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usual workup 2.95 g. (67%) of yellow acid, m.p. 247-250°, 
was obtained. Recrystallization from aqueous alcohol yielded 
(61 %) of pale yellow 1-carboxybenzo [clphenanthrene, m.p. 
2495251.5'. From the neutral portion of the reaction prod- 
ucts there was obtained 0.48 g. of benzo[c]phenanthrene. 

Oridalion of methylbenzo[c]phenanthrenes. I n  a typical 
case, a mixture of 3.00 g. of 2-methylbenzo[c]phenanthrene, 
m.p. 79.6-81.0°, 5.50 g. of sodium dichromate dihydrate, 
and 100 ml. of water was enclosed in 450-ml. stainless steel 
bomb. The bomb was rocked and heated a t  250" for 65 hr. 
On suitable workup of the contents 2.48 g. (74%) of yellow 
acid, m.p. 214-221", and 0.56 g. (19%) of Z-methylbeneo- 
[c]  phenanthrene, m.p. 78-80', were obtained. Recrystal- 
lization of the crude acid from toluene afforded 2.15 g. (64%) 
ci pale yellow 2-carboxgbenzo [c]phenanthrene, m.p. 220- 
222'. 3-, 4-, 5-, and 6-methylbenzo[c]phenanthrene were 
oxidized similarly. These oxidations are remarkably clean as 
the crude reaction products are not deeply discolored and the 

recovery of pure acid and starting hydrocarbon is in the 85- 
95% region in most runs. The yields and properties of the 
acids are listed in Table I. 

When the 1-methyl isomer was treated similarly for 15 
hr., 0.62 g. (31%) was recovered and 0.97 g. (46y0) of 1,8,9- 
naphthanthr-lO-one,5 m.p. 240-242". The mixed m.p. with 
an  authentic sample was not depressed. We were unsucces6- 
ful  in attempts to prepare B 2,Pdinitrophenylhydrazone or an 
oxime from this ketone. The 1-acid dissolved in concentrated 
sulfuric acid to produce a deep red color. On pouring this 
solution into water 1,8,9-naphthanthr-lO-one was formed. 

The methyl esters were prepared from 2-, 3-, 4-, 5-, and 6- 
carboxybenzo [clphenanthrene by acid-catalyzed esterifica- 
tion. Since the rate of esterification of the 1-isomer was very 
slow this ester was prepared with diazomethane. The prop- 
erties of the methyl esters are listed in Table I. 
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l-Acetyl-3-(6-methoxy-IL-naphthyl)cyclohexane (IV), l-acetoxyacetyl-3-(6-methoxy-~-naphth~l)cyclohexane (VI), and 
l-acetyl-3-( 6-hydroxy-2-naphthyl) cyclohexane (VII) have been prepared from 3-( 6-methoxy-2-naphthy1)cyclohexanone. 

Recently in the steroid field a great deal of 
interest has been evidenced in modifications of the 
naturally occurring substances and also in the 
preparation of synthetic analogs bearing a formal 
structural relationship to the cortical hormones. 
In an attempt to delineate the limits within which 
steroid activity might be found as well as to keep 
the synthetic and stereo-chemical problems to  
a minimum, we have prepared a series of naphthyl 
substituted cyclohexane derivatives oxygenated in 
such positions as formally to resemble some steroid 
molecules lacking the complete elements of ring C. 

The starting material for our syntheses, 3-(6- 
methoxy-2-naphthy1)cyclohexanone, has been de- 
scribed by Sovello and Christy.2 However, our 
preparation of the immediate precursor of this 
compound, 3 - (6 - methoxy - 2 - naphthyl) - 2 - cy- 
clohexen-1-one (I), differed from that reported.2 
Thus, in a simpler and more direct synthesis, treat- 
ment of the ethyl ether of dihydrore~orcinol~ 
with G - niethoxy - 2 - naphthylmagnesium bromide 
gave a 4G% yield of I. Whether the Grignard 
reagent adds normally to the ketone followed by 
hydrolysk of the enol ether and dehydration to 
give I, or whether addition takes place in the 
conjugate 1,4-manner followed by elimination of 
the elements of ethanol is uncertain since the same 
product results in either case. The 3-(G-methoxy-2- 

