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EFFl.CT O F  SVLFOSIC ACIDS OK II1,:RPES SIMPLI.:X VIRUS ISJI.:(.TI.l> 

Injected $6 survivors ‘-’ i C  

amount ,  of r i rus  and survivors 
> , , l>* ta l l ,~?  P g  substance of virus 

Vital new red 10 30 1;; 
20 90 67 
30 67 42 

Evaii’s blue 10 40 13 
20 100 67 
30 92 42 

Suramin 10 55 10 
2 0 1 0 0 ~ ~  67 

Chromatropic acid 50 40 10 
50 100 67 

Aminomethanesulfonic acid 50 50 10 
50 80 67 
10 0 13 

a 40% of the animals died of toxic symptoms during the first 
few days. All the remaining animals survived. 

thalene ring does not seem t o  I)e nq important as with 
herpes simplex virus. 

Effect against Rhino Virus 33342 in Irzfr 0.---A m h e r  
,itrikiiig differelm i* seen bct 15 ecln tllc protective cffect 
of a number of substances in t h e  t \ \ o  z / /  ~ i f r a  test sys- 
tems used. I’or iiistniicr, >ral of thc dye, gi.r.(> cx- 

are completely innctivc or : h o h t  irinctiv~ iii t h e  a n m o n  
cell system. 

Several of the conipds being protective iii both tekt 
systems (11, 13, 14, 20, 22, 24) aw closely related to 
chroniotropic acid. 

It is note\\ orthy that the one-carbon conipd, H,N- 
CH,S03H, is active in both test systems. The dis- 
tance betneeri the H2K and SO,H groups in this tjrpe of 
conipd is crucial (ef. 47,48,49) 
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Additional congeners of 1,3-bi~(2-chloroethyl)-l-nitrosourea (BCSU)  were 5yiithesized with special emphasii 
011 alicyclic and heteroalicyclic analogs of 1-(2-chloroethy1)-3-cyclohexyl-l-riitrosourea (CCNU), which further 
exemplified steric control of nit,rosation. Steric control of nitrosation by ~io~icyclic t.ertiary branching was also 
demonstrated. .ful only i n  the case of 1- 
(2-chloroethyl)-l-nitroso-3-(p-tolylsulfonyl)urea (51 ), isolatioii of characterizable nitroso derivatives of (methyl- 
sulfonyl)-, thio-, and alkoxyureas and a nitronitrosourea being thwarted by instability. Activities of the new 
2-chloroethyl- and 2-fluoroethylnitrosoureas against both intraperitoneally (ip) and intracerebrally (ic) inoculated 
murine leukemia L1210 were compared, in  terms of the chemotherapeutic indices EI)m/LI>la and E1)9g,’Ll>,,, 
with BCNU, CCNU, and the isomeric mixture 6 derived by nitrosatioii of 1-(2-chloroethy1)-3-(2-fluoroethyl)- 
urea. The most effective compound against these two fo rm of leukemia L1210 was found to be the isomeric 
mixture 6 with 1-(2-fluoroethy1)-l-nitroso-3-(tetrahydro-2H-thiopyra1i-4-~-l)urea 8,s-dioxide (251, 1-(2-fluoro- 
ethyl)-l-nitroso-3-(tetrahydro-2H-thiopyrati-4-yl)urea (23), and 3-(4-~cetoxycyclohexyl)-1-(2-chloroethyl)-l- 
nitrosourea (47) being almost as active. High activity against the ip disease and slight activity against the ic 
disease were shown by 51, which is another example of structural limitation to crossing the blood-brain barrier. 

Attempted modifications of the iiitrosoureido fuiictioii were sue 

The synthesis of numerous congeners of 1,3-bis(2- 
chloroethy1)-1-nitrosourea (BCKU) , a clinically prom- 
ising antineoplastic agent,3 led t’o a definition of struc- 
tural requirements for exceptional activity against 
murine leukemia L1210, implanted both intraperi- 
toneally and intra~erebrally.~ Such activity was lim- 
ited, for the most part, to l-(2-haloethyl)-l-nitrosoureas 
substituted in the 3 position by a 2-haloethyl or an 
alicyclic group, the halogen atom being eit’her C1 or F;  
for example, 1-(2-chloroethyl)-3-cyclohexyl-l-nitro- 

(1) Par t  3 :  T .  P. Johnston and  P. S. Opliger, J .  M e d .  Chem., 10, 657 
(1967). 

(2) This work was supported b y  funds from the  C. F .  Kettering Founda- 
tion, the  Southern Research Insti tute,  and Chemotherapy, National Cancer 
Institute, Xational Institutes of Health, Contract No. PH43-64-51. 

(3) (a) S. K. Carter and J. W. Newman, Cancer Chemother. Rep .  (Part 3), 1 ,  
115 (1968); (b) H. E. Lessner, Cancer, 22,451 (1968); (c) V. B. Rege and R .  
E.  Lenhard, J r . ,  Fifth Annual Scientific Meeting of the  American Society of 
Clinical Oncology, Inc., San Francisco, Calif., March 1969, Abstract 36; 
(d) C .  B. Wilson, E. B. Boldrey, and K.  J. Enot ,  Cancer Chemother. R e p .  
(Par t  I), 64, 273 (1970). 

(4) T. P. Johnston, G .  9. McCaleb, P .  S. Opliger, and J. A .  Montgomery, 
J. Med. Chem., 9, 892 (1966). 

qourea (CCSU) ,* nhich is also undergoing clinical 
trials, TTas particularly effective against both forms of 
leukemia L1210. 

Chemistry.-Further synthesis in this area made 
available the additional haloethyliiitrosoureas (from 
haloethylureas of Tables I and 11) of Tables I11 and 
IV for comparative evaluation against experimental 
animal tumor systems. Sitrosations were carried out 
in undiluted HC0,H with KaSOe, a system known to 
minimize random nitrosation of chloroethylureas sub- 
stituted at the 3 position by cyclic g r o u p ~ . ~  Such 
steric control was apparently operative also in the 
nitrosation of 1,1’-(2-chlorotrimethylene)bis(3-cyclo- 
hexylurea) (1), since decomposition of the product 
with cyclohexylamine gave 1,3-dicyclohexylurea, the 
product expected from structure 2.’ The conversion 
of l-(2-chloroethyl)-3-(cu,cr-dimetliylphenethy1)urea (3) 

( 5 )  The structure of 2 could not he definitely decided by pmr spectroscopy‘ 
because of overlapping of signals, but the NH protons appeared to  be split 
by single (1-cyclohexyl) protons and not by two (CHd protons. 
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to the nitrosourea 4, whose structure was verified by 
pmr spectroscopy, exemplifies yet another type of 
steric control of nitrosation, the first example by adja- 
cent noncyclic tertiary branching. Factors other 
than steric hindrance, however, were apparently en- 
countered in attempted resynthesis of the 1 :  1 mixture 
of isomers4 obtained by nitrosation of 1-(2-chloro- 

( ~ " c o P ; c H ~ ~ c H , ~  
Y c1 y 

1 , Y = H  
2, Y = N O  

CI(CH,)~NCONH~CH,C~H~ 
I I 

3 , Y - H  
4, Y = N O  

ethyl)-3-(2-fluoroethyl)urea (5 )  in concd HC1; repeti- 
tions of the original, confirmed experiment have given 
6a:6b ratios of -2:5 twice and -1:l once. Equili- 
bration in cold HC02H changed the 2 : 5  ratio to 1:6, 
but since the recovery was low, this change could not 
be definitely attributed to nitroso group m i g r a t i ~ n . ~  
The results of subsequent small-scale nitrosations have 
indicated that a relatively slow, constant-rate addition 

ClCH2CHzNCONCHtCHzF 

? k  
5 , Y  = Z = H 

b , Y  = H; Z = NO 
6a,Y = NO; Z = H 

of an aq soln of XaNOz will consistently give the 1 :  1 
mixture. 

Several ring-substituted analogs of CCNU were 
described p rev i~us ly ,~  but special interest in the 4- 
methyl derivative6 prompted the synthesis of other 4- 
alkylcyclohexyl derivatives. First, however, the as- 
sumption that the original sample of the 4-methyl deriv- 
ative (prepared from commercial 4-methylcyclohexyl- 
amine) was predominantly trans was verified by the 
preparation of cis and trans forms of the amine and their 
conversion- to the nitrosoureas 8 and 12. 4-Methylcy- 
clohexylamine derived by the Na-EtOH reduction' of 
4-methylcyclohexanone oxime was converted to  a 
three-times recrystallized hydrochloride whose melting 

NHCONCH,CH,Cl 

I d ?  
kH3 ' 

7 , Y = H  
8, Y = N O  

point agreed with that reported for the trans form pre- 
pared from p-acetotoluidide.* Pure 8 derived from 

( 6 )  J. A .  Montgomery, Annu. R e p .  !Wed. Chem., 1969, 144 (1970). 
( i )  C/. D. V. Nightingale, J. D. Kerr, J. A .  Gallagher, and  M.  Maienthal. 

J .  Org .  Chem., 11, 1017 (1952); D. H. R .  Barton and R .  C.  Cookson, Quart. 
Rev. Chem. Soc. ,  10,44 (1956); C. W. Shoypee, D. E .  Evans, H. C. Richards, 
and G .  H. R .  Summers, J .  Chem. Soc. ,  1649 (1956); D. Y. Curtin,  R. D. 
Stolow, and  W. Maaa, J .  Amer. Chem. Soc.,  81, 3330 (1959). 

( 8 )  M. Tichy, J. Jonas, and J. Sicher, Collect .  Czech. Chem. Commun.,  14, 
3434 (l95Y). 

the trans amine melted 6" higher than the original 
sample, whose pmr spectrum had shown no contamina- 
tion due to  random nitrosation. In  subsequent p r e p  
arations the urea derived from commercial amine was 
recrystallized until its melting point agreed with that 
of the pure trans isomer 7. The preparation of 12  
(Scheme I) involved an inversive ammonolysis of 

SCHEME I 
OTs 5 M - M  

CH3 NH2 CH, NHCON(CH&Cl 
I CH, 

9 10 + 
Il,Y-H 
12, Y = NO 

trans-4-methylcyclohexyl tosylate (9) ; the melting 
point of the isolated cis amine 10.HC1 agreed with 
that reported for an authentic sample prepared from 
p-acetotoluidide.8 The derived 12 was an analytically 
pure oil in which a trace of the urea 11 was detected by 
tlc. 

Preparations of the 4-ethyl- and 4-isopropylcyclo- 
hexyl derivatives of Tables I11 and IV involving Raney 
Ni reductions of the corresponding cyclohexanone ox- 
imes probably resulted, without design, in a predomi- 
nance of the trans isomers, since recrystallization of the 
intermediate ureas entailed considerable loss with sharp- 
ening of melting points. This assumption seems to  be 
supported by data in Table V showing conformations 
based on empirical observations of differences in ir ab- 
sorptions between equatorial and axial nitrosoureido 
groups. 4,4-Dimethylcyclohexanone10 was similarly 
converted to 1-(2-fluoroethyl)-3-(4,4-dimethylcyclo- 
hexyl)-1-nitrosourea (13), and 2-cyclohexen-1-yl- 
amine" was converted to l-(2-chloroethyl)-3-(2-cyclo- 
hexen-1-y1)-1-nitrosourea (14a), an unsaturated analog 
of CCNU, the latter containing a small amount of the 
isomeric nitrosourea 14b. The chloroethylnitrosourea 
corresponding to 13 and the fluoroethylnitrosourea cor- 
responding to 14a were both oils, which, as was often 
the case with oily nitrosoureas, could not be obtained 
pure. A decomposition of 3-(2-cyclohexen-l-yl)-l- 
methyl-1-nitrosourea catalyzed by EtaN gave 1,3-di-2- 
cyclohexen-1-ylurea (15) , an alicyclic analog of 1,3- 
diallylurea, which itself has shown some activity against 
leukemia L121O.l2 

M e o N H c o y ( C H d r F  Me D I i J C O E ; ( C H , ) , C I  

NO X Y  
13 14a, X = H  Y = N O  

b, X = N O ; Y = H  

(=)-NHcoNH-(-J 

15 

(9) Cf. similar observations on equatorial nitrosoureido groups in ref 4. 
(10) F. G. Bordwell and  K.  M. Wellman, J .  Org.  Chem., 98, 1347 (1963). 
(11) L. Goodman, S. Winstein, and  R .  Bochan, J .  Amer.  Chem. Soc. ,  80, 

4312 (1958). 
(12) An observation made in the  Cancer Chemotherapy National Service 

Center screening program. Also see British Patent 1,117,387, 1968; Chem. 
Abetr., 69, 54290 (1968). 
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0 
1 The original sample of ethyl 4- [3-(2-chloroethyl)-3- 

nitrosoureido]cyclohexanecarboxylate was an impure 
oil derived inadvertently from a cis-trans amine mix- 
t ~ r e . ~  Esterification after separation of the isomers 
obtained by catalytic hydrogenation of p-aminobenzoic 
acid, l3  however, enabled the preparation of the pure 
trans nitrosourea 16, but several attempts to obtain the 
oily cis nitrosourea pure were unsuccessful. 

