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Carbonylation of Alcohols with Nickel Carbonyl Catalyst1 

BY HOMER ADKINS2 AND ROBERT W, ROSENTHAL3 

Ever since Fischer* proposed the direct combi­
nation of carbon monoxide and methanol to form 
acetic acid in the formulation of Synthol from 
carbon monoxide and hydrogen, workers in the 
field have tried to prepare acids by similar re­
actions. Carpenter,6 Singh and Krase,6 Hardy,7 

Loder,8 Larson,9 and Simons and. Werner10 

synthesized acids using alcohols or olefins with 
carbon monoxide and acid type catalysts. In 
Germany Reppe11 developed a synthesis of acids 
from acetylenic and olefinic compounds using 
nickel carbonyl and carbon monoxide, and stated 
that when alcohols were heated at 250-300° 
under 200-300 atm. pressure in the presence of 
carbon monoxide, nickel, and iodine (or copper 
iodide), good yields of acids were obtained. 

Ni 
ROH + CO —> RCOOH 

I2(CuI) 
Apart from the merits of the process for com­

mercial utilization, the Reppe reaction is obviously 
of considerable potential value in organic syn­
theses. We are interested in working out the 
best conditions for carrying out the reaction in 
standard equipment in the laboratory and deter­
mining the identity and homogeneity of the 
product formed, the types of alcohols that could 
be carbonylated, and the effect the structure of 
the alcohol used had on the nature of the product 
formed. 

The available details of Reppe's process were 
meager and incomplete at the time the project 
was begun in this Laboratory. All attempts to 
duplicate his work failed until it was found that in 
order to obtain a yield of acid, both nickel chloride 
and hydrochloric acid were needed as catalysts. 
After a considerable number of experiments, 
conditions were found under which the reaction 
proceeded well with fifteen alcohols. The opti­
mum conditions found can best be described by a 
typical experiment: octanol-2 (41 g.), water 
(15 g.), nickel carbonyl (17 g.), nickel chloride 
hexahydrate (5 g.), and 3 ml. of concentrated 
hydrochloric acid were placed in the glass liner 
of a 190 ml. capacity silver-lined steel bomb, and 
carbon monoxide at a pressure of 900 p.s.i. 
was introduced. The bomb was heated in an 

(1) Presented before the Eleventh National Organic Symposium 
of the American Chemical Society, Madison, Wisconsin, June, 1949. 

(2) Deceased August 10, 1049. 
(3) The Texas Company, Beacon Laboratories, Beacon, N. Y. 
(4) Fischer, lni. Ens. Chcm., 17, 576 (1925). 
(5) Carpenter, U. S. Patent 1,924,768 (1933). 
(6) Singh and Krase, l«4. Bng. Chcm., JT, 909 (1935). 
(7) Hardy, / . ClUm. 5Ws.,-8S8 (1986). 
(8) Loder, tf. S. Patents 2,183,461 (1939) and 2,136,4SS (1939). 
(9) Larsott, V. 8. Pstent 2,188,004 (1939). 
(10) Simons and Werner, TW« Joo«s»<«., •*, MSO (1948). 

upright stationary position at 300° for fifteen 
hours during which time the hot pressure dropped 
from 4200 p.s.i. to 4000 p.s.i. The cold pressure 
at the completion of the reaction was 2000 p.s.i. 
The gases were released through a bunsen burner 
and burned to destroy any volatile nickel com­
plexes present. The contents were extracted 
with ether and the aqueous layer discarded. 
The ether was removed in a vented hood, the 
residue was neutralized with 10% sodium hy­
droxide solution, and the resulting mixture was 
reextracted with ether. Distillation of the ether 
layer yielded no neutral components. The 
aqueous layer was reacidified and the acid fraction 
distilled under reduced pressure. The yield of 
2-methyloctanoic acid was 76%. 

