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Tame I
RAL PROGESTATTONAL ACTIVITY OF KETALS AND
CORRESPONDING KETONES

Enedie-
mecrial Total
Reladvu re- Huse,
Cumpel. potely sfrunse me,
17-Acetoxyprogesterone 1 N 20
2.5 10
1.5 )
3-ethylene ketald 3
Ba-Methyl-17-ncetoxypro-
gesterone™ 60 1.6 0.1
5.6 0.4
3-ethylene ketul 2.2 0.1
2.5 0.2
1.0 0.4
3.(1,2-dimethylethylene)
ketal 1.2 0.1
(-Dehiydro-17-acetoxypro-
gesterones 206
3-ethylene ketul 25
6-Dehydro-6-methyl-17-
scetoxyprogesterone® 200
3-cthylene ketal 114
6-Chloro-6-dehydro-17-ace-
toxyprogesterone® 100 3.1 (.08
s-cthylene ketal 320
3-methylethylene ketal 430
3-(1,2-diimethylethylene)
ketal 520
3-ethylenethio ketal 0} 0.08
17-12thylprogesterone! 4 0.5
3-ethyvlene ketal 2
0 1.0 3.
0 3.0 8.0,
17-Propylprogesterone 1 2
3-ethylene ketal’ 3
G6-Dehydro-17-ethylproges-
terone™ 5 0.5 0.5
1.2 1.0
3.7 5.0
s-ethylene ketal 1.5 0.5
1.8 1.0
P2 2.0
5.8 5.0
3.8 0.5 s.c.
1.0 1.5 s.0.
6-Chloro-6-dehydro-17-ethyi-
progesteronelt () 0.5 .04
2.6 0.16
J-ethylene ketal 52
3-(1,2-dimethylethylene)
ketal 0.2 0.04
3.2 .16

+ All values are based on data obtained by the present authors. 14
ltelative potencies were determined by plotting dose-response
data on semilog paper. Where a dose~response effect was not
observed or where a complete evaluation was not obtained, the
wetivity s Didieated in terms of the endometrial respouse to a
given totul dose (ing.). This response (or lack thereof) is meas-
ured in terms of O to 4, the latter number indicating the highest
netivity,

2,3-diehloro-5,6-dicyann-1,4-benzoquinone in 100 ml. of dioxane
saturated with HCl  The produet was recrystallized from
acetone-hexane to give 1.922 g. (5097) of white crystals, m.p.
213-215° (lit.8 m.p. 218-220°), [«]%p +18° (¢ 1.0, CHCl)
(1it.® [a]v 4-11°, CHCly), ASEH 289 mu (e 24,000).

General Ketalization Procedure.—The following preparation
of 17-acetoxy-3-ethylenedioxypregna-4,6-dien-20-one is itlustra-
tive. A solution of 400 mg. of 17-acetoxypregna-4,6-diene-
3,20-dione,® 20 mg. of p-toluenesulfonic aeid and 20 ml. of ethyl-
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ene glyeol in 100 ml. of reagent grade benzene was stirred vigor-
ously at reflux for 5 hr. The water formed was removed by
means of o Dean-Stark tube. The cooled solntion was pomred
nto 100 ml. of 37, aqueons sodimn curbonate somtion. The
organic phuse was scparated, diluted with ether, washed wich
saline and water, dried (MgS9,), and evaporated (o dryness
under reduced pressure. The resulting solid was triturited wich
ether and eollected Lo give 346 1ing. (779%) of product, m.p. 220-
224% (see Table I). The various 3-ketals prepared by this
procedure are listed in "L'able L.

17-Acetoxy-6-chloro-3-ethylenedithiopregna-4,6-dien-20-one,!3
- A mixture containing 95 mg. of 17-acetoxy-6-chloropregna-
4,6-dliene-3,20-dione,? 2 ml. of acetic acid, 26 mg. of 1,2-ethane-
dithiol, and 20 mg. of p-tolnenesutfonic acid was kept wt roam
temperatnre for 1 hr. aud then was poured into water with
stirring.  "The precipitated solids were filtered, washed well
with water, and dissolved in chloroform. After drying over
anhydrong sodiinn sulfite, the ehloroform solution was evapara (el
Lo dlryvuess to give the product (see Table I).

