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200° at 2 mm. and 1.0 g. of tarry residue. On redistillation,
the 2-phenethyl-pyrazine hoiled at 118-121° at 2 mm. A
sample of this material was reduced by treatment with so-
dium in ethanol to 2-phenethylpiperazine, m.p. 101-102°

DU BREUIL
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after recrystallization from petroleum ether (h.p. 60-70°)
(see Table II),

PrrrsBURGH 13, Pa.

[CoNTRIBUTION FROM THE CHEMICAL RESEARCH DEPARTMENT, AGRICULTURAL Division, AMerican Cryavavin Co.

Synthesis of Pyridazinyl-Substituted Phosphorothioate Esters
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A series of inseeticidally active dialkyl pyridazinyl phosphates and phosphorothioates was prepared by the reaction of the

appropriate phosphorochloridate with hydroxypyridazinones.

Since the introduction of parathion,

S
(
(CszO) ZP—O _@—NOZ)

as a potent broad-spectrum insecticide, there have
appeared a variety of other phosphate insecticides
prepared from compounds containing an acidic or
enolizable hydrogen atom. Of particular interest
have been derivatives of nitrogen-containing hetero-
cveles such as Diazinon! 0,0-diethyl O-(2-isopro-
pyl-6 - methyl - 4 - pyrimidyl) phosphorothioate;!®

S CH,
| {={
(CgHsO)zP—O N\ N,
N
CH(CHa)a
and *Pyrazoxon! diethyl 3-methyl-5-pyrazolyl

phosphate,?

0

I T CHs
(C.H50),P~-0 l N

N
H

In our laboratories, interest has centered on the
derivatives of 6-hydroxy-3(2H)-pyridazinone, more
commonly known as maleic hydrazide (I, R=H):

HO—<=>=O

Ny
R

I

I(R=H) is a difficultly soluble, high melting mono-
basic acid which has pK. 7.6 in 909, ethanol (5.7 in
water?), Substitution at the (2H) position by alkyl
or aryl groups does not affect the acidity appre-
ciably, but the solubility in organic solvents is im-

(1) Registered Trademark of J. R. Geigv A.-G.

(IXa) H. Gysin and A. Margot, U. S. Patent 2,754,243,
July 10, 1956 (to J. R. Geigv A.-G.).

(2) H. Gysin and A. Margot, U. S. Patent 2,754,244, July
10, 1956 (to J. R. Geigy A.-G.).

(3) A. Albert and J. N. Philips, J. Chem. Soc., 1294 (1956).

proved. As expected, these compounds react simi-
larly to phenols with 0,0-dialkyl phosphorochlorido-
thioates (equation 1):

s
T =
(R'0),P—C1 + HO—<—>=O base
N-N
1 & |sI L
(R’O)ZP-—O—<=>=O
i
I R

The products obtained are usually crystalline
solids, soluble in organic solvents other than the
paraffinic hydrocarbons, and essentially insoluble
in water. When R=H, the phosphorothioates are
weakly acidic (pK. 10-11 in 909, ethanol), and
they may be recovered in fair yield upon acidifica-
tion of an alkaline solution.

