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CN CN H M1.0 X 10® 70/500 89/400 101/400
CN CO.C.H; H MI.0 X 11 89/500 79/400 90/400)
CN CN COCH.CH,Cl 2.9 X 10° —1.2 134/500 36/400 101/400
CN COC,lH; COCH.CH.CI 5.5 X 10° —0.5 64/500 71/350 93/350

« ¥ee footnote @, Table III, ® See footuote ¢, Table III. ¢ Sarcoma 181). ¢ Lewis lung carcinonma. ¢ L1210 lymphoid leukemia.

1,4-bis(3-chloropropionyl}-1,2,3,4-tetrahydroquinoxa-
line'* against KB cell culture since II (R = COCH,-
CH.() is also active against this systen.

Experimental Section®

B,8-Disubstituted N-Vinyltetrahydroquinolines and -iso-
quinolines.—A solution of 0.05 mole of 1,2,3,4-tetrahydroquino-
line or 1,2,3,4-tetrahydroisoquinoline and .05 mole of the ethoxy-
methylene compound (I)%in 125 ml of methanol was refluxed for
I hr aud concentrated in vacwo.  Solids were recrystallized from
methanol and oils were distilled to give the compounds listed in
Table 1.

1-(8,8-Disubstituted vinyl)-1,2,3,4-tetrahydroquinoxaline and
1,4-Bis( 3,3-dicarbethoxyvinyl)-1,2,3,4-tetrahydroquinoxaline.—-
As described above 0.05 mole of 1,2,3,4-tetrahydroquinoxaline and
1.1 mole of the ethoxymethylene compound (I) gave the cam-
poundx of the tvpe II as indicated iun Table II. In the case of
diethyl ethoxymethylenemalonate twa products were obtained
and separated on acid-washed alumina.

1-(8,3-Disubstituted vinyl)-4-(3-chloropropionyl)-1,2,3,4-tet-
rahydroquinoxaline.—To a solutinan of II (R = H; X = CN;
Y = CN or CO,C.Hj) in 125 ml of anhvdrous chloroform at 0°
was added dropwise, with canstant stirring, a solution of 0.05
male of 3-chloropropionyl chloride in 30 ml of anhydrous CHCl;.
The mixture was refluxed for several haurs, filtered, nand con-
centrated in zacwo ta give compannds which e included in
Table IT.

55, Analvses by Spang Microanalytical Laboratory, Ann Arbor, Mbch.
Aleliing podnts were taken in capillaries and ary corrected.

61 Tnitial samples of these componnds were generonsly donatell by rlie
Kayv-1Uries Chemieals, Ine.
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The synthesis and evaluation of the anticancer
properties of substituted benzenesulfonate esters of
1,4-butanediol and 1,4-butynediol was undertaken
since esters of alkanesulfonic acids? have been found to

(1) (a) This work was supported by Research Grant CA-06140 from the
National Cancer I[nstitute, Public Health Service. (b) Reported in part
before the Medicinal Chemistry Division, 149th National Meeting, American
Chemical Society, Detroit, Mich,, March 1965. (c¢) Taken from the thesis
of R. A. Earl which was submitted as partial fulfillment of the requirements
for the Master of Arts Degree. (d) To whom inquiries should be sent.

be important anticancer compounds and, like nitrogen
and sulfur mustards, are alkylating agents.® One
sulfonic acid ester in particular has been shown to be
an important therapeutic agent. This compound,
1.4-butanediol dimethanesulfonate (Ian) (known ns
Myleran® and Busulfan B®) was shown by Tinunis
and Haddow* to be effective in the management of
granulocytic leukemia. It was also found to retard
the growth of Adenocarcinomn 753, Glioma 26, and
Brown-Pierce carcinoma® und was most active in
Ioller's® series on the cffects of aliphatic sulfonate
esters on the Walker carcinoma,