Stability of 17-Acetoxy-6-chloro-3-ethylenedioxypregna-4,6-
dien-20-one in Tragacanth.--Subject ketal (100 mg./ml.)
was suspewded in 10 ml of tragncanth (pH 5.4, from the same
sontece as (it nsed for assay purposes).  Aliquots of this snspen-
sion were taken 0, 3, and 5 dayve after preparation.  These ali-
quots were extracted three times with equul volumes of chlori-
form, the total vahune was adjusted w30 mlb., and the nltra-
violet spectrum was determined,  In all instances approximately
B3, of steroid conld be acconnted for as ketal, which was con-
firmed by paper chromatography  with o mechanol-water-
heptane (4:1:5) ) Samples of the chlorofarm extract
partitioned for 90 min. on Whatman paper No. 3 each exhibited
4 single ultraviolet-absorbing spot, with a degree of migration
wdentical with that of eonenrrently partitioned standard ketul
mnd differents from that of parent ketone. (PParallel experiments
with thig ketone, 17-acetoxy-6-chloropregna-4,6-diene-3,20-dione
showed that this ketone also is absorbed into the c¢hlorofarm
layer.)

Acknowledgments.-——We wish  to thank Mr.o J.
Nocera and Dr. J. Fedrick of the Preparations Group
of these laboratories for a supply of 17-acetoxy-6-
chiloro-6-dehydroprogesterone, Mr. C. Pidacks and
staff for the partition chromatographic work, Mr. W,
Fulmor and staff for the spectroscopic and polarimetric
data, and Mr. L. Brancone and staff for the micro-
analytical data.

Studies on Methylglyoxal Bis(guanylhydrazone)!
Analogs. III. Trifluoromethylglyoxal
Bis(guanylhydrazone)? and
1,2-Bis(guanidinoamino)propane®
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In view of the autileukemic activity of inetlyl-
glyoxal bis(guanylhydrazone) (I) and the coniplete
lack of activity of closely related homiologs® and struc-
tural analogs® it appears that steric factors play a

(1) According ta Chemical Alstyacts, the name for this colnpound is 1,17-
{(methyl)ethanediylidenedinitrilo Jdiguanidine.

(2) 1.1'-[(Trifuoromethyl)ethanediylidenedinitrilo]diguanidine.

3) 1,17-[(dethylethylene)diinina Jdiguanidine.

(4) ‘This investigatibn was suppolrted by the Cancer Chemotherapy Nu-
tional Service Center, Natinal Cancer Institute of the National Institutes of
Health, Public Health Servicw, Contrart 3A-43-ph-3025.

(3) E. G. Podrebarac, . 1l. Nyberg, I. A. French, and C. C. Chellg, J.
Med, Chem., 6, 283 (1963).

(6) (a) F. Baiocehi, C. €. Cheng, W. J, Haggerty, Jr., L. R. Lewis, T\ .
Lian, W. II. Nyberz, D. O'Brien, and E. G. Podrebarac, ibid., 6, 431
(1963).  (b) Butane-1.3-liawe bis(guanylhydrazone) sulfate, originally re-
ported by Burness,” was fouml to be inactive in L-1210 systeuwl.

(7} D. M. Burness, J. Org. Chen., 21, Y7 (1956).
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very important role in the structure-activity relation-
ship of this type of compound. This is best illustrated
by the fact that the replacement of the methyl group in
I by an ethy! group resulted in the total loss of oncolytic
activity. It was, therefore, desirable to synthesize
trifluoromethylglyoxal bis(guanylhydrazone) (II) in
order to better understand the relationship between the

NH NH

I I
CH3(|I=NNHCNH2 CF;C=NNHCNH,
HC=NNHCNH.

