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Reaction of styrene with methyllithium in the presence of Pd(II) complexes gave an anti-Markownikoff product,
S-methylstyrene, whose yield increases in the order Cl (3%) < OAc (75%) < acac (90%). A competitive method has
been used to measure the relative reactivities of this reaction toward a series of styrenes. The data correlate well
(v = 0.98) with the Hammett ¢ constants yielding a p value of +2.68 + 0.189, indicating that in the transition state
there is considerable negative charge at the benzylic carbon atom, resulting from nucleophilic attack of methyl moi-
ety. cis- and trans-§-deuteriostyrenes can be converted into trans-S3-methylstyrene and cis-8-deuterio-trans-3-
methylstyrene, respectively, with inversion of configuration. The kinetic and stereochemical results demonstrate
that methylation of styrene proceeds via a cis addition of methylpalladium species followed by a cis elimination of
hydridopalladium species. In contrast to this, reaction of styrene with a softer carbanion, diethyl sodiomalonate,
afforded a Markownikoff product, a-methyl benzylidenemalonate. Nucleophilic attack of the carbanion toward
the « position of palladium-coordinated styrene directly on the side remote from palladium seems to occur.

Palladium alkyls, which are prepared in situ by the ex-
change reaction of the corresponding metal alkyl compounds
with palladium salts, has been reported to react with olefins
to give alkyl olefins.! Direct alkylation of olefins by Grignard
reagents in the presence of palladium chloride was attempted,
but its yield was extremely poor (less than 5%).2 This low yield
can be rationalized by assuming that the reaction of methyl-
palladium species with styrene proceeds slower than that with
excess methylmagnesium bromide, giving ethane and palla-
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dium metal. If this is the case, retardation of the latter reac-
tion? and promotion of the former# can accomplish a palla-
dium-induced direct alkylation of olefins with Grignard re-
agents or alkyllithium compounds. Increasing the electron
density on palladium would satisfy these conditions. Indeed,
we have found that the reaction of styrenes with methyllith-
ium affords methylstyrenes in high yields upon using a pal-
ladium complex bearing more basic ligands. Thus, styrene can
be converted into 3-methylstyrene in 90% yield on treatment
with methyllithium in the presence of palladium acetylace-
tonate.

Studies on the palladium(II)-induced reaction of nucleo-
philes such as hydroxide,5 acetate,’ chloride,” amide,® meth-
oxide,? and methoxycarbonyl'® with olefins have been ex-
tensively investigated, and hence considerable understanding
has been obtained. On the other hand, concerning the reaction
of carbanionoids with a simple olefin, studies have focused on
arylpalladium species,'1-13 although the reaction of carban-
ionoid with preformed olefin complexes which have a second
olefinic group has been reported.'* We report here the results
of kinetics and stereochemical studies of palladium(II)-in-
duced methylation of styrene giving 8-methylstyrene and
discuss the mechanism in relation to the reaction of styrene
with a softer carbanion such as diethylmalonate anion, giving
a Markownikoff-type product.

Results and Discussion

Reaction of Styrenes with Methyllithium in the Pres-
ence of Pd(IT) Salts. Reaction of styrene and methyllithium
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in the presence of a palladium(Il) complex in THF at room
temperature gave 3-methylstyrene. Among various palladi-
um(II) complexes palladium acetylacetonate gave the best
yield of 8-methylstyrene. The yields are dependent on the
basicity of anionic ligands of the palladium complexes and
increase in the order Cl (3%) < OAc (75%) < acac (90%).15 The
excess methyllithium was required to neutralize the HX (or
HPdX). Addition of phosphines or phosphites as an additional
ligand retarded the reaction completely, and the starting
materials were recovered. This is consistent with the fact that
triphenylphosphine, for example, has a higher dissociation
energy from palladium than olefins by 10 kcal/mol.!6

The results of the reaction of substituted styrenes sum-
marized in Table I show the tendency that styrenes bearing
a strong electron-withdrawing substituent are converted into
B-methylstyrene in a higher yield. For quantitative treatment
of the substituted effect, rate-constant ratios were determined
by a competitive method in which two olefins were allowed to
compete for a limited amount of methylating reagent. For a
system in which a methylating reagent adds irreversibly in a
single stage to competing olefins A and B to form intermedi-
ates X and Y, respectively, which are quantitatively converted
into products by 8-elimination of hydridopalladium species,
the reaction can be represented as

A + [CHsM] Fox (1)
B + [CHsM] —5> ¥ @)

