622 Nores

Val. 11

Turg 1o

RCON
Yield,
N R N Mp, °Ct i
I CICHL 11 135137
11 CICILClL 11 108109
111 BrCl1L,CLL 11 106-107
v CH,CHCl 11 162-165
v CH,CHBr I 163-164
vl CH;CHCICH. 11 101-103
VIt CICH,CHC; 1 112-115
VIl CLHL,CHBr 11 125130
X (CH.»CBr 11 189-140
N (CHy).CIICH By 11 183187
NI BrCl1.Cle. Clly S2--813 27
Xyl CICIT,CHCII, Cl; 119120 T
XVII (LILCHDBr C'Hy 136157 23
XVIL (CH)CBr Cl; 171172 IS
NIX (CH3):CHCHBr ClH, 194-195 42
NX CH,;CHCH 1Bl 188-189

¢ For unalytical data of other eompounds see ref la and .
weve within £=0.45; of theory.

¢ The infrared spectra were takeu as Nujal mulls using a UR-10 Zeiss spectrophotometer.
vy amide I 1640-1650, T avertone 3250-3280:
¢ Alkylating siguifies o full chronuutoclazic e
statmodieretic, a strang farmration of binuclear and plurinnelear cells.

tertstic maxima (em~1) in the ranges:
617, Complete spectral data are available on request.
an insignificant part of cells show chromatoclazic effect;

Experimental Section

N,N’-Bis(haloacyl)-2-methylpiperazines.-—— All derivatives were
obtained by the same method. Five grams (0.05 mole) of 2-
methylpiperazine, 30 ml of CHCl;, and 20 g of NaHCO; were
treated with 0.12 mole of the appropriate haloacyl chloride or
bromide in 30 ml of CHCl; (vigorous stirring and cooling at
5-8°). Then, 5 ml of 11,0 and 10 g of NaHCO; were added, and
stirring was contined for an additional 4 hr,  After adding 20 g
of anhydrons MgSO,, the mixture was kept overnight. The
flask cantent was filtered, and the precipitate was washed with
100 mi of C11CL. The CHCl, was distilled nnder rednced pres-
sire, and the residue, usnally an oil, was put aside for ervstal-
lization. The crude material was theu purified by recrystalliza-
tion from KtOAc~cvelohexane, then fram LtOH.

Nitrogen Mustard Derivatives in the

Phenothiazine and Benzophenothiazine Series

T, Geratd JacksaN aND Davip A SHIRLEY!

Department of Chenvistry, The University of Tennessee,
Knoxeille, Tennessce 37016

Reeeived October 31, 1H67

Thix paper reports the synthesis of seleeted nitrogen
mustard derivatives in the phenothiazine and ben-
zophenothiazine series for anticancer evaluation (Tables
[-IV). The syuthetic route chosen is that previously
eniployed by Shirley, ef al.,? and is shown in Scheme 1.

The nitrogen mustard types were tested by CCNSC.
Toxicity tests were performed by intraperitoneal daily
ijections in dose levels of 3.0-100 mg/kg using rats as
the host. Three animals were nsed in each of four dose
levels with injections being continued for 5 days.  All

(1) To wham inqairies cancerning 1his paper shaald he senl.
DA Shicley, W Rew, and L CL Gilmer, J. Ory. Cheme, 26, 3387 (19615,

» Al melting points (capillary i are nnearrected.
Halogen was determined mercurimetrically after alkaline hydrolysis, nitrogen by the Kjeldahl method.

R
NOCR

Fornalu! Vil yses At appearime aller 24 hir, we

Inactive, toxic

1.099, alkyhiting

0.0066, alkylating

0.0066, =i inhib mibinsis

1.0066, sl inhib mitaxis

0.026, statmodieretic, sl alkylating

1.066, statmodieretie, =l alkylating
(after 48 hr)

1.0066, inhib mitosis, sl alkviating

0.04, statmodieretie, sl alkylating

luaetive, toxie

CulligBraN.O. 13y, N 0.0094, alkylauing

CulInCLND. CLYN 0.033, statmadieretic, st alkyialing

CisHaBroNaQO. Br, N 0.0066, nthib mitasiz, very sl alky-
lating

CyaHa BroNL O, Br, N 0.052, statiodieretie, =l alkylating

CyHaBraN.Uy Br, N Inactive, toxie

Tnactive
< Analytical valies

2-Methylpiperazine derivatives show charac-
vinsym} CHa-X 5030-3050, C=C1 740, C-~Br i8t-
ect: slightly ulkylating, that anly

