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Phenvlsodiurn Route to Phenvlacetic 
J J 

Acid- and Dimethyl Phenylrnalonate 
JOHN F. NOBIS AND LOUIS F. MOORMEIER 

National Distillers Chemical  Co. ,  
Dinision of h’ational Distillers Products Corp.,  Cincinnati  37, Ohio 

result of an  investigation concerned with the use of As dispersed A sodium in the preparation of organosodium com- 
pounds, new industrial routes to  phenylacetic acid and dimethyl 
phenylmalonate have been developed. These syntheses appear 
to  be more economical than existing routes and do not require the 
isolation of any intermediates. The starting materials for either 
end product are dispersed sodium and chlorobenzene. Thus, 
i t  has been found tha t  the well-known reaction (1, 2, 4,  5, 7-10) 
between sodium and chlorobenzene, leading to  phenylsodium, 
may be made essentially quantitative if freshly dispersed sodium 
is used. The  reaction takes place best in a toluene medium, 
and when the  formation of phenylsodium is complete the reac- 
tion mixture is refluxed for 2 hours. This reflux period serves 
to  effect a metalation reaction between the phenylsodium and 
an  equimolar portion of the toluene medium, thus forming ben- 

zylsodiurn. Rapid carbonation of the mixture on dry ice give 
eesentially a theoretical yield of phenylacetic acid. Yields of 90 
to  95% may be obtained by controlled addition of benzylsodium 
to ethyl ether saturated with carbon dioxide a t  -20 O C. If gaseous 
carbon dioxide is added to  the benzylsodium suspension over 
several hours at 30” to  40” C., there is obtained a 707, yield of 
phenylmalonic acid along with 2570 of phenylacetic acid. Treat- 
ment of this reaction mixture with methanol and hydrogen chlo- 
ride, followed by a 5-hour heating period, gives an  easily separable 
mixture of dimethyl phenylmalonate and methyl phenylacetate. 
If i t  is desired, the free acids may be separated before esterifica- 
tion by  their solubility differences in benzene and the phenyl- 
malonic acid esterified separately. The  yield of dimethyl 
phenylmalonate, based on phenylmalonic acid, is 9470, while 
the over-all yield based on chlorobenzene is 65%. 
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TABLE I. PHENYLSODIUM PREPARATIONS 
(Maximum sodium particle slze 33 P usually 10-1 5 p ;  chlorobenzene diluted with equal weight of reaction inedlum; 5% of chlorobenzene charge added 

to  initiate reaction) 

Espt 
NO 

1 
2 

3 

4 

5 
6 

7 

8 
9 

10 
11 

1 2  

13 

1 4  

Reaction 
Medium 

Toluene 
Desulfurized, 

dry toluene 
Toluene 

Toluene 

Toluene 
9070 Toluene- 

10% benzene 

Toluene 

o-Xylene 
Ethylbenzene 
n-Octane 
Iso-octane 

Benzene 

Benzene 

n-Pentane 

Sodiiiui 
Gram- 
AtOlllS 
1 . I 7  
2 .30  

1 , l i  

1 . 1 7  

1 . 1 7  
1 .17  

1 .15  

0.59 
1 . 1 7  
1 .17  
2 . 3 0  

2 . 3 0  

2 .30  

2 . 3 0  

Chloro- 
benzene, 

Moles 
0 .50  
1 . o  
0 . G O  

0.50 

0 .50  
0.50 

0 5 0  

0.23  
0.50  
0 30 
0.95  

1 .0 

L O  

1 . 0  

Chloro- 
Initia- benzene 

tion Addition Car- 
Time, Time, bonation 
Min.  Min. Method 

6 
1 

20 

20 

20 
2 

2 

I 
5 
5 
5 

1 

1 

1 

40 
33 

30 

35 

35 
15 

23 

1 4  
25 
70 
25 

33 

30 

60 

Gas 
Solid 

Gas 

Gas 

Solid 
Solid 

Gas 

Solid 
Solid 
Solid 
Solid 

Gas 

Solid 

Gas 

Yield of 
Yield of Phenyl- 
Benzoic acetic 

Acid, Acid, 
% % 

99 .2  . . .  
9 6 . 1  . . .  
. .  42 .5  

. , .  60.0  

. . .  99.: 

. , .  8 2 . 0  

9 2 . 0  

98 .7  
99 .0  . . .  

100.0 . . .  
99 .1  . . .  

9 9 . 4  

99.G . . .  
97 .5  . . .  

