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Selected sulfhydryl inhibitors have regressed a
variety of human cancers without injury to hematologic
status and wound healing or with actual improvement
in hematologic status in some patients.*? Rapid
acting sulthvdryl inhibitors of the arsenoso and iodo-
acetyl type can cause much pain on intravenous in-
fusion or intratumor injection, so that potent local
anestheties for concomitant use are at times needed.
For this purpose, N-(4-biphenylyl)-N-(2-diethylamino-
ethyl)mandelamide hydrochloride (I) has been clini-
cally useful. In sensitivity tests against a variety of
animal and human cancer cells, it can significantly
potentiate the activity of clinically useful sulfhydryl
inhibitors.*

Biological Activity.—By intradermal wheal tests in
animals and humans, activity of I is about ten times as
great as that of procaine, about five tinies as great as
that of lidocaine. A 0.29; solution of I is approxi-
mately equivalent in activity to 1.09, lidocaine.
Toxicity of I closely approximates that of lidocaine on
intravenous injection in mice and exceeds somewhat
that of procaine.

In the guinea pig sciatic nerve block test, 0.25 ml of
a 1.09; solution of I placed directly on the isolated
nerve produced mean duration of activity of 27 =+
11.2 hr, by contrast with minutes for other commonly
used anesthetics. Anticholinergic activity of I is
very weak., The in vitro atropine ratio is 0.00008.
There is no apparent effect on acetylcholine in cardio-
vaseular-respiratory tests. The curaremimetic activity
of I is very low, the curare ratio in the frog rectus test
being 0.15. The compound is inactive in the electro-
shock and pentylenetetrazole anticonvulsant tests.

Clinical trial with 30 patients has shown that I
is not suitable for use in standard nerve block anesthesia
because of low diffusibility and tendency to cause
irritation in high concentrations.

For direct intratumor injection with sulthydryl
inhibitors, however, for which sulfhydryl inhibitor and
I are dissolved together in the same solution and in-
jected simultaneously, low diffusibility has presented
no clinical problems while high potency and relatively
low toxicity of I offer significant advantages over other
available local anesthetics.

Experimental Section®

N-(4-Biphenylyl)-N-(2-diethylaminoethyl)mandelamide.—
A 109 excess of acetylmandelyl chloride® in a twofold volume of

(1) This investigation was supported by grants from E. R. Squibb and
Sons and the Knock Researchi Foundation.

(2) F. . Knock, Perspectives Biol, Med., 10, 310 (1967).

(3) F. E. Knock, J. Am. Geriut. Soc., 15, 41 (1967).

(4) ¥. E. Knock, ''Anticancer Agents," Charles C Thomas, Publisher,
Springfield, Ill., 1967, p 218.
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dry benzene was slowly added to a solution of N-(4-biphenylyl)
N’,N’-diethylethylenediamine’ in a twofold volume of dry
benzene, with good stirring and cooling to keep the temperature
below 20°. Reaction was completed by refluxing for 1 hr.
After cooling, a fourfold volume of ligroin (bp 66-75°) was added
to complete separation of the crude product. Yield of crude
product, mp 175-179°, was 979%. The product was purified by
solution in 5097 alcohol-acetone and precipitation with ether,
to give a product of mp 185-186°. The acetyl group was re-
moved by refluxing for 1 hr with a 109, excess of NaOH in 50¢%
aqueous ethanol. The produet was evaporated to dryness,
taken up in ether, and washed several times with water, and the
ether was evanorated to give the viscous, pale vellow base. This
was dissolved in five times its weight of absolute methanol, and
the stoichiometric gquantity of 9.0 .V solution of dry HCI in abso-
lute methanol wasadded. The clear colorless solution was diluted
to incipient cloudiness with absolitte ether and allowed to stand
at 3° for 24 hr. The precipitate was redissolved in absolute
methanol and the precipitation with absolhite ether was repeated.
After drying the precipitate for 24 hr at 70°, the yield of product
melting at 169-170° was 909.. The last trace of solvent was
removed by drying over P:O; in vacuo at 78° for 24 hr to give a
hygroscopic product melting at 176-177°.

