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Successful conjugate additions of lithium dimethyleuprate have been effected with the esters, methyl crotonate
(158) and methyl cinnamate (17), and the ketones, benzalacetone (13), benzalacetophenone (19), 2-methoxy-

3,5,5-trimethyl-2-cyclohexenone (21), and 4-teri-butyl-1-cyclohexenyl methyl ketone (6).
92% of the addition product has the added methyl group axial.
ketone 24 failed to react with lithium dimethyleuprate.
described where R, the group transferred in conjugate additions, is either methyl (36) or vinyl (37).

In the latter case 6,
The more difficultly reduced ester 12b and
A new mixed cuprate reagent, t-BuC=C(Li)CuR, is
These mixed

cuprate reagents, whose preparation is especially convenient, were used in conjugate additions with isophorone 28.
Other reactions studied included the reaction of lithium dimethylcuprate with the tetraester 25 to give the re-

duction product 26 and treatment of the unsaturated nitriles 11 and 40 with the same cuprate.

No reaction was

observed in these latter cases and the unchanged nitriles were recovered.

Previous studies??® of the conjugate addition of
organocopper reagents to «,8-unsaturated carbonyl
compounds have established this reaction as a useful
preparative procedure for the introduction of alkyl,
aryl, or alkenyl®* groups R from the corresponding
lithium cuprate reagents R,Culi. Several lines of
evidence®* ¢ have established that a free carbon radical
R iz not an intermediate in these reactions: partic-
ularly compelling evidence arises from the fact that
alkyl and alkenyl groups R are transferred from the
metal to the enone substrate with retention of con-
figuration. In conjugate additions to unhindered cy-
clohexenone systems, the group R is usually introduced
predominantly from the direction that will form a cy-
clohexanone with an axial substituent R;*®% with
more hindered cyclic enones, the group R is usually
added from the less hindered side of the enone.®

Although the structures of the commonly used
cuprate reagents, R,Culi, are uncertain, it seems prob-
able that many of these reagents have structures such
as la or 1b with clusters of four metal atoms bonded to
the organic ligands at the faces (e.g., 1a) or the edges
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(e.g., 1b) of the tetrahedron formed by the four metal
atoms. Such structures (especially 1b in which all R
groups are equivalent) are compatible with the struc-
tural information available for one relatively stable
cuprate reagent” and are also analogous to the tetra-
meric structures indicated for certain stable organo-
copper compounds® as well as certain alkyllithium re-
agents.® Structures of this type 1 (7.e., dimers of the
usual cuprate representation R,Culi) serve readily to
explain the oxidation of cuprates with a variety of good
oxidizing agents (reduction potentials less negative
than ca. —1.0 V vs. sce, e.g., O, Cu(Il) salts, quinones,
nitro compounds) to form dimers R-R (eq A) with

RiCusLiy —> [RiCusLis] ¥ —> (RCu). + R-R —+ 2Li* (A)
1 2

retention of stereochemistry at the group R.2 Since
it seems likely that this oxidation can occur in two
stages involving an intermediate cation 2,'* we have
been inclined to believe that reaction of cuprates with
less powerful oxidizing agents (reduction potential
more negative than ca. —1.0 V vs. sce, e.g., enones)
may involve transfer of only a single electron from the
cuprate cluster 1 because these less powerful oxidants
are unable to remove a second electron from the inter-
mediate cation 2. Consequently, even in reactions
where initial electron transfer steps are involved, oxi-
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dative dimerization (eq A) need not be a competing re-
action (¢f. ref 3c). We hope to resolve this question
with studies in progress concerning the electrochemical
oxidation of organocuprate reagents.

Meanwhile, we have noted® that reactions of Me,-
Culi with @,8-unsaturated carbonyl compounds are
normally effective for the conjugate addition of a
methyl group to the 8 carbon only when the reduction
potential of the unsaturated carbonyl compound in an
aprotic medium is more negative than ca. —1.1 V (vs.
sce) but less negative than ca. —2.4 V (vs. sce). This
correlation, accompanied by a simple empirical rule®
for estimating the reduction potentials of «,8-unsatu-
rated carbonyl compounds, allows synthetic procedures
to be designed to avoid steps where the successful con-
jugate addition of Me,Culi is uncertain. The correla-
tion with reduction potentials is, of course, compatible
with (but does not prove) the mechanistic scheme (eq
B) proposed?®:®:f:2 for the conjugate addition of organo-

RCuLi, + CH,CH=CHCOCH, —f-»
transfer
1 ran
[RCuLi,]" + CH,CHCH=CCH, —
2 |
o
3
L R o
R LIX<R t—f—>R-—C'H—CH=C|CH3 (B)
i ransier
SN Y CH, 0

Cu—f— Cu~ CHCH=CCH,
R ~ | | 5

CH, O
4

cuprates via an initial electron-transfer process to form
the cation 2 and a radical anion 3. The recombination
of these species followed by an intramolecular transfer
of the group R as illustrated in structure 4 can account
for the formation of the initial reaction product, the
enolate ion 5, and the various stereochemical features
of the reaction. We believe that the most reasonable
alternative mechanistic path is the direct nucleophilic
addition of the cuprate 1 to the enone to form the inter-
mediate 4 is illustrated in eq C. This proecess, which

nucleophilie
R4C‘UQL12 + CHgCH:CHCOCHa —_—
1 addition
4 —> R(:HCH:({;CH3 @)
|
CH; 0-

5

is analogous to the oxidative addition of an alkyl halide
to a cuprate suggested in the first stage of the cuprate—
alkyl halide coupling reaction,'® differs from the two-
stage process (eq B) only in the timing of steps leading
to intermediate 4. Although various = complexes of
the enone and the cuprate 1 might be envisioned to
precede either process, we are aware of no compelling
evidence for their presence and have noted previously?®
that the conjugate addition process is not retarded by
the addition of reagents (e.g., trialkylphosphines or tri-
alkyl phosphites) that would certainly compete with the
enone for coordination sites on copper. In this man-
uscript, we will describe the details of certain reactions
cited previously® in our correlation of reactivity with
reduction potential and also describe reactions involving
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other cuprate additions. Among these is the use of a
mixed cuprate reagent which has proved to be especially
useful in synthetic work.

As a background for a synthetic application of cu-
prate reagents to be described elsewhere,!? we wished to
establish that the conjugate addition of a cuprate re-
agent to the unhindered cyclohexenyl ketone 6 (Scheme
I) would occur in the expected manner (via a chair-like

ScueMmE 1
R
1. Me,Culi
2. H,0
t-Bu

8,R = COCH; (E,, =—2.24 V)
1LR=CN (E,,=-2.55V)

12a, R = CO,H
12b, R = CO,CH, (E,, =~250 V)

+Bu COCH; H
+ t-Bu +
H H 5 COCH,
H H
CH, CH,

7 (23% of product)

8 (69% of product)

+Bu COCH;
+
0 H
CH;
H
9(4% of product) 10(4% of product)
(CH;),COH CH,=CCH;,
t-Bu t-Bu
1 11

transition state)®’ to form the adducts 7 and 8 with
the added group in an axial conformation. As sum-
marized in Scheme I, this expectation was realized with
929, of the conjugate addition product being the ke-
tones 7 and 8 with axial methyl groups.’* In the
course of this work, we found that the more difficultly
reduced unsaturated derivatives 11 and 12b failed to
react with Me,CuLi and were recovered unchanged.

To show that the failure of ester 12b to react was not
attributable to an inherent property of «,8-unsaturated
esters, we demonstrated the successful conjugate addi-
tion of Me,CuLi to both of the more easily reduced
esters 15 and 17 (Scheme II) to form esters 16 and 18.
The benzylidene ketones 13 and 19 also reacted nor-
mally to form 14 and 20. The difficultly reduced §-
alkoxy enone 24 failed to react with Me,CuLi, whercas
the more easily reduced a-alkoxy enone 21 did yield
an adduct 22. Although the g-diketone enol ether 24
failed to react with Me,CuLi, and was recovered, the

(12) H. 0. House and M. J. Umen, to be published.

(13) We are most grateful to Professor J. Jacques and M. Dvolaitzky for
supplying us with authentic samples of ketones 7, 8, and 10 as well as a
mixture containing ketone 9 and with nmr spectra for all of these ketones.

The preparations of these ketones 7—10 are described by A. Heymes, M.
Dvolaitzky, and J. Jacques, Ann. Chim. (Paris), 543 (1968).
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ScueMmE 11
Ph _H 1. Me,CuLi
_c=0__ ~————> PhCHCH,COR
H COR 2. H0 |
1B, R =CH, (E,, = -164 V) CH,

19, R = Ph (E,, = -1.41 V) 14,R =CH,
20,R =Ph
R‘\ /H 1. Me,CuLi
_C=0C{_ ————— RCHCH,CO,CH,
H CO,CH, 2. 1,0 I
15, R =CH, (E,, = -2.33 V) CH,
17, R =Ph (E,, = -1.81 V) 16, R = CH,
18, R=Ph
1. Et,CuLi
T o Ph(IIHCHQCOZCHS
CQH,',
23
HC OCH,CH(CH,),
0

24 (E,, = =243 V)
H,C CH, I Me,CuLi  H,C

CH,
————
H,C 2. 1,0 HC CH,
OCH, OCH,

0] 0
21 (E,, = -2.20 V) 22

enol acetate of the same g-diketone has been found to
react with this reagent.®® This difference appears to
be consistent with the previously noted reduction po-
tential correlation, since the presence of an electron-
donating B-alkoxy substituent (Hammett opgra ~ —0.3)
is known¥ to make the reduction potential of an «,8-
unsaturated ketone more negative whereas an electron-
withdrawing B-acetoxyl substituent (Hammett opara
-+0.31) would be expected to increase the ease of reduc-
tion of an enone.