Special Procedure 
Carbonated a t  0-20' C. for  25 niin. 

. . . . .  
Refluxed 2 hours before carbonation a t  d-  

10" C .  for 15 min. 
Refluxed 2 hours  before carbonation a t  

-20' t o  -30' C.: 2 3 . 9 %  uhenvlinalonic . .  . 
acid also formed 

Refluxed 2 hours before carbonation 
Chlorobenzene diluted 1/1 with benzene. 

refluxed 3 hours a t  1 0 3 O  C. before car: 
bonation 

Carbonated by addition of benovlsodium to  
ethyl ether saturated with 'COS gas a t  
-20' C . ;  gas passed throiigh carhona- 
tio? inixture during 45-min. additiori 
period 

. . . .  
Chlorobenzene not hl i i tkd 
Chlorobenzene diluted 1/1 with benzene: 

2 ml. amyl  alcohol in  5 ml. benzene added 
t o  initiate reaction 

50% Sodium dispersion prepared in  toluene 
and transferred under nitrogen into ben- 
zene to  form 1 5 %  dispersion; caibonated 
a t  0-20' C. for 25 min. 

50% Sodium dispersion prepared in iso- 
octane and transferred under nitrogen 
into benzene to  form 16% dispersion 

;0% Sodium dispersion prepared in n-octanc 
and transferred under nitrogen into n- 
pentane t o  form 15% dispersion; car- 
bonated a t  0-20° C. for 75 min. 

PHEhYLSODIUXI 4UD PHEhX LACETIC ACID 

Although the preparation of phenylacetic acid by carbonation 
of benzylsodium has been described by a number of investigations 
(g, 4,  6,7-10), this sodium route to phenylacetic acid has not been 
attractive commercially because of the difficulty of preparation 
of the intermediate organosodium compounds, the long reaction 
periods required, and the relatively low over-all yields. Ben- 
zylsodiuni has been previously prepared in moderate yields by 
metalation of toluene with either n-amylsodium or phenylsodium. 
Work in the laboratories of the Kational Distillers Chemical Co., 
lion-ever, has shown that  phenylsodium may be rapidly and safely 
prepared in nearly theoretical yields from chlorobenzene and 
freshly dispersed sodium in toluene a t  25" to 30" C. Benzyl- 
sodium may be formed in 95 to  99% yields by refluxing the result- 
ing phenylsodium suqpension for 2 hours. The sodium is com- 
pletely transferred to an equimolar portion of the toluene by a 
metalation reaction. 

C&C1 f 2 x a  --f C&&a + xaC1 
chlorobenzene phenylsodium 

C6HbNa 4- CeH5CH3 -, C8H5CHzYa + CsHs 
phenyl- toluene benzylsodium benzene 
sodium 

Carbonation of this reaction niixtuie on solid carbon dioxide 
gives 95 to 99% yields of phenylacetic acid. 

CBHbCH2Sa 't- COz -+ CsH5CIIzCOOP;a 
sodium phenylacetate 

CsH5CHzCOOiYa + I'Ic1 --t C G H ~ C H ~ C O O H  4- NaCl 
phenylacetic acid 

I n  connection with this study of the phenylacetic acid synthesis, 
it was necessary to make a thorough examination of the condi- 
tions for the preparation of phenylsodium. Although phenyl- 
sodium may be prepared in high yields in a variety of aliphatic 
and aromatic hydrocarbons (Table I), it is best prepared in tol- 
uene when the  desired end product is phenylacetic acid or phen- 

ylmalonic acid. I t  may be noted from the results of expeiimciit 
6 (Table I )  that  the hydrocarbon to be metalated must be prc- 
ent in conderable  excess, since 10% benzene in toluenc re- 
duced the yield of benzylsodium and phenylacetic acid. A num- 
ber of othei factors are also of importance. Thus, it is eswntial 
to have present a 12 to  17% excess of sodium, an active ficihlv 
prepared sodium dispersion containing 15 to 20% sodium by 
weight, a sodium particle size average below 25 microns, and an 
inert atmosphere. Although it has been previously reported (8 ,  
f1, f a) that high speed stirring is essential for maximum vielda of 
organosodium compounds, no particular advantages were notrd in 
this woilr when high speed stirring  vas u3ed during the chlolo- 
benzene-sodium reaction. 

