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Anal. Calcd. for Ci8H26O3SNP: P, 9.3; S, 9.6; N , 4.2. 
Found; P , 9.3; S, 9.3; N, 4 .1 . 

Addition to Aldehydes and Ketones. Diphenyl 2,2,2-Tri-
chlorohydroxyethylphosphonate.—Diphenyl phosphonate 
(23.4 g., 0.1 mole) was added dropwise to 14.75 g. of chloral 
while stirring at 25-45°. An instantaneous exothermic re
action occurred. The reaction mixture was then heated to 
80° for 10 minutes and cooled. The product solidified, 
forming a white mass. Ten grams was recrystallized from 
benzene; recovery 9.5 g., m.p. 120-127°; after four re-
crystallizations, m.p. 129-130°. Anal. Calcd. for Ci4-
H12O4Cl3P: P, 8.1; Cl, 27.9. Found: P , 8.2; Cl, 28.0. 

Diphenyl Phenylhydroxymethylphosphonate.—Diphenyl 
phosphonate (46.8 g., 0.2 mole) was added to 23.0 g. (0.217 
mole) of benzaldehyde. No sign of reaction was observed. 
Triethylamine (1.6 g.) was added dropwise. A vigorous, 
exothermic reaction was observed; the temperature rose 
to 90° (from 23°) within one minute and the reaction mix
ture solidified. The solid was dissolved in 300 ml. of hot 
benzene, and the product was isolated by fractional crys
tallization; yield 53.9 g. (79%); recrystallized from ben
zene, m.p. 138-140° (m.p. reported14 146°). Anal. 
Calcd. for C18H17O4P: P, 9 .1; OH, 5.0. Found: P , 9.5; 
OH, 4.7. 

Diphenyl 2-Hydroxy-2-propylphosphonate.—Diphenyl 
phosphonate (46.8 g., 0.2 mole) was dissolved in 200 ml. of 
acetone. Sulfuric acid, 0.4 g., was added. A slightly exo
thermic reaction was observed which subsided within 5 
minutes. The mixture was heated at reflux for 16 hours, 
cooled, and the excess solvent was removed under reduced 
pressure. The residue at 100° under 2 mm. pressure was 
collected; yield 55.0 g. (94.6%), M25D 1.5460. Anal. 
Calcd. for C5H17O4P: P, 10.6; OH, 5.8. Found: P , 10.6; 
OH, 5.6. 

An attempt to distil the product led to a decomposition 
reaction which began at 130°. A solid precipitated on 
standing; yield 12.0 g., m.p. 113-115° (from benzene and 
hexane) (m.p. reported14 113-114°). Anal. Found: P , 
10.5; OH, 5.6. 

This compound reacts with carbon tetrachloride and am
monia to liberate chloride ion in amount equivalent to the 
hydroxyl content. This indicates the compound undergoes 
a reverse reaction under these conditions to liberate acetone 
and diphenyl phosphonate. 

Diphenyl 1-Hydroxybutylphosphonate.—Diphenyl phos
phonate (23.4 g., 0.1 mole) was added to 7.4 g. (0.103 mole) 
of butyraldehyde. A slightly exothermic reaction was ob
served. Triethylamine was cautiously added; the tem
perature rose to 65° (from 24°). The triethylamine addi
tion was continued until no further sign of reaction was 
noted; a total of 2.1 g. of triethylamine was added. The 
reaction mixture was dissolved in 50 ml. of benzene and 100 
nil. of hexane was added. An oil separated which was col
lected and stabilized to 70° under 2 mm. pressure; yield 14.5 
g., W25D 1.5358. Anal. Calcd. for C16H19O4P: P, 10.1; 

(14) J. B. Conant, V. H. Wallingford and S. S. Gaiulheker, Tins 
JOURNAL, 45, 762 (1923). 

Sinee the discovery of the cytotoxic properties 
of nitrogen mustard by Giluian and Philips2 in 

(1) Presented in part before the 131th Meeting of The American 
Chemical Soatety, Chicago, III.. September, 1958. 

OH, 5.6. _ Found: P , 9.7; OH, 5.7. The product decom
posed during an attempted distillation. 

The benzene-hexane solution was concentrated under 
reduced pressure to yield 17.0 g. of viscous oil, n2SD 1.5348. 
Anal. Found: P , 9.7. 

Condensation Reactions. Diphenyl N,N-Dibutylamino-
methylphosphonate.—Dibutylamine (45 g., 0.35 mole) was 
caused to react with 11.0 g. (0.367 mole) of formaldehyde 
by heating the mixture to 100-120°. The resulting product 
was cooled to 20-25° and 78.8 g. (0.337 mole) of diphenyl 
phosphonate was added dropwise while cooling to maintain 
the temperature. When the addition was complete, the 
reaction mixture was allowed to warm to 40° and this tem
perature was maintained until the reaction was no longer 
exothermic (20 minutes). The reaction mixture was then 
heated to 80° for 30 minutes and cooled. After standing for 
one day at room temperature, the mixture solidified. Frac
tional crystallization from benzene yielded 59.0 g. (47%,j 
of crystals, m.p. 86-88°. The mother liquor, when con
centrated, yielded 67.0 g. (52%) of solid product, m.p. 7.5-
82°, as a residue. A rial, of recrystallized product: Calcd. 
for C21H30O3PN: P, 8.3; N, 3.7. Found: P , 8.0; N, 3.7. 

