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Methylcalcium iodide was shown to be a useful organometallic reagent in several fundamental organic reactions

in tetrahydrofuran.

carbonate gave the corresponding addition produets in good yields.
carbonyl addition much predominated over the 1,4 addition.
The reagent gave the corresponding ketones in low yields by the

observed in the reactions with acid halides.

Reactions at —30° with benzaldehyde, acetone, benzophenone, methyl acetate, and diethyl

In the reaction with methyl crotonate, the
Both the coupling and the addition reactions were

reaction with nitriles, reacted but slowly with benzyl chloride and 1,1-diphenylethylene, and did not react with

cyclohexene.

The development of organccalcium chemistry has
been very slow when compared with that of other or-
ganometallic areas. The slow progress could have
been due to the lack of a simple method to prepare
organocalcium compounds. In a previous paper,?
we demonstrated that the reaction of organic halides
with calcium metal in tetrahydrofuran gave the cor-
responding organocalcium halides in much better
yields than those available in the literature, and the
range of suitable halides was extended (eq 1). The

RX + Ca —> RCaX (1)

key ingredient appeared to be the availability of higher
purity calcium metal than was previously obtainable.
In the present study, we aimed to elucidate the prop-
erty of methylealcium iodide in several fundamental
organic reactions in tetrahydrofuran.

Although reactions of organocalcium iodides have
been studied,2—%* the available data in the literature
are limited. An important problem that troubled
the previous authors was the low yield of organocal-
cium halides, Nevertheless, reactions of arylealcium
iodides were relatively well investigated. Reaection
of phenylcalcium iodide with benzophenone anil
gave triphenylmethylaniline in 789, yield;* with
benzoyl chloride, ethyl benzoate and benzophenone
gave triphenylmethanol in 94, 80, and 809, yields,
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respectively; that with a-bromonaphthalene gave
after carboxylation a-naphthoic acid in 989, vield;
that with pyridine gave a mixture of mono- and di-
phenylated pyridine.” Metalation of fluorene, indene,
triphenylmethane, pentafluorobenzene and thiophene
by phenylealcium iodide gave the expected prod-
ucts in 10-539, vyields.**¥ Examples of the ad-
dition of arylealcium iodides to vinylacetylenes
have been reported.?1t12141 Yields of products
were low or were not given in the reactions of arylcal-
cium iodides with benzaldehyde,? phenyl isocyanate,?
benzonitrile,* dibenzofuran,* dibenzothiophene,® and
anisol.”

On the other hand, only a very few data are avail-
able in the literature on the reaction of aliphatic or-
ganocalcium halides. Moreover, yields of products
were generally low in these cases. Contrary to the
case of arylecalcium iodides,”:?%® carboxylation of
alkylcaleium iodides did not quantitatively give the
corresponding carboxylic acids.®? The reaction of
methylcaleium iodide with benzaldehyde gave a-
methylbenzyl aleohol in only 109, yield;” reaction
with thiophene gave after carboxylation thiophene-
2-carboxylic acid in 219, yield.” Bogatskii and co-
workers® reported that methylealcium iodide promoted
the aldol condensation of acetone and other carbonyl
compounds, and that it did not undergo the addition
reactions to these carbonyl compounds. Chastrette
and Gauthier®® reported that a solution of methyleal-
cium iodide in tetrahydrofuran underwent only addi-
tion to diisopropyl ketone to give «,a-diisopropyl-
ethanol, while the solid methylcaleium iodide under-
went only reduction of the ketone. Cherkasov and
coworkers® 11—18:18.20 reported examples of the addi-
tion of alkylcalcium iodides to vinylacetylenes. Metal-
ation of carbon acids by alkylealcium iodides was
reported to result in low yields of the expected prod-
ucts,1©

Judging from these limited results reported by previ-
ous authors, organocalcium halides seem to resemble
organolithium reagents and should be useful in or-
ganic syntheses. However, available data in the
literature are limited and yields of products by pre-
vious authors were generally low especially in the
aliphatic series. If the limitation is due to difficulties
in the preparation of organocalcium halides, and their
low yields are derived from some impurities con-
tained in the calcium metal and/or the organocal-
cium reagents, organocalcium halides might yet be
useful in organic syntheses if these factors could
be overcome. These difficulties have been overcome,!
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and in this paper we examined the utility of methyl-
calcium iodide in several fundamental organic reac-
tions,

