyljurea (V) and with
1,1"-trimethylenebis[3-methyl-3-nitrosourea] to give
the corresponding bisurea VI. The nitroso derivative
of V, when allowed to react with 2-aminoethanol in
water, afforded the hydroxyethylurea VII.

xS~ NHCONHE -HNXNHCONHCHg— CH,

())\N 0 ())\N 0
H H

V., R=CH, VI
VI, R=CH,CH.OH

In order to prepare the thymine analog IX in quan-
tity, a new synthesis of the intermediate 5-(amino-
methyljuracil hydrochloride was developed. This in-
volved amidomethylation of uracil with paraformal-
dehyde and acetonitrile in a mixture of acetic and sul-
furie acids,’? which gave vields up to 349 of N-(1,2,3,
4-tetrahydro-2,4-dioxo-5-pyrimidinylmethyl)acetamide
(VITI). The hydrolysis of VIII in hydrochloric
acid gave a good yield of a product that was identical
with the H-(aminomethyl)uracil hydrochloride prepared
by u previously deseribed procedure,’® which in our

(127 ¢ the gmidomethvlation of benzene derivotives [Co Lo Paeris ansd
1. M. Chyistenson, J. Org. Chem., 25, 1838 (10601 ].
(13) J. H. Burckhalter, R. J. Seiwald, anl 1I. . Searborowsds, J. .

Chem. Soe., 82, 001 (1910,

Vol. 6

hands was unadaptable to o large scale. A similar
hydrolysis of N-(2-purin-6-ylaminocthylacetamide [N,
from O-chloropiwrine and N-(2-aminocthybacetamide
provided N'-{2-uminocthyDadenine ax an uneluoseter-
tzed hydrochlovide, which was converted to the desied
mothyluren - a method whicl eireunivents the mixture
of products encountered in the previously described
reaction of G-chloropurine with cthylenediamine. ™

N i( H.NHCOR
l))\\” :

NHCH,CH,NHCOCH,

NN
H 0 K 3 I\'\>
NOH
VIIL R = Cll, N

IN, R = NHCIH,

1-Methyl-3-[2-(purin-6-ylthio)ethyljurca (X1} wax
prepared in two ways, neither of which afforded good
vields: (1) from 6-chloropurine and 1-(2-mercapto-
ethyl)-3-methylurea in N,N-dimethylformamide cou-
taining potassium carbonate and (2) from puwrince-
6(1H)-thione and 1-{2-chloroethyl)-3-methylurea under
the same conditions. I contrast, a good yield of 1-|2-
(9-butyl-9H-purin-G-vlthio)ethyl]-3-methylurea (XI1)
was obtained from 9-butyl-OH-purine-6(1H)-thionc.
The preparation of the phenylurea XNIIT was accoms-
plished by an unusual opening of l-aziridinecarboxani-
lide by purine-6(1/)~thione in N,N-dimethylform-
amide.

SCH,CH,NHCONHR

N%\\'/N\>
L
R
NI R = 00, 1w CHL
NI R = n-Clly, R = Cl1,
NI R = M, R =l

The use of N-(Z-aminocthyhacetamide again pro-
vided usefnl protection of an amino group in the
synthesis of 1-[2-(6-mercapto-9H-purin-9-yhethyt]-3-
methylurca  (XIN), its S-methyl derivative XNX.
and 1-[2-(6-hydroxy-OH-purin-9-yljethyl ]-3-methylurca
(XX1). 'The hydrochloric acid-catalyzed purine ring
closure  of  N-12-[(5-amino-G-chloro-4-pyrimidiny -
amino Jethylacetamide (XIV) with cthyl orthoformate
produced the key intermediate XV, The action of
thiourca on XV, followed by mild basic hydrolysis,
gave the acetamide XVI, which was hydrolyzed in
hvdrochloric acid to give 9-(2-aminoethyl)-9H-purine-
6(1H)-thione dihvdrochloride (XVII). Direct hy-
drolysis of XV by hydrochlorie acid produced the hypox-
anthine dihydrochloride XVIIT. The reaction nf
neutralized aqueous solutions of these amine hydro-
chlorides with methyl isocyvanate in the presence ol
tricthylamine  afforded  the desired  methylureas.
Methylation of XIX alforded 1-methyl-3-{2-[6-(ineth-
vithio)-9H-purin-9-y1lethyl jurea (XX).

An intramolecular eondensation of 1,3-bis(2-chloro-
cthyburea was accomplishied with sodium ethoxide in
ethanol, and the produet was identical with authentic
1-(2-chloroethyli-2-imidazolidinone (NXNXTII), whiclr was
prepared by a previously reported method.”  The ye-

ST L Letemtaol L Ballwrs, Lo, Chow.. 649, 124 10610

A5 ALY Mely WGl Hottoa, ool R OO Bebon, /. s, Chcae Noc.
78, 13144 1 1U5G),
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cl cl
N NH: o N N\
L .| 1\) HCI

NHCH,CH,NHCOCH, N 1

X1V _—  CH.CH,NHCOCH;
o XV
N S !
HN | \>
L N
oy SR
CH.CH;NH»2HCI N ITI
1 CH,CH,NHCOCH,
XVIII . VI
v s ‘
AN HNY \>
1S by
N —— |
| CH,CH,NH,2HCI
CH.CH:NH CONHCH; XVII

