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(0.03y0; 1-ml. aliquot of R bolution containing 0.050 g. of 
silver nitrate in 100 nil. of o.\ygcn-frre water). 

Procedure C: Phenyl vinyl krtonr, 2.0 g ; 0RR soap, 3 6 
g. (2.8% solution, 5 5 i ) :  pa ium pcibulfate, 0.0075 g. 
(ab in procedure A ‘Lbove). 

Procedure D: Phenyl vinyl ketotic, 2.0 g.; ORR soap, 5.4 
g. (2.8(70 solution, 7.5%); potassium persulfate, 0.004 g. 
(0.2(;4; 3-mI. aliquot of a solution containing 0.133 g. of 
potassium persulfate in 100 ml. of oxygen-free water). 

1’c.rtiricnt infrared bands (chloroform): 3000; 2905; 1677 
( A r c - 0 ) ;  1603, 1585 (aromuttc), 1453; 1263; 1225; 1005; 
!E6, 605 cm.-1 

Anal  Calcd. for (CsH,O),,: C, 81.79; H, 6.10. Found: 
81.81, 81 83: €1, 6.28, 6 24. 

Itepresen tativc results of these polymerizations are re- 
cortled 111 Table v 

Anionic  polynzerizalzon of phenyl z w y l  ketone. All anionic 
polymerizations w ~ r r  perfornicd as follows: A mixturc of 
25 ml. of the solvent and the initiator wm placcd in a 50- 
ml. flask and brought to the desired polymerization tempcra- 
ture. To this mixture, 2.0 g. of monomer was added at  once 
and the rraction mixtures allowed to warm to room tem- 
perature. In runs using dimethylformamide, solution of 
the monomer did not occur until the solvent melted as it 
warmed to room tempcraturci. The polymers were isolated 
from the indicated solvcnts by use of the following tech- 
niqucs: (a) Liquid ammonia: ammonia allowed to evaporate 
and residue diqsolved in bcnzcnr; ( b )  Tetrahydrofuran: 
reaction mixture piec4pitated by pouring into water; (c) 
I)imetiiylformamide: reaction mixturr precipitated by 
pouring into isopropyl alcohol; (d) Dimethylsulfoxidc: 
reaction misture prccipitatcd by pouring into isopropyl 
alcohol. Purification was accomplished as previously de- 
scribed. The results of these polymerizations are recorded 
in Table VI. 

Copolynaer of phenyl vznyl ketone und phenyl vinyl kdoxime. 
Polyphenyl vinyl ketone (0.39 g., 0.003 mole) in 50 ml. of 
dioxane, hydroxylaminr hydrochloride (2.09 g., 0.030 mole) 
in  30 ml. of dioxanc to 50 ml. of cthaml, and anhydrous 
sodium acetate (2.46 g., 0.030 mole) in 20 ml. of dioxane to 
50 ml. of ethanol were mixed and allowed to stand at  room 
temperature for 52 days. The inorganic precipitate uas 
removcd h y  filtration arid the filtrate added slowly to water 
tx) prcv5pitat.e the polymer. The product was collected on a 
filter, wiwhed well with water, dried briefly in air, and dis- 
solred in pure tetrahydrofuran. Purification was accom- 
plished by reprecipitating the polymer from tetrahydro- 
furan into low boiling petroleum ether (repeated 4 times); 

yield of copolymer: 0.405 g. Significant infrared bands 
(Kujol): 350-3260 (-OH); 1665 (ArC=O); 1635 (C=N); 
1600, 1580, 1498 (aromatic); 914; 765, 694 em.-’ (mono- 
su1)stitutcd phenyl). 

Anal .  Calcd. for (CsH80)0.288-(CsHs?rTO)0.701: C, 75.75; 
11, 6.14; N, 6.89. Found: C, 75.69; H, 6.03; N, 6.89. 

On the basis of the analytical results it was concluded 
that this polymer was 70.2 mole per cent phenyl vinyl 
ketoxime. 