If any one of the reagents or catalysts used in 
this experiment was omitted, the reaction was 
unsuccessful. The water and nickel carbonyl 
were used in excess, whereas nickel chloride and 
hydrochloric acid were used in catalytic quantities. 
An increase in the amount of each of the last two 
named catalysts did not increase the yield of acid 
obtained. A temperature of 275° was found to be 
necessary for the carbonylation of secondary and 
tertiary alcohols, and 300° for primary alcohols. 
Below 275° only unreacted alcohol or olefins 
formed by its dehydration were recovered. The 
higher temperature was used in most reactions, 
however, because nickel carbonyl decomposed 
above 275° and the bomb contents were then less 
dangerous to handle. Due to the corrosive 
nature of the catalyst used and products formed, a 
stiver lining for the bomb was found to be essen­
tial. When brass, steel or copper was used, the 
lining was quickly corroded to such an extent 
that the bomb leaked. 

The first report11 on Reppe's work indicated 
that a mixture of acids was obtained by the addi­
tion of carbon monoxide and water to alkene 
RCH=CH2 , *. e., RCH2CH2COOH and RCH-
(CH3)COOH. A later report12 indicated that the 
branched acid was predominantly formed. With 
the alcohols we found that in every reaction in 
which the alcohol used was pure and not prone to 
rearrangement, the product was homogeneous and 
was the branched acid; in no case was a straight 
chain acid produced as Reppe claimed. A 
possible course of the reaction is the dehydra­
tion of the alcohol to an olefin, which then under­
goes carbonylation to the branched acid. Reason­
able evidence for this mechanism is the fact that 
both octanol-1 and octanol-2, which dehydrate 
to the same olefin, yield the same acid, 2-methyl­
octanoic, in this reaction. 

(12) J. W. Reppe, "Acetylene Chemistry," Chaa. A. Meyer and 
Co., Inc., New York, N, Y., 1949, p. 166. 
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-H2O 
C6H13CH2CH2OH or C8H13CHOHCH3 >-

CO 
C6Hi3CH=CH2 *• C6Hi3CH(CH3)COOH 

H2O 

As can be seen in Table I, aliphatic primary and 
secondary alcohols of the same carbon chain 
length gave the same product, the 2-methyl-
alkanoic acid, but the yields from the secondary 
alcohols were higher. Thus butanol-1 and bu-
tanol-2 yielded 2-methylbutyric acid in 47 and 
70%, respectively; heptanol-1 and heptanol-2 
gave 2-methylheptanoic acid in 33 and 70%, 
respectively; and octanol-1 and octanol-2 formed 
2-methyloctanoic acid in 30 and 76%, respec­
tively. The reaction of the secondary alcohols 
at lower temperatures and to produce higher 
yields of acids appears to be related to the 
relatively greater ease of their dehydration. 

TABLE I 

CARBONYLATION OF ALCOHOLS WITH NICKEL CARBONYL AT 

300 °° 
Pres­
sure 
CO, Time, Yield, 

Alcohol p. s. i. hr. Acid formed % 

Butanol-1 850 21 2-Methylbutyric 47 
Pentanol-1 650 16 2-Methylvaleric 16 
Hexanol-1 900 13 2-Methylhexanoic 55 
Heptanol-1 800 18 2-Methylheptanoic 33 
Octanol-1 700 18 2-Methyloctanoic 30 
2-Ethylbutanol-l 650 24 Diethylmethylacetic 40 
3-Cyclohexyl- 3-Cyclohexyl-2-

propanol-1 600 23 methylpropanoic 49 
Neopentyl 650 21 C6 acids 21 
Butanol-2 600 20 2-Methylbutyric 70 
Heptanol-2 700 22 2-Methylheptanoic 70 
Octanol-2 825 19 2-Methyloctanoic 76 
Cyclopentanolb 700 22 Cyclopentane-

carboxylic 84 
4-Methylcyclo-

900 22 hexanecarboxylic 53 
700 17 Decahydronaphthoic 

acids 77 
Tertiary amyl6 900 23 Dimethylethyl acetic 35 

" In all runs 5 g. nickel chloride hexahydrate, 15 g. 
water, 17 g. nickel carbonyl, 3 ml. concentrated hydro­
chloric acid, and approximately 0.2 mole of alcohol were 
used. 'Run at 275°. 