JCliHCONCH&HzCI I 
NO 

dOzEt ' 
16 

I n  the attempted synthesis of heteroalicyclic analogs 
of CCNU from the tetrahydro-4H-pyran-4-ones 17 
and 18, nitrosation of the chloroethylureas 19 and 20 
produced unstable, impure oils. The methylnitro- 
sourea 21, a secondary goal, was obtained pure. Tetra- 
hydro-2H-thiopyran-4-amine1* was, however, a more 
productive precursor than its oxygen counterparts, 
leading t o  the haloethylnitrosoureas 22-25. Po ;o*Jzc* 

17, R = H 
18, R = CH3 

19, R = H 
20, R = CY, 

O>HCO"';H~ 

NO 
21 

Oxidation at  the tetrahydro-4H-thiopyran-4-one 
stage and Raney Ni catalyzed reduction of the derived 
oxime14 provided intermediates for the sequence lead- 
ing to the S,S-dioxides 24 and 25. The corresponding 
5-membered ring exerted only moderate steric control 
of the nitrosation of the chloroethylurea 26, and conse- 
quently the isolated product was a mixture of the nitro- 

0- 
2 
i 

a 

E 

09 
% %  

S>(CHJ),X O~S>NHCON(CH,),X 
I I 

NO NO 
22, x = c1 
23,X-F 

24, X = C1 
25,X-F 

soureas 27a and 27b (-3 : 1).  m-Dithian-5-amine15 
(29) derived from m-dithian-5-one16 (28) was also a 

o z s ~ C O ~ C H z C H z C I  

Y Z  + +  
26, Y = Z = H 

27a, Y = H, Z- NO 
b,Y = NO; Z =E H 

(13) G. Wendt, Ber., 76, 425 (1942). 
(14) C. Barkenbus and J. A. Wuellner, J .  Amer. Chem. Soc., 77, 3866 

(1955). 
(15) E. G. Howard, Jr.,  and R. V. Lindsay, J r . ,  ibid., 89, 158 (1960); 

E. G. Howard, J r . ,  U. S. Patent 2,790,811, 1957; Chem. Abet?., 69, 457d 
(1958). 

(16) A. Luettringhaus and H. Prinabach, Justua Liebigs Ann. Chem. 694, 
79 (1959). 
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TABLE V 
INFRARED NH ABSORPTION OF CIS AND TRANS ISOMERS OF ALICYCLIC-SUBSTITUTED NITROSOUREAS 

RNHCONR' 
I 

NO 
Conformation of 

R R' Configuration Y KBr ( N H )  NHCON(N0)R" 

2-Chlorocyclohexyl 
2-Chlorocyclohexyl 
2-Chlorocyclohexyl 
2-Chlorocy clohexyl 
2-Chlorocyclohexyl 
2-Chlorocy clohexyl 
3-Methylcy clohexyl 
4-Methylcy clohexyl 
4-Methylcy clohexyl 
4,4-Dimethylcyclohexyl 
4-Ethylcy clohexyl 
4-Ethylcy clohexyl 
4-tert-Butylcyclohexyl 
l12-Cyclohexylene 
l14-Cyclohexylene 
1,4-Cyclohexylene 
4-(Ethoxycarbonyl)cyclohexyl 
5a-Cholestan-3a-yl 
Ba-Cholestan-3a-yl 

a = axial; e = equatorial. 

Me 
Me 
C H 2 C H 2 C 1 
CHzCHzCl 
2-Chlorocy clo hexyl 
2-C hlorocy clohexyl 
CHzCHzF 
C H p C H 2 C 1 
CHzCHzCl 
CHzCHzCl 
CH&HzCl 
CHzCHzF 
CHzCHzCl 
CHzCHzCl 
CHzCHzCl 
CHzCHzF 
CHzCHzCl 
CHzCHzCl 
CHzCHzF 

Cis 
Trans 
Cis 
Trans 
Cis,cis 
Trans, trans 
Cis 
Cis 
Trans 

Trans 
Trans 
Trans 
Trans 
Trans 
Trans 
Trans 

3350 
3290 
3350 
3340 
3340 
3325 
3345 
3425, 3350 (sh) 
3335 
3325 
3335, 3410 (sh) 
3310 
3360 
3310 
3360 
3320 
3365 
3430 
3430 

SCHEME I1 

* 

28 35 36 

4 

e 
e 
e 
e 
e 
e 
e 
& + e  
e 
e 
a L L e  
e 
e 
e 

e 
e 
a 
a 

e 

convenient precursor of the haloethylnitrosoureas 32 
and 33 (Scheme 11); but suitable conditions were not 

CHzOAc CHZOH 

ACO QOAc ++ Ho@OH 

NHCON(CHJC1 NHCON(CHJzC1 
I I 
NO 

41 
NO 

42 

found for continuation of the sequence 28+35'&36, 
which was initially proposed as an approach to  the 
tetraoxides 39 and 40. Oxidation of 30 and 31 by 
HzOz in AcOH proved an effective alternative and pro- 
vided the respective haloethylureas 37 and 38. When 

32 and 33 were similarly treated, denitrosation as well 
as oxidation occurred and, in the case of 33, a high yield 
of 38 was pr0d~ced . I~  The conversion of 32 to  1- 
cyclohexyl-3-m-dithian-5-ylurea (34) in high yield with 
cyclohexylamine supported the assigned structure in 
conjunction with the pmr spectrum, which by itself 
was not conclusive. 

The first of 3 reported syntheses of streptozoto- 
cin'8-20- a natural nitrosourea, broad-spectrum anti- 
biotic, and experimental anticancer agent-prompted 
a similar effort to prepare the chloroethyl analog 42, 
but attempted deacetylations of the chloroethylnitro- 

(17) Denitroeation did not occur in AcOH alone. 
(18) R .  R .  Herr, H .  K .  Jahnke, and A.  D .  Argoudelis, J .  Amer. Chem. Soc. ,  

(19) E. Hardegger, A. Meier, and A .  Stoos, Helu. Cham. Acta, 6'2, 2555 

(20) E.  J.  Hessler and H .  K .  Jahnke, J .  Org. Chem.,  86, 245 (1970). 

89, 4808 (1967). 

(1969). 
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sourea 41 by ammonolysis in MeOH resulted in exces- 
sive decomposition. Similar results were observed in a 
recently described, independent attempt to duplicate 
the original synthesis of s t r e p t o z ~ t o c i n . ~ ~  The con- 
ventional treatment of an amine.HC1 with Et3N and 
3-(2-fluoroethyl)-l-methyl-l-nitrosourea (FMNU) in 
aq soh4 was unsatisfactory for preparation of the 
fluoroethylurea 44, but pure 44 was eventually ob- 
tained in low yield by refluxing a toluene soln of FMNU 
and the free base 43. This in situ generation of 2- 
fluoroethyl isocyanate parallels the previously reported 
thermal decompositions of 1,3-dimethyl-l-nitrosourea 
and BCNU in anhydrous solvents.21 Since the nitro- 

CHzOAc CHzOAc 

' I  
AcO "2 A& ~HCONH(CHJ,F 

43 44 

sations of l-(2-chloroethyl)-3-(4-hydroxycyclohexyl)- 
urea (45) and similar hydroxyalkyl-substituted ureas 

H O ~ , C H + J  

45 

have proved, with few exceptions, conspicuously un- 
successful in formic acid (a medium chosen for favor- 
able direction of the position of nitrosation), deblocking 
of the acetylated nitrosoureas 47 and 48 derived from 
4-aminocyclohexyl acetate. HC1 (46) was attempted 
as in the streptozotocin synthesis. I n  each case the 
acetoxy function remained intact, and good yields of 
(4-acetoxycyclohexyl)urea (49) resulted by virtue of a 
typical nitrosourea decomposition. 

46 NO 
47, x = c1 
48, X = F  

A c O - C + c o " ,  

49 

Several severe modifications of the nitrosoureido 
function were attempted in addition to those already 
describedlzZ the ultimate goal being the preparation of 
sulfonylureas, thioureas, alkoxyureas, and nitroureas 
substituted by haloethyl and nitroso groups. 

The 1- (2-haloethyl) -1-nitroso-3- (p-tolylsulfony1)- 
ureas 51 and 53 were prepared from p-tolylsulfonyl 
isocyanate via the respective ureas 50 and 52, but a 13- 
fold scale-up of the pilot preparation of 53 gave a prod- 
uct that decomposed. The yellow nitroso derivative 
(presumably 55) of 1-methyl-3-(methylsulfonyl)urea 
(54), which was intended for the in situ generation 
of lMeSOzKCO, was unstable, decomposing spontane- 
ously shortly after isolation and drying. The use of 55 

(21) J. A. Montgomery, R .  James, G. S., McCaleb, and T. P. Johnston. 

(22) Cf. the prepn of nitrosobiurets, -biureaa, and -carboxamides (ref 1). 
J .  M e d .  Chem., 10, 668 (1967). 

was circumvented, however, by a direct preparation of 
1-(2-chloroethyl)-3-(methylsulfonyl)urea (56), but the 
isolation of a nitroso derivative of 56 was also thwarted 
by instability. 

M e ~ S O , N H C O N ( C H J 2 X  MeS0,NHCONR 
I 

Y 
5 0 , X -  C1; Y = H  54, R-Me;Y=H 
51, X = C1; Y = NO 

5 3 , X =  F; Y-NO 

I 
Y 

55, R=Me;Y=NO 
5 2 , X = F  Y = H  56, R = (CHJZCI; X H 

The nitrosation of l-cyclohexyl-3-(2-fluoroethyl)-2- 
thiourea (57) , which was prepared instead of the corre- 
sponding chloroethylthiourea to  minimize the possibility 
of thiazoline ring closure, gave promise of a thio analog 
related to  CCNU; but the pmr spectrum of the isolated 
product indicated considerable decomposition. The 
search for a haloethyl-substituted nitrosothiourea hav- 
ing suitable stability for characterization and compari- 
son with the corresponding haloethylnitro~ourea~ was 
extended to the nitrosation of the uracil 58: mild ni- 
trosation in dil HzS04 was apparently incomplete, 
whereas a product could not be isolated after nitrosa- 
tion in HCOzH under forcing conditions, i.e., long reac- 
tion time with excess reagent. The elemental analysis 
of the product isolated after nitrosation of the methyl- 
thiourea 59 was satisfactory, but extrinsic absorption 
in the ir spectrum indicated both random nitrosation 
and the presence of a decomposition product. Thus, 
1,3-dimethyl-l-nitroso-2-thiourea23 remains the sole 
example of a successfully characterized nitrosothiourea. 