Preparation of the 15% sodium dispersion may be accomplished 
in either of two ways. by formation of a 50: 50 dispersion of sodinni 
and medium in small equipment, followed by transfer to a large 
reactor for dilution to the 15% sodium concentration (by weight), 
or by dispersion of the sodium a t  the desired 15% sodium con- 
centration in a flask large enough to handle subsequent reactions. 
When preparationa of phenylsodium are to be made in media 
boiling below the melting point of sodium (97.5' C.), the sodium 
must be dispersed first in a higher boiling media at the 50y0 ron- 
centration. The diqpersion may then be diluted with the deqired 
media in the same reactor or after transfer to  the larger reactor, 
as in the second method. An inert atmosphere must be main- 
tained a t  all times to avoid deactivation of the sodium or hydrolv- 
sis of the phenylsodium. The laboratory equipment used in 
these studies for the preparation of the sodium dispersion and 
the phenylsodium has been described ( 3 ) .  

The initiation of the reaction between chlorobenzene and dis- 
persed sodium is almost always immediate (1 to 5 minutes), 
if care is taken in fulfilling the required conditions. The reac- 
tion is characterized by an increasingly rapid temperature rise, 
accompanied by the appearance of black phenylsodium. Prep- 
aration of 1 mole of phenylsodium in a benzenoid hydrocarbon 
medium is usually accomplished in about '/2 hour. The data 
listed in Table I show that  the reaction between chlorobenzene 
and sodium is more rapid in benzenoid hydrocarbons than in 
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aliphatic hydrocarbons. However, the addition of a small 
amount of benzenoid hydrocarbon to preparations of phenylso- 
dium in aliphatic hydrocarbons often increases the rate of reaction 
between the sodium and chlorobenzene (compare experiment 11, 
Table I, with experiments 10 and 14). 

The yield of phenylsodium may be determined by conversion 
to benzoic acid. This is accomplished either by pouring the reac- 
tion mixture on powdered dry ice or by admitting gaseous carbon 
dioxide to the reaction flask held a t  an internal temperature of 
0 O to 20 O C. Gaseous carbonation at  higher temperatures gives 
lower yields of benzoic acid because of the reaction of phenyl- 
sodium with the product sodium benzoate, thus forming benxo- 
phenone and a trace of triphenyl carbinol by continued reaction. 
An estimate of the amount of phenylsodium present. in the reac- 
tion mixture may be obtained by titration of an aliquot portion 
for sodium chloride. The molar amount of sodjum chloride is 
equal to the phenylsodium. 

PHENYLACETIC ACID. In order to  obtain maximum yields 
of phenylacetic acid from the benzylsodium, a large excess of car- 
bon dioxide is essential. Experiments 3, 4, and 5 ,  listed in Table 
I, show the effect of various carbonation temperatures and car- 
bonation t'echniques on the yield of this acid. At temperatures 
above -70" C., metalation of the sodium phenylacetate by the 
unreacted benzylsodium becomes a serious side reaction if gaseous 
carbon dioxide is added to benzylsodium. Disodium phenyl- 
malonate is then formed in the preence of excess benzylsodium 
(4 .  5 ) .  

CBH6CH2Sa + CsHSCH2COOKa -, CGHsCHCOOSa + CsHjC€13 
I 

Na 

CsHjyHCOONa + COX -.+ C6HJCH( COOKa j2 

Although carbonation of benzylsodium on dry ice gives 95 to 
99% yields of phenylacetic acid, this met'hod of carbonation is 
not the most economical and may present certain plant handling 
problems. As a result, othEr carbonation techniques were evalu- 
ated, and i t  was found that  gaseous carbonation could be used if 
a reverse addition of reactants was employed. 

The equipment illustrated in Figure 1 was arranged so that 
the benzylsodium suspension could be added dropwise to ethyl 
ether saturated with gaseous carbon dioxide at  -20" C. A slop; 
stream of carbon dioxide was passed t,hrough the carbonation 
mixture during the addition to onsure the presence of an excess 
of the gas. The benzylsodium had previously been transferred 
under nitrogen to the top flask, I .  The use of Dispersator stirring 
kept the benzylsodium from settling to the bottom and thus 
allowed a controlled addition rate (45 minutes per mole) through 
the 6-mm. stopcock. I t  is essential to pass a slow stream of 
nitrogen ovcr the dropping tip t'o prevent carbonation a t  the end 
of this tube, J .  Dispersator stirring in the carbonation vessel 
served to give excellent mixing of gas, liquid, and solid. The 
yield of phenylacetic acid prepared in this manner ranged from 
90 to 95%. 

