Feb. 20, 1959

ABNORMAL REACTION OF AN ORGANOCADMIUM REAGENT

967

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, UNIVERSITY OF CALIFORNIA]

An Abnormal Reaction of an Organocadmium Reagent: para-Acylation of m-
Methoxythenylcadmium Reagent

By WiLLiaM G. DAUBEN AND JOHN W. COLLETTE!
RECEIVED AucusT 21, 1958

When the cadmium reagent prepared from m-methoxybromobenzene was allowed to react with an acid chloride, acylation
occurred on the carbon atom adjacent to that originally holding the halogen atom. The amount of this abnormal reaction
varied with the acyl halide used but was always the major pathway, the normal reaction being less favored. The abnormal

acylation reaction was found to occur with no other aryl halides.

The mechanism of the reaction was investigated and it

was found that no rearrangement of the cadmium reagent itself had occurred, since upon reaction with diacetyl tlie expected
m-substituted product resulted. The mechanism was sliown to be that of an electrophilic aromatic substitution where the
organocadmium reagent acts as an internal Lewis acid. A similar abnormal substitution was found to occur with acid an-
hydrides and from these studies it was shown that the process was intramolecular,

Previously, the synthesis of tetrahydrobenzo-
phenones has been achieved by one of two methods,
the reaction of an aroyl chloride with cyclohexene
in the presence of aluminum chloride (Darzens’
reaction) and the reaction of cyclohexenyllithium
with an aromatic acid.2? In both of these methods
the potential carbonyl group finds its source in
the carbonyl of the aromatic acid. An alternate
procedure which would allow for a more ready
preparation of tetrahydrobenzophenones contain-
ing substituents in the tetrahydro ring is the reac-
tion of a cyclohexenyl-1-carbonyl chloride with an
aromatic organocadmium reagent. Such a reac-
tion system utilizing the unsaturated acid deriva-
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tive, cinnamoyl chloride, and diphenylcadmium
has been reported by Nightingale* to yield the
expected benzalacetophenone in 449, yield.

When cyclohexenyl-1-carbonyl chloride was
allowed to react with the cadmium reagent derived
from m-bromoanisole, an 1879, yield of analytically
pure material was obtained, but the product
showed unexpected spectral properties. The ultra-
violet spectrum showed a maximum at 268 mpu
(e 11,100) with a shoulder at 285 mu (e 9000) and
the infrared spectrum possessed carbonyl bands
at 5.92 and 6.09 u. Looking first at the doublet
in the infrared, Zimmerman? has reported that the
unsubstituted 3,4,5,6-tetrahydrobenzophenone-
(IITa), prepared by the reaction of cyclohexenyl-
lithimin and lithium benzoate, possesses only a
single carbonyl absorption at 6.09 u. Although
the band at lower wave length in the previous
material might be due to abnormal transannular
effects on the chromophore, it seemed more likely
that the first formed unsaturated ketone, due to
the presence of the methoxyl group, had undergone
cyclization to a fluorenone. Such was found to
be the case since 3-methoxy-3/,4’,5',6’-tetrahydro-
benzophenone (IIIb), prepared from cyclohexenyl-
lithium and lithium m-methoxybenzoate, possessed

(1) Abraham Rosenberg Fellow, 1956-1957; General Electric Co.
Fellow, 1957-1958,

(2) E. A. Braude and J. A. Coles, J. Chem. Soc., 2014 (1950); 1430
(1952); 2209 (1953).

(3) H. E. Zimmerman, J, Org. Chem., 20, 549 (1955).

(4) D. Nightingale and F. Wadsworth, THIS JOURNAL, 67, 417
(1945).

the expected band at 6.09 u and this material upon
ring closure with formic acid yielded 2-methoxy-
4b,5,6,7,8,8a-hexahydrofluorenone  (IVb) which
showed only the band at 5.92 u.
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When the ultraviolet spectra of IIIb and 1Vb
were examined, it was found that the former had a
Amax 248 mp (e 11,500) and the latter had a Amax
250 mu (e 9400). The comparison of these values
with those obtained with the product from the
cadmium reaction (Amax 268 my, ¢ 11,100) clearly
showed that this material was more complex than
simply having ring closed material present. The
spectral data indicated that an isomerization had
occurred since by examination of the ultraviolet
spectral values of the methoxyl-substituted aceto-
phenones,® a similar bathochromic shift is ob-
tained in going from the m- to the p-isomer.
That isomerization had occurred was established
in two ways. First, the authentic 4-methoxy-
3',4’,5' 6'-tetrahydrobenzophenone (IIlc) and its
ring closed derivative IVe were prepared vie the
cyclohexenyllithium procedure followed by ring
closure, It was found that IIIc possessed Amax
281 mu (e 11,600) and 6.09 u while IVe possessed
Amax 268 mu (e 14,600) and 5.92 p with a shoulder
at 287 mp (e 10,000). Second, by fractional
crystallization of the 2,4-dinitrophenylhydrazones
prepared from the cadmium reaction product, the
derivative of Illc and IVc was isolated. Upon
chromatography of the reaction mixture directly,
the fluorenone IVc was obtained. By examination
of the infrared spectrum of the cadmium reaction
product it was found that approximately 409, of the
fluorenone and 609, of the uncyeclized tetrahydro-
benzophenone were present. Furthermore, the
spectrum also indicated that in the uncyclized
fraction some of the m-isomer was present to the
extent of about 109, of that fraction.