The rate constant ratio (k,e) is given by
o oy _ log [BV[B]
" ko log [A)/[A]
where [A% and [A] represent respectively the initial and final

concentrations of olefin A, and similarly for B. In experiments,
when the extent of reaction is low, eq 3 reduces to

(Y1 [A]
(X] [B]
The validity of this equation depends on maintaining an es-

sentially constant ratio of the olefins under the reaction con-
ditions. This point was confirmed by removal of aliquots from
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the reaction mixture of styrene vs. p-chlorostyrene at 10, 30,
60, 120, and 180 min and observing that the relative ratio of
styrenes and products did not change with time. In Figure 1
the values of log ky/k, for substituted styrenes are plotted
against the Hammett o constants (see Table I). A good linear
relationship {(correlation coefficient v = 0.98) is obtained
leading to a value for p of 2.68 + 0.189. Poorer correlation was
obtained when ¢* constants were used, indicating the absence
of a strong resonance contribution to stabilization.l” The 13C
NMR spectroscopic studies of a series of para-substituted
styrene-palladium complexes indicated that electron donor
groups increase the coordination ability of the styrene.!8:19
Further, calorimetric investigation showed that the relative
displacement energies for palladium generally increase when
electron-donating substituents are present on the olefin.1¢
Therefore, the substituent effect observed indicates that
coordination of olefin to palladium is not the rate-determining
step. However, the value of K for a preequilibrium step in-
volving = complex will also depend on electronic factors.!®
This means that the value p is a combination of p for this
equilibrium and a p for alkylpalladation. Therefore, the p
value we observed is an underestimate of the true p value for
alkylpalladation. The correlation obtained in the present work
implies that in the transition state there is considerable neg-
ative charge at the benzylic carbon atom, presumably resulting
from nucleophilic attack of methyl moiety toward an asym-
metric partial delocalization of the = electrons of the double
bond.

One can consider two paths, whether bonding of the at-
tacking reagent occurs initially at the metal with subsequent
insertion of methylpalladium species to an olefin (a) or directly
at the carbon of an olefin (b) (Scheme I). These require that
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methylpalladium species2® or methyllithium initially ap-
proaches styrenes displaced toward not the o carbon but the
B carbon atom. Apparently palladium is effectively the
smallest part of the organopalladium species. The relatively
long palladium-carbon bond and the square planar geometry
about the palladium combine to produce a relatively small
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Table I. Relative Rate Constants for the Reaction of
Substituted Styrenes with Methyllithium in the Presence
of Palladium Acetylacetonate

Registry Yield,®
no. Substituent % o ky/ka®
2039-85-2 m-Cl 80 +0.373 134
1073-67-2 p-Cl 99 +0.227 7.69
100-42-5 H 90 0.00 1.00
622-97-9 p-CHg 60 -0.70 0.718
637-69-4 p-OCHj3 15 —0.268 0.240

@ Yields based on palladium were determined by GLC; see
Experimental Section. * Relative rates of substituted styrene (ky)
to that of styrene (k,); see Experimental Section.

effective size for the palladium group compared with the usual
trigonal or tetragonal carbon groups.?! Further, it is striking
that the value obtained, 2.7, is virtually identical with the
value of p (4.0) obtained in the study of relative exchange rates
of substituted o-tritiotoluenes toward lithium cyclohex-
ylamide in cyclohexylamine. 22Although the sign and mag-
nitude of p in some organometallic systems are a function of
many factors and vary in an unpredictable manner,2? the
conclusion to be drawn from the present Hammett study,
therefore, is that the nucleophilic attack of methyl moiety is
the rate-determining step and its direction is influenced by
both electronic and steric factors.

From the kinetic study one cannot distinguish these two
paths (a and b), and hence we undertook an examination of
the stereochemistry of the reaction of methyllithium with cis-
and trans-8-deuteriostyrenes.2* Considerable investigation
about the stereochemistry of nucleophilic attack of carban-
ionoids toward olefins have been carried out; however, most
of these have involved olefins that are part of a chelating li-
gand containing a second olefinic group,'4 and it has become
apparent that the stereochemistry of nucleophilic attack on
chelating olefins is not necessarily the same as that observed
for unidentate olefins.?> The reaction of trans-8-deuterio-
styrene with methyllithium under these conditions gave cis-
B-deuterio-trans-3-methylstyrene along with a small amount
of trans-B-methylstyrene. The NMR analysis indicated that
the component of the deuteriated compound is 90 £ 8%.
Similarly, the reaction of cis-3-deuteriostyrene gave trans-
B-methylstyrene whose deuterium content was 8%. These
results clearly indicate that the 8-cis hydrogen or deuterium
are substituted by methyl group giving trans-3-methylstyr-
ene, and hence the reaction proceeds with inversion of con-
figuration. The major products in both of the above reactions
are ones expected from a cis-addition-cis-elimination mech-
anism. Since elimination of “hydridopalladium species” has

