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

after recrystallization from petroleum ether (t1.p. GO-TO") 
(see Table 11). 
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1 qririrss of inwticid:dlv active tii:tlkvl pvridszinrl phosphates and phosphorothioates was prepared by the reaction of the 
:qq)ro:)ri:Lte p~ioiplioroc,hlorit~atc. with h?;dlou?-pyrida~inones. 

Sinw the introduction of parathion, 

S 

( C z K 5 0 ) k - O  *O,, 

as n potent broad-spcctrum insecticide, there have 
appcared a varicty of other phosphate insecticides 
prcpnrcd from compounds containing an acidic or 
enolizable hvdrogen atom. Of particular interest 
have been derivatives of nitrogen-containing hetero- 
cycles such as Diazinonl 0,O-diethyl 0-(2-isopro- 
ppl - 6 -methyl - 4 - pyrimidyl) phosphorothioate;'" 

S 

and ''I Pyrazoxon' diethyl 3-methyld-pyrazolyl 
phospha t e, * 

0 I1 L7-3 

(CzH50)zP-O ' h 
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-0 
N-P;T 

R 
I 

T(R= H) is a difficultly soluble, high melting mono- 
basic acid which has pK, 7.6 in 90% ethanol (5.7 in 
mater3). Substitution a t  the ( 2 H )  position by alkyl 
or aryl groups does not, affect t'he acidit'y appre- 
ciably, hut the solubility in organic solvents is im- 

( 1 )  Registerd Trademark of J. R.  Gcigy A-G.  
( l ) ( a )  11. Ggsin and A .  Margot, C. S. Patent 2,754,243, 

( 2 )  H. Gysin and A. hIargot, U. S. Patent 2,754,244, J u l y  

( 3 )  A. .2lbert and J. S. Philips, J. Chem. Soc., 1294 (1956). 

July 10, l 9 X  ( to  J. It. Geigy .4.-G.). 

10, 1933 ( to  J. R. Geigy .I.-G.). 

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

(R'O),P--C1+ f H O O O  - 
N-N 

I R S (1) I 

(R '0) 2 ! - o o o  
N-N 

I1 R 
I 

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 (pKa 10-11 in 90% ethanol), and 
they may be recovered in fair yield upon acidifica- 
tion of an alkaline solution. 

Generally the 0,O-dialkyl 0-pyridazinyl phos- 
phorothioates (11) 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 90% ethanol. Reac- 
tions conducted in acetone, met,hyl isobutyl ketone, 
or toluene were not surcessful, 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,O-dimethyl 
phosphorochloridothioate (equation 1, R' = CH,), 
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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TA4BLE I1 
t)-FlYDROXY-3( ~ H ) - P Y R I D A E I ~ o N w S  

H AC) N-? 

R 
Compound Yield Neut. Equiv. 

?;umber R X I' X4.P. % Calcd. Found pK. 

XXV H H H 305.5 dec.O 85 112.1 111.3 7 .61  
XXVI H c1 H 269-272 dec.O 84 146.5 147.4 6.38  

XXVII H Rr Br 325c  96 269.9 265,O 6 . 2  
XXVIII  H CHB H 83 126.1 126.9 8 . 2 8  

X X I X  I3 CsHs H 279-280 !Ne 188.2 200.0 7 . 6  
XXX CHs H H 213.5-2 1.5, 79 126.1 125, (j 7.76 

X X X I  CHj  Br I3r 226-228 97 283.9 282.2  5 . 3  
XXXII  CsH5 H H 268.5-26gg 84 188.2 187.5 7 .57  

X X X I I I  C J I ~  c1 H 274 d e c k \  9 l i  2 2 2 . 6  225.7 6 .44  

d 

XXXIV CsH5 H c1 199-2oojj 222.6 223.2 6 .85  
XXXV p-Rr-CsH4 H H 276 267.1 275.7 7 .65  