Diphenyl Phenyl N,N-Diethylaminomethylphosphonate. 
—Diethylamine (14.6 g., 0.2 mole) was added to a solution 
of 10.6 g. (0.1 mole) of benzaldehyde in 100 ml. of benzene. 
To the resulting solution was added 23.4 g. (0.1 mole) of di
phenyl phosphonate at below 30° while stirring in a cooling 
bath. The reaction mixture was stirred for 30 minutes 
longer at 30° and then heated at reflux for one hour. The re
action mixture was concentrated under reduced pressure, 
and the residue at 70° under 1 mm. pressure, a viscous oil, 
was collected. Attempts to crystallize this residue from 
various organic solvents were unsuccessful; yield 39.5 g. 
(100%), re25D 1.5636. Anal. Calcd. for C23H28O3NP: 
P, 7.8; N, 3.5. Found: P , 7.7; N, 3.3. The product de
composed during an attempted distillation. 

Diphenyl l,l-N,N-Diethylaminobutylphosphonate.— 
Diphenyl phosphonate (23.4 g., 0.1 mole) was added drop-
wise while cooling, to the reaction product of 7.5 g. (0.103 
mole) of diethylamine and 7.4 g. (0.103 mole) of butyralde
hyde in 100 ml. of benzene. The reaction was exothermic; 
the temperature was held at below 35°. When the addi
tion was complete, the reaction mixture was heated at reflux, 
for 30 minutes. The solvents were then removed by dis
tillation. The residue at 70° under 1 mm. pressure, a vis
cous, undistillable oil, was collected; yield 35.8 g. (99%), 
K25D 1.5225. Anal. Calcd. for C15H28O3NP: P, 8.6; K", 
3.9. Found: P, 8.6; N, 3.6. 

Acknowledgment.—The author is indebted to 
Messrs. D. Bernhart and W. Chess for the analyti
cal data presented in this paper. He also wishes 
to acknowledge the valuable assistance and advice 
of Drs. L. F. Audrieth, T. M. Beck and A. D. F. 
Toy, during the course of this investigation. 
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1940, numerous alkylating agents have been pre
pared. These compounds are characterized by a 
high order of selective toxicity toward certain 

(2) A. Oilman anil ]•'. S. Philips, Science, 103, -10'J I VMH). 
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Nitrogen Mustard Derivatives Containing the Phosphonate Group1 

B Y F R E D K A G A N , R O B E R T D . B I R K E N M E Y E R A N D R I C H A R D E . S T R U B E 
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A group of nitrogen mustard derivatives containing a dialkyl phosphonate group was prepared. The synthesis of the ap
propriate aralkylphosphonate esters followed by nitration, reduction and alkylation with ethylene oxide yielded dialkyl 
£-[N,N-6is-(2-hydroxyethyl)-amino]-aralkylphosphonates {e.g., VII) . Treatment with thionyl chloride in the presence 
of pyridine and excess pyridine hydrochloride yielded the chloro nitrogen mustards {e.g., X) and treatment with methane-
sulfonyl chloride followed by sodium iodide yielded the iodo nitrogen mustards (e.g., IX) . The most potent antitumor agent 
in this series, IX, prolonged the life of ascitic mice longer than Chlorambucil, was of the same order of activity as Chloram
bucil against Sarcoma 180, and was somewhat less active against Walker 256 in rats. Compound IX appeared to be less 
toxic than Chlorambucil. 
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types of rapidly growing tissues, e.g., hematopoietic 
cells in bone marrow and lymphoid organs, the 
intestinal mucosa, and a few types of neoplastic 
tissue. Although these compounds have been 
valuable adjuncts in the t rea tment of certain 
neoplastic diseases, particularly those of the 
hematopoietic system, the limiting factor in their 
use has been the bone marrow damage they 
produce. If a nitrogen mustard could be prepared 
which showed a high degree of cytotoxic specificity 
toward tumor tissue with little effect on bone 
marrow and intestinal mucosa, a highly desirable 
ant i tumor agent would be a t hand. Since phos
phorus compounds play such an important role in 
the economy of living cells, we chose to introduce 
the phosphonic acid moiety into nitrogen mustard 
derivatives to determine the effect on ant i tumor 
activity and host toxicity. 

The compounds reported in this paper can be 
represented by the generalized formula I I , where 
X is chlorine or iodine, m is 0 and 1, n is 0 to 3 in
clusive, and R is methyl or ethyl. 