naphthy1)cyclohexanone was converted to its 
cyanohydrin (11), which was dehydrated with 
pyridine and phosphorus oxychloride to give 1- 
cyano - 3 - (6 - methoxy - 2 - naphthy1)cyciohexene 
(111), probably as a mixture of double bond iso- 
mers. Reduction in the presence of palladium-on- 
carbon, followed by treatment with methylmag- 
nesium bromide and subsequent hydrolysis of the 
intermediate imine gave l-acetyl-3-(6-methoxy-2- 
naphthy1)cyclohexane (IV), obtained in 577, 
over-all yield from the starting ketone. Compound 
IV existed in two polymorphic forms, but appar- 
ently m s  a pure racemate, and is therefore thought 
to  be the cis isomer (the most stable form, with both 
substituents on the cyclohexane ring in equatorial 
positions). 

Demethylation of IV with pyridine hydrochloride 
gave a 52-58Y0 yield of l-acetyl-3-(6-hydroxy-2- 
naphthyl) cyclohexane (VII), obtained as a mixture 
of racemates. 

1 - Hydroxy - 3 - (6 - niethoxy - 2 - naphthyl)-, 
1-cyclohexanecarboxylic acid (V) was considered 
to be a likely intermediate for the preparation of 
analogs containing the "dihydroxyacetone" side 
chain of cortisone. Accordingly the cyanohy- 
drin I1 was hydrolyzed with hydrochloric acid to 
give V, but the yield was so poor that this route 
was abandoned. 

(1 )  Vick Chemival Co., (;reenshoro, N. C. 
( 2 )  E'. C. Sovcllo and 11. E. Christy, J .  A r t i .  ( , h e r ! [ .  Soc., 

Compound IV was allowed to  react with ethyl 
oxalate in the presence of sodium methoxide and the 

treated with iodine to yield crude l-iodoacetyl-3- 

75, ,5431 (l!).%). 

2171 (1948). 
(:$) G ,  F. \\'oods and I. \\'. Tucker, J .  A m ,  C'/iem. Sot., 70, sodium enolate of the condellsation product Was 
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(6 - methoxy - 2 - naphthy1)cyclohexane. Treatment 
with potassium acetate converted this to l-acetoxy- 
acetyl-3-(6-methoxy-2-naphthy1)cyclohexane (VI). 
The over-all yield on this conversion was very poor, 
but only one preparation of VI was carried out, 
and some improvement could undoubtedly be 
effected with further experimentation. 

An extension of the method of preparing I led 
to the synthesis of two other compounds with 
added oxygen substitution in the D ring. Dihydro- 
pyrogallol4 was converted to its diacetate by treat- 
ment with pyridine and acetyl chloride. Depending 
on which tautomeric form of dihydropyrogallol 
was acetylated, the product would be 2,3- 
diacetoxy-2-cyclohexen-1-one (VIII), 2,6-diace- 
toxy-2-cyclohexen-1-one (XII) or a mixture of 
these compounds. The product actually obtained 
was evidently largely VI11 for treatment with 
6-methoxy-2-naphthylmagnesium bromide gave 
2-acetoxy- 3 - (6 - methoxy - 2 - naphthyl) - 2 - cyclo- 
hexen - 1 - one (IX), rather than either 3 - acetoxy- 
2-(G-methoxy-2-naphthyl) -2- cyclohcxen - 1 -one, 
or 2,6 - diacetoxy - 3 - (6 - methoxy - 2 - naphthyl)- 
cyclohexanone, which would have been expected 
to be formed from XII. Compound IX could be 
hydrolyzed with methanolic hydrogen chIoride to 
yield 80% of 2-hydroxy-3-(6-methoxy-2-naphthyl)- 
2-cyclohexen-1-one (X). The structure of X was 
proved by permanganate oxidation to  w-(6- 
methoxy-2-naphthoy1)butyric acid, rather than 
6-methoxy-2-naphthoie acid, which would have 
been expected as an oxidation product of thc iso- 
meric 3-hydroxy-2- (&me thoxy-2-naph thy 1) -2-cyclo- 
hexen-1-one. An authentic sample of XI was pre- 
pared from glutaric anhydride and 2-methoxy- 
naphthalene by treatment with aluminum chloride 
in nitrobenzene. 

