450 Notes

ethylamine, 2,6-dimethylpyridine, aund triethylenedi-
amine) were tried as condensing agents without im-
provement. The bicyclic triethylenediamine reacted
with P,P-bis(1-aziridinyl)phosphinie chloride to pro-
duce a white complex of unknown structure which did
not react further with primary amines at room tem-
perature.

Preliminary screening in the Walker 256 test system?
revealed that the compounds prepared possess the
following approximate therapeutic indices, LD,/EDy
= TI[: Ila, 1.2/0.43 = 3; IIb, 12.5/2.7 = j; Ilc,
+.5/1.6 = 3; 1le, 3.8/0.62 = 6. [Id is the most toxic
compound 1n this series (LD = 0.6) and it is Inactive
against Walker 256. The difference in pharmacological
activity between [Id and its methyl ether Ile provides
for another example of the importance of the so-called
“carrier’” moiety® in biological alkylating agents,

Experimentalt

P,P-Bis(1-aziridinyl)phosphinic Chloride (Ia).—A solution «af
46 g. (0.3 mole) of phosphorns oxychloride in 700 k. of dry 1,2-
dimethoxyethane was cooled to —20° and stirred vigorously
under conipletely anhyvdrous eonditions. A solution of 60.0 g.
(0.6 mole) of triethylunine in 470 ml of 1,2-dimethoxyvethane was
ndded during 0.5 hr., followed by 1 solution of 25.8 g. (0.6 mole) of
ethylenimine in 470 1l of 1,2-dimethoxyethane which was added
during 1 hr.  After 10 ndditional min., the precipitated triethyl-
amine hydrochiloride was removed by filtration (985 of theorv).
The filtrate containing the product wns used immediately for
subsequent reaetions.

P,P-Bis(1-aziridinyl)phosphinothioic Chloride (Ib).>—This
compound was prepared in a similar manner to la, using either
1,2-dimethoxyethane or tetrahydrofuran as a solvent. After all
of the ethylenimine had been added, the mixture was allowed to
warm to room temperature and was stirred overnight. After re-
moval of the amine salt (95, of theory), the filtrate was used
direetly for further reactions.

P,P-Bis(1-aziridinyl)-N-cyclohexylphosphinic Amide (Ila).--
A solution of 29.7 g. (0.30 mole) of ¢yclohexylamine in 700 nil.
of 1,2-diniethoxyethane was added during 2 hr. to u solution of
0.15 mole of Ia in Y00 ml. of 1,2-dimethoxyethane which was
eaoled to 0° and stirred vigorously. After stirring overnight at
room temperature, the suspension wus filtered to reniove the cy-
eylohexylamine hydrochloride (77¢%) and the filtrate was evapn-
rated 7n vacvo. The residue was dissolved in 200 ml. of hot 1,2-
dimethoxvethane, decolvrized, cooled slowly, und finally stored in
the freezer. The precipituted white, crvstalline pro-hict weighed
8.3 (2490) map. 100-102°; ethylenimine assay'' 96¢, of theory.
YRIT3000, 2030, 1460, 1270, 1190, 1110, 935, and 705 eut. =,

Anal.  Culed. for C,HoyNLOP: C, 52.30; H, 8.79; N, 18335,
Found: C,52.42; H, 8.72; N, 1795,

P,P-Bis(1-aziridinyl)-N-cyclohexylphosphinothioic Amide
(I1Ib).5—A solution of 17.8 g. (0.18 mole) of cyelohexylamnine in
500 ml. of tetrahydrofuran was added during 2.5 hr. to a tetra-
hydrofuran solution (570 nl.) containing 0.09 mole of Ib which
was cooled to 0°and stirred vigorously. After stirring overnight at
room temperature, the niixture was filtered to reniove the anine
hydrochloride (709, ). 'The filirute was coneentrated to dryness
111 & rotary evaporator, tuken np in 400 ml. of benzene, decolorized,
filtered, nnd evapurated to dryuess.  Phe residue (600 of theoryi

() The compoumwls are being evaluatel by the Cancer Chemotherapy
National Serviee Center, and complete datwa will be published in a tuture
Cancer Chemotherapy Screening Data supplement to Cancer Resenrih.

