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The total distillate was dissolved in ether, the water sepa- 
rated, the ethereal layer dried, and the solvent evaporated. 
The crude octalin was distilled a t  atmospheric pressure, b.p. 
189-193', n'," 1.4890-1.4950, yield 110-130 g. (80-95%). 

A mixture of three parts of octalin and one part of phos- 
phorus pentoxide was heated at 140" for 3 hr. and processed 
in the usual manner.3 The product was distilled a t  atmos- 
pheric pressure through an 18" column packed with Pod- 
bielniak tantalum Heli-pak: fraction 1, b.p. 191-193', ny 
1.4920-1.4940; fraction 2, b.p. 192-194', na. 1.4940-1.4970. 
Fraction 1 usually amounted to a 25% yield and fraction 2 
to a 60% yield. 

( B )  Prom tetralin. In  a three-necked, round-bottomed 
flask fitted with a glass stopper, a sealed all-glass stirrer 
and a reflux condenser closed with a calcium chloride tube 
were placed 500 ml. of ethylenediamine (distilled from 
sodium hydroxide pellets before use) and 66.1 g. (0.5 mole) 
of tetralin. Clean lithium wire (21 g., 3 moles) was cut into 
short pieces and a 5 g. portion was added to  the reaction 
flask. Stirring was commenced and in about 20 min. the 
lithium began to dissolve and heat was evolved. When the 
bulk of the initial lithium had dissolved, the remainder of 
the lithium was added in portions of about 3 g. over a period 
of about, 15 min. Near the end of the addit,ion of lithium, 
the solution developed a blue color, St.irring was continued 
for an additional 30 min. during which time the blue colora- 
tion fadcd to a slate-gray color. 

The rcaction mixture was decomposed by the addition of 
200 ml. of ethanol over a period of 20 min. and the solution 
then poured into 2 1. of ice water. The mixture n'as extracted 
with several portions of benzene, the benzene solutions 
washed with 5% sulfuric acid and water. The solvent was 
removed and the product distilled at  atmospheric pressure 
through a 20" column, b.p. 194-196', n'," 1.4950-1.4970, 
yield 48 g. (71 70). 

9-Nitn~so-lO-chlorodecal~7~. A solution of 45 g. (0.33 mole) 
of mixed octalins, prepared above, and 75 g. (1 mole) of 
ethyl nitrite in 100 ml. of glacial acetic acid was allowed to 
react with 75 nil. of concentrated hydrochloric acid a t  - 15' 
in the usual manner and after 2 hr. t>he blue crystalline 
solid was removed by filtration. The solid was recrystallized 
from acetone twice to yield 35-40 g. (5@.60%), m.p. !)I- 
9 2 O  (lit.2 9 2 O i .  

The yield of this ilprivafive when ~ i i i r c  ~ ~ - o c t a l i n  \YRS 
employed was T7%. 

Ag-OctcilLri. In an all-glass apparatm were placed 30 g. 
(0.46 molej of zinc dust and a solution of 35 g. (0.17 mole) 
of 9-nitroso-10-chlorodecalin in 300 ml. of dry ether and to 
the stirred mixture was added 6 ml. of concentrated hydro- 
chloric acid over the period of 10 min. The stirring was con- 
tinued fc,r 12 hr., then an additional 30 g. portion of zinc 
dust and 6 nil. of hydrochloric acid was added. The mixture 
was allowed to stir for an additional 24 hr., t,he zinc dust 
removed by filtration and washed with ether. The combined 
filtrate and washing were washed with sodium bicarbonate 
and watt:r and then dried. After removal of the solvent, 
the A9-oc:talin !vas distilled a t  atmospheric pressure, b.p. 
194-196', n:; 1.4971, yield 13.8 g. (59%). 

Khen '9.8 g. of the purified material was heated with 5 g. 
of phosphorus pentoxide under the usual conditions and the 
product dist,illed, the following fractions were obtained: 
(1) b.p. 193--191", nzL: 1.4910, yield 1.7 g. ;  ( 2 )  b.p. 194- 
195', n'i 1.1930, yield 0.6 g.; (3) b.p. 195.0-195.5", nzi 
1.4960, yield 7.8 g.; (4) b.p. 195.5-196.0', n'; 1.4965, yield 
2.3 g. 
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In preceding  publication^,'-^ crystallizable poly- 
styrene was prepared by the use of ,41fin catalysts 
and alkali-metal derivatives of arylmethanes. I t  is 
the purpose of this paper to demonstrate the dif- 
ference in crystallizability between polystyrenes 
made using Alfin-type catalysts and arylmethane- 
alkali-metal catalysts, and those prepared using a 
Ziegler-type polymerization system. 

