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7.95(w), 8.97(m), Y.l6(m), 9.28(s), 9.54(s), 9.67(s), 10.68(m), 
10,95(w), 11.28(m), 12.86-12.98(s), 13.25(s), and 14.20- 
14.33(s)p. 

59.85: H. 5.28. 
Anal. Calcd. for CloH&lz: C, 59.72; HI 5.01. Found: C, 

The reaction of a-methylstyrene, bromofonn, and potassium 
t-butoxide. (8,8-lhbronw-l-mthyZcyclopropyl)benzene ( IId). 
a-Methylstyrene (177 g., 1.50 moles) was reacted with 
63.2 g. (0.250 mole) of bromoform and potassium t-butoxide, 
from 10.0 g. (0.256 g. atom) of potassium, in the manner 
described for the reaction of a-methylstyrenc and chloro- 
form. The reaction product, (2,2-dibromo-l-mcthylryclo- 
propy1)benzenc (IId)  (58.9 g., 81%) was obtained as a 
colorless liquid, b.p 94-100' (2 mm.), n y  1.5831-1.5848. -1 
refractionation of the product through a 15-cm. Vigrcux 
column yirlded a middle fraction boiling a t  91-92' (1 mm.), 
ny 1.5842. The product solidified upon cooling, m.p. 35.5- 
36'. The infrared spectrum exhibits absorption maxima a t  
3.28(m), 3.31(m), 3.38(s), :<.43(1n), 3.50(m), 6.24(m), 
6 .32 (~) ,  6.69(s), 6.94(s), 7.00(s), 7.24(m), 7.57(w), 7.66(w), 
7.98(w), 8.71(m), 8.99(m), 9.32(s), 9.42(s), 9.80(s), 10.73(m), 
10.97(m), 11.5!I(ni), 11.79(m), 13.10(s), and 14.30-11.41 
(Sh. 

Anal. Calcd. for CIOH10T3r2: C, 41.41; I%, 3.48. Found: C, 
41.55; FI, 3.55. 

The reduction of (8,&Ih'chlorocyclnpropyl)benzene with so- 
dium and methanol. Cyclopropylbenzene (IIIa). The method 
tlrscrlbed by Dorring and Hoffmann' for the reduction of 
i,7-dibromobicyclo [4.1 .O] heptane was rmploycd with only 
slight modificittion. Following thc complete reaction of the 
sodium metal (46 g., 2.0 g. atoms) with the wet met,hanol 
(10 ml. of watrr to 300 ml. of methanol), 200 ml. of water 
was added, thr layers were separated, and the aqueous layer 
was neutralized with hydrochloric acid before being extracted 
with ethrr. From 18.7 g. (0.100 mole) of (2,2-dichlorocpclo- 
propyl)benzene (11%) there was obtained 8.7 g. (740/;,) of 
cyclopropylbrnzeue as a colorless liquid, b.p. 64-70" (18 
mm.). A redistillation of the product through a Todd Precise 
Fractionation Assembly yielded a middle fraction boiling 
a t  69' (12 mm.), n y  1.5316, dzo 0.936; M D  cidctl. 38.8, 
3fn found 39.1 (lit., b.p. 60-63' (11 mm.), 7 n'," 1.5320,' 

d2,6 O.9374*). Absorption maxima were observed in the infra- 
red a t  3.23(s), 6.22(s), 6.64(s), 6.80(s), 6.89(m), 6.97(m), 
8.18(m), 8.49(w), 9.05(\c), 9.22(s), 9.53(s), 9.74(s), 10.03(a), 
l l . l l ( s ) ,  12.28(s), 13.26-13.37(s), and 14.80-14.39(s)p. 

Anal. Calcd. for C8Hlo: C, 91.47; 1%,8.53. Found: C, 91 21; 
H, 8.51. 

The reductaon of (2,8-dibronw?mcyclopropyl)benzen.e uzth 
sodaum and methanol. Cyclopropylbenzene (IIIa). (2,2-Di- 
bromocyclopropy1)-benzene (IIb) (27.6 g., 0.100 mole) w:is 
reduced with 46 g. (2.0 g. atoms) of sodium and 300 ml. of 
wet methanol in the above manner. The product obtained 
(8.1 g., 69%) was identical with that obtained from the di- 
chloro compound a8 evidenced by both boiling point (65' 
a t  17 mm.) and refractive index (ng  1.5315). 

The reduction of (2,~-dzchloro-l-methylcyclopropyl)bmzene 
and (2,2-dtbromo-l-methylcyclopropyl )benzene with sodznm 
and nwthanol. (1-Methylcyclopropy1)benzene (IIIc). By the 
method described above, 10.1 g. (0.050 mole) of (2,Mi- 
chloro-1-methylcyclopropy1)benzene ( IIc) was reduced u ith 
23 g. (1.0 g. atom) of sodium and 200 ml. of wet methandl 
to give 3.5 g. (54%) of colorless (1-methylcyclopropy1)- 
benzcne (IIIc), b.p. 72-77' (22 mm.), n: 1.5146-1.5150. 
Refractionation of the product through a IO-cm. VigIei x 
column yieldcd a middlc fraction boiling at  69" (18 mm ), 
ng 1.5151. The reduction of 21.8 g. (0.075 mole) of (2,2- 
dibromo-1-methy1cyclopropyl)benzene (IId) by 32 g. ( I  .4 
8. atoms) of sodium and 300 ml. of wet methanol yielded 
4.0 g. (40%) of (1-methylcyclopropy1)benzene (IIIc), b 11. 
70-74' (22 mm.), n z  1.5152-1.5157. Redistillation of the 
product through a IO-cm. Vigreux column yielded a middlc 
fraction boiling a t  71' (20 mm.), n: 1.5152. The infraied 
absorption spectrum of the product exhibits maxima a t  
3.22(s), 3.29(s), 3.35(s), 3.45(m), 6.22(s), 6.31(w), 6.66(s), 
6.86(s), 6.92(s), 7.00 (m), 7.2:3(m), 7.42(w), 8.93(s), 9.24(w), 
9.33(m), 9.71(s), 9.86(s), 10.72(m), 11.07(w), 11.61(~ ), 
11.81 (s), 12.73(w), 13.13-13.23(s), and 14.24-14.35(s)p. 