(8) The therapeutic index (11} is delined as the rittio of the lethal dose
rodacing 109 deaths in non-tamor bearing rats (L1s) to the dose prodie-
ing a 90% inhibition of tamor weighlt (EDwl. The LDw and EDse are
expressed in mg./kg./day and tlie therapeutic index is determined graphi-
cally. Also, consult: H. E. Skipper and L. H. Schmidt, Cancer Chemo-
thecapy Reports, 1T, 1 (1962).

(9) L. F. Larionov, ''Biological Approaches to Cancer Chemotherapy,'”
R. I. C. Harris, Ed., Academic Press. London, 1961, p. 139.

(10) All starting materials and solvents were carefully purified before
nse. All reactions and most otlier manipulations were condueted in o
nitrogen atmosphere. Sonie of the linal prodiets were prepared, purifiel
and analyzed many times before acceptable wnalytical values could be wli-
tiined.  Melting points are corrected.

(11) E. Alleil aud W. Seamnan, Anal. Chem., 2T, 540 (1835).
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wag stirred with 300 ml of warm Skellysolve B, decanted frowm
woguurny, insvhible residue, then decolorized and cooled slowly tn)
—12° The precipitated cryvstalline produet was recrystallized by
1he sune procedure, vielding 7.3 g. (339 of white needles; m.p.
95-07%: ethyleninine assay!' 9.8, of theory,  wiM 33350,

2030, 1420, 12060, 1159, 1100, 930, 8492, w28 qud 720 ¢, b
drals Caled. for CpHwNgPS: C) 45957 H, 822, N, 1713,
Pol2as. Found: C 48203 H, 8280 N, 16.94; P,12.52,

P,P-Bisi1-aziridiny!;-N-(3-hydroxypropyl;phosphinic =~ Amide
1Ier —Thix componnd was prepared by the samne technigue nsed
for the corresponding eyelohexyl derivative {Hh).  The wnine
hydrocldoride wag produced in nearly theoretienl vield.  Fvapo-
ration of the filtrate afforded an oil which was dissolved in ben-
zeme ikl decolarized. Beenuse the solntion gave a positive
ehloride test with aleoholie silver nitrate, 1t was stirred with an-
livdrns sodinun earbotte far 2 e, The ehloride-free filtrate was
evaporated, then drisd at 1 o, pressure. The residie (2%

D028, ethvleninine sssay!t 96473 was dissolved in absolnte
ethial, decanted  from a0 sl quantity of insoluble  «il,
decolyrized, nnd evapaorated.  The final oily product was stripped
nf volatiles at 1078 nun.: it welghed 21 g (7090 4% 1.5030,
The produet deterinrated slhhwly when stored i the refrigerator
PN 3400, 2000, 1409, 1269, 1170, 1110, 1070, and 940 em
bl Caled. for CoHGNGOP: G, 40.97; H, 7.860 N, 2048,
Py15.100 0 Found: C,40.76: H, 7.84; N, 19.87; P, L.L486.

P,P-Bisi1-aziridinyl}-N-13-hydroxypropy!)phosphinethioic
Amide (Ild).—-A solution of 800 ml. of tetrahydrofuran con-
taining 0.126 mole of Ib was added during 2.5 hr. to »a solution of
9.4 g. (0.126 mmler of 3-uminopropanol and 25.5 g. (0.252 mole;
of triethylamine in 500 mlb. of tetrahydrofuran which was cooled
to 0° and stirred vigorously. After stirring at room temperature
overnight, the mixture contained a1 semisolid precipitate indieatel
by infrared spectra to be a mixture of the two sunine hydrochlo-
rides.  The supernatant solution wis evaporated to dryness in a
rotary evaporitor,  Fhe residue was dissolved in 400 ml. of ben-
zele, decolorized, mud coneentrated to abont 150 mb. On stund-
ing overnight, the snlution daposited darge, colorless prisins weigh-
ing 6.1 g; nLp. 79-77°%; ethvlenimine assuy! 99.8¢3. The
mo(lier Hyuor attonled an additional 2.5 g, (319 total vield) of
praduct of the smme quality, »50 3250, 2910, 1425, 1250,
1104, 950, 930, 892, 825, and 738 em., L

Anal. Caled. for CiHN;OPS: C, 35.00; H, 7.29; N, 18.99;

P, 14.00. PFound: 7, 38.11; H, 7.07; N, 18.90; P, 13.87.

