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During the course of synthetic studies on polyazapolycyclic
compounds related to the potent carcinogen tricycloquinazoline,?
a number of benzo[a][3,6]phenanthrolines were prepared. Com-
pounds Ia—c¢ and II resulted from a double Friedlinder condensa-
tion of 2,2’-diaminobenzophenone with the appropriate g-dike-
tone. Derivatives of Ia were prepared via Id and of Ib by exploit-
ing the active 7-methyl group. Attempts to effect a Bischler—
Napieralski cyclization of 6-anilino-7-hydroxybenzolal{3,6]phen-
anthroline (I1) to a triazanaphtho{1,2,3-fgInaphthacene related to
isotricycloquinazoline? failed, as did attempts to dehydrogenate
II. Compound III was obtained by alkaline ferricyanide oxida-
tion of benzo[a][3,61phenanthroline methiodide.?
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Experimental Section®

6-Hydroxy-7-methylbenzo[c] [3,6] phenanthrolirie (Ib).—2,2’-

Diaminobenzophenone?® (2.1 g.), piperidine (0.1 ml.), and ethyl
acetoacetate (8 ml.) were heated together under rcflux for 1 hr.
6-Hydroxy-7-methylbenzo[a]{3,6lphenanthroline (1.2 g.), m.p.
328-332° dec., separated; it was collected and washed with hot
ethanol (25 ml.), Evaporation of the mother liquors to 3—4 ml.
followed by dilution with ethanol (25 ml.) gave 0.7 g. more of Ib;
total yield, 1.9 g., 729, Sublimation at 260-280° (2 mm.)
vielded pale yellow needles: m.p. 333-336° dec.; Aom*°" 265,
319, 362, 384 mu (€ 32,890, 5105, 5975, 6592).

Anal. Caled. for CyH;N,0: C, 78.8;
Found: C,78.5; H,4.7: N, 10.8.

The hydrochloride separated as yellow needles, m.p. 324-
326°, from a solution of the base in 2 ¥ HCL.

Anal. Caled. for CiyH;;CIN;O: N, 9.45. Found: N, 9.5.

The picrate was prepared in ethanol solution and recrystallized
from acetic acid as yellow needles, m.p. 262-264° dec.

Anal. Caled. for CusH;sN;Os: C, 56.4; H, 2.8; N, 14.0.
Found: C, 56.4; H, 3.1; N, 14.3.

6-Hydroxy-7-styrylbenzo[a] [3.6] phenanthroline (Ie)—6-Hy-

droxy-7-methylbenzo{a][3,6]phenanthroline (2.6 g.) in benzalde-
hyde (20 ml.) and acetic anhydride (20 ml.) was heated under
reflux for 3 hr. The styryl derivative (2.3 g., 67% ) deposited as
yellow needles during the reaction. It was recrystallized from
aqueous dimethylformamide; m.p. 298-300°; ALES" 266, 318
myu (e 24,040, 25,120).

Anal. Caled. for C;H¢N:0: C, 82.4; H, 4.4; N,8.0. Found:
7, 82,7, H,4.6; N, 8.0.

H, 48; XN, 106,

"ational Institutes of Health, Bethesda, Md.
T. Parfitt, M. W. Partridge, and H. J. Vipond, J. Chem. Soc., 3062

", Partridge and H. J. Vipond, ibid., 632 (1962).
‘g points were determined in a standard capillary melting point
incorrected.
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7-Carboxy-6-hydroxybenzo[a] [3.6] phenanthroline (If).—Ie
(0.92 g.) and potassium permanganate (3.0 g.) were heated in
boiling acetone (200 ml.) for 2 hr. Sodium hydroxide (2 N, 20
ml.) was added to the mixture and heating was continued for a
further 10 min, The suspension was left for 12 hr. and filtered.
The filtrate was acidified to congo red with 5 & HCI and de-
colorized with sodium dithionite (1 g.). Removal of the acetone
in vacuo gave If (0.44 g., 629 ). It crystallized from aqueous di-
methylformamide as olive green needles: m.p. 356-360° dec.;
ASHICOOH 963 305 360, 375 mu (e 39,260, 5321, 6855, 6323).

