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by the conversion of hippuric acid methyl ester info 
thehydrazide. ' ' 

The new pyrazoles (la,b,c) were prepared by using 
the conditions for the preparation of JV'-carbamoyl-
3,5-diphenvlpvrazoles earlier2 and are listed in Tables 
I, I I , and I I I / 

Biological Results.—During a screening study in 
CF-l -S mice (Carworth Farms, 2o-30 g) at 1.5 mmol 
kg, compounds were administered as CMe-cellulose 
suspension. Controls received an equal volume of the 
vehicle. Blood samples (0.05 ml), obtained from retro
bulbar plexuses at 0.3 and 5 hr after dosing, were as
sayed for blood glucose using the method of Hoff
man6 adopted for the technicon autoanalyzer. Com
pounds of the series 3,5-dimethyl-An-carbamoyl-pyra-
zoles, namely, 4-phenylazo-, 4-(2-nitrophenylazo)-, 4-
(3-chlorophenyiazo)-, 4-(2,5-dimethylphenylazo), 4-(2-
methoxyphenylozo)- and 4-(2,5-dichlorophenylazoJ-. 
and of the series 3-methyl-5-phenyl-An- carbamoyl-
pyrazole, viz., 4-(2-nitrophenylazo)-, 4-(4-sulfanilami-
dophenylazo)-, 4-(4-methoxyphenylazo)- were essen
tially inactive." 

Experimental Section 

Melting points were determined on a Kofler hot-stage type 
apparatus. Where analyses are indicated only by symbols of 
the elements, analytical results obtained for those elements were 
within ± 0 . 3 % of the theoretical values. 

3-Arylhydrazono-2,3,4-pentanetriones were obtained by the 
method of Garg and Singh.3 

2-Arylhydrazono-l-phenyl-l,2,3-butanetriones were synthesized 
by the procedure of Garg and Singh.4 

AT1-CarbamoyI(hippuryl-3-methyl-5-methyl)phenyI-4-arylazo-
pyrazoles.—These were prepared by adopting the route of Garg 
and Singh2 used for the preparation of 3,5-diphenyl congeners. 
Characteristics of 3,,">-dimethyl-4-arylazo-A1-carbamoylpyrazoles 
(la), 3-methyl-4-arylazo-5-phenyl-A*1-earbamoylpyrazoles (lb), 
and 3,5-dimethyl-4-arylazo-.YI-hippurylpyrazoles (Ic) are given 
in Tables I, II , and III, respectively. 
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Hexamefhylphosphoric triamide (HEAIPA) is a 
chemosterilant of various vertebrate2 and inverte
brate" animals but its physiological effects and me-
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N o l l , 

tabolism have been studied most, extensively in the house 
fly, Mu.sra domeslka L.4 Though HIvMPA lacks utiy 
apparenl alkylating properties, its eytological effects 
in the reproductive organs of flies are similar to those 
of aziridinyl alkylating agents.411'1' The principal 
metabolic pathway of H E M P A in house flies is its 
demethylation to pentamethylphosphoric triamide (1) 
which is rapidly excreted.41' The demethylation is 
accomplished by microsomal enzymes4 '1 but any further 
demethylation of llie pentamethyl compound is so 
slow that lower methylphosphoric triamides ai'e never 
isolated in substantial quantit ies. Since the penta
methyl compound is almost without, any sterilizing 
activity in house flies, H E M P A itself or its interme
diates during the first demethylation appear to be the 
sterilizing agents. In the previously proposed degrada
tion scheme for HEMPA 5 the formation of formalde-

/ C H , 0 ^CH2OH _C H 0 
[(CH:!)2N]2PON. — [(CH;i)2N]2PON. — 

^CH :, N C H ] 

HEMPA 2 

[(CH;1)2N]2PONHCH, 
1 

hyde was supported by experimental evidence but the 
intermediate hydroxymethyl compound (2) was never 
isolated or synthesized. We have now prepared 2 
by an exceedingly simple procedure, i.e., by treating 
1 with aq C H 2 0 at room temperature. The proper
ties of 2 account for the difficulties connected with its 
previously at tempted isolation and synthesis. Al
though 2 is stable at 2")°. a rapid conversion of 2 into 
3 occurs at elevated temperatures. However, aqueous 

,CH2OH 
2[<CH3)2N]2PON. — 

^CH, 
2 

[(CH;))2N]2PONQ J>NPO[N(CH:,)2]2 + H.,0 + CH20 
CHS CH:( 
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solutions of 2 decompose slowly to 1 even at room tem
perature. The condensation product 3 is thermally 
more stable than 2 but on glpc it decomposes to 1. 
Consequently, glpc analyses of solutions containing 
1, 2, 3, or their mixtures vield onlv peaks corresponding 
f o l . 

Because hexamethylphosphorothioic triamide,6 the 
sulfur analog of HE1MPA, closely resembles the lat ter 
in its sterilizing effect we a t tempted to prepare the 
corresponding hydroxymethyl compound by a reaction 
of pentamethylphosphorothioic triamide (4) with for
maldehyde. However, the only product tha t could 
be isolated from this reaction was the bridged com
pound 5. 
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(1968). 
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NOTES 

[(CH3)2N]2PSNHCH3 —>-

4 
-CH, 
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X C H 3 CHf 

Biological Activity.—The injection dose of H E A I P A 
that reduced the fertility of male house flies by 50% 
(SD50) was 5.67 Mg/ny.7 Formaldehyde, 1, or 3 had no 
sterilizing effect at 5-10 /ig/fly; however, when 2 was 
injected into male flies its SD50 was equal to that of 
HEMPA. The reactive hydroxymethyl group in 2 
may give rise to certain alkylating characteristics. 
Although no color was obtained in the colorimetric 
test with 4-(p-nitrobenzyl)pyridine, a modified pro
cedure with 4-(p-nitrobenzyl) pyridine perchlorate8 gave 
a cranberry red color with 2, 3, and 5. Nevertheless, 
since 1 and 4 (but neither HEMPA nor hexamethyl-
phosphorothioic triamide) gave the same color reaction, 
the hydroxymethyl compound cannot be unequivocally 
designated as an alkylating agent. 