Ana/. Calcd. for CI0H12: C, 90.85; H, 9.15. Found: C, 
90.56; €1, 9.04. 

COLUMBIA, h10. 

(7)  0. S. Hammond and R. W. Todd, J .  Am. Chcm. Soc., 
76,4081 (1!)54). (8) M. T. Rogers, J .  Am. Cham. Soc., 69,2544 (1947). 
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Poly(methy1 vinyl ketono) was convertcd to the polyosime and this polymer, under the conditions of the Knoevenagel 
1,5-dioximc ring closure, gave a copolymer of methyl vinyl ketone with some 2,&dimethylpyndine units which consisted 
of 76.2 mole 95 of the lattcr. Similarly a copolymrr of phenyl vinyl ketonc and phenyl vinyl ketoxime containing 70.2 mole 
qC ketoximc units was convertcd to a copolymer of phenyl vinyl kctone and 2,6-&phenylpyridine units which consisted of 
50.3 mole yo of the latter. Scitlier copolymer was thermally stable. 

The niarkcd thermal and chemical stability of 
the pyridine nucleus promptcd an investigation of 

(1) Thc work discussed hcrrin was supported hy Con- 
trncts AT? 33(616)-3772 and -5486 with the Matrrials 
Laboratory of Wright Air Developmrnt Center, Wright- 
Pattrrson Air Force Base, Ohio. Reprodurtion of this 
paper in wholc or in pwt is permitted for any purpose of the 
Unitcd States GovernmentJ. This paper is bawd on portions 
of a thrsis s u h i t t e d  by Donald J. Casey to the Graduate 
Collcge of the University of Illinois in partial fulfillmrnt of 
thc requii cmcnts for thc degree of Doctor of Philosophy. 

the heat resistance of polymers which incorporate 
a pyridine ring as a structural feature of the poly- 
mer chain. A promising approach to  the desired 
polymers was suggested by the work of Marvel 
and Levesque2 on the structure of low mo1ecul:Lr 
weight poly(methy1 vinyl ketone). During this 

(2) (a) C. S. Marvel and C. L. Levesque, J .  Am. Chenz. 
Soc., 60, 280 (1938). ( b )  C. S. Marvel and C. L. Levesque, 
J .  Am. Chem. SOC., 61,  3234 (1939). 
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study a material possessing the correct elemental 
composition for copolymer IIa  was obtained by 
application of the Knoevenagel ring closure of 
1 ,5-dioximes3 to polymethyl vinyl ketoxime (Ia). 

-CH*-CH-CH,-CH - 1 [ k  
r - . H a - ~ ~  cH2x 1 

I 
C=NOH C=NOH - 

I 
R 

I&. 11 = CHs 
Ib. It =: CsHj 

11:~. R = CH, 
IIh. R CsHj 

The limited information available on the copolymer 
necessitated a re-examination of this work to pro- 
vide additional evidence as to the presence of a 
pyridine moiety in the polymer and to determine 
if such a copolymer were heat stable. 

In  order to insure the molecular weight and 
consequently the potential stability of the pyridinc- 
containing copolymer, it  was essential to polymer- 
ize the precursor vinyl ketone to the highest pos- 
sible molecular weight polymer which still possessed 
the required solubility properties. To this end, a 
number of procedures for the polymerization of 
methyl vinyl ketone was examined. Bulk poly- 
merization with benzoyl peroxide produced poly- 
ketones having an average inherent viwosity of 
0.65. Standard emulsion polymerization techniques 
were found to be unsuccessful, but when the water 
solubility of the monomer was decreased by includ- 
ing varying amounts of sodium chloride in poly- 
merization recipes employing solutions of potawium 
caproate, it  was possible to prepare methyl vinyl 
ketonc polymers having inherent viscosities in the 

TABLE I 

CAPROATE-SODIL-Y CHLORIDE S O L I ~ O N  
POLYJIERIZATIOS OF h I E T H Y L  V I S Y L  KETONF I N  POTASSIUJI 

- 

Salt 
Con- Conccw- 

Time, version, tration, Inherent 
N O .  Hr. Temp. 70 G. Viscositya 

- 
72 64 26 20 0 10 1 24 
73 16 50 61 0 10 1 45 
74 20 50 67 0 10 0 83 
75 82 26 14 0 25 1 08 
‘76 14 50 51 0 25 1 20 
77 19 50 66 0 25 1.19 
78 110 26 49 0 35 1 23 
79 19 50 61 0 35 1 21 
80 14 50 53 0 35 1.25 

a Inherent viscosities were determined in methyl ethyl 
ketone. 