RNHCSNHCHZCHZF M e N H C S N H a  

57, R =  59 

No attempt was made to characterize l,3-diethyl-l- 
nitroso-2-thiourea (60) , however; its immediate con- 
version to l-ethyl-3-(2-norbornyl)-2-thiourea (61) in 
high yield established an analogy with the reactions of 
1,3-disubstituted nitrosoureas with primary and sec- 
ondary amines. 4 ~ 2 3 1 2 4  

EtNCSNHEt 
I 

NO 
60 

Although products of the nitrosation of 1-(2-chloro- 
ethoxy)-3-phenylurea (62) and several other alkoxy- 
ureas were so unstable that none could be character- 
ized, the position of nitrosation, a t  least in part, was 
deduced by identification of decomposition products. 
The nitrosation of 62 in HCOzH produced a low yield of 
carbanilide as the only characterizable product as did 
the nitrosation of 1-methoxy-3-phenylurea (64)-re- 
sults that  indicate the intermediacy of the nitrosoureas 
63 and 65 and phenyl isocyanate formed from them. 

(23) T. P. Johnston, G. 9. McCaleb, and J. A. Montgomery, J .  Med. 

(24) J. L. Boivin and P. A. Boivin, Can. J .  Chem., 99, 478 (1951). 
Chem., 6, 669 (1963). 
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The structure of the yellow nitroso derivative of 1- 
methoxy-3-methylurea (66), which could be isolated 
and kept briefly, was indicated to be 67 by immediate 
conversion to l-(p-chlorobenzyl)-3-methylurea by 
treatment with p-chlorobenzylamine. Carbanilide was 
similarly produced from (3-phenylureido)oxyacetic 
acid (68) via aniline treatment of the crude unstable 
nitroso derivative 69. A good yield of l-methoxy-3- 
(1,2,3,4-tetrahydro-2,4-dioxo-5-pyrimidinyl)urea (70) 

RONCONHQ MeONCONHMe 

62, R Cl(CH&; Y H 66,Y=H 
63, R = Cl(CHJ2; Y = NO 
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was obtained by allowing the corresponding methyl- 
nitr0sourea2~ to decompose in hot HzO in the presence 
of methoxyamine. The chief component of the crude 
product isolated after nitrosation of 70 in HCOQH was 
apparently the isocyanate 72 [ir (KBr) 2230 cm-' 
(NCO)], which indicated the intermediacy of the me- 
thoxynitrosourea 71. Decomposition of the yellow 
nitroso derivative of 1-benzyloxy-3-phenylurea (73) 
with AIeT\;H2 produced l-methyl-3-phenylurea, which 
would be expected from the nitrosourea 74; moist 74 
could be preserved for several days in a freezer, but it 
decomposed spontaneously within 2 hr when stored in 
dry air a t  room temp. 

72 

73, Y = H  
74, Y = NO 

These varied examples of the decomposition of alk- 
oxynibrosoureas lead to the conclusion t'hat 3-sub- 
stituted alkoxyureas nitrosate readily on the alkoxy 
side of the ureido function to give highly unstable 
nitroso derivatives. The low yields of ureas isolated as 
decomposition products would suggest random nitro- 
sation; but no products were isolated that would indi- 
cate the existence of isomers. Since methoxyamine 
(pkb 9.40)25 is a much wea,ker base than hIeNHz (pkb 
3.38),26 the relat'ive nucleophilicity of the 1 and 3 posi- 

(25) T. C. Bissot, R. W. Parry,  and D. H. Campbell, J .  Amer.  Chem. Soc., 

(26) H. R. Hall, ibid., 79, 5441 (1957); A. H. Beckett and J. V. Greenliill, 
79, 796 (1957). 

J. Med.  Pharm. Chem., 4, 423 (1961). 

tioris of alkoxyureas is not predictable 011 the basis of 
apparent relative basicity. 

The preparation of 1-(2-fluoroethyl)-X-nitro-I-nitro- 
sourea (78) was attempted by the sequeilce s h o u ~ i  i i i  

Scheme 111. Tlie treatmciit of (2-fluoroctli ~ 1 )  U I ' C : ~  

SC H1,VI. 111 
F(CHJ2NHCONH2*Hh'Oj --+ F(CH,),NHCONHS02 

75 76 

F(CHJ,NCOTiHN02 

NO 
78 

I F(CH,),NHCONH 

77 

nitrate (75) with HZSOl gave 1-(2-fluoroetliyl)-3- 
nitroureaZ7 (76), whose pmr spectrum indicated the 
absence of the 1-nitro isomer. The assigned structure 
was also supported by the conversion of 76 to the 1;now-n 
1-( l-adamanty1)-3-(2-fluoroethyl) urea4 (77), although 
in low yield. Several attempts to nitrosate 76 in  
various media (50% aq HS03, &OH. and G N HCU 
failed to give isolable 78; some unchanged 76 xi-as iw- 
lated from nitrosations attempted in the aq media. 

Screening Results.-The details of the evaluatioii oi 
riitrosoureas for their effectiveness agairict inuriiicl 
leukemia L1210 have been d i ~ c u i s e d . ~  Quantitative 
comparisons based on the reduction in cell population 
expressed as a logarithm arc convenient, but they do 
not take into account relative toxicities and do not 
differentiate betn-een a number of highly active struc- 
t u r e ~ . ~  Becaube of these limitation,, cornparimis now 
being made are based on therapeutic indices obtained in 
two ways. The ED,,/LDla i, the quotient of the doye 
required to obtain 50% 43-dny yurvivors of the tested 
animals divided by the do-c that kill.: 10% oi a test 
group of normal animals, botli valuw being determined 
from log-dose, probit-survival plots. The >econd index 
(EDg9/LDlo) i. the quotient of the do.e required to 
kill two log. (99%) of 1euLemic cell<, a i  determiried 
by increase i n  lifespaii, divided by the LDl,,. There 
is a reasonable, but far from perfect. correlation bcl- 
t\l-een these tu  o indices indicating tlint t hc dose -r+ 
sponse curve i b  iiot n straiglit hric for all thc conipouiids 
evaluated . 

The therapeutic indices :Lgaiiibt the diseitte caused by 
both ip and intracerebrdlp (ic) implanted leuliemin 
L1210 cells are given in Table VI, but the compds arc 
arranged in order of decreasing activity bayed on EDx 
LDlo against the ip disease. Included in this tablc 
are 3 compds preriously reported, BCSU,  CCAY-, 
and the isomeric mixture 6. The activity values given 
here are based on cumulative data obtained both before 
and after the last report,4 and these values provide a 
point of reference for the activity of the new compds re- 
ported. The correlation bet\\-ren ip and ic activitj i:, 
reasonably good, although there are notable exception$ 

(27) C/. t h e  reported prep of 1-metiiyl-I-nitrourea [mp 156-158', 'r. L .  
Davis and N.  D. Constan, J .  Amer. Chem. Soc., 58, 1800 (193611 and 1- 
methyl-3-nitrourea [mp 105-106°, 0. Dogner and 1%. von Peclimann, B E T . ,  

30, F46 (1897)l. Our attempt t o  duplicate the reporteil prepn of the 1-nitro 
isomer apparently gave an  analytically pure mixt of isomers, whose rnii 
v a s  only sliglily higher than tha t  reported for  the  3-nitro isomer hut  whose 
pmr spectrum indicated roughly a n  8OV0 content of the  1-nitro isomer. 
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No. 

39 

51 
32 
33 
25 

6(aib) 

23 
27 
16 
47 

24 
8 

48 

22 

40 

4 

13 
41 

14 

TABLE VI 

EFFECTIVENESS O F  1-(2-HALOETHYL)-1-NITROSOUREAB AGAINST L1210 LEUKEMIA IMPLANTED 
BOTH INTRAPERITONEALLYAND INTRACEREBRALLY 

Cytotoxicity YIP (106 cells)- -IC (104 cella)- 
RNHCON (NO)CHzCH,X --r index, 

R X mM" 

m-Dithian-5-yl (S,S,S',S'-tetraoxide) C1 0.03 
2-Chloroethyl, 2-fluoroethyl F, CY 0 . 0 4 ~  
p-Tolylsulfonyl 
m-Dithian-by1 
m-Dithian-5-yl 
Tetrahydro-2H-thiopyran-4-yl (S,S-dioxide) 
4-Ethylcy dohexyl 
2-Adamantyl 
Te trahydro-2H-thiopyran-4-yl 
Tetrahydro-3-thienyl (S,S-dioxide) 
trans-4-(Ethoxycarbonyl)cyclohexyl 
4-Acetoxy cy clohexyl 
Thiochroman-4-yl 
Tetrahydro-2H-thiopyran-4-yl (S,S-dioxide) 
trans-4-Methylcyclohexyl 
2-Chloroethyl 
4-Acetoxy cy clohexyl 
Mesityl 
Tetrahydro-2H-thiopyran-4-yl 
cis-3-(Ethoxycarbonyl)cyclohexyl 
m-Dithian-5-yl (S,S,S',S'-tetraoxide) 
Cyclohexyl 
4-Methylcy clohexyl 
a,a-Dimethylphenethyl 
4-Isopropylcyclohexy1 
3,5,7-Trimethyl-l-adamantyl 
T hiochroman-4-yl 
3-t ert-Butylcyclohexyl 
4,4-Dimethylcyclohexyl 
1,3,4,6-Tetra-0-acetyl-2-deoxy-~-gluco- 

pyranos-2-yl 
4-Ethylcyclohexyl 
2-Adamantyl 
2-Cy clohexen-l-yl 
4-Carbo~y-3~5-dimethylphenyl 
3,5,7-Trimethyl-l-adamantyl 
Cy clododecyl 

c1 
Cl 
F 
F 
Clh 
c1  
F 
C1" 
c1  
c1  
c1  
c1 
Clk 
c1 
F 
c1  
c1  
c1 
F 
c1  
F 
c1 
F 
c1 
F 
c1  
F 

c1  
F 
F 
C1Z 
c1 
F 
c1  

0.07 
0.10 
0.40 
0.40 
0.10 
0.04 
0.03 
0.04 
0.09 
0.06 
0.10 
0.15 
0.129 
0.019 
0.05 
0.12 
0.12 
0.13 
0.12 
0.049 
0.17 
0.11 
0.15 
0.04 
0.04 
0.07 
0.11 

0.03 
0.19 
0.07 
0.09 

> O .  33 
0.07 
0.04 

LDlo, Survival, Cell kill, Survival,' Cell kill, 
mmoles/kga EDso/LDioC E D o o / L D I o ~  EDao/LDioC E D w / L D I ~ *  

0.13 
0.24 
1.1 
0.082 
0.16 
0.12 
0.38 
0.85 
0.18 
0.09 
0.14 
0.15 
0.21 
0.06 
0.15 
0.19 
0.13 
0.44 
0.06 
0.16 
0.21 
0.17 
0.16 
3 .5  
0.41 
2.9 
0.13 
0.72 
0.19 

0.05 
0.39 
0.24 
0.12 
0.31 
0.84 
0.43 

0.20 
0.22 
0.22 
0.29 
0.30 
0.31 
0.31 
0.31 
0.37 
0.38 
0.39 
0.40 
0.46 
0.48 
0.50 
0.50 
0.51 
0.52 
0.53 
0.55 
0.58 
0.65 
0.67 
0.75 
0.76 
0.79 
0.80 
0 . 9  
0.94 

>1 
>1 
>1 
>1 

Ns 
Ns 
Ns 

0.07 
0.06 
0.05 
0.17 
0.09 
0.09 
0.13 
0.15 
0.10 

< O .  17 
0.17 

-0.17 
0.14 
0.18 
0.14 
0.17 
0.28 
0.04 
0.16 
0.22 
0.08 
0.19 
0.40 
0.07 
0.21 
0.03 
0.39 
0.14 
0.41 