The primary alcohols of higher molecular weight 
gave lower yields of acids than those of lower 
molecular weight, whereas all of the secondary 
alcohols gave approximately the same yield. 
Substitution of alkyl groups on the second or 
third carbon atom of a primary alcohol seemed to 
have little effect on the yield or structure of the 
resulting acid, as 2-ethylbutanol-l and 3-cyclo-
hexylpropanol-1 gave a 40% yield of diethyl­
methylacetic acid and a 49% yield of 3-cyclo-
hexyl-2-methylpropanoic acid, respectively. 
Neopentyl alcohol gave a mixture of acids, which 
was not surprising, as it would undergo rearrange­
ment upon dehydration. The resulting mixture 

4-Methylcyclo-
hexanol-11' 

/3-DeCaIoI6 

of olefins would then form several acids on car­
bonylation. Tertiary amyl alcohol, the only 
tertiary alcohol used, gave dimethylethylacetic 
acid in 35% yield. 

Both substituted and unsubstituted secondary 
alicyclic alcohols were successfully carbonylated in 
good yields. Cyclopentanol gave cyclopentane-
carboxylic acid (the only isomer possible) in 84% 
yield, and 4-methylcyclohexanol-l gave 53% 
yield of 4-methylcyclohexanecarboxylic acid. /3-
Decalol, which was made by the reduction of 
/3-naphthol and was, therefore, a stereoisomeric 
mixture, gave a 77% yield of decahydronaphthoic 
acids. 

In view of the well-known variations in re­
activity of alcohols, it was not surprising that 
some alcohols could not be carbonylated. When 
the alcohol contained an aromatic ring, the only 
product isolated was the alkylbenzene formed by 
the hydrogenolysis of the terminal hydroxyl 
group. Thus, 2-phenylethanol-l, 3-phenylpro-
panol-1 and 4-phenylbutanol-l yielded ethyl-, 
w-propyl- and w-butylbenzene, respectively. 
When methyl-/3-naphthylcarbinol, which con­
tained the less aromatic naphthalene ring and a 
secondary alcohol group, was carbonylated a 
resin was obtained, presumably arising from 
polymerization of /3-vinylnaphthalene, the de­
hydration product of the alcohol. Glycols yielded 
monocarboxylic acids, through the carbonylation 
of one hydroxyl and the hydrogenolysis of the 
other. Thus, 1,5-pentanediol and 1,6-hexanediol 
gave 2-methylvaleric and 2-methylhexanoic acids, 
respectively. The hydrogen required for these 
hydrogenolyses doubtless results from the water 
gas equilibrium 

CO + H2O : CO2 + H2 

Hazards.—The use of carbon monoxide under 
pressure with the highly poisonous nickel car­
bonyl is not without danger. The ill effects 
of breathing carbon monoxide are so well known 
that a warning is perhaps unnecessary. Nickel 
carbonyl is very volatile and extremely toxic. 
First class equipment in good condition and in the 
hands of a competent operator is essential if acci­
dents are to be avoided. There should be no 
leaks of any kind. All operations should be 
carried out in a hood with rapid ventilation. 
The residual gas from the reaction vessel which 
contains carbon monoxide and volatile nickel 
compounds should be burned in a bunsen burner 
or slowly vented in the hood. 

Experimental Part 
The nickel carbonyl was supplied by The Matheson Co., 

Inc., of East Rutherford, N. J. Some of the alcohols 
were obtained from commercial sources, i. «., butanol-1, 
naD 1.3965, 2-ethylbutanol-l, Jt25D 1.4210, and hexanol-1, 
nan 1.4175, from Carbide and Carbon Chemicals Corpora­
tion; butanol-2, B»D 1.3960, from Shell Chemical Com­
pany; pentanol-1, »MD 1.4080, from Mallinckrodt Chemi­
cal Company; heptanol-2, »"D 1.4184, octanol-1, »*D 
1.4284, octanol-2, «"D 1.4262, 2-phenylethanol-l, n»D 
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1.5312, and tertiary aiuyl alcohol, W26D 1.4061, from East­
man Kodak Company; and 1,5-pentanediol, TO26D 1.4494, 
from Monsanto Chemical Company. Several alcohols 
were made by hydrogenation of other compounds over 
various catalysts; cinnamic aldehyde over copper chro­
mium oxide to 3-phenylpropanol-l,13 »2 6D 1.5346; cyclo-
pentanone over copper chromium oxide to cyclopentanol, 
TO26D 1.4503; /S-naphthol over Raney nickel (W-2) to /S-
decalol, TO25D 1.5012; diethyl adipate over copper chro­
mium oxide to 1,6-hexanediol, m. p. 40-41"; £-cresol 
over Raney nickel (W-2) to 4-methylcyclohexanol-l, 
»25D 1.45551*; and 3-phenylpropanol-l over Raney nickel 
(W-2) to 3-cyclohexylpropanol-l, »25D 1.4625.16 Hep-
tanol-1, W26D 1.4230, was obtained by the saponification of 
some available »-heptyl acetate. Methyl-S-naphthyl-
carbinol,19 m. p . 74-75°, was supplied by Dr. E. E. Bur-
goyne and was made by the hydrogenation of 2-acetyi-
naphthalene over copper chromium oxide. 4-Phenyl-
butanol-1, TO25D 1.5122, was made by the reduction of 
ethyl /3-benzoylpropionate over copper chromium oxide." 
This ester was prepared from /3-benzoy !propionic acid, 
which was made by the Friedel-Crafts reaction of succinic 
anhydride and benzene.18 