Anal. Caled. for CsH;(N.O;: C,70.3; H, 3.5; N,9.7. Found:

C, 69.9; H,3.7; N,9.9.

6-Hydroxybenzo[a] (3 6]phenanthroline (Ig).—When If (0.29
g.) was heated gradually to redness at atmospheric pressure, Ig
(0.19 g., 769,) sublimed. It was recrystallized from 1-butanol
to give pale yellow needles, It had no melting point but sub-
limed above 320°; AGa°°°® 262, 323, 360, 372 mu (e 37,330,
5188, 7031, 6902).

Anal. Caled. for C,¢H,(N;0: C,78.1; H,3.7; N, 11.1. Found:
C,78.0; H,4.1; N, 11.4.

Benzo[o] [3.6]phenanthroline® (Ih). A—Ig (0.12 g.) was inti-
mately mixed with zinc dust (0.5 g.) and heated to redness. The
parent heterocycle distilled and crystallized. Recrystallization
from ligroin (b.p. 80-100°) gave pale yellow prisms (31 mg., 2557 ).
m.p. and m.m.p. 163-167°, The ultraviolet absorption spec-
trum was identical with that of an authentic sample.?

B.—Zinc dust distillation of 6,7-dihydroxybenzo[a](3,6'-
phenanthroline (Ia) as described above afforded 239 of Ih.

6.7-Dihydroxybenzo(a][3.6]phenanthroline (Ia).—2,2’-Di-
aminobenzophenone (2.1 g.), piperidine (0.1 ml.), and diethyl
malonate (8 ml.) were heated together under reflux for 1.5 hr.
A pale yellow solid separated. The suspension was cooled and
diluted with methanol (10 ml.); Ia (1.75 g.) was collected. A
further 0.16 g. was obtained by evaporation of the mother liquors
to 3—4 ml.; total yield 1.9 g. (749%). The product was purified
either by recrystallization from dimethylformamide or by sub-
limation at 310-320° (4 mm.) to give yellow needles: m.p. 359—
362° dec.; Aomico°" 069 324, 356, 378, 397 mu (e 15,810, 7413
6561, 9162, 8630).

Anal. Caled. for ClsHlnNzozi

Found: C,73.3; H, 3.8; N, 10.7.

6-Chloro-7-hydroxybenzo[a] [3,6]phenanthroline (Id).—Ia
(5.2 g.) and phosphoryl] chloride (40 ml.) were heated together
under reflux (bath temperature 120-140°) until a homogeneous
solution was obtained (about 1.5 hr.). The cooled solution was
poured onto crushed ice (600 g.). The solid was collected, washed
well with water, and dried #n vacuo over phosphorus pentoxide.
Crystallization from dimethylformamide furnished 6-chloro-7-
hydroxybenzo[a][3,6]phenanthroline (5.7 g., 979 ) as brown nee-
dles, m.p. 315-319°,

Anal. Caled. for CH,CIN;O: C, 68.4; H, 3.2; N, 10.0.
Found: C,68.2; H, 3.5; N, 9.7.

The chloro compound (Id) was unaffected by boiling water for
30 min. but was readily hydrolyzed to Ia in hot 4 N HCI,

6-Anilino-7-hydroxybenzo[a] [3,6] phenanthroline (Ii),—A solu-
tion of Id (1 g.) in aniline (10 ml.) was heated under reflux for 30
min. Ethanol (10 ml.) was added to the cooled solution and Ii
(0.96 g., 809%) precipitated. It crystallized as yellow needles
from dimethylformamide; m.p. 328-331° dec.; ASECY 260, 292,
295, 320, 430 myu (e 33,880, 22,700, 22,440, 28,250, 4581),

Anal. Caled. for CH;sN;O: C, 78.3; H, 4.5;
Found: C,78.6; H, 4.65; N, 12.6.

The hydrochloride crystallized from 5 N HCI as yellow nee-
dles, m.p. 322-326°.

