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ABSTRACT

Addition of four equivalents of t-butyldiallylphosphine
1a to a solution of one equivalent of [(COE),IrCl], in
CHCI, at low temperature produced two isomers of the
complex [t-Bu(C;H,)PCH,CH = CH)]IrHCI(COE)-
[PtBu(C;H,),] (2a), which evolve at 40°C to [t-
Bu(C,H.)PCH,CH =CH)]JIrCl(C,H,.)[PtBu(C,H.),]
(3a), by a hydride transfer from iridium to the cyclooc-
tene (COE) ligand. It is reasonable that the unsat-
uration at the iridium center is fulfilled by interactions
with the allyl moieties of the phosphine that are not
metalated. This has been demonstrated by bubbling
CO into a solution of 3ain CHCl, at room temperature
to obtain the carbonyl complex [t-Bu(C,H,)-
PCH,CH =CH)]Ir(CO)CI(CsH,.)[PtBu(C H.),] (4a).
Under the same conditions, the reaction of diisopro-
pylamindiallylphosphine 1b and anisyldiallylphos-
phine 1c afforded a mixture of isomers 3b and 3c, re-
spectively. These results show that diallylphosphines
can be considered to be a new family of bidentate li-
gands. Finally, the reaction of these phosphines with
[(COD)IrCl], (COD = 1,5 cyclooctadiene) shows the
formation of tetracoordinated iridium (I) complexes
IrCl(COD)(PR3), which are thermally stable. © 1998
John Wiley & Sons, Inc. Heteroatom Chem 9:253—
259, 1998
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INTRODUCTION

Polyphosphines [1] and phosphines with various
functional groups as substituents [2] have attracted
the attention of chemists. Since the early seventies,
after the publication of the preparation of nickel cat-
alysts of phosphinoenolate ligands and their use in
the selective polymerization and oligomerization of
ethylene [3,4], they have played an important role in
homogeneous catalysis. These ligands are expected
to exert more control of the coordination sphere of
the metal with the possible consequence of provid-
ing new catalytic properties of the resulting com-
plexes [5,6]. Ligands containing phosphorus and ox-
ygen as donor atoms have attracted even more
interest [7]. This is because the phosphorus atom is
strongly bonded to the metal, with the oxygen atom
forming only a weak bond. This can be reversibly
broken to create a vacant coordination site on the
metal center, inducing catalytic activity [8] and in-
creasing its electronic density that facilitates the ox-
idative addition of a substrate [9].

We have reported on the thermal decomposition
of allyl and diallylphosphines as a novel way to gen-
erate phosphalkene derivatives, via a retroene type
of propene elimination involving a six-center tran-
sition state [10-14].

We are now developing new methods for the syn-
thesis of heterofunctional allyl phosphines, and we
are also studying their reactivity. As a part of this
work, we have started to evaluate their potential as
polydentate ligands, the main consideration being
that the C-C double bond of the allyl moiety, if it is
coordinated, can act as a labile function that could
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enhance the reactivity of the metal center and facili-
tate the catalytic transformations of substrates
within the coordination sphere. Thus, we report here
our first results on the study of the reactivity of dif-
ferent diallylphosphines toward chloro-bridged
bis(cyclooctene) and cyclooctadiene iridium dimers.

RESULTS AND DISCUSSION

Four allylphosphines have been chosen for this
study, in order to evaluate the influence of the sub-
stitution of the phosphorus atom on the reactivity.

tBuP\/\‘t ﬂ’erP\/\ Meo@f’v\ MeO@-P\a )

1a 1b e 1d

Starting from the easily available diisopropylam-
inodichlorophosphine, allyl(4-methoxyphenyl)-
chlorophosphine 1d was directly obtained in better
than 60% yield by successive substitution of the
chlorine atoms by the 4-methoxyphenyl and allyl
groups, followed by HCI bubbling, without isolation
of the intermediates (Figure 1).

Addition of a second equivalent of allylmagne-
sium bromide permits the obtainment of the 4-meth-
oxyphenyldiallylphosphine 1c¢ (Figure 1).