Generally the 0,0-dialkyl O-pyridazinyl phos-
phorothioates (II) were prepared according to
equation 1, using anhydrous sodium carbonate as
the base in N,N-dimethylformamide (DMF) or 1-
methyl-2-pyrrolidone (NMP). In some cases the
preformed sodium salts of I were used, and, in fact,
these were preferred for those pyridazinones having
pK. values of 8.5 or higher in 909 ethanol. Reac-
tions conducted in acetone, methyl isobuty! ketone,
or toluene were not successful, possibly due to the
extreme insolubility of the starting heterocycles.
Dioxane and tetrahydrofuran appeared to dissolve
small amounts of maleic hydrazide, but the desired
products were not isolated from reactions conducted
in these solvents. Reactions utilizing 0,0-dimethyl
phosphorochloridothioate (equation 1, R’ = CHjy),
were conducted in water with an equivalent of
potassium or sodium hydroxide, since in dimethyl-
formamide or 1-methyl-2-pyrrdidone this phos-
phorochloridothioate reacted preferentially and
violently with the solvents. It is possible that higher
homologs also reacted with the solvents to some ex-
tent, and this competing reaction may account in
part for the low yields obtained in many of the
preparations.*
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TABLE II
6-Hyproxy-3(2H)-PYRIDAZINONES
XYy
H \ =0
Mo
R
Compound Yield Neut. Equiv.
Number R X Y M.P. % Caled. Found rK.
XXV H H H 305.5 dec.? 85 112.1 111.3 7.61
XXV1 H Cl H 269-272 dec.? 84 146.5 147 .4 6.38
XXVII H Br Br 325°¢ 96 269.9 265.0 6.2
XXVIII H CH, H a 83 126.1 126.9 8.28
X)’(IX H CeH; H 279-280 99° 188.2 200.0 7.6
XXX CH; H H 213.5-2157 749 126.1 125.6 7.76
XXXI CH; Br Br 226-228 97 283.9 282 2 5.3
XXXII CeHs H H 268 .5-2699 84. 188.2 187.5 7.57
XXX'IH CsH; Cl H 274 dec."l 91°* 222.6 225.7 6.44
XXX1V CeH; H Cl 199—200jj 222.6 223.2 6.85
XXXV p-Br-C¢H, H H 275 84F% 267.1 275.7 7.65
XXXVI »-NO.-C¢H, H H 278-283 48.1¢ 233.2 246.8 7.13
XXXVII CH.OH H H 170 dec.™ 93.27 142.9 141.9 7.53
B /
XXXVIIT CHzN\__/O H H 187-187.5° 62 211.2 213.7 8.05

¢ Lit. melting points vary in range 260-310°, ? R. R. Mizzoni and P. E. Spoerri J. Am. Chem. Soc., 76, 2201 (1954) re-
ported m.p. 265-268°. ¢ P. Ruggli and C. Hartman Helv. Chim. Acta, 3, 506 (1920) reported m.p. 340° dec, ¢ Lit. m.p,
286.5-287°. (Footnote b.) ¢ Anal. Caled. for C;HN,O,: N, 14.89. Found: N, 14.22. 7 K. Eichenberger, A. Staehlin and J,
Druey, Helv. Chim. Acta, 37, 837 (1954), reported m.p. 210-211°. ¢ J. Druey et al., Helv. Chim. Acta, 37, 510 (1954), reported
m.p. 255-256°. * Lit. m.p. 255-256° reported by K. Meier ef al. (Table I, Footnote d). * The mixture of isomers obtained was
separated first in acetic acid, XX XIII being insoluble. Thereafter, each isomer was purified by fractional recrystallization
from ethanol and methanol. XXXIV was five times more soluble in these solvents than XXXIII. 7 K. Meier et al. (Footnote
h) reported m.p. 198.5-199°. ¥ Recrystallized from acetic acid. ! See Experimental section for alternate procedure. ™ Sealed
tube, immersed in bath at 170°. Formaldehyde was evolved, after which the solid residue melted 301-304° dec. as XXV. ®
See Experimental section for procedure. ¢ Prepared according to H. Hellmann and I. Loschmann, Angew. Chem., 67, 110(1955)
who reported m.p. 183°.

general method because the hydroxymethyl group
of the intermediate pyridazinone (I, R = CH,OH)
was cleaved readily by both acid and alkali. How-
ever, the desired compound was formed in excellent

In reactions of C-substituted pyridazinones, the
replacement of one or the other tautomeric hydro-
gen atoms in TA

