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in 75 ml of boiling H,O and the solution was filtered and neu-
tralized at pH 8 with K;CO;. The crystalline base was collected
on a filter, washed (H,O), and recrystallized from 60 ml of DMF.
On cooling to 0° the crystals were filtered off, washed (cold
MeOH), and dried in a vacuum desiccator, yielding 9.8 g (69.5%)
of product, mp 214°.

Method F. 1-(3,4-Methylenedioxybenzyl)-4-guanidinopiper-
azine sulfate.—A mixture of 55 g (0.25 mole) of 1-piperonyl-
piperazine and 35.3 g (0.254 mole) of S-methylisothiuronium sul-
fate in 250 ml of H:O was heated to boiling for 6 hr. On cooling
to room temperature overnight, the crystallized product was
colleeted on a filter and reerystallized from 609, -PrOH yielding
40 g (63(,\; > of Ilelltral Slllfate, mp 260-262°,  Anal. (0131"115N402'
0.511,804) C, H, N, S.

1-(3,4-Methylenedioxybenzyl)-4-(2-o-triazinyl )piperazine
Hydrochloride (1).—A mixture of 35.6 g (0.114 mole) of the above
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sulfate and 150 ml of DMF was treated with 3.2 ml (0.114 mole)
of concentrated H.SO, and 22 g (0.154 mole) of triformamido-
methane.” The mixture was then heated for 5 hr at 150°.
There was incomplete dissolution. After cooling at 10°, the
insoluble crystals were filtered off and the solution was concen-
trated in vacuo. The oily residue was taken up in 50 ml of 4 N
NaOH and extracted several times into 150 ml of CHCl;. After
washing and drying (K.COj3), the solvent was evaporated to dry-
ness and the residue weighing 29 g was dissolved in 75 ml of
anhydrous EtOH. The solution was saturated with HCl gas
and after cooling 19.5 g of erystals of salt was obtained; they
were recrystallized from 325 ml of 98¢ MeOH to give 14.2 ¢
(33.59%) of white product, mp 207-211°,

(26) H. Bredereck, R. Gompper, H. Rempfer, K. Kleem, and 1{. Heck,
Ber., 92. 329 (19539).
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The series of acetylenic carbamates was extended with emphasis on the N-cycloaliphatic derivatives.

The N~

cycloaliphatics had much less cell culture cytotoxicity and neurotoxicity as determined by intrathecal studies in
dogs than the NH, compounds, even though their acute toxicities were about the same. Most of the N-cyclo-

aliphatic compounds exhibited antitumor activity.

It has recently been reported! that a series of acetyle-
nic carbamates possessed potent antitumor activity
against several experimental neoplasms in animals.
From the initial structure-activity relationship study, it
was apparent that the N-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 N-cycloaliphatic moiety,
using the X5563 and C1498 tumor systems.

Chemistry.—Since the compounds in this series all
involve monosubstitution on N, use was made of the
reaction of the 2-propyn-l-ols with a eycloaliphatic
isocyanate as previously described.! An improvement
in this method was utilized that greatly accelerated the
reaction, and yields up to 809, were obtained. This
involved the use of CH,Cl; or M[eCN as solvent with
addition of a catalytic amount of IX,CO; and a trace of
H,O and EtOH. All products are listed in Tables I

OH OCONHR:?
} K:COgs ‘
R—C—C=CIH 4 R:N=CO — > R—C—C=CH
trace of H.O |
Bt + EtOH e
I II 111

and IT; 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 were
investigated with particular emphasis on the NH, and
N-cvcloaliphatic carbamates. The acute toxicities? in
mice of six of the carbamates are listed in Table III.

(1) R. D. Dillard, G. Poore. D. R. Cassady, and N. R. Easton, J. Med.
Chem., 10, 40 (1967).

(2) Long-term toxicity stndies with two of the carbamates, 48 and 60,
will be pnblished elsewbhere.

