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in 75 ml of boiling HI0 and the solution \vas filtered and neu- 
tralized a t  pH 8 with K2C03. The crystalline base was collected 
011 a filter, washed (HIO), and recrystallized from 60 ml of DMF. 
On cooling to O", the crystals were filtered off, washed (cold 
MeOH), and dried in a vacuum desiccator, yielding 9.8 g (69.5y0) 
of product, mp 214'. 

Method F. 1-(3,4-MethylenedioxybenzyI)-4-guanidinopiper- 
azine sulfate.--A mixture of 55 g (0.25 mole) of l-piperonyl- 
piperazine and 35.3 g (0.254 mole) of S-methylisothiuronium sul- 
fate in 250 ml of HlO v a s  heated to tioiling for G hr. On cooling 
to room temperature overnight, the crystallized product was 
cdlrsrtcd on a filter and recrystallized from 60% 2-PrOH yielding 
40 g (63( ) of neiitral siilfate, mp 260-262'. Anal.  ( C l ~ I I & & ~ ~  
0 ,5112S04) C, € I ,  N, S. 

1-(3,4-Methylenedioxybenzy1)-4-(2-o-triazinyl)piperazine 
Hydrochloride (l).-.l mixture of 35.6 g (0.114 mole) of the above 

sulfate and 150 ml of IIRIF was treated with 3 2 ml (0.114 mole) 
of concentrated H2SOa and 22 g (0.154 mole) of triformamido- 
methane.26 The mixture was then heated for 5 hr a t  150". 
There was incomplete dissolution. After cooling a t  lo", the 
iiisoluble crystals were filtered off arid the solution was concen- 
trated zn vacuo. 
NaOH and extracted several times into 150 ml of CHCl,. After 
washing arid drying (KBCOI), the solvent was evaporated to  dry- 
ness and the residiie weighing 29 g was dissolved in 75 ml of 
ailhydrous EtOII. The solution was saturated with HC1 gas 
and after cooling 19.5 g of crystals of salt was obtained; they 
were recrystalliLed fiom 32.5 ml of 9gC, 5IeOIT to give 14.2 g 
133 uf white prodiict, mp 207-21 1 '. 

The oily residue was taken up in 50 ml of 4 

(26)  H Rredereck, R Gompper ,  H Reiiipfer, 1% 1ilee111. and 1 C  Heck, 
Bel , 92, 329 (1959) 
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The series of acetylenic carbamates was extended with emphasis 011 the N-cycloaliphatic derivatives. The N- 
cycloaliphatics had much less cell culture cytotoxicity and neurotoxicity as determined by intrathecal studies ~ I I  

dogs than the NHz compounds, even though their acutcb toxicities were about the same. 11Iost of the N-cyclo- 
aliphatic compounds exhibited ant it umor activity. 

It has recently been reported' that a series of acetyle- 
nic carbamates possessed potent antiturnor activity 
against several experimental neoplasms in animals. 
From the initial structure-activity relatioriship study, it 
was apparent that  the K-cycloaliphatic groups were 
very beneficial in promoting antitumor activity. This 
paper presents the investigation of the relationship of 
certain toxicological effects to substitution on the 
nitrogen and an extensive structure-activity study of 
the carbamates with the S-cycloaliphatic moiety, 
using the X5563 and C149S tumor systems. 

Chemistry.-Since the compounds in this series all 
involve monosubstitution on S, use was made of the 
reaction of the 2-propyn-1-01s with a cycloaliphatic 
isocyanate as previously described.' An improvement 
in this method was utilized that greatly accelerated the 
reaction, and yields up to  SOY0 u-ere obtained. This 
involved the use of CH2C12 or NeCX as solvent with 
addition of a catalytic amount of R&O, and a trace of 
H20 and EtOH. All products are listed in Tables I 

O H  OCONHR2 

I 

1 KlCOa 

trace of HoO 
R-~~-C=CTT + R*N=CO - I:-C-C=CII 

+ CtOH R ' 11' 
I I1 I11 

and 11; their purity was determined by the usual physi- 
cal methods (nmr and ir spectra and elemental 
analyses). 

Pharmacology. Toxicity Studies.-The influence of 
structural changes on certain toxicological effects n-ere 
investigated with particular emphasis on the SH,  and 
S-cycloaliphatic carbamates. The acute toxicities* in 
mice of six of the carbamates are listed in Table 111. 