Copolymer of phenyl vinyl ketone and “.2,6-diphenylpyri- 
dme” (IIb). A solution of 35 g. of hydrogen chloride in 100 
nil. of ethanol was gradually added to 10 ml. of pure tetra- 
hydrofuran containing 0.3023 g. of a copolymer of phenyl 
vinyl ketone and phenyl vinyl kctoxime which consisted of 
70.2 molc per cent ketoxime units. After the reaction had 
bcen stirrcd fit reflux temperature for 48 hr., the red solution 
T+ as concentrated to 20 ml. and a sodium carbonate solution 
was added dropwisc until the p1-l reached 8-9. The mixture 
was diluted with water and extracted with two 50-ml. por- 
tions of chloroform. Traces of insoluble material were 
renioved from the chloroform by filtration, the solution 
mas conccntratcd to 20 ml. and then added slowly to lo\v 
boiling petroleum ether to precipitate the product. The 
polymer was purified by rcprecipitation from chloroform 
into low boiling pctroleum ether (five times); yield: 0.1089 
g. ; softening range: 200--235”. Significant infrared bands 
(chloroform): 3040 (shoulder); 2950; 1673 (ArC=O); 
1593, 1577, 1547-1545, 1492 (aromatic C-C and C=N); 
1440; 1072; 1016; 693 cm.-l Ultraviolet maxima (dioxane): 
A,,, 236 in& ( C  20,900), A,,, 285 m r  (e 11,200). 

ilnal. Calcd. for (CpH~O)0.,s7-(CI~Hll~)0.503: C, 86.39; 
H, 5 64; N, 3.75. Found: C, 86.09; H, 5.60; N, 4.03. 

Thermal stabilzty of copolvmers IIa and IIb. Previously 
dried samplcs of the two polymers were heated in air in 
aluminum cups and thc weight loss was determined a t  given 
ititervals during the heating period; the resiilts of these tests 
have been described above. 
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Thc condri~sa tion products from hj-tfrazinc hydrate and phenylhydrazine with malorionitrile R ere cxamined and arc 
belicvcd to be dcrivativrs of 3-amirio-4ryano-5-(cyanomcthyl)pyraeole rather than of 3,5-diaminopyrazole as reported by 
Rot henberg. Evidence is givcn for the proposed structures, and the chemical properties ai c drscribtd 

ltotheiiberg reported that the reaction of maluno- 
nitrile with hydrazine and phenylhydrazine yielded 
oily substances which were assumed to be diamino- 
pyrazole derivatives Ia and Ib, on the basis of the 
elementary analyses of their derivatives. 

( 1  ) 11. v. Rothenberg, J. prakt. L’hem., 52, 45 (1805). 
I-_- 

As a result of repeating his procedure in our 
laboratory, however, the reaction seemed to pro- 
ceed not in the way assumed by him and detailed 
study on the reaction products under various es- 
perimental conditions indicated a different process 
for the reaction. The reaction W:~S studied under 
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three experimental conditions changing the molar 
ratio of malononitrile to hydrazine. When the molar 
ratio was 1.0 (the same ratio used in the experi- 
ment by Rothenberg), crystals of C6H5N5 (named 
compound A in this report) and an oily substance 
(named compound B) were obtained with a libera- 
tion of ammonia. The chemical composition of 
compound A indicated that it was produced by a 
reaction between two moles of malononitrile and 
one mole of hydrazine with a loss of ammonia. 
Although the further purification of the oily sub- 
stance (compound B) was not successful, its hydro- 
chloride and hydrobromide were obtained in crystal- 
line form. These salts had compositions represented 
by CSH7N6.2HCl and C3H,N5.2HBr, respectively, 
which indicates that the reaction takes place be- 
tween two moles of hydrazine and one mole of 
malononitrile. 

The decrease of the molar ratio to 0.5 afforded 
only the oily substance B, and the increase of the 
ratio to 2.0 gave the crystalline compound A alone, 
although, in the latter case, the yield was low owing 
to the formation of large quantities of amorphous 
by-product. 

When phenylhydrazine was used in place of 
hydrazine hydrate, a compound having the com- 
position of ClzHgNs was obtained (named compound 
C ) .  This chemical composition indicates the for- 
mation of the phenyl derivative of compound A. 
A notable fact observed in the experiment with 
phenylhydrazine was that no substance correspond- 
ing to compound B was obtained, even when a 
large amount of phenylhydrazine was used. 