A 4 vield by the action of aqueous formaldehyde on the
=5 . :g[—‘} parent phosphorothioate (II, R = H, R’ = C.Hj).
HO \e_1/ 0 ~ o=, OH Table I shows the compounds of type II which
N ﬁ ’ IIEII N were prepared, along with their physical properties

permits the existence of two O-acylated isomers.
Stefanye and Howard?® reported the isolation of only
one isomer from reacgions with benzoyl chloride, but
did not specify which. In the present work, both the
4- and 3-substituted isomers were isolated by re-
peated fractional crystallization when the ring
substituent A was chlorine or phenyl. When A was
methyl, only one isomer was obtained in pure form
(Table I, Compound VII); a lower melting crude
fraction was not successfully purified.

The N-hydroxymethyl derivative (II, R =
CH,OH, R’ = C:H;) could not be prepared via the

(4) The analogous reaction of acyl halides with dimethyl-
formamide is a complex one, which has been studied by
G. M. Coppinger, J. 4m. Chem. Soc., 76, 1372 (1954) and
H. K. Hall, Jr., J. Am. Chem. Soc., 78, 2717 (1956).

(5) D. Stefanye and W. I.. Howard, J. Org. Chem., 19, 115
(1954),

and analyses.

The intermediate 6-hydroxy-3(2H)-pyridazinones
(I) were prepared by the reaction of the appro-
priately substituted maleic anhydrides with hydra-
zine salts in refluxing water. Our work substantiated
reports®’ that under strongly acidic conditions the
six-membered cyclic hydrazide forms almost ex-
clusively, whereas, under other conditions the five
membered N-aminoimide also results. Thus,
phenylhydrazine hydrochloride and maleic anhy-
dride gave I (R = CgHj) in 909, yield, whereas
phenylhydrazine in acetic acid with maleic anhy-
dride gave only 529,. Use of excess hydrazine salt,
longer heating periods, or smaller volumes of water

(6) R. H. Mizzoni and P. E, Spoerri, J. Am. Chem. Soc.,
73,1873 (1951).

(7) Y. A. Baskakov and N. N, Mel’nikov, Zhur. Obshchei
Khim,, 24, 1216 (1054).
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did not affect the yields appreciably. In one run
using hydrazine sulfate to prepare I (R = H),
purification was complicated by the insolubility of
the sulfate in water. The crude reaction products
often contained a strong organic acid impurity,
which was conveniently removed by careful acidifi-
cation of an aqueous solution of the sodium salt of
the pyridazinone. The acid was believed to be
fumaric acid formed by hydrolysis of the starting
anhydride followed by isomerization of the resulting
maleic acid. The yields and physical constants of the
intermediates are shown in Table IT.

Insecticidal  activity. The dialkyl pyridazinyl
phosphorothioates (II) were tested for insecticidal
activity against the aphid (Aphis rumices), two-
spotted spider mite [Tetranychus telarius (L.)],
large milkweed bug (Oncopeltus fasciatus (Dall.)],
German cockroach [Blatella germanica (L.)], con-
fused flour beetle (Tribolium confusum Duv.), and
the Southern army worm [Prodenia eridania
(Cram.)]. In general, the compounds were potent
insccticides. Tor a homologous series, the diethyl
esters were more active insecticidally than the
corresponding dimethyl esters, followed by the di-
isopropyl, di-n-propyl, and di-n-butyl esters. This
1s essentially in agreement with observations on a
variety of phosphate insecticides.?

Usually the compounds having a substituent on
the nitrogen atom of the heterocyclic ring were more
effective than the unsubstituted derivatives. Sub-
stituents on the phenyl ring attached to this
nitrogen did not appear to affect the activity to any
large extent. On the other hand, substituents other
than methyl on the 4- or 5- carbon atom of the
heterocyclic ring reduced the activity markedly.
Replacement of the carbony! oxygen in the 6-
position with halogen (X1LI) gave an active but very
unstable compound.