(5) The spectral data for the methoxyacetophenones were found

to be: ortho, Amax 247 mp (e 8730); mela, Amax 249 mu (e 8800);
para, Amax 271 mu (e 6600),
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These results clearly demonstrated that in the
reaction of the acid chloride with the cadmium
reagent derived from m-bromoanisole, the carbonyl
group is placed on the carbon atom adjacent to the
position of the starting bromide. It next was of
interest to investigate the generality of the ab-
normal cadmium reaction and the reaction of acetyl
chloride with the cadmium reagents derived from
the three isomeric bromoanisoles was examined.
It was found that with o-bromoanisole, a mixture
containing 969, of o-methoxyacetophenone and 4%
of the p-isomer was obtained. With m-bromo-
anisole, a mixture containing 359, m- and 639
p-methoxyacetophenone was isolated. The p-
bromoanisole yielded only p-methoxyacetophenone.
Thus, the abnormal reaction occurs to an appreci-
able extent only with the m-methoxy derivative.
The small amount of p-isomer derived from the o-
methoxy derivative was formed in the reaction
since the starting o-bromoanisole was shown to
contain less than 0.59% of the p-isomer. The path-
way for the formation of this small amnount of p-
isomer will be discussed later.

Turning attention to other substituted bromo-
benzenes, the products obtained in an earlier
study® were examined. Previously, the three
isomeric bromiotoluenes, o- and p-bromochloro-
benzene, and 1- and 2-bromonaphthalene in the
form of their cadmium reagents were allowed to
react with S-carbomethoxypropionyl chloride. The
resulting methyl B-aroylpropionates from all of
these materials were shown to be of the expected
normmal structure. When the same acid chloride
was allowed to react with the three isomeric meth-
oxyphenylcadmium derivatives, again only the m-
methoxy isomer showed the abnormal reaction,
i.e., from m-bromoanisole only methyl 3-(p-meth-
oxybenzoyl)-propionate was obtained.” This find-
ing of the abnormal reaction only with the m-
methoxyphenylcadmium reagent® establishes the
requireinent of a highly activated position adjacent
to the carbon atom originally holding the bromine
atown if the abnormal course is to be followed.
Furthermore, the finding of different isomer
composition with different acid chlorides shows the
dependence of the reaction upon the nature of this
reactant.

Counsideration of the over-all reaction shows there
arc three steps where the abnormal reaction could
oceur: the formation of the Grignard reagent, its

ArX ——> ArMgXN —> ArCdX —> ArCOR

(6) W, G, Danben and H. Tlles, J. Org. Chom., 16, 785 (1950).

(7) In the earlier work.® the product from the m-methoxyphenyl-
cadminim reagent had been assigned the expected meta structure even
though the .y of the acid (obtained after saponification) was about
<0° higher tllan that reported in the literalure. Such an assignment
was miade since the semicarbazone derivative possessed the m.p.
reported for the m-isomer and since aroylpropionic acids often are
polymorphic. Subsequently, the semicarbazones of the m- and #-
isomers have been prepared in this Laboratory and shown to possess
the same m.p. and a m.p. of a mixture of tlte two isomers tnelted only
1° lower than the pure components. Thiw, this correction of the er-
roneous structure assignment in the earlier work should be noted.

(8) Klemm, Mann and Lind kindly informed us previous to pub-
lication of their results (J. Org. Chem., 28, 349 (1938)), that they had
found the product formed in the reaction of the m-methoxyphenyl-
cadmium derivative with m-methoxybenzoyl chloride was a mixture
of two parts of the 3.4,- aud one part of the 3.3'-dimethoxybenzo-
phenones,
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conversion to a cadmium reagent and the reaction
of this reagent with the acid chloride. Abnormali-
ties in the first step can be discounted since previous
work® has clearly demonstrated that the magnesium
derivative possesses the expected m-structure. In
order to evaluate the second step (the conversion
of the Grignard to the cadmium reagent), a reac-
tion was sought in which the diarylcadmium
could be allowed to react with a compound other
than an acyl halide. It has been shown that a
cadmium reagent will react with certain ketomnic
compounds!® and anhydrides.!* The latter sub-
stances did not seem favorable due to the close
similarity of their reactions to those of acyl halides
and so the reaction with diacetyl to form an a-
hydroxy-ketone was investigated.

When the diarylcadmium reagent derived from
p-bromoanisole was allowed to react in ether with
biacetyl, there was obtained 3-hydroxy-3-(p-meth-

O O OH O

1| Lo
ArCdX + CH;C—CCH; —> ArC—CCH; —> ArCOOH

du,

oxyphenyl)-2-butanone which upon oxidation with
alkaline permanganate yielded only p-methoxy-
benzoic acid. Using the reagent derived from -
bromoanisole, 3-hydroxy-3-(m-methoxyphenyl)-2-
butanone was forined and this material upon oxida-
tion yielded only m-methoxybenzoic acid. It is
apparent that the cadmium reagent is of the
expected orientation and that the abnormal reac-
tion must occur during the reaction with the acyl
halide.

There is much evidence to suggest that the reac-
tion of an organocadmium reagent!’ with an acyl
halide proceeds through initial cosrdination of the
cadmium to the halide atom with the resulting
polarization of the carbon-halogen bond. Utiliz-
ing this concept, a mechanism to explain the forma-
tion of p-substituted product from m-methoxy-
phenylcadmium reagent can be formulated. In
the initial cadmium-acid chloride complex (V)
there is a competition for the attack of the de-

OCH; OCHj5

o + RCdC
AN

C-R’

1l
7" CdR
‘ C=0
0 }!{,

(9) ¥. Votocek and J. Matejka, Ber,, 46, 1755 (1913).
(10) R. Pinson, Jr., and S. L. Friess, THIS Journar, 72, 5333

(1950); G. W. Stacy and R. M. McCurdy, bid., 76, 3816 (1934);
G. W. Stacy, R. A. Mikulec, S. L. Razinak and L. D. Starr, ibid., 79,
3587 (1937).

(11) P. L. deBenneville, J, Org. Chem., 6, 462 (1940).

