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Treatment of vinylmercuric chlorides with acid chlorides and aluminum trichloride for 5 min at room tempera-
ture in methylene chloride solvent provides a very mild, convenient method for the synthesis of «,8-unsaturated
ketones in excellent yields and high stereochemical purity. The reaction is applicable to the synthesis of functional-
ly substituted enones as well as dienones. Rhodium(I) and palladium(0) reagents also promote the reaction, but in
lower yield. The use of titanium tetrachloride instead of aluminum trichloride leads to enones of inverted stereo-
chemistry in some cases, but the reaction is not synthetically useful due to its irreproducibility. Both the aluminum
trichloride and titanium tetrachloride reactions appear to proceed through addition of the complexed acid chloride
to the carbon-carbon double bond of the vinylmercurial, followed by mercuric chloride elimination. However, di-
rect substitution at the carbon-mercury bond cannot be ruled out in the aluminum trichloride reactions.

A variety of methods presently exist for the synthesis of
«,B8-unsaturated ketones. The aldol condensation is one im-
portant approach to the synthesis of ,8-unsaturated ketones.®
Another important method employs the Friedel-Crafts re-
action of acid chlorides, acids, or anhydrides with olefins.”
Recently a new procedure involving the hydrozirconation of
acetylenes and subsequent aluminum chloride promoted ac-
ylation of the resulting vinylzirconium compounds has been
added to the list of important methods of preparing «,3-

0022-3263/78/1943-0710$01.00/0

unsaturated ketones.® The acylation of vinylmercurials ap-
peared to be an equally promising route to enones since
vinylmercurials are readily available directly from acety-
lenes.?10 We wish now to report in detail our studies on the
successful development of just such a procedure.

Although a number of reactions of organomercurials which
lead to ketones have been reported previously, there are only
isolated examples of the direct reaction of acid chlorides with
organomercuric chlorides to give ketones.1! Most of the ex-
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amples involve the reaction of acid halides and activated
arylmercuric chlorides, and some of these reactions even re-
quire forcing conditions. None of these reactions appear to be
very general. However, the use of Lewis acids has been found
to promote some of these reactions. Skoldinov and Koschkov
used aluminum chloride to promote the reaction of benzoyl
chloride and phenylmercuric chloride or diphenylmercury (eq
1 and 2).12 Reutov and co-workers have used aluminum bro-
mide in dichloromethane to prepare ketones (eq 3).13 Either
dialkyl- or diarylmercury compounds could be used with ei-
ther aliphatic or aromatic acid halides. The reaction occurs
very quickly, often in minutes, and transfers only one aryl or
alkyl group from mercury to the acid chloride.

AICI,
(CeHs)oHg + CeH5COCI —Si (CeHs)sC=0 (1)
CSg

AIC]
CeHsHgCl + CgHsCOCL —> (CeH3)2C=0  (2)

neat

A
RyHg + RCOCI 0% RR'C=0 + RHgCl  (3)
CHCl

One example of a transition metal catalyzed reaction of
dialkyl- or diarylmercurials with acid bromides has also ap-
peared recently. Tetrakis(triphenylphosphine)palladium(0)
catalyzes the reaction of acid halides with organomercurials
(eq 4).14 Unfortunately, the reaction requires the use of hex-
amethylphosphoramide (HMPA) and fails for alkyl- and

arylmercuric chlorides.

Pd(PPhg)4
—>» R’RC=0 + RHgBr (4)
HMPA

RoHg + R'COBr
We have developed the first synthesis of «,3-unsaturated
ketones from vinylmercuric chlorides and acid chlorides. The
reaction proceeds to give high yields of «,3-unsaturated ke-
tones greater than 95% stereochemically pure. The reaction
works very well with aliphatic acid chlorides and moderately
well with aromatic acid chlorides. Unfortunately, not all
functional groups are tolerated, and the reaction conditions,
although relatively mild, tend to cause rearrangements in
some systems. With these limitations in mind, however, the
reaction appears to be fairly general.

Results and Discussion

Reaction of Styrylmercuric Chloride with Acetyl
Chloride. Reutov’s report!® on the synthesis of ketones from
diaryl- or dialkylmercurials prompted us to study the reaction
of vinylmercuric chlorides with acid chlorides. Styrylmercuric
chloride and acetyl chloride were initially chosen as a model
system for study (eq 5). Reutov’s reaction conditions, alumi-

O & Q H
— 4 CCcH, — /
N

. = C==C (5)
H HgCl H COCH;

num bromide in dichloromethane at room temperature, gave
no enone whatsoever. Therefore, a large number of other re-
action conditions were examined. The best results were ob-
tained using 4 equiv of aluminum powder in dichloromethane
(48% yield). This reaction presumably proceeds via
transmetallation to a more reactive vinylalane (eq 6 and 7).

Treatment of distyrylmercury with acetyl chloride and
aluminum chloride in methylene chloride gave a much better
reaction and a 53% yield of enone. Distyrylmercury is signif-
icantly more soluble in dichloromethane than is styrylmer-
curic chloride. As a result, the success of this reaction may be
due to a combination of increased reactivity and increased
solubility of the distyrylmercury. Both the aluminum powder
and distyrylmercury reactions result in utilization of roughly
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CoH; H
= + Al
H HgCl
CeH; H
NS
— C=C AICL_, + Hg® (8
/ N
H n
CH; /H
—C AlCl;_, + nCH,COCI
/ N :
H n
CGHi\
— n /C——-C' + AlCL, (D
H COCH;

half of the styryl groups available and therefore appear to be
equally useful synthetically.

Reaction of trans-1-Hexenylmercuric Chloride with
Acetyl Chloride. A new model system was then investigated
to determine if the difficulties encountered in the styryl sys-
tem were unique to that system or a general characteristic of
all vinylmercuric chlorides (eq 8). trans-1-Hexenylmercuric

CH{(CHy), H v

|
=+ alen
/ AN ’
H HgCl
CH3(CH2)3\C_C H N
/ AN
H COCH,

Lewis acid

chloride was treated with acetyl chloride and aluminum bro-
mide in dichloromethane for 1 h at 0 °C. Analysis of the re-
action mixture by GLC showed an excellent yield of enone,
although a mixture of approximately equal quantities of cis-
and trans-3-octen-2-one was obtained.

In an effort to improve the stereospecificity of the reaction,
studies on the effect of the Lewis acid (Table I) and solvent
(Table II) were carried out. Titanium tetrachloride, aluminum
bromide, and aluminum chloride were found to be the only
synthetically useful Lewis acids. Antimony pentachloride,
stannic chloride, and boron trichloride showed evidence of
undergoing transmetallation reactions with the vinylmercuric
chloride, although no ketone products were seen by GLC. A
precipitate, presumably mercuric chloride, is observed in the
successful reactions, and a similar precipitate was observed
in these three nonketone-forming reactions as well. Although
it is not known exactly what is happening in these reactions,
it is assumed that a transmetallation reaction occurs leading
to new vinylmetallics, which do not provide any enone prod-
uct.

As can be seen in Table II, dichloromethane was a signifi-
cantly better solvent for the reaction than any other solvent
tested. Polar solvents are necessary to dissolve the vinyl-
mercuric chloride, but solvents which are capable of coordi-
nating with the Lewis acid are undesirable since they weaken
the ability of the Lewis acid to promote acylation. One diffi-
culty with styrylmercuric chloride was its insolubility in di-
chloromethane, which probably explains its lack of reaction
under conditions where other vinylmercuric chlorides react
readily.