<0.27 
0.46 
0.62 
0.53 
0.85 
0.42 
0.72 

Ns,e 0.88 
0.53 0.13 
Ns >O. 44 
1 0.45 

>1 0.27 
0.58 0.19 
1 .o 0.22 

> l . O  0.27 
0.66 <0.59 
Nsj 0.39 

>1 0.46 
0.55 -0.37 
0.76 -0.28 
0.75 <0.30 

>1 0.47 
>1 0.22 

0.86 <0.44 
Ns 0.33 
0.86 0.31 

Inactive 
Inactive 

0.53 0.15 
>1 0.76 

Ns 1 
Not tested 

Ns 0.26 
Not tested 
Not tested 
Not tested 

Inactive 
Not tested 
Not tested 
Not tested 
Not tested 

Ns 0.50 
Not tested 

a The concn necessary to inhibit the growth of HEp-2 cells (except where noted) in culture to 50% of control growth measured by 
protein assay as detd from semilog plots of concn us. the ratio of the growth of treated cells to the growth of control cells. LDIO is 
defined as the dose required to kill 10% of a test group of normal mice as detd from log-dose, probit-survival plots. EDN is defined 
as the dose required to produce 50% 45-day survivors in a group of treated mice as detd from log-dose probit-survivalplots. d ED99 
is defined as the dose required to kill two logs (99%) of leukemic cells as detd from arithmetic plots of log cell kill based on increase in 
life span us.  dose. e No survivors. f 1: 1 (and 2: 5) mixture of 6a and 6b. @ KB cells. Isomer content -5%. a Isomer content -2501,. 
1 106 Cells. I Isomer con- 
tent lC-20%. 

k Limited testing indicated the cis isomer to be less toxic and less active than the trans on an equimolar basis. 

probably due to variations in the ability of various 
structural types to cross the blood-brain barrier.28 
Tn every case, however, the ic activity of a particular 
compound is less than its ip activity. The most ef- 
fective compd considering both ip and ic activity is the 
1 : 1 mixture of 6a and 6b; the activity of the 2: 5 mixture 
seems indistinguishable from that of the 1 :  1 mixture. 
Almost as active are 25, 23, and 47, indicating a lack of 
structural specificity. This lack of structural specific- 
ity is further exemplified by the tosylurea 51, which 
is highly active against the ip disease, but only slightly 
active against the ic form. The last seven compds in 
Table VI either produced no survivors at  any dose 
(28) F. M. Schabel, Jr., T. P. Johnston, G .  S. MoCaleb, J. A. Montgomery, 

W. R .  Laster, and H. E. Skipper, Cancer Res., 28, 725 (1963). 

tested (>LDlo) or failed to produce 50% survivors at  
the LDlo, indicating their lack of specificity for leu- 
kemic cells. Two compds reported herein, the CCNU 
analog 2 and the benzyloxynitrosourea 73 (neither 
of which contains a 2-haloethyl group) , were completely 
inactive; the methylnitrosourea 21 was moderately 
active, but effected no cures. The cytotoxicity of these 
nitrosoureas for either HEp-2 or KB cells in culture 
is also given in Table VI to emphasize again2a the lack 
of correlation between the cytotoxicity of this type 
of agent and its antileukemic activity, or for that mat- 
ter between cytotoxicity and whole animal toxicity. 
Such a lack of correlation could be due to differences in 
metabolism or distribution of the various compds in the 
whole animal. 
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Experimental Sectionz9 
N,Nf-(2-Hydroxytrimethylene)diphthalimide.-A stirred mixt 

of potassium phthalimide (20.0 g, 108 mmoles), DMF (200 ml), 
and 1,3-dichloro-2-propanol (6.85 g, 54.0 mmoles) xas  gradually 
heated to loo", kept there for 8 hr, chilled, and diluted with HgO 
(200 ml). The HzO-washed and vacuum-dried ppt (19 g )  was 
recrystd from MeCN (400 ml) by addition of H2O (400 ml): 
yield 15.0 g (80%); mp 204' (lit.ao mp 204"). 
N,Nf-(2-Chlorotrimethylene)diphthalimide was prepared by 

the action of PCla on N,ATf-(2-hydroxytrimethylenc)diphthalirnide 
(13.0 g) according to Gabriel.31 Recrystn of the crude product' 
(11 g) fromMeCN (220 ml) gave 8.35 g (61%): mp 214", 213- 
214" (lit.31208-209'). Anal. (C19H13C1N~04) C, H, N.  
2-Chloro-l,3-propanediamine Dihydroch1oride.--A suspension 

of N,N'-(2-chlorotrimethylene)diphthalimide (7.25 g, 19.8 
mmoles) in concd HC1 (400 ml) and AcOH (300 ml) was refluxed 
for 48 hr (soln occurring after 4 hr) and then concd under reduced 
pressure to -100 ml. The pptd phthalic acid was removed and 
evapn contd to dryness. The residue was dissolved in H2O and 
the soln was clarified by filtration. The filtrate was again evapd 
and the residue (3.47 g, mp 210-214') was triturat'ed in EtOH 
(20 ml) and dried in Z J ~ C U O  ( P 2 0 6 ) :  yield 2.70 g (76%)); mp 217- 
219' dec (lit.tl mp 216"). 
1,1'-(2-Chlorotrimethylene)bis(3-cyclohexylurea) (I).-Cyclo- 

hexyl isocyanate (3.70 ml, 29.0 mmoles) was slowly added to a 
stirred mixt of 2-chloro-l,3-propanediamine dihydrochloride 
(2.63 g, 14.5 mmoles), CHC13 (250 ml), and Et3N (6.25 ml). 
Stirring was contd at room temp for 3 hr as the suspension became 
thicker. Volatile material was removed under reduced pressure, 
and the residue was stirred in H20 (80 ml) for 30 min, collected, 
washed with Ht0, and dried in vacuo (PZO,): yield 4.20 g (81%); 
mp 210°, 211-212" dec; ir (KBr) 1625 (C=O), 1570 (CNH) 
cm-1. Anal. (C17H3IClX402) C, H, N. 

1,l'- (2-Chlorotrimethy1ene)bis (3-cyclohexyl-1 dtrosourea)  
(2).-NaN02 (7.4 g, 0.11 mole) was added in small portions to a 
cold (0-5'), stirred soln of I (3.70 g, 10.3 mmoles), and stirring 
was contd at  0-5" for 2 hr. The light yellow ppt was collected, 
washed with cold HzO, and dried in o.'acuo (P205): wt 2.55 g: 
mp 128" dec; ir (KBr) 1705 (C=O), 1540 ( C S H )  crn-l. A 
0.35-g second crop (same mp, ir) increased yield to 6 7 5 .  Ana/. 
(CiiH29ClNfi04) C, H, N .  

Reaction of 2 with Cyclohexylamine.-Cyclohexylamine (10.7 
mg, 0.108 mmole) was added to a suspension of 2 (15.0 mg, 0.036 
mmole) in H20 (2 ml) and h h C O  (0.5 ml). The mixt was stirred 
at ambient temp overnight, then heated at  80-90" for 30 min, 
and cooled. The ppt was collected, washed with H20, dried 
in F U C I ~ O  (P206), and recrystd from EtOH to give 1,3-dicyclo- 
hexylurea as colorless plates: mp 227-230" (lit.32 mp 229-230"): 
yield 11 mg (68%). Identity was also confirmed by tlc and mmp. 

1,1'-(2-Hydroxytrimethylene)bis(3-methylurea), which pptd 
when RleXCO (7.6 ml, 120 mmoles) vas  added to 1,3-diamino-2- 
propanol (5.0 g, 56 mmoles) in CHCh (100 ml), was purified by 
trituration in warm hleCN (50 ml): yield 9.3 g (82%);  mp 172- 
174"; ir (KBr) 1620 (C=O), 1585 (CNH) cm-'. dna l .  (C~HE-  
N403) C, H, N. The action of SOC1, on this urea i n  an attempted 
chlorodehydroxylation gave an uncharacterizable 

Nitrosation of 1-(2-Chloroethyl)-3-(2-fluoroethyl)urea (5).- 
[Caution : Slow-developing and slow-healing erythema (and 
tanning) can result from exposure of skin to 6, either neat or in 
CHC13 soln.] A soh  of SaSOr (3.0 g, 33.5 mmoles) i n  I120 
(10 ml) was added dropwise (at as nearly uniform rate as could 
be achieved with a constant-addition fiinnel in an open 
over a period of 60 miri to a cold (5') ,  stirred soln of 5 1.0 g. 

(29) Nelting points recorded without a range vere  determined with a 
Kofler Heizbank; those with a range, v i t h  a Xel-Temp apparatus.  Ir  
spectra were determined in KBr disks (solids) or films (oils) with a Perkin- 
Elmer spectrophotometer (Model 521 or Model 621). P m r  spectra irere 
determined i n  CDCla or DMSO-ds (TMS as internal ref) with a Varian 
A-60X spectrometer (no satisfactory solrent mas found for the  tosylnitroso- 
urea 51, which appeared t o  react with CFaCOzH). Analytical results in- 
dicated by element symbols xere  within 2 ~ 0 . 4 %  of the theoretical values. 
Microanalyses were performed for t h e  most part  b y  Galbraith Laboratories, 
Knoxville, Tenn. Nitrosoureas \yere stored cold and  dry t o  minimize de- 
composition. 

(30) S. Gabriel, Ber.,  22, 224 (1889). 
(31) S. Gabriel and  W. hlichels, ibid., 26, 3056 (1892). 
(32) R. A. Franz. F. Applegath, F. V. Rlorriss, and F. Baiocchi, J .  Org .  

(33) C j ,  t h e  action of SOC1z on 1,3-bis(2-llydroxyethyl)urea described I>>' 
Chem., 26, 3306 (1961). 

A .  Crawshaw and A .  N. hlason, J .  Chem. Soc., 3971 (1965). 

5.96 mmoles) in concd HC1 (15 ml). After the addn, the reaction 
soln was stirred at  0-5" for 15 min and then extd with CHC1, 
(2 X 20 ml). The exts were combined, dried (MgSO4), and evapd 
under reduced pressure to a yellow oil, which was further dried 
(3-4 hr) in vacuo (PzO;): av yield 0.95 g (81yo); isomer ratio 
(6a:6b) as determined by pmr4 -1: 1. h reaction temp of 12-14O 
(90 min) and addn times of 27, 90, and 150 min also gave a 
-1 : 1 ratio, hut an addition time of 17 min gave varied rat,ios, c . g . ,  
-2:s and -1:2. 

Yitrosations of 5 by portionwise addition of solid NaNOn gave, 
unpredictably, 6a:6b ratios of -1: 1 (av yield of 3 riins 77y0',) 
and - 2 : ;  (avyieldof2rmis73L1,). The .u2:3mixtjwereisolated 

d (mp 35-40'). Anal. (C:H&1FN30r) 
e -2: .i mixt ( . N O  mg) in  98-100% HC0,H 

(.i nil) was stirred at 0-3" for 1 hr, dild with cold H,O (20 ml), 
and extd with CHCL (2 X 15 nil); evapn of the dried ext left, 
1.50 mg (30';) of :I mixt of 6a and 6b: mp 47-45'; isomer ratio 
-1:6 (pmr);  ir (KBr: 1723 CC=O), 1523 IC"), 14% (BN=Oj 
cm-'. 