(3) (a) E. Knoevenagel and R. Weissherger, Ber., 26, 
436 (1893). (b) E. Knoevenagel, Ann., 281, 25 (1894). 
(c )  J. Wislicenus, Ann., 302, 235, 241 (1898). (d) E. E. 
Blaise and M. Montagne, Compt. rend., 180, 1760 (1925). 
( e )  B. I). Shaw, J. Chem. Soc., 300 (1937). 

range 0.83-1.45. A summary of the results obtained 
by use of this procedure is included in Table I. 
Considerably higher molecular weight polyketones 
were obtained with a modification of the potassium 
persulfate-silver nitrate aqueous solution procedure 
reported by Whitby and eo-workers.‘ 

With this technique poly(methy1 vinyl ketones) 
possessing inherent viscosities of 1.27-2.60 (usual 
range 1.9-2.0) could be prepared at  5O, and poly- 
mers having inherent viscosities of 2.00-2.99 could 
be obtained at  -15’ (Table 11). By comparison 
with the intrinsic viscosity-osmotic pressure molec- 
ular weight reported by Guillet and Norrish,b 
it can be estimated that methyl vinyl ketone poly- 
mers of inherent viscosity 2 to 3 should have molecu- 
lar weights of the order of 3-4 X Infrared 
analysis of the polyketone disclosed bands con- 
sistent with the expected vinyl polymer, but in 
addition, weak bands were found a t  3620-3500 
cm.-l and 3380 em.-* which appeared to be due to 
strongy adsorbed water which was not removed 
by the drying procedure; this is in accord with the 
consistently low carbon analyses. 

TABLE I1 
POI~YMERIZATIOS OF METHYL VINYL KETOSE 

(Water Azeotrope Initiated by Potassium Persulfate-Silvcr 
Nitrate) 

~ 

Con- 
Time, version, Inhercrit, 

No. HY. Temp. c/: Viscositya 

7 5 26 87 0 83 
I0 8 26 00 0 85 

!I 8 5 93 1 45 
8 18 6 96 2 60 

11 I!) 5 8G 1 27 
12 20 5 95 1 92 
15 20 5 94 1 9 1  
1 3 21 5 96 I 9.5 
14 21 5 100 2 03 
10 21 5 06 1 09 
18 24 - 15 82 2 00 
1 9 36, - 16 88 2 17 
17 40 - I5 100 2 45 
20 42 - 15 67 2 99 
218 21 -15 85 2 88 
23 3 6 - 15 G9 2 55 

Inherent viscosities were determined in methyl ethyl 
Riins 21 and 23 uscd one half the usiisl amount of ketone. 

potassium persulfate. 

Conversion of the high molecular weight poly- 
methyl vinyl ketone to polymethyl vinyl ketoxime 
(1%) was effected by use of a modification of the 
procedure of Marvel and Iievesque.za Treatment of 
this material with an ethanolic hydrogen chloride 
solution produced a copolymer of methyl vinyl 
ketone and 2,6-dimethylpyridine units (IIa) con- 
taining 76.2 mole 70 of pyridine units. From poly- 

(4) G. s. Whitby, M. 11. Gross, J. R. Miller, and A.  J. 

(5) J. E. Guillet and It KorriPh, Proc. Roy. SOC., 233A, 
Costanza, J. Polyinu Sci., 16, 510 (1935). 

153 (1955). 
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methyl vinyl ketoximes of inherent viscosity 3.2- 
3.6 in  dimethyl sulfoxide, copolymers were ob- 
tained which possessed inherent viscosities in 
chloroform of 0.11-0.14. Infrared spectra of the 
copolymer in chloroform revealed pertinent ab- 
sorption bands a t  1708 (C=O), 1599, 1562 cm.-', 
and a weak shoulder a t  1500 cm.-' (pyridine C=C 
and C=N bands). In addition a band of very 
weak intensity was noted a t  3300-3160 cm.-l 
(-OH). The results of the elemental analysis elimi- 
nate the possibility of this absorption being due to 
the hydroxyl group of a residual oxime or an aldol 
condensation, and suggest the observed band was 
again due to residual water. This is consistent with 
the hygroscopic nature of the copolymer and the 
frequently low carbon analyses. The possibility 
of amide formation by rearrangement of the oxime 
functions under the conditions of the ring closure 
was excluded by treatment of the copolymer with 
20% sulfuric acid a t  reflux temperature. The infra- 
red spectrum of the material isolated from this 
reaction was identical a t  all significant points with 
the spectrum of the starting material. Comparison 
of the ultraviolet spectrum of the copolymer with 
spectra reported for a number of methyl substituted 
pyridines provided additional evidence for the 
presence of a recurring pyridine unit in the polymer. 
The general shapes of the curves were quitc similar, 
a bathochromic shift being observed with increasing 
alkyl substitution. A summary of these data is pre- 
sented in Table 111. An average neutralization 
equivalent of 117.0 for the basic unit of the copoly- 
mer was obtained by titration of the polymer with 
perchloric acid in a nonaqueous system; this repre- 
sents a 1.8% deviation from the theoretical value 
of 119.1. 

TABLE I11 
COJII 'ARISOS 01' ULTRAVIOLET ABSORPTION O F  hfETIIY1,- 

PYRIDINES WITH COPOLYMER IIaa 

A m * x  

Compound mP 1 € 

2,G-Dimethylpyridine 269-270 7,600 
2,3,5-Trimethylpyridine 273-273 5 6,820 
2,3,6-Trimethylpyridinc 274 5-2'75 8,480 

Copolymer IIa  281.5 8,980 
2,3,5,6-Tetramethylpyridine 279.5 10,060 

a Data used for comparison were taken from ref. 6; 
these values correspond to others reported in  the lit.? Spec- 
tra werr dcterminrd in 0.2N H,SO,. 

Siiice the practicality of this route to a pyridine- 
Containing polymer had been successfully demon- 
strated by the preparation of copolymer IIa, it was 
desirable to extend this series of reactions to the 

(6 )  N. Ikekawa, M. Maruyama, and Y. Sato, Pharm. 
Bull. (Japan) ,  2, 209 (1954). 