(12) J. Cason, ibid., 13, 277 (1948); J. Cason and R. D. Smith,
ibid., 18, 1201 (1953).
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veloping acylonium ion at the m- and p-position
of the anisole ring. Substitution at the p-posi-
tion is favored due to the ability of the methoxyl
group to lower the transition state energy for
substitution at this position. The over-all formu-
lation of the mechanism is that of an electrophilic
substitution in which the organocadmium reagent
acts as an internal Lewis acid. According to this
postulate the primary acylated material still re-
tains the organocadmium bond and demonstration
of its presence would be evidence pointing to the
correctness of the mechanistic postulate.

Along this line, it should be recalled in the reac-
tion of cyclohexenyl-l1-carbonyl chloride that, in
addition to the tetrahydrobenzophenone, there was
isolated the 3-methoxyhexahydrofluorenone (IVc).
A logical pathway for the formation of this latter
material is that the initially formed reaction
product still retains the organocadmium bond and
this material undergoes a Michael addition to the

O, O
Y
m
d OCHy; OCH3

a,B-unsaturated ketone system. In line with this
suggestion, Wittig!® has shown that diphenyl-
cadmium adds quantitatively to benzalaceto-
phenone. The possibility existed, however, that
the ring closure was induced by one of the Lewis
acids present. This was shown not to be so by
attempting to ring close IIIc using cadmium chlo-
ride in refluxing benzene in the absence and in the
presence of hydrogen chloride. Under the former
conditions no reaction occurred and under the
latter conditions, ring closure occurred to less than
7%. Thus, the formation of a fluorenone directly
in the reaction indicates the presence of the
organocadmium linkage in the initial product.
There is implicit in the mechanism the assump-
tion that the reaction is intramolecular. The
finding of para acylated material in the reaction of
o-methoxyphenylcadmiuin, however, suggested that
at least part of the reaction could occur by an
intermolecular process. This process would be
the usual Friedel--Crafts reaction between an acyl
halide and anisole and it could be brought into
function by the following steps. Iu all of the
reactions studied there certainly is present some
anisole formed by hydrolysis of the organometallic
bond. Due to the extreme reactivity of anisole in
clectrophilic substitution, this material might be
acylated under the catalytic influence of cadmium
chloride. The hydrogen chloride generated would,
in turn, hydrolyze more of the diarylcadmium
reagent to generate anisole which then would enter
the cycle. That such a reaction could occur
seemed to be supported by the studies of Burton
and Praill** in which it was found that anisole was
so reactive that zinc chloride would readily cata-
lyze the acylation by acetic anhydride or acetyl
chloride. It is stated, however, that cadmium
chloride was ineffective but that this non-reac-
tivity could have been due to insolubility of the

(13) G. Wittig, F. J. Meyer and C. Lange, An#n., 571, 178 (1950).
(14) H. Burton and P. F. G. Praill, J, Chem. Soc., 726 (1951).
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catalyst in the medium. In our hands it was
found that when anisole was refluxed in benzene
with one equivalent of acetyl chloride and 0.5
equivalent of cadmium chloride, a 6% yield of p-
methoxyacetophenone was isolated in the form of
the 2,4-dinitrophenylhydrazone. Thus, the ex-
ternal process is possible but is too inefficient a
pathway to account for the results with m-meth-
oxyphenylcadmium reaction. Such a process, how-
ever, most likely is the source of the 49, of p-
isomer obtained from the o-methoxyphenylcad-
mium reagent.

OCHj OCHj
X I
d + RCCl ——— + HCI
OCH;, OCH;
—_— + RCdCI
CdR + H{

Having postulated that the abnormal substitu-
tion in the reaction between an organocadmium
reagent and an acyl halide occurs via the formation
of an acylonium type of intermediate, it was of
interest to test tlus hypothesis. Cason in his
studies of the reaction of these reagents with acid
anhydrides has shown that here too an acylonium
type of intermediate is involved.!? Such being the
case, the reaction of m-methoxyphenylcadmium
reagent with an anhydride should yield abnormal
substitution. It was found that when acetic an-
hydride was used, 359, of p-methoxyacetophenone
and 659, of m-methoxyacetophenone was formed.
These results would suggest that in the reaction of
the anhydride, there is less charge separation in the
transition state, a feature which is in line with the
known lesser reactivity of anhydrides.

When m-methoxyphenylcadmium reagent was
allowed to react with succinic anhydride, the
mixture of 3-(methoxybenzoyl)-propionic acids
was found to be 959 of the m isomer and only 59,
of the para substance. The fact that almost no p-
substitution occurred in the case of succinic an-
hydride could be due to the fact that if the ab-
normal substitution reaction must occur by an
intramolecular process, then substitution at the p-
position would involve the formation of an 8-
membered ring in the transition state. The rela-

OCH;

CHg

tionship between ring size and intramolecular
interchanges has been studied by Cason!? who
found that in the reaction of ester acid chlorides
with a Lewis acid, when a 6- or 7-membered ring
was involved interchange of the alkoxyl and
chloride occurred but not when an 8-membered
ring was needed. It must be concluded from the
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comparison of the results obtained with acetic and
succinic anhydrides that these materials react with
a cadmium reagent by an intramolecular process.
By inference, the same conclusion can be extended
to the reaction of acyl halides.

Finally, the mechanism of the reaction of -
methoxyphenylcadmium reagent with acid chlo-
rides and anhydrides can be summarized: the
reaction proceeds by initial coérdination of cad-
mium reagent with either the chloride of the acyl
chloride or the ethereal oxygen of the anhydride;
this codrdination results in polarization of the
carbonyl group to develop an acylonium type of
intermediate which then attacks, intramolecu-
larly, either the m- or p-position of the ring.