Anal. Caled for CsHaN0.Cl: C, 71.15; H, 7.07; N, 6.39.
Found: C, 71.16; H, 7.24; N, 6.22.

(5) Melting points were taken in capillary tubes )y means of a stirred oil
bath and are corrected. Bioassays were performed by Merck Sharp and
Dolhme, Raliway, N. J. DNlicroanalyses were performed by Schwarzkopf
Microanalytical Laboratory, Woodside, N. Y.

(6) F. K. Thayer, '‘O1ganic Syntheses," Coll. Vol. I, A. H. Blatt, Ed..
2nd ed, John Wiley and Sons, Ine., New York, N. Y., 1941, p 12,

(7) L. Bauer, J. Cymerman, and W, J. Sheldon, J. Chem. Soc., 2342
(1951).
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In view of the reported biological activities of the
sulfate esters of several nucleosides,?~% and becaus-
of interest in halogenated pyrimidine deoxyribonu-
cleosides™™® and deoxyribonucleotides®. ! in this laborae

TaBie I
Surrariox or IUdR axp ICdR
~————Yleld, mole §f—————
~HO80,Cl— - —~PST—m—\
Product 1.6 r 2.5 r 1.6 r 2.5 R

TUdR 3’-sulfate (A) 16 15 12 7 0.38
IUdR 5'-sulfate (B) 40 33 27 25 0.31
IUdR disulfate (C) 12 40 5 39 0.18
ICdR 3'-sulfate (A") 4 11 9 8 0.45
ICdR 5'-sulfate (B) 78 49 23 32 0.37
ICdR disulfate (C") 12 28 3 37 0.23

¢ 7 = sulfating agent/nucleoside. * Solvent system: isobu-
tyrie acid—-H,O-concentrated NH,OH (66:33:1).

(1) This work was supported Dy a grant (CA-02817-10) from thie National
Cancer Institute, U. 8. Public Health Service.

(2) F. Egami and K. Yagi, J. Biochem. (Tokyo), 43, 153 (1956).

(3) M. Niwa, 8. Higuchi, and F. Egami, ¢bid., 46, 89 (1958).

(4) J. Arnold and T. D. Price, Federation Proc., 22, 292 (1963).

(5) P. W. Wigler and H. U. Choi, J. Am. Chem. Soc., 86, 1636 (1964).

(6) G. Kowollik and P. Langen, Ber., 99, 2725 (1966).

(7) P. K. Chang and A. D. Welch, Biochem. Pharmacol., 6, 50 (1961).

(8) P. K. Chang and A. D. Weleh, J. Med. Ckem., 6, 428 (1963).

(9) W. H. Prusoff, Cancer Res.. 323, 1246 (1963).

(10) W. M. Prusoff, Y. 8. Baklle, and L. Sekely. Ann. N. Y. Acad. Sci.,
130, 135 (1965).
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Famneire to INgiBr GrowrHd or P8S15Y Cnris By Sunkare Esters or ITIR or 1CdR
v - < =CGirowth tulyh, 444 -
e = e e - Drug vonen, M - e - -
Compd 1 X 103 + X 19-° Ix 10 @ 1% 10 T X 1074 1w ola e
[UdAR tid A Ry 02 02
ITARPi5) 2 39 47 . .
TUdRS (1) 0 0 0 0 0 0
TUdRS (37) [}l 0 0 1 0 0
TUdRSS (3,5") 13 3 O 20 13 14
1CdR th 46 4 84 R SO
1CARP 5" . . 53 in .
ICARS (5 0 0 0 0 0 0
1CANRS (37 8] §] 0 0 0 .
ICARSK (37,5) 12 17 13 15 22 20

* PSISY cells were assayed in enlture against the derivatives of IUdR or ICdR given abuve by determining the increase in cell mrmber
over the imaclum (20,000 cells/ml) after a 48-hr period of incubation (four cell generations) in the presence or absence of drug. The
differences i cell numbers between the drug-treated cultures and the control were expressed as percentages of the control connt.

tory., we have prepared the zulfate esters of 5-iodo-
deoxyvuridine (IUdR) and 5-tododeoxycytidine (ICdR).