PHERYLMA1,OhIC ACID 

Since phenylmalonic acid was known to be present as a by- 
product during certain gaseour carbonation experiments designed 
t o  produce phenylacetic acid, it seemed to be of considerable 
interest to investigate a slow carbonation at or above room 
temperature in order to prepare exclusively phenylmalonic acid. 
Accordingly, a series of experiments were performed, and it was 
found that  a t  carbonation temperatures above 30 C. phenyl- 
malonic acid was produced in about 70% yirld withanaccompany- 
ing 25% yield of phenylacetic acid. A previously reported (9) 
attempt to control the benzylsodium carbonation reaction gave 
a 43% yield of phenylmalonic acid and a 10% yield of phenyl- 

acetic acid. The failure of this earlier att'empt to produce better 
yields may have been due to the method used for preparation 
of the benxylsodium. The phenylsodium was initially prepared 
from amylsodium and benzene. The benzylsodium was then 
prepared by the addition of toluene to the benzene suspension of 
phenylsodium. As indicated earlier in this paper, the presence 
of even a relatively small amount of benzene reduced the yield 
of henzylsodium. 

Table I1 illustrates 
t h e  v a r i o u s  effects 
due to changes in rate 
and temperature of 
carbonation of ben- 
zylsodium. I t  is ap- 
p a r e n t  f r o m  t h e  
phenylacetic acid ex- 
periments (Table I)  
that  as the tempera- 
ture of carbonation of 
benzylsodium n e  a r s 
-70" C. the rate a t  
which benzylsodium 
met'alates the initially 
f o r m e d  s o d i u m  
p h e n y 1 a c e t a  t, e ap- 
proaches zero. Thus, 
c a r b o n a t i o n  of 
benzylsodium on dry 
ice gives 97% phenyl- 
acetic acid; ga,seous 
c a r b o n a t i o n  a t ,  
-20" C. gives 60% 
phenylacetic acid and 
4070 phenylmalonic 
a c i d .  S i n c e  s low 
gaseous carbonation 
of benzylsodium at 

8 

0 
30" C. (experiment 1, 
Table 11) gave a 67% 

Figure 1. Gaseous Carbonation 
IJnit - ._. 

y i e l d  of p h e n y l -  

B.  Low temperature thermometer hoped that a higher 
D. Flexible stirrer coupling, attached t o  carbonation tempera- 

A .  Condenser, dry ice-methanol with acid, i t  was 

C. 

29/42 joint 

Carbon dioxide inlet, 10130 joint 

Haskins V.B.-2 and operated at low 
speeds 

with one 29/42 and one 35/40 side 

ture might illcrease 
E. Carbonation flask 3-liter, three-necked this yield. However, 

neck i t  was found that  the .. 
F. nispersator 
6. Safetypan 
H .  Nitrogen inlet, 24/40 
I .  Benaylsodium flask 1-liter, three- 

necked, with 45/50'center neck 
Addition tube, 35/40 with nitrogen in- 

let to prevent carbonation a t  drop- 
ping tip 

J .  

K .  Dry ice-methanol bath 

y i e l d  of p h e n y l -  
malonic acid could 
n o t  b e  i n c r e a s e d  
much above 70% re- 
gardles of carbona- 
tion temperature or 
rate. I t  mas evident, 

though, that  carbonation a t  high temperatures decreased the 
yield of phenylacetic acid, and thus all of the sodium and rhloro- 
benzene could not be accounted for in isolated products. This 
apparrnt anomaly may be explained if a continued metalation 
reaction is assumed. Thus, if the alpha carbon is metalated 
further by unreacted benzylsodium in the presence of carbon di- 
oxide, there would be produced the trisodium salt of phenyl- 
tricarboxymethane, C6H6C( COOKa)3. On neutralization with 
hydrochloric acid, the phenyltricarboxymethane might be ex- 
pected to decarboxylate to phenylmalonic acid. Actually, in 
the experiments where a low accountable yield was obtained, 
considerable carbon dioxide was evolved during neutralization, 
even though the temperature was below 5" C. 