XCH2CH; 

XCH2CH: 
^ N - ( C H 2 ) m - / Y-CnH: 

O 
Il 

2«-P-OR 

OR 
The synthetic scheme used to prepare I I in 

which m is zero and n is greater than zero can be 
illustrated by the synthesis of diethyl £-[N,N-
bis-(2-iodoethyl)-amino ]-benzylphosphonate (IX) 
and the corresponding chloro analog X. Benzyl 
bromide was converted to the phosphonate IV by 
t rea tment with triethyl phosphite in a typical 
Michaelis-Arbuzov reaction.3 The aralkyl phos-
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IX 

ClCH2CH2 
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I2^i2 n-^s |j 
^N--f VCH2P(OC2Hs)2 

ClCH2CH2-' W / 

phonates similar to IV which were prepared in this 
work were generally liquids which were character
ized by acid hydrolysis to the phosphonic acids. 
Nitrat ion of IV with a nitric acid-sulfuric acid 
mixture a t 0° 4 proceeded smoothly to yield diethyl 
;b-nitrobenzylphosphonate (V) in 9 5 % yield, char
acterized by hydrolysis to the free acid Va and 
oxidation to ^-nitrobenzoic acid (Vb). Catalytic 
hydrogenation of V in the presence of either 
plat inum or 10% palladium-on-charcoal gave 
diethyl £>-aminobenzylphosphonate (VI) in good 
yield. Treatment with ethylene oxide in acetic 
acid6 yielded the bis-2-hydroxyethylamine VII as 
a viscous oil, generally used for further synthesis 
without purification. Satisfactory yields of X 
(54%) were obtained by chlorinating with thionyl 
chloride in chloroform in the presence of pyridine 
and pyridine hydrochloride. This reaction is 
complicated by the formation of cyclic compounds 
involving the chlorinating agent and the bis-2-
hydroxyethylamine. In the case of the reaction 
of VII with thionyl chloride in benzene a compound 
was isolated which showed no hydroxyl absorp
tion in the 3200-3400 c m . - 1 range in the infrared 
spectrum, did not contain halogen (Beilstein 
test), was recovered unchanged (infrared spectrum) 
after being heated in a solution of pyridine in 
toluene, and which slowly lost oxides of sulfur on 
standing. Although this material could not be 
purified adequately for analysis, it seems likely 

O=S 

/0-CH2CH2 , 

^0-CH2CH2 

; N - / ~ \ 

Xl 

0 

CH2P-OC2Hs 

OC2H5 

from the information a t hand tha t its structure can 
be represented by X I . Ross and Warwick6 have 
reported the formation of a similar type of com
pound, X I I I , from X I I . 

f \ - ^ ^ ^ \ ^ - — "**• 
Y=7 

CH3O XIl 

,CH2CH2OH 

^ = / " ^ C H 2 C H 2 O H 

.CH 2 CH 2 O. 

XH 2 CH 2 O-" ' ' 

(3) See "Organic Reactions," Vol. Vl, John Wiley and Sons, Inc., 
New York, X, Y., 1951, p. 280. 

The iodo analog of X was obtained from VII by 
conversion to the mesylate VI I I with methane-
sulfonyl chloride in pyridine followed by t rea tment 
with sodium iodide in acetone a t room temperature 
for 30 hours. 

T h e nitrogen mustard X V I I I in which n = 0 
(cf. II) was obtained by essentially the same 
procedure from ^-nitrophenylphosphonic acid 
(XIV), which in turn was prepared from £-nitro-
aniline by the method of Doak and Freedman.7 

Esterification of X I V with ethereal diazomethane 
yielded the methyl ester XV which was carried 

(4) G. M. Kosolapoff, THIS JOURNAL, 71, 1870 (1949), method A. 
(5) J. 7,. Everett, .T. J. Roberts and W. C. J. Ross, J. Chnn. Sec, 2386 

(1953). 
(6) W. C. J. Ross and G. P. Warwick, ibid., 1304 (1950). 
(7) G. O. Doak and L, D, Freedman, THIS JOURNAL, 73, 5658 

(1951). 
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ClCH2CH; 

CICH2CH: 

XVlII 

C,H1N 
iCHClj) 

through the sequence XVI -* XVII -> XVIII as 
described above for the synthesis of X. 

The nitrogen mustard XXIII, an aralkylphos-
phonate derivative of methyl-bis-(2-chloroethyl)-
amine, was prepared from p-cyanobenzyl bromide-
(XIX) by conversion to the phosphonate XX in 
refluxing triethyl phosphite, followed by reduction 
to the amine XXI which was converted to the 
nitrogen mustard XXIII by the method described 
above. 
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The antitumor evaluation of these compounds 
in mice was done by Dr. J. S. Evans8 of these 
laboratories. His results snowed that the phos
phonate nitrogen mustard II, in which m = O, X 
= Cl, n = 3 and R = C2Hs was much less toxic 
than Chlorambucil5'9; however, it was less active 
as an antitumor agent. Replacement of the 
chlorine atoms in the phosphonate nitrogen 
mustards by iodine enhanced antitumor activity; 
and diethyl />-N,N-bis(2-iodoethyl)-aminobenzyl-
phosphonate (IX) proved to be of the same order of 
activity as Chlorambucil against Sarcoma 180 and 

(8) J. S. Evans, Abstracts 134th Meeting of the American Chemical 
Society, p. 27-O (1958). 