There did not appear to be any comparable
relationship between the insecticidal activity of the
final phosphorothioate and the pK, of the inter-
mediate heterocycle, such as the correlation which
exists in the parathion series between activity and
the acidity of the starting phenol.®

Acknowledgments. The biological tests were con-
ducted under the direction of Mr. K. G. Nolan and
Dr. E. L. Clark, and the analyses were performed by
the staff of the Microanalytical Group under the
direction of Dr. J. A. Kuck. The author is indebted
to Dr. G. A. Johnson for many helpful discussions
and suggestions.

EXPERIMENTAL!!

0,0-Dialkyl phosphorochloridothioates. These intermediates
were prepared by chlorination of the appropriate 0,0-

(8) R. L. Metcalf, Organic Insecticides,
Publishers, New York, N, Y., 1955, p. 288,

(9) Ref.(7), p. 289 ff.

(10) Many of the phosphorothioates (II) are very toxic
to mammals, and due precautions should be exercised
during any investigntion of their properties:

Interscience
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dialkyvl hydrogen phosphorodithioates,’? and were dis-
tilled before use.

Maleic anhydrides. Most of these were available commer-
cially. Phenylmaleic anhydride was prepared according to
the literature.!®!* Dibromomaleic anhydride was ob-
tained from the acid as described,* but the dibromomaleic
acid could not be prepared from mucobromic acid and nitric
acid as claimed. Instead, it was obtained from tetrabromo-
thiophene by oxidation.1s

- 6-Hydrozy-3(2H )-pyridazinones (1). General method. The
procedure of Mizzoni and Spoerri® was followed. It was con-
venient to heat the solution of hydrazine salt initially to 95°
only. Sufficient heat was generated during addition of the
anhydride to cause the mixture to reflux. Pure products were
most readily obtained by careful acidification of an aqueous
solution of the sodium salt. In a few cases, the products
were also recrystallized. The results are shown in Table II.

3,6-Dichloropyridazine (XXXIX). The procedure of
Rogers and English? gave a 759 yield of material, m.p.
63-69° (lit. m.p. 68-69°).

6-Chloro-3-pyridazinol (XL). The method of Druey et al.'8
was modified such that the sodium hydroxide solution was
heated first to #5°. Then XXXIX was added portionwise at a
rate allowing reaction and dissolution between each addi-
tion.!? Reaction timne was decreased to 30 min., after which
acidification with coned. hydrochloric acid gave a 95.59,
vield, m.p. 144-144.5° (lit. m.p. 138-140°), neut. equiv. 134.5
(theory 130.5). Rceerystallization from 109, hydrochloric
acid did not affect the melting point, but the neut. equiv.
improved to 132.0; pK, 9.62.

6-Hydroxy-2-(p-nitrophenyl)-3(2H )-pyridazinone (XXX-
VI). Solid XXXII (30.1 g., 0.16 mole) was added portion-
wise to 300 ml. of fuming nitric acid (sp. gr. 1.5) at —5
to 0°. After 1 hr. at 0° the clear red solution was poured
over erushed ice to give 25.5 g. (687%) of a vellow solid, m.p.
278-2837; neut. equiv. 228.7 (theory 233.2).

6-Hydroxy-2-hydrorymethyl-3(2H -pyridazinone (XXX-
VII). Powdered NXV (1121 g., t mole) was added to 37%
nicthanol-free formaldehyvde solution (222 g., 2 moles),
the temperature rising to 40-50°. The solids dissolved above
70°, and the solution was kept at 70-75° for 1 hr. On cool-
ing the solution, 132.2 g. (937%) of NXXVT crystallized.

Anal. Caled. for C;HeNO;: CHL0, 21,1, Found: 21.0.

Salts of 6-hydroxy-8(2H)-pyridazinones. The potassium or
sodium salts of T were conveniently prepared by dissolving
Iin a minimum volume of water containing an equivalent
of alkali and precipitating the salt by addition of three to
five volumes of acetone or ethanol.

