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ANar¥TicAL RESULTS FOR HETEROCYCLIC SULFENAMIDES
Yield, M.p., ~=Mol, wt,— Caled., % Found, %
Compd.® A °C. Formula Caled. Found C H N S C H N S
2-Pyridinesulfenamide 55 79-80 Cs;HgNoS 126 122 47.6 4.8 22.2 25.4 47.7 5.2 22.1 25.3
4-Methyl-2-pyridinesulfena-
mide 46 79-80 CsHsN.S 140 145 51.4 3.7 20.0 22.9 51.2 5.8 20.1 22.7
2-Pyrimidinesulfenamide 40 110-112  CH;N,8 127 133 37.8 3.9 33.1 25.2 37.7 3.8 33.6 25.0
4-Methyl-2-pyrimidinesulf-
enamide 42 114-116 G;H;N,S 141 149 426 5.0 29.8 22.7 427 5.0 30.2 22.5
Sodium 2-sulfenamido-6-
methylpyrimidine-4-olate
monohydrate 58 280285 Cy;HgN;NaO,S 30.5 4.0 21.3 16.2 30.4 3.5 20.9 16.5
2-(Pyridyl 1-oxide)sulfena-
mide 40 146-148 C;HgN.0S8 142 136 42.3 4.2 19,7 22.5 42.2 4.6 20.0 22.5

¢ All of the compounds were recrystallized from benzene-petroleum ether (b.p. 65-110°) except 2-pyridinesulfenamide (isopropy
alcohol-petroleum ether), sodium 2-sulfenamido-6-methylpyrimidin-4-olate monohydrate (water), and 2-(pyridyl l-oxide)sulfenamide

{methanol.)
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The selection of ribuse as a ‘‘carrier’” molecule in the design!
of anticancer compounds with enhanced specific action (XI) is
suggested by its role in cellular nucleic acid synthesis. Ribose
compounds selectively phosphorylated? on positions 3 and 5 may
be anticipated to be particularly favorable with respect to bio-
logical reactivation in actively growing cancer cells. In this
respect, the anisylidene group has been found to be suitable for
the selective protection of hydroxyls on positions 2 and 4 in the
course of these syntheses.

New crystalline anisylidene p-ribose derivatives (II-IV)
that may be used in the synthesis of new anticancer compounds
have been obtained (see Scheme I).

The structural proof of Il was based on evidence obtained by
means of acetylation and reduction studies. Demercaptalation
-of 3,5-di-O-acetyl-2,4-O-anisylidene-p-ribose di-n-propyl dithio-
.acetal (V) in aqueous acetone in the usual manner produced an
«0il which was reduced with sodium borohydride, and the product
then was acetylated to yield an optically inactive crystalline prod-
uct VII. Upon deacetylation of this product, another optically
inactive crystalline produet VIII was obtained. These results
may be construed as evidence of a symmetrical structure of the
molecule.® It was therefore inferred that VII was 1,3,5-tri-O-
acetyl-2,4-O-anisylideneribitol, which in turn required VIII to be
2,4-0-anisylideneribitol.

Experimental Section

All reagents and solvents were of ordinary grade quality.
When required, solvents were purified and dried according to
standard methods.t All evaporations, unless when stated other-
wise, were conducted in a rotary flash evaporator at water aspira-
tor pressure. DMelting points were determined on a Kofler
apparatus and are uncorrected. Infrared spectra of the com-
pounds prepared were obtained on a Unicam SP. 200 recording
spectrophotometer, using a 3% solution in CHCl; in a 0.1-mm.

(1)(a) W.J. Serfontein and J. H. Jordaan, J. Org. Chem., 27, 3332 (1962);
(b) J. H. Jordaan and W. J, Serfontein, 1bid., 28, 1395 (1963).

(2) M. Smith, G. I. Drummond, and H. G. Khorana, J. Am. Chem. Soc.,
83, 698 (1961).

(3) H. Zinner and H. Schmandke, Chem. Ber., 94, 1304 (1961).