Results and Discussion

We prepared methylcaleium iodide in tetrahydro-
furan according to the procedure reported previously.!
Owing to the poor solubility in tetrahydrofuran, the
methylealcium iodide was obtained as a suspension.
The suspension was used for further reactions without
the isolation of the methylcalcium iodide. We added a
tetrahydrofuran solution of various reactants to this
suspension at —30°. Yields of products were, therefore,
calculated based on the amount of methyl iodide used
in the preparation of methylcalcium iodide. We also
estimated the yields of products based on methyl-
calcium iodide and gave these in parenthesis in the text.
This estimation was based on the result that the yield
of methylealcium iodide in tetrahydrofuran was gen-
erally 91-939, based on methyl iodide.*

We used calcium metal of higher purity than was
available before. This made several improvements
upon the experimental procedure of the reaction of
organocalcium halides. Bryce-Smith and Skinner?
as well ag Chastrette and Gauthier®?! activated cal-
clum by amalgamation, and Cherkasov and cowork-
erg® 11—18.19.20 aetivated caleium by heating with mag-
nesium and mercury. Therefore, there would be some
organomercury or organomagnesium compounds mixed
in their organocalcium iodides, and their experimental
results could be influenced by the presence of these
impure organometallic compounds. Since the aetiva-
tion was not necessary when calcium metal of higher
purity was used, the effect of such impure organometal-
lies would be minimized.

The yields of alkylealeium iodides by previous work-
ers were generally very low, and a considerable amount
of calcium iodide produced by the Wurtz-type cou-
pling, the most important side-reaction of reaction 1,
was present. The presence of such a by-product
might exert some influence upon the organic reac-
tions of alkylealcium iodides, since the presence of
lithium halides was reported to exert a large influence
upon the reaction of lithium carbenoids,?? and the pres-
ence of magnesium halides was also reported to produce
a remarkable effect on the reactions of organozine?®-?*
and organocadmium compounds.?-*® We obtained
methylealcium iodide 91-939, yield using the higher
purity ealcium metal, and the influence of calcium iodide
would be minimized.

Reaction of methylcalcium iodide with acetone gave
tert-butyl alcohol in 49-519 (53-56%,) yield. We
also observed the formation of methane in 37-39%,
(40-439,) vyield during the reaction. The result is in
a striking contrast to that reported recently by Bogat~
skii and coworkers.® They observed only the aldol
condensation of acetone to diacetone alcohol. We
feel some doubt on the purity of their methylecalcium
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iodide. Calcium metal and methylcalcium iodide are
sensitive to atmospheric oxygen and moisture. When
the calcium metal and/or methylealcium iodide were
improperly treated, oxide and hydroxide of calcium
would be introduced to the reaction system. These
compounds are strong inorganic bases and would
facilitate the aldol condensation, but would not give
tert-butyl alcohol by the reaction with acetone.

Reaction of methylealcium iodide with an excess of
benzophenone gave a,a-diphenylethanol in 769, (82~
849,) yield. When a nearly equimolar amount of
benzophenone was used, the yield of «,a-diphenyl-
ethanol was lower, and a part of methylealeium iodide
remained unchanged in the reaction system. The
result was due to the fact that we used an excess of
calcium metal in the preparation of methylealcium
iodide. The reaction of metallic calcium with benzo-
phenone to form benzophenone calcium ketyl seemed
to be much faster than the addition reaction of methyl-
calcium iodide with benzophenone.

Reaction of methylealcium iodide with benzalde-
hyde gave a-methylbenzyl alcohol in 55-649, (59—
70%) vield. Meanwhile Bryce-Smith and Skinner’
as well as Bogatskil and coworkers’ obtained the
alcohol only in 109, yield by the same reaction in
tetrahydrofuran at —50°, The discrepancy could be
ascribable to the difference in the purity of methyl-
calcium iodide.

The reaction of methylealcium iodide with methyl
acetate gave fert-butyl alcohol in 70-719, (75~789%,)
yield. During the reaction, we observed the formation
of methane in 17-219, (18-239%,) yield. The reac-
tion with diethyl carbonate gave feri-butyl alcohol
and acetone in 68-739%, (73-809%,) and 3-69%, (3-7%)
vields, respectively. The reaction with an o8-
unsaturated ester, methyl crotonate, gave the car-
bonyl adducts, 2-methyl-3-penten-2-ol and ethyl-
ideneacetone, in 509, (34-559,) and 49, (49,) yields,
respectively, together with a small amount of methyl
isovalerate. During the reaction, we observed the
formation of methane in 179, (18-199,) yield. Thus
the carbonyl addition predominated over the 1,4 addi-
tion. This result forms a marked difference with the
case of the reaction of caleium zinc tetrabutyl with
a,B-unsaturated ketones. The latter reaction was re-
ported to show 1,4 addition and hydrogen abstraction
without carbonyl addition.?