The isotactic polystyrenes, prepared using var- 
ious catalysts, are listed in Table I in the order 
of increasing crystallizability. X-ray diffraction 
photographs of these polymers are presented in 
Fig. 1. 

TABLE I 
CRYSTALLINITY OF ISOTACTIC POLYSTYRENES 

Yield, Figure 
Yumber Catalyst (7 ) % 

Alfin catalyst 2 98 77 0 1 
Triphenylmethyl 1 58 11 1 2 

Modified Ziegler, 1 14 0 I3 

Modified Ziegler, 4 42 72.0 3 

potassium 

Run I system 

Run 2 svstem 

The most striking difference hetrveen polysty- 
renes obtained from organo-alkali-metal catalysts 
and those obtained from a Ziegler-type catalyst , 
is the higher degree of crystallinity obtained in the 
latter case. The order of increasing crystallizability 
was found to be the following: Alfin, triphenyl- 
methylpotassium, and Ziegler-catalyzed poly- 
styrene. Although only very low yields were ob- 
tained a t  first, using the Ziegler system, it was dis- 
covered that, hy modification of the Ziegler system, 
high yields of isotactic polystyrene were obtained. 
In attempts to repeat the method described in the 
Ziegler Australian Patent No. 14116, it was expe- 
dient to substitute trimethylaluminum for triethyl- 
aluminum. It was also nece+.sary to run the reactions 
under atmospheric pressurc. By employing these 
two changes, the catalyst prepared according to the 
reaction sequences described by Ziegler gave 

(1) J. L. R. Williams, J. VanDenBerghe, W. J. Dulmage, 

( 2 )  J. L. R. Williams, J. VanDenBerghe, K. R. Dunham, 

(3) J. 1,. R. Williams, T. M. Laakso, anti IT. J. Dulmage, 

and K. R. Dunham, J .  Am. Chem. Soc., 78, 1260 (1956). 

and W. J. Dulmage, J .  Am. Chem. SOC., 79, 1716 (1957). 

Part 11, J. Org. Chem., 23, 638 (1958). 
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precipitation, and crystallization, has very low 
crystallinity. 

In  contrast, the Ziegler-type polystyrene lends 
itself readily to the fractionation of isotactic from 
the atactic materials, partly because the atactic 
polymers are mainly of low molecular weight and 
hence are easily extracted. When Ziegler-type 
polystyrene ([SI = 1.15) and high-molecular-weight 
atactic polymer ([SI = 1.8) were precipitated to- 
gether from a dilute solution in benzene, extraction 
of the crystallized intimate mixture gave a high 
yield of isotactic polymer. This extracted residue 
\vas as highly crystalline as  the polymer before 
dilution with atactic polystyrene and more highly 
crystalline than any extracted residue obtained 
from polystyrene which was polymerized with a11 
organo-alkali-mrtal catalyst. 

c' 

Fig. 1. X-ray diiiraction photographs of polystyrenes 
(CUKP radiation). A. Alfin polystyrene crystallized by heati 
ing 14 hours in heptane a t  0'. B. Triphenyhethylpotae 
sium-catalyzed polystyrene crystallized hy heating 14 hours 
in heptane at W". C. Modified-Ziegler-catalyzed polystyrene 
extracted and crystallized in boiling acetone 

highly crystallizahle polystyrene in very low yields. 
By use of a pressure bott.le to  contain the reaction 
system, good yields of highly crystallisahle poly- 
styrene were obtained, employing triisobutyl- 
aluminum-titanium tetrachloride as catalyst. 

It appears that the organo-alkali-metal-cata- 
lyzed polystyrenes are block polymers consisting 
of interlinked atactic and isotactic regions. By ex- 
traction with methyl ethyl ketone, it is not possible 
to  raise the crystallinity as high as is obtainable 
from the Ziegler-type polymer. This statement also 
applies to  organo-alkali-metal-catalyzed polymer 
which has been degraded to inherent viscosities as 
low as 0.75. Such degradations release low-viscos- 
ity, amorphous polymer, which, after extraction, 

EXPERIMENTlL 

P01~~ti201imur.4 Polystyrenes were prepared using Alfin- 
type catalyst and triphenylmethylpotassium, as previously 
deserihed.'.: Modified Zieglef-type polymerizations were 
rarried out as follows: 
Run 1. The apparatus consbted of a three-necked, one- 

liter flask equipped with a sintered glaes disk in the bottom, 
high-speed, stainless-steel stirrer, reflux condenser, ther- 
mometer, dropping funnel, and nitrogen inlet tube. The 
reaction flask wm heated in an oil bath. 