XIX, Y = SH[6(1H)-thione]
XX, Y = SCH,
XXI, Y = OH[6(1H)-one]

ported nitrosations of 2-imidazolidinone!® were ex-
tended to the preparation of l-nitroso- and 1,3-di-

nitrosotetrahydro-2(1H)-pyrimidinones XXIII and
XXIV.
CH,CH,CI Pt
N/ N
Lo We
N
H z
XXII XXIII, Y = NO,Z=H
XX1IV,Y = Z = NO

Prominent infrared absorption bands in the carbonyl
stretching region are recorded in Tables I and II for the
ureas and the respective N-nitrosoureas. Compari-
sons reveal that nitrosation of urea functions always
results in a shift toward higher wave numbers in the
carbonyl region. The nitrosations of 2-imidazolidinone
caused the most pronounced effect observed: 2-
imidazolidinone itself absorbs at 1665 cm.—!; the 1-
nitroso derivative, at 1760 and 1730 cm.~!; and the
1,3-dinitroso derivative, at 1795 cm. !

Experimental'’

[(1,2,3,4-Tetrahydro-2,4-dioxo-5-pyrimidinyl)methyl]urea.
Method A.—Potassium cyanate (183 mg., 2.26 mmoles) was added
to a solution of 5-(aminomethyl)uracil hydrochloride (400 mg.,
2.25 mmoles), and the resulting solution was refluxed for 1 hr.
Removal of the solvent under reduced pressure left a white
residue, which was twice recrystallized from water (10 ml.).
The yield of the urea, dried at 100° ¢n vacuo, was 308 mg. (75%);
Amax in mu (e X 1073): 262 (5.57) at pH 1, 262 (5.55) at pH 7,
286 (4.51)at pH 13.

1-Methy!-3-(1,2,3,4-tetrahydro-2,4-dioxo-5-pyrimidinyl)-
urea (V). Method B.-A mixture of 5-aminouracil (4.4 g., 0.035

(16) (2) J. G. Michels. U. 8. Patent 2.776.979 (1957); (b) A. F.
McKay, W. R. R. Park, and 8. J. Viron, J. Am. Chem. Soc.. T2, 3659 (1950):
(¢) M.W. Kirkwood and G. F. Wright, ib¢d., 76, 1836 (1954).

(17) Melting points were determined on a Kofler Heizbank unless indi-
cated otherwise: capillary melting points are uncorrected. Ultraviolet
absorption spectra were determined in aqueous solution with a Cary Model
14 spectrophotometer. Infrared absorption spectra were determined in
pressed potassium bromide disks with a Perkin-Elmer Model 221 spectro-
photometer. All N-nitrosoureas prepared were stored eold and dry.
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mole), 1,3-dimethyl-1-nitrosourea (4.5 g., 0.038 mole), and water
(400 ml.) was heated under reflux for 2 hr, The solution was
then concentrated under reduced pressure to 350 ml., treated hot
with decolorizing carbon, and filtered. The cooled filtrate
deposited a solid, which was suspended in 0.1 N hydrochloric
acid (15 ml.) and stirred 15 min. The product was then washed
with water and dried in vacuo over phosphorus pentoxide at 60°
overnight; yield of V as a one-quarter hydrate, 2.5 g. (399;);
Mmax In mu (e X 107%): 233 (sh) and 272 (5.84) at pH 1, 233 (sh)
and 272 (5.80)at pH 7, 287 (7.13) at pH 13.

On a larger scale, this procedure gave a 499, yield.

1-(2-Hydroxyethyt)-3-(1,2,3,4-tetrahydro-2,4-dioxo-5-pyrims=

idinyl)urea (VII). Method B.—A mixture of 1-methyl-1-nitro-
80-3-(1,2,3,4-tetrahydro-2,4-dioxo-5-pyrimidinyl)urea (4.60 g.,
0.0216 mole), 2-aminoethanol (1.27 ml., 0.0216 mole), and water
(100 ml.) was heated under reflux for 2 hr. The reaction
mixture diluted with water (1 1.) was heated to boiling, and
a small amount of insoluble material was removed by filtra-
tion. The white solid deposited in the filtrate after two days
at room temperature was washed with water and dried in vacuo
at 100° overnight; yield of VII, 2.4 g. (529%); Amax in mu (e X
10-3): 273 (12.1) at pH 1, 273 (12.1) at pH 7, 286 (14.3) at pH
13.

1-Methyl-3-[2-(purin-6-yithio)ethyljurea (XI). Method C.—
A solution of commercial 2-aminoethanethiol hydrochloride
(13.0 g., 0.0116 mole) in methanol (90 ml.) was treated with a
solution of sodium methoxide (5.5 g., 0.10 mole) in methanol
(110 ml.), a slight excess of the hydrochloride being requisite.
The solvent was removed under reduced pressure with care
being taken not to volatilize the free base. The residue was ex-
tracted with two 50-ml. portions of warm chloroform, and the
chloroform extract was filtered, cooled (0-5°), and treated with
methyl isocyanate'® (6.6 ml.,, 0.10 mole). After 15 min. at
room temperature, the solvent was removed under reduced pres-
sure leaving crude 1-(2-mercaptoethyl)-3-methylurea (13.0 g.,
93%,) as a pale yellow oil.