Isolation and Characterization of Products.—Butanol-
1 (20 g.) gave 13 g. (47%) of 2-methylbutyric acid,19 b . p . 
81-88° (19 mm.) , «26r> 1.4099: m. p. £-bromophenacyl 
ester 53-54 D.M 

Pentanol-1 (29 g.) gave 21 g. (54%) of 2-methylvaleric 
acid,21 b . p . 103-105° (20 mm.) , W26D 1.4121 : m. p. amide 
79-80 °.21 

Hexanol-1 (32.8 g.) gave 27 g. (70%) of 2-methylhex-
anoic acid,22 b . p . 110-112° (20 mm.) . TO25D 1.4200; m. p. 
amide 70-71. °.22 

Heptanol-1 (29 g.) gave 12 g. (33%) of 2-methylhep-
tanoic acid, b . p . 138-140° (25 mm. ) , « 2 6 D 1.4252; m. p . 
amide 73-74.5°. Authentic 2-methylheptanoic acid was 
made by the acetoacetic ester synthesis of Marvel and 
Hager23 from ethyl methylamylacetoacetate, b . p . 125-
126° (15mm.) , re25D 1.4245; neut. equiv. 140 (calcd. 144); 
m. p . of amide 74-75° (m. p . of a mixture of this amide and 
the amide made from the acid obtained by earbonylation 
73-75°). 

Anal. Calcd. for C8H17XO: C. 67.0X; H. 11.97. 
Found: C, 67.30; H, 11.63. 

Octanol-1 (32.8 g.) gave 12 g. (30%.) of 2-methyloc-
tanoic acid24 b . p . 130-135° (20 mm.) , «2 5D 1.4302, m. p . 
of amide 78-79° (did not depress m. p. of an authentic 
sample of the amide of 2-methyloctanqic acid). 

3-Cyclohexylpropanol-l (25 g.) gave 5 g. of unsaturated 
compounds b . p . 146-152° (730 mm.) , «2 5D 1.4363. 
These constants correspond to those of the several isomeric 
olefins which would be formed by dehydration of the alco­
hol, followed by double bond migration. The acid frac­
tion weighed 11 g. (36%), b . p . 114-115° (1 mm.) , « 2 5 D 
1.4618. Since no derivatives have been reported for 
either of the possible isomeric acids formed in the reaction, 
this acid fraction was characterized by terminal methyl 
group analysis by the procedure of Barthel and LaForge.26 

The methyl group no. was 0.78, which showed the acid to 
be a t least, predominantly 3-cyc1ohexyt-2-methylpro-
panoic acid.26 

2-Ethylbutanol-l (25 g.) gave 13 g. (40%) of diethyl-

(13) Adkins and Folkers, T H I S JOURNAL, 53, 1095 (1931). 
(14) Skita and Faust, Bar., 64, 287S-2892 (1934). 
15) Hiers and Adams, T H I S JOURNAL, 48, 2385 (1926). 