XXXVI p-NOz-CsH, H H 278-283 48. l2 233.2 246.8 7 .13  

CHINAO H H 187-18'7.5' 62 211.2 213.7 8.05 

XXXVII CH?OH H H 170 deem 9 3 . P  142.9 141.9 7 .53  

XXXVIII  
LJ 

a Lit. melting points vary in range 260-310". R. R. hlizzoni and P. E. Spoerri J .  Am. Chern. Soc., 76, 2201 (1954) re- 
ported m.p. 265-268". P. Iiuggli and C. Hartman Helt,. Chink. Ac ta ,  3, 506 (1920) reported m.p. 340" dec. d Lit. m.p. 
286.5-287". (Footnote b.) e Anal. Calcd. for C,oH8NzOy: S, 11.89. Found: S, 11.22. f I<. Eichenberger, A. Staehlin :rnd J. 
Druey, Helv.  Chim. Acta, 37, 837 (1954), reported m.p. 210-211'. Q J. Druey et al., Helv. C'him. Acta, 37, 510 (1954), reported 
1n.p. 255-256". Lit. m.p. 255-256" reported by K. hleier et al. (T:tble I, Footnote d ) .  2 The mixture of isomers obtained wa8 
separated first in acetic acid, X X X I I I  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 .  3 K. Meier et al. (Footnote 
h )  reported in.p. 198.5-199'. Sealed 
tube, immersed in bath a t  170'. Formaldehydc \vas evolved, after which the  solid residue melted 301-304" dec. as XXV. * 
See Experimental section for procedure. Prepared according to H. Hellmnnn and I. Loschmann, Angew. Chem., 67,110 (1955) 
who reported m.p. 183". 

Recrystallized from acetic acid. I See Experimental section for alternate procedure. 

I n  reactions of C-substituted pyridaxinones, the 
replacement of one or the other tautomeric hydro- 
gen atoms in I A  

A A 

Ll n 

permits the existence of two 0-acylated isomers. 
Stefanye and Howard5 reported the isolat'ioii of only 
one isomer from reaciions with benzoyl chloride, but 
did not specify which. In the present work, both the 
4- and 5-substitutcd isomers were isolated by re- 
peated fractional crystallization when the ring 
subst'itueiit A was chlorine or phenyl. J17hen h was 
methyl, only one isomer was obt,ained in pure form 
(Table I, Compound VII) ;  a lower melting crude 
fraction was not successfully purified. 

The N-hydroxymethyl derivat,ive (11, R = 
CH20H, R' = C2H,) could not be prepared via the 

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

(5) D. Stefanye and W. 1,. Horard ,  J .  Org. Chem., 19, 115 
(1954). 

general method because the hydroxymethyl group 
of the intermediate pyridazinone (I, R = CH20H) 
was cleaved readily by both acid and alkali. How- 
ever, the desired compound was formed in excellent 
yield by the action of aqueous formaldehyde on the 
parent phosphorothioate (11, R = H, R' = CzHt,). 

Table I shows the compounds of type I1 which 
were prepared, along with their physical properties 
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 
reports6,' that under strongly acidic conditions the 
six-membered cyclic hydrazide forms almost ex- 
clusively, whereas, under other conditions the five 
membered X-aminoimide also results. Thus, 
phenylhydrazine hydrochloride and maleic anhy- 
dride gave I (R = C6H5) in 90% yield, whereas 
phenylhydrazine in acetic acid with maleic anhy- 
dride gave only 52%. 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., 

(7)  Y. A. Baskakov and N. N, Vrl'nikov, Zhur. Obshchei 
73, 1873 (1951). 

Khim., 24, I'216tl954). 



did not affrct t'hc yields appreciably. In  one run 
using hydrazine sulfate to prepare I (11, = 11), 
purification was complicated by the insolubilitv of 
the sulfate in water. The crude reaction products 
ot'tcn cont'ained a strong organic acid impurity, 
nhicah was; convmiently removed by carcful ac4idifi- 
ciitioii of an aqueous solution of the sodium salt, of' 
thc pyridnzinone. 'The acid was believed to be 
fiimarir ticid formed by hydrolysis of the starting 
nnhydridc followed by isomerization of the resulting 
111:ileir arid. Thc yields and physical constant,s of the 
iritcmricdiates arc shown in Table 11. 