The effect of reaction temperature on the stereospecificity
of the three Lewis acid systems which were found to be ef-
fective in this reaction was studied (Table III). The stereo-
specificity obtained with aluminum bromide was found to
improve on lowering the temperature to —78 °C. However, the
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Table 1. Effect of Lewis Acids on the Reaction of
trans-1-Hexenylmercuric Chloride and Acetyl Chloride®

% yield of 3-octen-2-one®

Lewis acid Time, h Cis Trans Total
SbCls 0.1 0 0 0°
SbCl; 24 0 0 0
SnCly 1 0 0 0¢
SbF3 24 0 0 0
BF4.Et:0 6 7 13
ZnCl, 6 7 5 12
BCl; 0 3 3¢
FeCl; 0.1 2 23 25
Al powder 24 7 41 48
TiCly 0.25 23 76 99
AlBr3 0.50 44 49 93
AlCl; 0.25 5 95 100

2 A 1-mmol amount each of Lewis acid, acetyl chloride, and
trans-1-hexenylmercuric chloride in 10 mL of CHgCly at ~25 °C.
5 GLC yield corrected by the use of an internal standard.
¢ Transmetalation reaction possible.

Table II. Effect of Solvents on the Reaction of
trans-1-Hexenylmercuric Chloride and Acetyl Chloride®

Lewis Time, % yield of 3-octen-2-one®
acid h Solvent Cis Trans Total
AlBr3 24 DMFe¢ 1 2 3

HMPA4 0 4 4

0.25 CHCl; 9 6 15
C¢Hs;NO, 13 13 26
CH;NO. Trace 21 21

CH,Cly 44 49 93

AlCl, 24 DMFe¢ 0 0 0
Et:0 0 0 0
HMPA4 0 2 2

0.25 CHCl; 0 4 4
18 THFe 3 19 22
0.25 Ce¢HsNOg 19 19 38
CH;3NO; 14 26 40

CH.Cl, 5 95 100

a A 1-mmol amount each of Lewis acid, acetyl chloride, and
trans- 1-hexenylmercuric chloride in 10 mL of solvent at ~25 °C.
b GLC yield corrected by the use of an internal standard. ¢ DMF,
N,N-dimethylformamide. ¢ HMPA, hexamethylphosphoramide.
¢ THF, tetrahydrofuran.

improvement never equalled the stereospecificity of the
room-temperature reaction of aluminum chloride. The ste-
reospecificity observed with aluminum chloride was relatively
insensitive to changes in reaction temperature.

The stereospecificity of the titanium tetrachloride reaction
was especially interesting. At —78 °C the major product ob-
served was the cis-enone resulting from inversion of stereo-
chemistry about the carbon-carbon double bond (eq 9). This

CHACHD), H 9
o= + CIOCH,
H HeCl
rc,  CH(CHy COCH,
T, C=C ®
T, AN
--78°C H H

reaction will be discussed in greater detail later.

Studies to determine the optimum reaction time showed
that the aluminum chloride reaction was complete in less than
5 min, while aluminum bromide required 30 min to reach
completion (Table IV).

The recent report that Pd(PPhg),4 catalyzes the reaction of
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Table I11, Effect of Temperature on Stereospecificity in
the Reaction of trans-1-Hexenylmercuric Chloride and

Acetyl Chloride®
Lewis Temp, Time, % yield of 3-octen-2-one®
acid °C h Cis Trans Total
AlBr; 25 0.5 44 49 93
0 35 64 99
-22 37 61 98
-78 16 84 100
AlCl; 25 0.25 5 95 100
0 8 86 94
-22 8 92 100
—78 5 88 93
TiCly 25 0.25 23 76 99
-8 29 6 35
3 91 3 94

@ A 1-mmol amount each of trans-1-hexenylmercuric chloride,
acetyl chloride, and Lewis acid in 10 mL of CHyClg. & GLC yield
corrected by the use of an internal standard.

Table IV. Effect of Time on the Reaction of
trans-1-Hexenylmercuric Chloride and Acetyl
Chloride at 25 °C¢

Lewis Time, % yield of 3-octen-2-one®
acid min Cis Trans Total
AlBr3 1 18 41 59
5 19 41 60
20 23 42 65
30 44 49 93
1440 0 51 51
AlCl; 1 5 86 91
5 5 95 100
15 5 95 100
30 7 93 100
60 6 94 100
1440 10 90 100

a A 1-mmol amount each of trans-1-hexenylmercuric chloride,
acetyl chloride, and Lewis acid in 10 mL of CH,Cly. ® GLC yield
corrected by the use of an internal standard,

dialkyl- or diarylmercurials with acid bromides!4 led us also
to try various transition-metal catalysts on this system. The
results of this study are summarized in Table V. Only two
systems proved to be of any utility, Pd(PPhs), in HMPA and
[CIRh(CO),); in dichloromethane. Neither of these systems
worked as well as the aluminum chloride promoted reaction.
Some interesting observations were made, however. Two re-
actions were observed when the rhodium catalysts were tried
in THF, neither of which was expected. The acetyl chloride
reacted with the solvent to give 1-acetoxy-4-chlorobutane (eq
10), while the vinylmercuric chloride reacted with itself to
form a symmetrical 1,3-diene (eq 11). In HMPA only the

| |
{ ) + CHLCl — CH,;CO(CH,),Cl (10)
0
CHE(CH2)3\ H CHy(CH,), H
= c=C
2 y C — y N 1n
H HgCl H

symmetrical 1,3-diene was observed. This latter reaction
provided the basis for our recently reported catalytic proce-
dure for the synthesis of symmetrical 1,3-dienes.1%
Synthesis of o,8-Unsaturated Ketones. Using our best
reaction conditions, aluminum chloride in dichloromethane,
we have examined the scope of this new o,3-unsaturated ke-
tone synthesis. All reactions were carried out at room tem-
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Table V. Transition Metal Catalyzed Reaction of trans-1-Hexenylmercuric Chloride and Acetyl Chloride®

713

% yield of 3-octen-2-one?

Time, Temp,
Catalyst® Solvent¢ h °C Cis Trans Total
[(CeH35)3P]aRh(CO)CL CH,Cl; 0.5 0 7 7 14
6 25 4 12 16
THF 24 0 7 7¢
[(CeHj5)3P]sRhCl THF 24 25 0 0 0
Pd[P(CgHs)3]4 THF 24 25 0 0 0
HMPA 6 0 45 45/
60 0 46 46f
0 58 58
100 0 45 45f
[CIRh(CO)s]08 CHCl, 1 25 0 24 244
THF 6 0 0 0¢
HMPA 1.5 0 0 0

@ A 1-mmol amount each of trans- 1-hexenylmercuric chloride and acetyl chloride. ® A 10% catalyst based on vinylmercuric chloride.
¢ A 10-mL volume. ¢ GLC yield corrected by the use of an internal standard. ¢ The two major products were 1-acetoxy-4-chlorobutane
and trans,trans-5,7-dodecadiene. / A 1% palladium reagent. & A 5% dimeric rhodium catalyst. # trans,trans-5,7-Dodecadiene is also
seen. ! Only trans,trans-5,7-dodecadiene is seen.