In the course of the foregoing studies two observa-
tions of interest were made. Normally, the progress
of a Me,Culi reaction is easily discerned because addi-
tion of a solution of the unsaturated carbonyl com-
pound to the initially cold (0°), colorless Et,O solution
of Me,Culi results in an immediate exothermic reaction
and polymeric MeCu separates from the cold (0-10°)
reaction mixture as a voluminous yellow precipitate
within approximately 1 min. These reactions are
usually complete within 2-5 min. Also, in many cases
the initial reaction mixture exhibits a transient bright
red, orange, or violet color which disappears within
15-60 sec followed by the precipitation of MeCu.
However, in two of the above cases, the ester 17 and
the a-alkoxy ketone 21, the reaction with Me,Culi was
unusually slow and complete reaction with the excess
Me;CuLi present was not obtained even after periods
of 30-90 min. (Since both the reaction of ester 15
with Me,CuLi and the subsequently described reaction
of ester 17 with Et,CuLi exhibited normal rapid reac-
tion rates, the reason for the rate difference in only two
cases is presently obscure.) In any event, the rather
prolonged reaction of ester 17 with Me,CuLi, during
which time a transient orange color persisted in the
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reaction mixture, prompted us to examine these re-
acting solutions in the probe of an epr spectrometer.
Since we were unable to resolve any well-defined signal
attributable to a carbon radical, we turned to nmr
techniques and examined the nmr spectra of reacting
solutions for emission signals arising from CIDNP.
Although our experiments with ester 17 and Me,CuLi
were unrewarding, the corresponding reaction of ester
17 with Et,CuLi produced a clear emission signal in the
two highest field lines of the quartet attributable to the
ethyl CH, group bound to a metal. This emission
signal persisted for periods of 30 min or more at tem-
peratures in the range —10 to 10°. However, as
mentioned above, subsequent investigation revealed
that reaction of the ester 17 with Et,Culi was com-
plete in <1 min and the prolonged CIDNP emission
signal which we observed was arising from decom-
position of the excess Et,Culi in the reaction mixture.
Furthermore, the CIDNP signal was observed only
during the decomposition of Et,Culi prepared from
commercial Cul which was contaminated with traces
of iron impurities, When these iron impurities were
removed before the preparation of Ft,Culi (see Ex-
perimental Section), no CIDNP emission was observed
under any of the above circumstances.’* A number of
pieces of circumstantial evidence have also led us to
believe that the amount of iron impurities extracted
from imperfectly sealed Teflon-coated magnetic stirring
bars may also catalyze the decomposition of various
cuprates; as a result, we believe it unwise to use any
stirring device not completely encased in glass for
organocuprate reactions.

In earlier synthetic studies®® involving the conjugate
addition of aryl Grignard reagents to the easily reduced
tetraester 25 (Scheme III), a substantial fraction of the

Scuemn 111

(EtO,C),C==(CO,Et), (Et0,C),CHCH(CO,Et ),

25(E,, = =0.97 and -1.10 V) 26
H,C CH,
(E£0,C),C~C(CO,EL), 0
27 28(E,, = —2.24 V)
H,C CH, H,C CH,
HJC>Q<CH=CHZ HSC>Q<H
0 0
29 30

ester 25 was reduced to ester 26 unless the Grignard
reagent was prepared from triply sublimed, rather than
ordinary, Grignard-grade magnesium.’® These ob-
servations suggested that the tetraester 25 might be a
sufficiently powerful oxidant to remove two electrons
from a cuprate reagent (¢f. eq A) forming the dianion

(14) A similar complication from the iron-catalyzed decomposition of a
Grignard reagent has been observed recently: R. B. Allen, R. G. Lawler,
and H. R. Ward, J. Amer. Chem. Soc., 95, 1692 (1973).

(15) H. O. House, D. . Maelillo, and F, J. Sauter, J. Org. Chem., 38, 741
(1973).

(16) The principal transition metal impurities in ordinary Grignard-grade
magnesium are iron, copper, and manganese: D. O. Cowan, J. Hsu, and
J. D. Roberts, J. Org. Chem., 29, 3688 (1964).
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27 rather than a conjugate addition product. Reaction
of the tetraester 25 with Me,Culi confirmed this sus-
picion by forming, after acidification, the saturated
ester 26 in 76-939, yield with no evidence for the
formation of a conjugate addition product.

For a synthetic application to be described else-
where,!? we needed a reliable procedure for effecting
the conjugate addition of a vinyl group in an enone.
Although a number of conjugate additions with (CHy=
CH);Culi** and other dialkenylcuprates® *—¢ have
been reported, the substantial experimentation re-
quired* to apply this reaction to preparative work sug-
gested the need for an improved procedure. Our own
experiments involyving the preparation of (CH;=CH),-
Culi from CHy==CHLi and Cul and the subsequent
addition of this reagent to the model enone 28 to form
adduct 29 also indicated the capricious nature of this
procedure. We concluded that our problem arose be-
cause of the thermal instability of the vinyl cuprate
reagents, which became especially serious as the tem-
perature was raised from ca. —20° to 0° or higher.
This thermal instability complicated formation of the
cuprate because the reaction of CH,=—CHLi with the
ingoluble Cul was relatively slow, especially at temper-
atures below —40°. Because of these problems various
cuprate preparations either contained unchanged CH,=
CHLI (which added to the carbonyl group of the enone
28) or a substantial portion of the cuprate had decom-
posed, leading either to recovery of the enone 28 or the
formation of its reduction product 30. These diffi-
culties were partially avoided by the use of the Et,O-
soluble complex (MeQ);PCuBr as a source of copper.
However, neither the preparation of this complex nor
the subsequent removal of (MeO);P from the reaction
mixtures was convenient and we were led to seek other
soluble materials as sources of copper(l) in these reac-
tions. Other recent approaches to this problem have
utilized the reaction of CuCN,™ n-C;H,C=CCu,"» or
t~BuOCul with an organolithium reagent RLi to form
the mixed cuprates 31 and 32 (Scheme IV), which will
selectively transfer the group R in conjugate addition
reactions.’* However, neither CuCN nor »n-C;H;C=
CCu have appreciable solubility in ethereal solvents;
although the solubility of the acetylide precursor of
cuprate 32 can be increased by the addition of the lig-
and, (Me,N);P,"™ use of this ligand poses the same
inconveniences noted above with (MeO);P. The
mixed cuprate 31b obtained from {-BuOCu appears to
be satisfactory for the conjugate addition of alkyl
groups; however, use of this reagent (31b, R = vinyl)
to effect conjugate addition of a vinyl group is re-
ported”¢ not to be a satisfactory procedure.

In exploring other possible copper(I) sources to use
for cuprate preparations, we found that copper tert-
butylacetylide (33) was an ideal reagent. This acetyl-
ide 33 was available from tert-butylacetylene either by
reaction with a Cu(I) salt in aqueous ammonia or,
preferably, by successive reaction of the acetylene 34
with 1 molar equiv of an organolithium reagent and 1
molar equiv of Cul. The acetylide, an orange-red

7 (a) J. P. Gorlier, L. Hamon, J. Levisalles, and J. Wagnon, Chem.
Commun., No. 3, 88 (1973); (b) E. J. Corey and D. J. Beames, J. Amer.
Chem. Soc., 94, 7210 (1972); (¢) G. H. Posner and C. E. Whitten, Tetra-
hedron Lett., No. 21, 1815 (1973),

(18) In general, acetylide or cyanide groups are not transferred from
cuprates to unsaturated carbonyl compounds (ref 3b).
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solid melting with decomposition over the range 80—
150°, could either be isolated or used n sifu and, most
important, the acetylide 33 s readily soluble in both
ethereal solvents and tn saturated hydrocarbons. KEther
solutions of the acetylide 33 were conveniently hy-
drolyzed by shaking with aqueous NH; and, even when
some competing oxidation occurred during isolation
procedures, the product diyne 35 was very volatile and
easily removed from reaction produects. Employing
this acetylide 33, ether solutions of each of the mixed
cuprates 36 (with MeLi at 0-10°) and 37 (with CHy=
CHILi at —40°) could be prepared. Treatment of the
cold red-orange ether solution of the acetylide 33 with
the appropriate lithium reagent produced green solu-
tions of the cuprates 36 and 37. Each cuprate reacted
with isophorone (28, 0-10° for 36 and —40 to 10° for
37) to yield the corresponding adduct 29 or 38. As the
reaction with the cuprate 36 progressed the green color
was discharged and the reaction solution again assumed
the red-orange color of the acetylide 33. The reaction
of the mixed vinyl cuprate 37 with isophorone (28) was
still a relatively slow process and some competing
thermal decomposition of the cuprate 37 oceurred with
separation of a brown or black solid (possibly metallic
copper). The subsequently described!? reaction of
this mixed cuprate 37 with the enone 6 was more rapid
than reaction with isophorone (28), and less competing
thermal decomposition was observed.