We observed both coupling and addition reactions
between methylcaleium iodide and acid chlorides.
The reaction of methylecalcium iodide with benzoyl
chloride gave a-methylstyrene in 709, (75-77%) yield,
together with a small amount of acetophenone and
a,a-dimethylbenzyl alcohol. The reaction of methyl-
calcium iodide with acetyl chloride gave tert-butyl
alcohol and tert-butyl acetate in 22-31%, (24-34%)
and 19-269, (20-299%,) yields, respectively, together
with a small amount of acetone. During the reaction,
we observed the formation of methane in 25-269%,
(27-299,) yield.

Reaction of methylcaleium iodide with acetonitrile
gave acetone only in 9-149%, (10-159,) yield, and meth-
ane formed in 609, (64-66Y,) vield during the reaction.
The hydrogen abstraction reaction predominated over
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44, 1164 (1971).
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TasLe I
ReAcTIioNs oF METHYLCALCIUM IoDIDE WitH VARIOUS CoMPOUNDS IN TETRAHYDROFURAN®
Ca CHs, THF,?
Registry no. Compd Mmol mmol mmol ml Products (yield, %°)
67-64-1 CH;COCH; 5.1 7.1 5.0 12 (CH,):COH (49), CH, (39)
CH,COCH,; 4.9 5.9 4.5 10 (QHs)aCOH (51), CH, (37)
119-61-9 CeH:COC H;? 6.2 8.5 5.7 15 CH,C(C¢H;):0H (32)
C:H;COCHs 16.8 9.1 5.9 17 CH;C(CsH;).0H (76)
100-52-7 C:H;CHO 6.6 7.9 5.9 15 CeH:CH(CH;)OH (64), C{H;CH=CH, (trace)
C:H:CHO 12.0 9.2 6.2 15 CeH:CH(CH;)OH (55), CiH;CH==CH, (trace)
79-20-9 CH;COOCH; 3.4 7.7 6.0 14 (CH,);COH (71), CH, (21)
CH;COOCH; 3.3 7.5 6.0 14 (CH,);COH (70), CH, (17)
105-58-8 (CH:0).CO 1.8 7.1 5.1 12 (CH;);COH (68), CH;COCH; (3)
(C:H;0).CO 2.2 8.0 6.0 14 (CH,);COH (73), CH;,COCH; (6)
18707-60-3 CH;CH=CHCOOCH; 6.6 9.4 6.0 15 CH,CH=CHC(CHj;),0H (50),
CH,CH=CHCOCH; (4), (CH;);CHCH,-
COOCH; (trace), CH. (17)
98-88-4 CeHsCOCl 6.0 8.0 5.8 15 CHQZC(CHB)CeHa (70), CaH5COCHs (trace),
CeH:C(CHj3;),0H (trace)
75-36-6 CH;COCl 3.4 8.1 6.0 14.5 (CH;),COH (31), CH;COOC(CHs); (19),
CH,COCH; (trace), CH, (25)
CH,COCI 6.2 7.4 5.9 14 (CH;);COH (22), CH;COOC(CHjs); (26),
CH,;COCH; (2), CH, (26)
75-05-8 CH;CN 6.5 8.5 5.9 14 CH,COCH; (14), CH, (60)
CH,CN 6.2 9.6 6.0 14 CH;COCH; (9), CH, (60)
100-47-0 CeH;CN 6.1 8.6 6.0 15 C:H:COCH; (18)
CeH:CN 6.6 7.6 5.9 15 C:H;COCH; (21)
CsH;CN 6. 8. 5. 15 CsH;COCH; (21)

« Reactions were carried out at —30° under a nitrogen atmosphere.

cium iodide remained unchanged.

the addition reaction. The reaction with benzonitrile
gave acetophenone in 18-219, (19-239%;) yield. Dis-
tillation of the reaction products left a viscous undis-
tillable residue, apparently polymeric.