Reactions with [(COE),IrCl],

Addition of four equivalents of z-butyldiallylphos-
phine la to a solution of one equivalent of
[(COE),IrCl], (COE = cyclooctene) in CHCI; at
—50°C produced an intense red solution that im-
mediately changed to clear yellow and then became
dark at room temperature. 3'P NMR analysis of the
clear yellow solution showed the clean formation of
two AB systems (dp, = 50.9, 05, = —76.9,Jpp = 327.5
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FIGURE 1

and J,, = 48.3,0p, = —82.3,Jp, = 324.5) in about a
90:10 ratio, the large coupling constant indicating
the trans configuration of the phosphines. The 'H
NMR spectrum shows two doublets for the z-butyl
protons (0 = 1.07, 3/, = 12.0and 6 = 1.22, 3/, =
14.5), a pseudo-triplet in the zone of hydride reso-
nance (0 = —21.6,Jy; = 11.6), and a doublet of dou-
blets at low field (6 = 7.64, 3, = 8.5, 3oy = 17.0),
in addition to a complex resonance pattern for allylic
protons (0 = 4.8-6.2). The presence of a hydride sub-
stituent coupled with two cis nonequivalent phos-
phines and the doublet of doublets at low field
prompt us to propose a metallization of one of the
allyl moieties, forming a six-coordinated Iridium
(III) derivative incorporating a five-membered me-
tallacycle (Figure 2). These spectroscopic data were
consistent with the formation of two isomers of the
metalated complex [-Bu(C,;H;)PCH,CH=CH)]-
IrHCI(COE)[PtBu(C,H,),] (2a).

This result can be compared with the reported
reaction of di-z-butylallylphosphine [15,16] with the
same iridium dimer in which the two cyclooctene
ligands are displaced and the sixth coordination site
is taken by another coordinating agent from the re-
action medium (Figure 3A). When the reaction is
carried out without another coordinating agent pres-
ent, a five-coordinated metalated species is formed
(Figure 3B) [15]. These results are certainly due to
the steric hindrance of the two ¢-butyl groups.

In our case, only one cyclooctene ligand is dis-
placed from the metal, and this can be explained by
the lesser steric hindrance of the diallyl phosphine.

The presence of the cyclotene ligand on 2a is
confirmed by the clean isomerization, even at low
temperature, of 2a, by a hydride migration to the
double bond of the cyclotene (Figure 4), that results
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in the formation of the unsaturated [¢-Bu(C,H,)-
P(CH,CH = CH)]IrCl(C,H,.)[PtBu(C,H.),] (3a) com-
plex. This product showed in its 3'P NMR spectrum
an AB pattern (0 = 27.3,0 = —46.4, J,p = 314.3),
the large coupling constant indicating the trans con-
figuration of the two coordinated phosphines. The
'"H NMR spectrum shows the disappearance of the
hydride substituent and the displacement of the sig-
nal due to the proton of the metalated double bond
that brought about a pseudo-triplet signal (6 = 7.79,
3 = 8.5, 3y = 8.5). Interesting aspects are shown
by the analysis of the *C NMR spectra of 3a in the
region of the allyl resonances, showing three types
of allyl fragments (6 = 116.2, 2], = 8.9,0 = 131.84,
pe = 6.9;0 = 117.3, %0 = 9.7,0 = 133.2, 3, =
8.22; and 6 = 117.5, 4, = 8.5,0 = 133.7, 3, =
5.9), the last two being slightly less intense than the
first. It seems reasonable to think that the unsatu-
ration at the iridium center is fulfilled by interac-
tions with the allyl moieties, meaning that the dial-
lylphosphine is acting as a bidentate ligand. This
observation has not been reported in the case of the
unsaturated iridium derivative obtained with di-z-
butylallylphosphine (Figure 3B) [15].

Unsaturated iridium derivatives have been re-
ported to be able to activate a large variety of organic
molecules by coordination of the organic substrate
to the unsaturated iridium center, as, for example,
in the recent synthesis of iridapyrrole complexes by
reaction of the bisethylene complex Tp*Ir(C,H,),
with acetonitrile [17 and references therein]. In our
case, it is of interest that the complex is possibly sta-
bilized by an intramolecular interaction.

Despite our best efforts, we did not obtain a sin-
gle crystal suitable for an X-ray study of 2a or 3a in
order to establish the stereochemistry of the reaction
and to see how close the allyl double bonds are to
the metal center.