(1) R. D .  Dillard. G. Poore, D .  R .  Cassady, and N.  R.  Easton, J .  Med .  

( 2 )  Long-term toxicity studies nit11 t n o  of the rarlmmates, 48 and 60, 
Cfiem., 10, 40 (1967). 

n i l 1  l ip  pirlrlislied elsewhere 

There appear to be no significant differences in acute 
toxicities of the S H ,  and S-cycloaliphatic compounds 
(48 arid 50, see Chart I) ; however, a comparison of the 
phenyl with p-fluorophenyl shows that the fluoro 
conipourid is more toxic (50 and 51). 

C H ~ R T  Ia 

4a 49 

OCONH 0 
W - m C H  

50 
F 
51 

Studied in diverse in vitro cell systems, dramatic 
differences in activity were observed (Table 111). 
The KH, carbamates 48 and 49 showed inhibition 
against the nonparasitic protozoa Tetrahymena pyri- 
formis, Euglena gyacilis, and Ochromonas malhamensis, 
the algae Chlorella vulgaris and Scenedesmus basiliensis, 
and the human cell HeLa, previously used to detect 
potential antitumor agents. For the S-cycloaliphatics 
50, 51, 29, and 31 a complete lack of cytotoxicity was 
demonstrated (although these do show potent anti- 
tumor effects). This difference in cytotoxicity has been 
demonstrated against other tissue culture and bacterial 
cell systems. 

The in vitro cell studies were extended to  all of the 
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carbamates, arid with the exception of thc diacet>.lenic 
derivatives (34-39), the S - c >  cloaliphatic compoundi 
hhon-ed little, if any, c) totoxicity. 

Intrathecal Toxicity.-It \vas reported by Xdamson, 
et a!. ,ti that neurotoxicitjr developed rapidlj iii dogs 
given ringle intrathecal doses of approximately 0.02- 
0.05 ing of vincristine,'kg. Ataxia and hindlimb 
weakness and /or paralysis developed within 24 hr 
arid complete paralysis within 48 hr. In  the ah- 
qeiice of other causative factors. it was concluded 
that  viricriqtiiic was the neurotoxin. Since intrathecal 
:idministratiori seemed a uscful and rapid technique t o  

( 3 )  It H idamson, R L Dixon 31 Ben L C r e n s  b B I~ l io t i e t  and 
I) P Rall Arwh Jntprn f ' h ~ r ? ~ m m f ~ / %  , 188, 299 (1965) 

icleiitif! compowdi with potential iieurotoucit> , fly? 

acetylenic rarbamateb were tested h\ this routc 111 dogi. 
Results.- 1 wmmary of the results of the rqxvi- 

nierits appear- in  Table IT. 
Of the hve carhamateb injected into thc cerebrospinal 

fluid of dogi, two (48 and 49, bee Chart I) were shown 
to  be neurotoxin-. causing effects qualitatively similar 
to thobe de-cribed for vincristine. The reni:riniiig three 
carbamate- (S-c) cloaliphatic) caused oriy slight and 
transient rieurotcwcity. The persistent rieurotoxicit) 
that followed the :dninibtration of 5.0 mg kg of  50 
W>IS attributed t ( J  mechnnical tr:iumn at thc iiijrctic~ii 
4 te  Tlii. I\ :I- i*evcnled when the dog I W ~  incriticecl 
for autop 
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TABLE I1 
RELATED CARBAM.iTES 9 N D  THEIR ANTITUMOR ACTIVITY 

OCONH-cyclohexyl 
I 

R-C-R' 

R' 
I 

R2 Mp, OC 

CEZCC~H;, 158-160 
CECBr  168-170 

CECCH~ 171-173 
C-CCHp 170-172 

CGCCH, 164-166 
CH=CH2 ld2-154 
CH=CHe 164-166 
CH2CH3 149-131 

e C: calcd, 64.08; found, 64.74. 