A well stirred mixture of crude 1-(2-mercaptoethyl)-3-methyl-
urea (13.0 g.), 6-chloropurine (13.8 g., 0.0895 mole), potassium
carbonate (12.4 g., 0.0898 mole), and N,N-dimethylformamide
(50 ml.) was heated at 80-90° for 2 hr. The reaction mixture
was evaporated to dryness 7n vacuo, and the semisolid residue was
extracted with tliree 50-ml. portions of hot ethanol. Concentra-
tion and cooling of the combined extracts produced two crops of
crude XI, m.p. 230°, totaling 2.95 g. Additional product (3.4 g.,
m.p. 232°) was obtaiued from the mother liquor by evaporation
to dryness in vacuo and precipitation of the residual solid from
water solution (30 ml.) at pH 7. Recrystallization of the com-
bined crops from ethanol and then from water afforded 5.33 g.
(28.59%,) of XI as a white solid (dried in vacuo at 100°); Amax
in mu (e X 1073): 293 (13.9) at pH 1, 290 (16.1) at pH 7, 291
(14.3)at pH 13.

1-Methyi-1-nitroso-3-[2-(purin-6-ylthio)ethylJurea.—A sus-
pension of 1-methyl-3-[2-(purin-6-ylthio)ethyl]urea (XI) (3.2 g.,
0.013 mole) in acetic acid (15 ml.) was diluted with water (100
ml.). The suspension was maintained at 0-5° by means of an
ice bath and stirred, while an aqueous solution (10 ml.) of sodium
nitrite (3.5 g., 0.051 mole) was added dropwise. Stirring was
continued at 5° for 2 hr. The yellow product was washed with
water (20 ml.) and dried n vacuo, yield, 3.3 g. (92%).

3-[2-(9-Butyl-9H -purin-6-yithio)ethyl]-1-methylurea (XII).
Method D.—A well stirred mixture of 9-butyl-9H-purine-6(1H)-
thione'® (10.0 g., 48.0 mmoles), potassium carbonate (6.9 g.,
50 mmole), and N,N-dimethylformamide (70 ml.) was heated to
80°, and 1~(2-chloroethyl)-3-methylurea (6.84 g., 50.0 mmoles)
was added in small portions. After 2 hr. at 80-90°, the mixture
was cooled and diluted with water (250 nil.). The white solid
that formed was washed witli cold water and dried 7n vacuo
at 100°; vield of XII, 10.6 g. (729); Amsx in mu (e X 107%):
220 (11.5), 294 (16.8) at pH 1; 222 (12.0), 286 (18.3), 293 (18.3)
at pH 7; 286 (18.3), 293 (18.3) at pH 13.

Ethyl 5-(2-Cyanoethyl)hydantoate. Method E.—Ethyl iso-
cyanatoacetate?® (5.0 ml., 0.043 mole) was slowly added to a
cooled solution of 3-aminopropionitrilez! (3.0 g., 0.043 mole) in

(18) The Ott Chemical Co., Muskegon, Michigan.

(19) J. A. Montgomery and C. Temple, Jr.. J. Am. Chem. Soc.. 80, 409
(1958).

(20) Distillation Products Industries, Rochester 3. New York.

(21) 8.R. Bue, *'Organic Syntheses,”” Coll. Vol. 111, John Wiley and Sons.
Inc., New York, N. Y.. 1955, p. 93.
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chloroform (100 ml.), and the solution wus stirred at room tem-
perature overnight. The solvent was evaporated under reduced
pressure, and the resulting white crystalline residue was sus-
pended in benzene, collected on a filter, and dried in vacuo; yield.
R0 g (94C0).

p=[2-(3-Methylureido)ethyl| phenyl Methylcarbamate.
Method F.—Methylisocyanate® (0.51 nl., 8.0 mnoles) was added
to a cooled, stirred solution of tyramine (500 ing.. 3.65 mmoles) in
chiloroform (20 mnl.) containing triethyvlamine (5 ml.). Stirring
was continued at 20° for 1 hr. and then at 35° for 1 hr. The
white solid that formed was collected from the cooled reaction
mixture and recrystallized from acetonitrile (30 ml.) as white
needles; the vield of the vacuwm-dried methylearbamate was
Hodong, (61%): N it mp (e X 1073): 264 (5.00) and 271 (£.273
i ethanol.

1,3-Bis(phenethyl)urea. Method G.—A stirred mixture of I-
methyl-1-nitroso-3-phenethylurea (1.0 g.. 5.8 mmoles) and water
(20 ml.) was heated under reflux for 1.5 hr.  The preeipitate that
formed was collected at room temperature, washed witlt water,
and air-dried; yield, 0.61 g. (77%(7.

The analvtical snmple was reeryvstallized from benzene as color-
less plates, n.p. 140°,

Diethyl N,N’-Carbonyldiglycinate. Method G.--An aqueous
solution (5 ml.) of sodium nitrite (1.7 g., 25 mmoles) was added
dropwise to a stirred, cold (0-5°1 solution of ethyl 5-methyl-
hydantoate (1.00 g., 6.25 muroles) in water (20 ml.) containing
formic  acld (1.5 ml). After 30 omin., the supernatant
solution was decanted from the oily nitroso compound that had
lormed.  "T'he oil, washed with cold water (35 ml.}, was suspended
in water (10 ml.) and the mixture gradnally heated.  After 30
min. at 80° and d min. at 100°, the resultant solution was treated
with Norit and filtered. The cooled filtrate deposited the
carbonvldiglycinate as eolorless needles, which were dried /n
cacuo at 76°; yield, 250 mg. (35% ).