Scueme IV
RCu(Li)X n-C;H,C=C(Li)CuR
3la, X=CN 32
b, X = OBu-t
t-BuC=CCu ¢.BuC=CH
33 34
t-BuC=C— C=(Bu-t t-BuC=C(Li)CuCH,
35 36

CH, CH,

o

t.BuC=C(Li)CuCH==CH,

37 38
Ph_ _H
AN
£ BuC=C(Li)CuH H CN
39 40 (B, = -1.84 V)

An interesting by-product, the reduced ketone 30,
was observed during the reaction of isophorone (28)
with both (CHs=CH),Culi and the mixed vinyl
cuprate 37. The amount of the by-product formed
(typically 7-139%) seemed to be greatest in those reac-
tions where the most thermal decomposition of the
vinyl cuprate 37 was occurring, suggesting that one
mode of the thermal decomposition of 37 involves
transfer of a 8-hydrogen atom from the vinyl group to
the metal to form a mixed hydride cuprate reagent 39
that has the ability to reduce the C=C double bond of
enones. We plan to investigate the formation and
possible synthetic utility of such reagents further. It
should be noted that a thermal decomposition of the
type suggested is compatible both with the pathway
followed in the thermal decomposition of alkylcopper
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derivativesi®®!® and also with the enhanced thermal
stability of MesSiCH,Cu,®® a compound lacking a -
hydrogen atom.

The mixed methyl cuprate 36, although effective for
the transfer of a methyl group to the relatively unreac-
tive enone 28 (to form 38), appeared to be less reactive
than Me,CuLli. Thus, with the a-methoxy enone 21,
which reacted only very slowly with Me,Culi to form
22, none of the adduct 22 was detected after reaction
of the enone 21 with the mixed cuprate 36 for 30 min
at 5-18° and 739 of the unchanged enone 21 was re-
covered.

Finally, we have examined the reaction of the un-
saturated nitrile 40 with both Me;Culi and with the
mixed cuprate 36. Although the reduction potential
(—1.84 V us. sce) of cinnamonitrile is substantially less
negative than that of the unsaturated nitrile 11, in
neither case was any evidence of reaction observed and
both nitriles 11 and 40 were recovered unchanged.
Consequently, it appears that the conjugate addition
of cuprates to simple «,8-unsaturated nitriles is not a
useful procedure.

Experimental Section2

Starting Materials and Reagents.—Commercial ethereal solu-
tions of MelLi (halide free, Foote Mineral Co.) were standardized
by the procedure of Watson and Eastham.2 An ethereal solu-
tion of EtLi, prepared from Li and EtBr, was standardized by
the same procedure.? A mixture of 22.7 g (100 mmol) of tetra-
vinyltin (M and T Corp.) and 220 mmol of #n-Bul.i in 135 ml of
hexane was agitated for 10 min and then the solid vinyllithium
was collected on a sintered glass filter.22 After the solid vinyl-
lithium had been washed with three 50-ml portions of anhydrous
hexane, it was dissolved in Et,O to give 171 ml of a pale yellow
solution of ethereal 1.25 M vinyllithium (97 % yield based on n-
BuLi). This ethereal solution, standardized by the usual pro-
cedure,? had nmr absorption corresponding to the published spee-
trum.?? Commercial solutions of vinyllithium in THF (a red-
brown suspension obtained from Lithium Corporation of Amer-
ica) could be partially purified by removing the THF under re-
duced pressure followed by extraction of the residue with Et.0
and centrifugation. The resulting orange ethereal solution of
vinyllithium contained an extra nmr peak at § 7.35 attributable
to an unidentified impurity still present. Commercial samples
of Cul and CuBr were obtained from Fisher Scientific Co. The
colored impurities were removed from these salts by dissolving
them in a saturated agqueous solution of the appropriate halide
(KI or KBr) followed by treatment with charcoal, filtration, and
dilution with water to reprecipitate the Cu(I) halide.2? Speec-
trographic analysis of these commercial ecopper salts indicated
them to contain trace amounts (ca. 0.005%) of Fe salts, but other
common transition metal impurities (Cr, Mn, Ni, Co) were not
detected. This iron impurity could be removed by dissolving

(19) G. M. Whitesides, E. P. Stredronsky, C. P. Casey, and J. San Filippo.,
Jr., J. Amer. Chem. Soc., 92, 1426 (1970).

(20) All melting points are corrected and all boiling points are uncorrected.
Unless otherwise stated MgSOs was employed as a drying agent. The ir
spectra were determined with a Perkin-Elmer Model 257 infrared recording
spectrophotometer fitted with a grating. The uv spectra were determined
with a Perkin-Elmer Model 202 recording spectrophotometer. The nmr
spectra were determined at 60 MHz with a Varian Model A-80 or Model
T-80 nmr spectrometer or at 100 MHz with a JEOL nmr spectrometer.
The chemieal shift values are expressed in 8 values (parts per million) relative
to a MesSi internal standard. The mass spectra were obtained with an
Hitachi Perkin-Elmer Model RMU-7 or a Varian Model M-66 mass spec-
trometer. All reactions involving strong bases or organometallic inter-
mediates were performed under a nitrogen atmosphere.

(21) (a) 8. C. Watson and J. F. Eastham, J. Organometal. Chem., 9, 185
(1967). (b) For a detailed description of the titration procedure, see M. Gall
and H. O. House, Org. Syn., 52, 39 (1972).

(22) The proceedure of D. Seyferth and M. A. Weiner, J, Amer. Chem.
Soc., 88, 3583 (1961); D. Seyferth, C. 8. Johnson, Jr., M. A, Weiner, and J. S,
Waugh, ibid., 88, 1306 (1961). )

(28) The procedure of G. B. Kauffman and L. A, Teter, Inorg. Syn., T, 9
(19863).
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the Cu(T) salt in at least 2 molar equiv of freshly distilled Bu,S,
bp 74-75° (14 mm), to form the EtyO-soluble liquid complexes
ICu(SBu:); or BrCu(8Bu:);. These liquids were filtered through
a sintered glass funnel to remove the insoluble iron-containing
impurities (spectrographic analysis) and the filtrates were heated
to 140-160° under 10-20-mm pressure in a rotary evaporator to
leave the copper salts in which the iron-containing impurity was
not detected (spectrographic analysis). The copper(I) halides
purified in this fashion are subsequently designated as iron-free.

Alternatively, the iron impurity could be removed by forming
and then recrystallizing the trimethyl phosphite complexes of
these copper(I) halides. After a mixture of 1.897 g (10.0 mmol)
of Cul and 1.230 g (9.94 mmol) of (Me0);P in 20 ml of PhH had
been refluxed for 7.8 hr, it was filtered and concentrated to sepa-
rate 2,945 g (949%,) of the crude phosphite complex as a white solid,
mp 179.5~189.5°. Recrystallization (CHCl~Et,0) afforded
1.066 g of pure (MeO)sPCul as white needles, mp 192.5-194°
(lit.*¢mp 192-193°).

A mixture of 143.5 g (1.00 mol) of CuBr and 124 g (1.00 mol)
of (MeO);P in 21. of PhH was refluxed for 8.3 hr and then filtered
and concentrated. The tan solid that separated was recrystal-
lized (CHCl;-Et;0) to separate 97.9 g (37%) of (MeO);PCuBr
as white cubes, mp 212-218° dec. Concentration of the mother
liquors separated an additional 189 g (total yield 899%) of the
same complex: ir (CCly) 1450, 1180, and 1025 cm~?; nmr (CD-
Cls) 8 3.75 (d, Jpr = 12.9 Hz, CH;0P); uv (CH;CN) end ab-
sorption at 230 mu (e 10,200).

Anal. Caled for C;H,BrCuO;P: C, 13.47; H, 3.39; Br,
29.87; P, 11.58. Found: C, 13.42; H, 3.26; Br, 29.82; P,
11.55.