(9) The antitumor activity of Chlorambucil against the Walker 
tumor was summarized by A, Haddow, Leukemic Research, "Ciba 
Foundation Symposium," 196 (1954), Little, Brown and Co., Boston, 
Mass. 
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TABLE II 
DIETHYL p- NITROARALKYLPHOSPHONATES 

O O O 
Il HNO 3 Il H + Il 

RPOC2H5 > ^-NO2RPOC2H5 — > ^-NO2RPOH 

OC2H6 

(H2SO4) 

No. J-NOsR 

1 OsN-CHi-CHs 
2 ChN-CeHi-C(CH8)H 
3 O J N - C 8 H 4 - C H S C H S 

4 O S N - C I H . - C H J C H . C H 2 

—B.p.-
C. 

. Yield, 
Mm. % 

148-153 0.1 
153-158 .08 
160-165 .05 
163-108 .1 

96 

OC2H5 

—Phosphonate esters-

Empirical 

K25D formula 

1.5220 CuHi6NOsP 
1.5172 CisHisNOsP 
1.5105 
1.5123 C1SHsONOsP 

OH 

-Calcd.-
-Analyses, % -

H 
-,Found-

N P C H N P 

5.13 11.34 4.92 11.27 
50.17 6.32 4.88 10.79 49.79 6.27 4.96 10.86 

51.84 6.09 4.05 10.29 51.85 6.69 4.70 10.40 

5 

6 

N o . 

1 
2 
3 
4 
5 
6 

(N02)2 

(N02)2 

M.p. 
C. 

232-234 

174-175 

-CH2CH2 

-CH2CH2CH2 

Crystn. 
solvent 

e 

d 

a 

b 

Empirical 
formula 

CjH8NOsP 

OHioNOsP 

44 

43 

C 

38.72 

41.57 

CiSH17NOsP 

CiaHnNsOsP 

C a l c d . - — — 
H N 

3.71 6.45 

4.30 6.06 

41.38 4.92 8.05 

43.10 5.29 7.73 

A i m 

P C 

14.27 38.53 

13.40" 41.83 

41.16 4.98 8.05 

8.55 42.86 5.30 7.58 8.62 

' 
——-—• Found 

H N P 
3.92 0.34 14.37 

4.42 6.20 13.01" 

° M.p. 88-89", from methylene chloride-ether. h M.p. 73-74°, from isopropylalcohol-ether. e Isopropyl alcohol-
methylcyclohexane. d Ethyl acetate. " Equiv. wt. calcd. 116, found 118. 

less toxic. I t also showed good activity against 
the Walker 256 tumor in rats and Ehrlich's ascites 
tumor in mice 

The iodine analog XXIV of Chlorambucil was 
prepared in 37% yield by treatment of the latter 

ClCH2CHV 

ClCH2CH,' 
;N (CH2)3COOH • 

I 

ICH2CH2 

ICH2CH2 ' 
(CH2)3COOH 

XXIV 

with sodium iodide in acetone solution at 100°. 
In the phosphonate-containing nitrogen mustard 
series the iodine compounds were more active 
antitumor agents than the chloro derivatives. In 
the carboxylic acid XXIV, however, the iodine 
derivative was less active than Chlorambucil 
against the Walker tumor and Sarcoma 180; 
however it was more effective in prolonging the 
lives of mice with Ehrlich's ascites tumors. 

Acknowledgments.—We wish to express our 
appreciation to Dr. James L. Johnson and his as
sociates for spectral analyses and to Mr. William 
A. Struck and his associates for microanalyses. 

Experimental10 

Diethyl aralkylphosphonates were prepared by heating 
the appropriate aralkyl halide with an excess of triethyl 
phosphite at the reflux temperature for 18 hours in a manner 
similar to that described by Kosolapoff.11 The products, 
oils, were purified by distillation through a Claisen head and 
characterized by acid hydrolysis to the phosphonic acids. 

Diethyl ^-Nitroaralkylphosphonates.—Conversion of the 
diethyl aralkylphosphonates to their £-nitro derivatives 

(10) All melting points were taken in capillary tubes with Anschiitz 
total immersion thermometers. 

(11) G. N. Kosolapoff, THIS JOURNAL, 67, 2259 (1945). 

was accomplished with a nitric acid-sulfuric acid mixture 
(1 :1 v . /v . ) at O0.3 

Diethyl ^-Nitrobenzylphosphonate.—Treatment of di
ethyl benzylphosphonate in the above manner yielded an 
oil (96% yield), b .p . 148-153° (0.1 mm.), W26D 1.5220. 