H D H CH,
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H\ / H CH,Li H\ /CH3
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been accepted to be cis, the trans-addition mechanism should
give a product with retention of configuration. Therefore, a
cis addition of methylpalladium species to olefin followed by
a covalent (four-centered) cis elimination of hydridopalladium
species depicted in Scheme II seems to best explain the re-
sults.21

Reaction of 3-Bromostyrene with Methyllithium in the
Presence of PA(IT) Salts. Should the reaction of 8-bromo-
stryene with methyllithium proceeds with the above addi-
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tion—elimination mechanism, the bromo group can be sub-
stituted by methyl group with inversion of configuration, since
elimination of bromopalladium species occurs more readily
than that of hydridopalladium species.?6 The results are,
however, opposite to the expected one, and the bromo group
was substituted by methyl group with retention of configu-
ration. Thus, reaction of cis-3-bromostyrene with methylii-
thium in the presence of Pd(acac); gave cis-3-methylstyrene
in 94% yield along with trans-8-methylstyrene (3%). Similarly,
reaction of trans-B-bromostyrene afforded trans-3-methyl-
styrene in 96% yield in addition to 2% of cis- 3-methylstyrene.

H
A e B A
/C=C\ Pd(acac) /C=C\
acac
Ph Br "% pn CH,
94%
(isomeric purity 97%)

H\ /Br CH,Li H\ /CHS
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Ph H * py H
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These results can be rationalized by assuming that the addi-
tion of the methylpalladium species toward 5-bromostyrene
is simply retarded by steric effects,?” and hence nucleophilic
attack of methyllithium toward the methylpalladium species
occurs, producing zerovalent palladium species,? which then
catalyzes methylation of the vinyl halides with methyllithium
by the oxidative addition-reductive elimination mechanism.?®
Therefore, it should be noted that the stereochemistry of the
methylation of styrenes depends upon the valency of palla-
dium.

Reaction of Styrene with Diethyl Sodiomalonate in the
Presence of Palladium(II) Acetylacetonate. Reaction of
styrene with diethyl sodiomalonate in the presence of Pd(a-
cac)s was investigated. Although reactions of such soft carb-
anions with olefin complexes have been reported, they are
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limited to olefin complexes that are part of a chelating ligand
containing a second olefinic group.14

A mixture of styrene and Pd(acac), was allowed to react
with % molar equiv of diethyl sodiomalonate in THF at reflux
for 5 h. Quenching with an 1 N acetic acid solution followed
by usual workup gave an 18% yield of diethyl «-methylben-
zylidenemalonate (1), probably derived from the initial
product 2 by base-induced 1,3-hydride shift, along with di-

H H CH(CO,Et),
AN / NaCH(CO,Et), N
C=C C==CH,
/S AN Pd(acac), yd :
Ph H Ph
2
CHK\ CO,Et
Ph CO,Et

1
ethyl trans-styrylmalonate (4%). In the absence of the pal-
ladium complex, the starting materials were recovered. In
contrast to the 3-carbon attack of methyl moiety in the reac-
tion of methyllithium, diethylmalonate anion attacks at the
a position of styrene, indicating that direct attack of dieth-
ylmalonate anion toward the « carbon of styrene coordinating
to palladium occurs slowly, probably because nucleophilic
attack toward palladium(II) of olefin-palladium complexes
is retarded. Powell showed that from 13C NMR studies of a
series of para-substituted styrene-palladium(II) complexes
there is a significant ionic contribution to the styrene-palla-
dium bond in palladium-styrene complexes,!®1° and electron
donor Y groups would increase the contribution of canonical
form 3 to the overall styrene—Pd bonding, i.e., the equilibrium
position of Pd to the styrene C=C bond lies closer to the 3
carbon for electron donor Y groups. Moreover, x-ray study of
[(PhCH=CHj;)PdCly]; showed the terminal olefinic carbon