IUdR and ICdR were easily csterified by the use of
vither chlorosulfonic acid or pyridine-sulfur trioxide!!
(PST). vielding a mixture of the 3’-sulfate, 5’-sulfate,
and 37.5-disulfate derivatives. It appears that PST
is preferred as the esterifying agent only when the di-
sulfate is the desired product (Table I). The mono-
sulfate isomers were identified by the exclusive syn-
thesis of the 3’-sulfate via the 5'-trityl intermediate,
while the method of preparation of IUAR 3'-sulfate
ria the 3-acetate intermediate, which led to the forma-
tion of the two monosulfate i=omers and the disulfate,
indicated the lability of the 3’-acetate boud under the
conditions of sulfation. Because of the instability of
the 37.57-disulfates in ion-exchange chromatography
systetns, the products were separated by paper chroma-
tography.

The sulfate esters were assayed for their potential
as growth tihibitors against the PS15Y murine masto-
evtoma cell grown in tissue culture. The technique
for culture of this cell line have been desceribed pre-
viously.!? Tt is clear that uone of the sulfate esters
were inhibitory of growth tn the concentrations tested,
e, the range of 1 X 10~¢to 4 X 10-* M (Table II).
In  contrast, the parent nucleosides, TUDR  or
[ICDR, were fully active as inhibitors within this range.
Alko. the (onmpondmo mouophosphate esters showed
activity.  lailure of the sulfate esters to inhibit may
tndicate a lack of transport of the compounds into
the cell, or, if they are transported, they may fail to
wihibit enzymes or compete with normal substrates of
enzymes intracellularly.  Removal of the sulfate group
by sulfatase action within the cell would yield the active
nucleoside.  An inhibitory activity of these sulfate
esters against such cells mwht thus be anticipated and
may yet prove of value in treating specific tvpc< of
tuniors or even virus-iifected cells having elevated
sulfatase levels.

Experimental Section!'?

Reaction of Chlorosulfonic Acid with Either 5-lododeoxyuridine
or 5-Iododeoxycytidine.—To a vigorously stirred mixture of -
iododeoxyuridine'* or 5-lododeoxyeytidine” (2.5 mmoles) in
dry pyridine (35 ml) was added a solution of chlorosulfonic acid
(450 mg, 4 mmoles) in CHCly (1.3 ml) dropwise at 0° over a

(11) V. Baumgarien, Ber., 59, 1166 (1926).
112y G AL Viseher and A, C. Sanworelli, Methods Med., Hes., 10, 247
11964).

period of 20 mii. After stirring at room (emperature for 24 hy,
the reaction was terminated by the addition of 30 ml of 11,0,
The mixture, after concentration (o dryness i vacvo at 40°,
was dissolved i methanol (30 ml) and again concentrated io
dryness i pacvo at 40°; this operation was repented five (imes
it order to remove most af the pyridine. The residue was taken
up in HyO (35 ml) and 1-ml ahqmm of the solution were applied
to Whatman 3 MM paper (16 X 55 ¢m). The chromatogram
was developed in a descending manner for I8 hr with ixobutyric
acid-H:O-concentrated NHOH (66:33:1). The fractions of
the txomeric 3'- and 5-monosulfates and the disulfate were eluted
wih water and converted to the corresponding salts by passing
the concentrated eluates throngh a column of Dowex 50 (K or
Ba**t form). Their respective I’y valnes, ultraviolet spectra,
and infrared spectra were identical with those of the same esters
obtained by the PST method.