In experiments 2, 3, and 5 ,  Table 11, approximately one half 
of the theoretiral quantity of carbon dioxide was added rapidly 
to the benzylsodium suspension. After this addition, the reac- 
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TABLE 11. RELATIOIL' OF  CARROKATIOS TELIPERITURES TO YIELD OF P H E N Y L M A L O S I C  i i C I D  
(Reaction of 2.3 gram-atonis sodium with 1 .O mole chlorobenzene) 

Benzyl- Phenvl- 
acetic malonic 

Reflux - Caihonation Acid .kcid 
Exyt. Time, Temp., Time, Yield, Yl;eld, Tota; 
No.  1Iin.  c. min. % /a Yield Special Procedkre 

1 60 30 195 1 6 . 3  6 7 . 3  8 3 . 6 b  
2 120 40 30 16 .3  67 6 83 9 Appiox. one half theoretick ' i c a n t i t y  CO, added in 2 0  

min.; carhonation completed rapidly in 10 in in  

4 120 30-60 90 27.5 6 i  3 9 4 . 8  Appfox. one half theoreticai quantity CO? added in 10  
mm.: stirred 30 min. ; carbonation completed dowly 
in 80 min. 

inin.: st>irred 30 min. aL 80-90' C . :  carhonation com- 
pleted slowly in 50 mio. 

3 60 40 540 13 .5  69 9 8 3 . 4 b  

J 190 40-.50 80 10 .8  7 1 . 3  82 .2  Appfos.  one half theoretical quantity CO? added in 80 

6 120 50-60 240 5 . 2  72 1 77 3 . . .  . 
7 120 70-80 240 3 . 7  74.0 77.7 . . .  . 
8 120 85-110 120 9 . 0  03.4 7 2 . 4  . . .  
9 120 90-100 240 5 . 1  6 9 . 8  7 4 . 9  , .  , .  

a Based on chloiohenzene. 
Attiih:ited 60 only 1-hour reflux. 

tion mixture was allowed to stir for a 30- to 60-minut'e period. 
It was hoped that this procedure would serve to convert one half 
of the benzylsodium to  sodium pheriylacetate and the stirring 
period that iolloxed ~ o u l d  allow for metalation of the Podium 
phenylacetate b>- the remainder of the berrz~-lsotlium. Although 
this techniqur did not increase the yield of phenylnialonic acid 
as ivas expected. carbonation rime \vas reduced and a tendeiiry 
toward better product balances was noted. 

DI>IETHTL PIIE'VYLB.1ALON.ATE 

Dimethyl phenylmalonate may be prepared, in yields up to 
947& by heat,ing a benzene-metharlolic solution of phenylnialoriic 
acid and hydrogen chloride at 60" C. for 5 houre. The results, 
listed in Table 111, shoLv that a large excess of met,hanol (at least 
10 to 1 j is required for maximum yields. The use of concentrated 
sulfuric acid as an esterification catalyst was a.bo investigated. 
Yields of ester up to 87yG %re possible if a 3 to 1 ratio of sulfuric 
acid to phenylmalonic acid is used. It is also important to alloa- 
the reartion mixture (phenylmalonic acid, methanol, sul- 
furic acid, benzene) to stir a t  room temperat,ure for Be 
before raising the temperature to 65' C. Reaction te 
below 65" C. give slightly loivcr yields of estrr. It may be pos- 
sible to  reduce the extended reaction time, but this possihility 
T V ~ P  not investigated. 

I t  is also possible to prcpare dimethyl phenylmalonatr in a 
stepwise, one-reactor procew, from sodium, chlorobenzene, tolu- 

ethanol, and hydrogen chloride. -kiter 
diuni a t  30 to 50" C., the reaction mix- 

ture c>ontaining disodium phenylmalonate, sodium phenplace- 
tate, and a small amount of free sodium is treated with a large 

excess of methanol ( 10 parts methanol to 1 part pheri~-inialoriic 
acid). When this addition is completc, anhydrous hydrogen chlo- 
ride may be passed t,hrough the resulting thick slurrj- in order 
to neutralize the sodium salts of the organic acids and the sodium 
rnethoside formed from the free sodium. When neutralization 
is complete, the reaction mixture is heated at  60' C. for 5 hours. 
.Inhydrous hydrogen chloride is passed through the solution tlur- 
ing the ent,ire heating period. At the end of this time, t,hc atldi- 
tion of water will serve to  remove t,he sodium chloride (from origi- 
nal chlorobenzene reaction? from excess sodium, and from esteri- 
ficat,ion). The bcnzerie (present as a rewlt of the phenylsodium 
metalation reaction) and toluene can be removed by B a ~ h  distilla- 
tion. Dimethyl phenylmalonate (boiling point, 148" t ( ~  15'2' C. / 
10 mm. and melting point, 47" to 49" C . j  and methyl phc 
acetate (boilingpoint 100" to  110" C.,'lO mni.) are then scpai' 
by vacuum dietillation. 