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

CHARrT [2
OCONH,

l ?oom{2
CIQ—C—C—ECH BrQ—C—CECH

48 49

OCONH <:> ONHO
(Y —c—omdi FQ_ZC_CECH

F

50 5

Studied in diverse in vitro cell systems, dramatic
differences in activity were observed (Table III).
The NH; carbamates 48 and 49 showed inhibition
against the nonparasitic protozoa Teirahymena pyri-
formis, Euglena gracilis, and Ochromonas malhamensis,
the algae Chlorella vulgaris and Scenedesmus basiliensis,
and the human cell Hel.a, previously used to detect
potential antitumor agents. For the N-cycloaliphaties
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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Tapre I
ACETYLENTC CARBAMATES AND THEM ANtirrvon Acriviry
OCONIHR®

R (- -C==CH
It
e — T 10y systernt———--

No. R R) R2 Mp, °C Forpnla® X5563¢ 14984

1 CH, CH, Cyclohexyl 118122 CHiNO, 0/150 0,150

2 CH;; CsII5 C_\'CIOheX}'I 118-120 C):[{u’;\.(): 0/1“.)() 0,150

3 Cyclohexyl CgH; Cyelohexyl 158-160 CaHuwNOs 0,/300 07300

4 CIHC==CII C6H5 C)’CIOhEX)’I 100-102 CysHyCINO, 0/12 012

5 H.C=C(CH,) Celd; Cvelohexyl 122-124 CiIH»NO: 61 (537300 257300

6 3-ClCsH, Coll; Cvelohexyl 120-122 Cal1.CIN O, 62 (5)/60 0460

7 3-FCgH, CgH; Cyclohexyl 150152 Cull..FNO: 100 (7)/150 887150

8 2-FCgH, Cgl; Cyclohexyl 181-183 Cop 1. FNOs 33 (6)/60 0/60

) 4-CH,CeH, CeH; Cyelohexyl 147-149 CsHuNO: 100 (7)730 182730 (3)
10 3-CH;CsH, Cell; Cyclohexyl 125-130 CoaNO. 100 (7)/30 148730 (8
1 3,4(CH;),CsH; Coll; Cvelohexyl 135-135 1 HsuNO, 100 (71730 14630 (4)
12 4-[(CHx)aC]CsI{4 Ce”, C\'clohe‘(\‘l 124-126 C_(.IInN()g 100 (7) ‘30 12930

3 4-CsH,CeH, Cells Cvelohexyl 118-120 o HyeNO. 100 (3) 30 30
14 4-CH3;0CgH, Cell; Cyclohexyl 143-145H CuHu:N Oy 0,75 075
15 4-CgHH;0CsH, Cel; Cyclohexyl 65-70 CuHaNO), 67 ()30 5T/30
16 4-CyH; G611, Cglt; Cyelohexyl 111-112 Casl1:N Q2 S6(6)/60 7260 (1)
17 3-0:NC¢H CsHa Cyvelohexyl 120122 (P HaaNL O, 0,150 07150
18 2-CyoHx Cells Cyelohexyl 156-158 CiyHaNO: 100 (6)/7.5 RO/30 ()
19 4-C5;HN CyH; Cyclohiexyl 1553-157 Va()a 07150 0150
20 2-C5Hy N Csll; Crelohexyl 144146 2 H, ) ).7500) 0,300
21 2-C,H,8 Gl Cyelohexyl 130-132 Caplln NOaX N (5)/60 25760
2 CgH; Cell;, 2-Norbornyl 162 -164 CuHuNOs S8 (7)/30 (333730
23 4-CICsH, CoTl5 Cyeloheptyl 153-155 CosHayCIN O 100 (4)/150
24 4-FCgH, Csl; Cyclopentyl 154-157 CaHaWFNO: 100 (7)/15 135/15 (3)
25 4-F Gl CoH; Cyeloheptyl 166168 CuHaFNO. 100 (10)7 .5 80/7.5 (1)
26 4-FCgI1, CgHj; 2-Norbornyl 176-178 S Ha FN Oy 36 (2)/15 0/24 (9)
27 4-FCgl1, Cell; Cyeclooctyl 152-104 CaHaENO, 100 (51715 65,15 (3)
28 4-FCglly 4-FCgl1, Cyelopentyl 171173 CuHWFaN O, 49 (6).°06 130/12 (1)
29 4-FCells 4-FCell, Cyeloheptyl 178-180 CoyHuy FoN O 100 (Y700 145°7.5
30 4-FCglHl, 4-FCgH, 2-Norhornvl 18)-187 Cogl 1y FANO. 100 (6) 12 1012 (2)
31 4-F Gl 4-FCgH; Cyelooetyt 170-172 Col L FaN O, 100 (10)/15 135 15 (3)
52 3-FCsI, 4-FCeH, Svelohexyl 162-164 CooHy FaN O 100 (6)/150 65,150 (3)
33 2-FCelly 4-FCgl, Cyelohexyl 179181 CalluFuNO, 46 (6) 30 2030
34 CgH; e Cyelohexyl 124126 C) 11N O 100 (630 20030
33 4-ClGgl, Cyelohexyl 172-174 s HCIN O, 100 (757150 0130
30 4-FCgl; Cyclohexyl 143-145 ColWFNO, 100 (617375 037 .5
37 4-CH,CgH, Cyelovexyl 154-156 CeuHyNO. 0,30 330
38 4-CIOCH, Cyelohexyl 128--130 CyHy NOy 0760 060
30 1-Cyolls Cvelohexyl 132-134 CollyNO, 100 (4) 37.5 N33