(4) A. I. Vogel, “A Textbook of Practical Organic Chemistry,” 3rd Ed.,
Longmans, Green and Co., New York, N. Y., 1957.
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NaCl cell. Ultraviolet spectra were obtained on a Beckman DK2

recording ultraviolet spectrophotometer. Elementary analyses
were done by the Microanalytical Section, National Chemical Re-
search Laboratory, C.S.I.R., Pretoria.
2,4-0-Anisylidene-p-ribose Di-n-propyl Dithioacetal (II).—
Anisaldehyde (4.36 ml., 36 mmoles) was added to a solution of
p-ribose di-n-propyl dithioacetal (8.53 g., 30 mmoles) in 20 ml. of
dioxane and the solution was cooled to 5-10° in an ice bath.
To this solution was added a mixture of 29 ml. of concentrated
HCI (sp. gr. 1.16) and 16 ml. of water, previously cooled to 5-10°,
and the mixture was shaken vigorously with intermittant cooling.
Within 1 min. a precipitate formed. After 4 min. ice water (10
ml.) was added and the mixture was shaken for another min.
The product was then filtered rapidly and washed with ice water
(50 ml.). The precipitate was taken up in 500 ml. of ethyl
acetate and successively washed with cold saturated NaHCO;
and water. After drying (Na:SO0:), the ethyl acetate was
evaporated under reduced pressure to yield 11.0 g. of a crystal-
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line product. Recrystallization from 125 ml of benzene gave
10.5 g. (85%¢) of pure product with m.p. [35-137°; p{i% 2,74,
2.9 (OH), 3.30 g (sh, C-H aromatic); AE2¥ 271 mp.

Anal.  Caled. for CeHyO58:: €. 56.72; H, 7.51. Found: C,
56.65; H, 7.20.

2,4-0-Anisylidene-p-ribose Dimethyl Acetal (III).—-A three-
necked flask was charged with 4.02 g. (10 mmoles) of 2,4-0)-
anisylidene-p-ribose di-rn-propyt dithioacetal, 8.66 g. (40 mmoles)
of yellow mercuric oxide, 8.00 g. of anhydrous CaS0O;, and 200 ml.
of absolute methanol. The mixture was stirred vigorously with
the flask submerged in a water bath maintained at 65°. Mercuric
chloride, 4.07 g. (15 mmoles), dissolved in 50 ml. of absolute
methanol, was added dropwise over a period of 5 min.  Stirring
was continued for o further 1.5 hr.  The hot reaction mixture was
then filtered through a layer of Standard Supercel and the
precipitale was washed with three portions of methanol.  The
combined filtrate and washings were cooled in ice water and an
aqueous NHy solution was added to pH 7. After 1 hr. in the ice
water, the ammonia-mercuric chloride complex was removed by
filtration and the filtrate was concentrated at the pump to give
an aqueous syrup, which was dissolved in 100 ml of CHCl; and
washed once with 100 ml. of colu aistilled water.  After dryving
({ NaaSQy), the solution was evaporated 1o vield 3 g. of a erystalline
material.  Recrystallization from 15 ml. of ethyl acetate and 40
ml. of petroleum ether (h.p. 60-80°) gave 2.58 g. (82¢) of pure
product. with m.p., 110-111.5%; »“*07 2,81 (OH), 3.29 (C-H aro-
matic), 9.17 (broad, C-0O-Cy; A 271 .

Anal. Caled, for CHuO5 €, 5732 HL T.05.
57.40; H, 6.95.

2,4-0O-Anisylidene-p-ribose Dibenzyl Acetal (IV).--A drv
three-necked flask was charged with 2.01 g. (5 mmoles) of 11,
4.33 g. (20 mmoles) of yellow mercuric oxide, 4 g. of anhydrous
CamQy, and 70 mi. of absolute benzyl alcohol. The mixture was
stirred vigorously with the flusk submerged in a water bath
maintained at 65°. Mercurie chloride, 2.04 g. (7.5 mmoles ), dis-
solved in 50 ml. of absolute benzyl aleohol, was added dropwise
over 4 period of 5 min,  Stirving was continued for a further 2 hr.
after which time the hot reaction mixture was filtered through
stundard Supercel, and the precipitate was washed twice with
50-ml. portions of anhydrous CHCL. The chloroform was then
evaporated from the combined tiltrate at the pump.  The benzyl
aleohol was removed by vacuum distillation on a boiling water
bath at 0.5 mm. (It is essential that the ebullition tube should be
equipped with a CaCly tube in order to prevent moisture from
coming into contact with the benzyl aleohol solution.)  The
solution was washed with cold distilled water until free of 1
After drying (Na.S80;), the solution was concentrated to yield u
vellow oil.  Addition of 25 ml. of di-n-butyl ether converted the
oil into 1.7 g. (730¢) of a colorless amorphous solid which could
not be erystallized. Trituration with methaunol yielded fine
crystals which were, however, too soluble in methanol 1o be re-
erystallized; »57%% 2.86 (O11), 3.33 o (C-I1 aromuatie); NI 272
mu.