4-i~~ethylcyclohexanone Oxirne.-:i stirred mixt of l-methyl- 
cyclohexanone (20.0 g, 0.179 mole), ru'H20H.HC1 (8.70 g, 0.224 
mole), H20 175 ml), and EtOH (25 ml) mas treated dropwise 
with a s o h  of SaKX.), (11.9 g, 0.112 mole) in H,O (50 ml) at a 
rate that kept the reaction temp at  -40'. Stirring at  40-45" 
was contd for 2 hi ;  most of the EtOH was then removed at 60" 
under reduced pressure. The remaining mixt was chilled, and 
the oily layer was aepd, dissolved in Et20 (300 ml), dried (XgS04), 
and concd to a thick oil, which solidified after drying in m c u o  
(P,OS): yield 11.1 g (49C;); mp 3-37" (lit.34 mp 36"). 

irnns-4-Methylcyclohexylamine Hydrochloride.---Na (20 g. 
m) \vas added in small pieces to a stirred d n  of 4- 
lohexanone oxime (1 1.0 g, 80.5 mniolea) in  I;toII 

(150 ml) at a rate that, maintaiiied refliixing. The mixt was 
reHiixed for 1 hr, cooled, cautioiisly treated with €I20 (200 ml), 
concd i o  -200 nil under reduced preastire, mid extd with Et20 
f;3 X 100 nil). The dried ( l IgS04)  13t20 d t i  w:ti treated with 
ethereal dry HCI until 1 1 0  further pptii occrirred. The ppt ~ i t h  

dried in Z J ~ C ~ I O  (PAJ, i :  wt  9 . , j O  g ;  nip -2.50'. Three rerrystns 
from LleCN progrcssivel2- mibed  he inp to 260" (lit.* mp 2GO..j-  
261..i0), yield :3.50 g c27Ch). .lncl/. (C7HlS.HCl;i  C, IT, T\i. 
The once-recryhtd :mine. IIC1, mp 2.53-256", was cmnnverted 
(S(~hoiteii-Baumaiiii, i i i  2 :  1 
by diln with H 2 0 )  to :in iinre 
179' [lit.a mp 150-150.5" (trail 

Irc~ns-4-Methylcyclohexyl p-Toluenesu1fonate.-A soln of 
irans-4-nieth~lcyclohexaii01~~ (6.84 g, 60.0 mmoles j i n  pyridine 
(40 nil) W L , ~  added to a cold (0" 1 soln of p-TaC1 (20 g, 0.10 mole) 
in  pyridine (40 nil:. The reactioii flask WRS sealed and allowed 
to  stand overnight :LI ambient temp. The soln was poured into 
ice-cold lo(:; HC1 (-140 nil) aiid esid with Et& (2 X 200 ml). 
The rxl ,  washed .siiccw;iively with dil HCI, 1 1 2 0 ,  dil NaHC03 
solii, :ind tigain with H?O, was dried iTakW4) and concd to :t 
solid (16.2 gj mp -65" ;I, which was re td from hexane (30 ml) 
:tiid dried in z'ac'uo: yield 11.2 (70 rrip 69-70", 09' (lit.3fi 
70-71" ,. 

cis-4-Methylcyclohexylamine Hydrochloride.--;\ mixt of trnres- 
4-niethylcyclohexyl p-toliienesiilfollat e (4.00 g, 14.9 mmoles) 
:tiid liquid YH3 (30 ml) v-a$ heated ii i  a I'arr pressure vessel at 
O5-10Oo for 40 hi .  Evapii of ?;Ha i t r  it qtreani of S! left a residue, 
Xvhich \vas dissolved in TI2() (20 in de alknline with 50% 
TaOTI ( 5  ml), and esld with Kt,A) ) and then CRCln (50 
nil). The exis were combiiied, (11 hierite), and treated 

t evapn iiuder reduced 
n ~ p  '--22.5'), which wa5 twice 
mg (2.jYL.); nip 230-2;31O, 

C7H,jN.IICl! C, H, N. The 
ip 1:%-1:30..io), was prepd in 
he trans compd :ind recrystd 

from X e C S  by diln with H a O ;  yield 91:;. 
4-Ethylcyclohexylamine Hydrochloride.--h d n  or' Na&Os 

(4.75 g. 44.8 mmoles) iii H20 (20 nil) was added dropwise to a 
Ytirred s o h  of 4-ethylcyclohexsiioiic ('3.00 g, 71.5 mmoles) and 
XH,OH.HCl (6.22 g, 89.5 mmoles) il l  II20 (50 ml) and EtOH 
(25  ml). The mixt pvas reflnsed for  3 hr and then coned lirider 
redwed preF.5ure to -50 ml. The oxime sepd as a clear oil, 
Ivhich \\-as wastied with 1120 aiid dried by distn of added CfiNfi: 

~ 

(34) .\, Skita,  Bcr . ,  66, 1014 (1923). 
(33) Prircliased from .Ildrich Chemical Co.,  Ililwaukee, \Tis. 
136) G. .1. C .  Gough, H.  Hunter,  and .I. Kenyon, J .  C h s m .  S O C . ,  2052 

(1926); ( 2 .  Stork and \I-. N .  White, J .  Amer. Chem. SOC., 78, 4609 (1956). 
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crude yield 7.rj g (74y0). A soln of the oxime in EtOH (100 ml) 
was hydrogenated over Raney Ni a t  -3.5 kg/cmz for 4 hr. 
Treatment of the filtered soln with satd ethanolic dry HC1 and 
evapn under reduced pressure left the amine.HC1, which was 
triturated in Et20 (50 ml) and dried in vacuo (PzO~):  yield 7.57 
g (657G overall); mp 195-196' mp 234-247'). Anal. 

The conversion of 4-isopropyl cyclohexanone^^ (10.0 g, 71.5 
mmoles) to 4-isopropylcyclohexylamine hydrochloride wa5 like 
the prepn of 4-ethylcyclohexylamirie ~ HCl described above with 
the following exceptions. A CHC13 extn supplemented the yield 
of the oily oxime (total 7.7 g), and the amine'HC1 was recrystd 
from PhMe (100 ml) by addn of hexane (100 ml): yield 6.25 g 
(49% overall); mp 195-200'. Anal. (CgHlsN.HC1) C, H, N. 
4,4-Dimethylcyclohexanone Oxime.-A soln of Na2C03 (13.8 

g, 130 mmoles) in H 2 0  (30 ml) was added dropwise to a stirred 
soln of 4,4-dimethylcyclohexanone10 (12.6 g, 100 mmoles) and 
NHzOH'HCl (9.03 g, 130 mmoles) in EtOH (50 ml) and HzO 
(60 ml). The mixt was refluxed for 2 hr and chilled (0"). The 
ppt was washed with cold HzO, dried in vacuo (PzOS), and re- 
crystd by diln of a filtered EtOH (100 ml) soln with HzO (150 
ml): yield 10.5 g (7570); mp 83'. Ana!. (CBHI~NO) c, H, N.  
4,4-Dimethylcyclohexylamine Hydrochloride.-A soln of the 

oxime (9.50 g, 67.4 mmoles) in EtOH (100 ml) was hydrogenated 
over Raney Ni a t  -3.5 kg/cm2 for 5 hr. The filtered soln was 
treated with excess ethereal dry HC1. Removal of solvents under 
reduced pressure left the amine. HC1 which was triturated in 
Et20 and dried zn vacuo (PzO,): yield 8.3 g (73Y0); mp 320-335" 
dec (indefinite). Anal. (CgH1,N.HCl) C, H, N. 

l-(2-Cyclohexen-l-yl)-3-methylurea.-Treatment of a cold 
(5'), stirred soln of 2-cyclohexen-l-ylamine11 (3.00 g, 31.0 mmoles) 
in hexane (90 ml) with MeNCO (1.96 ml, 31.0 mmoles) resulted 
in the pptn of a white solid. After being stirred at  room temp 
for 2 hr, the mixt was again cooled; the ppt was collected, washed 
with cold hexane (20 ml), and dried in vacuo: yield 4.30g (947,); 
mp 127". Anal. (C8H14N20) C, H, N.  
3-(2-Cyclohexen-l-yl)-l-methyl-l-nitrosourea.-NaNOz (1.44 

g, 20.9 mmoles) was added in small portions to a cold (0-5"), 
stirred soln of l-(2-cyclohexen-l-yl)-3-methylurea (3.00 g, 19.5 
mmoles) in 98-1007, HC02H (30 ml). The mixt was stirred 
at  0-5" for 1 hr, dild with cold HzO (180 ml), and stirred at  0-5" 
for 1 hr longer. The yellow oil that solidified after scratching 
with a glass rod was collected, washed with cold HzO, and dried an 
vacuo (PzO,): yield 2.75 g (77%); mp 38"; ir (KBr) 1720 (C=O), 
1520 (CNH) cm-l. Anal. (CgH13N302) C, H, N. 
1,3-Di-2-cyclohexen-l-ylurea (15).-Et3N (2  ml) was added 

to a stirred soln of 3-(2-cyclohexen-l-yl)-l-methyl-l-nitrosourea 
(2.75 g, 15.0 mmoles) in Hz0 (50 ml) and EtOH (20 ml). The 
mixt was stirred at  room temp for 3 hr, then boiled for 15 min, 
and cooled. The ppt was recrystd from EtOH (20 ml) by dilu- 
tion with HzO (75 ml): yield 1.4 g (8570); mp 247'; ir (KBr) 
1615 (C=O), 1560 (CNH) cm-l. Anal. (C13HzONzO) C, H, N.  

Ethyl trans-4-Aminocyclohexanecarboxylate Hydrochloride.- 
Dry HC1 pas  bubbled into a stirred suspension of trans-4-amino- 
cyclohexanecarboxylic acid13 (2.75 g, 19.3 mmoles) in ethanolic 
dry HCl s o h  (100 ml) until the solid dissolved completely (-15 
min). The soln wab refluxed for 4 hr, dild with CsH6 (20 ml), and 
distd until the distil temp reached 82'. The white solid remaining 
after removal of the solvent under reduced pressure was washed 
with Et20 and further dried zn vacuo (PzO~) :  yield 3.70 g (937,); 
mp 168"; ir (KBr) 1730 cm-l (C=O). Anal. (C9Hl7NO2.HC1) 
C, H. 

Similar esterifications of czs-3-aminocyclohexanecarboxylic 
acid39 and cis-4-aminocyclohexanecarboxylic acid13 produced the 
corresponding esters : ethyl czs-3-aminocyclohexanecarboxylate ~ 
HCI, yield 827,, mp 161', ir (KBr) 1720 cm-1 (C=O) [Anal. 
(CgH17NOz.HCl) C, H, N] ; and ethyl rzs-4-aminocyclohexane- 
carboxylate 'HCI (three times recrystd from MeCN), yield 5670, 
mp 190" (lit.40 mp 193-194"), ir (KBr) 1725 cm-1 (C=O). 
Tetrahydro-2H-pyran-4-amine Hydrochloride.-This precur- 

sor of 19 and 21 was prepared in 4 steps beginning with the hard- 
to-control Cu-catalyzed thermal decarboxylation of HzO-recrystd 
commercial chelidonic acid to give a low yield of 4H-pyran-Pone, 

(CgH17N.HC1) C, H, N. 

(37) M .  Freifelder and G. R .  Stone, J. Ore. Chem., 2T,  3568 (1962). 
(38) Purchased from Frinton Laboratories, South Vineland, N. J. 
(39) J. P. Greenstein and J. Wyman, J .  Amer. Chem. SOC.,  60, 2341 

(40) R. K. Pate1 and 0. Gisvold, J. Amer.  Pharm. Ass. ,  Sei .  E d . ,  42, 321 
(1938). 

(1953). 

which was converted to tetrahydro-4H-pyran-4-one (17), bp 
55' (9 mm), by Raney Ni hydr~genation.~l A soln of the 
oxime42,43 (9.55 g, 83.0 mmoles) in EtOH (200 ml) was hydro- 
genated over Raney Ni a t  -3.5 kg/cm2 for 4 hr. The catalyst 
was removed and the filtrate was treated with excess ethereal 
dry HCl soln. The pptd amine.HC144 was collected and dried 
in vacuo (PzOj): yield 9.6 g (84Y0); mp 230". Anal. (CsHIINO. 
HC1) C, H, N. A similar prepn of the free amine has been de- 
scribed. 46 

l-Methyl-3-(tetrahydro-2H-pyran-4-yI)urea.-A cold, stirred 
soln of tetrahydro-2H-pyran-4-amine.HCl (5.00 g, 36.4 mmoles) 
in HzO (15 ml) was made alk with 50% NaOH (5 ml) and extd 
with EtzO (3 X 80 ml). The dried (NazSO4) extract was treated 
with MeNCO (2.35 ml, 37.0 mmoles), and the mixture was stirred 
at  0-5" for 2 hr. The ppt was washed with Et20 and dried 
in vacuo (PzOa): yield 4.80 g (84%); mp 200"; ir (KBr) 1620 
(C=O), 1580 (CNH) cm-'. Anal. (C~HIINZOZ) C, H, N. 
l-Methyl-l-nitroso-3-(tetrahydro-2H-pyran-4-yl)urea (21).- 

NaNOZ (3.25 g, 47.1 mmoles) was added in small portions to a 
cold (0-5"), stirred soln of l-methy1-3-(tetrahydro-ZH-pyran-4- 
y1)urea (3.25 g, 20.5 mmoles) in 6 N HC1 (60 ml). After 1 hr the 
mixt was dild with cold HzO (120 ml), stirred 30 min longer a t  
0-5", and extd with CHC13 (2 X 180 ml). Evapn of the dried 
(MgSO4) CHC1, soln under reduced pressure left 21 as a light 
yellow solid, which was further dried in  vucuo (PzO~): yield 3.1 
g (81%); mp 70' dec; ir (KBr) 1720 (sh), 1695 (C=O), 1525 
(CNH) cm-1; pmr (CDCL) indicated no CH8NH. Anal. 
(C7HiaN303) C, H, N. 