1-(2-Chloroethyl)-3-( p-methoxyphenyljurea. Method H.—
A solution of p-methoxyphenyl isocyanate? (11.5 g., 0.0767
mole) in chloroform (50 ml.) was added dropwise to a cold (0-5°3,
stirred solution of ethylenimine (4.0 ml., 0.077 mole) in the same
solvent (150 ml.). Stirring was continued overnight at room
temperature. Removal of the solvent under reduced pressure
left a0 solid residue, whiclh was recrystallized from benzene (100
ml.) to give l-aziridinecarbox~-p-anisidide (12.5 g., 835(.) as white
crystals, ni.p. 117°. This product (10.0 g., 0.0522 mole) wag
added in portions to cold (0-5°), stirred, concentrated bydro-
elilorie actd (80 ml.).  Complete solntion existed {or only a fow
minutes, and the mixture was stirred for | e, in the cold and
diluted with water (50 mil.). The white urea that had formed
was washed with witer and dried n vacwo; vield, 11.0 g, (99¢;
840 over-all ).

1-Phenyl-3-[2-(purin-6-yithio)ethyljurea (XII[). Method I.--
I-Amridincearboxanilide?? (567 mg., 3.50 mmoles) was added in
ineretients to a solution of purine-6(1H)-thione monohydrate
(500 mg., 2.94 mmoles) in N N-dimethylformamide {10 ml.)
at 80°.  After | hr. at 100°, the solution was cooled and dilnted
with water (65 ml.). The white precipitate was recrystallized
from water (55 ml.) and dried in rucuo to give 540 mg. (584)
of XTI as 2 gquarter hvdrate; M,y i mu (e X 1078): 234 (18.0)
and 294 (11.6) at pH 1, 230 (17.8) and 290 (13.3) at pld 7, 232
(22.3) and 291 (12.7 ) at pH 13.

1-(2-Chloroethyl)-3-methylurea. —Methyluarbamoyl chloride®
19.0 g., 0.097 mole) was added in small portions to a stirred, cold
(5% salution of ethylenimine (5.0 ml., 0.097 mwole) in benzene
t250 ml.). The solution was stirred at room tewperature for |
hr., then diluted with low-Dboiling petroleunt ether (100 mil.),
and cooled.  The semisolid material that formed, from which the
supenuitant liquid was separated by decantation, was taken
up in hot benzene (400 ml.) and the benzene solution concentrated
to balf volunie.  Dilution with low-boiling petrolewm ether (60
sl altorded  1-(2-chiloreoethyl)-3-methyluren as white plates
(50, 38000

N-[(1,2,3,4-Tetrahydro-2,4-dioxo-5-pyrimidinyl)methyl]acet-
amide (VIII).—A suspension of powdered 95G; paraform-
aldehyde (2.84 g., 0.090 mole) in glacial acetic acid {18.8 ml.)
and concentrated sulfuric actd (4.85 ml.) was heated at 50°
until complete solation resulted.  To this solution, cooled to 35°,
acctonitrile (4.66 ml, 0.090 mole) was added dropwise with
stirring, the renction temperature heing kept between 35 and 45°
by oceasional external cooling.  When cexntherice  reaction

(22) = Gabyriel ared R Stelzner, Bee., 28, 2929 (1805,
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censed, uractl (10.0 g., 0.08) »uole) was added. and the noxture
was heated at 85-90° for 5 br. and then cooled.  The thick re-
action mass wis thoroughly wixed with waler 1) 2l y avd the
volatiles removed vnder reduced pressure. The residoe was
triturated m water « 15 ml ) and the uixture cavelully neutralized
with on ice-cadd solution of sodnpn hydroxide {6 g3 in water 3 15
ml). The fine white solid that formed was callected and re-
cryvstallized from water 1ea. 70 mly and dried (o cacwo 10 1007
vield of VIII, 536 g (34%); mp. > 260° The nltravinle
absorption spertnnn compared avorably with thay ol an ana-
Iytieally pure sonple btained by [urther reervstallization of o
small sonple from water; A,y o (e X 1075 261 (7.87)
at plI 1,262 (8.00) at pH 7, and 28576.75) at pll 13,

uad. Caled, for C3H NGOy CL 45,0900 1, 195 N, 220040
Found: G, 45.79; H. 492, N, 2276,

5«{Aminomethyljuracil Hydrochloride.—A mixture of the
aectamide VIIT (2.5 g.. (4 mmoles) and 6 N hydrochloric acid (40
ml.) was heated under reflux for 4 hr. The resulting solution was
cooled and diluted with cthanoel 280 ml). The fine white
solid that precipitated was washed with cthanol and  dried
e eaegoy vield, LT @ 0T G5 mep., ea 250° decs Ny I o
Ce X0 1O 0 2600 (3,10 at pld 1L 260 (7.800 at pIT 7. and 286
(3.001 at pH 50 Yields of the aonine hydroeblorde up to 787,
and amounts np to 8 g bhave bheen obtained by this procedure.

