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Ketone Hydrazine 

TABLE I 
Reaction 

Previous 
'C., cor. m.p., OC. 

temp., Yield,@ Ivf.p.,b 
OC. % Indole 

Acetophenone a-Methyl-a-phenyl- 1-Methyl-2-phenyl- looc 73d 100-101 1oo-10la 

Propiophenone Phenyl- 3-Methyl-2-phenyl- 170 5sk 90- 92 91- 92' 
-4cetone Phenyl- 2-Methyl- 203 60k 56- 59 BOrn 
Methyl ethyl ketone Phenyl- 2,3-Dimethyl-" 230" 68' 100-102 10V 
Isobut yrophenone Phenyl- 3,3-Dimethyl-2-phenyl 155c 45 . . . . . .  . . . . . .  

rlcetophenoc e Phenyl- 2-Phenyl- 180 76' 187-188 188-189g 
p-Phenylacetophenone Phenyl- 2,4'-Diphenyl- 188 63A 293-295' 297-298' 

indolenine' 
@ Based on amount of ketone used. * All melting points are corrected (Kofler hot-stage). Sui>- 

limed in oacuo and recrystallized from cyclohexane. " See ref. (4) 
Sublimed i n  vacuo and recrystallized from large amouiits of ethyl acetate. * Microscopic slide, in sealed tube, m.p. 322- 

326'. Sublimed twice in vacuo. 
A. Collet, Buli. soc. chinz. F I ~ Z C P ,  [3] 17, $4 (1897). Best yields were obtained 

when phenylhydrazine and ketone were heated together on the steam-bath for a few minutes before the polyphosphoric acid 
was added. 0 The reaction is vigorous in spite of cooling but the mixture did not remain at this temperature for more than a 
few minutes. Sublimed twice in zlacuo and recrystallized from cyclohexane. g E. Fischer, Ann. ,  236, 129 (1886), obtained 
this meltitig point only after converting the indole to its S-nitroso derivative and reducing the latter after several recrys- 

Bath temperature. 
0 J. Degen, Ann., 236,155 (1886). f Sublimed i n  vacuo. 

i S. Buu-Hoi, S. Honn, and R. Royer, Bull. soc. chim. France, [5] 17, 489 (1950). 
E. Fischer, Ann. ,  236, 127 (1886). 

tallizations. T See experimental. 

use of temperatures much lower than those indi- 
cated (110-120°) led to the isolation of small quan- 
tities of bisic by-products in the case of "phenyl- 
indole and 3-methyl-2-phenylindole; these sub- 
stances have thus far not been identified. 

The two benzyl ketones, desoxybenzoin and di- 
benzyl ketone, when allowed to react with poly- 
phosphoric acid and phenylhydrazine, yielded in- 
tractable, highly colored, polymeric substances. 
These results could not be changed by using the 
separately prepared ketone phenylhydrazones or by 
varying the temperature conditions. Similar nega- 
tive results were observed with phenylacetaldehyde 
and butyraldehyde, both as free aldehydes with 
phenylhydrazine or as phenylhydrazones. There- 
fore, i t  seems probable that polyphosphoric acid 
will be useless for the preparation of 2-unsubsti- 
tuted indoles. 

Experimental 
General Method.-To a mixture of 0.05 mole of the ke- 

tone and 5 ml. of phenylhydrazine was added approximately 
20 g. of polyphosphoric acid. The mixture was stirred with 
a thermometer and warmed gently on a steam- or oil-bath 
until a sudden rise of temperature indicated beginning of 
the reaction. By cooling the mixture externally with water 
a t  this point, the temperatures were maintained at the level 
shown in Table I. After the end of the reaction, 100 nil. of 
cold water was added to the cooled mixture which was theti 
extracted thoroughly with ether. The combined, dried, 
ether extracts yielded the corresponding indoles which were 
purified by the methods indicated in Table I. Caution 
must be used in large scale runs because of the large amount. 
of heat given off by the reaction mixture. 
3,3-Dimethyl-2-phenylindolenine.-A homogeneous mix- 

ture of 14.2 g. of isobutyrophenone, 10.8 g. of phenylhydra- 
zine and 30 g. of polyphosphoric acid was heated with 
vigoraus stirring for a few minutes in an oil-bath a t  158". 
The color of the mixture changed from light yellow to dark 
brown. After cooling, there was added 150 ml. of ice- 
water and enough solid sodium carbonate to make the solu- 
tion basic. Extraction with ether and removal of the sol- 
vent after drying yielded an oil which was distilled to  give 
9.5 g. (45%) of a slightly yellow liquid; b.p. 141-145" (1.5 
mm.). 

A picrat@ melted a t  153-155" after two recrystallizations 
from ethanol. 