Anal. Calcd. for CnH1 6NO6P: N , 5.13; P , 11.34. 
Found: N , 4.92; P , 11.27. 

Acid hydrolysis of this material yielded a phosphonic 
acid, m.p. 232-234° after recrystallization from isopropyl 
alcohol-methylcyclohexane. Kosolapoff3 reported that p-
nitrobenzylphosphonic acid melted a t 226° (from water) 
and Litthauer12 reported 217° (from nitric acid). Our 
material was identical to an authentic sample, prepared by 
nitration of benzylphosphonic acid, as shown by comparison 
of their melting points, mixed melting points and infrared 
spectra. 

/>-Nitrobenzylphosphonic Acid.—Benzylphosphonic acid 
was treated with fuming nitric acid (sp. gr. 1.5) at —20° 
for 5 minutes according to the procedure described by Litt
hauer.12 The product, ^-nitrobenzylphosphonic acid, after 
recrystallization from isopropyl alcohol-methylcyclohexane, 
melted at 232-234°. 

Anal. Calcd. 
6.45; P , 14.27. 
14.37. 

for C7H8NO5P: C, 38.72; H, 3.71; N , 
Found: C, 38.53; H, 3.92; N, 6.34; P, 

Oxidation of the £-nitrobenzylphosphonic acid, m.p. 
232-234°, with sodium dichromate-sulfuric aci l produced 
the theoretical yield of ^-nitrobenzoic acid. 

Diethyl 3-(Dinitrophenoxy)-propylphosphonate.—Nitra
tion of diethyl 3-(phenoxy)-propylphosphonate yielded a 
dinttro compound as the only product, m.p. 73-74°, after 
recrystallization from isopropyl ether. 

Anal. Calcd. for C13H18N2O8P: C, 43.10; H , 5.29; 
N, 7.73. Found: C, 42.86; H, 5.30; N , 7.31. 

Dimethyl £-Nitrophenylphosphonate.—To a stirred sus
pension of 25 g. (0.123 mole) of powdered ^-nitrophenyl-
phosphonic acid6 in 250 ml. of dry ether was added an excess 
of ethereal diazomethane13 at 5-10°. After the addition 
was completed, stirring was continued for 15 minutes. The 
excess of diazomethane was destroyed with dilute hydro
chloric acid and the colorless ether layer was separated and 
dried over anhydrous magnesium sulfate. Removal of the 

(12) S. Litthauer, Ber., 22, 2144 (1889). 
(13) A. F. McKay, THIS JOURNAL, 70, 1974 (1948). 

OsN-CiH.-CHjCH.CH2
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O2N(CH8Jn 

TABLE III 

D lALKYL ^-Al t lNOARALKY'LPHOSPHONATES 

R 0 

-(CHV1P-OR' - S i * NH2(CHj)n. — / ~ \ 
I Cat . 

OR' 

R O 
I Il 

( C H ) n P - O R ' 

OR 
- A m i n u p h o s p h o n a t e s -

1 

Ii 
H 
CH3 

11 
H 
II 1 

R ' 

CH3 

C2H5 

C2H5 

C2H5 

C2H5 

C2H5 

M.p . . 
0 C . 

Empi r ica l 
formula 

- C a l c d , 
-Analyses, 

70 
72 

100 
100 
7(1 

"4 

C 

48.06 
53.97 
56.06 

- P o u n d -
H 

5.85 
•.33 
".76 

N 

6.70 
5.47 
5.56 
5.47 

99 
30 

12.93 
12.05 
12.15 
11.00 
11.79 

C H X P C H N I ' 

105-100.5 CsHi2NO3P 47.76 0.01 0.96 
91-92 CnHiSNO3P 54.31 7.46 5.76 Ii 

110-117 Ci2H20NO3P 56.02 7.84 5.45 
Ci2H20NO3P 5.45 12,04 5 
C13H22NO3P

1* 57.55 8.18 5.10 11.42 57.86 8.70 4 
Ci2H20NO3P 5.45 12.04 5 

" Small quantities could be distilled in a flash distillation, b.p. 175° (0.07 mm. 
in a falling film molecular still (Arthur Thomas Co.), b.p. 163-164° (skin temp.) (0.005 II I I I I . ) , 'S S D 1.5253 (crude yield given). 
;' Same as a, b.p. in flash distillation, 175° (0.1 mm.), B25D 1.5202 (crude yield given). c Prepared bv catalvtic reduction of 
diethvl />-cvanobeiizvlphosphonate, b.p. 137-139° (0.05 mm.) (flash distillation). '' Picrate, m.p." 168-169°. Calcd. for 
C16H25XiO111P: C, 45.60; H, 5.04; N, 11.20; P, 6.19. Found: C, 45.65; H, 4.85; N, 10.94; P, 6.09. 