We are greatly indebted to our colIeagues of the 
Division of Biological Research who assayed com- 
pounds I, IV, V, VI, VII, IX,  and X for anti- 
flammatory, mineralocorticoid, and glucocorticoid 
activity. Whereas some anti-inflammatory activity 
was observed in these compounds, the order of 
activity was generally low, suggesting much greater 
structural dependence than is characteristic, for 
example, of estrogenic activity which remains 
substantial throughout a xide spectrum of molec- 
ular alterations. 

EXPERIMENTAL' 

3-(6-Methozy-&naphthyl)-&cyclohezen-l-one ( I)2. A crystal 
of iodine and 0.8 g. of ethyl iodide in 10 ml. of dry ether was 
added to  15.3 g. of magnesium turnings, under an atmosphere 
of nitrogen. As the mixture wa.9 stirred, reaction commcnced, 
and a solution of 147 g. of %bromo-G-methoxynaphthalene 
in a mixture of 600 ml. of dry ether and 350 ml. of dry 
benzene was added. Total addition took 1 hr., during which 

(4) B. Pccherer, L. M. Jampolsky, and 11. hl. Wucst, 

(5) Melting points are uncorrected. Analyses were per- 
J .  Am. Chem. Soc., 70,2587 (1948). 

formed by Dr. R. T. Dillon and associates. 
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CH; OH COOH- 
C Ha H COCH2OCOCHs 
H H COCHJ 

)++J CHaO 
IX.  R= CHjCO 

timc the mixture was heated a t  reflux t,emperature. A suh- 
sequent 4G hr. of refluxing completed the preparation of the 
Grignard reagent. Then a solution of 57 g. of dihydroresor- 
cinol ethyl PtherJ in 250 ml. of dry ether was added, and after 
addition was complete, the solution was heated at  reflux 
temperature for 2 hr. Then a mixture of 100 ml. of sulfuric 
acid and 400 ml. of water was added cautiously. The solvents 
were removed by steam distillat,ion. Water was decanted 
from the tarry residue, which was then dissolved in a mix- 
ture of ether and benzene and washed several times with 
water. The solvents were removed by distillation and the 
residue was vacuum dried to give about 100 g. of crude 
product. A small portion of this material was subjected 
to a short path distillation a t  0.5 mm. and 2tiO". The most 
volatile distillate had m.p. 67-70', and probably is 2- 
methoxynaphthalene. The remaining distillate was digested 
with boiling methanol, filtered, and cooled. The precipitate 
was collected by filtration and crystallized twice more from 
a mixture of benzene and hexane to give pure 3-(G-methoxy- 
2-napht,hyl)-2-cyclohexen-l-one (I), m.p. 140.6-141.6'. 

Anal. Calcd. for C17HisO2: C, 80.92; H, 6.39; Found: C, 
80.72; H, 6.39. 

The bulk of the crude product was chromatographed on 
100 times its weight of silica gel. The column was developed 
with benzene and eluted wyith mixtures of 1x:nzene and 
ethyl acetate. The desired product, I, 48 g. (4G70), was 01,- 
tained by elution with 95% benzene-5% ethyl acetate. 
About 6 g. of a reduction product, 3-(6-mcthoxy-8-naph- 
thyl)cyclohexaiionc,2 m.p. 1 19.G-121.G0, was also obtnined 
by elution with 98% benzene-2Y0 ethyl acetate. 

I-Cyano-1 -h~dros~-S-(6-methox~-%'-naphth~l)cyclohera ti e 
(XI). A mixture of 0.96 g. of 3-(G-methoxy-2-naphthyl)cyclo- 
hexanone,* 3.0 g. of potassium cyanide, and 15 ml. of ethanol 
was heated a t  reflux temperature as 3.0 ml. of glacial acetic 
acid waa added dropwise. Refluxing was continued for 0.5 
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hr. a t  which time an additional 0.5 ml. of acetic acid was 
added and the hot solution was poured into a large volume 
of ice and water. The resulting mixture was extracted 
with etlier, the organic layer was washed with water, and the 
ether was removed by distillation. The residue was crystal- 
lized twice from a mixture of benzene and hexane to give 
I-cyano-I -hydroxy- 3- (6- nicthoxy - 2 -naphthyl)cyclohexane 
(11) as a mixture of racemates, m.p. 113-134'. 