The lability of 3a has been demonstrated by bub-
bling CO into a solution of this complex in CHCI, at
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FIGURE 4 3P {tH} NMR (CDCI,) evolution of 2a to 3a: (top)
spectrum at 0°C, (middle) after 10 minutes at 40 °C, (bottom)
after 30 minutes at 40 °C.

room temperature. A new AB system is observed in
the 3'P NMR spectrum (0 = 43.3,6 = 33.3, Jpp =
261.4), and no other signals are observed. The 'H
NMR spectrum shows the displacement of the signal
corresponding to the proton on the metalated car-
bon as a pseudo triplet (6 = 7.13, Jyy = 5.9, Jpy =
5.9).

The 3C NMR spectrum shows more significant
changes; besides the signals corresponding to the
metalated carbon and its neighboring groups (0 =
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127.5, 3Jpc = 3.6, 3pc = 11.6 and 6 = 123.2, 2], =
4.8, respectively), signals corresponding to two types
of allyl fragments (6 = 118.1, 2J,c = 8.9;6 = 133.4,
3pc = 5.9;and é = 118.3, 2/, = 10.3;6 = 132.3, 3],
= 7.54) are apparent. The appearance of only two
types of allyl groups clearly demonstrates that there
is no other interaction with the metal center, the un-
saturation now being filled by the CO ligand. These
spectroscopic data are consistent with the formula-
tion  [t-Bu(C,H,)P(CH,CH = CH)]Ir(CO)CI(C,H,.)-
[PtBu(C,H;),] (4a) (Figure 5).

Under the same working conditions, the reaction
of diisopropylaminodiallylphosphine 1b and 4-
methoxyphenyldiallylphosphine 1c¢ with (COE),-
IrCl], immediately affords a mixture of isomers of
3b and 3c, respectively (Table 1, Figure 2); no hy-
dride intermediate complex was observed, probably
due to the fact that these more electron-rich phos-
phines favor the stabilization of the unsaturated irid-
ium complexes. In the two cases, the analysis made
by 'H and '3C NMR spectroscopy showed a more
complicated spectrum that is difficult to interpret.
Nevertheless, the values of the 3'P NMR chemical
shift and the coupling constants indicated that they
are analogous to those observed in 3a.

Low-temperature NMR experiments, performed
in order to derive greater insight into the reaction
mechanism, were unfruitful because the evolution of
the reaction was different in the NMR tube than in

_a 4a
FIGURE 5
TABLE 1 3 P{H} NMR Data for Complexes 2 and 3 (J in
ppm and J,, in Hz)
2 3
6P1 0 P2 J, PP 5P1 g P2 J, PP
a 509 —-76.9 3275 27.3 —46.4 314.3
48.3 —82.3 3245
b 35.2 —46.2 374.0
broad broad
c 13.4 -39.9 325.0
13.3 —-40.1 320.3

a, b, ¢, P, and P, relative to starting phosphine, as in Figure 2.

the schlenk procedure, producing a mixture of start-
ing material, intermediates, and the final unsatu-
rated product.

Reaction of the allyl(4-methoxyphenyl)-
chlorophosphine 1d, under the same conditions, did
not lead to the formation of the metalated product
and resulted instead in the formation of a complex
mixture of polyphosphorated complexes. We think
that, in this case, the lesser steric hindrance of the
phosphine favored the coordination of more than
two phosphines, and the reaction could not be con-
trolled under our working conditions.

Reactions with [(COD)IrCl],

Under the same conditions mentioned previously,
[(COD)IrCl], (COD = 1,5 cyclooctadiene) shows a
different reactivity toward the allyl phosphines 1a-
d. In all cases, the clean formation of the tetracoor-
dinated iridium (I) complexes were observed (Figure
6). The structures were established by the analysis
of the 'H, 3C, and 3*'P NMR spectra.

Heating a solution of 4a-d at 100°C in toluene
for 4 hours did not produce either a displacement of
the cyclooctadiene or a C-H activation (Figure 7),
and the complex remained unchanged. This may be
explained in terms of a greater lability of the COE
ligand than that of the COD one. Prolonged times of

heating only caused decomposition of the
complexes.
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Having obtained an allylchlorophosphine com-
plex, such as 4d, it was tempting to try to obtain the
stabilized phosphabutadiene by the abstraction of
HCIL. Treatment of a THF solution of 4a with Et;N
led only to the recovery of the unchanged allylchlo-
rophosphine complex (Figure 8). The use of stronger
bases, such as DBU, #-BuOK, or lithium bistri-
methylsilylamide, resulted in the formation of insol-
uble products that we were not able to characterize.