« The analytical results obtained for C, H, and N were within ==0.4"; of the theorevicul values for all componnds linless noted other-
wise. ? The reported activities against the two systeins are the resilts of a specifie dose-response test for each compolind and should

be considered in a qualitative manner in comparing relative potencies. See ref 1. * The unmber given is the per cent inhibition of
tumor growth over the dose (intraperitoneal) i milligranis per kilogram.  These valles were selected asdescribed inref 1. The nmimber
in parentheses ix the number of animals surviving the test pertod out of ten aninlals. 7 The number is the per cent prolougation of life
of 1reared animals over the dose (intraperitoneal) in milligrams per kilogram.  The following number in parentheses is the mumber of
indefinite survivors (those living for 45 days from inoculation? and (hese are nov ealeulated tn the per cent activiiy.  These valies are

obtained as described 1 ref 1. ¢ H: caled, 6.63; fonnd, 7.21.

carbamates, and with the exception of the diacetylenic
derivatives (34-39), the N-cycloaliphatic compounds
showed little, if any, eytotoxicity.

Intrathecal Toxicity.—It was reported by Adamson,
et al.,* that neurotoxicity developed rapidly in dogs
given single intrathecal doses of approximately 0.02-
0.05 mg of vineristine/kg. Ataxia and hindlimb
weakness and/or paralysis developed within 24 hr
and complete paralysis within 48 hr. In the ab-
sence of other causative factors. it was concluded
that vineristine was the neurotoxin. Since intrathecal
administration seemed a useful and rapid technique 1o

(3) R. H. Adamson, R. L. Dixon, M. Ben, L. Crews. 3. B. Dhobet, and
D). P. Rall, Awmeh Jautern. Phormogodyn.. 168, 299 (1963).

identify compounds with potential neurotoxieity. five
acetylenic carbamates were tested by this route in dogs.

Results.——A summary of the results of the experi-
ments appears in Table IV,

Of the five carbamates injected into the cerebrospinal
fluid of dogs, two (48 and 49, see Chart I) werc shown
to be neurotoxins. causing effects qualitatively similar
to those deseribed for vineristine. The remaining three
carbamates (N-cycloaliphatie) caused ony slight and
transient neurotoxicity. The persistent neurotoxicity
that followed the administration of 5.0 mg/kg of 50
was attributed to mechaniecal trauma at the injection
site.  This was revealed when the dog was sacrificed
for autopsy.
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TasLE II
RELATED CARBAMATES AND THEIR ANTITUMOR ACTIVITY
(|)CONH-cycIohexyI

R—C—R?

1
No. R R1 R2
40 Cng, CGH5 CECCsH()
41 CGH{, CGH5 C=CBr
42 CeHs CeHs; C=CCH,
43 4-FCgH, CsHs C=CCH,
44 4-CH;CsH, CsH; C=CCH;
45 CsHs CsHs CH=CH,
46 4-FCgH,4 4-FCgH, CH=CH,
47 CeH; CeHs CH,CH;

a—d See corresponding footnotes in Table I.

