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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-eyclohexanedi-
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.5 

The acetic acid mother liquors were diluted with water (100 
ml.), boiled, and cooled to yield I I (2.2 g., 81%). It recrystal­
lized from aqueous ethanol as colorless needles: m.p. 180-181°; 
X2"S0H 269, 336, 354, 372 mM («41,509, 35,810, 4819, 5808). 

Anal. Calcd. for C19H„N2: C, 84.4; H, 5.2: X, 10.4. Found: 
C, 84.2; H, 5.0; N, 10.6. 

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

Anal. Calcd. for C,6H17N50,: N, 14.0. Found: N, 13.8. 
5,6-Dihydro-5-methyl-6-oxobenzo[a] [3,6]phenanthroline (III). 

—A mixture of benzo[a] [3,6]phenanthroline methiodide1 (0.8 g.), 
potassium ferricyanide (5.0 g.), and NaOH (2 Ar, 50 ml.) was 
heated under reflux for 5 hr. The suspended solid was collected, 
dried, and crystallized from ethanol as yellow needles; vield of 
I I I , 0.39 g. (71%); m.p. 217-218°: ? C ? " 259, 316, 329, 372 mM 

(e 41,210, 5129, 5395, 8222). 
Anal. Calcd. for C17H12N20: 0, 78.4; H, 4.65: N, 10.8. 

Found: C, 78.3; H, 4.7; N, 10.9. 

(5) 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. Calcd. for Cast^NsOa: N, 
7.0. Found: N, 6.9. The di(hydrogen sulfate) separated from a solution of 
base in 1:1 ethanol and 2 A* H2SO4 as green prisms, m.p. above 400°. Aval. 
Calcd. for CfflHssNaOiiSs: N, 4.7. Found: N, 4.9. 
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We report here the synthesis of a new phosphorodiamidic acid 
mustard (I) structurally analogous to the known potent anti­
tumor agent, N,N-bis(2-chloroethyl)phosphorodiamidic acid 
cyclohexylamine3 ( II) , in which the bis(2-chloroethyl)amine 
mustard moiety in II is replaced by the more cyloactive nitro­
gen-mustard, N-2-chloroethyl-N-5-ehloro(l-ehloromethyl)pentyl-
amine ( I I I ) . 1 
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The new phosphordiamidic acid mustard I was prepared by a 
procedure paralleling thai used for the synthesis of the simpler 
analog 11. The known dichlorophnsphnramide1 IV was condensed 
with sodium benzylate to give the benzyl chloro derivative \ 
which, without isolation, was treated with ammonia, affording 
1he benzyl amide VI as a solid crystalline product. Hydro-
gcnolysis of the benzyl ester (VII) gave the phosphorodiamidic 
acid I isolated as a crystalline cyclohexylammonium salt, 

When tested against the KB cell line in tissue culture, the 
cyclizable mustard phosphorumidic acid 1 interestingly showed 
about the .same toxicity, l\l);,o = •'!() ̂ g./ml., as t he simpler analog 
II, KD50 "- 35 ^g.'rnl.'' The compound will be submit led for 
animal testing. 

Experimental Section 

Benzyl N-2-Chloroethyl-N-5-chIoro-l-(chloromethyl)pentyl 
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 alcohol, over a period 
of 10 min.; the mixture was stirred in the cold overnight. The 
resulting suspension of sodium benzylate was added over a period 
of 10 min. to a stirred solution of 3.55 g. of the dichlorophosphor-
amide I I I 1 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 isolation, was treated with ammonia by bubbling 
the gas through the cooled solution for 2 hr. until the precipita­
tion of NH4CI was complete. After the suspended N a d and 
NH4CI were filtered, the filtrate was treated with a mixture of 1 
g. of Norit A and 1 g. of Nuehar CmoN. The resulting clear solu­
tion, on evaporation, left a residue of 3.1 g. (77%) of light yellow 
oil, ».26D 1.52S6. 

Anal. Calcd. for C1JI2,C1:,N203P: C, 44.85; H, 0.02; CI, 
20.48: P, 7.71. Found: C, 44.8,8; 11,6.10; CI, 26.43; P, 7.57. 

Cyclohexylammonium Hydrogen N-2-ChIoroethyl-N-5-chIoro-
(l-chloromethyl)pentyl Phosphorodiamidate (I).—Ffydrogen-
olysis of 1.5 g. of V over 0.4 g. of 10% palladium-charcoal in 50 ml. 
of absolute ethanol, cooled in ice, at a slight overpressure of hydro­
gen, was complete in 10 min. After nitration to remove the 
catalyst, 0.4 ml. of cyclohexylamine was added immediately, 
and the solution evaporated to dryness. The resulting clear oil 
was shaken with acetone and allowed to stand in the cold for 2 
days when crystallization occurred. The product was filtered, 
washed with acetone, and thoroughly dried under vacuum to 
give 0.3 g. (20% ) of crvstalline product, m.p. 101-103°. 

Anal. Calcd. for C,,H3,C13X:,02P: C, 40.90: II, 7.(52: CI, 
25.91; N, 10.22: P, 7.54. Found: C, 40.81; IT, 7.48; CI. 25.69: 
N, 10.05; P, 7.75. 
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Recent interest in the biological activity of certain carbamates 
and urethans has sharply increased. Several pyridylurethar 
have been found to possess modest analgesic and sedative pro r 

ties.2 A variety of halogenated carbanilates have potent 
teriostatic activity.3 The activity of these urethans v 
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