I nsecticzrlal nctiuily . The dialkyl pyridaziiiyl 
phosphorothioates (11) were t,ested for insecticidal 
:ictitVity ngzliiist the aphid (Aphis rumicis), tu-o- 
spoi t t d  spider mit8e [Tetranychus telarizcs (L.) 1, 
lurgci milkweed bug (Oncopeltus ,fascintus (Dall.)], 
Ckrman cockroach [Blate/la germanica (L.) 1, coil- 
fused flour beetle (l'ribolium confusum Duv.), and 
t'he Southern army m r m  [Prodenia eridania 
(Cram.) 1. In general, the compounds ~verc potent 
inwcticidcs. For a homologous series, the dicthvl 
esters were more active insect,icidally than the 
corresponding dimethyl esters, followed by the di- 
isopropyl, di-n-propyl, and di-n-butyl esters. This 
is cxwntially in agreement with observations on a 
variety of phosphate insecticides.8 

Usually the compounds having a substit.ueiit on 
the nitrogen atom of the heterocyclic ring were more 
effective than thc unsubstituted derivatives. Sub- 
st'ituents on the phenyl ring ntt,arhed to  this 
iiitrogcn did not appear to affect, t,he nct>i\-it,y to any 
large ext,cnt. On the other hand, substit,ucnts other 
than met'hyl on the 4- or 5- carbon atlom of the 
heterocyelic ring reduced the activity markedly. 
Replacement of the carbonyl oxygen in the 6- 
position with halogen (XLI) gave an active but very 
unstable compound. 

There did not' appear to be any comparabla 
relationship between the insecticidal act,ivity of tmhe 
final phosphorothioate and the PI<, of the int,er- 
mediate heterocycle, such as the Correlation which 
exists in the parathion series between activit>y and 
the acidity of the st'arting p h e n ~ l . ~  

ilclcnowledgments. The biological t'est,s were curl- 
ducted under the direction of Mr. I<. G. Solan and 
Dr. E. L. Clark, and the analyses mere parformed by 
the staff of the llicroanalytical 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,O-DialPyl phosphorochloridothioates. These intermediates 

were prepared by (ahlorination of the appropriate 0,O- 

( 8 )  It. L. Metcalf, Organic Insecticides, Interscience 
Publishers, S e w  York, N. Y. ,  1955, p. 288. 

(9) Ref. (7) ,  p. 289 ff. 
(IO) Msny of the phosphorothioates (11) are very toxic 

to mammals, and due precautions should he wercisrd 
rliiring nny  ~nvertie:rtion o f  t h p i r  1 i r o p ~ r t i p ~ .  

~ 

dialkyl hydrogcn phosy)horodithioates,'2 and were dis- 
tilled I)efore IISC. 

Mule ic  anhydrides. Most of these mere available commer- 
cially. Phenylmaleic anhydride was prepared according to  
the literature.'3,'4 DibromoInaleic anhydride was ob- 
tained from the acid as described, l5 bu t  the dihromonialeic 
acid could not be preparrd from mucobromic acid and nitric 
acid as claimed. Inst,ea.d, i t  was obtained from tetrabromo- 
t,hiophcwe hy  osid:ttion. 

6-Hydrosy-3(~~ti)-p! /r i t lazinones (I) .  General method. The 
procrdure of Mizzoni z h n d  SpoerriY was followed. It %as con- 
vrnierit, to heat the solution of hydrazine salt initially to  95" 
only. Sufficic tit, heat was grncratrd during :iddition of the 
mhydride to  cii i is(' tlie mixturr to rcTn~s. Pure products were 
most re:rdilv obt:iiried by c:trriul acidification of an aqueous 
solution of the sodiuln salt. In a f c ~  cases, the products 
mere also recryst:illized. The results are shown in Table 11. 

3,B-Dichlorcip~~r.idazine (XXXIX). The procedure of 
Rogers and English" gave a 75?5 yield of material, m.p. 
63-69' (lit. m.p. 68-69"). 

\vas modified such that  the sodium hj-drosidc solution was 
heated first to  95". Then SSX1.Y was added portionrise at  a 
rate allon.ing rwction and dissolution hotween each addi- 
t,ion.19 Reaction tiinc: \vas dcwrased to 30 min., after which 
:icidific:ition Tvitli concd. hydrochloric ticid gave a 95.5% 
yield, m.p. 141-141.5" (lit.  m p .  138-140O). ncirit. equiv. 134.5 
(theory 130.5). Itccrystallization from 107; hydrochloric 
acid did not affcct the melting point, biit thc ncut. equiv. 
iinprovt:d to  132.0; pK,, 9.A2. 