Tetrahydro-2,6-dimethyl-4H-pyran-4-one (IS).-A soln of 
2,6-dimethyl-4H-pyran-4-one46 (30.0 g, 242 mmoles) in EtOH 
(250 ml) was hydrogenated over Raney Ni a t  ~ 3 . 5  kg/cm2 for 
24 hr. After removal of the catalyst, evapn of the solvent under 
reduced pressure left an oil, which was distd at atm pressure: 
yield of crude tetrahydro-2,6-dimethyl-2H-pyran-4-01, 31.4 g 
(AOCJ,);  bp 182-185' [lit. bp 190°,42 96-98' (20 mm)"]. A cold 
(15') soln of NaZCr207.2HzO (13.8 g, 46.3 mmoles) in AcOH 
(21 ml) wab added all a t  once to a cold (15') stirred soln of the 
tetrahydrodimethylpyranol (15.0 g, 115 mmoles) in AcOH (15 
ml). The exothermic reaction temp was kept a t  55-60' by 
intermittent cooling, and, after 30 min and until the color of the 
soln became green, this temp was maintained by warming. The 
mixt was dild with HzO (300 ml) and steam distd; NaCl (60 g) 
was added to the aq dist (-300 ml) and the resulting suspension 
extd with Et20 (3 x 100 ml). The dried (Na2S04) Et20 soln was 
evapd to an oil (8.7 g), which was distd a t  atm pressure: yield 
of 18, 5.53 g (387G, 307, overall); bp 170-173' [lit. bp 59-62' 
(14 mm),48 52' (8 mm)4@]; n25~ 1.4400 (lit. n I 4 ~  1.447,48 n * 6 ~  
1.44049): ir (film) 1725 cm-1 (C=O). Anal. (C7H1202) C, H. 
The oxime, mp 85' (from hexane) [lit. mp 82-83°,42 92-93' 47],  

was prepd for use in the following experiment. Anal. (C,H18N02) 
C, H,  N. 
Tetrahydro-2,6-dimethyl-2H-pyran-4-amine Hydrochloride.- 

A soln of tetrahydro-2,6-dimethyl-4H-pyran-4-one oxime (4.65 
g, 32.2 mmoles) in EtOH (200 ml) was hydrogenated over Raney 
Ni a t  -35 kg/cm2 for 4 hr. The catalyst was removed by filtra- 
tion, and the filtrate was treated with excess ethanolic dry HCl 
soln. Evapn of the solvent under reduced pressure left a semi- 
solid, which was triturated in EtzO. The product was dried in 
vacuo (PzO;): yield 5.0 g (94%); mp ~ 2 0 5 ' .  A sample was 
twice recrystd from MeCN for analysis, mp 210'. Anal.-(C7H15- 
NO.HC1) C, H, N. 
Tetrahydro-3:thiophenamine 1,l-Dioxide Hydrochloride.50- 

A soln of 2,5-dihydrothiophene dioxide (50.0 g, 424 mmoles) in 
29Yc NHaOH (180 ml) was heated in a Parr pressure vessel a t  
~ 8 6 "  for 7 hr. The reaction soln was evapd to a yellow oil, 
which was filtered, dild with EtOH (150 ml), and treated with 

(41) R. Cornubert, R. Delmas, S. Monteil, and J. Viriot, Bull. Soc. 

(42) W. Borsohe and K. Thiele, Ber., 66, 2012 (1923). 
(43) M. I. Farberov, E. P. Tepenitsyna. and N.  K.  Shemyakina, J. Gen. 

(44) Cf. ref 42. 
(45) H. Taniyama and B. Yasui, Yakugaku Zasshi, 81, 1493 (1961). 
(46) E. B. Mullock and H. Suschitzky, J .  Chem. SOC. C, 828 (1967). 
(47) R. Cornubert, R. Delmas, S. Monteil, and J. Viriot, Bull. SOC. Chim. 

(48) M. Delepineand G. Amiard, C .  R .  Acad.  Sc i . ,  219,265 (1944). 
(49) 3. Cologne and A. Vsragnat, Bull. SOC. Chim. Fr., 2499 (1964). 
(50) Cf. D. Delfs, U. S. Patent 2,291,798, 1942; Chem. Abstr., 87, 778 

Chim. Fr . ,  36 (1950). 

Chem. USSR, 45, 119 (1955). 

Fr . ,  40 (1950). 

(1943). 
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concd HCl (100 ml). Addition of Et20 (100ml) to t,he resultant 
mixt pptd the cryst hydrochloride, which was collected, washed 
withEt20, anddriedinvacuo (P20;): yield 51.7g (71%); mp220". 
The analytical sample, mp 220", was obtd from a11 earlier run in 
which the oily amine was not filtered before conversion to the 
hydrochloride and was ultimately recrystd from XleOH-Et20.51 
Anal. (CIH&OzS.HCl) C, H, N.  

l-Methyl-3-(tetrahydro-3-thienyl)urea 8,s-Dioxide.-A 
stirred suspension of tetrahydro-3-thiophenamiiie 1,l-dioxide. 
HCl (1.0 g, 6.3 mmoles) in MeOH (30 ml) was treated with a 
soln of Ba(OH)2.8H20 (1.0 g, 3.2 mmoles) ill MeOH (50 ml), 
and, after 1 hr, t,he solvent was evapd under rediiced pressure, 
and the residue was extd with EtOH ( 2  X 20 ml). Evapn of the 
EtOH s o h  under reduced pressure left an oil, a soln of which in 
Et,OAc (25  ml) was treat.ed with MeNCO (0.40 ml, 6.3 mmoles). 
The ppt' was recrystd from EtOAc (30 ml) and dried 2'n vacuo 
(P205): yield 700 mg ( 3 8 % ) ;  mp 136"; ir (KBr) 1630 (C=O), 
1560 (CNH) cm-I. Anal. (C6H12N20,S) C, H, N.  A characteriz- 
able nitroso derivative of this urea was not obtained. 

l-(l-Adamantyl)-3-(tetrahydro-3-thienyl)urea S,S-Dioxide.--- 
A stirred soln of 1-adamantanamine .HC135 (188 mg, 1 .OO mmole) 
in H20 (10 ml) and i\le2C0 (10 ml) was treated with Et3N (1 ml) 
and then with the isomeric nitrosourea mixt 27 (241 mg, 1.00 
mmole). After 1 hr, the stirred mixt was heated a t  60" for 30 
min, t,hen concd to -10 ml, and cooled. The ppt, washed with 
H 2 0  and 1 IT HC1, was recrystd from 3leCN (3 ml) by diln with 
H20 (20 ml): yield 80 mg (26yi); mp 250"; ir (KBr) 1625 
(C=O), 1550 (CNH) cm-l. Anal. (Cl>H,aNzO&) C, H, N.  

l-(?n-Dithian-5-yl)-3-(2-fluoroethyl)urea (31).-1-(2-Fluoro- 
ethyl)-3-methyl-1-nitrosourea4 (2.90 g, 19.3 mmoles) arid then 
EtaN (0.5 ml) were added to a stirred s o h  of 2915 (2.64 g, 19.6 
mmoles) ill H 2 0  (60 ml) and EtOH (60 ml). The mixt was 
stirred at  room temp for 2 hr and cooled. The ppt was washed 
with cold H,O and dried in vacuo (P20;), yield 3.20 g (see Table 
11). 

m-Dithian-5-one 1,1,3,3-Tetraoxide Oxime (36).--KaOAc 
(5.58 g, 68.0 mmoles) was added gradually to a stirred mixt of 
m-dithiane-5,5-diol 1,1,3,3-tetraoxide15 (35) (S.00 g, 37.0 mmoles) 
NH20H.HCI (4.70 g, 67.6 mmoles), and I-I@ (240 ml), which 
was then refluxed for 3 hr and cooled. The ppt was collected, 
washed with cold HzO, and dried in vacuo (PgOj): yield 7.10 g 
(90%); nip 249-2.50' dec. For aiialysis, a small sample from a 
previous run was recrystd from H2O: recovery 68'3; mp 248- 
249" dec. Anal. (C4H,NO&) C, H, N. 

1-(2-Chloroethyl)-3-m-dithian-5-ylurea S,S,S',S'-Tetraoxide 
( 3 7 ) ~ - A  cold, stirred suspension of 30 (5.00 g, 20.8 mmoles) in 
AcOH (150 ml) was treated with 30% H202 (100 ml). After 
being stirred at  5" for -2 hr and then at  room temp for 4 days, 
the mixt was dild with H20 (550 ml). The pptd 37 was col- 
lected, washed with cold H20, and dried in vacuo (P205): yield 
4.S0 g; ir (KBr) 1330, 1315, and 1145 cni-l (SO%). (See Table I) .  

1-(2-Fluoroethyl)-3-m-dithian-5-ylurea S,S,S',S'-Tetraoxide 
(38). From 31.--,4 cold, stirred suspension of 31 (3.10 g, 
13.8 mmoles) in AcOH (100 ml) was t,reated with 30% H202 
(60 ml); the resulting sohi was stirred a t  room temp for 2 days, 
during which time some ppt formed. The suspension was dild 
with Et20 (300 ml), and the ppt was collected, wahhed with 
EtZO, and dried in vacuo (PzO;): yield 3.40 g; ir (KBr) 1330, 
1313, 1300, and 1143 cm-l (SOn) .  (See Table 11). 

From 33.-A stirred s o h  of 33 (100 mg, 0.305 mmole) in 
AcOH (5 ml) was treated with 30% H,02 ( 2  ml) and then allowed 
to stand at room temp for 4 days, during which time a ppt, formed. 
The mixt was dild with cold H 2 0  (15 ml) and the ppt collected, 
washed with H20, and dried in uac~io (P,O;): yield 103 mg 
(920/,); ir (KBr) identical with that of the analytical sample 
derived from 31. 

l-CyclohexyI-3-m-dithian-5-ylurea (34).-To a stirred soln 
of cyclohexylamine (155 mg, 1.56 mmoles) in H20 (15 ml) and 
EtOH (5 ml) was added 32 (210 mg, 0.777 mmoles); the mixt 
was stirred a t  room temp for 2 hr and a t  60-70" for 1 hr and was 
then chilled. The white ppt was washed with cold H20 and 
dried in vuc~(o (P20;): yield 178 mg (887c) ;  mp 239"; ir (KBr) 
1615 (C=O), 1.565 (CNH) cm-l. Anal. (C11H20N20S2) C, H, E. 

2-Deoxy-2- [3-(2-fluoroethy)ureido] -D-glucopyranose 1,3,4,6- 
Tetraacetate (44).-A soln of 2-amino-2-deoxy-~-gh1copyranose 
1,3,4,6-tetraa~etate.HCl~~ (1.00 g, 2.61 mmoles) in H20 (20 ml) 

A. 

B. 

(51) The simplified work-up described above wa6 devised by Dr. R.  D. 