( 7 )  ( a )  R. J. L. Andon, J. D. Cox,  and E. F. Herington, 
Trans. Faraday Soc.,  50, 918 (1954). (1)) J. I. Jones, J .  
Chem. SOC. Znd. (London), 69, 99 (1950). (e) H. E. Podall, 
Anal .  Cliem., 29,  1423 (1957). 

analogous aromatic system, poly(pheny1 vinyl 
ketoxime). As a preliminary to this work, an exam- 
ination of the ring closure reaction was carried 
out on a comparable monomeric system. It was 
found that 2,6-diphenylpyridine could be pre- 
pared from the dioxime of 1,3-dibenzoylpropane 
in a yield of 97.5%; therefore, it was evidently 
feasible to extend this reaction to poly(pheny1 
vinyl ketoxime) . 

The first point of attack in this phase of the work 
involved a series of experiments designed to un- 
cover the optimum conditions for the preparation 
of high molecular weight poly(pheny1 vinyl ke- 
tone). Solution polymerization of phenyl vinyl 
ketone initiated by benzoyl peroxide or azo-bis- 
isobutyronitrile produced polymers with inherent 
viscosities in the range 0.11-0.26 (Table IV). 
With a potassium persulfate system emulsified 
with Triton X-301, polymers of inherent viscosity 
0.14-0.17 were obtained a t  temperatures of 
5'-55'. The addition of silver nitrate to this system 
as an activator raised the inherent viscosity range 
to 0.21-0.30 for experiments carried out a t  5'. 
Similar results were obtained with a potassium 
persulfate-0Rlt soap system containing 5oj, of 
emulsifier and 0.37% of initiator; polymers pre- 
pared by this procedure possessed viscosities of 
0.164.31. Lowering the initiator conccntration to 
0.2% and raising the soap concentration to 7.5% 
changed the viscosity range to 0.41-0.65. A sum- 
mary of these polymerizations is recorded in Table 
V. 

TABLE IV 
SOLUTION POLYMERIZATION OF PIIENYL VINYL KETONE 

~ 

Con- 
Pro- Time, version, Inherent 

No. cedure Hr. Temp. 70 Viscositya 

87 A 6 55 58 0 19 
88 A 10 55 44 0 19 
89 R 10 55 73 0 26 
90 B 11 55 84 0 19 
98 B 25 55 i o  0 11 

a Inherent viscosities of poly(pheny1 vinyl ketone) were 
determined i n  benzene. 

TABLE V 
EMULSION POLYMERIZATION O F  PHENYL VINYL KETONE 

Con- 
Pro- Time, version, Inhcrent 

KO. ccdurc Hr. Temp. (% Viscosity 

92 
91 
93 
99 

100 
95 
94 
96 

109 
110 
108 

A 3 
A 12 
A 1 3 
B 36 
I3 62.5 
C 4 
C 12 
C 13 
D 5 
D 10 
D 24 

55 
26 
5 
5 
5 

55 
26 
5 

50 
50 
26 

41 
9 

11 
26 
52 
52 
50 
34 
86 

loo 
on 

0.17 
0.14 
0 16 
0 .21  
0.30 
0.25 
0.31 
0.16 
0.59 
0.41 
0 .65  
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TABLE VI 
ANIONIC POLYMERIZATION O F  PHENYL VINYL K m o m  

Con- 

N O .  Initiator G. 

104 
113 
114 
105 
106 
115 
116 
I 1 8  
117 

Sodium 
Sodium 
Lithium 
Sodium ethoside 
Sodium ethoxide 
Sodium cyanide 
Sodium cyanide 
Sodium cyanide 
Potassium cyanide 

0.01 
0.005 
0.005 
0.03 
0 .03  
0.005 
0.01 
0.005 
0.005 

version, Inliercnt 
Solvent Te nip. %, Viscosity 

Liquid ammonia - T8 66 0 09 
Liquid ammonia - 78 56 0 06 
Liquid ammonia - 78 68 0 03 
Dimethy lformamide - i 8  10 Insoluble 
Tetrahydrofuran - 78 1 0  0 03 
Dime thylformamide - i 8  24 0 06 

Dimethylsulfoxidc 24 100 0 08 
Dime thy lforinamide - 78 28 0 10 

Dime thylformamide - i 8  20 0 08 

Under anionic conditions, low molecular weight 
material was obtained with a number of initiator 
systems. Physically, these polymers varied from 
tacky semisolids to powders while the inherent 
viscosities ranged from 0.03-0.10. Comparison of 
the infrared spectra of the soluble polymers with 
spectra of authentic samples of poly(pheny1 
vinyl ketone) indicated the polymers were similarly 
constituted. Representative results of these poly- 
merizations are summarized in Table VI. 

A sample of the higher molecular weight poly- 
(phenyl vinyl ketone) prepared under emulsion 
conditions was converted to a copolymer of phenyl 
vinyl ketone and phenyl vinyl ketoxime containing 
70.2 mole per cent ketoxime units by oximation of 
the polyketone under very mild conditions. In- 
frared analysis was consistent with the proposed 
copolymer structure with pertinent bands a t  3500- 
3260 cm.-' (-OH); 1665 cm.-l (ArC=O); 
1635 cm.-' (C=N); 1600 em.-', 1580 em.-l, and 
1498 cm.-l (aromatic); 914 cm.-' 