Experimentalls

3'-Methoxy-3,4,5,6-tetrahydrobenzophenone (IIIb).—
To 1.58 g. (0.228 mole) of finely divided lithium wire in
200 ml. of dry ether was added 12.9 g. (0.111 mole) of 1-
cyclohexenyl chloride? i1 50 ml. of dry ether. After stirring
for 20 lours, nearly all of the lithium had been utilized.
Then, 15.1 g. (0.096 mole) of lithium 3-methoxvbenzoate
was added and the solution refluxed overnight. The reac-
tion was decomposed by the addition of water, tlie layers
separated and tlie agueous pbase extracted once with ether.
Acidification of the aqueous layer with coucentrated hy-
drochloric acid yvielded 7.5 g. (51%) of unreacted 3-methoxy-
benzoic acid. The ethereal layer was dried, the solvent
evaporated and the residue (10.2 g.) distilled, b.p. 164-167°
(4 mm.), vield 5.68 g. Tlie infrared spectrum of the prod-
uct indicated tlie presecuce of hydroxylated material so that
it was dissolved in benzene-ether (1:1), filtered through
alumina (Act. I), the solvent removed and the liquid evapo-
ratively distilled, block temperature 110-120° (4 mm.),
vield 3.05 g. (3097); X, 6.09, 6.24 u; A2, 220 my (e
16,200), 248 mu (e 11,500), 304 m1u (¢ 2,300); = b 1.5622.
Anal. Caled. for C4H,;0; (216.39): C, 77.75; H, 7.46;
OMe, 14.34. Found: C, 77.82; H, 7.62; OMe, 14.20.
The 2,4-dinitrophenylhydrazone was recrystallized from
Sglcl)a)mol-ethyl acetate, ni.p. 120-122°, ASL 388 1y (e 32,-
4 .
Anal. Caled. for CalnN.0s (396.39): C, 60.60: H,
5.09; N, 14.14. Fouud: C, 60.69; H, 5.02; N, 13.88.
2-Methoxy-4b,5,6,7,8,8a-hexahydrofluorenone (IVb).—
A mixture of 1.019 g. (0.047 mole) of I1Ib, 2 g. of formic
acid and 1.5 g. of phiosphoric acid (859;) was leated at
85-95° for 24 lours uuder a nitrogen atmosphere. The
reaction miixture was cooled, decomposed by the addition of
50 ml. of water aund tlic aqueous solution extracted twice
with ether. Tlie ethercal solution was washed witlt soditm
bicarbouate aund sodiuin clilpride solutivns, dried over so-
diung sulfute aud the solvent evaporated. The remainiug
yvellow oil (0.916 g.) was crystallized twice froin petroleunt
ctlier—acetone, vield 0.323 g. (329), mt.p. 99-100°; A,
5.89, 6.20 u; AL, 220 mpu (e 28,000), 250 uip (e 9,400), 323
myu (e 3,900).
Anal. Caled. for Culls0s (216.39?’: C, 77.73; H, 7.46;
OMec, 14.34. Pound: C, 77.50; H, 7.43; OMe, 14.55.
The 2,4-dinitrophenylhydrazone crystallized as scarlet
ucedles froin ethanol-ethyl acctate, nip. 221.0-222.5°,
Nl 394 mp (e 32,700).
Anal. Caled. for CupHaNOs (396.39): C, 60.60; H,
5.09; N, 14.14. I‘ound: C, 60.87; H, 5.22; N, 14.39.
4'-Methoxy-3,4,5,6-tetrahydrobenzophenone (IIlc).—A
mixture of 10.5 g. (0.09 mnole) of 1-cyclohexenyl chloride,
1.24 g. (0.179 mole) of finely divided lithium wire and a few
drops of methyl iodide in 250 ml. of dry ether was allowed to
stir at room temperature for 20 hours at which time most of
the lithium had reacted. Tlien, 15.8 g. (0.10 mole) of
lithium 4-methoxybenzoate was added in one portion, the
ixture stirred overnight at room temperature aud refluxed

(13) All melting points are nncorrectcd, TUltraviolet spectra were
measired in redistilled 939, ethanol or spectral grade chloroform. An-
alyses were performed by the Microanalytical Laboratory, Depart-
ment of Chemistry, University of California.
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for 12 llours. Tlie mixture still gave a positive Gilntau test!é
so 150 ml. of ether was distilled, 100 1ul. of dry tetrahydro-
furan was added and the mixture refluxed for 30 minutes.
At this point the Gilman test was negative and the reaction
mixture was decomposed with 170 ml. of water. Tlie cthier
layer was washed once with water aud dried. Acidification
of the combined aqueous layers yielded 7.9 g. (549%) of
starting 4-methoxvbenzoic acid, m.p. 184°. Evaporation
of the ether solution yielded 11.5 g. of oil wlhiclt was dis-
tilled from a Claisen flask to give 0.57 g. of foreruu, b.p.
90-160° (3 mm.), followed by 6.86 g. (66.5% allowing for
recovered acid) of product, b.p. 163-172° (3 mun.), #*p
1.5732; A, 6.09, 6.24, 6.32 u; Ak, 223 mp (e 11,200),
281 1 (e 11,600), with a shioulder at 250 np (e 8,100).
After standing in ethanol for three weeks, the above solu-
tion showed a maximum at 270 mu (e 13,400) and tle
shoulder at 250 mu had disappeared.

Amnal. Caled. for C4H,60: (216.27): C, 77.75; H, 7.46;
ONMe, 14.34. Found: C, 76.99; H, 7.26; OMe, 14.45.

The 2,4-dinitrophenylhydrazone after filtration througl
aluunina and two crystallizations from ethanol-ethyl ace-
tate was obtained as fine reddish-orange plates, m.p. 173—
175°, A 384 niu (e 30,800).