TasLe III
Acute Toxiairy aAND CeLn Curture ToxiciTy
oF THE CARBAMATES

Cell culture

No. Aonte toxicity,® mg/kg ip toxicity”
48 347 + 137 =+
49 ~T767.4 +
50 374 + 15 —
51 153 = 15 -
29 307.3 £ 16.5 —
31 466 += 36.4 —

@ The aclite 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)]. b 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)]. 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 ug/
filter paper disk. ¢ The 4 indicates at least some inhibition
against all systems, and the — indicates 1o effect.

——— Tumor systemb

Mp, °C Formula® X5563¢ 14984
158-160 CxHaNO, 51 (3)/300 38/300
168-170 CaeH2eBrNO,e 100 (5)/60 61/60
170-172 Co3H2:N O, 25 (6)/150 0/150
171-173 CyxHuFNO, 33 (4)/150 0/150
164-166 CoaHyNOg 66 (3)/150 0/150
152-154 CpHa:NO: 100 (6)/75 0/75
164-166 CasHaFoNOs 0/15 80/15
149-151 CoHy3NO, 0/300 0/300

¢ C: caled, 64.08; found, 64.74.

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

Structure-Activity Relationships.—Differences in po-
tency and effectiveness depended not only on the
particular N-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.°

As suggested from these tables (1-5, 40-47), sub-
stitution other than 1,1-diaryl and the terminally
unsubstituted triple bond do not promote antitumor
activity. It isinteresting 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 1,1-diaryl groups with ethvnyl (834-39) retains

TasLe IV
Ture ErrEcts oF FIvE CArRBAMATES GIVEN By INTRATHECAL INJECTI0N To Doas

Conen
in PEG 200, Dose,

No.2 mg/ml mg/kg Sex
29 12.5 1.25 M
29 12.5 1.25 F&
31 12.5 1.25 F»)
31 12.5 1.25 M
48 50.0 5.00 M®
48 25.0 2.50 M@
48 12.5 1.25 M)
48 12.5 1.25 F
49 50.0 5.00 M@
50 50.0 5.00 FW
50 50.0 5.00 MO

@ See Tables I and IT and Chart I.
anorexia, 6 = prostration, 7 = hypoactivity, 8 = paralysis, 9
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 N-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.!-¢

(4) 1. 8. Johnson, H. F. Wright, G. H. Svoboda, and J. Viantis, Cancer
Res., 20, 1016 (1960).

b1 = ataxia, 2 = tremors, 3 = head shaking, 4
clonic convulsion, 10

Duration

Wt, kg Response® of response

10.5 1,7 2 days

6.2 None AN

6.6 1,2 2 days

11.6 1,9 2 days

9.3 6, 10 7 min

13.0 1-3, 6, §, 10 8 days

8.3 1,2,6,8 7 days (S)4

15.6 1, 6,8, 10 2 days

10.6 1-3, 6, §, 10 36 hr

10.3 1-5 103 days (S)

9.1 1,2 5 hr

hyperirritability to sound and touch, 5 =
death. ¢ (A) = anesthetized, (U) = un-

activity. In comparing 6-21, the effects of changes in
substitution on one of the 1,1-diphenyl groups or
replacing one of the phenyls with another aromatic
molety are seen. The most interesting variations in-
clude the alkylphenyl (9-13), the 2-naphthyl (18), and
the fluorophenyl compounds previously described.!
Comparing 28, 51,5 29, 30, and 31, the effect of changing

(5) For regression analyses of the compounds reported in ref 1, see W. P,
Purcell and J. M. Clayton, J. Med. Chem., 11, 199 (1968).
(6) For the antitumor resuilts, see ref 1.
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the ring size of the N-cycloaliphatic group is nated.  As
the size of the ring is increased, potency ix decreased.

In summary, the N-cycloaliphatic carbamates in
which the 1,1-diaryl substituentx are phenyl. fluoro-
phenyl, or methylphenyl and in which terminal position
of the acetylene iz unsubstituted represent the most
desirable campounds with vespeet ta antitumor aud
toxicalogieal properties.