(52)  &I. Bergmann and  L. Zervas, Ber., 64B, 975 (1931). 
Elliott. 

was treated with XaOAc (427 mg, 5.22 mmoles) and the resulting 
suspension wa,s extd with CHC1, ( 2  x 50 ml). The ext was 
dried (MgSO4) and concd under rediiced pressine. h so111 of 
the residual free amine (800 mg, 2.31 mmoles) i~tid 3-(%-fluoro- 
ethyl)-l-methyl-l-nitrosourea4 (373 mg, 2.52 mmole,q) ill toliietie 
(25 ml) was refluxed for 3 hr, then cooled, and dild Kith hexiine 
(10 ml). The dried ppt (703 mg, mp -140") wils three-tim 
recrystd from EtOH ( 3  ml) and then dried in vacuo ( P r O  
yield SO mg (#yo from the free amine, 77; overall'). (See Tat 
11.) 
l-(2-Fluoroethyl)-3-(thiochroman-4-yl)urea 8,s-Dioxide.->\ 

stirred sohi of 1-(2-fluoroet~hyl)-3-(thiochroman-4-yl)urea (254 
mg, 1.00 mmole) in AcOH (8 ml) was treated at 5" with :%O(G 
HtO2 ( 2  ml), then stirred at 5' for 3 hr, and left standing at, room 
temp overnight. The soln was heated at  50" for 30 mill, concd 
to -10 ml under reduced pressure, and chilled. The vacLiuni- 
dried ppt (132 mg, mp 190") was recrystd from n-PrOII ( 3  nil): 
yield 102 mg; mp 100"; ir (KBr) 1805, 1295, 12% and 1143, 
1130 cm-l (SO,). 

4-Aminocyclohexyl Acetate Hydrochloride (46).--X sohi of 1- 
aminocyclohexanol.HC1 (11.6 g, 76.5 mmoles) iii hcCl (100 ml) 
and AcOH (60 ml) was refluxed for 3 hr. Evapn under rediiced 
pressure left a pink solid, which was triturated in Et2() (125 11-11) 
and theii in boiling MeCS (500 mi). This last mixt was chilled, 
and the product was collected and dried in c'ucuo ( P 2 0 5 ) :  J-ield 
4.83 g (33Yc); mp 207". The aiialytical sample (450 mg) way 
obtained by recrystii of the crude product (1.15 g)  of a previous 
run from XIeCN (150 ml): mp 226-230"; ir (KBr) 1750 cnirl 

(4-Acetoxycyclohexy1)urea (49)-A cold ( -  10") s o h  of 47 
(500 mg, 1.71 mmoles) in "8-satd MeOH was allowed to stand 
a t  -8" in a sealed flask for 2 hr. (Complete disappearance of 
47 with formation of a single product was indicated by tlc.) 
Removal of NHa at  - 10" in a stream of N, and evapii of 1TeC)I-1 
a t  <0" under reduced pressure left ~t white solid, which was tri- 
turated in cold H20 (10 ml) and dried in vacuo (P205): yield 293 
mg (86%); mp 240'; ir (KBr) 1720 (ester C=O), 1645 (urea 
C=O), 1550 (CNH) em-1. 'Anal. (C9&ru'2O$) C, 1-1, N.  A 
similar treatment of 48 for 5 hr also gave 49 iii S8s;C yield (nip 
-245", but ir identical with analytical rample). 
l-Methyl-3-(methyIsulfonyl)urea (54).53-11eSC0 (1.33 ml, 

21 mmoles) was added to a stirred sohi of MeIeS02SH2 (2.0 g, 21 
mmoles) in Et3N (8 ml) and 1>MF ( 8  ml). The flask waa bealeti 
and stirring was contd for 20 hr. The mixt was dild xi th  IIzO 
(50 ml) and extd with Et20 ( 2  X 20 ml). The aq layel. was 
acidified with 1 LV HC1 and evapd under rediiced pres>iire t o  a 
white solid, which was triturated in  H20 (25 ml), dried in raciio 
(PZOb), and recrystd from EtOH (50 mli: yield 350 mg 
mp 170", 168-170"; ir (KBr 1690 and 1660 (C=O), 1345 
1330 and 1150 (SO&) em-'. Anal. (C3H8NdM) C, 13, 

1-(2-Chloroethyl)-3-(me~hylsulfonyl)urea (56).-.\ w l i i  ( i f  

hleS02NH2 (1 .OO g, 10.5 mmoles) and 2-chloroethyl i-oeyanat e$* 
(1.27 g, 12.0 mmoles) in 1)hIF (6 ml) was heated i n  a Piirr pre>- 
siire vessel at  70" for 17 hr. Evapii of the solvent iiiider reduced 
pressure with the aid of two additioiis of toliiene (10-nil portioii\: 
left a semisolid, which was dissolved in  EtOH (20 1111) a ~ i d  filtered. 
The chilled filtrate deposited needles., which were dried in mcrm 
(P20>): yield 430 nig; ir (KBrj 1330 xiid 111.; c n - '  ( S 0 2 Y ) .  
(See Table I .)  

1-(2-Chloroethyl)-3-(p-tolylsuIfonyl)urea (5O).--'L-Chloro- 
ethylamine.HC1 (5.00 g, 43.1 mmoles) was iieutralized with a 
cold s o h  of NaOH (1.74 g, 43.1 mmoles) in HIO (5 ml) mid extd 
with C6H6 (4 X 50 ml). The dried (IlgSOa) extract w.ns treated 
with p-TsNCW (8.50 g, 43.1 mmoles). After beiiig stirred a t  
room temp for 2 hr, t,he mixt was$ chilled and the ppt wic: re- 
crystd from C6H6 (450 ml) and dried in vacuo (PzOi): yield 9.93 
g; ir (KBr) 1350 and 1160 cm-1 (SO&). (See Table I . )  1-(2- 
Fluoroethyl)-3-(p-tolylsulPonyl)urea (52) was similarly prepd 
from 2-fluoroethylamine.HCl~6 (2.30 g, 23.1 mmoles) and recrystd 
from C6H6: yield 6.4 g; ir (KBr) 1330 and 1155 en-1 (SOzXl. 
(See Table 11.) 
l-(2-Fluoroethyl)-3-(2,2,2-trifluoroethyl)urea.-l-~lethyl-l-~i~- 

troso-3-(2,2,2-trifluoroethyl)urea*3 (mp 34-3.5" de(,) (S.40 g, 

(See Table 11.) 

(C=O). A d .  (C~H~oXO2~HC1) '2, 11, 3.  

-___ 
(53) Procedure adapted from prepn of some 3-substituted l-:plleng.l- 

(54) W. Biefkin, Justus Liebigs  Ann. Chem., 662, 75 (1949); now availahlo 

(55) Purchased from Eastman Iiodak Co.,  Rochester, S .  'i. 
(56) Z. B. Papanastassiou and R .  J. Bruni, J .  Org. C h e m . ,  29, 2870 

(1964). 

sulfony1)ureas [G. F. Holland, J .  Ore. Chem., 26, 1662 (196111. 

from Eaatman Kodak Co. 
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TABLE VI1 
ALKOXYWREAS 

RONHCONHR ' 
Recrystn Yield, 
solventb % M P , ~  OC 
EtOH 70 78.5-80 
CdIe 72 84' 
C a s  63 84-86 
CJ3e 60 113-114" 

89 183-184 

Compd 
No. R R' 
62 ClCHzCHz CeH.5 

Me Hg 
66 Me Me 
64 Me CaHs 
68 HOzCCHz cas 
70 Me 

Reaction 
Method" solvent 

Af CHCb 

A CHCb 
A CHCb 

B HzO* 

C' HzO 

D' Hz0 67 >260 

--v KBr,  cm-Id- 

1680 1545 C D H I ~ C ~ N ~ O Z  
1660 1600 CzHsNzOni 
1665 1545 CaHsNzOn 
1655 1535 CeHloNzOzi 
1695,' 1625 1565 CeHioNzO4 

c=o CNH Formula' 

m 1545 CdIsN404 

73 CsHsCHn C6H5 A CdI.5 95 106" 1660 1535 CisHirNzOzi 
a A, RONHI (by extn, after basification of RONHz.HC1 with aq NaOH, with reaction solvent )+ R'NCO; solvent evapd in vacuo 

and residue recrystd; B, RONHz.HC1 + KNCO; C, RONHzsHCl + R'NCO + aq NaOH; D, RONHZ (from RONHz.HC1 + aq 
NaOH) + R'NHCON(N0)Me. b--s See b-e, Table I. See Experimental Section. Y Nitrosation of this compd in 5 N HC1 resulted 
in virtually complete decompn into volatile products. Solvent evapd in vacuo; filtered EtOH extract of residue evapd in vacuo and 
recrystd. 1 Lit. mp 82-83' [W. Traube, H. Ohlendorff, and H. Zender, Bey., 53B, 1477 (1920)), 84.5' [L. W. Jones and R. T. Major, 
J. Amer. Chem. SOC., 49, 1537 (1927)). Carhoxv C=O. m 1710, 
1670, 1650, and 1630 cm-1 (C=O). 

i Not analyzed. Lit. mp 115' (Jones and Major, footnote h ) .  
*Lit. mp 106' (from Ce&); L. Voltmer, Ber., 24, 378 (1891). 

45.4 mmoles) was added to a stirred soln of 2-fluoroethylamine 
H C P  (4.57 g, 46.0 mmoles) in HzO (100 ml) and Et3N (4.0 ml). 
The mixt was stirred a t  room temp for 4 hr and then a t  60' for 
30 min and cooled. The ppt was dried and recrystd twice from 
C6H6 (100 ml), yield 3.2 g. (See Table 11.) 

I-Cyclohexyl-3-(2-fluoroethyl)-2-thiourea (57).-A cold, 
stirred suspension of 2-fluoroethylamine.HClW (2.16 g, 21.7 
mmoles) in CHCL (50 ml) was treated with 50% NaOH (3 ml) 
and stirred 30 min longer. The CHCL layer was sepd and the 
aq residue extd with CeHe. The combined exts were dried (Nar- 
SO4) and treated with cyclohexyl i so th io~yana te~~  (3.06 g, 21.7 
mmoles) with stirring, which was continued for 3 hr. Removal of 
the solvent under reduced pressure left an oil, which solidified 
when triturated in cold HzO (20 ml). The crude product (1.75 g) 
was recrystd by dissolving in CC14 (9 ml) and dilg with hexane 
(30 ml): yield 1.65 g (37%); mp 62". Anal. (CsHlrFN&3) 
C, H, N. 

1,2,3,4-Tetrahydro-2,4-dioxo-5-pyrimidinyl 1sothiocyanate.- 
5-Aminouracils7 (5.92 g, 46.8 mmoles) was added to a stirred 
mixt of CSClZ (6.00 g, 52.0 mmoles) in H20 (200 ml), and stirring 
was contd until the red color of CSClz disappeared ( ~ 3  hr). 
The cooled mixt was filtered, and the collected yellow solid was 
washed with 1.2 N HCl(3  x 20 ml) and then HZO, air-dried, and 
triturated in Et20 (35 ml). The vacuum-dried crude product 
was repptd from a filtered DMF (60 ml) soln by addn of HzO 
(160 ml). After the mixt had been stirred at  0-5' for 1 hr, the 
light yellow ppt was collected and dried in vacuo (PzOS): yield 
6.1 g (77y0); mp >300° dec. A pilot run in which the repptn 
step was omitted produced the analytical sample: uv max in 
nm ( E  X 260 (sh), 294 (14.7) a t  pH 1; 260 (sh), 295 (14.1) 
a t  pH 7; 267 (12.8), 314 (12.7) a t  pH 13. Anal. (CaHaNaOZS) 
C, H, N. 