Table VI. Synthesis of ¢, 3-Unsaturated Ketones?

Registry Isolated yield

Vinylmercurial Registry no. Acid chloride Registry no. Ketone no. %
CH{CH,), H CH{CH,), H
>c=c< 50874-36-7 CICOCH, 75-36-5 >C=C< 18402-82-9 97
H HgCl H COCH,
CH;(CHZ)S\ P
CICOCH, 98-88-4 C=C\ 64235-53-6 64b
H COCeH,
(CH‘,);‘C\ /H (CHmC\ /H
c=C 36525-02-7 CICOCH, C=( 20859-11-4 95
H/ \HgCI H/ \COCH3
(CH,xC CH, (CH:C CH,
\c=c/ 38010-69-4 c=c/ 23732-17-4 99
H/ \chx H/ \cocm
¢-CeH,. /H C-CsHu\ /H
c=c\ 36525-01-6  CICO(CH,),CH, 141-75-3 /C=C\ 61759-47-5 96
H HgCl H CO(CH,),CH,
CHCH, /CHZCH3 CH,CH, /CHQCHS
c=c\ 36525-04-9  CICOCHC], 79-36-7 >C=C\ 61759-48-6 89¢
H HeCl H COCHCY,
CeH, C:H; C.H, CH,
\C=C/ 16188-35-5 CICO(CH,),CH, \C=C/ 61798-66-1 724d
7\ / N\
H HgCl H CO(CH,)LCH,
0 0 o}
I CICOCH, I [ 100e
CH,OC(CH,)CH= CHHgCl CH,0C(CH,)CH= CHCCH,
CH{CH,), N /H CH«CH,), N /H
/C=C 56453-77-1 CICOCH(CH,), 79-30-1 /C=C\ 7 61759-50-0 97
H HgCl H COCH(CH,),
CHACHo), H Cl10C. H CH4(CH,), HH CH,
>c=c< 36525-00-5 >c==c< 625-35-4 >c=c< ;c=c\ 61759-51-1 97
H HgCl H CH, H CO H
CHy{(CH,), HH CH,
cy(lc)[:(:H CH=CH 1470-91-3 >C=C< ;C=C< o1
? ? H o H

@ A 10-mmol amount each of vinylmercurial, acid chloride, and aluminum chloride in 100 mL of CH,Cl, stirred for 5 min
at room temperature. ® GLC yield containing 14% cis ketone. ¢ Ketone decomposes readily. ¢ Ketone separated from a mix-
ture of cis- and trans-stilbene by column chromatography. ¢ Both the vinylmercuric chloride and ketone are cis, trans mix-

tures.

perature for 5 min. A series of vinylmercurials and acid chlo-
rides were examined. The results are summarized in Table VI.
The isolated yields are generally greater than 95%, with ste-

reochemical purity also greater than 95% in most cases. Alkyl-,
aryl-, and functionally substituted vinylmercurials were all
found to work well. Aliphatic, unsaturated, and aryl acid
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chlorides were also found to work satisfactorily. «,3-Unsatu-

rated acid chlorides reacted cleanly to produce fully conju-

gated dienones in high yield. 8,y-Unsaturated acid chlorides,

on the other hand, react to produce the same dienones as the

a,B isomers (eq 12). Esters are tolerated in the mercurial
CICOCH,CH==CH,

.
CHa(C\}\IZ)2 /H CHS(CEZ)2 /H H\ B /CHJ
/O——-—-C\ /%C\ /C—C\ (12)
H HgCl H Cco H
e
c1cg H
H/C C\cu

component, and halides should be tolerated in either com-
ponent of the reaction.

Six systems were tried unsuccessfully. Pivaloyl chloride
decarbonylated under the influence of aluminum chloride
before the vinylmercurial could be added to the reaction flask.
Neither levulinyl chloride nor methylsuccinyl chloride (pre-
pared from succinic anhydride!®) reacted as desired. Vinyl-
mercuric chloride reacted with 3,3-dimethylbutyryl chloride
to produce 5,5-dimethyl-1-hexen-3-one and 1-chloro-5,5-
dimethyl-3-hexanone in approximately equal amounts (eq 13).
We were unable readily to eliminate HCI from the 8-chloro
ketone on treatment with base. (E)-3-Acetoxy-2-chloromer-
curi-2-butene was reacted with isobutyryl chloride, but the
product mixture obtained showed an NMR spectrum much
too complex to be the desired product.

(CH3)3CCH2COC! + CH;=CHHgCl
- (CHg)gCCHzCOCH=CH2
+ (CH3)sCCH3COCH,CH,CL  (13)
Two products, I and II, were obtained when benzoyl chlo-

ride was reacted with (E)-2-chloromercuri-4,4-dimethyl-2-
pentene (eq 14). This reaction takes longer than with aliphatic

0
(CHa):C. CH; |
Noee! o+ ccl
/ AN
H HgCl
(CH,)C CH, CH,
. >0==c< + % (14)
H co-@ CH,
CH, CH

I 3 3

It

acid chlorides. Initially the two products are obtained in ap-
proximately equal amounts, but by the time the reaction is
complete the dihydrofuran predominates. Further discussion
of this reaction will be put off until the mechanistic discus-
sion.

Reactions with Titanium Tetrachloride. As indicated
earlier, unusual stereochemical results were found when ex-
amining the reaction of trans-1-hexenylmercuric chloride,
acetyl chloride, and titanium tetrachloride at =78 °C. When
this reaction was scaled up to 10 mmol an isolated yield of 78%
cis-3-octen-2-one was obtained. A 3-h reaction period was
necessary, and less than 3% of the trans isomer was seen by
NMR.

A number of other acid chlorides and vinylmercurials were
examined in this reaction. Three acid chlorides were tried with
trans-1-decenylmercuric chloride, but it appears that this
mercurial is very unreactive toward acid chlorides and tita-
nium tetrachloride. Both trans-cyclohexylethenylmercuric
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chloride and trans-3,3-dimethyl-1-butenylmercuric chloride
also failed to react with acetyl chloride at —78 °C after 3 h.
Raising the reaction temperature to —45 °C gave only the
trans enone.

Three other acid chlorides, butyryl chloride, 3-methyl-
butyryl chloride, and 3,3-dimethylbutyryl chloride, were then
tried with trans-1-hexenylmercuric chloride, but mixtures of
cis and trans enones were always obtained. Finally, the reac-
tion of trans-1-hexenylmercuric chloride and butyryl chloride
was chosen as a model system for further studies. In studying
this reaction the following variables were investigated: reac-
tion time {6 h was usually optimum), reaction temperature
(warmer than —78 °C decreased the amount of cis isomer
seen), stoichiometry, and the order and mode of addition of
the reagents. Only a random array of yields were obtained, and
after much frustration it was decided that this reaction was
not sufficiently reproducible to make it of value synthetical-
ly.