A solution of i.015 g. of trimethylaluminum in 70 ml. of 
heptane WRS placed in the flask and heated to 70' under an 
atmosphere of dry nitrogen. A solution of 7.6 g. of titanium 
tetrachloride in 20 ml. of heptane was added over a period 
of 10 min., with efficient stirring, during which time gas 
was evolved and a black precipitate formed. Heating was 
continued for 30 min. after the addition was complete and, 
using the porous glaaa disk, the precipitate was then filtered 
by means of nitrogen pressure upon the surface of the liquid. 
The precipitate was washed three times with a 2% solution 
of trimethylaluminum in heptane. The c o r n  precipitate 
was then suspended in 250 ml. of heptane containing 7.05 
PI. of trimethylaluminurn. After the suspension was trans- 
ferred (under nitrogen) to a oneliter, three-necked flask, 
the catalyst mixture ~ 8 8  heated to  65", and 150 g. (166 ml.) 
of freshly distilled styrene was added dmpwise, with efficient 
stirring, over H 15min. period. The polymerization mixture 
was then heated a t  7&75' for 4 hr. The reaction mixture 
was ewled, poured into methanol, and the inorganio prod- 
ucts were dissolved by the addition of hydroehlorie acid. 
Two layers were formed; the flocculent product was prerrnt 
in the upper layer. After the precipitate was collected, it 
was purified by boiling in acetone containing hydrochloric 
acid. The polymer wan filtered, and then washed several 
times with fresh acetone. The highly crystalline polymer had 
a melting point of 228' and an inherent viscosity of 1.14. 
The yield was 0.2 g. (0.13%). The crystallinity was ex- 
tremely high. 
Run 2. A 375ml. pressure bottle was flushed with dry 

nitrogen and eapped using a Nwpreneline, self-sealing cap. 
A solution of 5.7 g. of triiisobutylaluminum, diluted u,ith 
dry heptane to a total volume of 42.3 ml., was injected into 
the hottle by means of a hypodermic ayringe. The hottle 

(4) Trimethylaluminum and triiaobutylalumimvn were 
used in theae experiments, w h e w  triethylaluminum' was 
employed by Ziegler! All-glass equipment was used rather 
than steel autoclaves. 

(5) K. Ziegler, Auatmlian Pnknt  14116, exnmple 44 
(1955). 
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was immersed in a 70' water bath for 10 min. and a solution 
of 3.8 g. of titanium tetrachloride, diluted with dry heptane 
to a volume of 12.2 ml., was added in small amount over a 
5-min. period, using a hypodermic syringe. The bottle was 
vented from time to time in order to relieve the pressure, 
The reaction bottle was then tumbled for 30 min. at TO', 
after which time 42.3 ml. of triisobutylaluminum-heptane 
solution and 75 ml. of freshly distilled styrene were added. 
The bottle was then tumbled in a 70' water bath for 24 hr. 
After the bottle waa cooled to room temperature, the con- 
tents were poured into methanol. Hydrochloric acid was 
added to dissolve the inorganic materials, and the mixture 
allowed to  stand for 16 hr. The polymer was collected and 
then suspended in acetone containing hydrochloric acid. 
The polymer was washed by decantation several times with 
a fresh acetone and subsequently boiled in acetone for 18 
hr., to give a 72% yield of polystyrene having an inherent 
viscosity of 4.42, a melting point of 230', and extremely high 
crystallinity. 
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The simple compound 3-methylpyrrole is only 
very poorly characterized in the chemical literature. 
Earlier methods of synthesis2-' gave either low 
yields, small amounts of impure material, or a,n 
inseparable mixture of isomers. 

The present paper reports the synthesis of pure 
3-methylpyrrole in 37.87, yield starting with potas- 
sium phthalimide by condeiisation of aminoacetone 
with diethyl oxalacetate and subsequent hydrolysis 
and decarboxylation of the product, 2-carboxy-2- 
carbethoxy-4-methylpyrrole, essentially by the 
method of Piloty and Hirsch.2 Our contribution 
consists in the development of a new method for the 
in situ synthesis of aminoacetone (hydrolysis of 
N-acetonylphthalimide) and in the improvement of 
the subsequent steps, as well as in a more complete 
characterization of 3-methylpyrrole. 

(1) This investigation was performed as a part of Ameri- 
can Petroleum Institute Research Project 52 on Nitrogen 
Constituents of Petroleum, which is conducted a t  the Univer- 
sity of Kansas in Lawrence, Kan., and the Bureau of Mines 
Experiment Stations in Laramie, Wyo., and. Bartlesville, 
Okla. 