Anal. Caled. for CoH,;(CIN,;O: N, 11.2. Found: N, 10.9.

Treatment of Ii {1 g.) with boiling 209, KOH in ethylene gly-
col (20 ml.) for 6 hr. gave Ia (0.62 g., 829,).

6.7-Diphenylbenzo(a] [3,6] phenanthroline (Ic).—A mixture of
2,2’-diaminobenzophenone (1.06 g.), dibenzoylmethane (1.1 g.),
and acetic acid (0.5 ml.) were heated together in an aniline vapor
bath for 1 hr. A further 0.5 ml. of acetic acid was added after 30
min. Crystallization of the product from ethanol gave Ic (1.4 g,,
75%) as pale yellow needles: m.p. 227-228°; AZHHOH 938 983
385 mu (e 34,400, 34,750, 1687).

Anal. Caled. for CosHisN,y: C, 87.9; H, 4.7; N, 7.3. Found:
C,87.6; H,4.5: N, 7.2.

The picrate was prepared in ethanol and recrystallized from
1-butanol as yellow plates, m.p. 274-276° dec.

Anal. Caled. for C3HyN;Or: N, 11.45. Found: N, 11.1.

C, 72.9; H, 4.2; N, 10.7.

N, 12.5.
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2 8-Dihydro-6H-dibenzo(a] [3.6]phenanthroline (II).—-A solu-
tion of 2,2’-diaminobenzophenone (2.1 g.) and 1,3-cyclohexanedi-
one (1.1 g.) in acetic acid (20 ml.) was heated under reflux for 30
min. A crystalline solid separated which possessed the proper-
ties of a ketone but not those of an aromatic primary amine.’

The acetic acid mother liquors were diluted with water (100
ml.), boiled, and cooled to yield II (2.2 g., 8197). It recrystal-
lized from aqueous ethanol as colorless needles: m.p. 180-181°;
ACRSOR 969, 336, 354, 372 mu (e 41,509, 35,810, 4819, 5808).

Anal. Caled. for CioH1No: C,84.4; H,5.2; N, 10.4. Found:
¢,84.2; H,5.0; N,10.6.

The picrate was prepared in ethanol solution and reeryvstallized
n3 green needles from aqueous acetic acid; m.p. 205-207°.

Anal.  Caled. for C5sHizN;Os: N, 14.0. Found: N, [3.K.

5,6-Dihydro-5-methyl-6-0xobenzo(a] [3.6] phenanthroline (III).
—A mixture of benzo[a] [3,6]phenanthroline methiodide? (0.8 g.),
potassium ferricyanide (5.0 g.), and NaOH (2 ¥, 50 ml.) was
heated under reflux for 5 hr. The suspended solid was collected,
dried, and crystallized from ethanol ag yellow needles; vield of
111, 0.39 g. (715); m.p. 217-218°; ASECY 259, 316, 329, 372 mu
(41,210, 5129, 5395, 8222).

Anal. Caled. for CsH;pN,O:
Found: C,783; H,4.7; N,10.9.

¢, 78.4; H, 4.65; N, 10.8.

(3) A possible structure for this compound is 2,2’-di(3-oxocyclohexyl-
imino)benzophenone (0.38 g., 9%%). It recrystallized from aqueous formic
acid as pale green plates, m.p. 336~340°. Anal. Caled. for CusHauN20s: N,
7.0. Yound: N, 6.9. The di(hydrogen sulfate) separated from a soliution of
base in 1:1 ethanol and 2 N H»50; as green prisms, m.p. above 400°. Anal.
Caled. for CsHasN20OuS:: N, 4.7, Found: N, 4.9.