TABLE IV 

I ) IALKYl . X , X - ( 2 - H Vl IROX Y B T H Y L ) - ^ - A M I N O ARALK YLPHOSPHONATEh" 

R O T I ^ T T r , T I R 0 

Larger quantities could be distilled 

H2N(CH2Jn - (CHv 1 P-OR' 

OR' 

CH 2 CH 2 HOCH2CH2 

N(CH2),, 
HOCH2CH2' 

0 
0 
0 
o 
0 
1 

-' Tin-
further > 
the crud 
pound; 

R 

H 
H 

CH3 

H 
H 
H 

Sl' COlUI)OU 
synthesis. 
i product 
C, 48.98; 

R' 

CIl3 

C2H5 

C2H, 
C2H6 

C2H5 

C2H5 

95' 
97 
95 
95 
90 
94 

Kmpirieal 
formula 

C I 2 H 2 0 N O 5 P 

C5Ht5NO6P 
C10H26XO5P" 
C6H28XO5P 
C7H30NO6P 
C16H2gNObP 

-Ana 

55.64 8.17 

N 
4.84 
4.23 

4.06 
3.90 
4.06 

10.79' 
9.35 

8.97 
8.62 
8.97 

55.06 

(CH) 

- • • - j . - , 

H 

S. 29 

„ P - O R ' 

OR' 

m n d 

4 . 55 
4.27 

4.02 
3. 74 
3.89 

V 

10.37' 
9.13 

9.12 
8.06 
8.40 

nds were viscous oils which were difficult to purify. They were generally used in the crude form for 
'' X'ot characterized. c The infrared spectra of material purified by chromatography over Florisil and 

were identical. •' Bis-(carbamate), m.p. 92-93°. Anal. Calcd.: C, 48.92; H, 6.76; N. 10.07; P, 7.42. 
H, 7.10; N1 10.27; P, 7.03. e Equiv. wt. calcd. 289, found 294. 

ether under reduced pressure yielded 21 g. (76%) of di
methyl />-nitrophenylphosphonate, m.p. 58-59.5°. Re-
crystallization from methylcyelohexane yielded the purified 
product, m.p. 61-62°. This material was catalytically 
reduced and characterized as the amine. 

Diethyl p-Aminoaralkylphosphonates.—Alcohol solutions 
of the /)-nitroaralkylphosphonates were catalytically hydro-
genated in the presence of 10% palladium-on-charcoal or 
platinum at room temperature at 50-30 p.s.i. in Parr hydro-
genation equipment. The products which were solids were 
easily purified by recrystallization. Those which were oils 
were purified for analysis by distillation. 

Diethyl />-( N ,N-Bis-( 2-hydroxyethyl )-amino] -benzyl • 
p'aosphonate. -Diethyl p-aminoaralkylphosphonates were 
treated with an excess of ethylene oxide in 1 N acetic acid 
according to the method of Everetts, et al.1 The bis-(2-
hvdroxyethvl i-amino derivatives were viscous oils which 
were generally used in subsequent steps without purifica
tion. In several cases, analytical samples were prepared 
by chromatography over Florisil14 with Skellysolve B15-
acetone as eluting solvent. 

Chloro-nitrogen Mustards.—B is-(2-Hydroxyethyl )-
amines were converted to the chloro-nitrogen mustards by 
treatment with thiouyl chloride in chloroform solution in 
the presence of excess pyridine hydrochloride and pyridine. 
The synthesis of X is a typical example of this type of 
preparation. 

Diethyl p- [N ,N-Bis-(2-chloroethyl)-amino] -benzylphos-
phonate. A solution of VTI (0.03 mole) in 200 ml. of chloro
form was added dropwise witn stirring over a 2-hour period 
to a mixture of 1 1. of dry chloroform, 25 g. of pyridine hy-

(] 1) A s y n t h e t i c magnes ia - s i l i ca gel m a n u f a c t u r e d by T h e F lor id in 
Co. , W a r r e n , P e n n a . 

(1.V) A s a t u r a t e d h y d r o c a r b o n fract ion, b .p . IiO 71° , Skelly UiI Co., 
K M * Ci ty , M o . 

drochloride, 20 ml. of dry pyridine and 75 ml. of thiouyl 
chloride at 25-32°. The chloroform, thionyl chloride and 
most of the pyridine were removed under reduced pressure, 
the temperature being kept below 25°. Methylene chloride 
(500 ml.) was added to the dark residual oil, the solution 
was cooled to 15° and washed with three 200-ml. portions of 
ice-water. After being dried over anhydrous sodium sulfate, 
the solution was concentrated under reduced pressure to a 
dark oil with a green cast (9.8 g.). Purification was ac
complished by chromatography over a 1" X 16" column 
of Florisil. The crude material was applied in methylene 
chloride, developed with petroleum ether, and eluted with 
petroleum ether-acetone (9:1) . Six liters of effluent 
yielded a pale amber oil (6.0 g., 54%) which crystallized 
after scratching. Recrystallization from petroleum ether 
yielded an analytical sample, m.p. 58-59°. 