The molecular formulas of the compounds A and 
C suggest that structures 11, 111, and 1V can be 
considered for these products. The infrared spectra 
of A and C showed the bands of "2, C=C, and 
both conjugated and nonconjugated C=N. The 
spectra of the monoacetyl derivatives showed the 
K-H band of a secondary amide, which also indi- 
cated the existence of primary amino group in 

I I1 

N C-C--C--CH?CN 
KC-C=C-CHZCN 

I I  
HZN-C N-It 

H2K- & A  
'N/ It "/ 
I11 IV 

N k  NH? 
V 

NC-C-C-CHZCN 
I 

(2) R. A. Carboni, D. D. Coffman, and E. C. Howard, 
J. Am. Chem. SOC., 80, 2838 (1958). 

A and C. Further evidence against structure I1 is 
found in the recent experimental result by Carborii 
Coff man, arid Howardj2 who obtained compounds 
having the same melting points arid analytical 
values as those of A and C, by condensing malono- 
nitrile dimer V with hydrazine derivatives, although 
these authors do not reach any conclusions as to 
whether these compounds have structures I11 or 
IV. Although IIIa  and IVa are interconvertible 
with A by a tautomeric shift of hydrogen, such an 
interconversion is not possible when the hydrogen 
on the ring was replaced by a phenyl group. That 
structure I I Ib  is preferable to structure IVb for 
C was inferred from comparison of the basicity of 
A and C. Compound C is a weak base, being 
soluble in concentrated hydrochloric acid and can 
be recovered unchanged by diluting this solution 
with water, whereas A is not basic and is insoluble 
even in concentrated hydrochloric acid. The non- 
basic property of A is considered to result from the 
formation of the tautomeric structures IVa and VI, 
in which the C=N group in the ring may give the 
direct influence on the amino group. The basic 
property of C can, therefore, be explained more 
reasonably with structure IIIb,  in which such a 
direct effect on amino group is absent. 

Acid hydrolysis of A and C gave yellow crystals 
of C6H6N402 and ClzHlON4Os, respectively. The 
cyclic imide structures VIIa and VIIb may be 
assigned to these products, since the infrared spectra 
showed the presence of "2, C=C, and CONH 
(doublet in the.amide carbonyl region). 

NC-CH--C-- CH:CK CO(zH--c; )CH, 
~. 

I' II 
1LPi-A x l l  

H2N-C 
\/ 

\N/ 

I1 
VI VI1 

IIOOC-C-C--CTI~CO?H! 
H2N-f! N I1 

\N/ 
H 

VI11 
HJSOC-C-C-CH?COOH 

I1 II 
HJN-C N 

\N/  
11 

IX 

Alkaline hydrolysis of either the compound A or 
VIIa gave an identical compound, CeHsN4Os. 
Treatment of the hydrolyzed product with hydro- 
chloric acid afforded VIIa. The infrared spectrum of 
the alkaline-hydrolyzed product showed the pres- 
ence of NH2, C=C, COOH, and CONH, so that the 
product is apparently either VI11 or IXa. In  struc- 
ture VIII, the acidity of the carboxyl group may be 
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reduced owing to the influence of the neighboring 
amino group, while, in structure IXa, i t  may be 
strengthened by the effect of the C-N group in 
the ring. The p K ,  value of the product formed by 
the alkaline hydrolysis was 3.5, being smaller 
(stronger in acidity) than that of acetic or benzoic 
acid. The assignment of structure IXa was also 
supported by the presence of C=O band of non- 
conjugated aliphatic carboxyl which was located 
a t  170G cm.-I for this compound. 

Treatment of compound C and VIIb with alkali 
afforded an acid. The infrared spectra supported 
structure IXb, but the element(a1 analysis did not 
coincide with the calculated value. 

The hydrochloride or hydrobromide of the oily 
substance B showed the infrared absorption bands 
of "2, CH2, C=C, or C=N. The Schotten- 

NII. NHNHP 
I I 

AH2 2HX NHc 2 H x  
X XI 

Baumann benzoylation of these salts afforded tri- 
benzoyl derivatives, but acetone did not react even 
with their free base. From these facts, thc dihydro- 
triazine structure X seems to be most probable 
for this compound, although the isomeric pyrazole 
structure X I  cannot be excluded a t  the present stage 
of investigation. 