Experimental Section

All melting points were determined using a Mel-Temp melting
point apparatils and are uncorrected. The ir and nmr spectra
determined on all compounds were as expected. Analytical
resiilts obtained for C, T, and N were withiu £0.49; of the
theoretical values.

Pharmacological Methods for Intrathecal Studies.—Polyethyl-
ene glyeol 200 (PEG 200) was lwsed as a vehicle because of the
aqueous insolubility of the carbaniates, It was known that 0.2
ml/kg of PEG 200 injected mito the cerebrospinal fluid cansed
only transient motor incoordination. Sohitiohs were prepared
by dissolving the carbamates (29, 31, 48, 49, 50) in warm (H5°)
PIEG 200 in concentrations varying fronl 12,5 to 50.0 mg/ml.

I'n s8ome experiments the dogs were llnanesthetized; in others,
administration of the carbamates was performed under intra-
venous methohexital sodium (12,5 nmig/kg) anesthesia. The
carbamate solnvions were routinely administered in 0.1-inl kg

Wirnian B, Covynr anp Joun W. Cusie

Vol 11

volimes.  The dogs were loosely confined in pens and were
wiltelled for the development of any nenrologiesl deficit.  The
onsel, duralion, and intensity of effecls were recorded.  Duogs
considered normal 2 weeks after freatimen( were recarned o stock,

General Synthetic Procedure.--All of the compounds were
nlade by the following general procednre and wre listed in Tables
I and .

A solittion of 0.1 mole of the 2-propyn-l-ol and 0.12 wele 1
the: eycloalkyl isoevanate in 50 ml of CILCE o whicl one drop
of 11,0, oue drop of EtOH, aud 0.01 mole of K.COy had been
added was heated ot reflux temperailire for 2-20 hre (if MeCN
was nsed a8 solvent, heating was for 0.5-1.0 hrd. After cooling,
the reaction mixture was diluted with more CHLCL and washed
(1LOY After dryving (MgSQy), the solvent was removed af
reduced pressire, and the residue was ervstallized from Coll,
petrolelnm ether (hp 35-60°)  Reerystallization nsing the same
tvpe of solvent was performed when vecessary,
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A series of semicarbazides wis synthesized from varions trieyvelie amines and the strletiure-uetivity relation-

ships of their anticonvilsant activity was Investigied.

During the course of our investigation of ecarbamoyl
derivatives of trieyclic amines, we prepared 10,11-
dihydrodibenz[b,f][1,4 Joxazepin-10-carboxylic acid hy-
drazide (1) and found it to have potent anticonvulsant
and analgetic properties. The scope of this activity
was examined by preparing a series of similar hy-
drazides in which substitution on the nitrogen funections
and aryl groups wag investigated as well as compounds
in which the oxygen bridge was replaced by S, NCH;,
CH,CH,, CH=CH, and a single bond.

The desired semicarbazides were synthesized from
the trievelic amines via the carbamoyl chlorides as scen
in Scheme I. Most of the trieyelic amines employed
and the carbamoyl chlorides of these amines hiave been
deseribed by us previously.! Treatment of the car-
bamoyl chlorides with hydrazine or substituted hydra-
zines gave the expected products in good yield. Acyla-
tion of the semicarbazides obtained above gave the
terminal acyl derivatives as confirmed by spectral
comparison with standard compounds. The unsub-
stituted semiecarbazides condensed readily with alde-
hvdes but were inert to ketones such as acetone, aceto-
phenone, and eyclohexanone.

Two new tricyclic amines were prepared for strue-
ture—activity studies. 8-Trifluoromethyl-10.11-dihv-
drodibenz[b,f1[1,4]Joxazepine was obtained in a two-

(1) W, [5. Coyne and J. W. Cnosie, J. Med. Chem., 10, 541 (1967).
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step synthesis shown in Scheme 1I.  Condensation of
2-nitro-4-trifluoromethylchlorobenzene with potassium
salicylaldehyde gave O-(2-nitro-4-trifluoromethylphen-
vD)salicylaldehyde which was subsequently hydro-
genated with Pd-C to give an excellent yield of the
desired amine.