Although many studies have been made to elucidate
the mechanism of action of alkylating agents, the litera-
ture 1s still filled with controversy. The following ix
i siwmmary of some, although not all, of the studies
which have been previously reported.  Compound Ia
in the /n vitre studies of Parham and Wilbw™ as in
noeira systems of Roberts and Warwick® appears to
exhibit the same mechanisim of action.  The former
workers followed the reaction of 1,4-butancdiol dimetli-
anesulfonate with the ethyl ester of cysteine in the
prescuce of sodium hydroxide in ethanol and obtained
the bisalkylated ethyl ester of eysteine and some
tetrhydrothiophene,  Parliun and Wilbur® suggested
a cyelic mechanism for the formation of tetrahydro-
thiophene from Ta and cysteine, and thought that this
sulfur-stripping reaction might be responsible for the
physiologienl activity of hifunctional alkylating agents
in cancer chemotherapy.  More recent work?® with I
and o number of mereaptans gave results quite anal-
ogous to those obtained from the reaction of In with
the ethyl ester of cysteine.  Meanwhile, Roberts and
Warwiek,? in an mdependent study of the reaction of
Ia and cysteine in rivo, observed this same sulfur-
stripping reaction.  Subsequent  studies,™ in which
carbon atoms of the alcohol portion of Ia were labeled
with "“C, have shown that it is metabolized in the
mouse and excreted as 3-hydroxythiophene 1,1-dioxide.

(2) T. H. Goodridge, M. T. Flather, R. K. Harmon, and R. P. Bratzel,
Cancer Chemotherapy Rept., No. 9, 78 (1960).

(3) W. C.J. Ross. ""Biological Alkylating Agents,™ Batterworth and Co.
(Publishers) Ltd., London, 1962, p 111.

(4) G. M. Timmis and A. Haddow, Lance(, 1, 207 (1953).

(5) A.Gellhorn, A. Kells, and M. Golino, Cancer Res. Suppl., 3, 38 (1955).

(6) P.C. Koller, Ann. N. ¥. Acad. Sci., 68, 789 (1958).

(7) W. E. Parham and J. M. Wilbur, Jr., J. 4m. Chem. Soc., 81, 6071
(1959).

(8) J.J. Roberts and G. P. Warwick, Nature, 183, 1509 (1959).

(9) W. E.Parham and J. M. Wilbur, Jr.. J. Org. Chem., 836, 1569 (1961).
(10) J.J. Roberts and G. P. Warwick, Nature, 184, 1288 (1959).
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Animal Tumor wt or

NorEes 77

The diols, 1,4-butanediol and 1,4-butynediol, were
chosen because the mechanism of action of the sulfonate

Dose, No. of wt dif survival days Stage index . : :
No. meg/kg  survivors T — C T/C or % T/C eSterslof these two compounds shquld be different if
Lewis Lung Carcinoma the triple bonds in the 1,4-butynediol diarylsulfonates
VIII 200 6/6 5.5 4461235 36 remain intact when displacement takes place. The
VI 200 176 —6 9 /1266 bisarylsulfonates of 1,4-butanediol showed no anti-
VIII 100 6/6 —33 443 /652 67 cancer activity regardless of the substituents present,
X 400 6/6 ~14 698,927 75 but several of the butynediol bisarylsulfonates showed
Lymphoid Leukemia L1211 either confirmed or presumptive anticancer activity in
VITI 200 A6/6 —1.1 $.3/8.9 95 the. Cancer Chemotherapy . Xational Sgrvice Cen‘ger
X 400 6/6 ) 9.1/9.1 100 anticancer screen. The toxicity and antitumor actrv-
VI 500 6/6 +1.0 9.0/9.3 96 ity data of a few of the compounds are reported in
IX 500 6/6 —-3.3 9.5/9.7 97 Table I. Test procedures, methods, and protocol
XI 500 3/6 —2.7  10.7/9 .4 o are adequately described elsewhere. !4
XI 300 5/6 —-0.5 8.2/9.3 88
Sarcoma 180 Experimental Section
VIIT 300 5/6 —1.6 576/2237 25
VIII 500 6/6 —-3.7 300/1297 23 All melting points are corrected; analy=es were dane by
VIII 250 6,6 —4.8 385/685 56 Galbraith Lgboratoriefs, Knoxville, Tenn. The infrared spectra
VIIX 250 0/6 were determined on a Beckman IR-8 spectrophotometer.
- = A e /1 L The following absorptions in the infrared region were ob-
zig 338 g/g 33 gf;ﬁggg ?g served for all of the esters: 1340-1370 {RXO0.), 1165-1180 (SO.),
. ‘)E_) / -2 N f)_ and 925-955 em~—! (ROS).18  The two infrared absorption bands
\'HI jo() 6/6 —6.8 0‘30/14‘4_1_ f‘ due to the sulfonyl group were sharp aud intense. The absorp-
§ 500 6/6 —2.9 1620/2237 72 tion band in the region 925-955 ¢m~! wax inteuse, but generally
VII 500 5/6 +1.7 1101/1615 68 quite wide. This absorption was present when the sulfonates
XI 31 6/6 —0.8 037/1152 81 were analvzed as Nujol mulls or as potassium bromide pellets.
X 500 5/6 —-0.7 1270/1615 78 This band was 1ot assigned to carbon-carbon stretching becaise
Walker 236 the infrared spectra of carbamate esters of 1,4-butanediol fails
} _ ‘ _ to show this absorption, but it is present in the spectra of the
VII ?00 ?/6 —9.0 4.7/5.1 92 bisarylsulfonates of but-2-yne-1,4-diol.
IX 500 5/6 —13.0 2.2/5.1 43 Preparation of Arylsulfonic Acid Esters of 1,4-Butanediol,
XI 500 5/6 —23.0 6/5.3 11 Method A.—The tetramethyvlene bisarvlsulfonates (I-V, Tuable
TasrLe 1T
ArSO,0CH.CH,CH,CH,O80:Ar
Method of Yield, Recrystn Caled, % Found, %
No. Ar prepn® % solvent? Mp, °C Formula C H C n
I 2,5-Dichlorophenyl A, C 28, 37 E 158-159 CisHuClO;S, 37.81 2.78 37.96 281
11 2,4-Dimethylphenyl A 74 F 125-126  CoHxOS, 56.31 6.14  36.20 6.22
111 2,5-Dimethylphenyl A 98 E 97-98 CaoH2:055; 56.31 6.14 56.45 6.20
v 3,4-Dichlorophenyl AB 64, 79 E 136-137 C1eH2CLO:S: 37.81 2.78 37.7C 2.97
v p-Nitrophenyl A B C 27, 77, 63 E 175-176 C16H,6N20 68, 41.51 3.49 41.67 3.62
VI 2,5-Dibromopheny] B 71 F 174-175 CisH,1BriO6S; 28.00 2.06 28.10 2.17