All ethereal solvents used in organometallic reactions were
distilled from LiAlH, immediately before use. Following a pre-
viously described procedure,® 200 g (1.30 mol) of 4-teri-butyl-
cyclohexanone was treated with 98 g (1.9 mol) of NaCN (95%)
and 3.62 mol of HCl in 380 ml of H,O and 950 ml of Et.O at
20-29° to form 236 g of the crude ¢yanohydrin as a pale yellow
oil that solidified on standing, mp 56-57° (lit.?» mp 34-37°).
Reaction of 118.5 g (0.655 mol) of this crude cyanohydrin with
200 g (1.30 mol) of POCl; in 323 ml of pyridine and 150 ml of
PhH yielded 107 g (100%) of the crude nitrile 11 that crystal-
lized on standing. Recrystallization (EtOH) afforded the pure
nitrile 11 as white plates: mp 44-45° (lit.% mp 45-46°); ir
(CClLy) 2218 (conjugated C==N) and 1648 em™ [C=C); uv
(959, EtOH) end absorption at 210 mu (e 10,600); nmr (CCL,) 6
6.4-6.7 (1 H, m, vinyl CH), 1.0-2.5 (7 H, m, aliphatic CH),
and 0.89 (9 H, s, t-Bu); mass spectrum m/e (rel intensity), 163
(M, 69), 148 (63), 108 (47), 107 (100), 106 (75), 92 (63), 84 (44),
79 (38), 77 (34), 69 (30), 57 (84), and 41 (48). Hydrolysis of
32.9 g (0.202 mol) of the nitrile 11 with 41.6 g (0.64 mol) of
KOH (85%) in 160 ml of refluxing ethylene glycol yielded 33.5
g (929%) of the crude solid acid 12a. Reerystallization from
aqueous HOAc separated the pure acid 12a as white needles:
mp 188.5-189.5° (lit.?® mp 182-184°); ir (CCly) 2830-3300
(broad, associated OH), 1688 (carboxyl C=0), and 1648 cm™!
(C==C); uv max (959 EtOH) 213.5 mu (¢ 12,600); nmr (CF;-
CO.H) 8 7.2-7.5 (1 H, m, vinyl CH), 1.1-2.6 (7 H, m, aliphatic
CH), and 0.93 (9 H, s, t-Bu); mass spectrum m,/e (rel intensity)
182 (M, 30), 139 (77), 127 (60), 126 (100), 125 (38), 111 (49),
84 (36), 81 (45), 79 (50), 69 (43), 57 (70), and 41 (36). A mix-
ture of 27.7 g (0.152 mol) of the acid 12a, 14.6 g (0.46 mol) of
MeOH, 0.5 ml of concentrated H;S8Os, and 75 ml of CICH.CH,C!
was refluxed? for 15 hr and then partitioned between CH,Cl,
and aqueous NaHCOQ;. The organic solution was concentrated
and an ether solution of the residue was washed with NaHCOs,
dried, and concentrated. Distillation of the residue (20.08 g)
in a short-path still followed by distillation through a 60-cm
spinning band column separated the pure ester 12b as a colorless
liquid which exhibited a single glpe peak: bp 62° (0.3 mm); n?p
1.4738; ir (CCl,), 1721, 1711 {conjugated ester C==0), and 1657
cm ™! (C=C); uv max (959% EtOH) 216 mu (¢ 12,400); nmr
(CCly) 8 6.7-7.0 (1 H, m, vinyl CH), 3.63 (3 H, s, OCHj), 1.0-
2.5 (7 H, m, aliphatic CH), and 0.87 (9 H, s, {-Bu); mass spec-
trum m/e (rel intensity) 196 (M*, 11), 140 (70), 81 (21), 79 (24),
57 (100), 53 (22), and 41 (26).

(24) H. O, House, W. F. Fischer, Jr.,, M. Gall, T. McLaughlin, and N.
Peet, J. Org. Chem., 86, 3429 (1971).

(25) R. A. Abramovitch and D, L. Struble, Tetrahedron, 24, 357 (1968).

(26) L. Munday, J. Chem. Soc., 1413 (1964).

(27) The esterification procedure of R. O. Clinton and 8. C. Laskowski,
J. Amer. Chem. Soc., 70, 3135 (1948).
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Anal. Caled for CioHOa:
73.32; H, 10.23.

To 110 ml of a cold (0~10°) Et;O solution containing 0.184
mol of MeLi was added 14.8 g (0.091 mol) of the nitrile 11 in 30
ml of Et,0. After the resulting red-orange solution had been
stirred for 20 min, it was partitioned between Et;0 and 500 ml of
aqueous 1 M HCl. The Et;0 layer was washed with aqueous
NaHCO;, dried, and concentrated. The aqueous HCI layer was
mixed with 300 ml of hexane and then refluxed for 18 hr to com-
plete hydrolysis of the imine. The combined hexane layer and
hexane extract of the aqueous phase were washed with aqueous
NaHCO;, dried, concentrated, and combined with the earlier neu-
tral product from Et,O extraction. Distillation separated 12.95
g (80%) of the pure (glpe) ketone 6 as a colorless liquid: bp
141-143° (19 mm); n%p 1.4844 [lit. bp 137° (18 mm),!? 135-137°
(14 mm)®]; ir (CCL) 1659 (conjugated C=0) and 1643 cm™!
(C=C); uv max (959 EtOH) 232 mu (¢ 9150); nmr (CCly) &
6.7-6.9 (1 H, m, vinyl CH), 2.17 (3 H, s, COCHa), 1.0-2.7 (7 H,
m, aliphatic CH), and 0.90 (9 H, s, {-Bu); mass spectrum m/e
(rel intensity) 180 (M, 100), 165 (35), 124 (77), 123 (92), 109
(89), 81 (59), 57 (91), 43 (74), and 41(43).

Preparation of Copper(I) terl-Butylacetylide (33).—tert-Butyl-
acetylene (34) was prepared by modification?® of procedures de-
scribed previously.®# To 240 g (2.4 mol) of cold (0°) pina-
colone was added, portionwise with cooling and stirring during 2
hr, 500 g (2.4 mol) of powdered PCl;. After the resulting brown
suspension had been stirred in an ice bath for an additional 9 hr,
it was poured onto 1.4 kg of ice and the resulting mixture was
allowed to stand in a refrigerator overnight. The resulting
purple mixture was extracted with Et,O and the ethereal extract
was dried and concentrated cautiously under reduced pressure
on a rotary evaporator until the crude product, 2,2-dimethyl-3,3-
dichlorobutane, just began to sublime.32 The residual yellow
semisolid (237.6 g) contained (nmr analysis) ca. 609, of the di-
chloride and ca. 409, of 3,3-dimethyl-2-chloro-1-butene. The
subsequent dehydrochlorination was effected in a flask fitted
with a condenser through which warm (55°) water was circu-
lated so that the intermediate chloro olefin (bp 97-99°)% and
EtOH would not distil from the reaction mixture. The crude
mixture of dichloride and chloro olefin (239 g) was mixed with
1 kg (15 mol) of 859% KOH flakes and 120 ml of EtOH and the
mixture was heated under partial reflux until distillation of the
acetylene 34 was complete. The acetylene was collected as 43.9
g (ca. 209, based on pinacolone) of a fraction, bp 34-38°, con-
taining (nmr analysis) ca. 8% Et:0 and 76.01 g (38.6%, total
vield ca. 589 based on pinacolone) of the acetylene 34, bp 36-38°.
Redistillation afforded the pure acetylene 34 as a colorless liquid:
bp 36-38°; n%Dp 1.3738 [lit. bp 36.4-37.8° (768.3 mm),* n®p
1.3736%%]; ir (CCly), 3320 (acetylenic CH) and 2110 cm ™1 (C=C);
nmr (CCly) §1.88 (1 Hs, C=CH) and 1.25 (9 H, s, t-Bu).

A cold (0-5°) solution of 2.50 g (10 mmol) of CuSO,-5H,0 and
10 ml of aqueous 289, NH; in 40 ml of H,O was flushed with N,
and then treated with 1.42 g (20.4 mmol) of HONH;3Cl. The re-
sulting solution of the copper(I) complex, under an N, atmo-
sphere, was treated with 0.80 g (10 mmol) of the acetylene 34
and the cold mixture was mixed vigorously with a Vibromixer.
The acetylide 33 began to separate as an orange solid as soon as
the mixing started. After the mixing had been maintained for
10 min, the bulk of the colorless agueous solution was removed
with a cannula and the residual orange solid copper(I) acetylide
33 was extracted from the remaining materials with 100 ml of
pentane. The pentane extract was washed with HyO, dried
over NagS0,, and concentrated to leave 0.77 g (54%) of the
acetylide 33 as an orange liquid. A solution of this material in
Et,0 was concentrated under reduced pressure to deposit the
pure acetylide 33 as an orange solid: mp 80-150° dec (lit.*

C,73.43; I, 10.27. Found: C,

(28) M. 8. Newman and P. H. Goble, J. Amer. Chem. Soc., 82, 4098
(1960).

(29) These modified procedures were developed in our laboratories by
Dr. Norton P. Peet and Mrs. Edith F. Kinloch.

(30) P. D, Bartlett and L. J. Rosen, J. Amer. Chem. Soc., 64, 543 (1942).

(31) W. H. Puterbaugh and M, 8. Newman, J. Amer. Chem. Soc., 81, 1611
(1959).

(32) It was important to remove as much Et:0 as practical at this stage,
since its subsequent separation from the acetylene was difficult.

(33) P. Pomerantz, A. Fookson, T. W, Mears, S. Rothberg, and F. L.
Howard, J. Res. Natl. Bur. Stand., No. 2, B2, 51 (1954).

(34) A. E. Favorskii and L. Morev, J. Russ. Phys.-Chem. Soc., 80, 571
(1920); Chem. Absir., 18, 2496 (1924). In accord with our observations,
these authors report that the yellow form of the acetylide changes to a red
form when it is heated above 80°.