Aval. Calcd. for C5H^Cl2NO3P: C, 48.92; H, 6.57; 
Cl. 19.26; N, 3.80; P, 8.41. Found: C, 48.62; H, 6.44; 
Cl, 18.43; N, 3.79; P, 8.49. 

Diethyl ^-Cyanobenzylphosphonate.—A mixture of 370 
g. (1.88 moles) of ^-cyanobenzyl bromide16 and 400 g. (2.41 
moles) of triethyl phosphite were slowly heated over a 3-
hour period to 150° and this temperature maintained for an 
additional two hours. The excess of triethyl phosphite was 
then removed under reduced pressure and the residual oil 
distilled under high vacuum. A 96% yield of product was 
obtained (456 g.) b .p . 146-150° (0.03 mm.) , which was used 
in the next step without further purification. 

Diethyl ^-Aminomethylbenzylphosphonate.—To a solu
tion of 63.3 g. (0.25 mole) of diethyl />-cyanobenzylphos-
phonate in 400 ml. of absolute ethanol was added 30 g. 
(0.83 mole) of hydrogen chloride gas. This solution was 
liydrogenated in a glass-lined autoclave at 25° and 50 p.s.i. 

(Ki) F. H. Case , T i n s J U U K N A I . , 47, 1143 ( t ' j25) . 
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TABLB V 

CIILORO-NITROGEN MUSTARDS CONTAINING THE PHOSPHONATE GROUP 

HOCH2CH2 

HOCH2CH; 
"kcH„)m 

R / O 
I Il 

- ( C H ) n P - O R ' 

OR' 

C5H6N 
SOCl2 

C 5 H 5 N-HCl 
(CHC]3) 

CJCH2CH 

ClCH2CH2' 
WH8)* 

R 0 
I Il 

- ( C H ) n P - O R ' 

OR' 

R 
H 
H 
C H j 
H 
II 

K ' 

CHa 
C2Hs 
C i H 5 

C2Hs 
C 2H 5 

Yd, , M . D . , 
0C. 

R e c r y s t n . 
so lvent 

Empi r ica l 
formula 

—Calcd.-
H 

- F o u n d 
N 

4 . 2 9 
3 . 8 0 
3 . 6 0 
3 . 5 1 
3 . tie, 

P 

9 . 5 0 
8 .41 
8 . 1 0 
7 . 8 3 
8 . 1 0 

H 

4 8 . 6 2 
5 0 . 3 5 
5 1 . 7 6 

N 
4 . 3 7 
3 . 7 9 
3 . 6 0 
3 . 2 1 
3 .76 

27 Oil C h r o m a t o g . 0 C H H H C I I N O J P 

51 58-59 Pe t r . e ther C i 5 H 2 1 ChNOsP 4 8 . 9 2 6 .57 
30 6 1 . 5 - 6 2 . 5 Pe t r . e the r CIeH2 6Cl2NO3P 5 0 . 2 7 6 . 8 6 ^ 
31 Oil1 C h r o m a t o g . 0 CnH2 8CIaNOaP 5 1 . 5 2 7 . 1 2 
61 Oil0 C h r o m a t o g . " C H H M C I S N O J P " 

" Chromatograms run on a Florisil column; eluting solvent system was acetone-petroleum ether, approximately 1 
volume. b M25D 1.5092. ° W25D 1.5143. d Caled.: Cl, 18.55. Found: Cl, 18.40. c Calcd.: Cl. 18.55. Found: 
18.58. 

TABLE VI 

lODO-NITROGEN M U S T A R D S CONTAINING THE PHOSPHONATE G R O U P 

P 
9 . 3 4 
8 .49 
7 . 4 6 
7 . 9 0 
7 . 8 4 
9 bv 

Cl, 

HOCH2CH2 

HOCH2CH2 

Ii R 

1 H 
1 CH, 
2 H 
3 H 

"V 
=J 

R ' 

C2H5 

C2H6 

C2H5 

C2H5 

F 9 CH3S02OCH2CH2„ 
' , . , , L n , CH1SO2Cl I // \ 

CH) nPOR' ,c,H.y ' N - f y 

OR 

Y d . 0 

% 
46 
18 
35 
30 

M . p . 
( 0 C.) 

62-64 
80-82 
Oil 
Oil 

CH3SO2OCHiCH2 — 

R e c r y s t n . 
so lven t 

Petr. ether 
Petr. ether 
Chromatog.6 

Chromatog.6 

Empir ica l 
formula 

C15H24I2NO3P 
C16H26I2XO3P 
C16H26I2NO3P 
C17H28I2NO3P 

R O 
I Il 

-(CH)nPOR 
OR' 

i 

46.05° 
44.91 

NaI 
iacetone ' 

•Calcd. 
N 

2. 
2. 
2, 
2. 