B-Hydroxy-R-(p-nitrophenyl)-S(ZH)-pyridazinone (SXS- 
VI). Solid X X S I I  (30.1 g., 0.16 mole) was added portion- 
wise to 300 1111. of fuming nitric acid (sp. gr. 1.5) a t  -5 
to  0". After 1 hr. at, 0" thc clcar red solution was poured 
over crnshcd ire t,o give, 26.5 p. (68(,',) of a yellow solid, m.p. 
278-283'; neiit. rquiv. 228.7 (thcwry 

6-lI!irlros,/-Z-hrjrlro.ci/,,ic/h?jl-3(ZH j-pijridazinone (XSS- 
1'11). Po\vtl(>rrd SSV ( 112.1 g.. 1 r n o l ( ~ )  \vas added to 377,  
nicth:tnol-frcc forn::i.ldohydc sollition (222 g., 2 moles j) 
the t,eiiipemturr rising to 40-50'. The solids dissolved above 
70°,  and the solution \v:is kept :it. 70-75" for 1 hr. On cool- 
ing the solution, 132.2 g. (03vp) of S S V I  crystallized. 

Anal. (Inlcd. for C&?rT~03: C&O, 21.1. Found: 21.0. 
Salts o j  6 - h ~ / d ~ o ~ ~ j - S ( R B ) - p ~ j r i r E a e i n o 1 ~ e s .  The potassium or 

soclium salt,s of I wcrc c.onvenirntly prepared by dissolving 
I i n  a rniriiiniitii volume of watw containing an equivalent 
of alliali and precipitating the salt by addition of three to  
fivo vo1iirnc.s of :wetoile or ethanol. 

O,O-Din/biilO-( 1,6-dih!jrlro-6-oxo-~~-p~,~irlnainyl) phosphoro- 
thionles (11). llelhorl .4. Anhydrous sodinm carbonate (0.1 
mole) and I (0.1 molr) n-cr(\ suspended in 150 ml. of di- 
niethylformaniidc. The O,O-dialkyl phosphorochloridothio- 
iitc (0.1 mole) \V:E atldcd rill :it once and tho mistiire was 

6-Ckloio-.7-pyridazinoI (XL).  The method of Druep et 

(11) The melting points w r e  taken in a Hirschtmg 

(12) J. H. Fletcher st al., J .  ' 4 i n .  Cheni. Soc., 72, 2461 

(13) E. Baer and 11. Kates, J .  .4?n. Ch,em. Soc., 67, 1482 

(14) C. S. Rondestvedt and A. H. Filbey, J .  Org. (%em., 

115)  0. I h l s  and M. Reinbeck, Ber., 43, 1271 (1910). 
(16) A. Angeli and G. Ciarnicittn, Ber., 74, 76 (1891). 
(17) AI. M. Rogers and J. P. English, U. S. Patmt,  2,671 ,- 

086, March 2, 1951 ( to  American Cj-anamid Co.). 
(18) J. Uruey, I<. lfeier, and I<. Eichenberger, Helv. 

Chim. Acta, 37, 121 (1954). 
(19) This reaction was uncontrollably exothermic when 

the reactants were mixed at room temperature and then 
he:itfvl t.o reflux. 

apparatus, and are uncorrected. 

(1950). 

(1945). 

19,119(1054). 
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allowed to stir at room temperature overnight. h slow risc 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 uucuo. The vis- 
cous residue wrts treated with 100-200 ml. toluene and 
filtered again, to recovc'r unchanged I. The toluene solit- 
tion was washed with 10% 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,O-dialkyl phosphorochloridothioate were used. 
Otherwise the procedure was the same as in Method 4. 

Method C. Equimolar amounts of potassium hydroxide and 
I were dissolved in a minimum volume of water. Thcn a 
10% cxcess of 0,O-dialkyl phospliorochloridothioate was 
added and the emulsion was stirred vigorously for 3 to 
4 hr. The mixture was treated with an equal volumc of 
toluene and filtered to  remove unrracted I. The two-phase 
filtrate was separated and the aqueous portion was extracted 
with additional toluene. Evaporation of the organic solution 
vielded crystalline product. Acidification of the aqueous 
portion gave additional I. 

The compounds (11) prepared are shown in Table I. In  
most cases i t  was possible to  recover sufficient I from the 

reaction mixtures to bring the msterial balance of starting 

0,O-Disth yl 0-( 6-chloro-3-pyridazinyl) phosphorolhiocile (X-  
LI). XLI  was obtained in 45(Yo yield from XL by Method C. 
After recrystallization from heptane-ether, a m.p. 36.5- 
47.5' was observed. 