1 - (2-Fluoroethyl)-3-(l,2,3,4-tetrahydro-2,4-dioxo-5-pyrimi- 
dinyl)-%-thiourea (58).-Et3N (3.5 ml, 25 mmoles) was added to 
a stirred suspension of 1,2,3,4-tetrahydro-2,4-dioxo-5-pyrimidinyl 
isothiocyanate (3.05 g, 20.7 mmoles) and 2-fluoroethylamine. 
H C P  (2.25 g, 22.8 mmoles) in DMF (35 ml). The mixt was 
heated in a Parr pressure vessel a t  60' for 2 hr and then left a t  
room temp overnight. The soln was filtered, and the filtrate was 
dild with cold H20 (125 ml). The grayish ppt was washed with 
HzO and dissolved in warm DMF (175 ml). The soln was treated 
with Norit, filtered, dild with HzO (150 ml), and cooled. The 
white ppt was washed with H 2 0  and dried zn vacuo (Pz05): 
yield 3.40 g (71%); mp -245" dec. A pilot run provided the 
analytical sample. Anal. ( C ~ H ~ F N ~ O Z S )  C, H, N. 
l-Methyl-3-(tetrahydro-2H-thiopyran-4-yl)-2-thiourea (59).- 

Et3N (2.8 ml, 20 mmoles) and then MeNCS (1.25 g, 17.1 mmoles) 
were added to a stirred suspension of tetrahydro-2H-thiopyran-4- 
amit~e.HCl '~ (2.62 g, 17:l mmoles) in CHCL (50 mi); stirring 
was contd overnight. Evapn under reduced pressure left a 
white solid, which, after being triturated in H20 and dried in vacuo 
(PzO~),  was twice recrystd from EtOH (40 ml): yield 2.0 g 
(617,); mp 180". Anal. (C7HlrN2S2) C, H, N. 

(57) Purchased from Krishell Laboratories, Portland, Ore. 

l-Ethyl-3-(2-norbornyl)-2-thiourea (61).-Cold 3.6 N HzSOI 
(25.0 ml) was added to a cold (0'), rapidly stirred soln of 1,3- 
diethyl-2-thiourea (11.5 g, 87 mmoles) and NaNOZ (6.20 g, 90 
mmoles) in HzO (100 ml), and stirring was contd for 30 min a t  
0-5". Washed with cold HzO and dried briefly in vacuo (Pzos), 
the yellow ppt (6.0 g, mp -40") was added to a soln of 2-nor- 
bornanamine.HC1 (5.0 g, 34 mmoles) in HzO (100 ml), which 
had been basified with Et3N (5.0 ml, 42.5 mmoles). Reaction 
was evidenced by evoln of gases. The mixt was stirred a t  room 
temp for 4 hr, refluxed for 20 min, and cooled. The air-dried ppt 
(6.6 g, mp 146') was recrystd from CsHe (100 ml): yield 5.3 g 
(33% overall); mp 149'. Anal. (CloHlsN2S) C, H, N. 
I-(2-Ch1oroethoxy)-3-phenylurea (62).-A soln of 2-chloro- 

ethoxyarnine.HCls8 (2.00 g, 15.2 mmoles) in H 2 0  (7 ml) was 
added to a cold, stirred mixt of 1 N NaOH (15.2 ml) and CHC13 
(80 ml). The layers were sepd, and the aq layer was extd with 
CHCl, (3 X 20 ml). The CHCla layers were combined, dried 
(NaZSO,), and treated (cold and stirred) with CeHsNCO (1.81 g, 
15.2 mmoles). After being stirred overnight, the soln was 
evapd under reduced pressure and the residue (3.05 g) recrystd 
from EtOH; yield 2.27 g. (See Table VII.) 

Nitrosation of 62.-NaN02 (425 mg, 6.17 mmoles) was added in 
portions to a cold (-So), stirred soln of 62 (1.00 g, 4.67 mmoles) 
in 9&100% HCOzH (4 ml). A yellow ppt, which turned brown, 
was formed, and, after a few min, the mixt was dild with HzO, 
stirred for 45 min in the cold, and filtered. A soln of the isolated 
solid in EtOH, decolorized with Norit, and dild with HzO, 
deposited 50 mg (10%) of carbanilide (ir, mmp). 

Nitrosation of 66.-A soln of NaNOz (535 mg, 5.12 mmoles) 
in HzO (2 ml) was added dropwise to a cold (-3'), stirred soln of 
66 (526 mg, 5.05 mmoles) in 1.5 N HC1 (4 ml). The yellow 
ppt was collected immediately and dissolved in cold HzO (5 ml); 
the soln was cooled and treated with p-chlorobenzylamine (730 
mg, 5.1 mmoles). The stirred mixt foamed and deposited I+- 
chlorobenzyl)-3-methylurea in 2 crops during 45 min. The 
combined crops were recrystd from HzO (50 ml) and dried in 
vacuo (P20.5): yield 248 mg (257,); mp 160-161" (lit.z3 mp 160- 
161"). Anal. (C9H11Nz0C1) C, H, N.  

[(3-Phenylureido)oxy] acetic Acid (68).-C6HsNCO (1.95 ml, 
18.0 mmoles) was added to a cold (5"), stirred soln of (aminooxy)- 
acetic acid hemihydrochl0ride5~ (2.19 g, 10.0 mmoles) in HzO 
(10 ml), which had been neutralized with 2 N NaOH (15.0 ml, 
30.0 mmoles). The mixt was stirred overnight a t  ambient temp 
and filtered to remove carbanilide (mp, ir). The filtrate was 
acidified with 3 N HCl(8.0 ml), and the ppt was washed with HzO 
and dried in vacuo (PZOs), yield 3.35 g. 

Nitrosation of 68.-NaNO2 (390 mg, 5.65 mmoles) was added 
in portions to a cold (5-lo"), stirred suspension of 68 (500 mg, 
2.38 mmoles) in 98-10070 HCOzH (8 ml). The resulting yellow 
soln was stirred for -20 min, dild with cold HzO (15 ml), and 
stirred a t  0-5" for an add1 15 min. The yellow ppt was washed 
with a little cold HzO and added to a cold ( ~ 5 ' ) ~  stirred soln of 

(See Table VII.) 

(68) E. L. Schumann, L. A. Paquette, R. V. Heinzelman, D. P. Wallace, 
J. P. DaVanzo, and  M. E. Greig, J .  Med. Pharm.  Chem., I ,  464 (1962). 



614 Journal of Medicinal Chemistry, 1971, Vol. 14, No. 7 HILL, JARMAN, AND HARRAP 

aniline (0.25 ml, 2.75 mmoles) in HzO (2.5 ml); stirring was 
contd a t  room temp for -5 hr. The ppt, washed with H2O and 
dried in vacuo (PzO~),  was identified (mp, tlc, ir) as carbanilide, 
yield 230 mg (49%). 

Nitrosation of 73.-When NaSOp (255 mg, 3.70 mmoles) 
wm added in portions to a cold (-So), stirred soln of 73 (615 
mg, 2.54 mmoles) in 98-10070 HCOZH (4 ml), a yellow ppt 
formed; the mixt was thinned with cold H20 (10 ml) and stirred 
an add1 20 min. The ppt was collected on a fritted-glass filter, 
and, while still wet, half of i t  was immediately stirred in cold 
HzO (10 ml) and treated with 40", aq hleNHz (0.5 ml). Im- 
mediate dissoln resulted followed by gradual pptn of a white 
solid, which, after 2-3 hr at  room temp, was collected, dried 
zn vacuo (P,Oj), and identified as 1-methyl-3-phenylurea by ir 
comparison with a conventionally prepared sample: wt 135 mg 
( ~ 7 1 % ) ;  mp 140-141" dec. One recrystn from H 2 0  gave 43 mg 
(-24y0), mp 147-149" (lit.23 mp 131'). The other half of the 
nitrosated product decompd within 2 hr when stored over P20, 
in a desiccator a t  atm pressure. 

1-Methoxy-3- (1,2,3,4-tetrahydro-2,4-dioxo-5-pyrimidinyI)urea 
(70).-A soln of MeOXH2, prepd by dissolving MeOXHz. H C P  
(1.00 g, 12.0 mmoles) in 1 N NaOH (12 ml), was added to a stirred 
suspension of l-methyl-l-nitroso-3-(1,2,3,4-tetrahydro-2,4-dioxo- 
5-pryimidinyl)ureaZ3 (2.53 g, 12.0 mmoles) in HzO (100 ml). 
The mixt was warmed gradually, then refluxed for 1 hr, cooled 
to 50°, and filtered to  remove insol matter. The filtrate wab 
evapd to dryness zn vacuo, and the residue was stirred with 1 A' 
HC1 (18 ml). The white product was washed with H2O and dried 
zn vucuo (P,Os) a t  100' for 4 hr: yield 1.60 g (67%)> A,,, in 
nm ( e  X 267 (7.07) a t  pH 1, 267 (6.83) a t  pH 7, and 287 
( 6 . 2 5 )  at  pH 13. 

(2-Fluoroethyl)urea Nitrate (75).-Concd "03 (4.57 ml) 
was added dropwise to a stirred paste consisting of (2-fluoro- 
ethy1)urea' (5.2 g, 49 mmoles) and H 2 0  (3.0 ml), and the resulting 
soln was chilled in an ice-salt bath. The crystals that formed 
were collected, dried zn Lacuo (P,O,), and recrystd from C& 
(100 ml): yield 4.83 g (59yc); mp 68-70', ir (KBr) 1375 (sl 
and 825 (w) cm-1 (Nos-). A n a l .  (CaHdN20.HN03) C, H, N. 
1-(2-Fluoroethyl)-3-nitrourea (76).-The nitrate 75 (3.50 g, 

20.7 mmoles) was added in small portions to cold ( -  15 to -20°), 

(See Table VII.)  

stirred, concd HzSO~ (7.0 ml). After being stirred for 1 hr a t  
-15") the mixt was poured over ice-HzO slush (35 ml), and 
stirring wab contd at  0' for 1 hr. The cryst ppt was collected, 
washed with cold H20 (3.5 ml), dried zn c'acuo (PiOs), and recryitd 
from C6Hs (-50ml): yield 1.30g (42%), mp 120". Aptlot ruit 
afforded the analytical sample: ir (KBr) 1600 and 1270 c n - 1  
(NOz). pmr (CDCl,) 6 -8 (NH)  aiid -11.5 (XH) ppm (See 
Table IT'). 

The nitrourea 76 (36 mg, 0.24 mmole) was added to a s o h  prepd 
by adding Et3S (3 drops) and then Pled20 (3 ml) to a soln of 
I-adamantanamine HC135 (45 mg, 0.24 mmole) in H20 ( 3  ml) 
The mixt was heated at 70" for 1 hr, aiid the ,\le,CO waa evapd 
wider reduced presmre The pptd 77 was washed with IIiO and 
dried zn vacuo (PgO,) kield 10 mg (17 .57 ) ;  mp 212" ilit.4 mp 
212"), ir (KBi) 1610 tC=O), 15,50 ICKH) cm-1 The concd 
filtrate gave a negligible second crop. 

1 -(l-Adamantyl)-3-(2-fluoroethyl)urea (77) (from 76).- 
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The synthesis of 3H-labeled chlorambucil is described and its iiptake and utilization by drug-sensitive and 
drug-resistant strains of a Yoshida ascites sarcoma have been studied i n  vitro. Ilrug uptake i-; markedly in- 
fluenced by the cell concentration and drug concentrations used. By selecting coriditiotiA similar to thoie 
achieved following in vieo drug treatment, the resistant cells have been shown, in eilro, to  take up .joyG 1e.s drrlg 
than the sensitive cells. This twofold difference in gross uptake of drug was also reflected iii the absolute 
amounts of drug bound to protein. Chlorambucil appears to associate with an alcohol-soluble fraction of the 
Yoshida ascites cell, before extensive protein binding occurs. It is 
unlikely that this represents a general reaction mechanism for all alkylating agent$, since busulphan has been 
shown to combine directly with the intracellular protein of the cells. 

The fraction involved may be lipoprotein. 

A large number of neoplasms, both in man and exper- 
imental animals, appear to acquire resistance to treat- 
merit with alkylating agents following repeated ex- 
posure to these drugs: various mechanisms have been 
proposed to account for this. Several authors have 
detected an impaired transport of the drug by resis- 

tant though Wheeler and Alexander found that 
both drug-sensitive and drug-resistant plasmacytomas 
were equally effective in taking up cyclophosphamide,' 
while Novikova has demonst'rated an enhanced upt'ake 
of phenylalanine mustard into several drug-resistant 
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