In 2 separate experiment, in order to increase the yield of the
disulfate, the amonnt of cholorosulfonie acld was incereased from
4 mmoles to 6.5 mmoles (760 mg, in 2.6 ml of CHCly, » (1TOS0,C1/
nucleoside) = 2.5, and the reaction was carried out in the same
manner as was dexcribed above (Table 1).

Reaction of Pyridine-Sulfur Trioxide and 5-lododeoxyuridine
or 5-Iododeoxycytidine.—A mixture of 35-tododeoxyuridine or
S-lododeoxyeytidine (2 mmoles), pyridine—sulfur  trioxidet
:5 mmoles), aud dry pyridine (30 ml) was stirred at 28° for
4% hr.  The reaction wa= terminated with H.O (30 ml) and the
procedure for the chlorosulfonic acid reaction was followed to
vield the 3’,5'-disulfate asx the major product (Table ). The
analytical mmple.\ were recrystallized from the appropriate sol-
vents (Table 111).

5'-0-Trityl-5-lododeoxyuridine.—A solntion of J-iododeoxy-
aridine (7.1 g, 20 mmoles) and trityl chloride (9 g, 32 mmoles) in
dry pyridine (130 ml), after standing in a stoppered flask at room
temperature for 7 days, was poured into ice-water (500 mb) with
stirring and the mixture was concentrated in vacuo at 40°. ‘The
restduie was dissolved in methanol (125 ml) and the solation agivn
was poured slowly into lce—water (1250 ml) with stirring.  Crude
5'-0O-trityl-5-iododeoxyuridine separated after standing at 0°
for 3 hr. It was washed several times (CCly) dried (7.0,
and recrystallized from acetone and benzene (7.8 g, G6¢7 1.
The analytical sample was recrytallized from ethyl acetate aml
petrolenm ether (hp 30-60°); mp 208°, A% EOE 965 11, (e 65001,

Anal. Caled for CuHuINGD, .)b.. 11, 4.22: 1, 21.20;
N, 4.68. Found: C,536.41; U, 4.534; [,21.20: N, 4.37

5'-0-Trityl-5-iododeoxycytidine.—5-Tododeoxycytidineg  was
substituted for 3-tododeoxyuridine and the procedure nsed
in the preparation of 5’-O-trityl-5-iododeoxyuridine was followed
to produee 5-0O-trityl-5-tododeoxycytidine. The crude produc
was recrystallized with tetrahydrofuran and H,0 (6.5 g, 56%¢).
The analytical sample was recrystallized from dimethyl sulfox-
ide—ethanol-FL,O; mp 180°, N2% EOH 295 my (e 5350).

xX

(13) Melting points were detnrmined in a capillary tule 1 a coppec
block and have been corrected. TUltraviolet spectra were measured oun u
Model 505 Bausch & Lomb Spectronic recording spectrophotometer.  Nlicro-
analyses were performed by Schiwarzkopf Microanalytical Laboraries,
Woodside, N, Y.

(14) W. M, Vrusoff, Biovhin. Biophys. Arta, 32, 285 (1059).

(15) DPrepared by the methiod of 11, N, Sisler and L. I, dudrietl, /nmg.
Syn., 2,173 (1946),
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Uv data

C. % H. % L, % N % S, % Reerystn ALLY HOL

Compd Formula Caled Found Caled Found Caled Found Caled Found Caled Found solvent my (e)
IUdR 3’-sulfate C:Hioll KN20sS? 22.80 22.69 2.13 2.35 26.87 26.63 5.93 5.68 6.79 7.00 H,O-EtOH 286 (6830)
IUdR 5'-sulfate CsHiolITKN:0s8 22.80 22,85 2.13 2,30 26.87 27.18 5.93 6.15 6.7¢ 6.84 H-O-EtOH 288 (7015)
1UdR disulfate  CsHsIKoN:OuS; 18.31 18.02 1.54 1.88 21.49 20.96 4.74 4.70 10.86 10,97 H:0-EtOH 288 (7019)
ICdR 3’-sulfate (CeHnIN;0:8).Ba? 21.58 21.73 2.21 2.49 25.34 25.21 8.40 8.18 6.40 6.20 H-:0 308 (8130)
ICdR 5’-sulfate (CoHuIN2O:8):Ba 21.58 21.34 2.21 2.37 25,34 25,08 8.40 8.18 6.40 6.29 H:0-EtOH 308 (7890)
ICdR disulfate  CsHiol KoN3O1S» 18.34 18.49 1.70 2,12 21,53 20.85 7.13 7.05 10.88 10.57 H:0 308 (8570)

= The analytical sample was prepared from the 3"-sulfate obtained via the 5'-trityl intermediate.