EXPERIMENTAL 

3-A mzno-4-cyanoS-( eyanomethy1)pyazole (compound A ) .  
A solution of 6.6 g. of malononitrile in 20 ml. of ethanol 
was added to 5 ml. of 80y0 hydrazine hydrate. After the 
mixture wm kept below 40' for 3 hr., ethanol \vas removed 
under reduced pressure. The rcsidual slurry was washed with 
a little amount of ethanol to remove an oily substance B. 
Recrystallization from water afforded needles, m.p. 197 '. 

Anal. Calcd. for C&N6: C, 48.98, H, 3.40; N, 47.62. 
Found: C, 48.35; H, 3.61; N, 47.03. 

The infrared spectrum showed the presence of NH2 (3420, 
3360, 3230, 1654), nonconjugated C=N (2245), conjugated 
C=N (2200) ,  and C=C (1598 cm.-l). 

An acetyl derivative was prepared by treating A with 
acetic anhydride in the presence of a trace of sulfuric acid 
and recrystallized from acetic acid, map. 276'. 

Anal. Calcd. for CsHJVsO: C, 50.79; 8, 3.70; N, 37.03. 
Found: C, 50.50; H, 3.86, N, 36.77. 

The infrared spectrum showed the N-H band of a 
secondary amide a t  3280 cm.-1. 

~,6-Diarnin~~,6dihydro-i,~,,S.triazine dihydrochloride (X). 
From the ethanol washing obtained in the above pro- 
cedure, ethanol was removed under reduced pressure. To  
the residual red oil, concentrated hydrochloric acid was 
gradually added with cooling. The solid was recrystallized 
from 18% hydrochloric acid, m.p. 205' (dec.). 

Anal. Calcd. for C3HBClPNB: C, 19.36, €I, 4.84, N, 37.64. 
Found: C, 19.11; H, 4.78; N, 37.65. 

The infrared spectrum showed the presence of NH2 (3440, 
3360, l640), CH2 (2920, 1458) and C-C or C- N (1600 
cm. -1). 

A dihydrobromide was obtained by using hydrobromic 
acid in place of hydrochloric acid in the above procedure, 
m p. 205' (de?.). 

Anal. Calcd. for C3H9Br2N6: N, 25.43. Found: N, 25.89. 
Benzoylatiori of the hydrochloride in water with benzoyl 

chloride and sodium hydroxide gave a gummy substance 
which was chromatographed from benzene on alumina. 
13lution with ethanol ail orded tribenzoyl derivative of X 
which was recrystallized twice from dilute ethanol, m.p. 
239'. 

Anal. Calcd. for C~,HIgN~03:  C, 67.76; H, 4.47; N, 16.47. 
Found: C, 66.63; H, 4 51, N, 16 85. 

3-A mino-4-cyano-5-( cyanonzethy1)-d( 01' 1)-phenylpyrazole 
(compound C ) .  A mixture of 26 g. of malorionitrile and 22 g. 
of phenylhydrazine in 40 ml. of ethanol was heated at  reflux 
foi 3 hr. The solution was concentrated under reduced 
pressure and water was added. The resulting solid was 
recrystallized from ethanol, m.p. 16'3". 

Anal. Calcd. for C,JIuKo: N, 3t.39. Found: N, 30.97. 
The infrared specstrum showed the presence of NH, 

(3492, 3368, 3200, 1629), nonconjugated C z N  (2233), 
conjugated C=N (2105), and C=C (1591 cm.3) .  

An acetyl derivative was prcparcd by treating C with 
acetic anhvdridc in the Drebence of a trace of sulfuric acid 
for 30 min,  n1.p. 168'. 

- 
Anal. Calcd. for CIAHtIK,,O: C. 63 39: H. 4.15: N. 26.41. 