A perchlorate was prepared by the addition of 60% aque- 
ous perchloric acid to  a cold ethanolic solution of the in- 

( 3 )  H. Leuchs, A. €Idler and A. IToffman, Ber., 61, 877 (1929), used 
zinc chloride for the preparation of this indolenine which they isolated 
by means of the picrate, m.p. 158-160°. 

dolenine. 
tions from ethanol. 

4.53. Found: C, a9.65; H, 5.10; N, 4.45. 

NATIONAL INSTITU~ES OF HEALTH 
BETHESDA, MARYLAND 

I t  melted a t  194-195' after three recrystalliza- 

Anal. Calcd. for CrsHuNCIO1: C, 59.72; H, 5.01; S, 
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Heats of Fusion of Aliphatic Polyesters' 
BY L. MANDELKERN, R. R. GARRETT AND P. J. FLORY 

RECEIVED APRIL 3, 1952 

An investigation,* the results of which were pub- 
lished several years ago, yielded discordant values 
for the heats of fusion of two linear polyesters, 
poly-(decamethylene adipate) and poly-(decameth- 
ylene sebacate). Heats of fusion calculated from 
the depressions of the melting points T m  caused by 
introductiun of copolymerized units in the chains 
were substantially lower than those deduced from 
the dependence of T m  on chain length, and from 
that obtained in one instance from the lowering of 
Tm by diluents2 In more recent  investigation^^,^ 
the latter method has been chosen in preference to 
measurements on copolymers principally because 
of the better definition of the melting points of the 
polymer-diluent mixtures, and also because of its 
wider applicability to polymers including those for 
which random alteration of some of the units, as by 
copolymerization, is impractical. Furthermore, . 
the use of dilatometric methods permitting gradual 
melting over periods of several days yields more re- 
liable melting points than the earlier micro method 
involving comparatively rapid heating of a small 
sample on the stage of a low power microscope. 

In the light of these advances it seemed desirable 
to repeat the earlier determination of the heat of fu- 
sion of an aliphatic linear polyester by the diluent 

(1) This work was carried out a t  Cornell University as part of a 
research program supported by the Alleganp Ballistics Laboratory, 
Cumberland, Md., an establishment owned by the United States 
Navy and operated by the Hercules Powder Company under Contract 
NOrd 10431. 

(2) R. D. Evans. H. R.  Mightou and P. J Flory, THIS j o w w m .  72,  
2018 (1950). 

(3) P. J. Flory, L. Ifandelkern and H. K. Hall. ibid. ,  73, 2532 (1IIJ1). 
(4)  L. Mandelkern and P. J. Flory, i b id , ,  1 S ,  3206 (1951). 
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Fig. 1 .---Specific volume-telnperature curves for pure 
poly-(decamethylene adipate), 0 ; for its mixture with O O F ,  
dimethyl formamide (vi  = 0.603), 0; and for its mixture irith 
1856 diphenyl ether (c, = U.lW), A .  Points were taken i i i  

order of ascending teinIicr,ituuc~. 

: {  

iiiethocl. Accordingly, the iuelting points oi vari- 
(ius mixtures of poly-(decamethylene adipatej with 
tiiinethylformamide and with diphenyl ether have 
been carefully measured dilatometrically, the tem- 
perature being raised in one degree increments every 
24 hours in the vicinity of T,. Typical dilatomet- 
ric results are shown in Fig. 1 for the undiluted 
polyester and for two mixtures with diluents. The 
melting point T L  for the pure polymer, 79.5 =t 
0.5', is in good agreement with the value previously 
reported,2 which also was obtained dilatometri- 
c ally. Melting points observed for various mixtures 

They are shown graphically 
I I I  Fig. 2 where the quantity (l/Tn, - l / T m o ) / v l  is 
~)lotiecl against 29 'T, as suggested by the theoreti- 
cal relation' 

given in Table I. 

, 
(1 1 

I 
= = ( K  / ! ~ , l ~ v , k / v , ) [ l ~  - x ,  I C , ,  Tr,? 

where h, is the heat of fusion per polymer unit, 
vll is the molar volume of a unit and v1 is the molar 
volume of the sulvent, vI is its voluirie fraction pres- 
r n t  in the solution, a 
i I '  I I l o t )  1 ( ilri 

n' 
0.21 I:o :DIMETHYL 

FORMAMIOE 

,?E I ,/'DIPHENYL 
ETHER 

- I &  I 1 

I :o 2 :o 
e , h m  ~ 1 0 3 .  

liig. 2. --Trcatinciit of meltiilg points of mixtures for t h c  
purpose of evaluating the heat of fusion (from intercept\) arid 
the interaction paraineter 13' (froin slopes). 

t u , "  given i n  the previous3~' notation as - $1 + 
' 2 ,  or where H'  represents the standard state free 

energy of mixing per unit volume.6 Presuming the 
internal energy contribution to B' to be dominant, 
we choose .JI /~; ,  as the abscissa variable, although 
over the small temperature range involved ~1~ 