(16) Sontag, Contpt. rend., 197, 1130 (1933). 
(17) Lagerev, Trudy Uzbrkskoge Gesuiarst Univ., 6, 71 (1936). 
(18) Somervilie and Allen, "Org. Syn.," Coll. Vol. II , 81 (1943). 
(18) Gilman and Kirby, ibid.. Coll. Vol. I, 353 (1932). 
(20) Sjelletna and Dienake, Rec. trav. chim., 82, 230 (1933). 
(21) Hommelen, Ball. soc. chim., BeIg., 48, 243 (1933). 
(22) Rasetti, Bull. soc. chim., [3] SJ, 690 (1905), 
(23) Marvel and Hager, "Org. Syn.," Coll, Vol. I, 248 (1932). 
(24) Kullheimer, Ann., IM, 322 (1874). 
(23) Barthe! and LaForge, Ind. Bng. Chem., Anal, Sd.. 18, 484 

(1944). 
(28) Lerene. J. BM. Chtm., HO, 299 (198S). 

methylacetic acid,27 b . p . 123-125° (27 mm.) . W25D 
1.4212, m. p . of amide 78-79°. 

Neopentyl alcohol (25 g.) gave 7 g. (22%) of material 
corresponding to a C6 acid, b . p . 97-99° (16 mm.) , TO25D 
1.4188, neut. equiv. 112 (calcd. 116). The amide crys­
tallized in two parts, (a) m. p. 114-115° and (b) m. p. 
107-109°. No further characterization was done as these 
melting points did not approach those of the expected 
isomers. 

Butanol-2 (21 g.) gave. 20 g. (70%) of 2-methylbutyric 
acid,19 b . p . 81-83" (15 mm.) , n™x> 1.4051, m. p. of p-
bromophenacyl ester 52-54°. 

Heptauol-2 (23 g.) gave 19 g. (70%) of 2-methylhep­
tanoic acid, b . p . 140° (30 mm.) , »2BD 1.4238, neut. equiv. 
141 (calcd. 144), m. p . of amide 73-75° (m. p. of a mixture 
of this amide and authentic amide of 2-methylheptanoic 
acid 73-75°). 

Cyclopentanol (29 g.) gave 32 g. (84%) of cyclopen-
tanecarboxylic acid,28 b . p . 118° (23 mm. ) , TO25D 1.4522, 
m. p . of amide 176-1780.28 

4-Methylcyclohexanol-l (24 g.) gave 5 g. of neutral 
unsaturated compounds, b . p . 80-105° (740 mm.) , TO26D 
1.4449, which were thought to be a mixture of methyl -
cyclohexenes. The acid layer yielded 15 g. (53%) of 
4-methylcyclohexanecarboxylic acid,29 b . p . 129-131° (13 
mm.) , M26D 1.4569, neut. equiv. 138 (calcd. 142), m. p. 
of amide 177-179°.29 

S-Decalol (35 g.) gave 5 g. of neutral unsaturated mate­
rial, b . p . 83-88° (25 mm.) , W25D 1.4997, which was 
thought to be a mixture of octalins. The acid residue, 
which was an oil and weighed 32 g. (77%), yielded a solid 
and oil fraction when recrystallized from petroleum ether 
(60-68°). The solid had a nr. p . 100-105° and a neut. 
equiv. of 173 (calcd. 182); m. p . of amide 195-196°, all 
of which showed the acid to be decahydro-a-naphthoic 
acid.30 The oil had a neut. equiv. of 188 and the amide 
made from it had a m. p . 175-180°. This acidic oil was 
thought to be a mixture of decahydro-a- and -S-naph-
thoic acids. 

Tertiary amyl alcohol (24.3 g.) gave 8 g. (25%) of di-
methylethylacetic acid,81 b . p . 94-96° (15 mm.) , TO2ED 
1.4127, m. p . of amide 102-103°.n 

2-Phe.nylethanol-l (40 g.) gave 2 g. of tar and 5 g. (12%) 
of ethylbenzene,3 ' b. p . 134-135° (760 mm.) , »2 5D 1.4935. 
It was insoluble in water, dilute acid or base, and concen­
trated sulfuric acid. 

3-Phenylpropanol-l (17 g.) gave a tar and 8 g. (40%) 
of M-propylbenzene,84 b . p . 157° (749 mm.) , »2 5D 1.4917. 