Anal. Caled. for CyuHN,Os (396.39):
5.09. Found: C, 60.91; H, 5.23.

The oxiine after two reerystallizatious fromn diluted etli-
anol showed prelimiuary softening at 120° and 1nelts from
133-135°.

Anal. Caled. for C,,HiNO, (231.29): C. 7270; H,
7.41; N, 6.06. Fouud: C, 72.80: H, 7.29; N, 5.89.

3-Methoxy-4b,5,6,7,8,8a-hexahydrofluorenone (IVc).—
A mixture of 1.04 g. (0.05 mole) of Tllc and 20 g. of poly-
phosphoric acid!” was heated on a steain-bath for 30 minutes.
The reaction mixture was poured, cautiously, into 100 ml.
of water, the product extracted with ether, the ethereal
solution washed with sodium bicarbonate and sodiumn hy-
droxide until neutral aud dried. After evaporation of the
cther, the residue (0.911 g.) whicli showed carbonyl bands
both at 5.90 and 6.00 x was chromatographed on 45 g. of
alumina (Act. III). Elution with 400 nil. of petroleuin
etlier-benzene (4:1) followed by 425 wml. of beuzene yiclded
0.537 g. (519%) of vellowish solid whicli was recrystallized
from petroleum ether—acetone, vield 0.325 g. (309%), m.p.
B67-68°; A, 5.92, 6.25 u; ANS, 224 mpu (e 17,500), 268 mu
(e 14,600), 287 mu (e 10,900).

Anal. Caled. for C4Hs0, (216.27): C, 77.75; H, 7.46;
OMe, 14.34. Found: C, 77.58; H, 7.52; OMe, 14.15.

The 2,4-dinitrophenylhydrazone dissolved in benzene was
filtered through alumina and recrystallized from ethanol-
ethyl acetate to give deep maroon needles, ni.p. 192-193°
dec., A3, 402 mu (e 31,000).

Anal. Caled. for CaxInNsO; (396.39): C, 60.60; H,
5.09; N, 14.14. Youud: C, 60.89; H, 5.19; N, 14.05.

Furtlier elution witli etlier of tlie alumina columm con-
taining the reaction product yielded 0.213 g. of solid whicly
was recrystallized from petroletiin etlier—benzene to give 4/-
methoxy-2( ?)-hydroxy-1,2,3,4,5,6-hexahydrobenzoplietione,
m.p. 80.0-81.5°%; AN 2.90, 6.02 u.

Anal. Caled. for CiiHisO; (231.28): C, 71.77; H, 7.74;
OMe, 13.24. Pound: C, 72.01; H, 7.71; OMe, 12.72.

Cyclohexene-1-carbonyl Chloride.—To 14.5 g. (0.115
mole) of eyveloliexeie-1-carboxylic acid’® was added 33 ml. of
thiouyl cliloride (0.46 wole). After tlie initial reaction had
subsided, the solution was refluxed for one hour, cooled and
the product distilled, b.p. 98-104° (20 1), yvield 14.3 g.
(88%), Nisl 5.74 u.

The Reaction of Cyclohexene-1-carbonyl Chloride with Di-
(m-methoxyphenyl)-cadmium.—Di-(m-1netlioxyphenyl)-cad-
wium, from 22.4 g. (0.12 1nole) of m-bromoanisole, 2.9 g.
(0.12 mole) of maguesium and 12 g. (0.065 mole) of anliy-
drous cadmium chloride, in 50 ml. of benzene was allowed to
react with 5.5 g. (0.038 1ole) of cvclohexene-l-carbonyl
chloride in 10 ml. of benzene. After refluxing for 6 hours,
the reaction was decomposed with dilute hydrocliloric acid,
the layers separated and tlie aqueous phase extracted twice
with ether. Tlie combined etlier aud benzene layers were

(16) H. Gibman and ', Schinlze. Tn1s Joernac, 47, 2002 (1925),
(17) S. Sev, J, Indian Chen. Soc., 34, 169 (1957).
(18) O. Wheeler, Tnls JoUurNaAL, T8, 61,3217 (1936).

C, 60.60; H,
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washed with water, saturated sodium bicarbonate and sat-
urated sodium chloride solutions and then evaporated.
The residual oil was steam distilled for 30 minutes, the resi-
due from the distillation extracted into ether, the extract
dried and the solvent evaporated. The material (7.7 g.)
was chromatographed on 150 g. of alumina (Act. I) and after
removing the coupling product with petroleum ether, the
desired ketonic material was eluted with benzene—ether
(1:1). This latter fraction was evaporatively distilled at 4
mm., vield 1.56 g. (18%); A&k, 220 my (e 15,000), 268 mpu
(e 11,100) with a shoulder at 285 mu (e 9,000); A2, 5.92,
6.09 u.

Anal. Caled. for CyH,40, (216.27): C, 77.75; H, 7.46;
OMe, 14.34. Found: C, 77.69; H, 7.29; OMe, 14.24.

The 2,4-dinitrophenylhydrazone from 0.198 g. of ketone
formed as a low melting solid. One recrystallization from
ethanol-ethy! acetate yielded 0.205 g. (57%) of derivative
melting around 160°.

Anal. Caled. for CoHzN(Os (396.39): C, 60.60; H,
5.09; N, 14.14. Found: C, 60.76; H, 4.96; N, 13.93.

Under the microscope, the dinitrophenylhydrazone was
found to contain both orange and red crystals. The deriva-
tive was dissolved in benzene and filtered through alumina.
The material obtained by evaporation of the solvent was
dissolved in ethyl acetate in such an amount so as to give a
dilute solution and allowed to stand at room temperature for
two days during which time dark red crystals precipitated.
The solid showed a m.p. of 190-191°, mixed melting point
with same derivative of IVc (m.p. 192-193°) was unde-
pressed, Ah. 402 mp (e 29,800). Concentration of the
mother liquor yielded twoadditional fractions having melting
ranges of 130-150° and 110-124°, The former was recrystal-
lized once from ethanol-water and then from ethanol-ethyl
acetate to yield orange-red leaflets, m.p. 172-175°, m.m.p.
with derivative from IIIc (m.p. 173-175°) showed no depres-
sion, A% 393 mu (e 30,300).