Experimental Section 

Where analyses9 are indicated only by symbols of the elements, 
the analytical results obtained for those elements were within 
± 0 . 4 % of the theoretical values. The identity of the compounds 
was confirmed by ir, pmr, and mass spectra. Ir spectra were 
recorded with a Perkin-Elmer Model 137 Infracord, pmr spectra 
with a Varian HA-100 spectrometer, and mass spectra with a 
CEC 21-110D spectrometer. Company and trade names are 
given for identification purposes only and do not constitute en
dorsement by the U. S. Department of Agriculture. 

N- (Hydroxy methyl )-N ,N', N ',N",N' '-pentamethy lphosphoric 
Triamide (2).—To a flask containing 6.60 g (0.04 mol) of penta-
methylphosphoric triamide (1) and 10 ml of H2O was added 3.56 g 
(0.044 mol) of 37% aq CH 20. The reactants were allowed to 
stand overnight at room temperature. H 2 0 and excess CH2O 
were then removed under vacuum in a rotary evaporator followed 
by direct evacuation with a vacuum pump at room temperature.10 

(7) S. C. Chang and A. B. Bofkovec, / . Econ. Entomol., 59, 1359 (1966). 
(8) R. Preussmann, H. Schneider, and F. Epple, Arzneim. Forsch., 19, 

1059 (1969). 
(9) Microanalyses were by Galbraith Laboratories, Knoxville, Tenn. 
(10) P. E. Alimov and O. N. Fedorova [In. Akad. Nauk SSSH Ser. 

Khim., 1461 (1966) ] used a similar procedure for the preparation of AT-methyl-
olphosphoramidates. 
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The yield of 2 was 7.65 g (98%)- When 97 mg (0.5 mmol) of 
2 was treated with a 2,4-dinitrophenylhydrazine solution, 
formaldehyde 2,4-dinitrophenylhydrazone was formed in a 949c 
yield. The hydroxymethyl compound could not be distinguished 
by glpc from either 1 or 3; neither could these compounds be 
distinguished by tic. The pmr spectrum [(D20) 54.50 (doublet, 
H3CNCH2OD, J" = 13 cps)], mass spectrum (m/e 195, from probe 
with ion source at 100°), and the ir spectrum corresponded to the 
structure of 2. Anal. (C6Hi8N302P) C, H, N, P. 

N, A r"'-Methylenebis [pentamethy lphosphoric triamide] (3). 
—Upon short path distillation of 4.0 g of 2, 3.0 g (85%) of 3 was 
obtained, bp 150° (0.01 mm). The colorless liquid quickly 
solidified to a white, hygroscopic solid. Recrystallization from 
hexane gave a nonhygroscopic solid, mp 78-86° (unimproved by 
further recrystallization). I ts pmr spectrum [(D2O) 54.12 
(triplet, CH3NCH2NCHa, J = 7 cps)], mass spectrum (m/e 342), 
and ir spectrum corresponded to the structure of 3. Anal. 
(Ci,H32N602P2) C, H, X, P. 

When 3 was treated with a 2,4-dinitrophenylhydrazine solu
tion, a quantitative yield of formaldehyde 2,4-dinitrophenyl
hydrazone was obtained. Alternately, 3 was obtained by allow
ing a thin layer of 2 to stand in vacuo over P 2 0 5 for several days. 

Ar,AT'"-Methylenebis [pentamethylphosphorothioic triamide] 
(5).—A solution of 7.24 g (0.04 mol) of 411 in 30 ml of acetone 
(the compound is insoluble in H 20) was mixed with 3.56 g (0.044 
mol) of 37% aq CH2O and allowed to stand for 1 day. Me2CO 
was removed on a rotary evaporator and the H2O and excess 
CH 2 0 were removed as in the preparation of 2, leaving 7.80 g of a 
white waxy solid. Recrystallization from 200 ml of hexane gave 
5.45 g (73%) of 5, mp 122-130° dec. Further recrystallization 
did not improve the melting point. I ts pmr spectrum [(CCU) 
54.75 (triplet, H3CXCH2NCH3 , J = 9.5 cps)] and ir spectrum 
corresponded to the structure of 5. As with 2 and 3, 5 could not 
be distinguished by glpc from its starting material 4. Anal. 
(CnHsaNePaSj) C, H, N, P . 

Oxidation of 2.—When 0.39 g (0.002 mol) of 2 in 10 ml of H2() 
was allowed to react with 0.23 g (0.002 mol) of 30% H202 for 3 
days, conversion into a 1:1 mixture of 1 and A'-[bis(dimethyl-
amino)phosphinyl]-A"-methylformamides occurred. 

Reduction of 2.—In agreement with the LAH reduction of 
A7-[bis(dimethvlamino)phosphinyl]-A'-methylformamide,5 the 
treatment of 0.01 mol of 2 with 0.06 mol of LAH in E t 2 0 or T H F 
gave 1 as the only product. 
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