The reaction of methylcaleium iodide with olefins
appeared to be very slow. The calcium compound
did not react with cyclohexene in tetrahydrofuran
even at 20° for 60 hr. According to the descrip-
tions in the literature, however, organocalcium
iodides undergo addition reactions with vinylace-
tylenes,®11-15.19.20 gnd alkylealcium iodides can ini-
tiate polymerization of conjugated dienes in the
presence of hexamethylphosphoramide,®2¢ and co-
polymerization of styrene and butadiene.®* Thus,
organocalcium halides seem to react with conjugated
olefins to some extent. However, we found that
methylealcium iodide was poorly reactive toward 1,1-
diphenylethylene in tetrahydrofuran. When 1,1-di-
phenylethylene was added to the suspension of methyl-
calcium iodide in tetrahydrofuran, a dark red color de-
veloped but the yield of 1,1-diphenylpropane was neg-
ligible even after 60 hr at 20°.

The rapid reaction of organolithium compounds
with benzyl chloride is the basis for a quantitative
analysis of organolithium compounds by double
titration.®* On the other hand, the procedure was
reported to give unpromising results with organocal-
cium halides.” We observed that the reaction of
methylealeium iodide with benzyl chloride was slow.

(28) E. I. Tinyakova and E. Z, Eivazov, I, Akad. Nauk SSSR, Ser.
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b Tetrahydrofuran. ¢ Based on CH;I. 4 27% of methyleal-

When the reaction was carried out for 1 hr at 20°,
ethylbenzene was obtained only in 69, (6~79%,) yield,
and 469, (49-519,) of methylcalcium iodide remained
unchanged in the reaction system. The yield of ethyl-
benzene was only 139, (149,) even after 17 hr at 20°.

When one attempts to carry out the reaction of or-
ganocalcium halides in ethereal media, particular
attention should be given to the reaction of the re-
agents with the solvent. Although tetrahydro-
furan and other ethereal solvents are convenient media
for the preparation of organocalcium halides, they are
readily cleaved by organocalcium reagents. Bryce-
Smith and Skinner’ described that the half-life of
methylcaleium iodide in tetrahydrofuran at 20° was
13 days. However, we observed that methylealecium
iodide was much less stable. The half-life in tetra-
hydrofuran at 20° was ~10 hr. Although the cal-
cium compound was somewhat more stable at lower
temperature, it was necessary to use the reagent for
further reactions immediately after the preparation.
The cleavage reaction is significant in the slow reac-
tions of the organocalcium reagents, e.g., reactions
of methylealcium iodide with benzyl chloride and
olefins.

Results are summarized in Table I.

Judging from the above results, we can confirm the
similarity” of organocalcium halides with organolith-
ium reagents in several fundamental organic reactions.
Methylcalcium iodide undergoes addition reactions with
various carbonyl compounds to give the expected prod-
ucts in good yields. In the reaction with an «,8-un-
saturated ester, the carbonyl addition much predomi-
nated over the 1,4 addition. Thus, organocalcium
halides would be useful in organic syntheses, although
methylealcium iodide gave the corresponding ketones in
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low yields by the reaction with nitriles, and reacted very
slowly with olefins. The characteristic nature of
organocalcium halides in organic reactions remains to be
revealed in the future.

Experimental Section

Gas chromatographic analyses were carried out on a Shimadzu
GC-4A or GC-4B gas chromatograph. Infrared spectra were
recorded on a Japan Spectroscopic Co. Model 402G spectrometer.

Materials.—Methylecalcium iodide was prepared in tetra-
hydrofuran according to our procedure reported previously.!
Tetrahydrofuran was purified by distillation in the presence of
benzophenone sodium ketyl under a nitrogen atmosphere.
Nitrogen was purified by passing through a tube containing
copper turnings in a furnace at 170° followed by drying with
phosphorus pentoxide. Methyl iodide, acetone, benzophenone,
benzaldehyde, benzoyl chloride, acety! chloride, methyl acetate,
diethyl darbonate, methyl crotonate, acetonitrile, benzonitrile,
benzyl chloride, cyclohexene, and 1,1-diphenylethylene were
purified by usual methods.’®? Authentic samples of 2-methyl-3-
penten-2-0l and «,a-diphenylethanol were prepared by the re-
actions of methylmagnesium iodide with n-butyl crotonate and
benzophenone, respectively. 1,1-Diphenylpropane was pre-

(32) J. A, Riddick and W. B. Bunger, ‘‘Organic Solvents,” 3rd ed, Wiley-
Interscience, New York, N, Y., 1970.
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pared by a conventional procedure.?®:2¢ Other authentic samples
and chemicals were commercial products and were used without
further purification.