TABLE I11 
ACUTE TOXICITY AND CELL CULTURE TOXICITY 

OF THE CARBAMATES 
Cell culture 

NO. Acute toxicity," mg/kg ip toxicityh 

48 347 i 137 + c  

49 -767.4 + 
50 374 zk 13 - 
5 1 153 f 15 - 
29 307.3 i 16..i - 
31 466 =t 36.4 - 

a The aciite toxicities were determined in ICR mice and mor- 
tality was dose responsive. Results were calculated by the 
method of C. I. Bliss [Quart. J .  Pharm. Pharmacol., 11, 192 
(1938)l. * Cell culture inhibitions were determined by the gen- 
eral method described by [I. S. Johnson, P. J. Simpson, and J. C. 
Cline [Cancer Res., 22, 617 (1962)l. The systems used were 
Tetrahymena pyriformis, Euglena gracilis, Ochromonas malha- 
mensis, Chlorella vulgaris, Scenedegmus basiliensis, and human 
cell HeLa. The highest concentration of drug used was 40 rg/  
filter paper disk. e The + indicates at least some inhibition 
against all systems, and the - indicates no effect. 

I Tumor sy 
X5563' 

51 (3)/300 

25 (6)/150 
33 (4)/150 
66 (3)/150 

100 (5)/60 

100 (6)/75 

0/300 
0115 

stemb -- 
C149gd 

38/300 
6 1 /60 
01150 
O / l j O  
01150 
0175 

80115 
0 1300 

The antitumor effect of optimal doses are reported 
in Tables I and 11. These data should be considered 
qualitative. Most of the S-cycloaliphatic compounds 
do show antitumor activity. 

Structure-Activity Relationships.-Diff erences in po- 
tency and effectiveness depended not only on the 
particular K-cycloaliphatic group employed but also 
on variations in structure on the remainder of the 
molecule. Conclusions concerning the structural fea- 
tures responsible for optimum antitumor activity were 
based on the results reported in Tables I and II.5 

ils suggested from these tables (1-5, 40-47), sub- 
stitution other than 1,l-diary1 and the terminally 
unsubstituted triple bond do not promote antitumor 
activity. It is interesting to note, however, that  reduc- 
tion to  the vinyl derivatives 45 and 46 retains activity, 
whereas, with full reduction to the ethyl compound, 
there was complete loss of activity. Substitution of one 
of the 1,l-diary1 groups with ethynyl (34-39) retains 

TABLE IT' 
TEIE EFFECTS OF FIVE C.XRB.~MATES GIVEN DY INTMTHECAL INJECTION TO DOGS 
Concn 

in PEG 200, Dose, Duration 
No." w / m l  m g k  Sex Wt,  kg Responseb of response 

29 12.5 1.25 h f ( A k  10.5 1, 7 2 days 
29 12 .5  1 .25  F ( A )  6 . 2  None . . .  
31 12 .5  1.25 F ( A )  6 .6  1, 2 2 days 
31 12 .5  1.25 &I(*) 11.6 1, 9 2 days 
48 50.0 5.00 J<I\.Ic") 9 . 3  6, 10 7 min 
48 25.0 2.50 M ( U) 13.0 1-3, 6, 8, 10 8 days 
48 12 .5  1.23 hTc.4, 8 . 3  1, 2, 6, 8 7 days ( S ) d  
48 12 .5  1.25 F\.Ic.kj 15.6 1, 6, 8, 10 2 days 
49 .50.0 5.00 M(Uj 10.6 1-3, 6, 8, 10 36 hr 
50 ,50.0 5.00 FCUI 10 .3  1-5 103 days (S) 
.5 0 50.0 5.00 h ' l (U)  9 . 1  1, 2 5 hr 

a See Tables I and I1 and Chart I. 1 = ataxia, 2 = tremors, 3 = head shaking, 4 = hyperirritability to sound and touch, 5 = 
( A )  = anesthetized, ( U )  = un- anorexia, 6 = prostration, 7 = hypoactivity, 8 = paralysis, 9 = clonic convulsion, 10 = death. 

anesthetized. (S) = sacrificed. 

Larger doses of 29 and 31 were not used because of 
their limited solubility in PEG 200. 

Antitumor Testing. Methods and Results.--Al- 
though many of the S-cycloaliphatic carbamates were 
tested against a variety of experimental tumor systems 
in these laboratories, two of these, X5563 and C1498, 
were selected for evaluating this series. These systems 
and testing methods have been previously described.ls4 

(4) I. 8. Johnson, H. F. Wright, G. H. Svoboda, and  J. Vlantis, Cancer 
Res. ,  20,  1016 (1960). 

activity. In  comparing 6-21, the effects of changes in 
substitution on one of the 1,l-diphenyl groups or 
replacing one of the phenyls with another aromatic 
moiety are seen. The most interesting variations in- 
clude the alkylphenyl (9-13), the 2-naphthyl (18), and 
the fluorophenyl compounds previously described.' 
Comparing 28, 51j6 29,30, and 31, the effect of changing 

( 5 )  For regression analyses of the  compounds reported in ref 1, see IV. P. 