P,P-Bis!1-aziridinyl:-N-(3-methoxypropy!l)phosphineothioic
Amide tIles.—-This preparution was carried out exactly us the
preceding one, except that 1,2-dimethoxyethane was used us o
solvent. After the amine hydrochibrides had been removed,
the filtrate was evaporated to dryness nud the residue was dis-
solved in 500 ml of benzene. It wus deenlorized und evapornted
to dryness agnin. The residnal ol was taken up in 500 mk of
cther, decolorized, nnd concentrated in a small voluuie, then boil-
g “Skellysobre B wies awdded nutil the solution beeame turbid.
After cooling to roour teniperature the saspension was refrigerited
overnight.  Severul crops of colorless plates were obtained in this
wity.  They were combined and reveyvstallized twice from a 1mix-
ture of ether and “Skellysolve B, yvielding 3.06 g. (109%) of
product; m.p. 85-67°: ethyvlenimine assay!' V7Y 1oy 3260,
2910, 1440, 1260, 1110, 930 and 725 e~

Anal.  Caled. for CsH sN;OPS: C, 40.84; H, 7.71; N, 17.85.
Found: C, 40.39; H, 7.30; N\, 17.06.

XXIII.
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This paper constitutes an extension and contination
of previous work.'® As the incorporation of a hydroxyl
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TasLE 1
5H-Tr1AzoL0{3,2-2] QUINAZOLIN-5-0NE DERIVATIVES (1II)
Analyses -
SL. Product III Yield, M.p., Molecular Caled., Found,
no. a or w-thiocyanato ketone R R’ R” R R’ b7 °C.* formula % %
1. -Thiocyanato-3,4-dimethoxy- H H OCH; OCH; H 34 275 CisH 1 N2058 N, 8.3 8.15
acetophenone
], 9.46 9.5
2. -Thioeyanato-p-ethyl- H H CH, H 75 213 CisH i N:08 N, 9.15 9.25
acetoplienone S, 10.45 10.7
3. -Thiacyanato-2-hydroxy- H OH H H OCH; 41 285 Ci;HisN:058 N, 8.64 8.30
5-methioxyacetophenone
C, 62.96 63.00
H, 3.7 3.65
4.  o-Thiocyanato-p-bromo- CH; H Br )3t 35 266 Ci;:H; BrN,08 N, 7.54 7.22
propiophenone Br, 21.54 21.80
a. a—Thiocyanato—p—ethyl CH3 H C~_!H5 H 59 194 Cl gHmNzOS N, 8.75 8.90
propiophenone S, 10.0 10.1
6. «-Thiocyanato-p-chloro- CH; H H Cl 53 287 C:H1CIN,0S N, 8.54 8.70
propiophenone Cl, 12.15 12.3
7. a-Thiocyanatopropiophenone CH; H H H H 41 290 Ci;HieN0S8 N, 9.58 9.40
S, 10.96 11.3
8. «-Thiocyanato-p-methyl CH; H H CH; H 67 185 CiHi:N:08 S, 10.45 10.92
propiophenone
¢ Recrystallized from 809, ethanol,
group in the benzene ring often enhances antibacterial COOH
activity, it was deemed pertinent to synthesize thiazolo- @i I\III‘IQ’X .
quinazoline derivatives containing phenolic hydroxyl NH, + ClC\S cH
groups. Besides, some compounds containing alkyl v :
and alkoxyl groups at different positions of the thiazole v
ring have been prepared with a view to study the effect
of these groups on the biological activity of the resulting 0
compounds. The synthesis was achieved by the general ANE s
procedure reported previously, involving the condensa- : N N X
tion of o-aminobenzoic acid hydrochloride (I) with the N N*“s
requisite a- or w-thioeyanatoketone (II), which gives w 1 CHs
rise to S5H-thiazolo[3,2-a]quinazolin-3-one derivatives VI
(III). The mechanistic details of the reaction inter-
mediates involving the formation of IIT have already .
been reported. b2 Experimental
5H-Thiazolo[3,2-a] quinazolin-5-one (III) (R R =
R R’ OCH);.—w-Thiocyanato-3,4-dimethoxyacetophenone (4.43 g.)
and anthranilic acid hydrochloride (3 g.) were dissolved in hot
(ICOOH + R'" COCHRSCN nbsolute ethanol (40 1nl.) and the mixture was refluxed for 8 hr.
NH,-HCl The solvent was removed by distillation and the residue was
R made basic with sodinm bicarbonate solution. The solid obtained
1 was collected, washed with water to free it from the adhering
0 I alkali, and ecrystallized from 809, ethanol as fine light yellow
s 6 I needles, m.p. 275°; yield, 2.5 g. (349%). The physical char-
7 C\N4 acteristics and the analytical data of the thiazoloquinazoline
5©i“’ ) derivatives prepared by this procedure, are listed in Table I.
R" SR N/C\ 5H-Thiazolo[2,3-b]quinazolin-5-one (VI) (X = Br).—A
—_ Iy » S mixture of anthranilic acid (1.2 g.) and 4-(p-bromophenyl)-2-
R’ c=c”~ chloro-5-methylthiazole (2.6 g.) was heated in an oil bath at
| 140--160° for 2 hr. The product was dissolved in ethanol and
R R made basic with sodium bicarbonate solution. The fine solid
11 was washied with water until free from alkali and then erystal-
lized from dilute ethanol (Norit); colorless needles, m.p. 184-
185°; yield 1.0 g. (309;,). All the comipounds listed in Table II
A number of 35H-thiazolo[2.3-b]quinazolin-5-one were prepared by similar procedures.