When this copolymer was subjected to the con- 
ditions designed to  effect ring closure of the l,5- 
dioxime groups to a pyridine moiety, a polymer was 
obtained which dissolved slowly in dilute hydro- 
chloric acid and was insoluble in sodium hydroxide 
solution. By contrast the precursor polyketone was 
completely insoluble in acid. On the basis of the 
elemental analysis it was possible to estimate 
that the "pyridine" copolymer consisted of 49.7 
mole % phenyl vinyl ketone and 50.3 mole % 2,6- 
diphenylpyridine units (IIb). Infrared analysis 
indicated the absence of hydroxyl functions (no 
residual oxime) and showed a new absorption band 
a t  1547-1545 cm.-l This absorption is somewhat 
lower than would be expected for a 2,6-diphenyl- 
pyridine nucleus but is in the general region for 
C 4 ,  C=N aromatic absorption (cf. 2,g-diphenyl- 
pyridine: 1605, 1592, 1568, and 1497 cm.-'; 
phenyl and pyridine C=C and C-X bands). 
Additional evidence consistent with the assign- 
ment of a 2,6-dipheiiylpyridilie moiety to the co- 
polymer was provided by a comparison of the ultra- 
violet spectrum of the polymer with the spectrum 
of 2,6-diphenylpyridine. I n  dioxane, absorption 
maxima for the monomeric pyridine occurred a t  

245 mp (E 28,200), 285 m p  (shoulder, E 12,280) and 
302 mp ( E  11,200). In  the same solvent, a similar 
spectrum was obtained for the copolymer contaiii- 
ing 50.3 mole 70 2,6-diphenylpyridine units. The 
maxima were found to have undergone a con- 
siderable hypsochromic shift with the long wave 
length bands compressed to a single niaxiniuiii a t  
285 mI.1 ( E  11,200) and the main absorption shifted 
to 236 mp ( e  20,900). Extinction coefficients for 
the pyridine units of the copolymer were cnlcu- 
lated by subtracting the contribution expected 
from the phenyl vinyl. ketone units a t  the wave 
lengths of the observed maxima; this cont,ributioii 
was determined from a spectrum of polyphenyl 
vinyl ketone in dioxane (A 236, e 7,760; X285, 
E 870). 

Thermal stability tests on the pyridine-containing 
copolymers revealed that neither polymer was ap- 
preciably stable. At 225' the copolymer with 2,6- 
dimethylpyridine units (IIa) lost 3.2y0 of its weight 
in 12 hr. and the copolymer with 2,6-diphenyl- 
pyridine units (IIb) lost 2.7y0 of its weight in the 
same time. At 300' both polymers exhibited a 
steady weight loss; after 12 hr. polymer IIa had 
lost 21.6% of its original weight and I Ib  had lopt 
9.9%. 

EXPERIMEXTAL 

Bulk polymerization of methyl vinyl krlone. Purc methyl 
vinyl ketone was obtained by treating the water azeotrope 
of methyl vinyl ketone (85y0 monomer) with an equal 
weight of acetic anhydride for 24 hr. a t  room tempcraturc; 
the monomer was recovered by careful fractionation of this 
mixture under nitrogen a t  atmosphcric pressure u&ng a 
30-cm. column packed with glass helices; b.p. 81-81.4", 
nF0.' 1.4096 (premature polymerization was prevented by 
collecting the distillate in Dry Ice-acetone). Polymeriza- 
tion was effected by adding 0.5y0 of benzoyl peroxide to 
10 g. of freshly distilled monomer, flushing the system with 
nitrogen, and placing the samples in a constant temperature 
bath at  26" for 40 hr. The viscous, light yellow semisolid 
product was purified by successive reprecipitations from 
acetone into water. After drying at  50" for 48 hr., approxi- 
mately 40y0 yields of a hard material soluble in acetone, 
methyl ethyl ketone, and dioxane were obtained. Inherent 
viscosities in methyl ethyl ketone averaged 0.65. 

Polymerizution of methyl vinyl ketone in potassium cuproate- 
sodium chloride solution. Pure methyl vinyl ketone (10.0 g.), 
potassium caproate (20.0 g. of a 2.5% aqueous solution), 
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sodium chloride (as indicated in Table I), Hooker's lauryl 
mercaptan (0.005 g.), and potassium persulfate (0.2 g.; 5 
ml. of a solution containing 4 g. of potassium persulfate in 
100 ml. of oxygen-free water) were added to 4-ounce screw- 
cap bottles cquippcd with self-sealing rubber gaskets. After 
bubbling nitrogen through the solutions, the bottles were 
capped and tumbled end-over-end in constant temperature 
baths. The polymers were recovered by slowly pouring the 
rcaction mixtures into rragent grade methanol with rapid 
stirring followed by the addition of sufficient hydrochloric 
acid to adjust the solution pH to approximately 2. Purifica- 
tion w'aa accomplished as previously described. 

Z-'olynerization of water azeotrope of methyl vinyl ketone 
initiated by p o h s i u m  perstclfate-szlver nztrate. hIethyl vinyl 
ketone was polymerized by the following modification of 
the procedure reported by Whitby et al.' 

Into 4-ounce screw-cap bottles equipped with self-sealing 
rubber gaskets wcre placed 11.7 g. of methyl vinyl ketone 
water azeotrope (freshly diatilled under nitrogen ; approxi- 
matcly 10 g. of monomer) and 80 nil. of oxygen-free water. 
To this solution was added 0.2 g. of potassium persulfate 
(5  ml. of a solution containing 4 g. of potassium persulfate 
in 100 ml. of water). After bubhling nitrogen through the 
solutions, the bottles were capped and brought to the de- 
sired temperature. Silver nitrate (0.0105 g., l ml. of a solu- 
tion containing 1.050 g. of silver nitrate in 100 ml. of water) 
was then added, the bottles swept out with nitrogen, re- 
capped, and returned to constant temperature baths. 
Alternatively, the silver nitrate solution was injected with 
a hypodermic syringe through a punctrire in the metal 
cap. For polymerizations a t  26" or 5" the polymers were 
recsovcred by slowly pouring the white suspensions into 
rcagent grade methanol. For polymerizations at  -15" the 
polymers were isolated by allowing the samples to warm to 
room temperature, decanting the supernatant liquid and 
dissolving the solid in reagent grade acetone. Purification 
was effected as described above; samples for microanalysis 
were dried for three days over phosphorus pentoxide a t  80" 
(0.75 mni.). Significant infrared bands (film): 3620-3500, 
3380 (weak); 1710 (C=O), 1435, 1363 cm.-l 

Anal. Calcd. for (CJIG0)n: C, 68.54; 11, 8.63. Found: 
C, 68.17, 68.09; H, 8.71, 8.33. 