~rould serve equally well. The uncertainties in the 
ordinate values are indicated by the lengths of the 
vertical lines representing the experimental data. 
Intercepts of the straight lines drawn through the 
points for the mixtures containing dimethylformam- 
ide and diphenyl ether yield, respectively, h, = 
10,300 * 600 cal./mole and 10,100 rt 600 tal.,/ 
mole. From the mean of these results, the heat of 
fusion per gram is 35.8 cal. The depressions ob- 
served previously on copolymers yielded the much 
lower value of 13.4 cal./g. On the other hand, the 
heat of fusion calculated from the change in Tn, 
with molecular weight was 37.5 cal./g., in good 
agreement with the present value. Measurements 
of a preliminary nature2 on the depression of T,  for 
poly-(decamethylene sebacate) by diethyl sebacate 
and by benzophenone led to a similar heat of fusion 
of 30 cal./g. 

We conclude that the copolymer melting point 
method for securing the heat of fusion is untrust- 
~ o r t h y , ~  probably because of the difficulty of de- 
tecting the required melting point,6 which is defined 
as that a t  which the most perfect crystallites disap- 
pear. In the case of a copolymer these should COII- 
sist of those sequences of the primary unit of excel)- 
tionally great length, which, being present in es- 
ceedingly minute quantity, melt undetected.3 Eveii 
with the more refined dilatometric procedure the 

x, = fjlvl,il<T ( 2  i 

( 6 )  Y. J. I'lory and \A'. R. Krigbaurn,  AI??^. Kcv.  Phys .  Chetii , 2. 
383 (1961). 

(7)  0. B. Edgar and R. Hill, J. Polymer Sei., 8,  1 (1952), have re 
cently reported heats of fusion for poly-(ethylene terephthalate), poly- 
(ethylene adipate), and poly-(ethylene sebacate) as determined by t h i  
<,opolymrr melting point depression method. The values obt.<iiiwl 
Lire expectedly lorn (11.5, 22.1 and 14.5 cal./g., respectively) slid In.,? 

l i c  in  errnr  i n  a manner  corresponding with our observation, uii th , i  
, , ,%.ti,<><! 
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melting points of copolymers are il1-definedq3 I t  
is difficult to understand, however, why the lower- 
ing of T,  with reduetion in degree of plymeriza- 
tion2 does not appear to be subject to st cwreepwd- 
ing error. 

According to the results shown in Fig. 2 ,  dimeth- 
ylfarmamide is a far more patent solvent for the 
polyester than is diphenyl ether. Values of B' es- 
timated from the slopes of the lines are SS.0  cal.1 
cc. and - 1 .S cal./cc., respectively. 

TABLE I 
MELTING TEMPERATURE OF POLYMER-DILUENT MIXTURES 

I TI,, '(2 1 T,, ' C .  

0 078 72 5 * 0 5 0 123 7 4 . 5 f 0  5 
202 66 5=k 5 180 71.5 f 5 

.422 61 5 f. 5 410 59 5 i  5 

.603 57 5 f  5 594 50*5*  . 5  

Experimental.-Recamethylene glycol and adipic acid, 
both carefully purified, were ~lymerized by heating without 
added catalysts a t  160 to 2l!'.under a reduced pxssure of 
pure nitrogen for a total of 33 hours. A 2% excess of glycol 
over the amount required stoichiometrically was used in 
order to  compensate loss of glycol by volatilization. The 
final viscosity a t  109' was 1800 poises, corresponding to a 
number average molecular weight of 11,500.6 

The solvents, dimethylformamide and diphenyl ether, 
were of reagent grade. The farmer was redistilled. Poly- 
mer-diluent mixtures were prepared by heating the ingre- 
dients with stirring as previously described.8 The dilato- 
metric procedures have been described elsewhere 

(8) P J. Flory, THIS JOURNAL, 62, 10.57 (1940). 

Dimethylformamide Diphenyl ether 
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Steroids Derived from Bile Acids. XVII. Dehy- 
drobromination of 3-Keto-8-brcunosteroids with 

2,4-Dinitrophenylhydrazinel 
BY WARREN F. MCGUCKIN~ AND EDWARD C. KESDALL 

RECEIVED FEBRUARY 11, 1952 

When 3-keto-4-bromosteroids are treated with 
2,4-dinitrophenylhydrazine in acetic acid hydrogen 
bromide is eliminated and a A4-steroidal hydrazone 
is formed.aa*b The probable mechanism of this 
reaction has been discussed. Djerassi4 believed 
that hydrogen bromide was eliminated before 
formation of the hydrazone. Mattox and KendaW 
suggested that the hydrazone was formed with 
the atom of bromine a t  C-4 still intact and that 
subsequently hydrogen bromide was lost. 