Anal. Caled for CousHyINOs: C, 56.47: H, 4.40: I, 21.35;
N, 7.06. Found: C, 56.54; H, 4.49; I, 21.20; N, 6.89.

5-Iododeoxyuridine 3’-Sulfate—A mixture of 5'-trityl-5-
iododeoxyuridine (1.2 g, 2 mmoles) and pyridine-sulfur trioxide
(1.476 g, 2.8 mmoles) in dry pyridine (8 ml) was stirred at 28°
for 48 hr. The reaction was terminated with H.O (40 ml) and
allowed to stand overnight at 0°. The mixture, after concen-
tration to dryness in vacuo at 40°, was dissolved in methanol
(20 ml) and again concentrated to dryness in wvacuo at 40°;
this operation was repeated several times. The powdery residue
was dissolved in 8097 aqueous acetic acid (30 ml) and the solution
was stirred for 2 hr at 45°. The solvent was removed in vacuo
at 40° and the residite was taken up in HO (30 ml). 5-Iodo-
deoxyuridine 3'-sulfate (1.6 mmoles, 78¢), separated by paper
chromatography in isobutyric acid-H,O-concentrated NH,OH
(66:33:1), was converted to the potassium salt via Dowex 50
(K* form). Its infrared spectrum, R; and ultraviolet spectra
were identical with those of the potasstum salt of fraction A
(Table ).

5-Iododeoxycytidine 3’-Sulfate.—5'-O-Trityl-5-iododeoxycyti-
dine was treated with PST, according to the procedure for
3-iododeoxyuridine 3’-sulfate, to give 5-iododeoxyecytidine 3'-
sulfate in 829 vield. Its barium salt had the same R; value, as
well as infrared and ultraviolet spectra, as the barium salt of
fraction A’ (Table I).

3'-0-Acetyl-5-iododeoxyuridine.—To a cooled solution of
5-0-trityl-5-tododeoxyuridine (4.8 g, 8 mmoles) in dry pyridine
(40 ml) was added acetic anhydride (1.8 ml) at 0° with stirring.
The solution, after stirring an additional 24 hr at room tempera-
ture, was poured into ice-water (15 ml) and the solvent was re-
moved in vacuo at 40°.  The residue was dissolved in 809, aque-
ous acetic acid (100 ml); after stirring at 45° for 54 hr, the solu-
tion was stored at 4° for 12 hr and the separated triphenyl-
carbinol was removed by filtration. The filtrate was concen-
trated to dryness in vacuo at 40° to yield the crude 3’-O-acetyl
derivative (2.5 g), which was washed (CCly) and recrystallized
from methanol and petroleim ether (bp 30-60°). The analytical
sample was recrystallized from ethyl acetate and petroleum
ether; mp 196°, A7 % 283 my (7600).

Anal. Caled for CHiBINOg: C, 33.35; H, 3.31; I, 32.03;
N, 7.06. Found: C, 33.09; H, 3.532; I, 32.15; N, 7.25.