.54 
48 
48 
42 

Anal 

P 

5.62 
5.48 
5.48 
5.35 

ICH2CH2 

N \ 
ICH2(^H2 

1 Pi 

I 

46.02" 
44.69 

R 0 

~ \ - ( C H ) „ P 0 R 

—Found— 
N 

2.56 
2.57 
2.67 
2.82 

OR' 

P 

5.38 
5.77 
5.67 
5.79 

" From the bis-methanesulfonates; crude yield of the mesylates ranged from 85 to 95(1 
sil column; eluting solvent system was acetone-petroleum ether, approximately 1:9 by volume. 
H, 4.39. Found: C, 32.48; H, 4.75. 

Chromatogram run on a Flori-
Calcd.: C, 32.69; 

pressure using platinum oxide catalyst. After filtration 
and removal of the solvent under reduced pressure, the re
sidual oil was made basic with cold sodium hydroxide solu
tion and extracted with benzene. Distillation of the ben
zene extract under reduced pressure yielded 51 g. (79%) of 
crude product. Attempted purification of this material 
by conventional distillation was unsuccessful as the crude 
product solidified in the distillation pot. Flash distillation 
of small quantities was successful, b.p. 137-139° (0.05 mm.). 

Anal. Calcd. for C12H20NO3P: N, 5.45; P , 11.65. 
Found: N, 5.30; P, 11.79. 

Iodo-nitrogen Mustards.—Bis-(2-Hydroxyethyl)-amines 
w-ere first converted to the bis-mesylates with methanesul-
fonyl chloride in pyridine, then to the iodo-nitrogen mus
tards by treatment with sodium iodide in acetone. The 
syntheses of VIII and IX are typical examples of this type of 
conversion. 

Diethyl />-[N,N-Bis-(2-hydroxyethyl)-amino]-benzylphos-
phonate Bis-methanesulfonate.—To a solution of 5.0 g. 
(0.015 mole) of VII, 5.5 g. (0.07 mole) of dry pyridine and 
50 ml. of dry benzene at 5° was added with stirring 5.0 g. 
(0.044 mole) of methanesulfonyl chloride over a 10-minute 
period. Stirring was continued at 5 to 10° for 16 hours at 
which time the benzene was removed under reduced pressure 
and the residue was poured onto cracked ice. After extrac
tion with methylene chloride and removal of solvent, 6.0 g. 
(95%) of a dark amber oil was obtained. An aliquot of this 
material was purified for analysis by chromatography over 
Florisil. Elution was carried out with Skellysolve B-ace-
tone (3:2) . The purified material showed essentially the 
same infrared spectrum as the crude product. 

Anal. Calcd. for C17H30NO9PS2: C, 41.88; H, 6.20; 
N, 2.87; P, 6.35; S, 13.15. Found: C, 42.00; H, 6.46; 
N, 3.05; P, 6.08; S, 13.69. 

In general, the mesylates of the bis-(2-hydroxyethyl)-
amines were used in the crude form for further synthesis. 

Diethyl £-[N,N-Bis-(2-iodoethyl)-amino]-benzylphos-
phonate.—Five grams (0.012 mole) of the bis-methanesul
fonate VIII and 3.5 g. (0.024 mole) of sodium iodide were 
dissolved in 65 ml. of acetone. The reaction mixture was 
shaken for 30 hours at room temperature in the dark. Pre
cipitated sodium methanesulfonate was removed by filtra
tion and the filtrate was concentrated under reduced pres
sure to a dark amber semi-solid material. Purification by 
chromatography over Florisil [elution with Skellysolve B -
acetone (7:3)] yielded 3.0 g. (46%) of a crystalline solid. 
Recrystallization from petroleum ether yielded an analytical 
sample, m.p. 62-64°. 

Anal. Calcd. for C15H24I2NO3P: C, 32.69; H, 4.39; 
N, 2.54; P , 5.62. Found: C, 32.48; H, 4.75; N, 2.56; 
P, 5.38. 

For large scale preparation the chromatography was 
eliminated. The crude reaction product was extracted with 
boiling petroleum ether. On cooling, pure crystalline mate
rial separated and was removed by filtration. 

4-jp-[Bis-(2-iodoethyl)-amino]-phenylj-butyric Acid.— 
A solution made up of 5.0 g. (0.0164 mole) of Chlorambucil4 

(I) , and 7.0 g. (0.0466 mole) of sodium iodide dissolved in 
100 ml. of acetone was placed in a glass-lined, stainless steel 
autoclave and heated at 100° for 12 hours. Filtration of 
the reaction mixture followed by evaporation of the solvent 
and recrystallization of the residue from benzene-petroleum 
ether yielded 3.0 g. (37%) of product, m.p. 111-112°. 

Anal. Calcd. for C1 4H1 9I2Na 
Found: N, 2.84; I, 52.09. 

KALAMAZOO, M I C H . 

N, 2.. I, 52.11. 