In another preparative run, the crude reaction product
obtained by direct hydrolysis of the reaction mixture was dis-
tilled through a short column, The higher boiling fraction
(b.p. 155-170°, 5 mm.) was examined directly. A portion
(1.356 g.) was chromatographed on 65 g. of alumina (Act.
III) and after removing non-carbonyl containing components
with petroleum ether, elution with 300 ml. of petroleum
ether—benzene (1:1) gave 0.446 g. of oil possessing carbonyl
bands at 5.90 (weak) and 6.09 u (strong). Further elution
with 200 ml, of benzene yielded 0.118 g. of solid, m.p. 45-60°.
After two recrystallizations from petroleum ether—acetone,
there was obtained 0.033 g. of product, m.p. 65-66.5°,
m.m.p. with IVc showed no depression; A2, 224 mpu (e
16,100}, 268 mp (e 15,000), 287 mu (¢ 11,300).

A second portion of the distilled ketone was chromato-
graphed in a similar manner and by use of infrared bands at
5.92 (characteristic of IVce), 6.09 (characteristic of IIIb and
IIIc) and 8.55 u (characteristic of IIIc) it was estimated
that the material contained 409, IVc and 609, I1Ic and IIIb.
From the intensity of the 8.55 x band, a total amount of 509,
of IIIc was present. A similar analysis of the crude distilled
mixture gave the same answer showing that no enrichment
had occurred on chromatography.

3-Hydroxy-3-(p-methoxyphenyl)-2-butanone.—The cad-
mium reagent from p-bromoanisale was prepared from 18.4 g.
(0.098 mole) of p-bromoanisole, 2.4 g. magnesium (0.099
mole) and 9.8 g.(0.054 mole) of cadmium chloride in 100 ml. of
ether and 5.615 g. (0.065 mole) of biacetyl in 50 ml. of ether
was added dropwise so as to maintain the exothermic reac-
tion.! The mixture was refluxed for 19 hours and then de-
composed by the addition of 150 ml. of ice-cold acetic acid
(1 N). The layers were separated, the aqueous layer was
extracted twice with ether and the combined organic layers
were washed twice with saturated sodium chloride and dried
over magnesium sulfate. After evaporation of the solvent,
the material was distilled, yield 6.269 g. (49%), b.p. 155~
159° (11 mm.); A 2.88, 5.88, 6.20, 6.29 »; 72D 1.5309.

Anal. Caled. for C,HuO, (194.22): C, 68.02; H, 7.27;
MeO, 15.96. Found: C, 67.98; H, 7.19; MeO, 15.79.

The semicarbazone was recrystallized from dilute ethanol,
m.p. 195-196.5°.

Anal. Caled. for C.H;N;O; (251.28): C, 57.35; H,
6.82; N, 16.72. Found: C, 57.28; H, 6.51; N, 16.65.

Oxidation of 3-Hydroxy-3-(p-methoxyphenyl)-2-butanone.
~—A mniixture of 0.534 g. of ketolone with 3 g. of potassium
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permanganate and 5 ml, of 109 sodium hydroxide in 50 ml.
of water was refluxed for 1.5 hours, the mixture was cooled,
an additional 1 g. of potassium permanganate and 2 ml. of
109, sodium hydroxide was added and the mixture was re-
fluxed for an additional 0.5 hour. After cooling to room
temperature, 10 ml. of sulfuric acid (6 N) was added very
cautiously in portions. After the evolution of gas had
abated, the solution was refluxed for 5-10 minutes and then
cooled. The excess permanganate was decomposed with
sodium bisulfite, the solution made strongly acidic with sul-
furic acid (6 N) and extracted three times with ether. The
ether solution was washed once with water and then ex-
tracted four times with 5% sodium hydroxide. The basic
solution was filtered through glass wool, acidified with concen-
trated hydrochloric acid and the precipitate filtered and
dried. There was obtained 0.200 g. (48%,) of p-methoxy-
benzoic acid, m.p. and m.m.p. with an authentic sample,
183-184°,

3-Hydroxy-3-(m-methoxyphenyl)-2-butanone.—The cad-
mium reagent from m-bromoanisole was prepared from 12.1
g. (0.064 mole) of m-bromoanisole, 1.57 g. (0.064 mole) of
magnesium and 6.43 g. (0.35 mole) of cadmium chloride in 75
ml. of ether and 3.741 g. (0.0435 mole) of biacetyl was
added.® The reaction was treated as before, vield 2.79 g.
(33%), b.p. 148-151° (10 mm.), n%*D 1.5259; A, 2.87, 6.24,
6.29 u.

Anal, Caled. for C\H ;05 (194.22): C, 68.02; H, 7.27;
MeO, 15.96. Found: C, 67.80; H,7.14; MeO, 15.80.

The semicarbazone formed in 909 yield, m. p. 164-165°.
One recrystallization from ethanol raised this to 165-166°.