-Cg to be closer to the coordination plane than C,.2° This

consideration was again confirmed by the fact that when p-
methoxystyrene was reacted under the same reaction condi-
tion, diethyl p-methoxybenzylidenemalonate was obtained
in 23% yield without losing regioselectivity. A stronger elec-
tron-donating group increases the contribution of canonical
form 3, leading to the attack of diethylmalonate anion toward
the a carbon of p-methoxystyrene. Therefore, diethylmalo-
nate anion can attack the « position of styrenes directly on the
side remote from palladium®89 as shown in Scheme IV.30
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In conclusion, addition of nucleophiles and palladium(II)
across double bonds can have either cis or trans stereochem-
istry on the nature of nucleophiles; diethylmalonate anion
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attacks the « position of coordinated styrene directly, while
methyl carbanion initially coordinates to palladium, giving
methylpalladium species which subsequently attacks the 8
position in a cis fashion. The most important factor is prob-
ably the ability of the nucleophile to coordinate to palladi-
um(II) prior to addition across the double bond. It should be
noted that alkylation of w-allylpalladium complexes occurs
readily with soft carbanions such as anions of diethylmalo-
nate®! and methyl 2-phenylsulfinylacetate,3? and enamines,33
while alkylation does not with harder anions such as methyl-
lithium. Further, in the former reaction nucleophilic attack
occurs directly at carbon on the face of the w-allyl unit oppo-
site to that of the palladium.34

Experimental Section

General Comments. All reactions were carried out under nitrogen
atmosphere. Infrared spectra were recorded using a Hitachi 215
grating spectrometer. The proton magnetic resonance spectra were
recorded in solution either with JNM-MH-60 or HNM-4H-100
spectrometers (internal Me,Si).

Materials. Palladium complexes [Pd(acac)s,?® Pd(OAc)s,%®
PdCl(PhCN),37 and PdCla(PPhg3)e38] were prepared by literature
procedures. Methyllithium was prepared from methyl iodide and
lithium in ether and titrated by Watson and Eastham’s method.3?
Substituted styrenes were made from the reactions of the corre-
sponding aldehydes with methylmagnesium bromide followed by
dehydration with iodide.

Reaction of Styrenes with Methyllithium in the Presence of
a Palladium(II) Salt. To a solution of styrene (0.312 g, 3.0 mmol)
and palladium(II) salt (1.0 mmol) in dry THF (15 mL) was added a
solution of methyllithium in ether (1.6 mL, 2.0 mmol) at 0 °C under
nitrogen atmosphere. The mixture was allowed to warm to room
temperature and stirred for 8 h. The reaction mixture was treated with
water (1.0 mL) and filtered off. Extraction with ether, drying
(MgSQy,), and concentration gave products to which internal standard
(naphthalene) was added. GLC analyses (Carbowax 20M, 130 °C)
gave the results summarized in Table I. When an additional ligand
(2.0 mmol) such as PPhz, P(n-Bu)s, and P(OPh); was added under
the reaction condition, none of 8-methylstyrenes was obtained, and
the starting materials were recovered.