A smadl sample prepared by the procedure of Burcekhalter,
ef al 1% gave the follewing A tnorap (e X 1079)0 260 (7.907 at
pH 1, 260 (.87 at pH 7. and 286 (5.8671 at pld 13; the reported?s
NI e 1079 is 26 1.5 16.30),

N-(2-Purin-6-ylaminoethyl)acetamide (X).--A solution of -
chloropurine (10.0 g, 0.0650 mole) and N-(2-aminocthyliacet-
amide (13.3 g.. 0.130 nuled in L-propanol (100 ml) was reflused
for G hr.  The pale vellow solid that precipitated when the re-
action mixture was cooled was washed with 1-propanol and dried
(e cacao; vield of N 133 ¢ (930, 1 mup. 288° dec.

Reervstadlizatinn of a0 staedl sple froome water with Nort
treatment alforded white analyvtically pure X, np. 237° dec,,
which was dved qn cacao ot TOU T Ny 110 i (e X U750 27
CELOyat plE 267 1700 pH 7,278 165 at plT 13,

e, Caled. Tor CullpeNoD o C 4908 11 S0 N, 3816,
Found: (4851 H, 1.73; N, 38.08.

1-Methyl-3-{ 2-purin-6-ylaminoethyl wurea.—A solution of the
acctamide X (4.9 g., 0.022 mole) in 6 V hydrochloric actd 70 mi.)
was refluxed for & . Fyvaporation of the solutiaar to dryness
noraewo lelt a serolsolid restdue, whicly was triturated in cold
ethanol (20 »ul.r. The rentaining pale yvellow solid was further
washed with cold ethanol and dried i vacuve at 1D0°; weight of
Ne 2eaomiimethyhadenine as a0 crude  hyvdeehloride, 5.1 g
Aoy 11 276 a3 pld 1266 at plD 7, and 274 at pHE3 (it
values: 270 at pll 1L 27350 pll L.

Triethyvhomne 172wl and then methyl isocvanate™ {175
ml., 0.028 molet sn portinns, were added tic a inld (H-5°3,
stirred solutinn of the erude amine hyvdrochloride in water (660
ml. . After theomixture had been stirred for 30 min. at 10° and 3
br. at room temperature, the precipitate 1.5 g) was collected.
Adilitional produet €201 gy was recovered by evaporating the
filtrate to dryness (i coewo, nentralizing an rquenus solition of the
residue, evapornting ag:in to dryness, and triturating the residue
in water. The combined erude products were reeryvstallized
froom water (0 ol with Norit treatment to give 3.0 1. (53771 of
the methylnrea as a vacown-dried white powder, m.p. 21447;
Ao 110 T (e X 10733 204 (1525 at pH L 267 (16.-1) at pll 7.
and 274 (16.3) at pIl 13,

{-Methyl-1-nitroso-3-(2-purin-6-ylaminoethyiurea Hydro-
chloride.--An aquceons solution (5 ml.Y of sodium mitrite (345 my.,
5.00 nunolest wees added dropwise 1o a0 cold (0-5°), stirved soln-
tion nl 1-mmethyl-3-(2-purin-G-y Loninoethylurea (300 g, 2.33
nunoles) in N kvdroeblorie actd (1D ml). Stirring was eon-
tinued at 0-7° Tor 30 nin., and the pale vellow preeipitate that
bad formed was collerted, washed with cold water {10 ml.}, and
dried in vucuo; vield of 1he nitrosouren as the hydrochloride, 5760
mg. (9270,

Prepared under sbwilar conditions,  [-uethyl--nitroso-3-( 8-
quinelyl)ures precipitated as the free hase.

N-2-[(5-Amino-6-chloro-4-pyrimidinyl)amino|ethylacetamide
(XIV).——A solution of d-amino-4,G-dichloropyrimidine?? (5.0 g..
0.031 moled and N-(2-puinoethylaecetamide?! (6.2 g, 0.061 mole)
in T-propanol (50 mly was refluxed for 6 hr.  Removal of the