Anal. Calcd. for ClsHl9NO2: C, 76.84; H, 6.81. Found: 
C, 76.78; H, 6.79. 
l-Cyano-3-(6-methozy-8-naphthyl)cyclohezene (111). A solu- 

tion of 1.07 g. of I1 in 15 ml. of pyridine was treated with 
2.0 g. of phosphorus oxychloride and then heated a t  reflux 
temperature for 0.5 hr. The hot reaction mixture was 
cautiously poured into a beaker of chipped ice and 20 
ml. of hydrochloric acid, and the product waa extracted 
with ether. The organic layer was washed with water, fil- 
tered through anhydrous sodium sulfate, and the ether 
removed by distillation. The residue was crystallized from 
n-hexane and then recrystallized three times from methanol 
to give l-cyano-3-( 6methoxy-2-naphthy1)cyclohexene (111) 
as a mixture of isomers, m.p. 102-110'. 

Anal. Calcd. for ClaH1~NO: C, 82.09: H, 6.51. Found: , .  .~ ~ 

C, 82.05; H, 6.38. 
l-Acetyl-S-( 6-methozyd-naphthy1)cyclohexane (IV). Hydro- 

genation of a solution of 0.95 K. of I11 in 30 ml. of ethanol in 
the presence of 0.1 g. of pota&ium hydroxide and 2.0 g. of 
5% palladium-on-carbon waa complete in 6 hr. The reduc- 
tion mixture waa neutralized with hydrochloric acid, filtered 
to remove the catalyst, and the filtrate was evaporated 
under nitrogen. The residue was chromatographed on 40 
times its weight of silica gel. The column was developed 
and eluted with mixtures of benzene and n-hexane. Elution 
with 80% benzene-20% hexane gave fairly pure l-cyano-3- 
(6methoxy-2-naphthyl)cyclohexane, m.p. 102-106'. A solu- 
tion of 0.27 g. of this material in 20 ml. of dry benzene was 
added to a solution of 1.0 g. of methylmagnesium bromide in 
10 ml. of benzene. After the resulting solution had been 
heated a t  reflux temperature for 3 h., a mixture of 10 ml. of 
hydrochloric acid and 20 ml. of water was added. Brief 
heating was required to hydrolyze the magnesium salt of 
the intermediate imine. The organic layer was separated 
and the aqueous portion extracted with ether. The com- 
bined organic layers were washed with watm and evaporated 
under nitrogen. The residue was crystallized from hexane 
to give pure l-acetyl-3-(6-methoxy-2-naphthyl)cyclohexane 
(IV). This compound was obtained in two polymorphic 
forms, m.p. 'i2.473.4', and map. 83.0-83.6', mixed m.p. 
83.0-84.0'. The infrared spectra of these two forms were 
identical when taken in chloroform solution, but were some- 
what different whcn obtained from a pressed potassium bro- 
mide disc. 

Anal. Calcd. for C10H12O2: C, 80.81; H, 7.85. Found: 
C, 80.61; H, 7.89. 

A subsequent preparation of IV from 7.7 g. of 3-(6meth- 
oxy-2-naphthy1)cyclohexanone without purification of any 
of the intermediate products gave 5.1 g. (57%) of pure ma- 
terial, which was isolated by chromatographing on 700 g. 
of silica gel and eluting with 98y0 benzene-2% ethyl ace- 
tate. An earlier fraction eluted with 100% benzene gave 
also 1.3 g. of colorless crystals, m.p. 75-79.5'. This sub- 
stance is believed to be 3-(6-methoxy-2-naphthyl)-l-meth- 
ylcyclohexene, a mixture of isomers derived from 3-(6- 
methoxy-2-naphthy1)cyclohexanone which had not formed 
a cyanohydrin but did react with methyl magnesium bromide, 
and was subsequently dehydrated. 

Anal. Calcd. for ClsJ&O: C, 85.67; H, 7.00. Found: C, 
85.74; 13, 8.08. 