Anal. Caled. for CHiN;O; (251.28): C, 57.35; H,
6.82; N, 16.72. Found: C.57.44; H, 6.93; N, 16.,78.
Oxidation of 3-Hydroxy-3-(m-methoxyphenyl)-2-buta-

none.—Oxidation of 0.538 g. of 3-hydroxy-3-(m-methoxy=
phenyl)-2-butanone was carried out as before. The pre-
cipitated crystals were filtered, washed twice with ice-water,
and dried to yield 0.209 g. (49.6%) of m-methoxybenzoic
acid, m.p. and m.m.p. with authentic sample, 107-108°,

Attempted Ring Closure of IIIc with Cadmium Chloride
(a).—A solution of 0.530 g. of IlIc in 15 ml. of benzene was
refluxed over 9.60 g. of cadmium chloride for 64 hours, The
solution then was cooled, the cadmium chloride filtered and
washed well with benzene. The benzene was removed in
vacuo to give 0.447 g. of liquid whose infrared spectrum was
identical with that of starting material.

(b).—A solution of 0.390 g. of 1IIc in 20 ml. of benzene was
refluxed over 6.6 g. of cadmium chloride for 2 hours. Dur-
ing the first half-hour, dry hydrogen chloride was bubbled
in at a slow rate. After filtration of the cadmium chloride,
the solvent was removed 47 vacuo to give 0.359 g. of oil, the
infrared of which showed a weak broad shoulder from 5.9-
6.0 u. Comparison with an authentic mixture showed that
less than 79, fluorenone could be present.

The Reaction of Acetyl Chloride with Di-(p-methoxy-
phenyl)-cadmium.—Di-(p-methoxyphenyl)-cadmium, pre-
pared from 18.7 g. (0.1 mole) of p-bromoanisole, in 100 ml. of
dry benzene was allowed to react with 6.608 g. (0.084 mole)
of freshly distilled acetyl chloride, added in 25 ml. of dry
benzene, After refluxing for one hour, the reaction mixture
was processed in the usual manner, The product (5.60 g.,
45%, b.p. 120-130° (16 mm.); Br, 0.399,) possessed an in-
frared spectrum identical with p-methoxyacetophenone.
The ultraviolet spectrum showed the values: ey7 11,600;
eza9 5,000, ezn1.5 15,800; €306 800.

The Reaction of Acetyl Chloride with Di-(m-methoxy-
phenyl)-cadmium.— Di-(m-methoxyphenyl)-cadmium, pre-
pared from 18.7 g. (0.1 mole) of m-bromoanisole, in 100 ml,
of freshly distilled acetyl chloride, added in 25 ml. of dry
benzene. The deep purple reaction mixture was processed
in the usual manner. The product (6.63 g., 54%, b.p. 115~
135° (16 mm); Br, 0.36%) showed no band at 13.15 u
which is characteristic of o-methoxyacetophenone. The
ultraviolet spectrum showed the values: ex7 15,600, e
6,350, &1 10,800, These values correspond to a mixture of
65% p and 35% m methoxyacetophenones.

The Reaction of Acetyl Chloride with Di-(¢-methoxy-
phenyl)-cadmium.—In the usual manner starting with 18.6
g. of o-bromoanisole and using 6.756 g. (0.092 mole) of ace-
tyl chloride, there was obtained 8.081 g. of product, b.p.
94-126° (16 mm.), 5.719%, Br; corrected yield of ketone was
7.0 g. (54.3%). The material showed no absorption at
14.35 and 14.60 p which is characteristic of m-methoxyace-
tophenone and the ultraviolet spectrum had the values:
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€247 8,1(_)0, e.s 1,230; ey 3,560. These values correspond
to a mixture of 969 of o-methoxyacetophenone and 4% of
the p-isomer. The presence of the p-isomer was confirmed
by vapor phase chromatography.

The Reaction of Acetic Anhydride with Di-(m-methoxy-
phenyl)-cadmium.—The cadmium reagent prepared from
28.0 g. (0.15 mole) of m-bromoanisole was allowed to react
n benzene solution with 7.54 g. (0.074 mole) of acetic au-
hydride (freshly distilled) for two hours and the reaction
mixture processed in the usual manner. Upon distillation
there was obtained 3.95 g. of material containing 0.879 Br
and thus the yield of ketone is 3.87 g. (359%), b.p. 118-125°
(16 mm.). The ultraviolet spectrum showed the values:
€217 19,000, €249 7,420, €371.5 5,540, €305 2,080. These values cor-
respond to a mixture of 689, of m-methoxyacetophenone and
32% of the p-isomer.

The Reaction of Succinic Anhydride with Di-(m-methoxy-
phenyl)-cadmium.—The cadmium reagent from 13.2 g.
(0.07 mole) of m-bromoanisole in 100 ml. of dry benzene was
allowed to react for one hour with 3.02 g. (0.03 mole) of suc-
cinic anhydride. The reaction mixture was decomposed
with 50 ml. of 5%, hydrochloric acid, the organic material
extracted with ether, the ether solution washed with water
and then extracted with 109, sodium bicarbonate solution.
Acidification of the alkaline extract followed by ether ex-
traction and evaporation of the solvent yielded 2.55 g. of a
semi-solid. The material was dissolved again in sodium bi-
carbonate, extracted with ether and reprecipitated, yield
2.02 g. of yellow solid. The acid (1.82 g.) was chromato-
graphed on 90 g. of Florex XXS and after elution with ben-
zene and benzene—ether (4:1) to remove oily material,
benzene—ether (1:1) and ether yielded a total of 0.992 g. of
solid. These latter fractions were dissolved in ether, ex-
tracted into sodium bicarbonate and precipitated with con-
centrated hydrochloric acid, yield 0.697 g.; ultraviolet
spectrum: eyr 22,400, ey 8,000, en.s 1,000, ez 2,560.
These values correspond to 94-98%; of 8-(m-mnethoxyben-
zoyl)-propionic acid and 2-69 of the p-isomer.

Anal. _Calcd. for Cy,H 04 (208.21): C, 63.45; H, 5.81;
Sgut.equlv.,208. Found: C, 63.68; H, 6.09; neut. equiv.,
6.