Mechanism. There are at least three possible mechanisms
that can be written for the aluminum chloride promoted re-
actions: (1) the formation of a vinylalane by transmetallation
with aluminum chloride, followed by acylation (eq 15); (2)

H R H
R\C=C/ + AlC, ———— \C=C/
/ AN ° —Hgcl, T\
H HgCl H AlCl,
R'COCI R\ /H
—_ALCT; /C=C\ (15)
H COR/

direct electrophilic substitution at the carbon-mercury bond
(eq 16); and (3) addition of the acid chloride-aluminum

R H
\C=C/ + R’COCL.AlCl
/7N ‘
H HgCl
R H
direct substitution \C——“C/ (16)
N
H COR/

chloride complex to the carbon—carbon double bond, followed
by elimination of mercuric chloride to form the «,8-unsatu-
rated ketone (eq 17).

+ R’COCI- AICl,
gCl H COR’

an

VAN

R H
N

/—C<
H H,

cis isomer

Bl /H3012
H

R
C]—}C—C-\/T-COR/
H HgCl
In order to investigate the first possible mechanism, two
exchange reactions were investigated. Aluminum chloride was
reacted with either trans-1-decenylmercuric chloride or
stilbenylmercuric chloride in methylene chloride, and the
reaction was quenched with 10% sodium hydroxide. If ex-
change occurred, the vinylalane formed would be expected to
react with water to form a hydrocarbon. If no exchange oc-
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curred, no hydrocarbon would be observed. A basic quench
was used to prevent the generation of acid from hydrolysis of
the unreacted aluminum chloride, which could then cleave the
carbon-mercury bond. Quenching the stilbenylmercuric
chloride-aluminum chloride mixture after 5 min at room
temperature led to a 14% yield of cis- and trans-stilbenes. The
reaction of trans-1-decenylmercuric chloride and aluminum
chloride resulted in a 7% yield of 1-decene when quenched
after 5 min. Quenching after 3 h did not increase the yield of
hydrocarbon in either reaction. trans-1-Decenylmercuric
chloride was chosen for the ease of analyzing the resultant
hydrocarbon, while stilbenylmercuric chloride was chosen
because stilbene was seen in its reaction with butyryl chloride
(see Table VI). From these results it appears that stilbene may
have arisen from acid cleavage of the starting mercurial. In
conclusion, it appears that the first mechanism (vinylmer-
curial exchange with aluminum chloride) is unlikely since
exchange does not occur quickly enough to account for a
near-quantitative yield of ketone in less than 5 min. However,
one cannot rule out the very rapid acylation of a vinylalane
generated in only minor amounts through an unfavorable
transmetallation equilibrium.

The second and third mechanisms must both be considered
seriously. Direct electrophilic cleavage at the carbon-mercury
bond would be expected to result in complete retention of
stereochemistry. A large portion of the reaction could be oc-
curring by this route since the reaction is highly stereospecific.
However, the presence of small quantities of ¢is-a,3-unsatu-
rated ketone suggests that at least some of the product might
arise from an addition-elimination mechanism. Another
possibility is that the cis isomer arises from Lewis acid isom-
erization of the trans enone. Isomerization of the enones in this
fashion does not appear to occur, as will be discussed later in
this section.

Three reactions tend to support the addition-elimination
mechanism: (1) the reaction of 3,3-dimethylbutyryl chloride
with vinylmercuric chloride, which gives 5,5-dimethyl-1-
hexen-3-one and 1-chloro-5,5-dimethyl-3-hexanone (eq 13);
(2) the reaction of benzoyl chloride with (E)-4,4-dimethyl-
2-chloromercuri-2-pentene, which gives (E)-1-phenyl-
2,4,4-trimethyl-2-penten-1-one (I) and 4,5-dihydro-2-phe-
nyl-3,4,5,5-tetramethylfuran (II) (eq 14); and (3) the titanium
tetrachloride promoted reactions, which result in a high per-
centage of stereochemically inverted enones. Each of these will
be discussed in turn.

In the reaction of vinylmercuric chloride with 3,3-dimeth-
vibutyryl chloride, the formation of the 8-chloro ketone could
arise from either route shown in eq 18. The §-chloromercurial

0
I —Hgol I
"CH,CHCR —=— CH,=~CHCR
RCCI HgCl
t 7 11
AIC, —HgCl,
+ lCl_
CH,=CH—Hg(l (18)
0
B - n .
CICH,CHCR — CICH,CH,CR + HgCl
HgCl
v

R = (CH,),CCH,

1V is probably an intermediate in the reaction. Carbonium ion
II1, or a mercurinium ion V, may be an intermediate or merely
a transition state on the way to IV. The unsaturated ketone
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can arise from either III by elimination of a chloromercury ion
or IV by elimination of mercuric chloride. The 8-chloro ketone
probably comes from IV by acid cleavage of the carbon-
mercury bond. a-Chloromercuri ketones, such as IV, have
previously been reported to be especially vulnerable to acid
cleavage.l” The acid could arise either from an impurity in
aluminum chloride or on aqueous workup.

Studies on the reaction of benzoyl chloride and (E)-4,4-
dimethyl-2-chloromercuri-2-pentene (eq 14) suggest that the
dihydrofuran II arises directly from starting materials by re-
arrangement of an intermediate carbonium ion (eq 19).

(CHG)SC\ CH3
C==C
AN
H HgCl
+
0
(CHa)BC\ /COCsHs
CsHs Cl'Alclg g + C_—C(ng
s N\
H HgCl
/ |Eser g
CH,),Ct COC¢H; CH,),C CH
( S)ZCH C_CCH 6- ( 5)3 \C_ / 3
Va N / AN
H HgCl H COCeH;
l I
CH, . CH,
5 CgH.
CH; O —Hgcr®  CH, 0 we
H, /1
CH; HgCl CH, CH,
VI I

Sampling the reaction after short reaction times showed that
both enone I and dihydrofuran II were present in the reaction
shortly after mixing, but enone I reached a maximum yield
of 31% in 1 h and then decreased to 20%, while the yield of
dihydrofuran Il continued to rise until reaching 45% after 6
h. Dihydrofuran II is stable under the reaction conditions.
Stirring II with aluminum chloride does not result in rear-
rangement. Stirring enone I with equimolar amounts of alu-
minum chloride and mercuric chloride did not result in any
rearrangement. However, excess aluminum chloride caused
complete rearrangement to 2-methyl-3-tert-butyl-1-indan-
one (VII) (eq 20). Small amounts of indanone VII were also
observed in the reaction of benzoyl chloride and (E)-4,4-
dimethyl-2-chloromercuri-2-pentene. The structures of the
rearrangement products II and VII were assigned on the basis
of spectral data. Since both enone I and dihydrofuran II arise
directly as the reaction progresses, it appears that this reaction
at least occurs by an addition-elimination mechanism.

Literature precedent exists for much of the chemistry ob-
served in this system. Pines observed that 4’-fluoro-2-meth-
ylacrylophenone cyclized to 2-methyl-5-fluoro-1-indanone
under the influence of aluminum chloride or sulfuric acid (eq
21).18 A cyclic oxonium ion was also observed by 13C NMR in
their studies (eq 22). This shows the plausibility of interme-
diate VI (eq 19), which would be expected to lose HgCl* and
form the dihydrofuran II.