Cyclohexylammonium Hydrogen N-2-
Chloroethyl-N-5-chloro(l-chloromethyl)pentyl
Phosphorodiamidate’
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We report here the synthesis of n new phosphorodiamidic acid
mustard (I) structurally analogous to the known potent anti-
tumor agent, N,N-bis(2-chloroethyl)phosphorodiamidic acid
eyelohexylamine® (II), in which the bis(2-chloroethyl)amine
mustard moiety in IT is replaced by the more cytoactive nitro-
gen-mustard, N-2-chloroethyl-N-j3-chloro(1-chloromethyl)pentyl-
amine (I1T).
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The new phosphordiamidic seid nmsinrd T was prepared by
procedire paralleling that nsed for the synthesis of the simpler
auntog 1T, The known dichlorophosphoramide ' TV was condensed
with sodium benzylate to give the benzyvl chloro dervative A
which, without isolation, was freated with mmmonia, affording
the benzyl amide VI ax a solid crystalline produer.  1vdro-
genolysiz of the benzyl ester (VII) gave the phosphoradiamidic
neid Tisolated as a erystalline eyelohexylammonium salt,

When tested against the KB cell line i1 tissue enlinve, the
evelizable mustard phosphoramidie neid T interestingly <howat
about the same foxicity, Dy = 30 gg./ml., a=the simpler ananlog
[T, KDz = 55 pg./mb* The compannd will he submitted for
annmal testing.

Experimental Section

Benzyl N-2-Chloroethyl-N-5-chloro-1-(chloromethyl)penty!
Phosphorodiamidate (V).—To a stirred suspension of 0.45 g. of
sodium hydride in 10 ml. of sodium-dried benzene cooled in ice
was added a solution of 1.03 ml. of benzyl aleohol, over a period
of 10 min.; the mixture was stirred in the cold overnight. The
resulting suspension of sodiumn benzylate was added over a period
of 10 min. to a stirred solution of 3.55 g. of the dichlorophosphor-
amide TH* in 25 ml. of dry benzene in the cold, and the stirring
was continued for an additional 2 hr. in the cold. The resulting
V, without ixolation, was treated with ammonia by bubbling
the gas through the cooled solution for 2 hir. until the precipita-
tion of NH,Cl was complete.  After the suspended NaCl and
NH,(C1 were filtered, the filirate was treaied with & mixture of |
g.of Norit A and 1 g. of Nuchar CyN. The resulting clear solu-
tion, on evaporation, left u residue of 3.1 g. (77¢¢) of light vellow
oil, n%p 1.5286.

Anal. Caled. for C:HuCLNLOP: €, 44.85; H, 6.02; L
20.4%: P, 7.71. Found: C, 44.88; 1, 6.10; (1, 26.43; P, 7.57.

Cyclohexylammonium Hydrogen N-2-Chloroethyl-N-5-chloro-
(l-chloromethyl)penty! Phosphorodiamidate (1).—Hydrogen-
olysis of 1.5g. of Vover 0.4 g. of 1097 palladiumm—charcoal in 50 1ul.
of absalute ethanol, cooled inice, at a slight overpressure of hydro-
gen, wis complete i1 10 min,  After filtration to remove the
eataly=y, (L4 mb of eyvelohexylamine was added immediately,
and the solution evaporated to dryuess. The resulting clear oil
was zhaken with acetone and allowed to stand in the cold for 2
days when crvstallization oceurred.  The product was filtered,
washed with ncetone, and thoroughly dried under vacuum (o
give 0.3 g. (2007) of crystalline produet, nt.p. 101-103°.

Anal. Caled. for CLH,CLN,O.P: C, 40.90; N, 7.62;
25.91; N, 10.22; P, 7.54. Found: €. 40.81; 1T, 7.48; CL 25.69:
N, 10.05; P, 7.75.
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Synthesis of the Di-N-phenyl- and
Di-N-(a-naphthyl)urethans of
1.1-Dimethylol-3-cyclopentene!

Evwarp J. Grusss

Department of Chemistry, San Diego State College,
San Diego, California 92115

Recerved July 22, 1965

Recent interest in the biologiceal auetivity of certain carbamates
and urethans has sharply increased. Several pyridylurethar
have been found to possess modest analgesic and sedative prov
ties.2 A variety of halogenated carbanilates have potent
teriostatic activity.® The activity of these urethans w
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