Anal. Caled, for CullaOr:
658.89; 11, 6.47.

3,5-Di-O-acetyl-2,4-O-anisylidene-p-ribose Di-n-propyl Dithio-
acetal (V).—To a eooled solution of 4.02 g. (10 mmoles) of 1T in
10 ml. of absolute pyridine, was added 6 ml. (63.5 mmoles) of
acetic anhydride. ‘This mixture was left at 0-5° for 10 min, and
then at room temperature for 72 hr. Tr was then poured into
crushed ice (200 g.), whereupon the acetate separated as o gummy
residue.  After decantation of the aqueous layer, this residue
was taken up in 200 ml. of CHCly and washed successively with
cold 50-ml. portions of 1 ¥ HyS0,, saturated NaHCOy, and water,
dried (NasS0y), and evaporated under reduced pressure to give
4.7 g. of a syrup which could not be crystallized. After dissolv-
ing in 100 ml. of chloroform and decoloration with charcoal, a
colorless syrup, 4.45 g. (91.40¢), was obtained; vioi™® 5.78 (ester
C==0)), 8.33 u (C-0 stretching), no OH absorption near 2.9 u;
AR 2T L5 .

Anal.  Caled. for CyllpOms:
56.70; H, 71N,

2,4-0-Anisylidene-3,5-di-O-senzoyl-n-ribose Di-n-propyl Di-

thioacetal (VI).—A quantity ot 1.61 g. (4 mmoles) of I1 was dis-
solved in 6 ml. of absolute pyridine at 0--10° and held in position
above a magnetic stirrer. A buret was fitted into one of the
sockets of the flask, and the other was equipped with a Catl,
tube. While stirring, frashly distilled benzoy! chloride (1.85 ml.,
16 mmoles) was added from the buret to the mixture at a rate of
0.1 mb/min,  Stirring was continued ar 0-10° for 5 hr. The

Found: C,

C, 60.52; I, 6.47. Found:

¢ A6.7%: H, 7.04. Fouud: (),

Vol N

purple mixture was then poured into 130 g of well-stirred crashed
ire.  The benzoate sepurated as a gummy precipitate which was
removed by decantation of the agueous luver.  The residue was
tauken up i 100 ml of chloroform and washed suecessively with
cold 30 mb portions of 1.8 HyS0:, savimeated NaHCOO;, and water
and evaporated nnder reduced pressure to vield @ vellow syrop.
After addition of 15 ml of methanol, 2.3 ¢, of a ervstalline mate-
rial was obtained.  Recrvstallization from 35 ml. of methanol
gave 2.2 g 19071 of pure prodiet with np, 80007 00 5 5
plester o O), no OH absorption near 2.9 we A" 27105 m.

nal. Caled. for Gy Ha O30 Coohon: H, 6260 Foand: ¢
64,70 H, 6.20.

1,3,5-Tri-()-acetyl-2,4-O-anisylideneribitol (VII}. A~ "fou

vigorously stirred mixture of aeetone (75 mloy, water (10l
vellow mercivie oxide (7.7 g., 36 mmoles s, and $.37 g0 (9 mimoles:
of II, while being heated on g water bath at 60°, was added 735 <
(27 mmolesi of HgCl dissolved 123 ml of acetone, over a period
of 5 min.  Stirring was then continued for 1 he alter which time
the solids were removed by filtration throngh Standard Sipereel
at the pump and thoroughly washed with acetone. A Tintle
vellow mercurie oxide was added 1o the combined filute nnd
washings and the mixonre finally was concentrated ar 45%0 Fhe
restdite was then extracted with two S0-ml portions of CHOL,
The CHCL solution was washed twice with H0-ml. portions of
cold 10¢; KT and finally three times with 100-mil. portions of eold
distilled water (until free of T After drving (NSO the
solution was concentrated 1o w sveup which weighed 5 g0 This
corresponds (o vield of 94, of 3.5-di-O-neetyl-24-O-nnisylidene-
p-ribose.  The infraved speetrum of this syrup revealed that some
of the neetyvl groups had probuably been hydreolvzed during the
reaction in view of the fact that OH as well as O O absorption
appeared at 2.9 and 5.7 g, respectively.