The diethyl ester of phrnylmaloriic acid may be prepared 
(8570 yield) by treatment of the acid with absolute ethyl alcohol 
and anhydrous hydrogen chloride in benzene solut,iori for 5 hour3 
at 60" C. 

EXPERIRlENTh L 

SOIIIUN DISPEESIOSS. Sodium dispersions are stabie suspcJti- 
sions of sodium in inert hydrocarbon media with particle? ranging 
in size from subniicron to 25 microns in diameter. Methods of 
preparation, propertiey and use6 of 50% sodium disper3ionP arc 
covered in recent publications (3j 23). A procedure similar t o  
that  described in those r epom for. the preparation of 50% sodium 
dispersions has been used in this research to prepare the 15% 
sodium dispersions. Thc equipment wed for this preparation 

Plienvl- 

TABLE 111. PREPlR.4TIOX O F  DIMETHYL PHDSYLU.4LO.UATE 
Dimethyl Methyl 
Phenvl- Phenvl- 

malo& Absolute malonate acetate 
Expt. Acid, Methanola, Temp., Time, Yield, Yield, Total 
So. Moles Moles c. Nin .  % % Yield Special Procedure 
1 0.11 1 . 8 5  60 330 9 3 . 1  . . .  93 .1  Anhydrous HC1 hubbled through reaction 

mixture dnring heating 
2 0 . 5 0  4 . 9 5  60 270 35,4 5 2 . 3  87 .7  Anhydrous HC1 bubbled through reaction 

mixture chiring heating; low yield dne t o  
a decrease in the methanol-phenylmalonic 
acid ratio from th? usual 10 '1 to 5 ' 1  

3 0 . 2 8  5 . 5 6  60 300 94 .4  . . .  94 .4  Anhydrous HCI brihbled through reaction 
mis twe duxing heating 

4 0 .33  6.66 60 300 3 3 , l  45.3 78.4 Toluene used with methanol: anhy-droiis 
HC1 bubbled through reaction mis twe 
dnring heating 

5 0 .33  6.66 60 1080b 80.0 1 9 . 7  99 .7  1 Mole H2801 oatalg-st 
6 0 .33 6.66 65 1020c 86 .6  6 . 6  9 3 . 2  1 Mole I-ISSOI catalyst 
7 0.20 8 . 0  60 1320d 85.9 . . .  85.9 0.6 Mole HiSOr catalyst; increaie in  mrth- 

anol-phenylmalonic acid ratio trom t h e  
usual 10.'1 to  20; 1 

Reagent Brade benzene, twice the volume of methanol, also used. 
Includes initial 2-hour stirring a t  39' C. 
Included initial 1-hour stirring a t  31' C. 

d Includes initial 2-hour stirrmg a t  31' C. 
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has been described ( 3 ) .  Where the dispersion is to be used shortly 
after preparation, the incorporation of a dispersing agent is 
usually unnecessary, although small amounts (0.24 to 0.50%) of 
materials such as oleic acid, Dimer acid (Emery Industries, Cin- 
cinnati, Ohio), or higher fatt2y alcohols (13)  may be used without 
interference in subsequent reactions. The 15% dispersions settle 
much more rapidly than the 50% dispersions, but the podium 
particles do not coalesce and easily redisperse on gentle agitation. 

When preparations of phenylsodium are to be made in benzene 
or pentane, it is best to  disperse the sodium at the 50% concen- 
tration in iso-octane or n-octane in  a 500-ml. creased flask and 
then transfer, by means of vacuum, to a larger flask for dilution 
with the lower boiling media. I t  is best to use a dispersing aid 
with the sodium in this case. A small amount of Dimer acid 
(0.25 t,o 0.50% by \%-eight of sodium) should be incorporated into 
the sodium-octane mixture. 

To 54 grams (2.23 gram-atoms) of finely dis- 
persed sodium (nitrogen atmosphere, less than 25-micron particle 
size average) suspended in 275 grams of toluene in a three-necked 
flask at 25" to 30" C. is added, with gentle agitation, only 10 to 
15 ml. of a mixture of 112.6 grams ( I  mole) of chlorobenzene and 
100 grams of toluene. Initiation of reaction usually occurs 1 
to 5 minutes after addition of the first 10 to 25 inl. of the chloro- 
benzene-toluene mixture and is characterized by an increasingly 
rapid temperature rise, plus the appearance of the black phenyl- 
sodium particles. In no case should additional chlorobenzene 
be added until the initial exothermic: reaction has occurred and 
been brought under control. As the temperature approaches 
30" to 40" C., a cooling bath (around -20" C.) should be raised 
around the reaction flask. The internal temperature should 
never be allowed to exceed 40' C. In cases where no reaction 
is observed for 20 minutes, 2 to 4 ml. of amyl alcohol may be added 
to init,iate reaction. Cooling is needed immediately after this 
addition? since the reaction may start rapidly. If, inadvertently, 
large amounts of unreacted chlorobenzene and sodium are brought 
together wit'hout reaction, the flask should be cooled rapidly to 
a low temperature. The reaction mixture may be then rendered 
comparatively safe by dilution with several volumes of mineral 
oil or kerosene and the resulting mixture should be taken prompt'ly 
to a burning area for disposal. 