@ See Experimental Section.

Other workers!! have attempted to determine the
center of attack by Ia and other alkylating agents.
Ross!? concluded on the basis of his observations and
those of the other workers that such alkylating agents
produce their effects by esterifying ionized acid groups.

Most of the investigations dealing with sulfonate
esters previously reported have dealt with synthesis
and anticancer evaluation of the esters of alkanesulfonic
acids. In the present investigation substituted ben-
zenesulfonate esters of 1,4-butanediol and 1,4-butyne-
diol were prepared. Placing electron-withdrawing
substituents on the benzene ring should increase the
alkylating power of the sulfonate esters since electronic
effects are transmitted across the sulfonyl group.!®
Very few substituted benzenesulfonate esters of 1,4-
diols have been investigated for their anticancer activ-
ity, and no information of the effect of substituents has
been available,

(11) (a) A. G. Ogston, Trans. Faraday Soc., 44, 45 (1948); (b) K. A,
Stacey, M. Cobb, S. F. Cousens, and P. Alexander, Ann. N. Y. Acad. Sct., 68,
682 (1958).

(12) (a) W. C. J. Ross, ibid., 68, 669 (1958): {b) J. A. Hendry, F. L.
Ross, and A, L, Walpole, Brit. J. Pharmacol., 6, 201 11951).

(13) D.J. Pasto, D. McMillan, and T. Marphys, J. Org. Chem., 80, 2688
(1965).

*E = acetone, F = acetone—ether (8:1).

IT) were prepared by the method of Marvel and Sekera.’s A
solution of 0.025 mole of 1,4-butanediol in 50 nil of dry pyridine
at —40° was added to a well-stirred solution of 0.050 mole of
arvlsulfonyl chloride in 100 ml of dry pvridine at —40°. The
addition was completed in 30 min. The reaction mixture was
allowed to warm to 0° with stirring and poured with stirring
over 400 g of crushed ice and 27 ml of concentrated H:SO,.
Longer reaction times and higher temperatures resulted in lower
vields.

Method B.—A modification of the above reaction using 75
ml of 2,6-lutidine at —20° instead of pyridine at —40° and
longer reaction times resulted in good vields of sulfonate esters.

Method C.—Sulfonic acid esters coutaining electron-with-
drawing substituents were obtained in poor vield using the
above procedures. These esters were prepared by treating
0.012 mole of 1,4-diiodobutane in 50 ml of acetonitrile with
0.024 mole of silver arylsulfonate. The reaction mixture was
protected from the light and was heated under reflux for 2.5 hr.
The solution was filtered while hot. A white solid separated
from the filtrate when cooled to 0°.