, I  I ,  

Found: C, 63.04; H, 4.4i;  ry', 26.36. 
The infrared spectrum showed the X-€1 band of a second- 

ary amide a t  3280 cm.?. 
A benzal derivative was prepared by heating with benz- 

aldehyde in glacial acetic acid and recrystallizing from 
ethanol, m.p 117' 

Anal. Calcd. for C19HlsNe: N, 22.51. Found: N, 22.77. 
Acid hydrolysis of compound A and its alkalzne hydrolysis 

product (IXa). A suspension of 2 g. of A or IXa (see below) 
in 25 ml. of concentrated hydrochloric acid was heated 
a t  reflux for 3 hr. Most of the starting solid material dis- 
solved within 15 min., but other crystals soon appeared. 
Recrystallization from 18% hydrochloric acid gave the 
hydrochloride of YIIa, m.p. >360". 

Anal. Calcd. for C6H$1N4O9: N, 27.66. Fourid: N, 28.10. 
Treatment of the hydrochloride with water afforded free 

base which was recrystallizcd from water, m.p. >360". 
Anal. Calcd. for C6HBN402: C, 43.37; H, 3.62; N, 33.74. 

Found: C, 42.93; H, 3.45; N, 32.25. 
The infrared spectrum showed the presence of NH2 

(3430, 3380, 3210, 1640), C=C (1595) and amide C=O 
(1700, 1682 cm.-1). 

Acid hydrolysis of compound C.  A solution of 2 g. of C in 
25 ml. of concentrated hydrochloric acid was heated a t  
reflux for 2 hr., and neutralized with 10% sodium hydroxide. 
Recrystallization of the resulting solid from dilute acetic 
acid afforded crystals of VIIa, m.p. 258". 

Anal. Calcd. for C1~HIoN102: C, 59.51; H, 4.13; N, 23.14 
Found: C, 59.41; H, 4.42; N, 23.15. 

Tho infrared spectrum showed the prcscnce of NH2 
(3468, 3380, 3180, 1620), C=C (1595) and amide C-0 
(1688, 1670 ern?). 

Alkaline hydrolysis of compound A and its acid hydrolysis 
product (VIIa). A solution of 7 g. of A or VIIa in 35 ml. of 
10% sodium hydroxide was heated at  reflux for 3 hr. The 
solution was neutralized with 10% hydrochloric acid and 
concentrated under reduced pressure to about 10 ml. of 
volume. Recrystallization of the resulting solid from water 
afforded the compound IXa, m.p. 208' (dec.). 

Anal. Calcd. for CsHsN40a: C, 39.13, H, 4.35; N, 30.44. 
Found: C, 39.37; H, 4.64; R', 30.68. 

The infrared spectrum showed the prewnce of NH2 
(3455, 3370, 3200, 1640), C=C (1600), carboxyl C=O 
(1706), carboxyl OH (2600-2800), and amide C-0 (1666 
cm. -1). 
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The infrarcd absorption shown in this report was observed 
in nujol or in KBr disks with 8 Koken Infrared Recording 
Spectrophotometer, Model DS 301. 
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Synthesis of Diarylphosphine Oxides by the Friedel-Crafts Method 
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The reaction of mesitylene, durene, or peritamethylbenzene with phosphorus trichloride and alumiiium chloride catalyst 
under conditions normally employed for the synthesis of primary phosphonous dichlorides gave instead good yields of 
sec0ndar.y phosphine oxides (after hydrolysis). Small amounts of secondary phosphinic acids were obtain& as by-products. 
The three new phosphine oxides were found to be exceptionally stable to oxidation. With a simpler aromatic hydrocarbon, 
ethylbenzene, the only secondary product obtained was the phosphinic acid. 

Very few secondary phosphine oxides' (I) have 
been reported in the literature. Early attempts to  
prepare them by careful hydrolysis of phosphinous 
chlorides,2  ester^,^ or amides4 showed that they 
disproportionated readily, even under the mildest 
conditions, into equal parts of phosphine (11) and 
phosphinic acid (111) .5 When atmospheric oxygen 
mas not excluded, the phosphine was oxidized and 
the only product found was the phosphinic acid. 