Sfter the reaction has started and has been brought under con- 
trol, the addition of the chlorobenzene-toluene mixture is resumed. 
The rate of addition and the position of the cooling bath can now 
be regulated so that the formation of t'lie phenylsodium \vi11 be 
complete in 20 to 30 minutes. The exothermic reaction usually 
ceases ahruptly with the addition of t,he last few drops of chloro- 
benzene, and the internal temperature drops to the bath tem- 
perahre. 

Chlorobenzene and sodium do not react as rapidly a t  25" to 
30" C. in aliphatic hydrocarbons as in benzenoid hydrocarbons. 
The chlorobenzene addition time must be longer in these media in 
order to ensure reaction of the chlorobenzene as added. Thus, 
if t>he addition rate is too rapid in aliphatic media, reaction may 
continue for some time after addition is complete. 

.kNALYSIS FOR PHENYLSODICM AS BEXZOIC ACID. GaseouJ 
carbon dioxide is introduced into t.he suspension of phenyhodium, 
as prepared above, if a check on the yield of phenylsodium is 
desired. The reaction mixture is held between O a  and 20' C. 
to avoid side reactions. If the Dispersator is used, the gas may 
be passed over the surface and carbonation completed in 15 to 30 
minutes, depending on the efficiency of cooling used. If a sweep 
stirrer or other similar type of agitation is used, it is best to admit 
the carbon dioxide beneath t,he surface of the reaction mixture. 
Carbonstmion may also be effected by slomly pouring the reartion 
mixture on a large excess of dry ice. 

The reaction mixture after carbonation is treated with water 
in order to decompose the excess sodium. It is recommended 
that a hydrolysis unit (Figure 21, similar to one previously de- 
scribed (6) ,  be used for this purpose. Seutralization of the water 

PHENYLSODIUM. 

layer gives 115 to 121 grams (94 to 997,) of benzoic acid, melting 
at  120' to 122" C. 

suspension of phenylsodium is refluxed for 2 hours, carbonation 
is effected by carefully pouring the reaction mixture on solid 
carbon dioxide The excess sodium in the carbonation mixture 
is decomposed in the hydrolysis apparatus illustrated in Figure 

BENZYLSODIUM AND PHENYL4CETIC ACID. Biter the toluene 

" 
L 

Approximately 200 ml. of water is placed in flask I and heated 
to boiling with steam passing through the trap, F ,  before entering 
the flask. The st,eam flow is adjusted until the whole apparatus 
is filled with steam, and water is condensing on the copper coil, 
A .  The sodium phenylacetate reaction slurry is added cau- 
tiously in small portions to the steam-water mixture through the 
addition funnel, G. Any excess sodium may cause tinv sparks 
to appear in the flask, but this phenomenon constitute8 Lo hazard 
if the air has been completely displaced by steam. After addi- 
tion of all the reaction mixture, the addition funnel, reaction 
flask, stirrer, and thermometer are rinsed Rith toluene and the 

10 1 
Figure 2. Drowning Unit for Sodium 

Reaction Mixtures 
A.  Vertical copper-coil condenser 
R. Thermometer 
C. Vigreux column, 20 inches long X 1.25 inch 

D. 5W-M1., round-bottomed flask xith 35/40 
diameter 

joint 
E. Safetypan 
F. Water trap for steam, inverted 500-ml. suc- 

tion flask 
G .  Addition funnel with 6-mm. stopcock 
If. Steam inlet 
I .  I-Liter modified round-bottomed flask 
J .  Drainaie stopcock, 6 mm. 

mixture added to flask I .  The Dispersator and reaction flask 
may be treated with live steam to decompose any sodium par- 
ticles remaining. After the reaction mixture is cooled, the 
aqueous layer is drawn off through stopcock J ,  and the phenyl- 
acetic acid is precipitated by acidification. The yield is 130 to 
135 grams (95 to 99%) of phenylacetic acid, melting at 72" to 
74" c. 