4-Phenylbutanol-l (20 g.) gave a tar and 10 g. (40%) 
of «-butylbenzene,36b. p . 175-180° (750mm.), W26D 1.4922. 

Methyl-0-naphthylcarbinol (20 g.) yielded a sticky 
resin presumed to be the polymer of /3-vinylnaphthalene. 

1,5-Pentanediol (25 g.) yielded 3 g. (10%) of 2-methyl-
valeric acid,21 b . p . 85-88° (10 mm.) , TO26D 1.4610, neut. 
equiv. 118 (calcd. 116), m. p . of amide 77-78°.21 

1,6-Hexanediol (21 g.) gave 7 g. (30%) of 2-methyl-
hexanoic acid,22 b . p . 107-110° (16 mm.) , TO25D 1.4278, 
m. p . of amide 67-68°.28 

Acknowledgment.—The junior author (RWR) 
wishes to express his appreciation to Professor 
S. M. Mc Elvain for his assistance in the prepara­
tion of this paper after the death of Professor 
Adkins. Thanks are due to Mr. Lee Henke, 
departmental mechanician, for his tireless ef­
forts in the construction of the silver-lined steel 
vessel used in this work. 

(27) Hallerand Bauer, Compt. rend., 148, 129 (1909). 
(28) Zelinsky, Btr„ 41, 2627 (1908). 
(29) Einhorn and Willstatter, Ann., 280, 157 (1894). 
(SO) Ipatiew, Bet., 42, 2101 (1909). 
(31) Hommelen, Bull. soc. chim. BeIg., 42, 243 (1933). 
(32) Whitmore, T H I S JOURNAL, 84, 3437 (1932). 
(33) Ttaraermans, J. Chim. Phys., IS, 758 (1926). 
(34) Timmernuuu, ibid., (T, 404 (1930). 
(SS) Schmidt, Hopp and SchoeUir, Ber., TS, 1805 (1939). 



Oct., 1950 ORGANOLEAD COMPOUNDS CONTAINING AN AZO LINKAGE 4553 

Summary 
1. Fifteen alcohols have been carbonylated to 

acids containing one additional carbon atom, 
with carbon monoxide in the presence of nickel 
carbonyl, nickel chloride, and hydrochloric acid. 
Secondary aliphatic and alicyclic alcohols were 
carbonylated in an average yield of 75%, whereas 
the yields from primary and tertiary alcohols 
were from 30-60%. 

2. The products formed generally were homo­

geneous and branched chain, e. g., both butanol-1 
and butanol-2 yielded 2-methylbutyric acid. 

3. Aromatic alcohols were converted to alkyl-
benzenes and glycols to monocarboxylic acids 
under conditions that converted aliphatic al­
cohols to di- and tri-substituted acetic acids. 

4. The carbonylation reaction appears to pro­
ceed through the dehydration of the alcohol to an 
olefin, which then is carbonylated to the acid. 
MADISON 6, WISCONSIN RECEIVED MARCH 17, 1950 

[CONTRIBUTION FROM THE CHEMICAL LABORATORIES OP IOWA STATE COLLEGE] 

Organolead Compounds Containing an Azo Linkage 
BY HENRY OILMAN AND C. G. STUCKWISCH1 

Since its introduction in the chemotherapeutic 
treatment of cancer by Bell2 in 1922, lead has at­
tracted more attention than any other metal in 
this particular field of therapeutics. The toxic 
side action of the required therapeutic doses has 
however militated against an extended use of this 
method of treatment. To circumvent this ob­
jection chemists have resorted to the preparation 
of compounds which contain the lead in highly 
masked form in complex molecules.3 Syntheses 
of organolead compounds containing an azo link­
age are described in the present paper. 

The diazotization of triphenyl-^-aminophenyl-
lead and its subsequent coupling with jS-naphthol 
have been reported earlier.4 A more convenient 
method of preparation of the azo-lead type of 
compound is the coupling of a diazonium salt 
with an aminoaryl- or hydroxyaryllead compound. 
The latter is conveniently prepared from a tri-
aryllead halide and an aminoaryl- or hydroxy-
aryllithium compound.5 

R 3PbX + R'Li > R 8 PbR' + LiX 
OH OH 

R8Pb< + R'N-.Cl • R 3 Pb + HCl 
N=NR' 

The position of coupling was determined by re­
ductive cleavage with stannous chloride and hy­
drochloric acid. In each instance coupling took 
place ortho or para to the amino or hydroxyl group 
and meta to the lead atom 

OH 

R.pb<( y + 5HCl + 2SnCl2 • 

R8PbCl + HO. NH2 -I- R 'NHj + 2SnCl4 

(1) Department of Chemistry, University of Wichita, Wichita, 
Kansas. 