B. -~ The syrip was dissolved 1o 30 mbloof ethanol and o soli-
tion of 0.34 ¢ 19 nunoles) of NaBH i 3 ml of water was added
slowhv.  The mixtire was left at room temperature wntit the
evolution of L had ceased. The solids were then removed by
filiration and washed with ethanol, and the combined filtrate and
washings were concentrated. The residie was dehydrated by
repeated evaporation with anbydrons acetone and finally dried
for 5 hr. at room temperature under high vacounm. The residue
thus obtained was lissolved in 6 ml of anhydrons pyridine and
was cooled for 10 min. at 037, while adding 5 mil (329 numoles
of acetic anhyvdride.  The mixtire was then left  room tempera-
ture for another 72 hro The acetate, which crvstallized ws o
white solid on pouring this mixture into 150 g of well-stirred
crushed ice, was removed by filtvation, This was taken up o
100 ml of CHCL which was washed and worked up as nsual
It was evaporated toosyrap which ervstallized. Recrvstalliza-
tion from 15 ml. of 2-propanol vielded 247 g of u colorless
erystalline componnd with mup. 101 -102° fover-all vield 60.27, 3,
a0 = 0.23° (o3, CHCLy: o010 333 (O H aromaties, 5.7
tester (=20 803 g (C0 =tretehingn no OH absorption
2.0 s NHCE DT

Anal. Cualed for C Ho,O00 O, 5707
57970 H, 6010

2,4-0-Anisylideneribitol (VIII). A quantity of 0584 w0 015
mmoles) of VIT was dissolved in 30 ml of absolute methanol, and
the solution was cooled to 0° and saturated with dry NH..
The solution was teft at room temperature for 3 hro after which
time the solvent was evaporated under rveduced pressice. A
colorless syrup, which ervstallized readily, was obtained. Re-
ervstallization from CHCly gave 035 g (86370 of fine, color-
less needles with nup. T19-1205 o2'n 0 4= 0.20° (e B30 methanel
pliesne ) G0 1 OH 3 no Cas=0) absorption near 5.75 u.

Anal. Caled, for CpHOg G 37770 H, 671
T4 H, 6.71

3,5-Di-O-acetyl-2,4-0O-anisylidene-n-ribose 2,4-Dinitrophenyl-
hydrazene (IX). - A quantity of .57 g. (9 mmoles) of IT was de-
mercaptulated in the presence of acetone and water as deseribed
previously. The syrup obtained failed to erystallize from ethyl
acetate-petrolenm ether (b.p. 60-80°).  However, after being
dissolved in 50 ml. of methanol and evaporated under reduced
pressure, o solid mass was obtained.  After several recrystulliza-
tions from ethyl acetate-petroleum ether (hop. 60-80%5 w0 frae-
tion consisting of a fine erystalline material, m.p. 94967, was
obtained which was presumably  3,5-di-O-acetyl-2,4-O-anisyl-
idene-p-ribose contuining 1 mole of methanol of erystallization,
This material (0.0704 ¢, 0.2 mmole) was converted into the
DNP derivative in the usual manner. A vellow cerystalline
produet (0061 @ 370, with mop. 162-164° was obtained.  Re-

I3

TR

H. 6.00. Fonnd: O

Found: ¢
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erystallization from 25 ml. of methanol gave fine yellow crystals
with m.p. 182.5-184°; »SH% 303 u (N-H stretching), 5.76 u
(ester C=0).

Anal. Caled. for Cst24N4011: C, 5188, H, 454, :\:, 10.52.
Found: C, 51.86: H, 4.79; N, 10.21.