Polymethyl vinyl ketoxime. To a solution of 4.88 g. (0.070 
mole) of hydroxylamine hydrochloride in 125 ml. of ethanol 
was added 5.82 g. (0.071 mole) of anhydrous sodium acetate 
in 190 ml. of ethanol. After 5 min. the precipitated sodium 
chloride was removed by filtration and the alcohol solution 
diluted with 80 ml. of redistilled dioxane. The solution was 
heated a t  reflux temperature with vigorous stirring while 
2.46 g. (0.035 mole) of high molecular weight polymethyl 
vinyl ketone in 125 ml. of dioxane was added over a period 
of 45 min. The reaction mixture was stirrcd at  this tem- 
perature for an additional 7 hr. during which time a large 
amount of the product precipitated. Aftcr allowing the 
mixturc to stand a t  room temperature for 12 hr., the poly- 
mer was collected on a filter, washed thoroughly with water 
and methanol, and purified by reprecipitation from redis- 
tilled dimethyl sulfoxide into water; yield 2.6 g. (%'%).of 
white powder; softening range 246-280". Inherent viscosity 
in dimethyl sulfoxide: 3.59. Samples for microanalysis were 
dissolved in dimethyl sulfoxide, the solutions filtered, and 
the polymer recovered by pouring the solution into water 
(repeated three times). After washing with a large volume 
of water the samples were dried 4 days at 80" (0.1 mm.). 
Significant infrared bands (Nujol): 3400-3180 (-OH), 
1658 (C=N), 955-935 cm. -l (characteristic of oximes*). 

Anal. Calcd. for (C4H7NO)n: C, 56.45; 11, 8.29; N, 16.46. 
Found. C, 56.24; H, 8.51; N, 15.86; residue, 0.88. Adjusted 
to account for residue. C, 56.86; H, 8.58; N, 16.00. 

Copolymer of methyl vinyl ketone and "2,fldimethylpyri- 
dine" (IIa). Poly(methy1 vinyl ketoxime) (1.044 g., 0.0122 

(8) A. Palm and H. Werbin, Can. J .  Chem., 32, 858 
(1954). 

mole) was dissolved in 16 ml. of concentrated hydrochloric 
acid by adding the powdered oxime slowly to the well stirred 
acid. To this was added a solution of 44.4 g. (1.2 molcs) of 
hydrogen chloridc in 165 ml. of absolute ethanol. The re- 
sultant cloudy yellow solution was heated under reflux 
with stirring for 24 hr. At  the end of this period the red- 
orange solution was concentrated under reduced pressure to 
20 ml., diluted with water, and made basic with concen- 
$rated ammonium hydroxide. The precipitated polymer waF 
collected on a filter and washed with 200 ml. of distilled 
water. Purification was effected as follows': The polymer 
waa dissolved in dilute hydrochloric acid, insoluble material 
was removed by filtration, and the polymer recovered by 
reprecipitation with Eodium carbonate solution (repeated 
four times). The material was then alternately suspended in 
distilled water and filtered until three complete washings 
gave negative chloride tests with silver nitrate. Following 
this, the solid was dried at  100' for 1 hr. Finally, the polymer 
was dissolved in reagent grade chloroform, insoluble mate- 
rial was removed by filtration, and the polymer recovered 
by slowly adding the chloroform solution to petroleum ether 
(b.p. 30-60") (repeated four times). Yield: 0.65 g. (88%); 
decomp. 190°, partial melting 460'. Samples for analysis 
were dried a t  100' (0.25 mm.) for 48 hr. Pcrtinent infrared 
bands (chloroform): 340077160, very weak (--OH); 1708 
(C=O); 1599, 1562, and a weak shoulder a t  1500 (pyridine 
C-C and C==d bands); 1445; 1365 cm.-" (C-CH,). 
Ultraviolet maximum (0.2N H2S04): Xmax 281.5 mp ( e  
8980). 

Anal. Calcd. for ( C ~ H & ) O . ~ - (  C I H G O ) ~ . ~ ~ :  C, 78.74; H, 
7.76; N, 9.9X8 Found: C, 79.05; H, 8.01; N, 9.87.1° 

Neutralizdion equivalent of the basic moiety in the methyl 
vinyl ketone-"b,fldinlethylpy~dine" copolymer (IIa). A 
sample of pure methyl vinyl ketone-"2,6-dimethylpyridine" 
copolymer was dried at  100" (0.25 mm.) for 2 days. Immedi- 
ately upon removal of the material from the drying ap- 
paratus, a 47.519-mg. sample waa placed in a 25-ml. volu- 
metric flask and diluted to volume with reagent grade chloro- 
form. From this solution, 2-ml. aliquots were removed, 
diluted with 30 ml. of glacial acetic acid, and titrated with 
0.00288N perchloric acid (in acetic acid; standardized with 
potassium acid phthalate to a crystal violet end point). 
When crystal violet was used to determine the end point 
of the polymer titration, 9.40 ml. (average value) of stand- 
ard acid was required; with methyl violet as the indicator, 
9.65 ml. (average value) was required. These values cor- 
respond to equivalent weights of 118.5 and 115.5, respec- 
tively (theoretical: 119.1). For the calculation of the equiv- 
alent weight, it was assumed the polymer was 84.46 gram 
per cent CsHpN; this is the result of the hydrolysis of 13.53% 
of the ketoxime groups during the ring c l o s ~ r e . ~  

Dioxime of 1,Jdibenzoylpropane. (a) Glutaryl chloride. 
Glutaric acid (30 g., 0.23 mole) was mixed with phos- 
phorus pentachloride (94.4 g., 0.46 mole). After the reaction 
had started, the mixture was heated on the steam bath for 
1 hr. The phosphorus oxychloride was then removed by 
distillation at atmospheric pressure and the residue frac- 
tionated under reduced pressure; b.p. 105-106' (18 mm.), 
[lit., 107-108" (16 mm.)'*], The yield was 34.5 g. (90%). 