(2) A. Pictet, Ber., 37, 2792 (1904). 
(3) von 0. Piloty and P. Hirsch, Ann., 395, 63 (1913). 
(4) B. Odd0 and R. Mameli, Guzz. Chim. itul., 43(2), 504 

(5) L. H. Andrews and S. M. McElvain, J. Am. Chm. 

(6) H. Fischer and W. Row, Ann., 519, 22 (1935). 
(7) J. W. Cornforth and R I .  E. Firth, J .  Chen. SOC., 1091 

(1913). 

Soc., 51, 887 (1929). 

(1958). 

EXPERIMENTAL 

N-Acetonylphthlimzde. An intimate mixture of 250 g. of 
potassium phthalimide with 200 g. of 1-chloropropanone was 
added to a 21., three necked round bottomed flask fitted 
with a mechanical stirrer and a reflux condenser. The mixture 
mas heated gently by means of a heating mantle until reac- 
tion began; the heat was then withdrawn and the reaction 
allowed to proceed to completion a t  room temperature. The 
solid product was recrystallized from water to yield 269 g. 
(98.2%) of colorless needles of N-acetonylphthalimide, m.p. 
116.0-1 16.8", 122.9-123.5' after recrystallization from 
water (reported8 124'). 

6Curboxy-S-carbethoxy-4-methylpyrrole. A solution made 
from 150 ml. of concentrated hydrochloric acid and 75 ml. of 
water was added to 50.0 g. of crude N-acetonylphthalimide in 
a 500-ml., one necked round bottomed flask fitted with a re- 
flux condenser. The solution was heated a t  reflux for 4 hr., 
cooled and brought to  pH 1.5 by addition of 3070 aqueous 
sodium hydroxide solution and filtered to remove the phthalic 
acid that precipitated. The filtrate was then added slowly 
to a solution of 45 g. of diethyl oxalacetate sodium salt in 400 
ml. of water while the temperature was mainttlincd a t  75' 
and the pH a t  5 by periodic addition of small amounts of 
sodium hydroxide solution. 

The mixture was then cooled and the precipitate removed 
by filtration. The pH of the filtrate was brought to 8 by the 
addition of further sodium hydroxide solution and the re- 
sulting solution heated a t  75" for 30 min., reacidified with 
dilute hydrochloric acid, and cooled. Filtration afforded a 
second crop of 2-carboxy-3-carbethoxy-4methylpyrrole to 
bring the total yield of product, m.p. 195.7-196.8' (re- 
ported3 196'), to 25.5 g. (52.8%). 

S-Carboxy-~-methylpyrrole. A solution of 440 g. of potas- 
sium hydroxide in 1250 ml. of water was added to 67 g. of 2- 
carboxy-3-carbethoxy4methylpyrrole and the mixture re- 
fluxed for 24 hr. The solution waa brought to pH 9 with 
concentrated sulfuric acid, cooled, and filtered. The filtrate 
was then acidified, cooled, and filtered to  afford a quantita- 
tive yield (42.5 g.) of 3-carboxy-4-methylpyrrole, m.p. 
152.6-153.7' (reported8 149'). 

3-Alethylpyrrole. A total of 22.0 g. of finely poudered 3- 
rarboxy-4-methylpyrrole was placed in a 200-ml. round 
bottomed flask fitted for distillation. The flask was heatrd 
gently with a free flame until no more liquid distilled. The 
distillate was taken up in ether, the solution dried over %it-  
hydrous magnesium sulfate and redistilled to y i ~ l d  10.6 g. 
(73.1 %) of pure 3-methylpyrrole, b.p. 142-143" (740 mrn.) 
n y  1.4970, n'," 1.4949. 

Anal. Calcd. for C6H,N: C, 74.0; H, 8.7; N, 17.3. Foulid: 
C, 74.0; H, 8.8; N, 17.3. 

The absorption bands in the infrared spertra of S-methyl- 
pyrrole and 2-methylpyrrole8 are compared in Table I 
and the respective infrared spectra of 12.25% solutions in 
chloroform taken with a Perkin Elmer Model 21 double 
beam spectrophotometer in 0.05 mm. sodium chloride cells 
are shown in Figs. 1 and 2. 
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FREQUENCY, om. -1 

Fig. 1. Infrared spectrum of 3-methylpyrrole 

(8) S. Gabriel and G. Pinkus, Ber., 26, 2197 (1893). 
(9) P. A. Cantor, R. Lancaster, and C. A. VanderWerf, 

J .  Org. Chenz., 21, 918 (1956). 