NenupMme 1

. a-lli L CILGRO0C O
ZN1 ZNLi

(1100 1C 1N 1
ZNCHLCILCL

T
ZNCIHLCHN(CHL.CHOH b ———— ZNCHCHN(CHLCHLCL ),

ZN = substitnted phenothiazinyl and benzaphenathiazinyl

test animals snevived for 10 days i tests when the dose
level did not exceed 33 mg/kg.  In tests in which the
dose level was 100 mg/kg the number of animals snr-
viving varied with the compound under consideration.
Tests were performed, using standard sereening pro-
cedures, with the compounds against Walker carcin-
osarcoma 256, Dunning leukemia, Lewis lung  car-
cinoma, lymphoid leukemia, Sardoma 180, and human
cpidermoid carcinoma of the nasopharynx ot dose
levels through 200 mg/ke/day. None of the cowm-
pounds showed significant activity.

Experimental Section

lilemental micraanalyses were performed by  Weiler and
Strawss Microanalytical Laboratory, Oxford, England.  Melting
points were determined an a Mel-Temp wmelting paint block.
Where analyses arve indicated auly hy syuibols of the elemem s,
analytical resnlts obtained far thase elements were within
-=0.4%7 of the theoretical vahiesx.

10-(2-Chloroethyl)-3-methoxyphenothiazine.3- -n-Bul.i (10 ml,
1.48 M) in hexane was added to a suspeusion of 3.0 g (13 mmoles)
of J-methoxyphenathinzine’ in 73wl of dry ether. The solntion
was stirred nnder reflux far 3t min and then carded in an iee
bath. A sohution of (L3 g (1) mmoles ) of 2-chloroethiyl p-toluene-
soffonate in 20 ml of dryv ether was added.  The mixtire was

3) K. Sen, unpablislied resalts, The University af Tennessee, Kuoxville,
Tenu.

(1) 1L Gl wad 1o NS Shirley, S0 U, Chem. Sae., 66, 388 (19140,
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TasLe I
N-CHLOROETHYL DERIVATIVES
ZNCH,CH.Cl
No. ZN Mp, °C Eluent Yield, % Formula/
1 2-Chlorophenothiazinyle3 118-120 a 47 CuHnCLNSY
2 2-( Trifluoromethyl)phenothiazinyls 80-81 b 50 C,sH,,CIF;NS"
3 9-Methylbenzo[a] phenothiazinyl 88-90 a 35 C1oH;CINS
4 10-Methylbenzo[a] phenothiazinyl 87-88 a 45 CisH 1 sCINS
3 Benzo[b]phenothiazinyl® 163-164 s 37 CisH1,CINS

e 3:1 ligroin (bp 70-90°)-C¢Hs. ? Ligroin (bp 60-90°).

¢ Woelm neutral alumina, activity grade 1. ¢ Kindly supplied by Dr.
Harry L. Yale of the Squibb Institute for Medical Research, New Brunswick, N. J.
showed proper analytical values for C, H, N unless otherwise noted.

¢ Reerystallized from CHCl;. 7 All compounds

2 Not analyzed. % C: caled, 54.62; found, 55.11.

TasLe I1

2-[B1s(2-HYDROXYETHYL)AMINO] ETHYL DERIVATIVES
ZNCH,CH,N(CH,CH.OH ).

No. ZIN
1 2-Chlorophenothiazinyl
2 2-('Trifluoromethyl)phenothiazinyl
3 9-Methylbenzo[a]phenothiazinyl
4 10-Methylbenzo[a] phenothiazinyl

5 Benzo[b] phenothiazinyl

e 41 CeHe—.\IezCO. bg:1 CeHe—l\IEzCO. c7:3 CsHs—l\'IEzCO.
cal values on the bis(2-hydroxyethyl)aminoethyl derivatives.
chlorides gave proper analytical values.

TaBLE III

2-{B15(2-CHLOROETHYL)AMINO] ETHYL DERIVATIVES®
ZNCH,CH,;N(CH,CH,Cl),

Yield.
No. IN %% Formula®
1 2-Chlorophenothiazinyl 43  CiH;eClN,S
2  2-(Trifluoromethyl)phenothiazinyl 60  CyoH;sCLF;N,S
3 9-Methylbenzo[a] phenothiazinyl 33 CyuHyCLN.S
4 10-Methylbenzo[a]phenothiazinyl 67  CyHCL NS
5 Benzo[b] phenothiazinyl 59  CypHaCLN,S

e All compounds in this table were oils, ¢ C, H, N analyses.