This preliminary work shows the different reac-
tivity of diallylphosphines toward [COE,IrCl], and
[CODIrCl],. In the reaction of diallylphosphines with
[COE,IrCl],, a C-H activation is observed with the
subsequent insertion of the cyclooctene ligand into
the Ir-H bond, affording an unsaturated complex of
iridium intramolecularly stabilized by the allyl sub-
stituents on the phosphine ligand. This shows that
diallylphosphines can act as bidentate ligands and
that diallylphosphines can reasonably be considered
to function as a new family of bidentate ligands. Re-
actions of diallylphosphines with [CODIrCl],
showed the formation of tetracoordinated iridium
(I) complexes that are thermally stable.

Further work is being carried out to elucidate the
stereochemistry of 3a and to test its reactivity toward
organic molecules such as nitriles, alkenes, and
other unsaturated substrates.

EXPERIMENTAL

All of the reactions and manipulations were carried
out under an argon atmosphere in schlenk-type
glassware. Solvents of analytical grade were distilled
from appropriate drying agents under N, prior to
use. Iridium (III) trichloride hydrate was purchased
from Aldrich. NMR spectra (usually in CDCIl,) were
obtained by use of a Brucker AM-300 instrument.
Published preparations were used for [(COE),IrCl],
[18], [(COD)IrCl], [19], t-butyldiallylphosphine [10],
and diisopropylamino-diallylphosphine [14].

Allyl(4-methoxyphenyl )chlorophosphine (1d). A
filtered solution of 0.54 mole of (4-methoxy-

phenyl)magnesium bromide was added dropwise to
a solution of 100 g (0.50 mole) of diisopropylami-
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FIGURE 8

nodichlorophosphine in 300 mL of anhydrous THF
cooled to —78°C.

When the addition was finished, the reaction
mixture was warmed to room temperature for 1
hour. The mixture was recooled to —78°C, and a so-
lution of 0.54 mole of allylmagnesium bromide was
added dropwise. When the addition was finished, the
reaction mixture was warmed to room temperature,
allowed to stand for 2 hours, and then filtered. Hy-
drogen chloride was then bubbled into the filtered
solution at 0°C. The solution was evaporated, and
allylchloro(4-methoxyphenyl)phosphine  distilled
under reduced pressure to produce 71 g (68% yield)
of liquid of bp, ;s 84-87°C.

3P {'TH}NMR 6 = 81.5. 'HNMR: 2.9 (t, 3Jyy = 8
Hz, 2H, PCH,), 3.8 (s, 3H, CH,0), 5.09 (m, 2H,
C=CH,), 5.66 (m, 1H, CH=C), 6.96 (d, 3., = 9 Hz,
2H, m-CH), 7.65 (dd, ¥,y = 9 Hz, 3, = 9 Hz, 2H,
0-CH). *C NMR: 41.5 (d, ', = 14 Hz, PCH,), 55.4
(s, CH;0), 114.3 (d, 3J5c = 9 Hz, C=CH,), 119.4 (d,
2], = 10 Hz, 0-C), 125.8 (d, J,. = 10 Hz, i-C) 130.3
(d, 3Jpc = 8 Hz, m-C), 133.5(d, 2Jpc = 27 Hz, CH=C),
162 (s, p-C).

(4-Methoxyphenyl )diallylphosphine (1c). A fil-
tered solution of 0.3 mole of allylmagnesium bro-
mide in THF was added dropwise to a cooled solu-
tion of 0.256 mole (55g) of 1d. When the addition
was finished, the mixture was warmed to room tem-
perature and maintained at this temperature for 2
hours,then filtered, and the solvent evaporated.
Compound 1c was distilled under reduced pressure.
Bp,s = 82-86°C (32.5 g, 61% yield).

3P {(TH} NMR 6 = —29.5. '"H NMR: 2.36 (t, 3y
= 4 Hz, 2H, PCH,), 3.77 (s, 3H, CH,0), 4.96 (m, 4H,
C=CH,), 5.71 (m, 2H, CH=C), 6.89 (d, 3Jyy = 8 Hz,
2H, m-CH), 7.42 (dd, 3., = 3 Hz, 3/, = 3 Hz 2H,
0-CH). ¥C NMR: 32.6 (d, Jp. = 15 Hz, PCH,), 55.11
(s, CH;0), 113.9 (d, 3/, = 8 Hz, C=CH,), 116.8 (d,
2Joc = 9 Hz, 0-C), 127.5 (d, J5c = 15 Hz, i-C), 133.2
(d, 3o = 7 Hz, m-C), 133.97 (d, ¥Joc = 20 Hz,
CH=C), 160 (s, p-C).