1 -H~droxy-3-(6-methoxl/-9naphthyl)-l-cyclohexanecar- 
boiylic acid (V). A mixture of 2.0 g. of crude TI and 20 ml. of 
hydrochloric acid was heated in a pressure bottle a t  100' 
for 15 hr., then cooled and made basic with potassium hy- 
droxide. This mixture was washed with ether and then 
acidified with hydrochloric acid. The product was isohted 

by extraction with ether, washing the extracts with water, 
aad removal of the ether by distillation. The residue was 
chromatographed on 30 times its weight of silica gel. The 
column was developed Rrith benzene and eluted with mix- 
tures of benzene and ethyl acetate. Elution with 00% ben- 
zene-lO% ethyl acetate, followed by crystallization from 
benzene and sublimation a t  0.5 mm. and 180' gave pure 
l-hydroxy-3-(6-methoxy-2-naphthyl)- 1 -cyclohexanecarbox- 
ylic acid (V), m.p. 188.6-190.4'. 

Anal. Calcd. for C18H2004: C, 71.89; H, 6.71. Found: 
C, 72.00; H, 6.66. 

l-Aceloxuacelul-~-~6-melhox~-d-naphth~l)c~clohexane (VI). 
A solution of  6.0 ml: of redistilled ethyl bxaiate in 100 ml. of 
dry ether was added under a nitrogen atmosphere to 1.4 g. of 
sodium methoxide, followed by the rapid addition of a solution 
of 4.6 g. of crude IV in 400 ml. of dry ether and 150 ml. of 
benzene. The mixture was stirred and heated at reflux tem- 
perature for 4 hr., then TI-as cooled and the sodium enolrtte 
of the condensation product was collected by filtration, 
rinsed with ether, and dried. This product, 3.5 g., was dis- 
solved in 80 ml. of methanol and then under a nitrogen 
atmosphere a t  - 15' was treated nTith a solution of 2.2 g. of 
iodine in 100 ml. of methanol. After 0.5 hr. a t  - 15', a solu- 
tion of 0.23 g. of sodium in 10 ml. of methanol wm added 
and the mixture was allowed to stand a t  room temperature 
for 0.5 hr. It was then filtered and the filtrate was poured 
into a large volume of water. The gummy precipitate of 
crude l-iodoacetyl-3-(6-methoxy-2-naphthyl)cyclohexane 
waa collected by filtration. This material was rinsed off the 
filter with acetone and was heated at reflux temperature for 5 
hr. in a mixture of 6.1 ml. of acetic acid, 10.5 g. of potassium 
acetate, 125 ml. of water, and 500 ml. of acetone. After con- 
centration to about 150 mi., this solution was poured into a 
large volume of water, extracted with ether, the organic 
layer was washed with water, and the ether was removed by 
distillation. The residue was subjected to 9 short path dw 
tillation at 0.5 mm. and 250' and the distillate was then 
chromatographed on 80 times its weight of silica gel. The 
column wag developed with 60% benzene-40% hexane and 
eluted with mixtures of hexane, benzene and ethyl acetate. 
Elution with 98% benzene-2% ethyl acetate, followed by 
crystallization from methanol, sublimation a t  0.5 mm. and 
200', and then two recrystallizations from methanol yielded 
Dure l-acetoxyacetyl-3-(~methoxy-2-naphthyl)cyclohexane - .  . ~~ 

{VI), m.p. 13&131'. 

74.12: H, 7.15. 
Anal. Calcd. for C ~ I H Z , ~ , :  C, 74.09; H, 7.11. Found: C, 

' 1~Acetyl-3-(6-hydrozy-~-naphlhyl)cyclohezane (VII). A 
mixture of 20 g. of purified pyridine hydrochloride and 2.0 
g. of IV was heated a t  reflux temperature for 0.5 hr. The 
hot solution was poured over cracked ice and the product 
was isolated by extraction with ether, washing with water, 
and removing the ether by distillation. The residue was 
chromatographed on 100 times its weight of silica gel. The 
column was developed with benzene and eluted with mix- 
tures of benzene and ethyl acetate. Elution with 95% 
benzene-5yo ethyl acetate, followed by crystallization from 
ether gave 0.78 g. of 1-acetyl-&( 6-hydroxy-2-naphthyl)- 
cyclohexane (VII) aa a mixture of racemates, m.p. 129-144'. 
An additional 0.21 g. (52% total yield), m.p. 128-141', 
wm obtained from the mother liquors by a short path dis- 
tillation a t  0.2 mm. and 210' followed by crystallization 
from ether. Another preparation of VI1 gave a 58% yield 
of material with m.p. 132-160'. 