derivatives containing a methyl group in position 2 of
the thiazole ring have also been synthesized through the
reaction involving the condensation of anthranilic acid
with the requisite 2-chlorothiazole.

{1) (a8) To whom inquiry regarding this paper should te made at De=
partment of Chemistry, University of Western Ontario, London, Ontario.
Canada. (b) H. 8. Sachdev, K. S. Dhami, and K. 8. Narang, J. Sct., Ind.
Res. (India) 19¢C, II (1960).

(2) G. M. Sharma, H. 8, Sachdev, N. K. Ralhan, 1, Singh, G. Sarjit
Sandlu, K. Ghandi, and K. 8. Narang, Tetrahedron, 18, 53 (1961).

In preliminary tests, III (R =R’ =R =H; R’ =R"' =
()CHj;) has been found to be effeetive against Bacillus subtilrs,
Salmonella paratyphi and Shigelle paradysenteriae Flexner at a
dilution? of 1:1000 and is bacteriostatic against Streptococcus
hemolyticus at 1:5,000; III (R = CH; R”"= CI, R’ = R
R’’’ = H) showed activity against St. hemolyticus, Micrococcus
pyogenes var. aureus, B. Subtilis, S. paratyphi and Sh. sonnet at
1:5,000, and VI (R’ = C;H;) showed bacteriostatic action
against S. paratypht, S. schottmuellert and 8. typhr at 1:1,000.

(3) All the coinpounds were tested in water solution, using sulfanilamide
as the standard,
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TaBrLg 11
5H—THIAZOLOT[2,3—])]QUI_\'AZULLX—C—)—():\‘E—DERIVATLVES (V1)

——— Analysis ————
=l 2-Chloro-3-methylthiazole Yield, A Molecular Cialed., Tyl
no. derivative (VI: X ey e farmula o [t
l. +4-(p-Bromo-phenyt) Br 30 184--58 CirHyBrNuOs N, T .7

Br, 21.54 Br, 21.7
2, 4-Phenyl H 43 210 CirHaNLOR N, U.08 9.0

S, 10,96 S0 1150

N, 854 T
3. 4-(p-Chiloro-phenyl) Cl 45 145 CiHi CING 08 S, 9.81 S, 10.00
4. 4-(p-Tolyl) CH; 22 172 CisH 1 NLOR N, 915 9.25

S 10045 1060
5. 4-(4-Ethylphenyl) C.H. 15 178 CreHieN08 N, 8.7 .00

S 100 1.2

* Recrystallized from dilute ethanot.
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The Synthesis of Halogenated Tuberculostatic
Thiocarbanilides
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Numerous publications have shown that the class of
thiocarbanilides (N,N’-diarylthioureas) bearing alkoxy
groups includes very potent antimycobacterial agents.!
Several such compounds are now in current use in
human therapeuties: 4,4’-diethoxythiocarbanilide (I)
and 4-butoxy-4’-dimethylaminothiocarbanilide in the
treatment of leprosy,? and 4,4'-diisoamyloxythiocar-
banilide i the treatment of tuberculosis.* Iurther,