Reaction of t-BuP(CH,CH=CH,), (la) with
[(COE),IrCl],, An amount of 121 mg (7.2 X 104
mole) of 1a was added dropwise to a solution of 160
mg (1.79 X 10-* mole) of [(COE),IrCl], in 10 mL of
freshly distilled and degassed CHCI; cooled at
—60°C. After completion of the addition, the mixture
was kept at this temperature for 15 minutes and then
allowed to reach 0°C. After concentration of the sol-
vent, addition of n-pentane to the residual liquid pro-
duced 2a as an unstable, cream-colored powder after
collection by filtration.
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The heating at 40°C of a solution of 2a yielded
3a quantitatively after 1 hour. After the evaporation
of the solvent, the crude product remained as an or-
ange oil. 3P {!H} NMR: 6,, = 27.3,0,, = —46.4 (dd,
2], = 314.3 Hz). '"H NMR: 1.28 [d, 3 J,,; = 12.3,
(CH,),C], 1.37 [d, 3J,, = 14.7, (CH,);C], 2.1 (m,
PCH,), 3.6 (m, CH,, CiH,;), 4.25 (m, IrCH, C.H,,),
5.13(m, C=CH,), 5.8 (m, CH=C, IrC=CH), 7.79 (pt,
3uu = 8.5, 3py = 8.5, IrCH=C). *C NMR: 26.7 [bs,
PC(CHS,),], 28.7 [bs, PC(CH,),], 30.3, 32.9 (m, PCH,),
74.3 (bd, Jpe = 8.3, IrCH, C,H,.), 116.2 (d, 2pe =
8.9, CH=C), 117.3(d, 2Jpc = 9.7, CH=C), 117.5 (d,
2Joc = 8.5, CH=C), 124.15 (dd, Jpc = 13.6, 3Jpec =
4.8, IrC=C), 128.5 (d, ¢Jpc = 5.5, IrC=C), 131.8 (d,
e = 6.9, C=CH,), 133.2 (d, 3J,c = 8.2, C=CH,),
133.7 (d, e = 5.9, C=CH,).

Reaction of 3awith CO. CO was bubbled into a
solution of 3a in CHCIl,; at room temperature for 5
minutes. The solution was concentrated and #n-pen-
tane was added until complete precipitation of prod-
uct had occurred. After filtration, a pale yellow solid,
4a, was obtained.

3P {H} NMR: J,, = 43.3, 65, = 33.3(dd, 2/pp =
261.4 Hz). '"H NMR: 1.28 [d, 3/, = 13.8, (CH,),C],
1.33[d, 3Jpy = 13.1 (CH;),C], 2.1-3.8 (series of mul-
tiplets, PCH,, CH, C;H,;), 5.2 (m, C=CH,), 6.0 (m,
CH=C, IrC=CH), 7.13 (pt, ¥y = 5.9, Jpy = 5.9,
IrCH=C). 3C NMR: 27.4 [bs, PC(CH,),], 28.4 [bs,
PC(CH,),], 31.7-35.1 [series of multiplets, PC(CH,),,
PCH,], 67.9 (s, IrCH, CiH,s), 118.1 (d, ¥Jpc = 8.9,
CH=C), 118.3 (d, 2J,c = 10.3, CH=C), 123.2 (d, /e
= 4.8, IrC=C), 127.5 (dd, ¥Jpc = 11.6, 3, = 3.6,
IrC=C), 132.3 (d, 3Jpc = 7.5, C=CH,), 133.4 (d, ¥/
= 5.9, C=CH,), 174.0 (s, IrCO).

Analogous reactions of [(COE),IrCl], with dial-
lyldiisopropylaminophosphine 1b, (4-methoxy-
phenyl)diallylphosphine 1c¢, and allyl(4-methoxy-
phenyl)chlorophosphine 1d were carried out using
the same method.