(14) (a) J. Leiter, A. R. Bourke, 8. A, Scliepartz, and I. Wolinsky, Cancer
Res. Suppl., 20, 734 (1960); (b) J. Leiter, A. R. Rourke, D. B. Fitzgerald,
3. A, Schepartz, and [. Wolinsky, ibid., 28, 221 (1962); (c) See ''Protocols
for Screening Chemical Agents and Natural Products Against Animal
Tamors,”" Drug Evaluation Branch of the Cancer Chemotherapy National
Service Center. Bethesda 14, Md., Nov 1962,

(15) L.J. Bellamy, ''Infrared Spectra of Complex Molecules,” John Wiley
and Sons, Inc., New York, N. Y., 1958.

(16) C, 8. Marveland V. C. Sekera, J. Am. Chem. Soc., 55, 345 (1933).
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TaBLe 11T
ArS0,0CH,C=CCH,O80.Ar
Method Yield, Recrystn Calesd, ¢ Found, ‘.
No. Ar of prepn® o solvent? Alp, °C Tormux C H C H
VII 2,5-Dinethylphenyl D 2 ¢! 14-105 CasHanORs 56.85 5.25  55.91 5.25
VIIL 2,5-Dichlorophenyl D N1 F 137-13¢ CeH\oClOg3s 38,11 2,01 37.94 201
X p-Nitrophenyl b 553 I 178180 ChsH N0, 12,10 2.65 42,31 2.8%4
N 2,4-Dimethvlphenyl D 36 I L0d-1UT CaoHanOsSy H6.83 H.25 AT 03 510
XI 3,4-Dichlorophenyl 1 sl HOH- U7 CeH10ClLON, S 2.0 3580 207
NII 2.5-Dibromophenyl D N1 E 11411 CheHoBriOsS, 28 19 148 25,33 1.49
NIIT +Chloro-3-nitrophenyl D 39 I 110117 CisH ) CLNLO WS, 36.52 200 36.70 2,08
NIV Thienyl D) 66 G 96-97 CH L0, 37100 2064 37.22 2.7
XV m-Nitrophenyi 1 23 E 1271285 CeH N0 08 42 10 2.65 41.03 2.49
X Vi p-Bromophenyl D 44 Is 133-157 CLH L Bry0eS, B6.6H 2.U4 3608 2018
v Nee Fxperimenial Rection. ' E = acetone, (i = acetone-H.0 (3:2), H = petrolenm ether (bp 60-110°1.
Preparation of Arylsulfonic Acid Esters of 1,4-But-2-ynediol. stituted  2-mercaptoethylamines, RNHCH.CH.SH.

Method D.—The 1,4-but-2-vnediol bis(arylsulfonates) (VII-
XVI, Table IIT} were prepared by i procedure similar to that
described by Eglington and Whitling.1" A solution of 0.101 mole
of KOH in 10 ml of water at 0° was added to 40 ml of acetonitrile
at H-20°, containing 0.10 mole of arylsulfonyl ¢hloride and 0.03

in whielt the R group includes thioureido. The nethod
is shown in Scheme I. Data on the compounds with

SCHEME ]

mnale of 14-but-2-vnediol. The addition took 30 min. The N LiAlM, . RNCS

solution wus then =tirred at room temperature for 2-4 hr. The ANCHLCH,CN ——>  NCH.CH.CHNH: ——>

material precipitited was collected by vacuum filiration. The I 0

salid was alr dried and then extracted with boiling acetoue.

Good ta excellent yvields of the esters recrystallize fram the . N N b 5

acelane salntions npon cooling to 0°. t NCHLCH,CHNHCSNHR ?
Acknowledgment.—We wish to thank Dr. Harry B. Mo, 1t = CH

Wood. Mr. Robert B. Ing, and Dr. Saul Shephartz T PR

of the Cawer C hemotherapy National Service Center HSCH,CH.NHCH.CH.CH.NHCRINHR

for the test data we are mcludmg in this publication. IWa, B = CeH,

We alzo wish 1o thank MMy, Philip Doyle, a National
Seienee Foundation Undergraduate Research Partici-
pant, far preparing <onwe of the sulfonyl chlorides used
i this estigation.