(6) For the  antitumor results, see ref 1. 
Purcell and J. M .  Clayton, J .  M e d .  Chem., 11, 199 (1968). 



Experimental Section 
All rucliing poitits were detet,riiirietl iisiiig a IIel-Temp meltitig 

poitit appalatiis arid are iiricoriwted. The ir arid timr sperrra 
tlrterriiitted on  all rompoiuids ~ v e r e  RS espected. Arialytical 
1,esiiltu obtaiiied for C, Tf, arid S were withiii 10.4'7 of the 
theoretical values. 

Pharmacological Methods for Intrathecal Studies.-Polyet hy1- 
i t i t :  glycol '200 (PEG 200) \vv:w iisetf :LS :I vehirle IJ~~ZLIIS~ of t h  
aqiieoi is insoliibility of the carbanmte~, It was known that 0.2 
nil/kg of PEG 200 irtjected into i he cer~ebrospirial fliiid caiised 
only transient motor incoordiliat ion. Soliiticnis were prepared 
by dimilving tlie (wbamttes (29, 31, 48, 49, 50) in war111 (%') 
PEG 200 in conrentrations v:trying fi,orii 12.5 to 50.0 tiig/ml. 

111 8ome experiments t h e  dogs were Iitiaiiesthetixed; iii oth tw,  
iidrniiiistratioii of the catbarnates was perfomied iitider intra- 
v e t i i ~ i t s  methohexitttl sodiiim (12.5 mg, ,kg)  miesthesia. The 
( ~ : i t ~ l ~ t t i : i t ~ ~  ~oliitiiiiis rvi'w riiiititi(d1). :itlrnitiistered i r i  O.I-rt i1 kp 

During the course of our invc,itigntion of carbamo) I 
dcrivnt ives of tricyclic amines, we prepared 10.1 1- 
tlihydrodibenz [b,f] [ 1,4]oxaze~~i1i-l0-carboxylic acid hy- 
drazide (1) arid found it to have potent airticoir\-uli:~i1t 
and analgetic properties. The scope of this nctivit: 
waq examined by preparing n series of similar hy- 
drazide.: in which substitution on the nitrogeii fui1ctiotih 
:ind aryl groups was iiirwtigated as rwll as ~(~rnpounds  
i n  which the oxygen bridge wzi? replaced 1)y 8, SCEI,, 
CH2CH2, CH-CH, tnd  a single bond. 

emicarbazides were iynt hesized from 
ires via the carbarno) 1 chloride- a i  h e ~ i i  

in Hchemc I. l l o 5 t  of t hc  tricyclic arnineq cniploycd 
:itid the cartximoyl chloridei of thew :miries have I)ce1 I 

described hjr us previously.' Trentinent of  the cxr- 
liamoyl chlorideh with h~~drazii ie or substituted hydra- 
zint.s gave thc expected products in good yield. Acyln- 
I ion of  the -ernicarbazides obt:iinc~l above gave the 
terminal acyl derivatives :ii confirmed by spectral 
conip:irison with st :tnd:ird compomidi. The unsub- 
stitutcd scmicnrbnzides condensed rcadily with nltle- 
hydes but were inert to ketones w(~h :is acetune, nceto- 
pheiroiic, and cyclohexanoiie. 

Two new tricyclic amines were prepared for struc- 
turc-activity studies. S-Trifluoromethyl-l0,ll-dihy- 
drotlibenz [!I.$] [1,4]oxnzepinc~  vas olitnincd in n tn-o- 

I 
€I cor1 

KNP I 

CONHNH, 
1. x=o 

H 

ztrp synthesis 4 o ~ v n  in Scheme 11. Condens:itiori of 
2-nitro-4-trifluoromethylchlorobenzene with potasium 
salicylaldehyde gave O-(2-1iitro-~-trifluorometl~~lphc1i- 
yl)salicylaldeh\.de which was subsequeiitlj. l i j  clro- 
genated with l'd-C to give an excellent yield of t lw 
clcqiretl nmiiicb. 