Anal. Calcd. for C18H20O2: C, 80.57; H, 7.51. Found: 
C, 80.68; H, 7.47. 
8.3-Diacetozv-B-cuctohezen-l -one (VIII). A solution of 

16.3 g. of dih~dro~yrogallold in 300 ml. of benzene and 23.7 
g. of pyridine waa treated dropwise with 23.6 g. of acetyl 
chloride. The reaction mixture was stirred at room tempera- 
ture for 18 hr., after which the precipitated pyridine hydro- 
chloride was removed by filtration and rinsed with ether. 
The combined filtrates were washed quickly with cold water, 
filtered through anhydrous sodium sulfate, and distilled 
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through a small Vigreux column. The product, 18.9 g. (70%), 
b.p. 130-140" (1.5 mm.), was 2,3-diacetoxy-2-cyclohexen-l- 
one (VIII)  which possibly also contained some 2,Gdiace- 
t0xy-2-cyclohexen-l-one (XI I )  derived from another tau- 
tomeric form of dihydropyrogallol. 

2-Acetoxy-3-( 6-methoxy-2-naphthyl)-d-cyclohexen-l-one 
(1x1. A solution of 6-methoxy-2-naphthylmagnesirlm bro- 
mide in a mixture of 300 ml. of dry ether and 300 ml. of dry 
benzene was prepared as described above from 4.86 g. of 
magnesium and 45 g. of 2-bromo-6-methoxynaphthalene. 
The Grignard reagent was filtered through glass wool and 
added over a 2-hr. period to  a solution of 18.9 g. of VI11 in 
200 ml. of dry ether cooled with an ice bath. After another 
hour a t  0-5', the complex was decomposed by the addition 
of 600 ml. of saturated ammonium chloride, solution. The 
organic layer was separated, washed with ammonium chlo- 
ride solution, then with water, was filtered through anhy- 
drous sodium sulfate, and the solvents s e re  removed under 
vacuum without heating. The residue was chromatographed 
on 80 times its weight of silica gel. The column was developed 
with benzene and eluted with mixtures of benzene and ethyl 
acetate. Elution with 90% benzene-10% ethyl acetate gave 
material which was purified by digesting with boiling hexane, 
decanting the liquor. and evaporated to dryness. The residue 
was crystallized twice from methanol to give pure 2-ace- 
toxy-3-(6-methoxy-2-naphthyl)-2-cyclohexen-l-one (IX), 
m.p. 116-117'. 

Anal. Calcd. for C19Hls04: C, 73.53; H, 5.85. Found: 
C, 73.67; H, 5.78. 

2-Hydrozy-3-(6-methoxy-2-naphthyl)-2-cyclohexen-l -one 
(X).  A solution of 0.50 g. of IX in 10 ml. of methanol was 
treated with 0.5 ml. of hydrochloric acid and warmed on a 
hot plate for 0.7 hr. Cooling and filtration gave 0.35 g. 

(80%) of pure 2-hydroxy-3-( 6-methoxy-2-naphthyl)-2-cyclo- 
hexen-1-one (X), m.p. 174-176'. 

Anal. Calcd. for CliH1603: C, 76.10; H,  6.01. Found: C, 
7G.40; H, 6.15, 

w-(6-Metho.iy-2-naphthoyl)butyric acid (XI) .  a .  B y  ozi- 
dation of X. A solution of 0.10 g. of X in 100 ml. of acetone 
was treated with 0.5 g. of magnesium sulfate and 0.12 g. 
of potassium permanganate and this mixture was stirred a t  
room temperature for 2 hr. Then it was treated with 0.5 g. 
of sodium bisulfite and 1.0 ml. of hydrochloric acid, filtered, 
and the filtrate was evaporated to dryness. The residue was 
twice crystallized from acetone to give pure w-(&methoxy- 
2-naphthoy1)butyric acid (XI),  m.p. 173-175.5'; mixed 
with X, m.p. 154-162". 