TasLE IV

2-{ B1s(2-CHLOROETHYL)AM:iNO]ETHYL HYDROCHLORIDES
ZNCH.CH,N(CH,CH,Cl),-HCl

Mp, Yield,
No. ZN °C %% Formula®
1 2-Clilorophenothiazinyl 140-142 83  CisHxCLN:S
2 2-(Trifluoromethyl)phenothiazinyl 140-141 97  CisHxnChFsN:S
3 9-Methylbenzola]phenothiazinyl 176=177 94  CuHzCLN:S
4 10-Methylbenzola]phenothiazinyl 160-161 96 CuHuClsN:S
5 BenzolbIphenothiazinyl 151-153 88 CxHxCLN:S
a

C, H, N analyses.

stirred at ice-bath temperature for 1 hr and at room temperature
for 18 hr. An almost colorless precipitate formed in the course
of the reaction. CsHg and H,O were added to the reaction mix-
ture. The CeHeEt,0O layer was separated and concentrated by
evaporation. Ligroin (bp 70-90°) was added to produce a 3:1
mixture by volume of ligroin and benzene. Chromatographic
separation of the solution over Alcoa grade F-20 alumina, using
a 3:1 mixture of ligroin (bp 70-90°) and benzene as eluent,
yielded 2.5 g (679%) of white solid, mp 82-83°.

10-{ 2-(Bis(2-hydroxyethyl)amino]ethyl }-3-methoxyphenothia-
zine.—A solution of 2.0 g (6.9 mmoles) of 10-(2-chloroethyl)-3-
methoxyphenothiazine in 30 ml of diethanolamine was stirred at
140~150° for 30 hr and cooled to room temperature, and 50 ml of
cold HyO was added. The suspension was extracted (CHCL)
and the extract was washed (H:0). The CHCl; was evaporated
and the resulting oil was dissolved in C¢Hg. The solution was
chromatographed over 60-100 mesh Florisil. Elution with CgHg
yielded a small amount of 10-(2-chloroethyl)-3-methoxypheno-
thiazine. The prodiiet, an oil, was eluted with a 1:4 mixture of
acetone and benzene. The yield was 1.8 g (73%). Anal. (Cie-
H.aN:0:8) H, N: C: caled, 63.30; found, 63.77, 63.80.

10-{ 2-[Bis(2-chloroethyl)amino]ethyl }-3-methoxyphenothia-
zine.—~POC]; (10 1ml) was added slowly to 2.0 g (6.8 moles) of

Mp. °C

Eluent Yield, % Formula?
a 82 C]anClNzOzS
b 79 CroHuF3N,0,8
a 97 Cst zeNzOzS
a 90 CmstNzOgS
94"95 4 72 szH24NzOzS

¢ Difficulty was experienced in securing proper elementary analyti-
However, the big(2-chloroethyl)aminoethyl derivatives and the hydro-

the corresponding hydroxyethyl compound at ice temperature.
The mixture was allowed to warm slowly to room temperature
and then heated on a steam bath for 1 hr. Excess POCl; was
removed under reduced pressure and the residual oil was dis-
solved in acetone. The solution was poured over crushed ice and
neutralized (NayCO;). The resulting solution was exiracted
several times (CHCl;). The combined extracts were washed
(H:0), concentrated, and placed on a chromatographic column of
Florisil. The product was eluted with CsHs to yield 0.5 g (19%)
of oil. Conversion to the hydrochloride gave, after crystalliza-
tion from CHCl;-Et.0, 949, yield of colorless crystals, mp 108-
110°. Anal. (ClgstclsNzOS) C, H, N.
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Relatively few compounds have been reported to be
cysteine antagonists in microorganisms. Allylgly-
cine! inhibits in part utilization of cysteine in bacteria
and yeast. Klubes and Schultze® found that S-(1,2-
dichlorovinyl)cysteine inhibited growth of Fscherichia
coli and showed that the L enantiomer was the more
active isomer. Cysteine thioethers® from chloro-
ethylenes have also been reported to inhibit growth of
fungi and algae.

In the present studies, 21 cysteine or cystine analogs
were tested as inhibitors of cysteine or cystine utiliza~

(1) K. Dittmer, H. L. Goering, 1. Goodman, and 8. J. Cristol, J. 4dm.
Chem. Soc., 70, 2499 (1948).

(2) P. Klubes and M. O. Schultze, Briochim. Biophys. Acta, 18, 114
11963).

{3) L. L. Mc¢Kiuney, A. C. Eldridge, and J. C. Cowan, J. Am. Chem.
Soc., 81, 1423 (1959).



