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nitric acid and the lead was determined. 
data for the two experiments are given in Table TI1 

The analytical 

T A B L ~  lr i  
LLAU l!ih'ALI'IIS 

- l'il to l l l ld  
I upu1 rest  I I t a t  2 

IiiPb (Hexane solution 57 Fbfl I (3) 7935 

Recover> 

RIPb, RaPbCl (Hexane solution) 55,5530 38 8735 
K4Pb, R,PbCl (Hexane washings) 1.4430 1 R290 
R3PbCI (NHs extraction) 0 2133 (I  3691 

PbClz . i w i e  0639 
Residue ("08 washings) 0030 0015 

K3PbCl (Benzene washings) 5670 ;it362 

Determination of Lead Chlorides Formed with DBerent 
Catalysts..-The determination of the amount of tetra- 
alkyllead eompounds converted to  alkyllead chlorides and 
lead chloride using different. aluminum catalysts. WAS cai 
I ied out in the following manner 

'To a weighed amount of the catalyst, contained in B 

500-niI. 3-necked flask equipped with vapor-proof me- 
chanical stirrer, thermometer, and reflux condenser, the 
tetraethyllead followed by the tetramethyllead was added 
slowly from a dropping funnel in the top of the condenser 
The flask was cooled in an ice-bath and an atmosphere of 
nitrogen was maintained within the flask during the addi- 
tion of the alkyllead compounds Failure to follow the 
experimental procedure and precautions outlined above 
may result in violent decomposition of the tetraalkyltead, 
especially of the tetrameihyllead Thc ice-bath was then 
removed and replaced by an oil-bath, the mixture was 
stirred and maintained at 80" in an atrnoqphrre of nitrogen 
for two hours. 

The reaction flask was then cooled and the catalyst. de- 
composed by shaking with 100 ml. of distilled water The 
aqueous layer, containing alkyllead chlorides and lead 

chloride, was separated, filtered through a wet filter paper 
and analyzed for lead. The alkyllead layer was extracted 
with four 25-ml. portions of concentrated ammonia solu- 
lion, to remove trialkyllead chlorides. The extracts were 
1 ombined, filtered through a wet filter paper, and analyzed 
tor lead. The filter papers were finally washed with nitric 
wid to dissolve any lead residue, and the washings were 
malyzed for lead. 

The alkyllead layers were finally distilled to  ascertain 
the exteqt of redistribution. The reaction was complete 
in every case. Table IV gives the analyses of products 
fm lead chlorides. 

TABLE IV 
LEAD ANALYSIS 

-atalyst 
Productq Me$AIC1 MeAICIz AlCla 

Pb in Aq. layer, g. 0.1296 0.3150 0.9220 
Ph in NHa, g. .OW0 .0926 .0193 
Pb in residue, g. .oooo .oooo .WOO 
Pb (total), g. .1296 ,4076 .9413 

S-ary 
By determination of an accurate material 

balance, the redistribution of a mixture of tetra- 
methyl- and tetraethyllead in hexane solution is 
shown to be quantitative. When aluminum 
chloride is used as the catalyst, it is found to 
react irreversibly with the alkyllead compounds, 
as expected, forming alkyllead chlorides in very 
small quantities, equivalent to about 1.5 moles 
per mole of catalyst. When methylaluminum 
chlorides are used as catalysts, this amount be- 
conies negligible. 
I )EIKOIT,  MKHIGAX RECEIVED JULY 21, 1939 
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The Reaction of the Grignard Reagent with Womophthalic Anhydride 

BY CHARLES C. PRICE, FREDERICK XI. LEWIS AND MORRIS MEISTER 

The reaction of methylmagnesium iodide with 
homophthalic anhydride has been investigated 
as a possible method for the preparation of the 
unreported keto acid, o-acetylphenylacetic acid 
(I), which was desired in connection with another 
investigation. 

Bauer and Wok,' in determining the products 
from the action of an excess of several Grignard 
reagents on homophthalic anhydride, obtained 
only the various homophthalides. Since Simonis 
and Arand and Weizmann, Bergmann and Berg- 
mann2 have reported keto acids as well as phthal- 

(1)  Bauer and Wok, Arch Phartrt., S49, 454 ( l o l l )  
12) (a) Simonis and Arantl, Bey , 42, 3721 (1909): (h) TVeiarnmo 

Ilcryniann and Brrqnann I Chz IN S t i r  1 ?h'l 1 Cl'<*> I 

ides from phthalic anhydride, the reaction with 
homophthalic anhydride has been studied under 
conditions more favorable for the formation of the 
desired keto acid. However, in spite of using the 
iiiverse procedure, i. e., adding the Grignard re- 
ageiit to a solution of the anhydride, and using 
just the calculated amount of reagent, one-half of 
the starting material was converted to dimethyl- 
homophthalide (11) , the remainder was recovered 
unchanged. No o-acetylphenylacetic acid was 
obtained, although in a few cases the recovered 
homophthalic acid had a low melting point and 
gave an iodoform test, indicating the possible 
prcAserice of small amounts of this substance. 
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Since the anhydride enolizes readily, the f i s t  
mole of Grignard reagent is converted to meth- 
ane. The theoretical amount of reagent for the 
formation of the keto acid is, therefore, two moles. 
The non-formation of the keto acid by the second 
mole of reagent under these conditions indicates 
that the reaction must follow either of the two 
courses outlined below. 

veloped. The latter acid is converted to its acid 
chloride and brominated according to the directions 
of Davies and Perkin.a Treatment with alcohol 
and sodium cyanide converted the bromo acid bro- 
mide (IV) to the nitrile ester (V) of homophthalic 
acid. Hydrolysis to the acid was accomplished by 
warming with 50% sulfuric acid. The prepara- 
tion is relatively simple since the first product 

i"'" 
i"" 

CH&gI 
(slow) 

\ COCHa -'(I \ 
CH"C(OMgI 

It is the opinion of the authors that the reaction 
through intermediate A is the more likely. 