IV Gl lebneton and AWV

O, Whitling, /. Chepe. Soc., 3651 {18505,

Svanthesis of N-Monosubstituted

2-Mercaptoethylamines with

Thioureido Substituents'™

. Lelloy Sareryt asp RoBert N. Craik

Midwest Reseaceh [nstitite, Kansas City, Missonei

Leceived March 16, 1466

Beeause of the interest in 2-mereaptocethylamines and
their derivatives as potential antiradiation drugs,®—7
and the fact that certain l-alkyl-3-(2-mercaptocthyl)-
thioureas® were found to be effective radiation-protec-
tive ageits.” we have svuthesized a few N-monosub-

S Tos work was sopported by the UL & Army Medical Research amil
{evelopment Comimand, Departiment of the Army, nnder Contract No, DA-
An-10-24 74,

121 This is the srcond paper dealing with the synthesis of N-monosnli-
sonted 2-mercapiverliyviamines.  For the preceding paper see A, F. Ferris.
O. L. Salerni, aml 13, AL Schatz, J. Med. Chem., 9, 391 (1966).

b CF Symposilim on Radiation-Proteerive Agents, 141st National Meet-
sug of the American C'hemical Society, Washington, DD, €., March 1962,

“1) Do DL Reynolls. D, L. IFiebls, anid D, L. Johnsou, J. Org. Chem., 26,
Asdoiosly.

131 RoJ. Wineman. M. 11, Gollis, J. €. James. and A, M. Pomponi, byl
27, 1222 (1462).
161 17, 1L Carvoll, 1. A, Dickson, uind M E. Wall, tid., 30, 33 {1965).

»51 1. Rosenthal. (i, and M. E. Wall, ibi.,
30, 3684 11965).

S8y ALY Pervds wndd 1.

Brandrup, K. H. Davis, Jr..

A Sclintz, ihid., 28, 3140 (1462,

b, R = l-naphthy]
structures 11T and IV are presented m Tables T and I1.
respectively.

Both compounds were tested at 51-150 mg/kg ip in
mice for 30-day survival against lethal radiation of
1000 r.**  Neither of the amino mercaptans hearing
the thioureido group provided mice any protection
against lethal doses of radiation.

Experimental Section!!

N-(3-Aminopropyl)ethylenimine.--A solution of 200 g 110.21
nwle) of g-ethvleniminopropionitrile’? in 40 ml of dry ether wax
added dropwise 1o a slurry of 7.9 g (0.21 mole} of LiAIH, in 200
ml of dry ether al (° with stirring in a nitrogen atmosphere.
The resulumr renction mixture wis sthred at H° far 30 min.
Then, at 1°, 8 ml of water, 6 ml of 209, NaDH, and 28 m] of
water were cationsly added i that order. The granulawe whire
saltds formed in this way were remaved by =netion filtration,
then washed with ether. The ethereunl solutions were cambimed.
dried (MgRQ,), and then concentrated by distillation throngh n
Vigreux coliunn. Th(' re<tdite obtained was distilled 77 racio and
guave 6.3 g (3071 of product, bp 67-69° (27 mm), n¥p 1.4507.
Bestian'? gives hp 61-62° (19 mm) for the componnd prepared
by catalytic hydragenation.

Anal.  Caled for C;ITwN.: O, dW4a; I,
I‘()lllld C, H4.748; H, 12.11; N, 27.76.

1-(3~ Ethylemmmopropyl)-3-(l-naphthvl)thlourea.v—v] Naph-
thyl tsothioeyanate (4.6 g, 10.025 mole) and N-(3-aminopropyl)-
ethylenimine (2.5 g, 1.025 mole) were dissalved in reagent grade
henzene, hented 1o boiliig, and couled. A white solid, 4.7 g
(6657). mp 128-131°, precipitated wind was callected by snet on

12,08; N, 27.47.

i) Test data soppbed by Walier Reed Arimmy lnstitute of Research, Wasl-
ington, 1. C.

3107 L. Yield, A.
12 (1964).

1) Melting poinrs arx enrrected and tbhe boiling poind s ancorreciel.
Micrpanalyses were perforined by Galbraith Laboratories, Knoxville, Tenn.
Infrared spectra were reenrded on a Perkin-IElmer Model 137 lufracoml
spectrophotomerer,

121 H. Bestian.

Ferraii. R. Crensbaw, aml T. Owen, J. Med. Cher., 7,

Aun., 556, 210 {10501,