2,4-0-p-Dimethylaminobenzylidene-n-ribose Di-n-propyl Di-

thioacetal (X).—Dn-Ribose di-n-propyl dithicacetal (1.136 g., 4
mmoles) was added to a solution of p-dimethylaminobenzalde-
hyde (0.672 g., 4.5 mmoles) in 3 ml. of dioxane, and the solution
was cooled to 5-10°. To this was added a mixture of 2 ml. of
concentrated HCI (sp. gr. 1.16) and 5 ml. of water, previously
cooled to 5-10°, and the resulting mixture was shaken vigorously
with intermittant cooling for 20 min. A yellow solution was
obtained which was poured into a separating funnel containing
100 ml. of ethyl acetate as well as 120 ml. of saturated aqueous
NaHCO; solution. The ethyl acetate solution was then washed
twice with 50 ml. of cold water and dried (Na,80,). Evaporation
of the solvent under reduced pressure yielded 1.4 g. of a yellow oil.
Crystallization was accomplished with the aid of a mixture of 2
ml. of ethyl acetate and 8 ml. of petrolenm ether (b.p. 60-80°),
vielding 0.73 g. (4.4%) of a crystalline material with m.p. 125-
127°; poiCla 9 82 2,94 4 (OH).

Anal.  Caled. for CyHgysNOSS,: C, 57.84; H, 7.95; N, 3.37.
Found: C,57.41; H, 7.88; N, 3.07.
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In earlier papers! 2 we have reported that some arylphosphonic
(ArPOsH.) and diarylphosphinic (Ar,PO;H) acids have appreci-
able in vitro activity against Treponema pallidum, the causative
agent of syphilis. The preparation of eleven of the acids tested?
has not yet been described. Nine of these were new compounds
while two were known compounds which we prepared by methods
different from those used previously. The present note describes
the preparation and chemical properties of these eleven com-
pounds. Their analyses, yields, and melting points are listed in
Table I. Ultraviolet absorption data for some of the compounds
are given in Table II.

Experimental Section

p-lodophenylphosphonic Acid.—Dry p-indobenzenediazo-
nium fluoroborate was suspended in isopropyl acetate and treated
with PCl; and CuBr in the usual manner.? After the reaction
mixture was hydrolyzed and steam distilled, the residual liquid
in the distilling flask was filtered while hot in order to remove a
brown oil. The filtrate was evaporated on the steam bath to
incipient crystallization and then cooled. The crude phosphonic
acid thus obtained was recrystallized from water.
p-Acetylphenylphosphonic Acid. 'A. From the Diazonium
Fluoroborate and PCl;.—p-Nitroacetophenone (Eastman) in
ethyl acetate was reduced with Raney nickel and hydrogen at
3.5 kg./em.2 (50 lb.). After the catalyst was removed, the
amine was isolated by evaporating the solvent in vacuo and
purified by recrystallization from 959, ethanol. The yield of
pure p-aminoacetophenone was 829, m.p. 105-107° (lit.* m.p.
106-107°).

(1) G. 0. Doak, L. D. Freedman, J. W. Clark, Jr., and E, L. Petit, 4 nti-
biot. Chemotherapy, 8, 342 (1958).

(2) L. D. Freedman, G. O. Doak, and J. W. Clark, Jr., Clin. Med., T1,
351 (1964).

(3) G. O. Doak and L. ID. Freedman, .J. Am. Chem. Soc., 73, 5658 (1951).

(4) J. Y. J. Dippy and J. H. Wood, J. Chem. Soc., 2719 (1949).
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p-Acetylbenzenediazonium fluoroborate was prepared from the
above amine and allowed to react with PCl; and CuBr in ethyl
acetate. The phosphonic acid was isolated in the usual manner
and was purified by procedure A as previously described.®* Before
analysis, it was dried ¢n vacuo at 100°.

B. From p-Aminophenylphosphonic Acid and Acetaldoxime.
—p-Aminophenylphosphonic (phosphanilic) acid® (43.3 g.) in
200 ml. of 3.4 N H.SO, was diazotized at 0-5°. The resulting solu-
tion was neutralized to congo red and then allowed to react with
acetaldoxime under conditions similar to those described for the
conversion of p-chloroaniline to p-chloroacetophenone.® After
the reaction mixture was acidified to congo red and made even
more strongly acidic by the addition of 230 ml. of concentrated
HC], the solution was evaporated on the steam bath to 100 ml.
and cooled, whereupon crude p-acetylphenylphosphonic acid
crystallized. It was purified by extraction with absolute aleohol
in a Soxhlet apparatus, evaporation of the resulting solution to
dryness, and recrystallization of the residue from 6 N HCl. The
infrared spectra of samples of p-acetylphenylphosphonic acid
made by both methods were identical.