Anal. Calcd. for C8H&1?;20J'S: P, 10.9G Found: P, 10.56. 
XLI  changed to a green gum on standing overnight in air, 

and rven samples stored under nitrogen in the dark 
turned green after several months. The decomposed mixture 
no longer dissolved completely in ether. 

0,O-DiethyZ O- [1,6-dihvdro-l-( h~~droxyme/hyl)-6-oxo-3-p~~ri- 
clazinyl] phosphorothioate (XVI).  IV (31.7 g., 0.1'7 mole) 
was added to  37% methanol-free formaldehyde solution 
(39.0 g., 0.48 mole) t o  give a thick white paste. Two im- 
miscible liquid layers appeared above 49", and thc mixture 
was heated a t  70-72" for 2 hr. The mixture was cooled and 
the lower organic layer was srparated. The aqueous portion 
was ext)racted with ether and the latter combined with the 
main organic fraction. This was then mashed repeatedly with 
saturated sodium chloride solution and dricd. 1Zeinovnl of the 
solvent in Vacuo yielded crystalline product, which after 
extensive drying in vacuo over calcium chloride, showwl :t 
formaldehyde content of 10.7% (theory 10 .2~o) .  

I to 9O-950/,. 
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The Use of N,N-Dimethylformamide in the Carbon Disulfide Ring Closure of 
4,5-Diamin~pyrimidines~ 

RUDOLF W. BALSIGER, ALAN L. FIKES, THOMAS P. JOHNSTON, AND JOHN A.  MONTGOLIERI' 

Rewived January 24, 1961 

An improved procedurtx for the preparation of purinc4thiols by the reaction of 4,5-diaminopyrirnidines with carbon di- 
siilfide in N,,+r-dimethylformamide is described. Application of this procedure to 4,5-dianiinopyrimidines containing a group 
in the 6-position susceptible to nucleophilic 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 cloeiire for the preparation of other heterocyclic systems is also demonstrated. 

It beramc necessary to prepare some purine-8- 
thiols (111) as intrrmediates in the synthrsis of 
hemisulfur mustard derivatives of purines3 which 
might prove to be of interest as anticancer agents. 

Purine-%thiols are most commonly prepared 
form 4,5-diaminopyrimidines by  reaction with 
carbon disulfide in pyridine4j5 or fusion with thio- 
 rea.^-^ In an effort to improve the preparation of 

(1  ) Affiliated with the Sloan-Thttering 1nst)itiite. 
(2 )  This investigation was supported by the C. F.  KPtter- 

ing Foundation and the Cancer Chemot,herapy hTational 
Srrvice Center, Ntitional Cancer Institutr, National In- 
stitutes of Hodth,  contract no. S.I 43-ph-1740. 

( 3 )  R. W. Rnls ipr ,  A. I.. Filtes, C. I,. KuPsncr, T. P. 
Johnston, and -1. A .  Lforitgomerp, Abstr. qf the 137th Meeting 
of the ,41n. ChPm. Soc., Cleveland, April, 1960, p. 2N. 
(1) A. TI. Cook and E. Smith. J .  Chem. SOC., 3001 (1049). 
( 5 )  R. R. Baker, ,J. P. Joseph, and R. E .  Schaub, J .  Org. 

(6)  0. h a y ,  Ber., 39, 250 (1006). 
( 7 )  A. Albert and D. J. Brown, J .  Chem. SOC., 2060 

( 8 )  TI. J. Brown and S. F Mason, J. Chem. Soc., 682 

Chem., 19, 631 (1954). 

(1954). 

(1'357). 

purine-&thiol (IIIa)6.7 itself, the reaction of 4 3 -  
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 literature7 
encouraged 11s to attempt to extend the application 
of this procedure. A good yield of 9-ethyl-9H- 
purine-8-thiol (IIIb) was obtained from 5-amino-4- 
cthylaminopyrimidine (Ib),l0 but when the pro- 
cedure was npplied to  4,5-diamino-6-chloropyrimi- 
dine (IC) ,11 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. lshidate and H. Yuki, Phurm. Ritll. ( T o k y o ) ,  5 ,  

(10) J. A. hlontgomery and C. Temple, J .  .4m. Che7n. 

(11) 12. K. Robins, K. J. Dillr, C. H. Willits, and €3. E. 

230 (1957). 

Soc., 79, 5238 (1957). 

Christensen, J. Am. Chem. Soc., 75, 263 (1953). 