Procedure.—The reaction vessel was a two-necked flask
equipped with two three-way cocks. Each three-way cock was
connected with a nitrogen inlet and a rubber serum cap. Methyl-
calcium iodide was prepared in this flask by the reaction of
calcium metal with methyl iodide in tetrahydrofuran at —70°.2
Various reactants in tetrahydrofuran were added dropwise at
—30° to this methylcaleium iodide in the flask over a period of
0.5 hr while stirring at the temperature. Reactons with carbonyl
compounds and nitriles were rapid and exothermic, and the
stirring was continued for 1 hr at 20° to complete the reaction.
Reactions with benzyl chloride, cyclohexene, and 1,1-diphenyl-
ethylene were slow and were continued for several hr at 20° after
the addition of the reactants. After the reaction, water, meth-
anol, acetic acid, or 6 N hydrochloric acid was added to the re-
action mixture. The amount of gaseous products evolved during
the reaction was determined by a gas burette, and the gas was
analyzed by gas chromatography. Qualitative and quantita~
tive analyses of other reaction products were carried out by gas
chromatography.

Registry No.—Methylcalcium iodide, 20458-43-9.

(33) C. F. H. Allen and 8. Converse, ‘‘Organic Syntheses,” Collect, Vol,
1, Wiley, New York, N. Y., 1932, p 226.

(34) M. D, Soffer, M. P. Bellis, H. E. Gellerson, and R, A. Stewart,
“Organic Syntheses,”’ Collect. Vol. IV, Wiley, New York, N Y., 1963, p
903.
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The bromination of ¢is- and trans-1-propenyl- and 2-butenylmercury(II) bromide in carbon disulfide occurs
with predominant inversion of configuration at the double bond. The rate of bromination of {rans-2-butenyl-

mercury(1I) bromide in carbon disulfide is 75 times as fast as that of n-propyimercury(II) bromide.

The ob-

served inversion of configuration is consistent with a trans addition of bromine to the carbon~carbon double bond

of the vinylic mercurials followed by a trans elimination of mercuiry(II) bromide.

In contrast to the resultsin car-

bon disulfide, the bromination of the vinylic mercurials takes place with retention of configuration in pyridine.

A study of the bromination of cis- and trans-2-
butenyl- and l-propenylmercury(II) bromides (com-
pounds 1, 2, 3, and 4) in carbon disulfide was initiated
in an attempt to generate free propenyl radicals of
khown stereochemistry and to investigate their stereo-
chemical fate.? A free-radical pathway for the bro-
mination of these compounds in carbon disulfide was

HgBr HgBr

2 3 4

anticipated at the outset, since Jensen had shown that
the bromination of either cis- or trans-4-methylcyclo-
hexylmercury(II) bromide in degassed carbon disulfide
produced the saime ratio of cis- and frans-1-bromo-4-
methyleyclohexane and had interpreted the loss of
of stereochemistry in terms of a free-radical reaction.®
The possibility of an alternative pathway involving
retention of stereochemistry in the bromination of the

(1) Supported in part by the National Science Foundation, Grants GP-
28586X and GP-2018.

(2) L. A. Singer in “Selective Organic Transformations,” Vol. II, B. 8.
Thyagarajan, Ed., Wiley, New York, N, Y., 1972, p 239.

(3) F.R.Jensen and L. H. Gale, J. Amer. Chem. Soc., 82, 148 (1960).

\O\ &
=50-0,0
" —
Br, ° .
C/f-, Br Br
\O % 47% 52%

" HgBr

vinylic mercurials was also considered, since Jensen?
had shown that the bromination of the isomeric methyl-
cyclohexyl mercurials in methanol proceeds with 85%
retention of stereochemistry. Here, we report the
surprising finding that bromination of 1-propenyl and
2-butenyl mercurials leads to propenyl and butenyl
bromides of inverted stereochemistry.

Results

Synthesis and Stereochemistry of Vinylic Mercurials.
—cis- and trans-1-propenyl- and 2-butenylmercury (II)

(4) Although the chemistry of ¢is- and trans-1-propenylmercury(II) bro-
mides has been studied in detail,s the halogenation of these compounds has
not been reported.
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Nauk SSSR, Otd. Khim. Nauk, 1216 (1959); Buil. Acad. Sci. USSR, Div.
Chem. Sci., 1174 (1959).