Reaction of t-BuP(CH,CH=CH,), (la) with
[(COD)IrCl],. To a solution of 120 mg (1.78 X 104
moles) of [(COD)IrCl], in 10 mL of freshly distilled
and degassed CHCI;, cooled to —60°C, was added
dropwise 61 mg (3.57 X 10-* mole) of ¢-butyldiallyl-
phosphine 1a. When the addition had been com-
pleted, the mixture was warmed to room tempera-
ture and stirred for an additional hour. The solvent
was then evaporated, giving 5a as a deep orange oil.

31IP {('H} NMR: 6 = 9.5 (s). 'H NMR: 1.28 [d, 3/,
= 13.6, PC(CH,),], 1.6, 2.57, 2.8, and 3.3 (series of
multiplets, C;H,,), 2.1 (m, PCH,), 4.9 (m, CH=CH,
C.H,,), 5.1 (m, C=CH,), 5.9 (m, CH=C). *C NMR:

24.7 [d, ¥Jpe = 25, PC(CH;);], 29.0 (d, Jpe = 18,
PCH,), 29.1 (s, CH,, CsH,,), 33.8 (d, 3/p,c = 3), 35.0
(d, 2Jpc = 24),91.6 (d, 3 = 14,C=C, C;H,,), 118.6
(d, 3Jpc = 10, CH=C), 132.0 (d, 3J,c = 5, C=CH,).

Analogous iridium complexes of diallyldiisopro-
pylaminophosphine (5b), (4-methoxyphen-
yl)diallylphosphine (5¢), and allyl(4-methoxy-
phenyl)chlorophosphine (5d) were prepared using
the same method.

5b: 3P [TH]NMR: § = 52.2 (s). 'H NMR: 1.3 [d,
3en = 7.1, PNCH(CH,),], 1.6, 2.7, 3.1, and 3.3 (series
of multiplets, CiH,,), 2.2 (m, PCH,), 3.9 [m,
PNCH(CH,),], 5.1 (m, CH=CH CgH,,), 5.2 (m,
CH=C), 6.2 (m, C=CH,). *C NMR: 25.2 [d, %/ =
2, PNCH(CHS,),], 32.2 (d, 2/pc = 29, PCH,), 52.3 (d,
3T,e = 3),91.6 (d, 3, = 14, C=C, C,H,,), 118.2 (d,
2Joc = 10, CH=C), 132.0 (d, ¥/, = 2, C=CH,).

5c: 3P {'HJNMR: 6 = —1.4 (s). '"HNMR: 1.7 (m,
CsH,,), 2.1 (m, PCH,), 2.9 (m, CiH,,), 5.1 (m,
CH=CH, CiH,,, CH=C), 5.8 (m, C=CH,), 6.9 (d,
o = 7.4, m-CH), 7.5 (pt, Fyy = Jor; = 8.9, 0-CH).
3C NMR: 28.3 (d, Y, = 29.8, PCH,), 52.5 (s, OCH,),
92.9 (d, %Jpc = 14, CH=CH, C;H,,), 113.7 (d, ¥Jpc =
11.7, CH=C), 118.9 (d, 2J,c = 10, 0-CH), 120.5 (d,
e = 49, 1-C), 130.8 (d, 3Jpc = 4, m-CH), 133.4 (d,
3pe = 10, C=CH,), 160.9 (d, ¥/pc = 1.7, OCH,).

5d: 3P ['H)NMR: J,, = 95.1 (s). '"H NMR: 1.9,
2.4, 3.3, and 3.5 (series of multiplets, C;H,,), 2.3 (m,
PCH,), 5.2-5.3 (m, CH=CH, C;H,,, CH=C), 6.0 (m,
C=CH,), 6.9 (dd, 3y = 8.8, ¥y = 2, m-CH), 8.0
(dd, 3, = 8.7, 3,y = 11, 0-CH). 13C NMR: 40.9 (d,
1/, = 24, PCH,), 55.3 (s, OCH,), 98.8 (d, 2/, = 6.3,
CH=CH, CiH,,),99.0 (d, %/, = 5.5,CH=CH, C{H,,),
114.0 (d, ¥Jpe = 12, CH=C), 120.6 (d, 2Jpc = 13, o-
CH), 125.7 (d, Joc = 44, i-C), 128.9 (d, 3Jpc = 6, m-
CH), 132.5 (d, ¥pc = 14, p-C), 134.7 (d, 3Jpc = 16,
C=CH,), 162.4 (d, ¥J,c = 2, OCH,).
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