Characterization of the Products. In the first set of experiments
product samples were isolated by preparative GLC; in the second set,
yield determination was accomplished by GLC. The products were
as follows. trans- 3-Methylstyrene: 90% yield; IR (liquid film) 687, 734,
960 cm~1; NMR (CCly) 61.83(d, 3 H,J = 5.0 Hz),5.37 (d-q, H, J =
16.0 and 5.0 Hz), 6.33 (d, H, J = 16 Hz), 7.03-7.40 (m, 5 H). trans-
B3-Methyl-p-chlorostyrene: 99% yield; IR 680, 780, 960 cm~!; NMR
61.82(d,3H,J =5.0Hz),5.87 (d-q,H,J = 15.8, 5.0 Hz), 6.27 (d, H,
J = 15.8 Hz), 7.02 (s, 2 H), 7.23 (s, 2 H). trans-8-Methyl-m-chlo-
rostyrene: 80% yield; IR 680, 760,960 cm~!; NMR § 1.88 (d,3H,J =
5.0 Hz), 6.10-6.35 (m, 2 H), 7.12-7.35 (m, 4 H). trans-3-Methyl-p-
methylstyrene: 60% yield; IR 690, 770, 960 cm~1; NMR 6 1.85 (d, 3 H,
J = 5.2 Hz), 2.30 (s, 3 H), 6.02 (d-q, H, J = 14.8, 5.2 Hz), 6.35 (d, H,
J = 14.8 Hz), 6.97-7.27 (m, 5 H). trans-8-Methyl-p-methoxystyrene:
15% yield; IR 780, 960, 1040, 1250 cm~1; NMR 5 1.83 (d,3 H,J = 5.5
Hz), 3.72 (s,3 H),6.03 (d-q, H, J = 15.2,5.5 Hz2),6.30 (d, H, J = 15.2
Hz),6.70 (d,2 H,J = 7.0 Hz),7.15(d, 2 H, J = 7.0 Hz).
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General Comments Concerning the Competitive Experiments.
The competing olefins were selected so that an adequate separation
of the olefins, internal standard, and adduct peaks would be obtained
on the final chromatogram. A solution of the competing olefins (6.0
mmol of each) and Pd(acac)s (1.0 mmol) in dry THF (15 mL) was
stirred under nitrogen atmosphere at 25 °C for 10 min. A solution of
methyllithium (2.0 mmol) in ether (1.6 mL) was added. After
quenching with water (1.0 mL) the mixture was carefully extracted
with ether. To the ethereal solution a measured amount of biphenyl
was added as an internal standard, and the mixture was analyzed by
GLC (Carbowax 20M). The methylated styrenes, which it was nec-
essary to prepare separately, were amenable to direct analysis by GLC.
Aliquots from the reaction mixture of styrene vs. p-chlorostyrene were
removed at 10, 30, 60, 120, and 180 min. The relative ratio of styrenes
and products was observed not to change with time. The relative rate
constants thus obtained were analyzed, the data being fit to the best
straight line for ¢ and o constants using a least-squares program. The
following value of p were obtained: using o constant 2.69 + 0.189 (v
= (.98); using ¢* constants 1.51 + 0.237 (y = 0.92).

Stereochemistry of the Reactions of 8-Deuteriostyrenes. cis-
and trans- 3-deuteriostyrenes were prepared from the corresponding
B-bromostyrenes by Yoshino’s method.40 Pure samples were collected
by preparative GLC and the deuterium contents were checked by
NMR spectrum. trans-3-Deuteriostyrene: NMR (CCly) 6 5.67 (d, H,
J =17.5 Hz), 6.63 (d-t, H, J = 17.5 and 1.2 Hz), 7.07-7.47 (m, 5 H).
cis-B-Deuteriostyrene: NMR 6 5.17 (d, H, J = 10.7 Hz), 6.63 (d-t, H,
J =10.7 and 2.6 Hz), 7.07-7.47 (m, 5 H). trans-3-Deuteriostyrene was
reacted by the same method as described above in the reaction of
styrenes with methyllithium in the presence of Pd{(acac)s. The 8-
methylstyrene fraction was collected by preparative GLC (Carbowax
20M, 130 °C) and subjected to measurement of NMR spectra. Careful
analysis of the spectra showed that trans-3-deuterio-g-methylstyrene
was obtained exclusively and its deuterium content was 0.90 + 0.08:
NMR $1.81 (t,3 H,J = 0.2 Hz), 6.20 (t, Jup = 4.0 Hz), 7.10 (m, 5 H).
Similarly, the reaction of cis-3-deuteriostyrene gave trans-3-meth-
ylstyrene, whose deuterium content was 0.08 + 0.06. Therefore, the
stereochemistry of the reaction is inversion of configuration.

Reaction of S-Bromostyrene with Methyllithium in the
Presence of Pd(acac)s. A solution of Pd(acac)s (0.304 g, 1.0 mmol)
and cis-8-bromostyrenet! (0.552 g, 3.0 mmol) in dry THF (15 mL) was
treated with a solution of methyllithium (6.0 mmol) in ether (2.4 mL)
similarly as described above. The GLC analysis (Carbowax 20M, in-
ternal standard method using biphenyl) showed that cis-3-methyl-
styrene? were obtained (0.110 g, 94%) along with trans-3-methyl-
styrene (0.04 g, 4%). cis-3-Methylstyrene: IR 690, 1644 cm™!; NMR
(CCly) 5 1.87 (d-d, 3 H), 4.77 (m, H), 6.05 (d-q, H, J = 11 and 2 Hz),
7.68 (m, 5 H). Similar reaction of trans- 8-bromostryene# gave trans-
and cis-3-methylstyrene in 96 and 2% yields, respectively.