2ItzP(O)H + RzPH + RtP(0)OH 
I I1 I11 

In only two instances were secondary phosphine 
oxides obtained which were apparently stable to 
air. They were obtained by hydrolysis of the cor- 
responding phosphinous chlorides (V). The reaction 
of phosphorus trichloride with dimethylaniline6 
at reflux temperature gave, among other products, 
a small amount of bis(p-dimethylaminopheny1)- 
phosphine oxide (I, R = kfe2NCsH4-) : and 9,lO- 
dihydro-10-phenophosphazine oxide? was isolated 
from the products of the reaction of phosphorus 

(1) In the report of the ACS Nomenclature Committee 
on organophosphorus compounds, Chem. Eng. News, 30, 
4515 (1952), these compounds were named phosphine oxides 
when written R2P(0)H and phosphinous acids when written 
R2POH. In this article they have been named as Pi' com- 
pounds rather thnn Pi'', in keeping with their chemical 
character. 

(2) A. Michaelis and L. Gleichmann, Ber., 15, 801 
(1882). 

(3) A. Michaelis and W. LaCoste, Ber., 18, 2109 (1885). 
(4) A. Michaelis, Ann., 315, 43 (1901). 
(5) The hydrolysis of di-n-octylphosphinous bromide and 

diphenylphosphinous chloride to the corresponding phos- 
phine oxide without disproportionation WRS recently accom- 
plished by R. C. MilIer, private communication. 

(6) R. K. Robins and B. E. Christensen, J .  Org. Chem., 
16, 324 (1951); see also M. Bourneuf, Bull. sac. chim. 
France, 33, 1808 (1923); H. Rsudnitz, Ber., 60, 743 (1927); 
G. M. Kosolapoff and J. S. Powell, J .  Chem. Sac., 3535 
(1950). 

(7)  This compound has also been called IO-hydroxy- 
5( or 9), 10-dihydrophenophosphazine. 

trichloride and diphenylamine* in a sealed tube a t  
200 O.  

A synthesis of aliphatic secondary phosphiiie 
oxides by treatment of dibutyl phosphite with the 
appropriate Grignard reagent was described by 
Williams and Hamilton,g but their attempts to es- 
tend this reaction to the aromatic series were uii- 
successful. The synthesis of aromatic secondai y 
phosphine oxides was recently accomplished by 
treatment of diethyl phosphite with a Grignard 
reagentlo or an aryllithium compound." The three 
phosphine oxides obtained by these methods 
(I, R = C6H6-, o-MeOC6H4- and p-MeoCeH~-) 
were readily oxidizable by hydrogen peroxide. 

In the present work a series of diarylphosphine 
oxides of high oxidative stability were prepared by 
a method based on the Friedel-Crafts synthesis of 
aromatic phosphonous dichlorides (IV). l2  

R H  + PC13 + RPClp + RzPCI 
IV V 

When this synthesis was applied without modi- 
fication to durene, none of the expected product 
(IV, R = 2,3,5,6-Me4C6H-) was found. From the 
gum which was cofirecipitated with the A1C13.- 
POCl, complex there were isolated two crystalline 
compounds, one acidic and the other neutral, 
identified as bis(2,3,5,6-tetmmethylphenyl)pho~ 
phinic acid (111, R= 2,3,5,6hk&6H-) and bis- 
(2,3,5,6-tetramethylphenyl)phosphine oxide (I, R = 
2,3,5,6-Me4C,3H-), respectively. The acidic com- 

(8) P. G. Sergeev and D. G. Kudryashov, J .  Gen. Chem. 
(U.S.S.R.), 8, 266 (1938); see also A .  Michaelis and .4. 
Schenk, Ber., 21,1497 (1888); Ann., 260,1(1890). 

(9) R. H. Williams and L. A. Hamilton, J .  Am. Cheaz. 
Soc., 74, 5418 (1952); 77, 3411 (1955). 

(10) B. B. Hunt and B. C. Saunders, J. Chew SOC., 
2413 (1957). 

(11)  J. L. Willans, Chem & Ind. (London), 1957, 
235. 

(12) B. Buchner and L. B. Lockhart, Jr., Org. Syntheses, 
31, 88 (1951); J .  A m  Chem. SOC., 73, 755 (1951). 