0,0-Dialkyl O-(1,6-dihydro-6-oxo-3-pyridazinyl) phosphoro-
thioales (II). Method 4. Anhydrous sodium earbonate (0.1
mole) and I (0.1 mole) were suspended in 150 ml. of di-
methylformamide. The 0,0-dialkyl phosphorochloridothio-
ate (0.1 mole) was added all at once and the mixture was

(11) The melting points were taken in a Hirschherg
apparatus, and are uncorrected.

(12) J. H. Fleteher ot al., J. Am. Chem. Soc., 72, 2461
(1950).

(13) E. Baer and M. Kates, J. 4wm. Chem. Soc., 67, 1482
(1943).

(14) C. 8. Rondestvedt and A. H. Filbey, J. Org. Chem.,
19, 119 (1054).

(15) O. Diels and M. Reinbeck, Ber., 43, 1271 (1910).

(16) A. Angeli and G. Ciamician, Ber., 74, 76 (1891).

(17) M. M. Rogers and J. P. English, U. S. Patent 2,671,-
086, March 2, 1954 (to American Cyanamid Co.).

(18) J. Druey, K. Meier, and K. Eichenberger, Helv.
Chim. Acta, 37, 121 (1954).

(19) This reaction was uncontrollably exothermic when
the reactants were mixed at room temperature and then
heated to reflux,
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allowed to stir at room temperature overnight. A slow rise in
temperature to 35-40° usually occurred during the first 2
hr., and a very fine precipitate of sodium chloride could
be observed. The mixture was filtered with the aid of Hyflo
and solvent was removed from the filtrate in vacuo. The vis-
cous residue was treated with 100-200 ml. toluene and
filtered again, to recover unchanged I. The toluene solu-
tion was washed with 109, sodium carbonate solution until
the washings gave no precipitate when acidified. Finally
solvent was allowed to evaporate in an air stream, where-
upon the product usually crystallized.

Method B. Equimolar quantitics of the sodium salt of I
and 0,0-dialkyl phosphorochloridothicate were used.
Otherwise the procedure was the same as in Method A.

Method C. Equimolar amounts of potassium hydroxide and
I were dissolved in a minimum veolume of water. Then a
109, cxcess of 0,0-dialkyl phosphorochloridothioate was
added and the emulsion was stirred vigorously for 3 to
4 hr. The mixture was treated with an equal volume of
toluene and filtered to remove unreacted 1. The two-phase
filtrate was separated and the aqueous portion was extracted
with additional toluene. Evaporation of the organic solution
vielded erystalline product. Acidification of the aqueous
portion gave additional 1.

The compounds (II) prepared are shown in Table I. In
most cases it was possible to recover sufficient I from the

BELSIGER, FIKES, JOHNSON, AND MONTGOMERY
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reaction mixtures to bring the material balance of starting
I to 90-95%,.

0,0-Diethyl O-(6-chloro-3-pyridazinyl) phosphorothioate { X -
LI). XLI was obtained in 459, yield from XL by Method C.
After recrystallization from heptane-ether, 2 m.p. 46.5-
47.5° was observed.

Anal. Caled. for CsH2CIN:0;PS: P, 10.96 Found: P, 10.56.

XLI changed to a green gum on standing overnight in air,
and even samples stored under nitrogen in the dark
turned green after several months. The decomposed mixture
no longer dissolved completely in ether.

0,0-Diethyl O-{1,6-dihydro-1-(hydroxymethyl)-6-oxo-3-pyri-
dazinyl] phosphorothioate (XVI). IV (31.7 g., 0.12 mole)
was added to 379 methanol-free formaldehyde solution
(39.0 g., 0.48 mole) to give a thick white paste. Two im-
miscible liquid layers appeared above 49°, and the mixture
was heated at 70-72° for 2 hr. The mixture was cooled and
the lower organic layer was separated. The aqueous portion
was extracted with ether and the latter combined with the
main organic fraction. This was then washed repeatedly with
saturated sodium chloride solution and dried. Removal of the
solvent in vacuo yielded crystalline product, which after
extensive drying in vacuo over caleium chloride, showed a
formaldehyde content of 10.79, (theory 10.2%).