The titanium tetrachloride reaction probably proceeds by
an addition-elimination reaction as well. Either a trans-
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addition, trans-elimination or cis-addition, cis-elimination
sequence would be expected to result in stereochemical in-
version of the carbon-carbon double bond. Such a trans-
addition, trans-elimination sequence has been proposed
previously to explain the formation of a trans-vinyl bromide
from the bromination of a cis-alkenylmercuric bromide.19 A
similar scheme may be invoked to explain the inversion of
stereochemistry here (eq 23).

R H Cl H
AN / ) N\ .
/C=C + R’COCI-TiCl, — R';C—C\THgCl
H HgCl H (ﬁR’
O.TiCl,
O-TiCl,
Cl /,CR’ ~HgCl, R\ /COR’
—> R--:0—C~al ———m— C=C (23)
7 —Ticl, / N
H HgCl H H

The difference between the reaction of aluminum chloride
and titanium tetrachloride may be in the nature of the com-
plex formed with the acid chloride or in the formation of dif-
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ferent intermediates in the two reactions. In an effort to de-
termine if a difference in the Lewis acid complex was re-
sponsible for the difference in the course of these reactions,
infrared studies on the TiCly— and AlClz-acetyl chloride
complexes were carried out. Cook reported that, if acetyl
chloride is complexed through the oxygen (VIII), the C=0

+ -
O—AIC
+
CH,C CH,.C=0 AlCl,
Cl IX
VIII

stretch is lowered from 1808 to 1637 cm™!, while formation of
an acylium ion (IX) raises the absorption to 2307 and 2203
cm~1.20 Cook found all three absorptions in a neat mixture of
acetyl chloride and aluminum chloride, while in chloroform
only the 1637-cm™! absorption was seen. We have found that
equal amounts of aluminum chloride and acetyl chloride in
dichloromethane at 25 °C gives rise to absorptions at 1805 and
1640 cm™1 with little decrease in the strength of the 1805-cm™1
band. Likewise, equimolar amounts of TiCly and acetyl
chloride at 25 °C give rise to both the 1805- and 1630-cm™!
bands. The slight difference in frequencies for the complexes
may indicate slightly tighter complexing for TiCly than for
AlCl3. The intensity of the 1805-cm™! band in the titanium
tetrachloride reaction decreased by ~10% on standing for 2
h, indicating a relatively small degree of complexation. Similar
results were seen for aluminum chloride. These results do not
appear to account for the differences in the stereochemistry
of the two reactions.

The final point of discussion concerns the stability of the
products under the reaction conditions. Stirring trans-3-
octen-2-one with 1 equiv of aluminum chloride at room tem-
perature in dichloromethane, or with equimolar amounts of
aluminum chloride and mercuric chloride, showed that 96 and
91%, respectively, of the trans enone was still present in the
reaction mixture after 8 h. After 27 h, the yields of ketone were
86 and 87%, respectively. No cis enone was seen in either re-
action. Quite clearly the cis product is not arising by isomer-
ization of the trans enone.

The isomerization of cis enones was studied on cis-5-
decen-4-one. Stirring the cis enone with aluminum chloride
at room temperature resulted in a 91:5% cis/trans mixture
after 5 min and a 43:22% mixture of enones after 24 h. An
equimolar mixture of aluminum chloride and mercuric chlo-
ride resulted in a 95:5% cis/trans mixture after 5 min and a
5:35% mixture after 24 h. The titanium tetrachloride isom-
erization was studied in the same manner. With the cis enone,
after 5 min no trans enone was seen and 88% of the cis enone
remained. After 24 h, only traces of either enone were ob-
served. After 5 min with equimolar amounts of titanium tet-
rachloride and mercuric chloride, 3% trans enone was observed
while 84% of the cis enone remained. After 24 h, 2% of each
enone was observed.

Based on the evidence obtained, it appears that the Lewis
acid promoted acylation of vinylmercuric chlorides proceeds
by way of an addition-elimination reaction., While the evi-
dence is not conclusive, all of the side reactions discussed, as
well as the formation of small amounts of cis enone observed
in most reactions, may be explained by this mechanism.
However, none of the data available precludes a direct sub-
stitution reaction as being the major route with small amounts
of addition-elimination, accounting for the small amounts of
the less stable cis enones.

The titanium tetrachloride reaction most likely proceeds
via trans addition, trans elimination or cis addition, cis elim-
ination, both of which would result in inversion of stereo-
chemistry around the carbon—carbon double bond. However,
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experimental evidence which could either prove or disprove
this proposal is lacking.

Enone isomerization probably does not account for the
small amounts of cis enone observed with aluminum chloride
or the substantial yields of cis enone with titanium tetra-
chloride.

The transition metal catalyzed reaction is envisioned as
involving an initial oxidative addition between Pd(PPhs)4 and
the acid chloride. Transfer of the vinyl group from the mer-
curial to the resulting acylpalladium species and subsequent
reductive elimination would then provide the «,3-unsaturated
ketone and regenerate the catalyst (eq 24). An identical

R H
0 0 >C=C/
: ,” - 'gpdcm ! e
RCCl + PdL, 7 R t T Hea
L =P(Ph,
R H R H
AN / 2 N 7
C=—C 2L, o= + PdL, (24)
H PtdL~ H COR’
COR’

mechanism has been suggested previously for the palla-
dium(0)-catalyzed acylation of dialkyl- and diarylmercurials'4
and is entirely consistent with the known chemistry of palla-
dium.

Conclusion

«,3-Unsaturated ketones can be readily prepared from
vinylmercurials and acid chlorides. Best yields and stereo-
chemical purity are obtained when one employs 1 equiv of
aluminum trichloride in methylene chloride and the reaction
is run 5 min at room temperature. Substitution of titanium
tetrachloride for aluminum chloride at —78 °C gives enones
of inverted stereochemistry, but the results are not repro-
ducible. Catalytic amounts of Pd(PPhjs), in HMPA will also
promote acylation of the vinylmercurials, but the yields are
lower than the aluminum trichloride reactions. Rhodium(I)
catalysts give still lower yields. Mechanistically, the formation
of the major side products and stereochemically inverted
enones seems best explained by a mechanism involving the
addition of a Lewis acid-acid chloride complex to the car-
bon-carbon double bond of the vinylmercurial and subse-
quent mercuric chloride elimination. It is not possible at
present to decide whether the major products are produced
by the same mechanism or by direct electrophilic acylation
of the carbon-mercury bond.

Experimental Section

Reagents. All chemicals were used directly as obtained commer-
cially unless otherwise noted. HMPA was distilled from lithium alu-
minum hydride under vacuum. Dichloromethane was shaken with
concentrated sulfuric acid, washed with water and saturated sodium
chloride, dried over calcium chloride, and distilled. Ether and THF
were distilled from LiAlH,.

The vinylmercuric chlorides used were prepared according to lit-
erature procedures and have all been described previously.910:15

(Ph3P)2Rh(CO)CI (Alfa Inorganics—Ventron), [CIRh(CO)s]. (PCR),
aluminum chloride {Fisher Scientific), and aluminum bromide (Fisher
Scientific) were all used directly as obtained commercially. Wilkin-
son’s catalyst, (Ph3gP)3RhCl, was prepared according to published
procedures.?!

All GLC yields are corrected by the use of appropriate hydrocarbon
internal standards and calculated correction factors.