H(ilzNN HCNH,

NH NH
I II
electronic effect and biological activity in this type of
structure. The close approximation of the size of a
fluorine atom to that of a hydrogen atom keeps the
difference of sterie influence between compounds I and
II to a minimum,

Since a number of alkylglyoxal bis(guanylhydra-
zones) were successfully prepared by the reaction of
aminoguanidine with a dichloromethyl alkyl ketoue,’
an attempt was made to use this route for the prepara-
tion of IT. MeBee and Burton® reported the prepara-
tion of dibromomethyl trifluoromethyl ketone (III)
by the bromination of trifluoroacetone in concentrated
sulfuric acid. Treatment of III with 2 equiv. of amino-
guanidine hydrobromide for an extended period gave
a very low yield of II, isolated as the dihydrobromide

CF;COCHBr; CF;COCH; CF;COCHO
II1 v v

salt, The sulfate of II was similarly prepared from III
and aminoguanidine sulfate. Both products were dif-
ficult to purify. The ultraviolet absorption maxima
for the two were identical (Aom: 304 mgu), yet quite
different from the characteristic absorption for I and
its homologs (\221 283 mu) .5

In view of the analytical difficulties and the “ab-
normal”’ ultraviolet absorption, an attempt was made
to determine whether the products in the foregoing
experiments were actually bis(guanylhydrazones), Tri-
fluoroacetone (IV) was oxidized with selenium dioxide.
The general procedure of Riley and Gray?® for the prepa-
ration of phenylglyoxal and that of Ronzio and Waugh!?
for the preparation of glyoxal was adapted for the
preparation of trifluoromethylglyoxal. The aqueous
solution of trifluoromethylglyoxal (V) thus obtained
was treated in situ with 2 equiv. of aminoguanidine
sulfate. The ultraviolet absorption spectrum of the
solid produet, which melted at 244-246° with decom-
position, was identical with spectra of the previous
runs.

A portion of the product was converted to the free
base by a procedure similar to that deseribed for the
preparation of the free base of 1. The n.m.r. com-
parison of the free bases of I and II further confirmed
the structure of the product as IL.!' Paper chro-
matographic analyses of the free base and different salts
of IT indicated that all these products are fundamentally
identical: R: 0.63 for all four products in 5%, amino-

(8) E. T. McBee and T. M. Burton, J. Am. Chem. Soc., T4, 3902 (1952).

(9) H. A. Riley and A. R. Gray, “Organic Syntheses,'* Coll. Vol. II, John
Wiley & Sons, Inc., New York, N. Y., 1943, p. 509.

(10) A. R. Ronzio and T. D. Waugh, ¢4id., Coll. Vol, III, 1955, p. 438.
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nium bicarbonate (25°, descending) and 0.55 for all four
products in ethanol-water—hydrochloric acid (8:1:1).

For purposes of comparison the guanylhydrazone of
1,1,1-trifluoroacetone was prepared from IV and amino-
guanidine. The product, m.p. 190-191°, had an ultra-
violet absorption maximum at 226 mu (pH 1).

In addition, the closely related tetrahydro analog of
I, 1,2-bis(guanidinoamino)propane (VI),? was prepared
by catalytic hydrogenation of I.

NH

CHaCHNHNH!JJNHZ

H.NHNHCNH,
Uy
VI

Preliminary antitumor evaluation of these com-
pounds indicated that, at a dose of 75 mng./kg., tri-
fluoromethylglyoxal bis(guanylhydrazone) sulfate mon-
ohydrate was not toxic and failed to inhibit the leu-
kemia L-1210 tumor system.'? By comparison, meth-
glyoxal bis(guanylhydrazone) dihydrochloride is active
against 1-1210 at a dose of 20 mg./kg. and is toxic
at 120 mg./kg. Consequently, testing at higher
dosages for the trifiuoromethyl analog is under way.
The sulfate salt of 1,2-bis(guanidinoamino)propane
(VI) 1s toxic at 500 mg./kg. in noninbred, Swiss albino
mice and random-bred albino rats. It is inactive in
sarcoma-180, leukemia I1-1210, and Walker 256
(intramuscular) tumor systems at 125 mg./kg. In
tissue culture studies compound VI has an EDjg
(the dose that causes a 509, inhibition of growth) of
11 y/ml. (slope, 0.52).13