House axp UmeN

mp 80-140°); ir (CCly) 2000 em ! (C=C); uv (heptane) points
of inflection at 235 mu (e 5350) and 316 (2680) with gradually
diminishing absorption out to ¢a. 600 mu; nmr (CCly) §1.37 (s, t-

Bu).
Anal. Caled for CeH,Cu: C, 49.81; H, 6.27. Found: C,
49.88; H, 6.19,

Although this general procedure is normally very satisfactory
for the synthesis of insoluble copper(I) acetylides,? in the present
case the method proved to be very capricious, presumably be-
cause the acetylide 33 was soluble in the starting liquid acetylene
34 and, consequently, was not protected from hydrolysis. For
example, an Et,0 solution of the acetylide 33 was rapidly hydro-
lyzed by shaking with aqueous NH;. For this reason, we found
it more practical to generate Et,O solutions of the acetylide 33
by adding the acetylene 34 to an Et:O solution containing 1
molar equiv of MeLi. The resulting Et.0 solution of t-BuC=CLi
was added to a cold (5°) slurry of Cul in Et,O and the resulting
mixture was stirred at 25-30° for 15 min to give an orange solu-
tion of the acetylide 33 and an equimolar amount of Lil. Apart
from the presence of Lil, we have observed no difference in the
physical or chemical properties between these solutions and the
solutions obtained by dissolving the pure acetylide 33 in Et,0.

Employing a general procedure for the coupling of terminal
acetylenes,® a mixture of 5.5 g (28 mmol) of Cu(OAc),-H.O, 10
ml of pyridine, 10 ml of MeOH, and 1.61 g (19.6 mmol) of the
acetylene 34 was refluxed with stirring for 1 hr. The resulting
mixture was cooled in an ice bath, acidified with 60 ml of 9 M
H.S804, diluted with H,0, and extracted with Et,O. After the
Et,0 extract had been washed successively with H:O and aqueous
NaHCO;, it was dried and concentrated to leave 679 mg (43%)
of the crude diyne 35 as a white solid. Recrystallization (EtOH)
separated 255 mg (16%) of the pure diyne 35 as white cubes:
mp 129.5-131.5° (lit. mp 130-131°,%7= 130~132° #b); jr (CCly)
2160 em ! (weak, C=C); uv max (heptane) 215 mu (e 152), 226
(243), 238 (284), and 251.5 (186); nmr (CCly) § 1.22 (s, ¢-Bu);
mass spectrum m/e (vel intensity) 162 (M*, 100), 147 (33), 119
(50), 117 (21), 107 (24), 105 (45), 91 (45), 77 (22), 35 (29), 41
(65), 40 (20), and 39 (20).

Reaction of the Enone 6 with LiCuMe,.—To a cold (—5°)
solution of Me,Culi [from 25 mmol of MeLi and 2.37 g (12.5
mmol) of Cul] in 20 ml of Et,0 was added a solution of 1.829 g
(10.1 mmol) of the enone 6 in 6 ml of Et;0. The resulting mix-
ture, from which a yellow precipitate of MeCu separated almost
immediately, was stirred at —5 to 10° for 10 min and then parti-
tioned between ether and an aqueous solution (pH 8) of NH; and
NH,Cl. The Et:0 solution was washed with aqueous Na:8:0s,
dried, and concentrated. Distillation separated 1.601 g (81%)
of product as a pale yellow liquid, bp 45-59° (0.3 mm), which
contained (glpe, silicone fluid QF; on Chromosorb P) the follow-
ing components: aleohol I eluted as diene II (ca. 8%, reten-
tion time 4.0 min), ketone 9 (ca. 4%, 7.6 min), ketone 7 (ca. 21%,
10.8 min), ketone 10 (ca. 4%, 12.8 min), and ketone 8 (ca. 63%,
14.9 min). The product mixture was chromatographed on silica
gel with 59 EtOAc in hexane as an eluent. The latter fractions
from the chromatograph contained the crude alecohol I. Crys-
tallization from hexane and subsequent sublimation afforded
the alecohol I as white needles: mp 75.3-76.3° (lit.* mp 76—
78°); ir (CCL) 3600 em ™! (OH); nmr (CCL) §5.6-5.8 (1 H, m,
vinyl CH), 1.0-2.3 (7 H, m, aliphatic CH), 1.37 (1 H, s, OH,
exchanged with D:0), 1.23 (6 I, s, CHs), and 0.87 (9 I, 5, t-Bu);
mass spectrum /e (rel intensity) 196 (M, 11), 182 (22), 181
(100), 123 (25), 121 (27), 107 (29), 97 (22), 59 (44), 57 (61), 43
(67), and 41 (34). The early fractions from this chromatograph
contained a minor liquid component believed to be the diene II:
ir (CCly) 1641 and 1610 em™! (C=C); mass spectrum m/e (rel
intensity) 178 (M*, 47), 121 (69), 107 (78), 93 (50), 79 (100), 71
(43), 57 (93), 43 (45), and 41 (53). The ketone-containing frac-
tions were rechromatographed on silica gel with 50% PhH in
hexane as the eluent to separate pure samples of the ketones 7, 8,
and 9. Ketone 7 has the following spectroscopic properties:
ir (CCL) 1704 em™ (C==0); nmr (CDCl;, 100 MHz) 6 1.0-2.8
(9, H, m, aliphatic CH), 2.10 (3 H, s, CH;CO), 1.03 (3 H, d,
J = 7 Hz, CH;), and 0.78 (9 H, s, t-Bu); mass spectrum m/e
(rel intensity) 196 (M+, 14) 140 (29), 139 (28), 97 (44), 95 (32),
85 (57), 71 (42), 69 (31), 57 (73), 535 (43), 43 (100), and 41 (31).

(85) See D. C. Owsley and C. E. Castro, Org. Syn., 52, 128 (1972), and
references cited therein.

(36) I. D. Campbell and G. Eglinton, Org. Syn., 45, 39 (1965).

(37) (a) H. Bock and H. Seidl, J. Chem. Soc. B, 1158 (1968); (b) F. Bohl-
mann, Chem. Ber., 86, 657 (1953).
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The spectroscopic properties of ketone 8 are ir (CCly) 1709
em ™! (C=0); nmr (CDCl;, 100 MHz), 5 1.0-2.7 (9 H, m, ali-
phatic CH), 2.06 (3 H, s, CH;CO), and 0.83 (9 H, s, t-Bu) par-
tially resolved from an apparent 3 H doublet (CH;); mass spec-
trum m/e (rel intensity), 196 (M*, 40), 140 (538), 139 (79), 97
(94), 95 (46), 85 (45), 83 (40), 71 (73), 69 (57), 57 (100), 43 (90),
and 40 (56). Each of these major products 7 and 8 was identi-
fied with an authentic sample!® by comparison of ir and nmr spee-
tra and glpc retention times. The spectroscopic properties of
ketone 9, identified with an authentic sample!® by comparison of
nmr spectra and glpe retention times, are ir (CCly) 1708 cm ™t
(C=0); nmr (CDCl;, 100 MHz) 5 0.9-2.8 (12 H, m, CH; and
aliphatic CH), 2.06 (3 H, s, CH;CO), and 0.82 (9 H, s, ¢-Bu);
mass spectrum m/e (rel intensity) 196 (M, 44), 140 (55), 139
(51), 97 (37), 95 (33), 85 (70), 84 (34), 71 (100), 57 (89), 55 (37),
43 (92), 41 (40), and 40 (68). Treatment of 5.4 mg of ketone
9 with 3.5 mg of NaOMe in 10 ml of refluxing MeOH afforded a
mixture containing primarily ketone 10, ir (CCly) 1710 em ™!
(C=0). This material was identified with an authentic sample??
by comparison of ir spectra and glpe retention times.

In related experiments, a cold (—10 to —5°) solution of Me;~
Culli [from 9.38 g (48.4 mmol) of Cul and 96.8 mmol of MeLi]
in 80 ml of Et:O was treated with 6.603 g (40.5 mmol) of the
nitrile 11 in 20 ml of Et,O. After a 10-min reaction period, the
usual isolation procedure separated 6.033 g (929) of the start-
ing nitrile 11, mp 44.5-45.5° (identified by a mixture melting
point and comparison of ir and nmr spectra), with no evidence for
any methylated product. Similarly, treatment of Me,Culi
[from 2.26 g (11.9 mmol) of Cul and 23.6 mmol of MeLi] in 20
ml of Et:0 with 1.901 g (9.70 mmol) of the ester 12b in 6 ml of
Et,0 resulted in recovery of 1.703 g (909,) of the starting ester
12b, bp 31-66° (0.5 mm), n¥p 1.4750, identified from ir, nmr,
and glpe data. Also, treatment of cold (—5°), ethereal (28 ml)
MesCuli [from 3.33 g (17.0 mmol) of Cul and 33.8 mmol of
MeLi] with 2.695 g (13.8 mmol) of the keto enol ether 24% in 8
ml of Et,0 for 10 min resulted in recovery of 2.425 g (90%) of
the starting ketone 24, bp 88-92° (0.4 mm), n®p 1.4782, iden-
tified from ir, nmr, and glpc data.