(b) 1,bDibmoylpropane. A mixture of 59.6 g. (0.448 
mole) of anhydrous aluminum chloride in 300 ml. of dried, 
distilled benzene was cooled in an ice bath and 34.5 g. (0.204 
mole) of freshly distilled glutaryl chloride was added drop- 
wise with stirring over a period of 15 min. When all the acid 
chloride had been added, the ice bath was removed and the 

(9) The percentage composition of this polymer was calcu- 
lated on the basis of the assumed hydrolysis of 13.53% of 
the ketoxime groups during the reaction Le. for 0.4324 
mole C&N and 0.1353 mole of CIHBO.*~J~  

(10) The hygroscopic nature of the polymer necessitated 
drying the sample to a constant weight prior to analysis. 

(11) P. J. Flory, J .  Am. Chem. ~ o c . ,  61, 1518 (1939). 
(12) IC. v. Auwers and M. Schmidt, Ber., 46, 457 (1913). 
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reaction stirred at  room temperature for 2 hr. The solution 
was then poured slowly onto a mixture of cracked ice and 
40 ml. of concentrated hydrochloric acid; 400 ml. of benzene 
was added and the organic layer separated. After washing 
with an equal volume of sodium bicarbonate solution and 
then with water, the benzene was evaporated under reduced 
pressure leaving a heavy oil which solidified on cooling. 
Upon recrystallization from ethanol-petroleum ether (b.p. 
30-60"), 38.1 g. (74%) of pure lJ3-dibenzoylpropanc was 
obtained; m.p.. 65-66' [lit., 62-63",13" 67.5°13b]. Infrared 
analysis (chloroform): 1683 (ArC=O); 1601, 1584, 1495- 
1490 (aromatic); 1453; 685 cm.-' (monosubstituted phenyl). 
Ultraviolet maximum (absolute ethanol): 243 mp ( E  
25,200). 

(c) Dioxime of I,$-dibenzoylpropane. To 25.4 g. (0.31 
mole) of anhydrous sodium acetatc in 425 ml. of ethanol 
were added at  equivalent ratcs a solution of lJ3-dibenzoyl- 
propane (25.2 g., 0.10 mole) in 350 ml. of ethanol and a 
solution of 20.9 g. (0.30 mole) of hydroxylamine hydrochlo- 
ride in 300 ml. of ethanol. After the reaction had been heated 
at  reflux temperature for 4 hr., the hot mixture was filtered, 
and the filtrate concentrated to one half its original volume 
and diluted with water to precipitate 27.6 g. of crude product 
(98%). Two recrystallizations from ethanol-water yielded 
22.3 g. (79%) of 1,3dihenzoylpropane dioxime; m.p. 163- 
164" [lit., 165-166' (dec.)14]. Infrared analysis (Nujol): 
3100 (-OH); 1625-1620 (C=N); 1600 (shoulder), 1575, 
1499 (aromatic); 938 (oxime); 770-765, and 700 cm.-1 
(monosubstituted phenyl). 

Anal. Calcd. for C17HlaN202: C, 72.32; H, 6.43; N, 9.92. 
Found. C, 72.32; H, 6.33; N, 9.71. 

k?,B-Diphenylpyridine. A solution of 100 g. of hydrogen 
chloridc in 400 ml. of absolute ethanol was added to 2.82 g. 
(0.01 mole) of the dioxime of lJ3-dibenzoylpropane in 40 
ml. of absolute ethanol and the resulting solution heated a t  
reflux for 19 hr. The light pink reaction mixture was then 
concentrated to 30 ml., cooled, and neutralized with am- 
monium hydroxide. An additional 100 ml. of water was 
added to the mixture, the precipitate collected on a filter, 
washed well with water, and dried; crude yield: 2.25 g. 
(97.5%); m.p. 80-81.6". After treatment with Darco in 
absolute ethanol, the yield of pure 2,6-diphenylpyridine was 
1.68 g. (73y0); m.p. 81.5-82' [lit., 81-82°16]. Infrared 
analysis (chloroform): 3035; 1605 (shoulder), 1592, 1568, 
and 1497 (pyridine and phenyl, &C and C=N); 1457; 
1444; 1268; and in Nujol: 826; 778, 758, 742; and 697 cm.-l 
Ultraviolet maxima (absolute ethanol): A,,,,, 245 mp ( E  
28,200), Xmsx 285 mp ( e  12,280), Xmax 302 mp ( e  11,200). 

Anal. Calcd. for CI,HIIN: C, 88.28; H, 5.67; N, 6.06. 
Found: C, 88.34; H, 5.60; N, 5.92. 

Phenyl vinyl ketone. (a )  p-Chloropropiophaone. p-Chloro- 
propiophenone was prepared by a modification of the pro- 
cedures used by Allen and Barker" and Hale and Britt0n.I' 
With this procedure 60-7470 yields of pure p-chloropro- 
piophenone were obtained if the reaction was carried out on 

molar amounts or less, but when the reaction scale was 
increased the product was found to be contaminated with 
3@38vo of p-phenylpropiophenone. Higher yields of pure 
product were obtained with the following procedure. 