Experimental4

Trifluoromethylglyoxal Bis(guanylhydrazone ) Dihydrobromide.
—To a solution of aminoguanidine hydrobromide [prepared from
38.0 g. (0.28 mole) of aminoguanidine bicarbonate and 47.1 g.
(0.28 mole) of 489, hydrobromic acid] in 100 ml. of water was
added 38.8 g. (0.14 mole) of dibromomethyl triflucromethyl
ketone.$ The mixture wasiwarmed on the steam bath for 8 hr,
A solid slowly deposited when the reaction mixture was allowed
to stand for a period of 4 weeks. The product, after recrystal-
lization from a small amount of ethanol, weighed 8 g. When
heated, it appeared to undergo a phase transition at 160-175°,
giving a solid which decomposed at 235-237°, NE! 304 mu
(€17,500), A2r* 848 mpu (€ 27,800).

Anal. Caled. for CsHoF:Ng-2HBr-1.5H:0: C, 14.1; H
3.28; Br, 37.4; N, 26.3.
N, 26.3.

3

Found: C, 14.1; H, 3.32; Br, 37.4;

(11} The spectra were run on a Varian A-60 high resolution n.m.r. spec-
trometer. The coinpounds were dissolved in trifiucroacetic acid using
tetramethylsilane as an external standard (which introduced a deviation of
+0.2 p.p.m.). In the free base of methylglyoxal bis(guanylhydrazone) (I).
the methyl protons appear as a single sharp peak at 6 = 1.8 p.p.m., and the
aldimine proton as a single sharp peak at § = 7.4 p.p.m.; thisis a normal
chemical shift for the —CH==N-— grouping. The N~H protons appear as a
single broad band at § = 6.4 p.p.m. In the case of the free base of trifiuoro-
methylglyoxal bis(guanylhydrazone) (II), the methyl protons are absent
and the aldimine proton appears at 7.6 p.p.m. The N-H protons appear as
a double band, moderately mixed, but with separate maxima at 3 = 6.7 and
6.9 p.p.m. The area of each band appears to be about the same but the
downfield band (6.9 p.p.m.} is slightly larger.

(12) Dr, Richard H. Adamson, National Cancer Institute, private com-
munication.

(13) Testing work was done by Microbiological Associates, a contract
screener of Cancer Chemotherapy National Service Center.

(14) All melting points (corrected) were taken on a Thomas-Hoover
melting-point apparatus. The ultraviolet absorption spectra were deter-
mined with a Beckman DK-2 spectrophotometer. For carbon and hydrogen
determinations of fluorine-containing compounds, magnesium oxide was
added to combustion tubes; ¢f. A. Steyermark, '‘Quantitative Organic
Micro~Analyses,'* 2nd Ed., Acadeinic Press, New York, N. Y., 1961, p. 222,
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Trifluoromethylglyoxal Bis(guanylhydrazone) Sulfate. A.--
An aqueous solution of dibromomethyl trifluoromethyl ketonc®
and aminoguanidine sulfate® (in the ratio of 1:2) was refluxed
for 5-15 hr. On cooling, the separated solid was filtered and
recrystallized from water. Yields generally were in the range
of 40-709%. The product, which decomposed at ca. 240° and
had a characteristie ultraviolet absorption maximnm of 304 mpu
at pH 1, failed to yield a satisfactory analysis. (Typical analy-
sis: C,18.1; H,3.78; N\, 31.8.)