cty 0 L Beown, S oppl. Cleac s Lannion), 4, 72 (1051,
290 = R0 Aspimall, S dAoe, Chem, Swe., 83, 852 (14 1),
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solvent under reduced pressure left a yellow semisolid, which was
triturated in water (25 ml.). The resulting white solid was
collected, washed with water, and dried in vacuo at 100°; yield
of XIV, 3.6 g. (61%); m.p. 200°; Amax in mu (e X 10-3): 303
(11.8) at pH 1, 263 (7.70) and 291 (8.65) at pH 7, and 263 (11.8)
and 290 (8.55) at pH 13.
Anal. Caled. for CsHCIN;O: C, 41.75; H, 5.26; N, 30.47.
Found: C,41.64; H, 5.48; N, 30.32.
N-[2-(6-Chioro-9H-purin-9-yl)ethyl]acetamide Hydrochloride
(XV).—A mixture of XIV (3.5 g., 0.015 mole) and triethyl ortho-
formate (30 ml.) containing concentrated hydrochloric acid (3
ml.) was stirred for 20 hr. at room temperature. After the
reaction mixture was cooled (5°), the white solid that had formed
was collected and dried 7n vacuo at 78°; yield of XV, 3.0¢.(82%);
m.p. > 110° (indefinite); Amax in mu (e X 1073%): 264 (8.83)
atpH 1,264 (8.75) at pH 7, and 264 (8.70) at pH 13.
Anal. Caled. for CeH\0CIN;O - HCI: C, 39.17; H, 4.02; N,
25.36. Found: C,39.45; H,4.24; N, 25.52.
N-[2-(6-Mercapto-9H-purin-9-yl)ethyi]acetamide (XVI)
Hemihydrate.—A solution of the hydrochloride XV (2.9 g,
0.011 mole) and thiourea (1.5 g., 0.020 mole) in 1-propanol (75
ml.) was heated under reflux for 6 hr. After the reaction mix~
ture was chilled, the pale yellow solid that had formed was col-
lected, washed with 1-propanol, and dried in vacuo. A solution
of this crude isothiuronium salt in 5%, aqueous sodium hydroxide,
after being filtered, was neutralized with acetic acid. The white
solid that precipitated was collected, washed with water, and
dried in vacuo at 78°; yield of XVI as a hemihydrate, 0.59 g.
(23%); m.p. >220° dec. (indefinite); Amax in mu (e X 107%):
223 (9.00) and 323 (21.3) at pH 1, 225 (9.57) and 320 (22.7) at
pH 7,and 232(14.3) and 310 (22.1) at pH 13.
Anal. Caled. for CQH11N5OS'0.5H2OZ C, 4390, H, 493,
N, 28.44. Found: C, 44.15; H, 5.10; X, 28.34.
This procedure carried out on a 0.5-mole scale gave a yield of
about 68%,.
9-(2-Aminoethyl)-9H-purine-6(1H)-thione Dihydrochloride
(XVII).—A solution of the acetamide XVI:hemihydrate (400
mg., 1.67 mmoles) in 6 N hydrochloric acid (20 ml.) was refluxed
for 2 hr. Dilution of the cooled reaction mixture with ethanol
(20 ml.) and further cooling to 10° caused the precipitation of a
pale vellow solid, which was collected, washed with ethanol,
and dried in vacuo at 100°; yield of XVII, 395 mg. (83%);
m.p. >270° dec.; Amax in mu (e X 1073): 224 (8.75) and 322
(22.9) at pH 1, 226 (9.32) and 318 (21.3) at pH 7, and 232 (13.9)
and 310 (21.9) at pH 13.
Anal. Caled. for C;HgN:S:-2HCI: C, 31.35; H, 4.51; N,
26.14. Found: C,31.60; H,4.19; N, 26.10.
1-[2-(6-Mercapto-9H-purin-9-yl)ethyl]-3-methylurea (XIX).
—Enough 0.1 N sodium hydroxide solution was added to the
dihydrochloride XVII (400 mg., 1.5 mmoles) to give a solution of
pH 6. To this solution, cooled in an ice bath, was added tri-
ethylamine (0.5 ml.) and then methyl isocyanate'® (0.13 ml., 2.0
mmoles). This solution was stirred for 30 min. at room tem-
perature and for 15 min. at 40°, then cooled and neutralized
with N hydrochloric acid. The white solid that precipitated was
recrystallized from water (5 ml.) and dried n vacuo at room
temperature; yield of XIX as a one-quarter hydrate, 170 mg.
(459%); Amax In mpu (e X 1073): 324 (21.2) at pH 1, 321 (23.3)
at pH 7, and 232 (14.2) and 310 (22.2) at pH 13.
1-Methy!-3- {2-[6-(methyithio)-9H-purin-9-yl] ethyl} urea
(XX).—Iodomethane (0.25 ml., 4.0 mmoles) was added to a well
stirred suspension of the purine-6(1H)-thione XIX quarter
hydrate (1.0 g., 3.9 mmoles) and potassium carbonate (0.55 g.,
4.0 mmoles) in N,N-dimethylformamide (20 mi.). The mixture
was heated at 60-70° for 2 hr., cooled, and diluted with water
(50 ml.). The solution was neutralized with A hydrochloric
acid and the solvent removed under reduced pressure. The
white solid residue was triturated in cold water and recrystallized
from acetonitrile (80 ml.). The yield of XX as white needles
was 0.65 g. (649); Amax In mu (e X 1073): 220 (10.9), and 299
(16.2) at pH 1, 220 (11.4), 286 (17.7), and 293 (17.5) at pH 7,
and 286 (17.6) and 293 (17.4) at pH 13.
1-[2-(6-Hydroxy-9H-purin-9-yl)ethyl]-3-methylurea (XXI).—
A solution of the acetamide hydrochloride XV (850 mg., 3.1
mmoles) in 6 N hydrochloric acid (10 ml.) was heated under
reflux for 1 hr. Excess hydrochloric acid was removed by
evaporation in vacuo, and the semisolid residue was stirred in
cold ethanol (10 ml.) for 20 min. The resultant white solid
(the crude amine dihydrochloride XVIII) was collected, washed
with ethanol, and dried n vacuo. A solution of this crude XVIII
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(730 mg.) in water (5 ml.) was neutralized with N sodium hy-
droxide solution, treated with triethylamine (0.8 ml.), cooled to
5°, and then treated with methyl isocyanate® (0.19 ml., 3.0
mmoles). The solution was stirred in the cold for 1 hr. and at
room temperature overnight. Chilled and brought to pH 6 with
N hydrochloric acid, the reaction solution deposited a small
amount of impure product, which was removed by filtra-
tion. Overnight chilling of the filtrate produced additional
precipitate, which was collected, washed with water, and dried
in vacuo at 100°; yield of pure XXI, 270 mg. (37%); Amax in
my (e X 107%): 250 (11.4) at pH 1, 248 (12.2) at pH 7, and 254
(12.9) at pH 13.

A larger amount of crude XVIII (0.08 mole) was converted to
XX1in 469, yield.