Reaction of the Tetraester 25 with LiCuMe,.—To a cold
(—5°) solution of LiCuMe; [from 49.0 mmol of MeLi and 4.68 g
(24.6 mmol) of Cul] in 37.5 ml of Et,O was added, dropwise
and with stirring during 25 min, 6.167 g (19.5 mmol) of the
tetraester 25, mp 52.5-54° (lit.?® mp 52.5-53.5°), in 20 ml of
Et:0. The reaction mixture, from which MeCu separated al-
most immediately, was maintained at —5 to 10° and stirred for
an additional 10 min and then partitioned between Et:O and
aqueous NH; and NH,Cl. The organic layer was washed with
aqueous NayS;0;, dried, and concentrated to leave 4.724 g
(769 ) of the saturated tetraester 26, mp 71.3-72.3°. Recrystal-
lization from EtOAc-hexane separated the pure tetraester 26
as white needles: mp 73.3-74.3° (lit. mp 75°,40b 75-76° 0a);
ir (CCly), 1750 and 1740 cm ™ (ester C==0); nmr (CCly) 6 4.18
(8 H, q, J = 7 Hz, ethoxyl CH,), 3.95 (2 H, s, CH), and 1.27
(12 H, t, J = 7 Hz, ethoxyl CH;); mass spectrum m/e (rel
intensity) 273 (64), 245 (42), 227 (64), 199 (96), 173 (82), 171
(87), 143 (73), 127 (100), and 99 (85). When this reaction was
repeated with 19.5 mmol of the unsaturated tetraester 25 and
22.7 mmol of Me,Culi (from iron-free Cul), the yield of the
saturated tetraester 26 was 93.59.

Reaction of Benzalacetone (13) with LiCuMe,.—The addition
of an Et,0 solution of 1.961 g (13.4 mmol) of the ketone 13 to a
cold (—5°) solution of LiCuMe; [from 32.0 mmol of MeLi and
3.10 g (16.3 mmol) of Cul] in 26 ml of Et:O resulted in the im-
mediate formation of a red color which rapidly disappeared with
the simultaneous separation of MeCu. After a reaction time
of 10 min at —5 to 8°, the usual isolation procedure afforded
1.767 g (ca. 82%) of liquid product, bp 64-66° (0.45 mm), which
contained (glpe, silicone fluid QF: on Chromosorb P) ca. 959, of
the ketone 14 (retention time 12.2 min) accompanied by ca.
5% of 1-phenyl-3-methyl-1,3-butadiene (6.0 min); no reduced
product, 4-phenyl-2-butanone (retention time 11.7 min), was
detected by glpe analysis and no starting ketone 13 was detected
by glpe or nmr analysis. Collected (glpe) samples of the prod-
ucts, ketone 14, and the diene, were identified with authentic

(38) The preparation and properties of this enone are described elsewhere
(ref 3b).

(39) B. B. Corson and W.L.Benson, “Organic Syntheses,”” Collect. Vol. IT,
Wiley, New York, N. Y., 1943, p 273.

(40) (a) G. C. Buzby, A. J. Castro, and E. B. Reid, J. Org. Chem., 28,
1082 (1963); (b) J. Tsuji and T. Nogi, ibid., 831, 2641 (1966).
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samples*! by comparison of ir spectra and glpc retention times.
The ketone 14 has nmr (CCls) peaks at 6§ 7.16 (5 H, m, aryl CH),
3.22 (1 H, m, benzylic CH), 2.5-2.8 (2 H, m, CH.CO), 1.95 (3
H,s, COCH;), and 1.23 (3 H, d, J = 6.5 Hz, CHj).

Reaction of Methyl Crotonate (15) with LiCuMe;.—Treat-
ment of a cold (0°) solution of LiCuMes {from 35 mmol of MeLi
and 3.44 g (18.1 mmol) of Cul] in 30 ml of Et,O with 1.335 g
(13.3 mmol) of the ester 15 in 8 ml of Et20O resulted in the rapid
separation of MeCu. After a reaction time of 10 min at 5-22°,
the usual isolation procedure separated 983 mg (639%) of the
ester 16, bp 112-113°, n%®p 1.3896, which was contaminated
(glpe, silicone fluid QF; on Chromosorb P) with a small amount
of Et;0. An additional 248 mg (169, total yield 799%,) of the
ester 16 was recovered from the distillation apparatus. A col-
lected (glpe) sample of the pure ester 16 was identified with an
authentic sample by comparison of ir. and nmr spectra and glpe
retention times. An authentic sample of the ester 16, prepared
in 799 yield by esterification of isovaleric acid with MeOH,
H.S80,, and CH:Cl,, was obtained as a colorless liquid: bp 115-
118°; n2p 1.3918 (lit. bp 115-116°,%% n¥p 1.390042); ir (CCly),
1740 em ! (ester C=0); nmr (CClL,) § 3.62 (3 H, s, OCH;) and
1.9-2.3 (3 H, m, CH and CH,CO), and 0.8-1.1 (6 H, m, CHjs);
mass spectrum m/e (rel intensity) 116 (MT, 3), 101 (58), 88 (53),
85 (82), 74 (100}, 59 (66), 57 (83), 43 (65), and 41 (49).

Reaction of Methyl Cinnamate (17) with LiCuMe,.—Addition
of 2.320 g (14.3 mmol) of the ester 17 in 10 ml Et:.0 to a cold
(—5°) solution of LiCuMe; [from 85.0 mmol of Meli and 8.19 g
(43.1 mmol) of Cul] in 63 ml of Et;O formed a yellow-orange
solution which was stirred at —5 to 5° for 40 min; the precipita-
tion of MeCu began after approximately 30 min. The usual iso-
lation procedure afforded 2.014 g (79%) of liquid product, bp
35-75° (0.5 mm), which contained (glpc, silicone fluid QF: on
Chromosorb P) the ester 18 (retention time, 5.8 min) accompa-
nied by very minor amounts of two components with the same
retention times as the ketone 14 (7.4 min) and the starting ester
17 (9.4 min). A collected (glpe) sample of the ester 18 was iden-
tified with an authentic sample by comparison of ir and nmr spec-
tra and of glpe retention times. An authentic sample of the
ester 18, prepared in 899, yield by esterification of 3-phenyl-
butanoic acid, was obtained as a colorless liquid: bp 74-78°
(0.5 mm); n¥p 1.4972 [lit. bp 133-134° (22 mm),*= n2¥p
1.49994]; ir (CCly) 1740 em ™! (ester C==0); nmr (CCl) &
7.15 (5 H, m, aryl CH), 3.47 (3 H, s, OCHs), 2.9-3.7 (1 H, m,
benzylic CH), 2.4-2.7 (2 H, m, CH,CO), and 1.23 (3 H, d,
J = 6.5 Hz, CH;); mass spectrum m/e (rel intensity), 178 (M™,
33), 121 (18), 118 (74), and 105 (100).

The same reaction was repeated with 36 mmol of Me:Culi and
34.7 mmol of the ester 17 in 57 ml of Et,0 at 25-40° for 30 min,
to give 5.48 g of crude liquid product. After addition of a known
weight of internal standard (n-CieHae), glpce analysis (silicone
gum SE-52 on Chromosorb P) indicated the presence of n-do-
decane (retention time 5.9 min at 133°), the saturated ester 18
(569 yield, 11.9 min at 133°), and two unidentified higher boil-
ing components (46.4 and 52.4 min at 230°). Short-path dis-
tillation separated a sample of the pure ester 18, n%p 1.4961,
that was identified with the previously described sample by
comparison of ir spectra. Analysis (glpe) of the residue from
this mixture established the absence of either of the diastereo-
isomers® of the dihydro dimer 41 among the high-boiling by-
products.

PhCHCH,CO:Me

PhCHCH,CO:Me
41

Reaction of Methyl Cinnamate (17) with Et,CuLi.—To a cold
(—30°) solution of Et;Culi, prepared from 4.23 g (22.2 mmol) of
Cul, 40.8 mmol of EtLi, and 30 ml of Et:0, was added a solution
of 1.616 g (10.0 mmol) of the ester 17 in 10 ml of Et,O. The
resulting greenish-purple solution was stirred at —20 to 2° for
75 min and then subjected to the usual isolation procedure to
separate 1.741 g of crude product as a yellow liquid. Short-
path distillation (100° bath and 0.3 mm) separated 1.253 g 65%)
of the pure (glpe, silicone fluid QF, on Chromosorb P) ester 23

(41) H. O. House, D, D. Traficante, and R. A. Evans, J. Org. Chem., 28,
348 (1963).

(42) (a) A. Vogel, J. Chem. Soc., 624 (1948); (b) J. C. Munch, J. Amer.
Chem. Soc., 48, 994 (1926).