Reaction of Styrene with Diethyl Sodiomalonate in the
Presence of Pd(acac)s. T 0.305 g (1.0 mmol) of Pd(acac)z in 50 mL
of freshly distilled dry THF was added 0.312 g (3.0 mmol) of styrene
and the solution was stirred for 20 min. To this solution was added
a THF solution of diethyl sodiomalonate, which was prepared upon
treatment of diethyl malonate (0.320 g, 2.0 mmol) with sodium hy-
dride (50% in Bayol, 0.096 g) in THF (5 mL). The mixture was stirred
at reflux for 12 h, cooled, quenched with aqueous acetic acid solution
(2 N), filtered off, and extracted with ether. The ether solution was
washed with a solution of sodium hydrogen carbonate, dried over
Mg80,, and concentrated with a rotary evaporator. The bulb-to-bulb
distillation (bath temperature 187-190 °C, 2 mmHg) gave oily
products, which subsequently chromatographed on a 20 X 20 c¢cm
Merck silica gel F 254 preparative layer plate in benzene. A band (R;
0.58) was eluted to afford diethyl e-methylbenzylidenemalonate (1):
m/e 262; IR (liquid film) 1625, 1720 cm~1; NMR (CCly) 6 0.88 (1,3 H,
J =6.5Hz),1.31(t,3 H,J = 6.5 Hz), 2.42 (s, 3 H), 3.86 {(q, 2 H), 4.23
(q, 2 H), 7.26 (s, 5 H). Anal. Caled for C15H;504: C, 68.68; H, 6.92.
Found: C, 68.93; H, 7.07. A band (R 0.61) gave diethyl trans-styryl-
malonate: m/e 262; IR (liquid film) 1725 em™1; NMR (CDCls) § 1.27
(t,6 H,J = 8Hz),4.12(d, H,J = 4 Hz),4.18 (q,4 H, J = 8 Hz),8.31
(d-d, J = 16 and 4 Hz), 6.54 (d, J = 16 Hz), 7.16-7.40 (m, 5 H). The
authentic sample was prepared by the reaction of ethoxymethy-
lenemalonic ester with benzylmagnesium bromide in ether at reflux
followed by separation with silica gel chromatography. Nabar et al.#
reported that this reaction gave diethyl phenethylidenemalonate;
however, the structure should be assigned to be the isomerized
product, diethyl trans-styrylmalonate, from the NMR spectrum.
Treatment of a solution of diethyl trans-styrylmalonate in THF with
sodium hydride followed by quenching with water gave the recovered
ester. The accurate yields of the reaction products were determined
by GLC analyses (SE-30, 10%, 1m, column temperature 100-230 °C)
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using an internal standard of biphenyl, An unknown minor product
was detected in GLC analysis.

When a mixture of Pd(OAc)s (5 mmol), styrene (50 mmol), and
diethyl sodiomalonate (10 mmol) in THF was reacted under similar
reaction conditions, 1 (21%), diethyl phenethylmalonate (4%), o-
phenylnaphthalene (1.6%), and «-phenyltetralin®® (1%) were ob-
tained.

Reaction of p-Methoxystyrene with Diethyl Sodiomalonate
in the Presence of Pd(acac),. The reaction of p-methoxystyrene
(0.402 g, 3.0 mmol), Pd(acac)s (0.305 g, 1.0 mmol), and diethyl sodi-
omalonate (2.0 mmol) in THF was carried out and worked up under
the same condition employed on the reaction of styrene. The oily
product obtained from the bulb-to-bulb distillation (bath temperature
199-201 °C, 2 mmHg) was subjected to TLC. A band (R 0.560) was
eluted with benzene to afford diethyl a-methyl(p-methoxybenzyli-
dene)malonate: m/e 292; IR (liquid film) 1715 ecm~1; NMR (CCly) é
0.96 (t,3H,J = 6.6 Hz), 1.30 (t,3 H, J = 6.6 Hz), 2.40 (s, 3 H), 3.80 (s,
3H),3.93(q,2H,J =6.6Hz),4.24 (q,2 H, J = 6.6 Hz),6.92 (d, 2 H,
J =9 Hz), 7.28 (d, 2 H, J = 9 Hz). A band (R; 0.625) gave a minor
unknown product: mp 97.5-98.5 °C (recrystallized from petroleum
ether); m/e 230; IR (Nujol mull) 1670 em~1; NMR (CDCl3) 6 2.40 (s,
3 H), 261 (s,3H),3.81 (s,3H),6.72 (s, H), 6.95 (d, 2 H,J = 9 Hz), 7.61
(d,2H,J =9 Hz).
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