1-(2-Chloroethyi)-2-imidazolidinone (XXII}.—1,3-Bis(2-chlo-~
roethyl)urea? (5.0 g., 0.028 mole) was added to 50 ml. of ethanolic
sodium ethoxide solution (from 0.63 g., 0.028 g.-atom, of sodium),
and the resulting solution was heated under reflux for 1 hr. The
sodium chloride that formed was removed by filtration. The
filtrate was concentrated under reduced pressure to a semisolid
residue, which was taken up in ether (20 ml.) and allowed to
crystallize. The white needles that formed were dried in a stream
of nitrogen; yield of XXII, 1.1 g. (269).

1-Methyl-1-nitroso-3-phenethylurea.—A solution of 1-methyl-
3-phenethylurea (5.1 g., 0.029 mole) in formic acid (40 ml.) was
diluted with water (50 ml.) and chilled (0-5°) in an ice bath.
An aqueous solution (20 ml.) of sodium nitrite (4.0 g., 0.057
mole) was added dropwise with stirring. After 30 min. in the
cold, the pale yellow nitrosourea that had formed was washed with
cold water (20 ml.) and dried 4n vacuo; yield 5.0 g. (84%).

1,3-Bis(2-chloroethyl)-1-nitrosourea.—A solution of sodium
nitrite (6.9 g., 0.10 mole) in water (60 ml.) was added dropwise to
a cold (0-5°), stirred solution of 1,3-bis(2-chloroethyl)urea?
(8.0 g., 0.044 mole) in formic acid (50 ml.). The reaction mixture
was stirred further at 0° until the pale yellow oil that had formed
solidified. The nitrosourea was collected and washed quickly
with cold water (2 X 10 ml.), and dried in vacuo; yield 6.7 g.
(711%).

1,1‘-Trimethylenebis[1-nitroso-3-(1,2,3,4-tetrahyro-2,4-dioxo-
5-pyrimidinyl]urea.—Solid sodium nitrite (1.8 g., 26 mmoles) was
added in small increments to a well stirred, cold (0-5°) suspen-
sion of the bisurea VI (500 mg., 1.31 mmoles) in 98-1009, formic
acid (50 ml.). Stirring was continued at 0-5° for 2 hr. The
pale yellow dinitroso derivative that had formed was washed
with water and dried in vacuo; yield 250 mg. (61%).

1,3-Dimethyl-1-nitroso-2-thiourea.2s—Cold 3.7 N sulfuric acid
(30 ml.) was added dropwise over a period of 1 hr. to an ice-cold,
well stirred solution of 1,3-dimethyl-2-thiourea (11.5 g., 0.111
mole) and sodium nitrite (7.95 g., 0.115 mole) in water (100 ml.),
and stirring was continued for 30 min. at 0-5°. The yellow
precipitate was washed with cold water (50 ml.) and dried in a
stream of nitrogen; the yield of nitroso compound, m.p. 44-45°
(capillary), was 1009,. One recrystallization of a small sample
from hexane gave the analytical sample as yellow plates, melting
point unchanged.

Anal. Caled. for C;H:N,08: C, 27.05; H, 5.30; S, 24.08.
Found: C,26.97; H, 5.30; S, 24.19.

Screening Results®

The compounds that have been prepared and evalu-
ated for antileukemic activity can be grouped con-
veniently according to structure into seven classes that
give rise to the divisions of Table ITII. In Table IIT A
are listed analogs in which the methyl group of 1-
methyl-1-nitrosourea has been replaced by other alkyl

(25) H. Bestian, Ann. Chem., 666, 210 (1950).

(26) This compound has been described previously without analysis.?

27) (a) M. Freund and E. Asbrand. 4nn. 288, 166 (1895); (b) R.
Singh, J. Indian Chem. Soc., 831, 355 (1954).

(28) The cytotoxicity determinations?® and the life span experiments
with Leukemia L12106 were carried out by the protocols set up by the Can~
cer Chemotherapy National Service Center. The Leukemia L1210 data
was plotted and the dosage-response plots interpreted by published pro-
cedures. 30

(29) Cancer Chemotherapy National Service Center, Cancer Chemo-
therapy Rept.. 1, 63 (1959).

(30) H.E. Skipperand L. H. 8chmidt. tbid., 17,1 (1962).
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Test System: i.p., qd | to death