(43) (a) G. Schroeter, Ber., 40, 1589 (1907); (b) K. Konno and S. Mitsui,
Nippon Kagaku Zasshi, 85, 497 (1964); Chem. Abstr., 62, 11728 (1965).
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as a colorless liquid: #»%p 1.4939;% ir (CCly) 1740 cm ™! (ester
C==0); uv (95% EtOH) series of weak (¢ 125-207) maxima in
the region 245-265 mu; nmr (CCL) 6 7.0-7.3 (3 H, m, aryl CH),
3.47 (3 H, s, OCH;), 2.7-3.2 (1 H, m, benzylic CH), 2.3-2.6
(2 0, m, CH,CO), 1.3-2.0 (2 H, m, CHs), and 0.77 B H, t, J =
7 Hz, CH;); mass spectrum m/e (rel intensity) 192 (M*, 8),
132 (47), 121 (82), 119 (40), 118 (38), 117 (32), 115 (25), 104 (58),
103 (51), 91 (100), 78 (52), 77 (61), 59 (26), 51 (27), 43 (28), 41
(32), and 39 (26). In a similar reaction run at —30°, an aliquot
removed after 2.5 min and subjected to glpc analysis indicated
that the reaction was essentially complete after 2.5 min at —30°.
In an attempt to detect the presence of intermediates in this re-
action, reaction mixtures were prepared at —30 to —35° and
allowed to warm slowly while the nmr spectra were observed.

Reaction of Benzalacetophenone (19) with LiCuMe,.—A solu-
tion of 1.799 g (8.65 mmol) of the ketone 19 in 10 ml of Et,0
was added to a cold (—5°) solution of LiCuMe, [from 19.5 mmol
of MeLi and 1.93 g (10.1 mmol) of Cul] in 17 ml of Et,0. This
mixing resulted in the immediate formation of a red solution from
which the color faded and MeCu began to precipitate within
several seconds. The mixture was stirred at —3 to 10° for 10
min and then subjected to the usual isolation procedure. The
crude neutral product (1.859 g, 969, mp 67-70°) contained
(glpe, silicone fluid No. 710 on Chromosorb P) the g-methyl
ketone 20 (retention time 37.1 min); none of the reduction
product, 1,3-diphenyl-1-propanone (retention time 35.2 min), was
detected by glpc or nmr analysis. Recrystallization of the crude
product from MeOH afforded 1.08 g (569 ) of the pure ketone 20
as either white needles or white plates: mp 70.5-71° (lit.¥ mp
74°); ir (CCL) 1680 ecm™ (conjugated C=0); uv max (95%
EtOH) 242.5 mu (e 12,600) and 278 (1190); nmr (CCly) 8 7.0—
8.5 (10 H, m, aryl CH), 3.0-4.0 (3 H, m, aliphatic CH), and 1.47
(3 H, d, J = 6.5 Hz, CH;); mass spectrum m/e (rel intensity)
224 (83, M), 210 (21), 209 (100), 120 (36), 106 (29), 105 (78),
91 (26), 77 (48), and 51 (21).

In another experiment in which the Me,CuLi was generated
from 0.91 g (3.4 mmol) of BrCuP(OMe); and 6.5 mmol of MeLi
in 6.6 ml of Et,O and then treated with 584 mg (2.81 mmol) of
the ketone 19 in 3.3 ml of Et,0, the crude product (528 mg of
white solid, mp 112~153°) contained (tle analysis, 8i0, with an
EtOAc-hexane eluent) a mixture of the conjugate addition prod-
uct 20 and the product 42 resulting from a subsequent Michael

(‘DHS (FOPh
PhCH—CHCHCH,COPh
|
Ph
42

reaction.’ Fractional crystallization of this mixture from
MeOH separated samples of the ketone 20, mp 69-70°, and the
Michael adduct 42: mp 161-162° (lit.4> mp 161.5-163°); ir
(CClL,) 1686 and 1677 em~! (conjugated C==0); uv max (93%
EtOH) 246 my (e 19,700) with a point of inflection at 280 (2200);
mass spectrum m/e (rel intensity) 432 (M™*, <1), 329 (25), 328
(100), and 223 (21).

Reactions of Isophorone (28). A. With the Methyl Cuprate
36.—A solution of ¢-BuC==CLi, prepared from 269 mg (3.28
mmol) of the actylene 34 and 8.06 mmol of MeLi in 2.4 ml of
Et,0, was added with stirring to a cold (10-13°) slurry of 573
mg (3.02 mmol) of purified?® Cul in 2.0 ml of Et:0. To the re-
sulting cold (5-7°) red-orange solution of the acetylide 33 was
added 1.7 m! of an Et,0 solution containing 2.74 mmol of MeLi.
This addition resulted in a progressive color change frorm red-
orange to yellow to green. To the resulting cold (5-7°) solution
of the cuprate 36 was added 2 ml of an Et;0 solution containing
2.08 mmol of isophorone (28). The color of the reaction mixture
changed progressively from green to yellow (1-2 min) to red-
orange (20 min), after which the mixture was partitioned be-
tween Et;0 and an aqueous solution (pH 8) of NH,Cl and NH;.
The resulting orange Et;0 solution was washed with three 25-ml
portions of agueous 289 NH; to complete the hydrolysis of the

(44) This ester is reported to boil 2t 79-80° (0.1 mm): 8. Mitsui and Y.
Kudo, Chem. Ind. (London), 381 (1865).

(45) R.C. Fuson, R. E, Christ, and G. M, Whitham, J. Amer. Chem. Soc.,
58, 2450 (1936).

(46) This by-product 42 has been observed previously: (a) R. A. Kretch-
mer, J. Org. Chem., 87, 2744, 2747 (1872); (b} W. Herz and E. Lewis, ibid,,
28, 1646 (1958); (c¢) G. Wittig and F. Wingler, Chem. Ber., 97, 2146 (1964).
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acetylide 33 and the remaining colorless Et,Q solution was
washed with H,0, dried, and concentrated. After the residual
yellow liquid (288 mg) had been mixed with a known weight of
n-CuHsy (as an internal standard), analysis (glpe, silicone fluid
QF: on Chromosorb P, apparatus calibrated with known mix-
tures) indicated the presence of n-CiyHy (retention time 3.8
min), the tetramethyl ketone 38 (5.9 min, 769, yield), and the
unchanged enone 28 (8.0 min, 129, recovery). None of the
reduced ketone 30 (retention time 5.0 min) was detected. Col-
lected samples of the ketones 28 and 38 were identified with au-
thentic samples by comparison of glpc retention times and ir and
nmr spectra.

B. With Vinylcopper Derivatives.—A solution of 1.966 g
(13.6 mmol) of +-BuC=CCu was cooled to —49° (during which
time some of the acetylide 33 separated as an orange solid) and
the resulting cold (—40 to —49°) orange slurry was treated,
dropwise and with stirring, with 6.8 ml of an Et,0 solution con-
taining 11.6 mmol of CHy=CHLi. 1In the initial stages of this
addition a deep red color developed and the mixture gradually
changed to an orange slurry during the time required to com-
plete the addition. The resulting mixture was stirred at —40
to —30° for 5 min, during which time it became an opaque green
color, and then 7.2 ml of an Et,O solution containing 3.65 mmol
of isophorone (28) was added. The resulting solution was trans-
ferred to an ice-salt cooling bath and stirred for 90 min, during
which time it slowly warmed to 10°. The resulting brownish-
black mixture was added to 50 ml of cold (0°) 1 M HOAcin EtOH
and then stirred at 25-40° for 5 min and partitioned between 250
ml of saturated agueous NaHCQ; and Et,0. The Et,O layer
was washed successively with aqueous 289, NHs, aqueous Nag-
8203, aqueous 28%; NH;, and HyO, and then dried and concen-
trated. After the residual liquid (519 mg) had been mixed with
an internal standard (n-CiHa), glpc analysis (silicone fluid QFy on
Chromosorb P, apparatus calibrated with known mixtures)
indicated the presence of the reduced ketone 30 (retention time
7.1 min, 7% yleld), n-hexadecane (9.5 min), the vinyl ketone 29
(10.6 min, 529 vield), the starting enone 28 (11.8 min, 7% re-
covery), and a minor unidentified component (21.2 min). Col-
lected (glpc) samples of ketones 28 and 30 were identified with
authentic samples by comparison of ir spectra and glpc retention
times. A collected (glpe) sample of the vinyl ketone 29 was ob~
tained as a colorless liquid with spectral properties corresponding
to those reported:%s ir (CCL) 1710 (C==0), 1635 (C=C), and
920 em ! (CH=CH,); nmr (CCL) 5 4.7-6.1 (3 H, m, viny! CH),
a 2 H AB pattern with J = 14.5 Hz for signals at ca. 2.50 and
2.05 (CH,CO), 2.07 (2 H, 5, CH,CO), 1.65 (2 H, s, CH,), 1.07
(3 H, s, CH;), 1.02 (3 H, 5, CH;) and 0.81 (3 H, s, CHj); mass
spectrum m/e (rel intensity) 166 (M7, 100), 110 (49), 109 (57),
95 (76), 83 (96), 82 (80), 81 (21), 70 (22), 69 (32), 68 (37), 67
(86), 56 (35), 35 (53), 53 (27), 41 (34), and 39 (28).