(13) (a )  V. Auger, Ann. de Chim. et de Phys. 6O serie, 22, 
358 (1891). (b)  F. R. Japp and A. C. Michie, J .  Chem. SOC. , 
79, 1017 (1901). 

(14) G. Ponzio and M. Fornaseri, Gazz. chim. ital., 66, 
813 (1936). 

(15) (a) M. Scholtz, Ber., 28, 1726 (1895). (b) 0. Dobner 
and P. Kuntz, Ann., 252, 349 (1889). (c) C. G. Overberger, 
J. G. Lombardino, and R. G. Hiskey, J. Am.  Chem. SOC., 
79, 6430 (1957). 

(16) C. F. H. Allen arid W. E. Barker, J .  Am.  Chem. SOC., 
54, 740 (1932). 

(17) W. Hale and E. Britton, J. Am. Chem. SOC.,  41, 
845 (1919). 

Anhydrous aluminum chloridc (83 g., 0.62 mole) wits 
cooled in an ice bath and 69.9 g. (0.55 mole) of 8-ch1oi.o- 
propionyl chloride in 140 ml. of reagent grade carbon 
disulfide was added with stirring. With continued cooling, 
42.9 g. (0.55 mole) of dry distilled benzcne in 100 nil. of 
carbon disulfide was added over a period of 10 min.; at this 
point a large amount of solid was present in the reaction 
flask. The reaction was stirred at  0" for 1 hr. and thon 
heated to reflux for hr. a t  which time the clear suliition 
was poured onto cracked ice. Chloroform was added. nnd 
the two phascs separated. The aqueous layer was extracted 
with two 50-ml. portions of chloroform which were combined 
with the original organic layer. The combined organic 
phases were then washed with four 200-ml. portions of 
water and finally with 100 ml. of a saturatcd sodium chlo- 
ride solution. After drying the yellow chloroform solri t,ion 
over sodium sulfatc, the solvent was removed undcr reduced 
pressure, never allowing the solution to become warm. The 
resulting solid was pulverized and dried in air; crudc yiclcl: 
89.4 g. (96y0). One recrystallization from petroleum ether 
(b.p. 30-60') produced 78.5 g. (85%) of p-chloropropio- 
phenone; m.p. 49-50' [lit., 49-50°1*]. 

Anal. Calcd. for CyHsOCl: C, 64.11; H, 5.38. Found: 
C, 64.22; H, 5.39. 

(b)  Phenyl vinyl ketone. Phenyl vinyl ketone was prepared 
in 69% yield according to the procedure of Allen et ul.lg 
by the dehydrohalogenation of 6-chloropropiophenone; 
b.p. 37-38' (0.05 mm.); n v  1.5588; phenylhydrazine 
derivative ( 1,3-diphenyl-A*-pyrazoline) m.p. 152.5-153' 
[lit., 152-153OZ0]. Phenyl vinyl ketone can be stored at Dry 
Ice temperature for a t  least 3 weeks without change in the 
refractive index of the material. 

Solution polymrizatibn of phenyl vinyl ketone. Poly- 
merizations were carried out in 21 X 70 mm. screw-cap 
vials fitted with rubber gaskets. The reagents were added i n  
the order listed, the vials swept out with nitrogen, capped, 
and placed in constant temperature baths for the indicated 
times. The polymers were recovered by evaporating the 
solvent and triturating the residue with methanol. Purifica- 
tion was effected by dissolving the polymers in benzenc and 
reprecipitating into petroleum ether (b.p. 30-60"). 

Procedure A:  Phenyl vinyl ketone, 2.0 g.; benzoyl per- 
oxide, 0.0125 g. (10-ml. aliquot of a solution containing 
0.125 g. of benzoyl peroxide in 100 ml. of benzene). 

Procedure B: Phenyl vinyl ket,one, 2.0 g.; azo-bis-iso- 
butyronitrile, 0.0125 g. (10-ml. aliquot of a solution con- 
taining 0.125 g. of AIBN in 100 ml. of benzenc). Table IV 
lists the results of these polymerizations. 

Emulsion polymerization of phenyl vinyl ketone. The poly- 
merization samples were prepared in the same manncr RS 

in the solution polymerizations described above, and then 
tumbled in constant temperature baths for the indicated 
periods. The polymers were recovered by pouring the 
emulsions into methanol with stirring. Purification was ac- 
complishcd by dissolving the solid in benzene, rcmovinp; ariy 
insoluble material by filtration, recovering the polymers b y  
slowly adding the benzene solutions to low boiling petroleum 
ether, and finally freeze-drying the polymers from berizencl. 

Procedure A :  Phenyl vinyl ketone, 2.0 g.; Triton X-301, 
0.1 g.; potassium persulfate, 0.0075 g. (0.37%; 3-ml. aliquot 
of a solution containing 0.250 g. of potassium persillfate in 
100 ml. of oxygen-free water). 

Procedure B: Phenyl vinyl ketone, 2.0 g.; Triton X-301, 
0.1 g.; potassium persulfate, 0.0125 g. (0.62%; 5-ml. aliquot 
of a solution containing 0.250 g. of potassium persulfate in 
100 ml. of oxygon-free watcr); silver nitratc, 0.0005 g. 

(18) J. B. Conant and W. It. Kirner, J .  Am.  Chem. SOC., 
46, 240 (1924). 

(19) C. F. H. Allen, A. C. Bell, Alan Bell, and J. Van 
Allen, J .  Am. Cheni. Soc., 62, 656 (1940). 

(20) (a )  F. Ramirez and A. Kirby, J. Am. Chem. SOC., 
75, 6026 (1953). (b) T. Matsumoto and K. Hata, J. Am. 
Chem. SOC., 79, 5506 (1957). 
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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 i t  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 