C.HsO -Q— NHCSNH .Q_ 0C.Hs
1
P Onmessu—{ Y

II

Cl
Cl

several thiocarbanilides bearing halogen substituents,
such as 3,5-dichloro-4’-fluorothiocarbanilide (I1), have
shown considerable fungistatic properties, both experi-
mentally and in clinical practice.* It was therefore
logical to proceed to the synthesis of thiocarbanilides
bearing at the same time halogen and alkoxy sub-

1y o170 Huebner, J. L. Marsh, R. . Mizzoni, B. P. Mull, D. C.
Sehroeder, H. A, Troxell, and C. R. Scholz, J. Am. Chem. Soc., T8, 2274
(1933): R. L. Mayer, P. C. Eisinan, and E. A. Konopka, Proc. Soc. Exptl.
Biol., 82, 769 (1953); N. P. Buu-Hoi and N. D. Xuong. Compt. rend., 287,
408 (1953); G. P. Youmans. A, 8, Youmans, and L. Doub, 4m. Rev. Tuberc..
T7. 301 (1957); L. K. Quyen, N. P. Buu-Hoi, and N, D. Xuong, Bull.
Acad. Natl. Méd., 280, 535 (1960).

(2) N. P. Buu-Hot, N. B. Kliuyen, aud N. D. Xuong, ibid., 278, 15
i1935); T. F. Davey and G. Currie, Leprosy Rev., 27, 94 (1956);: N. P.
Buu-Hoi, T. V. Bang, T. T. Mong-Don, and N. D. Xuong, Chemotherapia,
2, 122 (1961).

(3) G. Favez, Schweiz. Z. Tuberkulosc, 18, 6 (1961); .
inwin. Med. Chir., 24 (1961).

(4) R. Vanbreusegliem, N. P. Buu-Hoi1, N. 19. Xuong. and G. Lambelin,
Biochem. Pharmacol., 11, 813 (1962).

Fegiz, Guzz.

stituents, and to investigate their activity with regard
hoth to mycobacteria and to pathogenic fungi.

The synthesis of symmetrical thiocarbanilides was
cffected by condensation of the appropriate halo-
genated mono- or dialkoxyaniline with carboun disulfide
in the presence of small amounts of sulfur or potassium
hydroxide (Hugershof reaction).® This reaction was
found to be sensitive to sterie hindrance, and the pres-
ence of bulky substituents ortho to the amino group led
to vields that were distinetly lower than normally ob-
served; the presence of nitro groups inhibited the reac-
tlon, and 2-amino->-nitroanisole and 4-amino-3-uitro-
anisole failed to give condensation products under
normal experimental conditions,  Similar observa-
tions had already been made with the nitroamlines.”
and with 5-nitro-2-aminothiazole.’

Unsymmetrical thiocarbanilides (Table 1) were ob-
tained from the reaction of the appropriate arylamine
and aryl isothioeyanate; the isothiocyanates were pre-
pared by treatment of symmetrical thiocarbanilides
(Table II) with acetic anhydride (Werner reaction).
The condensation of arylamines with aryl isothio-
cvanates was also found to be sensitive to sterie hin-
drance; for instance, 5-chloro-2,4-dimethoxyphenvl iso-
thiocyanate (I1I) reacted with 5-chloro-2-isoamyloxy-
aniline (IV) to give the symmetrical 5,5 -dichloro-
24,2’ 4’ tetramethoxythiocarbanilide (V), iustead of

OCH;

P Ccl
! +
CH,07 : “OCH,CH.CH (CHj)s——

NCS NH,
H1 v

_OCHs Cl
CHs0 NHCSNH
Cl CH,0
v

OCH;, «—— "

the expected, sterically more hindered unsymmetrical
thiocarbanilide. With the same isothiocyanate, nor-
mal condensation products were obtained; however,
when the reacting arylamine was not sterically hin-
dered, as in the case of p-dsoamyloxyaniline, or was less
sterically hindered. as with 4-bromo-2-methoxy-5-

(3) {a) A. Hugershoi, Ber., 32, 2246 (1889): (b) N. P. Buu-loi, N. D.

Xuong, and N. H. Nam. .J. Chem. Soc., 1573 (1955).
6) Cf. N.P. Bini-Hoi, N, D. Xnong. and V. T. Suu, ibid., 2815 « 1458).