m-Phenoxyphenylphosphonic Acid. m-Bromophenylphos-
phonic acid” (5.0 g.) was allowed to react with phenol, K;CO;,
and copper powder under conditions similar to those described
for conversion of o-bromophenylphosphonic acid to the corre-
sponding phenoxy compound.! When the reaction mixture
was steam distilled (to remove excess phenol) and then acidified,
the hemipotassium salt® of m-phenoxyphenylphosphonic acid
crystallized from solution. This salt was added to 100 ml. of
boiling 6 .V HCI, and sufficient 95¢; ethanol was added to dis-
solve the suspended solid. The solution was cooled and extracted
with three 30-ml. portions of benzene. The benzene layers were
combined and evaporated to dryness. Recrystallization of the
residue from a mixture of heptane~toluene (1:2) yielded pure
material.

p-Phenoxyphenylphosphonic Acid.—The method used to pre-
pare and isolate the hemipotassium salt of p-phenoxyphenylphos-
phonic acid was similar to that described for the ortho and meta
isomers. The free acid was obtained by recrystallization of the
salt from a mixture of 1 vol. of 959 ethanol to 3 vol. of 6 N
HCL

2-(p-Tolyloxy )phenylphosphonic Acid and 2-(p-Tolyloxy)-
p-tolylphosphonic Acid.—o-Bromophenylphosphonic acid® and
2-bromo-p-tolylphosphonic acid® were allowed to react with
redistilled p-cresol under conditions similar to those used in the
preparation of the phenoxy derivatives. The hemipotassium
salts obtained were converted to the free acids by recrystallization
from a mixture of 1 vol. of 959 ethanol to 2 vol. of 6 N HCL

Bis(p-phenoxyphenyl)phosphinic Acid.—An intimate mixture
of 8.0 g. of bis(p-bromophenyl)phosphinic acid,” 20 ml. of re-
distilled phenol, 10.0 g. of anhydrous K,CO;, and 0.2 g. of copper
powder was heated under reflux for 16 hr. After the excess
phenol was removed by steam distillation, the reaction mixture
was filtered and then acidified to congo red. The crude phos-
phinic acid thus obtained was purified by recrystallization from
acetone—absolute alcohol (1:2).

2-Nitro-5-bromophenylphosphonic Acid.—A solution of m-
bromophenylphosphonic acid™ (10.0 g.) in 50 ml. of fuming HNO;
(d 1.5) was evaporated to dryness, and the residue was recrystal-
lized from 3 V HCl. The structure of this phosphonic acid was
not established unequivocally, but it is probably 2-nitro-5-bromo-
phenylphosphonic acid for the following reasons. (1) The com-
pound does not form a water-insoluble magnesium salt either at
room temperature or when heated. This behavior is characteris-
tic of arylphosphonic acids containing bulky ortho substituents
such as the nitro group.® (2) The nitration of m-bromoben-
zenearsonic acid wvields 2-nitro-5-bromobenzenearsonic acid,!
and the nitration of m-bromobenzoic acid yields mainly 2-nitro-3-
bromobenzoic acid.’? Since the electronic structure of the phos-

(5) G.O. Doak and L. D. Freedman, J. Am. Chem. Soc., T4, 753 (1952).

(8) W.F.Beech, J. Chem. Soc., 1297 (1954).

(7) G.O. Doak and L. D, Freedman, J. Am. Chem. Soc., T5, 683 (1953).

(8) L. D. Freedman and G. O. Doak, J. Org. Chem., 28, 769 (1958).

(9) The preparation of 2-bromo-p-tolylphosphonic acid and bis(2-bromo-
p-tolyl)phosphinic acid have been previously described [L. D. Freedman,
H. Tauber, G. O. Doak, and H. J. Magnuson, J. Am. Chem. Soc., T8, 1379
(1953)] but were erroneously called **2-Br-5-CHsCsHsPOsHy'' and **(2-Br-5-
CH3CeHs)»PO2H," respectively.

(10) L. D. Freedman and G. O. Doak, t4id., TT, 6221 (1955).

(11) H.J. Barber, J. Chem. Soc., 2333 (1429).

(12) \. 1. Holleman, Rec. trar. chim., 20, 206 (1901).