I

Potential Carcinostatic Agents.
Derivatives and Analogs of

1-(2-Hydroxyethyl)-3-(4-tolyl)urea
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During the course of a program for synthesizing a
group of substituted ureas designed as potential
herbicides to be evaluated in our greenhouse, we also
submitted these to the Cancer Chemotherapy National
Service Center for antitumor screening. One of these,
the title compound, showed some activity against
Sarcoma 180 in mice and it was decided to synthesize

a number of derivatives and analogs of this compound,
not already reported and tested,! for similar screening.
One of these derivatives, 1-(2-chloroethyl)-1-nitroso-
3-(4-tolyl)urea, was particularly active against 1.1210
lymphoid leukemia in two types of mice. Table I lists
these substances and their physical properties, They
were made by literature procedures, as outlined for
typical cases in the Experimental Section.

Biological Data.—Although several of these com-
pounds passed stage I or stage II in the Lewis lung
carcinoma test, they did not have confirmed activity.
1-(2-Hydroxyethyl)-3-(4-tolyl)urea had confirmed ac-
tivity against Sarcoma 180, but was inactive in the
lymphoid leukemia (L1210) test. 1-(2-Hydroxyethyl)-
1-nitroso-3-(4-tolyl)urea showed slight activity against
L1210 (T/C = 100-1259, in the multiple-dose assay).
However, 1-(2- chloroethyl)-1-nitroso-3-(4-tolyl)urea
had considerable activity (1.1210); see Table I1.

Experimental Section?

Method A. 1-(2-Hydroxyethyl)-3-(4-tolyl)urea.—A stirred
suspension of 2-aminoethanol (6 g, 0.98 mole) in toluene (100 ml)
was treated at room temperature with p-tolyl isocyanate (13 g,
0.098 mole). Afterstirring for 4 hr the product was collected on a
filter and washed with toluene and then with ligroin (bp 60-70°).

Method B. 1-(2-Chloroethyl)-3-(4-tolyl)urea.—A stirred solu-
tion of p-toluidine (10.5 g, 0.098 mole) in toluene (100 ml) was
treated with 2-chloroethyl isocyanate (10 g, 0.098 mole) at room
temperature. After stirring for 2 hr the product was collected
on a filter and washed with toluene and then ligroin, The prod-
uct was recrystallized from acetonitrile.

Method C.1® 1-(2-Chloroethyl)-1-nitroso-3-(4-tolyl Jurea.—
A stirred solution of 1-(2-chloroethyl)-3-(4-tolyl) urea (7 g,
0.033 mole) in 300 ml of 989, formic acid (5-7°) was treated
with dry NaNO; (6 g, 0.09 mole) in small portions over a period
of 1.5 hr. The solution was stirred for an additional hour
(0-5°) and 175 ml of ice water was then added slowly. The
mixture was stirred an additional 30 min at 0°. The light yellow
crystalline proditet was collected on a filter, washed with cold
water, and dried (P.0;, under vacuum).

Method D. 1-(2-lodoethyl)-3-(4-tolyl)urea.—1-(2-Chloro-
ethyl)-3-(4~tolyljurea (6 g, 0.06 mole) was refluxed with anhy-
drous Nal® (9 g, 0.06 mole) in 50 ml of dry acetone for 24 hr
(CaCl; drying tube). The solution was then filtered hot to re-
move any salts and the filtrate was diluted with 500 ml of cold
water. The white precipitate that formed was collected on a
filter, washed with water, and dried. The product was recrystal-
lized from acetonitrile.

Method E. 1-(2-Bromoethyl)-3-(4-tolyl)urea.—1-(2-Hydroxy-
ethyl)-3-(4-tolyljurea (26 g, 0.144 mole) was added slowly with
stirring to 40 ml of PBr; at room temperature. After the addi-
tion, the reaction mixture was heated on a hot-water bath and
stirred for 3 hr. During this time, an orange suspension formed.

(1) (a) For example, T. P, Johnston, G. S. McCaleb, and J. A. Mont-
gomery, J. Med. Chem., 6, 669 (1963): (b) T. P. Johnston, G. 8. McCaleb,
P. 8. Opliger, and J. A. Montgomery, thid., 9, 892 (1966).

(2) Melting points were taken on a Fisher-Johns block and are corrected
to standards.

(3) The Nal was heated strongly (~300°) on a hot plate just prior to use.