B-(m-Methoxybenzoyl)-propionic Acid.—Theketo-acid was
prepared following the procedures of Tliompson and of Mar-
tin,!? m.p. 107-108° (lit.?® m.p. 107-108°); A, 217 mgu
(e 28,400), 249 mu (e 8,200), 306 mu (e 2,600). The methyl
ester was prepared with diazomethane, &%, 217 mp (e
25,800), 249 mu (e 8,560), 307 mu (e 2,600). The semicar-
bazone was prepared, m.p. 173-174° (lit.1® 177-178°), A2k,
275 mu (e 11,100).

Anal. Caled. for C,,H,,0, (222.23): C, 64.85; H, 6.35;
OMe, 27.94. Found: C, 64.44; H, 6.43; OMe, 28.20.

B-(p-Methoxybenzoyl)-propionic Acid.—The keto-acid
was prepared following the procedure of Fieser and Hersh-
berg,® m.p. 146.0-147.5° (lit.20 146-147°), A, 217 mg

(19) H. W. Thompson, J. Chem. Soc., 2310 (1932); E. L. Martin,
TH1S JourNaAL, 68, 1438 (1936).
(20) L. F. Pieser and E. B. Hershberg, tbid., §8, 2314 (1938).
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(e 11,900), 271 mu (e 17,000). The methyl ester was pre-
pared with dizomethane, m.p. 48.6-49.5° (lit.2' 7.5-49.5°);
Neke 217 myu (e 11,500), 271.5 mu (e 16,900). The semicar-
bazone was prepared, n1.p. 175-176° dec. (lit.22 185-186°),
Ale 281 mu (e 17,000).  The semicarbazones of the - and
p-isomers when niixed sliowed a melting point depression of
only 1-2°.

The Product from the Reaction of Di-(m-methoxyphenyl)-
cadmium with 8-Carbomethoxypropiony! Chloride.>—The
infrared spectrum of the resulting keto-ester was essentially
identical with that of methyl 3-(p-methoxybenzoyl)-pro-
pionate. The ultraviolet spectrum had maxima at 217 mu
(e 13,600) and 271 mu (e 17,200). The keto-acid, derived
by saponification of the ester, had a m.p. of 147.5-148.5°
and was not depressed upon admixture with authentic p-
isomer. The semicarbazone was prepared from the acid
and had a m.p. of 174-175° and a maximum at 281 mu (e
16,900).

o-Methoxyacetophenone was prepared by allowing di-
methylcadmium to react with o-metlioxybenzoyl chloride.
The material had the properties: b.p. 127° (15 mm.), »¥D
1.5395 (lit.= b.p. 126.5° (15 mm.), #2p 1.5395); A&, 211
mu (e 20,800), 247 mu (e 8,350), 306 mu (e 3,780); em s
650; A3, 6.00, 12.40, 13.15 u.

m-Methoxyacetophenone was prepared by allowing di-
methylecadmium to react with m-methoxybenzoyl! chloride;
b.p. 129-132° (19 mm.), %D 1.5408 (lit.® b.p. 125-126° (12
mm.), #¥p 1.5410); A2, 217 mu (e 22,600), 249 mpu (e
8,800), 306 mu (e 2,450); en.s 700; AJ3, 5.98,12.70, 14.35,
14.60 u.

p-Methoxyacetophenone.—The commercial material
(Eastman Organic Chemicals) was recrystallized twice from
ether, m.p. 37-38° (lit.? m.p. 37.5-38.5°); spectral prop-
erties: A%, 217 myu (e 11,700), 271.5 myu (e 16,600); e
4,270, e219 5,200, €30 780; ANe! 6.00, 11,95, 12.03, 12.25 u.

Pertinent Spectral Properties of Isomeric Bromoanisoles:
(a) ortho:  Npax 13.35 1, €305 0, e211.5 2,480, €2z 100; (b) meta:
Amax 13.00 g, 14.72 4, en.s 1,640, eny 400; () para: Amax
12.15 p.

Method of Analysis.—Infrared analyses were carried out
by comparison of the spectrum of the mixture to that of a
mixture of known composition, TUltraviolet analyses were
carried out by measurement of the spectrum from 210 u to
400 my using a model 14 Cary spectrophotometer. If any
starting bromoanisole was present, as indicated by bromine
analysis, the concentration of the solution and the observed
optical density were corrected. The extinction coefficients
due to the ketones then were calculated at several wave
lengths and the proportion of p-isomer determined by simul-
taneous equations. When the amount of p-isomer present
was appreciable, this value was checked by merely dividing
the extinction at 271.5 mu by 16,000.

(21) M. D. Soffer and M. C. Hunt, ibid., 67, 692 (1945).

(22) P. C. Mitter and S. De, J. Indian Chem. Soc., 16, 35 (193

(28) K. von Anwers, Ann., 408, 220 (1915).

(24) F. Straus and H. Grindel, 7b1d., 439, 276 (1924).
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A series of unsymmetrical organotin bromides has been prepared by the stepwise cleavage of appropriate organotin com-

pounds with bromine in carbon tetrachloride or chloroform at —50, 0 or 40°.

The bromides have been converted to acetates

by treatment with aqueous potassium hydroxide to form bisorganotin oxides, followed by reaction of these intermediate coni-

pounds with glacial acetic acid at 100°.

As part of a systematic investigation on the
biological properties of triorganotin halides, hy-
droxides, oxides and esters, a series of new unsym-
metrical triorganotin compounds of the type

(1) Chemical Division, Aerojet-General Corporation, Azusa, Calif.

R,R’SnX has been prepared for microbiological
testing. Evaluation of compounds of the type
R;SnX has shown that there is little or no differ-
ence in activity, on a tin-contained basis, where X
is chloride, bromide, hydroxide, oxide or acetate.