The mixed cuprate 37 could also be prepared without isolation
of the copper actylide 33 by the following procedure. To 118
ml of a cold (0°) Et,O solution containing 186 mmol of MeLi was
added, dropwise and with stirring during 30 min, 13.2 g (186
mmol) of the acetylene 34. The resulting solution of -BuC=
CLi was added, slowly and with stirring, to a cold (8-20°) slurry
of 35.42 g (186 mmo}) of purified2® Cul in 210 ml of Et:0. The
resulting red-orange solution of the acetylide 33 was cooled to
—59° and then treated, dropwise and with stirring while the
solution was maintained at —42 to —39°, with 111 ml of an
Et,0 solution containing 159 mmol of CH==CHLi. The re-
sulting opague green mixture containing the cuprate 37 was
stirred for 5 min at —38 to —42° and then treated with a solu-
tion of 6.9 g (30 mmol) of isophorone (28) in 75 ml of Et;0. The
teaction mixture was stirred for 90 min while being cooled in an
ice bath and then partitioned between Et:O and aqueous (pH 8)
NH.Cl and NH;. The resulting Et.O solution was washed suc-
cessively with four portions of agueous 28% NH; (to complete
the hydrolysis of 33) and agueous N2:5:0; and then dried and
concentrated. After a portion of the residual brown liquid (7.23
g) had been mixed with an internal standard (1-ChsHgs), analysis
(glpe) showed the presence of the ketones 30 (13% yield), 29
(499, yield), and 28 (149, recovery), as well as a small amount
(ca. 69%) of the ketone 43. Short-path distillation (0.5 mm, 95°
bath) afforded 6.072 g of colorless liquid products containing the
ketones 28 (ca. 159,), 29 {(ca. 659), 30 (ca. 15%), and 43 (ca.
3%). Fractional distillation separated 3.70 g of a fraction, bp
104-118°, n%p 1.4643, containing (glpc) 30 (ca. 18%), 29 .(ca.
30%), 28 (ca. 30%), and 35 {ca. 2%,), and 1.51 g of a fraction,
bp 118-121°, n¥p 1.4662, containing (glpc) 30 (ca. 3%), 29
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(ca.79%), 28 (ca. 169,), and 43 (ca. 2%).
contained (glpe) 29 (ca. 31%;) and 43 (ca. 69%).

The residue (0.692 g)
A collected

CH, CH;,
CH3 C4H9 -n

0]
43

(glpe) sample of the major product, ketone 29, n¥p 1.4678, was
identified with previously described material by comparison of
ir spectra and glpc retention times.

A collected (glpe) sample of the ketone 43 was obtained as a
colorless liquid: n%p 1.4602; ir (CCL) 1704 em ™! (C=0); nmr
(CCL) 62.04 (4 H, broad, CH,CO), 1.4-1.6 (2 H, m, CH,), 1.1-
2.4 (6 H, m, CH;), and 0.9-1.1 (12 H, m, including a 6 H singlet
at 1.02 and a 3 H singlet at 0.98, four CH; groups); mass spec-
trum m/e (rel intensity) 196 (M™*, <1), 181 (5), 139 (42), 83 (60),
58 (45), 55 (42), and 43 (100).

Anal. Caled for Ci3HoO: C, 79.53;
C, 79.61; H, 12.39.

This ketone by-product 43 was evidently formed from small
amounts of n-BuLi remaining in the CHy=CHLI [prepared from
n-Buli and (CH;=—CH)8n].

A cold (—90°) slurry of 1.89 g (7.05 mmol) of BrCuP(OMe); in
3 ml of Et;O was treated with 12.8 mmol of CH;=CHLI in 10
ml of Et:0 and the resulting cold (—65 to —90°), dark, hetero-
geneous mixture was then treated with 410 mg (2.97 mmol) of
isophorone (28) in 1 ml of Et,0. After the mixture had been
stirred at —50 to —60° for 2.25 hr an aliqguot was removed,
hydrolyzed (1 M HOAe in EtOH at —60°), and found to con-
tain (glpe) the ketones 29 (ca. 80%) and 28 (ca. 20%). Finally,
the remaining solution was warmed to 23° during 30 min and
then hydrolyzed. The erude product (439 mg) contained (glpe)
the ketones 29 (ca. 879,) and 28 (ca. 139%).

Reaction of the Methoxy Ketone 21 with LiCuMe,.—To a cold
(3-9°) mixture of 4.0 mmol of LiCuMe; and 2.3 mmol of excess
MeCu, prepared from 1.19 g (6.27 mmol) of purified?® Cul and
10.3 mmol of Meli in 7.7 ml of Et,0, was added 329 mg (1.96
mmol) of the methoxy ketone 21 in 2 ml of Et,0. After the re-
sulting mixture had been stirred at 1-8° for 1.3 hr, it was sub-
jected to the usual isolation procedure. The crude product, 287
mg of a yellow liquid, was mixed with an internal standard (n-
CuHz); it contained (glpe, silicone fluid QF; on Chromosorb P,
apparatus calibrated with known mixtures of authentic samples)
the internal standard (n-CsHg, retention time 4.0 min), the
saturated ketone 22 (6.3 min, 269, yield), the starting ketone
21 (9.8 min, 379 recovery), and two or more rapidly eluted
peaks (2.8 and 3.3 min) that may be olefins formed by dehydra-
tion of an aleohol product. A pure sample of the methoxy ketone
product 22 was collected (glpe) as a colorless liquid: ir (CCly)
1723 em ™! (C=0); uv max (959 EtOH) 268 mu (e 22); nmr
(CCl) 6 328 (3 H, s, OCHy), 3.10 (1 H, s, COCH), a2 H AB
pattern with J = 12 Hz at ca. 2.36 and 2.02 (COCH,), a2 H AB
pattern with J = 15 Hz at ca. 1.70 and 1.43 (CH,), and a series of
partially resolved singlets in the region 0.9-1.1 (12 H, CHs);
mass spectrum m/e (rel intensity) 184 (M*, 48), 139 (31), 126

H, 12.32. Found:
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(22), 109 (28), 99 (79), 98 (31), 97 (100), 86 (23), 85 (64), 83
(65), 72 (31), 71 (25), 69 (27), 55 (40), 43 (22), and 41 (34).

Anal. Caled for C; HypO,: C,71.69; H,10.94. Found: C,
71.52; H,10.85.

A variety of attempts to increase the yield of the saturated
ketone 22 formed from the reaction of 21 with Me,CuLi con-
sistent afforded mixtures of the adduct 22 and substantial quan-
tities of the unchanged enone 21. A reaction was performed in
which the mixed cuprate 36 was prepared by the successive
treatment of 283 mg (3.45 mmol) of the acetylene 34 with 3.06
mmol of MeLi, 575 mg (3.02 mmol) of purified? Cul, and 2.74
mmol of MeLi. The resulting cold (5-8°) solution of the cuprate
36 in 8.7 ml of Et,0 was treated with 343 mg (2.04 mmol) of the
enone 21. Although color changes (green to yellow to orange)
characteristic of reaction were observed during the reaction
period (32 min at 5-18°), after following the usual isolation pro-
cedure, analysis (glpe) of the crude product (307 mg) indicated a
739 recovery of the unchanged enone 21 (identified by com-
parison of ir spectra and glpe retention times) and none of the
addition product 22 was detected.

Studies with Cinnamonitrile 40.—The polarographic reduc-
tions of solutions (2.48 X 107%-4.27 X 10~% M) of the nitrile 40
in DMF containing 0.5 M n-BwN+*BF,~ were performed as
previously described.? Two reduction waves were observed at
—1.84 Vs, sce (an = 1.3, 7q = 13.1-17.5 pA) and —2.46 V vs.
sce (an — 1.2, ia = 5.8-7.5 pA). A comparable measurement
of a 2.3 X 1078 M solution of isophorone (28)in DMF containing
0.5 M n-BuN*BF,~ gave the following values: Ei), = —2.24V
vs.sce (an = 1.21,1q = 17.4 uA).

To a cold (5-10°) mixture of 13.4 mmol of Me,CuLi and 4.0
mmol of excess MeCu [from 3.303 g (17.4 mmol) of purified??
Cul, 30.8 mmol of MeLi, and 27 ml of Et;0] was added a solu-
tion of 1.221 g (9.47 mmol) of the nitrile 40 in 5 ml of Et,0. After
a reaction period of 20 min at 0-10° (no visible evidence of re-
action), the mixture was subjected to the usual isolation pro-
cedure and the crude product (1.144 g) was mixed with an inter-
nal standard (n-CiHy). The crude product contained (glpe,
silicone fluid QF; on Chromosorb P, apparatus calibrated with
known mixtures) n-CisHjo (retention time 3.7 min) and the nitrile
40 (11.7 min, 779, recovery, identified by comparison of ir and
nmt spectra and glpc retention times).

A comparable result was obtained when a solution of 15.7
mmol of the mixed cuprate 36 and 1.635 g (12.6 mmol) of the
nitrile 40 in 43 ml of Et;O was stirred at 5-10° for 20 min. The
recovered nitrile 40 amounted to 85% and no other product was
detected (glpe, ir, and nmr analysis).
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