Reaction of Styrylmercuric Chloride with Acetyl Chloride.
The following procedure for the reaction of styrylmercuric chloride
and acetyl chloride is representative. Styrylmercuric chloride
(1.0mmol), acetyl chloride (1.0 mmol), and an internal hydrocarbon
standard were dissolved in N,N-dimethylformamide (DMF) (10 mL)
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under nitrogen. Aluminum bromide (1.0 mmol) was then added, and
the reaction was stirred for 24 h at 25 °C. A solid formed in the reac-
tion, and the liquid was decanted into 3 M sodium thiosulfate and
ether was added. The ether was then analyzed by GLC (10’ DC-550
at 200 °C).

Distyrylmercury (0.5 mmol) was used in some reactions in the place
of styrylmercuric chloride (1.0 mmol). When water-immiscible sol-
vents were used for the reaction, samples were taken and quenched
with water before GLC analysis.

The GLC correction factor was calculated using a commercial
sample of trans-4-phenyl-3-buten-2-one. The product was verified
by comparison with the commercial authentic sample.

Reaction of trans-1-Hexenylmercuric Chloride and Acetyl
Chloride. An authentic sample of trans-3-octen-2-one was prepared
according to the literature procedure.?? 1-Hexene (12.5 mL, 100 mmol)
was dissolved in a mixture of acetic acid (5.6 mL) and trifluoroacetic
anhydride (14.0 mL) and stirred at room temperature for 20 min, then
40 °C for 1.5 h, and finally at room temperature overnight. The
product was distilled under aspirator vacuum and then GLC prepped:
'H NMR (CCly) 6 0.92 (3 H, not resolved, CHg), 1.40 (4 H, m,
-CHyCHy-), 2.18 (3 H, s, COCH3), 2.2 (2 H, m, CH,CH=), 5.95 (1 H,
d,J =17 Hz, COCH=),6.80 (1 H,d t,J = 17,7 Hz, COCH=CH); IR
(max) (thin film) 2970, 2950, 2860, 1675, 1630, 1460, 1430, 1360, 1255,
1180, 980, 930, 735 cm™1; MS m/e 126.1042 + 0.0006 {caled for
CgH140, 126.1045). Further samples of ¢rans-3-octen-2-one were
prepared by the procedure developed in this work.

The following procedure is representative of that used in the model
studies in this section. Tetradecane, trans-1-hexenylmercuric chloride
(1.0 mmol), and acetyl chloride (1.0 mmol) were dissolved in dichlo-
romethane (10 mL). Aluminum bromide (1.0 mmol) was added and
the reaction stirred at room temperature under nitrogen. Samples (0.5
mL) were taken, added to water, and then analyzed by GLC.

When temperatures other than room temperature were desired,
the vinylmercurial and acid chloride were added and cooled down to
the desired temperature in the appropriate temperature bath before
the Lewis acid was added. Samples were taken as above. Addition of
the vinylmercurial to a solution of Lewis acid and acid chloride also
results in a satisfactory reaction.

In studying the effect of various Lewis acids (Table I), all variables
were kept constant except reaction time and the Lewis acid. The
solvents were investigated at room temperature for the time periods
listed in Table II. Likewise, the effects of temperature, Table I11, and
reaction time, Table IV, were studied holding all other variables
constant.

The transition metal catalyzed reactions were studied as with the
Lewis-acid reactions. The transition-metal complex (0.1 mmol) was
added to a solution of the vinylmercuric chloride and acid chloride
in the appropriate solvent and analyzed by GLC after the appropriate
workup. The ether and dichloromethane reactions were quenched
with water. The THF reactions were quenched with saturated am-
monium chloride, and the HMPA reactions were quenched by adding
water and ether and then analyzing the ether layer, or by analyzing
without quenching.

The side products in the transition-metal reactions were identified
as follows. In THF, the product from the reaction of acetyl chloride
and THF, 1-acetoxy-4-chlorobutane, had a GLC retention time (10%
DC-550, 10 ft, 150 °C) very similar to that for trans-3-octen-2-one and
was determined to be different by coinjecting ketone and the reaction
mixture and observing two peaks. The side product was confirmed
to have come from THF by stirring the rhodium catalyst, THF, and
acetyl chloride in the absence of vinylmercurial and observing a
product of identical retention time by coinjection with the above re-
action mixture. 1-Acetoxy-4-chlorobutane (prepped by GLC): 'H
NMR (CCly) 6 1.8 (4 H, m, -CH;CHy-), 2.02 (3 H, s, COCH3), 3.6 (2
H, m, CHyCl), 4.1 (2 H, m, CH,OCOCH3); IR (max) (thin film) 2960,
1740, 1450, 1240, 1045, 950, 880, 750, 720 cm™1.

The structure of the symmetrical 1,3-diene from the reaction of
trans-1-hexenylmercuric chloride and the rhodium catalyst in the
presence of acetyl chloride (eq 11) was confirmed by spectral data and
GLC comparison with an authentic sample of diene prepared by our
own published procedure.!®

Synthesis of a,8-Unsaturated Ketones. The following synthesis
of trans-3-octen-2-one is representative. To a thoroughly dried
round-bottom flask equipped with a septum inlet and flushed with
nitrogen was added dichloromethane (100 mL), aluminum chloride
(1.33 g, 10 mmol), and acetyl chloride (0.80 mL, 10 mmol). After
stirring briefly ¢rans-1-hexenylmercuric chloride (3.1 g, 10 mmol) was
added while backflushing with nitrogen, and the reaction was stirred
for 5 min. A white solid (presumably mercuric chloride) precipitated
almost immediately. The reaction mixture was then poured into
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water, and the layers were separated. The aqueous layer was extracted
with dichloromethane. The organic layer was then washed with 5%
sodium bicarbonate, 3 M sodium thiosulfate, and water. The com-
bined aqueous washes were reextracted with dichloromethane, and
the combined organic layers were dried over anhydrous sodium sul-
fate. Removal of solvent yielded 1.22 g (97%) of essentially pure
trans-3-octen-2-one as a olorless oil. GL.C analysis showed 5% or less
of the undesired cis isomer. Spectral properties were identical with
those of an authentic sample prepared earlier by an alternate meth-
od.

The following compounds were prepared in like manner.

trans-5,5-Dimethyl-3-hexen-2-one: 'H NMR (CCly) 6 1.10 (9
H, s, C(CHg)s), 2.15 (8 H, s, COCHjy), 590 (1 H, d, J = 16 Hg,
COCH=),6.70 (1 H, d, J = 16 Hz, COCH==CH); IR (max) (thin film)
3030, 2950, 2860, 1680, 1620, 1365, 1290, 1250, 980 cm™1; MS m/e
126.1044 % 0.0006 (calcd for CgH140, 126.1045).

(E)-3,5,5-Trimethyl-3-hexen-2-one: 'H NMR (CCly) 6 1.20 (9
H, s, C(CH3)3), 1.83 {3 H, d, J = 1.5 Hz, =CCHj3;), 2.20 (3 H, s,
COCHjy), 6.50 (1 H, q,J = 1.5 Hz, CH=); IR (max) (thin film) 2960,
2860, 1680, 1640, 1470, 1370, 1250, 1200, 1030 ecm™~1; MS m/e 140.1201
+ 0.0007 (caled for CgH; g0, 140.1201).

trans-1-Cyclohexyl-l-hexen-3-one: 1H NMR (CCly) 6 0.9 (3 H,
t, J=6 HZ, CH2CH3), 1-2 (13 H, m, C-CsHu and CHQCHg), 2.3 (2 H,
t,J = 7 Hz, COCH,), 5.90 (1 H, d, J = 16 Hz, COCH=CH), 6.65 (1
H,dd,J = 16,6 Hz, COCH=CH); IR (max) (thin film) 2920, 2840,
1670, 1620, 1448, 1365, 1190, 978 cm™!; MS m/e 180.1512 + 0.0009
(caled for C12Hg00, 180.1514).