B.—A mixture of 111 g. of selenium dioxide, 600 ml. of dioxane,
20 ml. of glacial acetic acid, and 20 ml. of water was warmed on
a steam bath for 3 hr. and cooled to room temperatnre. To
the stirred suspension was added 112 g. of trifluoroacetone in one
portion and the reaction mixture refluxed with stirving for 5 hr.
The liquid was separated by filtration and the solid was washed
with two 75-nl. portions of water. The combined filtrate and
washingg were distilled at atmospheric pressnre to o volme of
about 350 ml. The liquid was decanted from a slight amonnt
of precipitated selenium and the volumne was adjusted to about
500 ml. by addition of water. TLead acetate salntion (25551 was
added in slight excess. The lead selenite was removed by
filtratiom and the filtrate was saturated with hydrogen sulfide
th remove all traces of lead. Approximately 20 g. »nf activated
charcoal was added. The mixture was warmed to abont 40°,
filtered with suction, and the colorless filtrate concentrated tu
abonut 300 1inl. This concentrate was added dropwise to a 500-
ml. stirred solution of 2 moles of aminoguanidine sulfate in water
(prepared from 274 g. of aminoguanidine bicarbonate and 98 g.
of sulfuric acid). The resulting turbid solution was refluxed
for 3 hr. and stirved at room temperature for 48 . The yellow
solid which separated (38 g.) decompnsed at ca. 242°. Con-
centration of the filtrate yielded an additional 45 g.  After re-
crystallization from water, it melted at 244-246° dec., AW
304 my (€ 16,600), \IEM 349 1y (€ 26,900),

Anal. Caled. for C;HoFsNs-H.80-Hy): €, 17.0;
X,31.6. Found: C,17.3; H, 3.60; N, 31.9.

Trifluoromethyiglyoxal Bis(guanylhydrazone) (II).—A sus-
pension of trifluoromethylglyoxal bis(guanylhydrazone) sulfate
in water was carefnlly nentralized with dilute sodium hydroxide
at room temperature, and the resnltant solntion was extracted
several times with butanol. The butanal extract was evapo-
rated 7n vacuo to vield a yellow solid which, after recrystalli-
zation from a mixture of 2-propanol and heptane, gave II, m.p.
210° dec., Al 304 my (e 18,7000, A2 348 mp (¢ 21,400).

Anal. Caled. for C:HF:Ns: C, 2527 H, 3.78:
Found: C,25.5; H,4.20; N, 47.0.

1,1,1-Trifluoroacetone Guanylhydrazone Hemisulfate.—To 2
solution of aminoguanidine sulfate, prepared from 40.5 g. (0.30
mole) of aminoguanidine bicarbonate and 15.0 g. (0.153 mole)
of sulfuric acid in 200 ml. of water was added at room tempera-
ture, 33.6 g. (0.30 mole) of 1,1,i-trifioroacetone. The reaction
mixture was stirred at roon: temperature for 2 hr., then warmed
on a steam bath for 3 hr. Addition of approximately 20 ml
of absolute ethanol to the cooled solution caused himmediate
precipitation of a white solid which was isolated by filtration.
The praduct (ahnost gnantitative vield) was washed with a small
quantity of cold absolute ethanol and dried, m.p. 190-191°
(analyzed without further purifications, ML 906 mp (e 15,8003,
AL 248 s (e 15,9000,

Anal. Caled. for CH-F3;N,-0.5H:S0,: €, 22.1: H, 3.69;
N, 25.8. Fouud: C,22.1: H, 4.10; N, 25.0.

1,2-Bis(guanidinoamino)propane Sulfate. A.—A suspension
of 25.7 g. (0.1 mole) of methylglyoxal bis(guanylhydrazone)
dihydrochloride monohiydrate in 250 ml. of 609 acetic acid ¢m-
taining 0.1 g. of platinum oxide was hydrogenated at 4.22 kg. /em 2
for 24 hr. during which time the reaction vessel was intermittently
warnied to about 50°. The theoretical amount of hydrogen was
consumed. The catalyst was removed and the filtrate was
evaporated in vacuo to give a very hygroscopic solid to which
was added 100 ml. of water and 31.1 g. of silver sulfate. The
mixture was shaken far 2 hr. and filtered to remove the silver
chloride. Ethanol was added tu the warmed filtrate until
turbid, and the solntion was allowed to cool slowly.  The produect,
which failed to absorb in the ultraviolet region, was recrystal-
lized from a mixture of water and methanol to give 10 g. of white
solid, n.p. 200° dec.