Isolation and identification of the 3-bydrazone 
of the 4-brornosteroid as an intermediate com- 
pound did not appear feasible since a t  room temper- 
ature the organically bound bromine rapidly ap- 
peared in solution as bromide ion. 

It seemed probable that the bromohydrazone 
(1) Abridgment of portion of thesis submitted by hIr XIcGuckin to 

the Faculty of the Gradudtc School of the University of Minnesota in 
partial fulfillment of the requirements for the degree of Doctor oi 
Philosophy . 

(2) Fellow in Bibhemstry.  
(3) (a) V R Mattox and E C Kendall, THIS JOURNAL, 70, 882 

(1948), ( 1 , )  \ R \[. ,tim and k C Kendall, .7 B i d  Chcm , US, 601 
(1950) 

(4 )  Crrl  Djeraiii 1 HIS J U L R \ A L ,  I & ,  1OflJ (1949). 
( 5 )  1 K M a t t o x  and  E C Kendall, ibrd , 79, 2290 (19.50) 

would be stable in relatively non-polar solvents, 
such a8 chlomform or benzene, but attempts to pre- 
pare t b i s  intermediate product in such solvents 
were unsuccessful. For this reason the postulated 
compound was prepared indirectly by bromination 
a t  C-4 of methyl 3,11-diketo-12a-bromocholanate 
3-(2,4-dinitrophenylhydrazone) in chloroform. The 
3-hydrazone of the 4-bromosteroid was isolated6 in 
crystalline form and its physical characteristics 
were determined. When this compound was dis- 
solved in acetic acid hydrogen bromide was spon- 
taneously eliminated and the 114-steroidal hydrazone 
was separated in excellent yield. 

It has now been shown that whm the 3-keto-4- 
bromosteroid was added to 2,4-dinitmphenylhydra- 
zine in a 1 : 1 mixture of acetic acid and chloroform 
at  0' the 3-hydrazone of the 4-bromosteroid was 
formed and that a t  this temperature hydrogen 
bromide was very slowly eliminated. After the 
acetic acid had been removed by washing at 0' with 
water, the compound was obtained in a yield of 80% 
and was found to be identical with the material 
previously prepared by bromination of the satura- 
ted steroidal hydrazone. The separation of this 
unstable intermediate product furnishes additional 
support for the mechanism of the reaction suggested 
by Mattox and Kendall. 

Methyl 3,11-Diketo-4,12~-dibromocholanate 3-(2,4- 
Dinitrophenylhydrazone).-To a solution of 500 mg. of 2,4- 
dinitrophenylhydrazine in 150 ml. of chloroform and 150 
ml. of acetic acid which was freed of air with a stream of sar- 
bon dioxide and cooled to O', 559 mg. of methyl 3,ll-diketo- 
4,12~~-dibromocholanate was added and the mixture was 
agitated a t  intervals to effect complete solution. After 1.5 
hours at OD, 300 ml. of water was added, the chloroform solu- 
tion was separated, washed quickly with dilute acetic acid, 
0.10 N sulfuric acid, dilute sodium bicarbonate solu- 
tion and water, and was atered through a pad of sodium sul- 
fate. The solution was concentrated immediately under 
reduced pressure to  about 5 ml., diluted with 25 ml. of ab- 
solute ether and cooled in a Dry Ice-acetone-bath. The 
yellow crystals (591 me.) which separated melted a t  135- 
137'; X2$f0rm361 mp, c 26,400; [ a ] ~  - 162 f 2' (chloro- 
form). 

The melting point, optical activity and absorption spec- 
tra of the compound, in both the ultraviolet and infrared 
regions, were identical with those of an authentic sample 
which had been prepared by Dr. V. R. Mattox in this Lab- 
oratory by bromination of the saturated hydrazone. 
DIVISION OF BIOCHEMISTRY 
MAYO FOUNDATION 

ROCHESTER, MINNESOTA 
USIVERSITY OF MINNESOTA 

High Vapor Pressure of n-HexadecafluorohepCel 
BY H. y. MILTON AND GEORGE D. OLIVER 

RECEIVED MARCH 5, 1952 

Recently the vapor pressure of this coiiipound 
below two atmospheres was published with other 
thermodygamic properties.2 In the course of test- 
ing a method to determine critical temperature and 
pressure, by means of vapor pressure measurements 
in the region of the critical point, vapor resure 
data wxs measured on mhexsdecafluor8eptane 
fram tWa atmospheres to the critical point. 

(1) This do-& i s  base$ on work perfmod for the Atomie 
Energy Commission by Carbide and Carbon Chemicals Division 
Union Carbide and Carbon Corporation, Oak Ridge, Tennessee. 

(2) G. D Oliver and J W. Gnsard, THIS JanRNAL,  73, 1688 (19.51). 