Anal. Calcd. for C16H1604: C, 70.57; H, 5.92. Found: C, 
70.69; H, 5.95. 

b. From glutaric anhydride and naelhoxynaphthalene. A mix- 
ture of 7.5 g. of glutaric anhydride and 9.5 g. of P-methoxy- 
naphthalene was added to a solution of 16 g. of aluminum 
chloride in 60 g. of nitrobenzene cooled in an ice bath. After 
the ice had melted, the reaction mixture was allowed to 
stand at room temperature for 64 hr. Aqueous hydrochloric 
acid was added and the mixture was extracted with ether. 
The organic layer was washed with water and filtered 
through anhydrous sodium sulfate. The solvents were re- 
moved by vacuum distillation and the residue was subjected 
to a short path distillation a t  0.3 mm. and 250'. The dis- 
tillate was crystallized three times from acetone to give pure 
XI,  m.p. 175-177.5', mixed with that from (a) above, 
m.p. 174.5-177'. 
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Benzenediazonium, p-nitrobenzenediazonium, p-chlorobenzenediazoniunl, and p-methoxybenzenedi2zonium fluoborate 
have been found to  react with diphenylzinc in dimethylformamide solution to give the corresponding trans-azo rompounds, 
I, XI, 111, and IV. Yiolds were greater than 90ye of I, 11, and I11 and 72y0 of IV. The diphenylzinc could be prepared cith(sr 
from diphenylmercury and zinc in toluene or from phenyllithium and sublimed zinc bromide in ethcr. Preliminary obscrvn- 
tioris indicate that the reaction to form I is 777, complete in one minute a t  0" with the concentrations employed and 100°/o 
roinplete in fifteen minutes. 

LVhen diphenylmercury is added to the dimethylformamide, the product mixture, analyzed by the method of Dewar and 
Urch.9 is shown to contain cis-azobenzene as well as trails, the amount of cis-isomer being as high as 80% of the product. 
The fraction of cis-product increases with increasing diphenylmercury. 

Although it was found by Hodgson and Marsden3 
that azo compounds could be formed in low yields 
by the reaction of Grignard reagents in diethyl 
ether with aromatic diazonium zinc chloride double 
salts, the use of diazonium fluoborates in the re- 
action gave negligible yields of azo 

(1)  Sup~)orted in part by :L grant ( ( S 4 t i 7 )  from the Sa- 
tion:il Srivnrc, Foundation. This \vorli is tnkc,n from the 1'h.D. 
thcsis sut)niittctl by John Lo\vcll T v r t r n  to thv University 
of Illinois, IOGO.  

( 2 )  Lrihrixol Corpor:itiorl I ~ f ~ l l o \ \ . ,  1058--195!). R1inncsot:L 
1Iining :tnd Alanufnc~turi~lg Conilxiiig Fcllo~r, 1959-19tiO. 

( 3 )  H. H. Hodgson and E. Mnrsden, J .  Chem. Soc., 271 
(1915). 

The possibility that the reactions of the zinc chlo- 
ride double salts involved an organozinc interme- 
diate led to a study4" of certain reactions of aryl 
and alkylzinc chlorides5 with suspensions of ben- 
zenediazonium fluoborates in ether which were 

(4)(a) I ) .  Y .  Curtin and J. .\. Ursprung, J .  Ory. ( ' h e ~ n . ,  
21, 1221 (1956). ( b )  E. I3ambergc.r and 31. Tichvinsk?,, Ller., 
35,1179(1902). 

(5)  Thv strurture of t h r  "alkylzirrc~ c*lrlorid(~" prcpirc'd 
froin thc: ( ;rigii:ird rc,agriit LLritI zinc chloridc is still d(~l~:tt:hle 
but rrwiit~ cviclcncc suggcsts that it is, in f:wt :t zinc. rhloridr 
cornplrx of the di:~lkylzinc [SCC A .  U.  C;:irrctt, A .  Slvcct, \\'. 
L. Marshall, D. Riley, and ,4. Toumn, Aec. C h c n ~ .  I'royress, 
155 (1952); 11. E. Tkssy, J .  < l m .  Chcfn. Sor., 82, 1580 ( I N O ) ] .  