A procedure for the preparation of homo- 
phthalic acid from o-toluic acid has been de- 

isolated is the nitrile-ester and the over-all yield 
from o-toluic acid to homophthalic anhydride is 
70-75% of the theoretical. 

Another simple preparation, which apparently 
has been neglected, is that reported by Wisli- 
cenus4 starting from phthalide. The yield of acid 
nitrile obtained in this Laboratory by this method 
was as high as 80-85%. 

CH,CN 
HCI 

__B 

COOK 

CHiCN @ \ COOH 

VI 
Experimental 

o-Carbethoxyphenylacetonitrile (V).-o-Toluic acid (100 
g.) was refluxed for two hours with twice the theoretical 

(3) Davies and Perkin, J .  Chem. SOC., 1%1,2202 (1922). 
(4) Wislicenus, Bcr., 17, 2178 (1884). 
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quantity of thionyl chloride. After the excess thionyl 
chloride had been removed by distillation, the acid chloride 
was heated to €85-195" in an oil-bath and 135 g. of bromine 
was added slowly (one to two hours) through a separatory 
Eunnel the tip of which was below the surface of the 
reaction mixture. After cooling in an ice-bath, 200-250 
cc of absolute alcohol was added. The alcoholic solution 
of the bromoester was then poured into a solution of 40 g. 
of sodium cyanide in 30 cc. of warm water, the mixture 
refluxed for five hours and then half the alcohol removed 
t>v evaporation or di4tillation 

The es~er  was extracted with several portions of etliet, 
the ethereal solution washed three times each with water. 
with sodium bicarbonate and again with watcr and then 
dried over sodium sulfate Evaporation of the ether let! 
a dark brown oil from whxh 8E-90 g (71-7870) of colorle5- 
material was obtained by distillation (16 nun 1, 1) 17 

liGl70.5 '. This compound had the following propertie. 
d'OL0 1.1246, fi2% 15172; MD calcd, 51 2 ,  M i >  found 
50 8. Anal. Calcd : N, 7 4 Found: N, 7 i 

Homophthalic Anhydride.-The hydrolysis of the mtrilr 
and ester groups in the above compound was accomplished 
readily in over 9047, yield by the action of an equal 
volume of 5070 sulfuric acid a t  100" for twelve houi\ 
Longer reaction time or higher or lower acid conceii- 
tration decreased the yield. The reaction mixture was 
poured over an equal weight of ice and thc precipi- 
tated acid collected and dried. Conversion to the an- 
hydride was accomplished readily by refluxing a solution 
of the acid in three tinics it5 weight of acetyl chloride foi 
half an hour and precipitating the anhydride with pe- 
troleum ether (60-90") The product was obtained in 
UCL95% yields and melted a t  140-i-ll' 

o-Carboxyphenyiacetonit.de (VI)5 was prepared accord- 
ing to the directions of Wislicenus ' A mixture of 10 g 
of phthalide and 40 ,g of potassium cyanide yielded 35 8 
(82%) of ciystallinr acid nitrile, ni p 114 11.5". Seven 
grams of phthalide was recovered unchangtd 

Experimental Procedure.--A solution of mcthylmag- 
nesium iodide was prepared by treating 2 g of magnesium 
turnings with $ 7  cc of methyl iodide and 39 cc of ether 
for one hour The ~olution, under an atmosphere of 
- 
( 5 )  This compound wa5 prepared by Richard G Rogers 

nitrogen at all times, was transferred to a separatory funnel 
and added to  5 g. of homophthalic anhydride dissolved 
in ether in a flask equipped with a mechanical stirrer and 
a reflm condenser. During the addition of the first half 
of the reagent, methane was evolved with the formation 
of a yellow precipitate. The time for the addition of 
the remaining reagent varied from one to six hours, that 
of subsequent refluxing from three to six hours, and that 
of standing a t  room temperature after refluxing from zero 
to fifteen hours with no appreciable difference in the 
products of the reaction. 

At the end of the specified time, the reaction mixture 
was poured irito ice and 35 cc. of hydrochloric acid. Un- 
reacted honiophthalic anhydride precipitated. It was 
collected, recrystallized from ether and weighed 1.3-1.8 
g., in. p. 140-141". The ether layer in the first filtrate 
\vas washed thoroughly with sodium bicarbonate solution. 
Addition of acid to this bicarbonate extract precipitated 
homophthalic acid which was dried and weighed 0.4-0.6 
g., m .  p. 173-175'. In a few cases the precipitated acid 
melted low and over a wider range and gave an iodoform 
test indicating the presence of a t  least a small amount oE 
u-acetylphenylacetic acid. The pure keto acid could not 
be isolated, however. 

The ether solution was next dried and evaporated, 
leaving a neutral yellow oil and white solid. The solid 
was collected by filtration, washed with a minimum 
amount of ether and then recrystallized from ether. The 
white needle-like crystals were weighed 1.9-2.3 g., m. p. 
94-95 '. The combined ethereal mother liquors wcre 
evaporated and the residual yellow oil weighed 0.6-0.8 g. 
No pure compound was isolated from this material. 

Summary 

The addition of the calculated amount of 
methylmagnesium iodide to  homophthalic an- 
hydride does not lead to the formation of a keto 
acid. Instead one-half of the starting material is 
recovered unchanged ; the other half is converted 
to dimethylhomophthalide. 
URBANA, ILLINOIS RECEIVED JULY 13, 1939 