Cytotoxicity effective Opluonud Tlerapeatic
index, duse, slise. ratio,
R we ud mg. ke lay® mg. ke loy” OD/MED?
A RNINOHYCONH,
CH; 57 O 12 <2
C.Hp S0 ab)
CICH.CH," 0.4 0.4 2.5
CH;3(CHa,). a8 100
CH,=CHCH. >100 106
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Ce¢H;CH. S6
CeH;CH,CH, 36
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NHNH 7.4 14 24) <2
NH(CH,);NH 2N 560 100 2
NH(CH,;),NH 35 100 200 2
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NH—{ )—NH 24 20 S0 <2
SN
‘\\..__/N 31
. R‘@vNHC()N‘N()J('H:
H 24 30
1 1t a6
Cl 38 B
CHJO a2 o
CgHaOO(; 506 20 -’)() 2 . 5
HOOC 28 12 40 5.5
D. RNHCOXN(NO)CH,
CH, 18 50 5 <2
CICH.CH, 2.8 135 156) <2
CH,N(NO)COOCH.CH. 19 0
CH,NINOYCOO- CHCH, 11 25
g <\7/ »»»»» i 50
CHOILCH 100
/N\ 3
g 29 25
}{\/5\4,/ ; )
) >100 i 40 8
/\\,L() ’
ary
P
“\%i 100 i
N -
¢] n o
NHCH, 11,
K > “HO) 52 >400
SCH (HJ
/j > 37 100 160 <2
O
p
n\ N
I % 43 100
CH.OH,
E. RNHCOXN(NO)CH.CH,CI
CICH.CH, 3.1 1.7 8 5
C.H;0OCCH. 9 >10t)
Csll, 3.1 4.8 12 2.5
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3
32
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Tasue III (Continued)
Minimum
Cytotoxicity effective Optimal Therapeutic Maximum
index, dose, dose, ratio. effectiveness,
R ng. /1nl.a mg,/kg./dayb mg./kg./day" OD/MEDd % ILS at OD®
F. RNHCOXN(NO)R
NCCH,CH, 12 50 75 <2 53
HOOCCH,CH,CH.* >100 Inactive
CI—@—CH, 41 Inactive
(0]
v
6. Ham Yo
N
“k

R n

H 2 32 6.8 18 2.5 71 (2)7

NO 2 6 6 24

H 3 >100 29 50 <2 81

NO 3 5.5 Inactive

2 The concentration necessary to inhibit the growth of KB cells to 509, of control growth determined from semilog plots of concentra-

tion vs. the ratio of the growth of treated cells to the growth of control cells.
° The dose at which the maximum increase in life span occurs (0OD)
¢ The ratio of the optimal dose (OD) to the minimum effective dose (MED).

leukemic mice 409, (ILSs) determined from dose—response plots.
determined from dose-response plots.

cent increase in life span of treated animals over control animals [100 (T/C — 1)] at the optimal dose.

the 9, ILS at the OD was determined.
562,952 (1958).

¢ See ref. 31.

or aralkyl groups. With the single exception of 1-(2-
chloroethyl)-1-nitrosourea,’! the activity of the other
1-substituted 1-nitrosoureas was significantly lower
than that of 1-methyl-1-nitrosourea.

This initial finding led us to turn our attention pri-
marily toward congeners of 1-methyl-1-nitrosourea sub-
stituted on N-3. These compounds can be grouped
into the bis symmetrical structures listed in Table III
B and the variety of structures containing one methyl-
nitrosoureido moiety listed in Table III (C and D).

In contrast to the l-substituted l-nitrosoureas of
Table III A, a number of the compounds containing
the methylnitrosoureido moiety show a degree of ac-
tivity equal to or greater than that of 1l-methyl-1-
nitrosourea. Of the aliphatic bis structures, 1,1’-tri-
methylenebis [3-methyl-3-nitrosourea] appears to pro-
duce the greatest increase in life span, although
1,1’-pentamethylenebis[3-methyl-3-nitrosourea] is ap-
parently almost as effective. The effectiveness of
these aliphatic bismethylnitrosoureas is reminiscent of
the activity of tetramethylene bis(methanesulfonate)
(Myleran)3? and certain bis(2-chloroethylamino)alkane
congeners of nitrogen mustard.?® The p-phenylene-
diamine derivative is also quite active, but the piper-
azine®*-3 derivative is not.*

Among the phenylureas in Table III C only the p-
aminobenzoic acid derivative and its ethyl ester showed
significant activity. It is of interest that, although 1,3-
dimethyl-1-nitrosourea shows good activity (Table
III D), its thio analog is inactive and highly toxic. Of
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® The minimum dose that will increase the life span of

¢ Average per
7 Number of points from which

» Prepared according to A. F. McKay, P. Claire, and E. J. Tarlton, Can. Patent

the other 1-methyl-1-nitroso-3-substituted ureas, two
heterocycles, 1-methyl-1-nitroso-3-(1,2,3,4-tetrahydro-
2,4-dioxo-5-pyrimidinyljurea and 1-methyl-1-nitroso-
3-[2-(purin-6-ylthio)ethyl]urea, are quite active.
Note that the homolog of 1-methyl-1-nitroso-3-(1,2,3,4-
tetrahydro-2,4-dioxo-5-pyrimidinyljurea, which is a
derivative, of thymine instead of uracil, is only slightly
active.

Although the mononitroso derivatives of the cyclic
ureas, 2-imidazolidinone and tetrahydro-2(1H)-py-
rimidinone, are quite active, the dinitroso derivatives
are more toxic and inactive (see Table III G).

The most active compound studied thus far, 1,3-
bis(2-chloroethylynitrosourea, which does not contain a
methyl group but is related to 1-(2-chloroethyl)-1-
nitrosourea®' (Table III E), is quite active against a
number of mouse, rat, and hamster tumors as well as
other animal leukemias.® The compound can be ad-
ministered i.p., subcutaneously, or orally with equal
efficacy. Its activity against intracerebrally implanted
L1210 leukemia, which is the subject of another report, ¥
was the basis for the initiation of clinical trials.3® Ex-
tremely hazardous delayed toxicity from chronic ad-
ministration of 1,3-bis(2-chloroethyl)nitrosourea to
dogs and monkeys has been observed.?® Because of
these latter observations work is continuing on the syn-
thesis and evaluation of other N-nitrosoureas in an
effort to dissociate toxicity from antileukemic activity.
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