(E)-1,1-Dichloro-3-ethyl-3-hexen-2-one: 'H NMR (CCly) 6 1.1
(6 H, overlapping triplets,J = 7 Hz, CHg’s), 2-2.6 (4 H,m, J = 7 Hz,
CHy’s), 5.5 (1 H,t,J = 7Hz, CH=C), 6.0 (1 H, s, COCHClz); IR (max)
(thin film) 2950, 2920, 2860, 1660-1640, 1460, 1375, 1310, 1250, 1210,
1140, 1080, 990, 790, 760, 735 cm™!; sample decomposed before mass
spectra could be obtained.

(E)-1,2-Diphenyl-1-hexen-3-one: 'H NMR (CCly) 6 0.90 (3 H,
t,J/ = 7 Hz, CHj), 1.85 (2 H, sextet,J = 7T Hz, CH,CH;CO), 2.50 (2 H,
t,J = 7 Hz, CH,CO), 7-7.7 (11 H, m, CeH5CH=CCgHj;); IR (max)
(thin film) 3060, 3030, 1685, 1615, 1595, 1495, 1450, 1200, 1135, 1070,
765, 700 cm~!; MS m/e 250.1359 £ 0.0013 (caled for Cy3H150,
250.1358).

12-Carbomethoxy-3-dodecen-2-one: 'TH NMR 6 1.3 (12 H, brs,
CHys), 2.1 (3 H, s, COCH3), 22 (4 H, m, =CHCH; and
CH,COOCHS3), 3.55 (3 H, s, COOCH3), 595 (1 H, d, J = 16 Hz,
COCH:=),6.7(LH,d t,J = 16,7 Hz, COCH=CH) (there is evidence
in the NMR of the cis isomer being present as well, but the peaks are
poorly resolved); IR (max) (KBr) 2980, 2920, 2850, 1745, 1680, 1600,
1470, 1440, 1385, 1340, 1320, 1280, 1245, 1205, 1175, 1000, 980, 880,
720, 690 cm™!; MS m/e 240.1721 £ 0.0008 (caled for Ci4Hg4Os,
240.1726).

trans-2-Methyl-4-tridecen-3-one: '"H NMR (CCly) 6 1.00 (3 H,
t,J =7 Hz, CHyCHj), 1.05 (6 H, d, J = 7 Hz, CH(CH3)s), 1.3 (12 H,
br s, CHy), 2.2 (2 H, m, CH,CH=), 2.7 (1 H, septet, J = 7 Hz,
CH(CHgy)g), 6.0 (1 H,d, = 16 Hz, COCH=),6.75 (1 H, dt, J = 16,
7 Hz, COCH=CH); MS m/e 210.1989 + 2.7 (calcd for Cy14H30,
210.1984).

trans, trans-2,5-Nonadien-4-one: 'H NMR (CCly) 6 1.00 (3 H,
t,J =7 Hz, CHyCHy), 1.5 (2 H, sextet,J = 7THz, CH,CHjy), 1.94 (3 Hs,
d,J =7 Hz,=CHCHj3), 2.20 (2 H, t,J = 7Hz,=CHCHos), 6.15 (2 H,
d,J = 16 Hz, COCH="s5),6.80 (2 H,d t,J = 16,7 Hz, COCH=CH’s);
IR (max) (thin film) 3040, 3020, 2950, 2940, 2860, 1665, 1640-1620,
1440, 1380, 1335, 1300, 1200, 1150, 1080, 1040, 980 cm™1; MS m/e
138.1040 £ 3.6 (calcd for CgH 140, 138.1045).

trans-1-Phenyl-2-hepten-1-one: 1TH NMR (CCly) 6 1.00 (3 H, t,
J =7Hz, CHj), 1.5 (4 H. m, CH:CHy), 2.3 (2 H, m,=CHCHb,), 6.85
(2 H, m, vinyl), 7.4 (3 H, m, Hs_s of COPh), 7.85, (2 H, m, Hy of
COPh): IR (max) (thin film) 3060, 2960, 2930, 2870, 1670, 1620, 1600,
1580, 1450, 1390, 1280, 1220, 1180, 1000, 980, 920, 880, 860, 790 cm™1;
sample identical with a sample prepared from condensing the lithium
enolate of acetophenone (lithium diisopropylamide, THF, —78 °C)
with valeraldehyde followed by dehydration.2?

In most reactions the stereochemically inverted enone was evident
to the extent of 2--5% by close examination of the vinyl region of the
NMR spectrum {(chemical shift and coupling constants). These
compounds were not, however, characterized further, and it is not
clear whether this is a valid representation of the stereochemistry of
the reaction or simply an indication of the stereochemical purity of
the vinylmercurial starting material.

Reactions with Titanium Tetrachloride. These reactions were
investigated in the same manner as were the Lewis-acid reactions
previously discussed. T'wo cis enones were isolated and characterized,
¢is-3-octen-2-one and cis-5-decen-4-one. The correction factor used
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for cis-3-dodecene-2-one was measured from a sample of the trans
isomer, cis- and trans-3-octen-2-one agree within £2% for their cor-
rection factors, so that errors introduced by the use of the trans isomer
are minimal.

Spectral data on the compounds not previously given follow.

cis-3-Octen-2-one: 'H NMR (CCly) 6 0.9 (3 H, t, J = 7 Hz,
CH,CHsy), 1.4 (2 H, sextet, J = 8 Hz, CH,CH3), 2.1 (56 H, m with s
superimposed, COCH3 and =CHCH,CHy), 3.0 (2 H, t, J = 4 Hz,
=CHCH;), 5.5 (2 H, m, CH=CH); IR (max) (thin film) 2940, 2910,
2860, 1715, 1680, 1365, 1160, 965 cm™1; MS m/e 126.1047 £ 0.0006
(caled for CgH140, 126.1045).

cis-5-Decen-4-one: 'H NMR (CCly) 6 0.90 (6 H, t, J = 7 Hz,
CHay’s), 1.2-2.1 (6 H, m, 3 CHy), 2.35 (2 H, t,J = 7 Hz, COCHsy), 3.0
(2H, m, CH,CH=), 5.5 (2H, m, CH=CH); MS m/e 154.1354 £ 2.7
(caled for C1oH180, 154.1358).

trans-5-Decen-4-one: 'H NMR (CCly) §0.90 (6 H, t,J = 7 Hz,
CHj'’s), 1.4 (6 H, m, 3CHy), 2.3 (2H, m,=CHCH,), 24 (2H,t,J =
7 Hz, COCH,), 6.1 (1 H,d,J = 16 Hz, COCH=),6.8 (L H,d t,J = 16,
7 Hz, COCH=CH); MS m/e 154.1357 = 0.6 (caled for C;oH;g0,
154.1358).