In all of the experiments listed in 
Table 11, gaseous carbon dioxide was admitted to the suspen- 
3ion of benzylsodium through an addition funnel. The rat,e of 
carbonation at  the surface of the reaction mixture could then be 
controlled by the rate of stirring (Dispersator type) and flow of 
carbon dioxide. When carbonation was complete, the resulting 
slurry was added to water and steam in the decomposition ap- 
paratus illustrated in Figure 1. When the excess sodium had 
been destroyed, the water layer was separated and treated wit'h 
decolorizing carbon. The resulting solution of saks waa cooled 

PHES~LMALONIC ACID. 
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to 0" C. and neutralized irith hydrochloric acid. In  the presence 
of phenylacetic acid and sodium chloride, large amounts of 
phenylmalonic acid are carried down. The phenylacetic acid 
may be removed by extraction with benzeue. Phenylmalonic 
acid can be separated iroin the Tater and salt by extraction rvith 
ethyl ether. Evaporation of the ether under vacuum gives fairly 
pure phenylmalonic acid (melting point, 145" to 148' C.). 
Since phenylmalonic acid readily decarboxylates to phenylacetic 
acid, care must be taken in both neutralization and evaporat,ion 
steps to avoid temperatures above 30 C. 
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HE properties of the fluorocarbons have bern studieJ 
aeveral investigators, notahly G r o w  and Catly (8), Fol 
oworkers (i), and Hsezeldine and Smit81i ( I O ) .  The relat 

. 

of structure to  p1iyi;ical properties of Auorine-containingig coin- 
pounds other than rhc fluorocarbons liaa also been examined to a 
considerable extent). For example, Kauck and Diesslin (13'' and 
more recently Henilricks ( l a )  have discussed the piopcrtier of tho 
perfluorinated acids and a few of their derivat,ir-os, whilc SodiiT, 
Grosse, and Hauprxhpin ( 1 6 )  have described the physical proper- 

1 halides and dihalides and compared tlierll 
with analogous ~iydrogcii-containing compounds. M u  
Zisimin (1.5) hare discussed some theoretical aspects pcr 
properties of fluorinated compounds. 

In the course oi studying several series of neiv fluoi-inxtcd di- 
esters ( 3 ,  d ,  l l ,  I;')> a number of physical properties Ivere deter- 
niined arid some interesting relationships \Tere noted. The type? 

dered in this paper include dicarboxylic acid 
, and the various analogous compouiids de- 

rived from fluoririe-containing mono- and dicarboxylic acids. al- 
cohol., and glycol$. 

I. Dicarboxylic Acid Esters 
A. C,H?,IlO*C(CW32CO*C,Hz~~l 
B. C,HZ,,I~ZC(CFZ).CO~C,,HZ,+I 
C. C ~ F Z ~ - I C H ~ O Z C ( C H I ) ~ C O Z C H ~ C ~ F Z ~ ~ ~  
D .  C,F*,,iCHZ0zC(CFz),COyCH2C,Fz,+i 

1 Present address, DPpartment of Chemistry, Ohio Wesleyan Cnivtrsity, 
Delaware, Ohio. 

I t  v a s  of int,erest to rompire the propcrties of the fiuoriii 
diost8ers with those of thrir liyd!.ugen-containing analogs, to not e. 
tlie effects of sixuctiaral ciiairge>, and 10 determine the influent:r oi 
CF2 groups on these propcrtics. Information coIicerniiig met,horl. 
of preparation and proprrties of individual compound.; ~ I I R Y  l i i .  

found in earlier papers (5, 4. 1 1 , 1 7 ; .  

BOILING 1'oIr-n 

The fluorinated diesters exhil)it boiling points which arc: 1 1 ) w r  
than those of the correq~onciing uIifluorinated cwnpound?. Thi. 
may he att,ributed to the weaker colie4ve forces between pw- 
fluoromethylene group. ai  coniparcil with thwe between tht: 
analogoue methylene group'. The hoiling point generally de- 
creases as the fluorine conteiir of the diester increaces. This i.: 
illustrated in Table I, usiiig specific txainples of th 
listed above. Four sets of isoiiwr.; are listed. 

boils a t  a higher temperature then the isorneiic glycol c-ter (11 
In the unfluorinatcd series, the tlimrbosylic acid c s t w  (I.-[) 

Profsllro, 
:.P,, X i m .  P'luorinc, 

Compound e. H E  $4 