Stamrorp, CoNN.

[CoNTRIBUTION FROM THE KETTERING-MEYER LABORATORY,! SOUTHERN RESEARCH INSTITUTE]

The Use of N,N-Dimethylformamide in the Carbon Disulfide Ring Closure of
4,5-Diaminopyrimidines?

RUDOLF W. BALSIGER, ALAN L. FIKES, THOMAS P. JOHNSTON, anp JOHN A. MONTGOMERY

Recetved January 24, 1961

An improved procedure for the preparation of purine-8-thiols by the reaction of 4,5-diaminopyrimidines with carbon di-
sulfide in N,N-dimethylformamide is described. Application of this procedure to 4,5-diaminopyrimidines containing a group
in the 6-position susceptible to nueleophilic attack resulted in intramolecular displacement of this group by the intermediate
dithiocarbamate anions to give thiazolo[5,4-d] pyrimidine-2-thiols.

The general utility of this ring closure for the preparation of other heterocyclic systems is also demonstrated.

It became necessary to prepare some purine-8-
thiols (ITI) as intermediates in the synthesis of
hemisulfur mustard derivatives of purines® which
might prove to be of intcrest as anticancer agents.

Purine-8-thiols are most commonly prepared
form 4,5-diaminopyrimidines by reaction with
carbon disulfide in pyridine*® or fusion with thio-
urea.’=% In an effort to improve the preparation of

(1) Affiliated with the Sloan-Kettering Institute.

(2) This investigation was supported by the C. F. Ketter-
ing Foundation and the Cancer Chemotherapy National
Service Center, National Cancer Institute, National In-
stitutes of Health, contract no. SA 43-ph-1740.

(3) R. W. Balsiger, A. L. Fikes, C. I.. Kussner, T. P.
Johnston, and J. A. Montgomery, Abstr. of the 137th Meeting
of the Am. Chem. Soc., Cleveland, April, 1960, p. 2N.

(4) A. H. Cook and E. Smith, J. Chem. Soc., 3001 (1949).

(5) B. R. Baker, J. P. Joseph, and R. E. Schaub, J. Org.
Chem., 19, 631 (1954).

(6) O. Isay, Ber., 39, 250 (1906).

(7) A. Albert and D. J. Brown, J. Chem. Soc., 2060
(1954).

(&) D. J. Brown and S, F. Mason, J. Chem. Soc., 682
(1957).

purine-8-thiol (II1a)®7 itself, the reaction of 4,5-
diaminopyrimidine (Ia) and carbon disulfide in
N,N-dimethylformamide was investigated and,
indeed, an almost quantitative yield of the purine
was obtained in this manner. This marked improve-
ment in yield over that reported in the literature’
encouraged us to attempt to extend the application
of this procedure. A good yield of 9-ethyl-9H-
purine-8-thiol (ITIb) was obtained from 5-amino-4-
ethylaminopyrimidine (Ib),'® but when the pro-
cedure was applied to 4,5-diamino-6-chloropyrimi-
dine (Ie),!! the expected product—6-chloropurine-
8-thiol-—was not obtained. Instead, a compound
containing no chlorine was isolated in good yield.
The same compound resulted when 4,5-diamino-6-

(9) M. Ishidate and H. Yuki, Pharm. Bull. (Tokyo), 5,
240 (1957).

(10) J. A. Montgomery and C. Temple, J. Am. Chem.
Soc., 79, 5238 (1957).

(11) R. K. Robins, K. J. Dille, C. H. Willits, and B. E.
Christensen, J. Am. Chem. Soc., 75, 263 (1953).