Mechanism. The exchange reactions of stilbenylmercuric chloride
and ¢rans-1-decenylmercuric chloride with aluminum chloride were
studied as follows. The mercurial (1.0 mmol) and an appropriate in-
ternal hydrocarbon standard were dissolved in dichloromethane (10
mL). Aluminum chloride (1.0 mmol) was added, and the reaction
mixture was stirred at room temperature. A sample was taken after
5 min and quenched by pouring into 10% sodium hydroxide. Samples
were analyzed by GLC. Correction factors were calculated from au-
thentic samples of 1-decene and stilbene.

The isomerization of trans-3-octen-2-one by aluminum chloride
was studied as follows. trans-3-Octen-2-one (0.216 mmol) and an
internal standard were dissolved in dichloromethane (2.3 mL). Alu-
minum chloride (0.271 mmol) was added, and the mixture was stirred
at room temperature. Samples were taken at 0.5, 1, 4, 8, and 27 h and
quenched with water before GLC analysis. Other isomerizations were
studied in like manner. When mercuric chloride was used, it was
added in approximately equimolar amounts.

Studies on the reaction of (E)-4,4-dimethyl-2-chloromercuri-2-
pentene and benzoyl chloride were carried out in the same manner
as the reactions of trans-1-hexenylmercuric chloride with acetyl
chloride.

(E)-1-Phenyl-2,4,4-trimethyl-2-penten-1-one: 'H NMR (CCly)
61.3(9H,s, C(CH3)3),2.1 (3H,d,J =1Hz,=CCHj),6.156(1 H, q,
J =1Hz, COC=CH), 7.5 (56 H, m, C¢Hjs); 13C NMR (CDCl3) 13.4 ppm
(=CCH3), 30.1 (C(CHg)a), 33.7 (C(CHg)g), 127.9 and 1294 (Cg‘g of
Ph), 131.3 (C4 of Ph), 134.8 (COC==C), 138.6 C; of Ph), 154.6
(COC=C), 200.1 (CO); IR (max) (thin film) 3060, 3030, 2960, 2870,
1650, 1600, 1580, 1470, 1450, 1370, 1315, 1300, 1290, 1210, 1040, 965,
875, 710 cm—L.

4,5-Dihydro-2-phenyl-3,4,5,5-tetramethylfuran: 'H NMR
(CCly) 6 1.05 (3 H, d, J = 6 Hz, CHCH3), 1.28 and 1.38 (3 H, s,
(CHs)2C), 1.85 (3 H, s, =CCH3), 2.57 (1 H, q, J = 6 Hz, CHCH3y),
7.2-7.5 (5 H, m, C¢H3); 13C NMR (CDCl3) 11.4 ppm (CHCHjg), 13.8
(==CCHy), 22.1 and 28.6 ((CHj3)2C), 51.7 (CHCH3), 83.8 ((CH3)2C),
109.9 (=CPh), 127.0 and 128.0 (Co3 of Ph), 127.3 (C4 of Ph), 132.7 (C;
of Ph), 145.9 (C=CCHay); IR (max) (thin film) 3080, 3060, 3020, 2985,
2920, 2860, 1670, 1600, 1500, 1450, 1380, 1365, 1260, 1100, 1070, 990,
860, 770, 690 cm~1; MS m/e 202 (parent, 51), 200 (19), 187 (66), 185
(16), 129 (22), 121 (17), 105 (base peak, 100}, 97 (19), 77 (36).

2-Methyl-3-tert-butyl-1-indanone: 'H NMR (CCly) 6 1.00 (9 H,
s, C(CH3)3), 1.23 (3 H,d,J = 7Hz, CHCH;), 250 (1 H,d q,J = 2,7
Hz, CHCHa3), 2.72 (1 H, d, J = 2 Hz, CHC), 7.2-7.8 (4 H, m, CgHy,);
IR (thin film) (max) 3070, 2960, 2870, 1725, 1610, 1460, 1395, 1365,
1325, 1290, 1270, 1230, 1210, 1150, 1085, 960, 930, 920, 790, 745 cm™1;
MS m/e 202 (parent, 2), 187 (3), 174 (2), 158 (3), 145 (100, parent —
t-Bu), 131 (27), 116 (15) 104 (6), 57 (17, t-Bu).

The '3C NMR assignments (in ppm) for dihydrofuran II are shown
in Chart L. The bases for these assignments (in ppm) were taken from
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“The Chemist’s Companion” and are listed in Chart I1.24 Isomeriza-
tion studies in this system were carried out in the same manner as the
isomerization of enones already discussed.

In the reaction of 3,3-dimethylbutyryl chloride with vinylmercuric
chloride, 5,5-dimethyl-1-hexen-3-one was identified by its 1TH NMR
spectrum: 6 1.0 (9 H, s, C(CHj3)3), 2.4 (2 H, s, CHxCO),5.65(1 H,d d,
J = 4,8 Hz, COCH=), 6.15 (2 H, m, COCH=CHy). Further charac-
terization was not carried out.

1-Chloro-5,5-dimethyl-3-hexanone was characterized fully: 'H
NMR (CCly) 6 1.0 (9 H, s, C(CH3)3), 2.25 (2 H, s, CCH,CO), 2.75 (2
H,t,J =7 Hz, COCH:CH.Cl), 3.6 (2 H, t,J = 7 Hz, CH,Cl); IR (max)
(thin film) 2940, 1710, 1360, 1180, 830 cm™1; MS m/e 162.0812 +
0.0008 (calcd for CgH150Cl, 162.0812).
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Intramolecular phenoxymercuration of 2-(2-cyclohexenyl)-4-methoxyphenol (1) using Hg(OAc), gave
1,2,3,4,4a,9b-hexahydro-4-acetoxymercuri-8-methoxydibenzofuran (2a, 59%) as the sole product. The use of HgCl,
in this reaction afforded only 2,4-propano-3-chloromercuri-6-methoxychroman (3b, 53%), indicating a change in
the regioselectivity of the reaction. The stereochemistry of these mercurials was established by x-ray analyses
which showed a trans arrangement of the Hg and the oxygen atom in both cases. That is, the reaction proceeds by
an antarafacial addition to the C=C double bond of 1. The use of mercuric chloroacetates in this reaction, e.g.,
Hg(OCOCH3CD)g, gave both types of products, 2 and 3, and the formation of the chroman compound 3 increased
with increasing the electron-withdrawing property of the acetoxy ligands in Hg(OCOCX3)e: OCOCH; < OC-
OCH:Cl < OCOCHCIl; < OCOCCI3. This suggests that the difference in regioselectivity observed with Hg(OAc),
and HgCl; depends on the electronic effect of the ligands on HgXy. The use of HgX; having ligands more electro-
negative than acetate, such as X = NOj and ClQy, led to the chroman compound 3.

The reaction of 2-allylphenols with palladium(II) salts,
which we have recently studied,’-2 generally gives 2-substi-
tuted benzo- and/or dihydrobenzofurans. These products are
considered to arise from an intramolecular phenoxypallada-
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tion process, but the palladation adduct is not isolated in this
reaction. A way to produce this adduct may be by a metal-
exchange reaction between the corresponding organomercury
and palladium salts. Since palladium exchange with orga-
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