(2) Bell, Lancet, 208, 1005 (1922); 206, 267 (1924); 209, 1003 
(192.5). 

(3) Datnow, Am. J. Cancer, 24, 531 (1935); Schmidt, Med. u. 
Chem. Abhandl. med.-chem. Forschungsstaetten I. G. Farbenind., 3, 418 
(1936) [C. A., 81, 5866 (1939)]. 

(4) Gilman and Stuckwisch, Tms JOURNAL, 64, 1007 (1942). 
(5) (a) OUman and Arntnn, ibid., M, 1837 (1947); (b) Oilman 

and Stuckwisch, ibid., Tl, 2938 (1949). 

Experimental 
General Information.—The titer of the re-butyllithium 

solutions used in this work was determined by the method 
of Gilman and Haubein.6 The amount of R3PbCl added 
to the organolithium solutions was equivalent to the 
amount of the halogen compound used in the interconver­
sion. All melting points are uncorrected. 

Triphenyl-£-aminophenyllead.—Three variations were 
used for the preparation of triphenyl-^-aminophenyllead. 

Method 1.—This method, which involves adding an­
hydrous magnesium bromide to the ^-aminophenyllithium 
solution, has been described.4 

Method 2.—To 5.67 g. (0.033 mole) of £-bromoaniline 
in 25 ml. of ether was added dropwise 0.1 mole of re-butyl-
lithium in 180 ml. of ether. After 60 ml. of the organo-
metallic solution had been added, refluxing ceased and the 
remaining 120 ml. was added more rapidly. The mixture 
was stirred for an hour. A yellow, crystalline precipitate 
of the £-N,N-trithioaniline6b separated from the solution. 
The reaction flask was fitted with a stopcock a t the bot­
tom, by means of which the solid was filtered from the 
liquid. To the solid residue remaining in the flask was 
added 250 ml. of ether and then 10.3 g. (0.022 mole) of 
triphenyllead chloride. The mixture was stirred for one 
hour at room temperature and then hydrolyzed with cold, 
aqueous ammonium chloride. The organic layer was 
dried over sodium sulfate. Hydrogen chloride was cau­
tiously passed into the dried ether solution, cooled in an 
ice-bath, to precipitate the hydrochloride of triphenyl-^-
aminophenyllead. The hydrochloride was converted to 
the free amine by suspending it in water and adding dilute 
ammonium hydroxide. The yield of triphenyl-^-amino-
phenyllead thus obtained was 6 g. or 59%. After crys­
tallization from a mixture of benzene and petroleum ether 
(b. p . 60-68°) the compound melted at 172°. A mixed 
melting point with the compound obtained by the first 
method showed no depression. 

Method 3.—To 5.3 g. (0.031 mole) of ^-brornoaniline 
in 30 ml. of ether was added dropwise 0.093 mole of n-
butyllithium in 200 ml. of ether. The mixture was 
stirred a t room temperature for one hour and was then 
poured into a suspension of 14.2 g. (0.03 mole) of tr i­
phenyllead chloride in ether. After three minutes the 
mixture was poured into cold water. The ether layer was 
separated and extracted with dilute hydrochloric acid to 
remove unreacted ^-bromoaniline. (Triphenyl-^-amino-
phenyllead is insoluble in dilute hydrochloric acid.) Hy­
drogen chloride was passed into the dried ether solution to 
precipitate the hydrochloride of triphenyl-£-aminophenyl-
lead. The free amine was obtained as described in Method 
2. The yield was 9.5 g. or 60.%. In the interconversion 
of ^-bromoaniline the »-butyllithium solution must be 
clear, otherwise a gummy precipitate, difficult to work 
with, will be obtained. 

(6) Oilman and Haubein, ibid., 6«, 1615 (1944). 