Anal. Caled. for C:HpsNg-HeS04 €, 21.0; H, 6.30; X,
30.2. Fonnd: ¢, 21.2; H,6.76; N, 30.6.

B.—A suspension of 15 g. of methylglvoxal bis(gnanylhvdra-
zone) sulfate in 200 ml. of 5097 acetie acid containing 1 g. of

H, 3.67:

N, 471
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platinum oxide was hydrogenated nt 65° and 4.22 kg./vm.2
During 3 hr. the caleulated amount of hydrogen was consuined.
The warm solution was filtered, and the filtrate was evaporated
to dryness 1n nacuo.  Recrystallization of the residite from water
vielded 11.5 g. (747 vield) of a white solid which decomnposed
rapidly at 209° with evolution of gas. The infrared absorption
spectra of the products prepared by both methods were identicul.

Anal. Caled. for CHpeNs-HoSO: N, 302, Found: XN,
39,2,
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Pyrimidines. 1V. 2-, 5+, and 2,5-Substituted
Chloropyrimidines
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In our studies on ring-polychlorinated pyrimidines, it
became desirable to prepare a number of analogs with
substituents in the 2-, 5-, and 2,5-positions.

The preparation of the 2-substituted 4,6-pyrimidine-
diols and the corresponding dichloropyrimidines (CHs,?
Co.H; 34 C:H-? and CsH:%) has been reported. Of the
corresponding 4,5,6-trichloropyrinidines, only the 2-
methyl and 2-chloromethyl analogs are known.” In
the 5-substituted barbituric acid and 24,6-trichloro-
pyvrimidine series, the methy]® bromomethyl ¢ ethyl,
sec-butyl,!! and phenyl!2'? derivatives are also known.
5-Propyl- and H-isopropylbarbituric acids had also
been reported.*

In this study ten additional ring-polychlorinated py-
rimidines and the neccssary intermediates will be de-
scribed.  Scheme T indicates the syuthetic sequence
employed.

The appropriate amidine or urea was condensed with
the corresponding ethyl malonate in the presence of
sodium ethoxide to form a 4,6-pyrimidinediol (I),
which was then treated with phosphorus oxychloride,
phosphorus  oxychloride-dimethylaniline, or phos-
phorus oxychloride-pentachloride to yield II. Com-
pounds of ITi and TIj were converted to the 5-hromo-

1P whom vequests for repints should be wawler Bayer Thowpsen
Tastitute fur Plant Resedr:l, Yoankers, N. Y.

(2) J. Baidiley, B. Lythgue, D. MeNeil, amml A R, Todd, J. Chon. Sae.,
383 (1943).

(3) W. Huaber and 11. \. Halsclier, Brr., T1B, 87 (1938).

(1) . R. Henze and J. L. McPlerson, J. Org. Chem., 18, 653 (1353).

(a) 1. R. Henze and & O. Winthrhp, J. Am. Chem. Soc., 79, 2230 (1037).

(8) J. A, Hendry and R. . Hower, J. Chem. Soe., 328 (1952),

() H. Cershon, K. Dicoaer, and R. Braun, /. Ovy. Chem,, 26, 1874
(1961).

(8) O. Uerngross, Ber., 38, 3384 (1804}

) M. Hasegawn, Phuyw. Bull. (Takyo), 1, %87 {1933): Chem. Alsor.,
49, 10970 (1955).

(101 A. v. Merkats, Ber.,, 53B, 864 19195,

(10 AW, Das, . Am. Chem. Soe., B3, 1559 11431).

a2y B L Clase, P Thoarston, and J0 Walker, J. (Yem. S, 300
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(131 0, By Piekey aned S GoAD-Nally, Ul 80 Patent 2,07 82940 (U515,

((4) 11 10 Vadwiler, J. Cpr Chrme S, 47,2236 (1023,
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