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Summary

Keto-stabilized sulphonium ylides slisplace styrene and benzonitrile from
their adducts with PdCl, to give stable 2/1 ylide—PdCl, complexes. Evidence
is given for epimeric equilibrium between trans square-planar structures of

these new complexes in solution.
A 1/1 ylide—Pd1l, complex, obtained from dimethylsulphonium methylide,

is also described.

Introduction

Sulphonium ylides (I), because of their nucleophilic character, react with
a variety of electrophilic substrates, in particular with olefins to give cyclo-
propanes [2], a reaction (egn. 1) that has found severa! interesting applications.
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I Z = COOR, COR, CN etc.

Simple olefins however are not attacked by even the most nucleophilic ylides.
It is known that normal nucleophilic olefins can be made electrophilic in
character by complexation with transition metals, such as Pt and Pd, and nucleo-
philes such as water, alcohols, amines and carbanions have been made to react
with a variety of olefin—-metal complexes [3]. To date no report of reaction
between ylides and olefins activated by complexation has been recorded**.

Our interest in the chemistry of ylides [4] led us to investigate the reaction
between these compounds and complexed olefins, in the hope of promoting

* A preliminary note on part of this subject has béen published [1]. :
** Recently, allylic alkylation of olefinic n-alkyl complexes by means of the anion of methyl-
sulphinylacetate has been reported {3b}.
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‘the reaction of the ylide with the olefinic double bond. Our first attempts at
reactions of this type, using the easily available styrene—PdCl, complex, did
not afford the expected results; the styrene molecule was displaced by the
ylide* and ylide—PdCl, complexes were always obtained with structures de-
pending on the nature of the ylide.

. We report the results of our studies on the synthesis and structure of the
palladium—ylide complexes obtained in these preliminary experiments.

When alkylphosphonium ylides react with transition metal carbenyl
complexes, displacement of CO by the ylide or attack on the CO has been
reported as usually occurring, with the formation of complexes containing the
vlidic moiety [6]. A few complexes of phosphonium and arsonium cyclopenta-
dienylides with transition metal carbonyls have alsc been reported [7], and
various types of phosphonium ylide—metal adducts, complexes and “quasi-
complexes’ of Ni, Cu, Ag, Au, Zn, Mg, Sn and Pb, have also been reported [8].

Much less information is available on metal complexes of nitrogen [9] and
sulphur [10] ylides. For sulphonium ylides, apart from a few organotin sulph-
onium salts and ylides [10a] only Barney [10b] has reported** the formation
of some adducts (possibly complexes) between two cyclopentadienylsulphonium
yvlides and several metal salts in which the ylides were found to give 1/1 adducts

with PACl, .
Results and discussion

A 1/1 ylide—PdI, adduct (II) was obtained from dimethylsulphonium
methylide (I) and the styrene—PdI, complex in the presence of a DMSO 3olu-
tion of Nal (egn. 2). A dimeric structure, or the analogous ‘‘cis’’ structure,

-CH, —SMe, +1[(CsH;g)-PdCl, ], + 2I - C;H; SPAL, + CsHs + 2C1° (2)
@ (ID)

Me, S—CH I
* N /I

/Pd\2— Pd\ an
I 1/ CH, SMe,

is suggested by its stoichiometry. The NMR spectrum, taken in DMSO-d,,
shows two singlets at & 2.84 and 3.31 ppm in a 3/1 ratio.

When keto-stabilized dimethylsulphonium ylides (I111) were reacted with
the styrene—PdCl. adduct in benzene at room temperature, the complexes IV
were obtained in very good yields as yellow precipitates. Alternatively the same
compounds could be obtained from the ylides and the benzonitrile—PdCl,
adduct in benzene, chloroform or DMSOQO, or even directly with PdCl, in DMSO

(eqn. 3).
* Recently the reaction between dimethylsulphonium methylide and some acylferrocenes has been
reported in which attack of the ylide occurred at the carbonyl No displacement of the cyclopentadi-
enyl group by the ylide was observed [5]. .
*¥ Recently Sato and Higuchi [{11] have reported the reaction of dimethylsulphonium phenacylides
with CuCl; in MeOH. Under these conditions adducts were formed between CuCl; and the sulph-
onium salts corresponding to the ylides. The formation of similar adducts from PdCl; and dimethyl-

phenacylsulphonjum salts has also been observed by us.
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% [(Cg Hg )' Pd012 ] 2
or

92p-XC, H, COCH—SMe, + (CeHs;CN), -PACl, —
(III) or
PdCl;
___+ Cs Hg
(p-XC; H, COCHSMe,),:PdCl, + {or (3)
(av) 2C¢H; CN

a, X =H; b, Me; ¢, MeO; d, Br; e, NO,.

Compounds IVa-e are crystalline solids, almost insoluble in most organic
solvents but slightly soluble in coid and moderately soiuble in warm DMSO.
They decompose in ethanol, but are thermally quite stable*. They decompose on
melting to give the corresponding w-chloroacetophenone. The analytical data
(Table 1) are in accord with a 2/1 ylide—PdCl, ratio.

X-ray analysis of a single crystal of IVa has shown that it existsina d, F
trans square-planar configuration with tae two ylidic ligands bound to palladium
through the “anionic” carbon atoms, now sp® hybridized (Fig. 1) [13].

IR spectroscopic data of solid state IVa are in accord with this structure,
the C=0 stretching band appearing at ca. 1630 cm™!, not far from the value
observed for the corresponding dimethylphenacylsulphonium chloride (1680
cm™! ). The carbanionic character of II1a is therefore lost on complexation,
though a certain degree of polarization in the PA—C bond is indicated by the
lower frequency of the CO band compared to the sulphonium salt. In the free
ylide the full negative charge of the anionic carbon atom shifts the C=0 band to
even lower frequency (‘‘enolate’ band at 1508 cm™! [14]). A single Pd—Cl
stretching band in the far IR region at 330 ecm™! is in accord with a trans configu-
ration [15].

TABLE 1

COMPLEXES FROM DIMETHYLPHENACYLSULPHONIUM YLIDES AND PdCl,: (p-XCgHq COCH—
SMej ), -PdCl, (IV)

Compound X Igl’.p. a Yields Analyses found (caled.) (%)
‘o (%)
c H S Pd cl

iva H 194 100 b.e 445 4.1 11.8 19.6 13.7

(44.6) (4.5) 1.9y @87 (13.2)
ivb Me 188 o8 b 46.8 5.1 11.3 198 12.5

(46.7) (5.0) (11.3) {(18.9) {12.4)
Ve MeO 190—192 95 44.3 47 10.6 17.5 11.9

(44.2) Q.7 10.7) @Q7.8) (11.9)
va Br 198 s5b 34.7 3.5 9.0 14,7 9.9

(34.5) (3.2) (9.2) (15.3) (10.2)d
Ve NO, 196 920 36.6 3.3 9.2 15.6 12.9

(38.2) (3.5) (10.2) (16.9) (11.3)¢

9 From DMSO—water, M.ps are uncorrected. ? From (CgHsCN);PdCl;. € From [(CgHg YPACI21, and also
from PdACl,. € Br®: calcd. 23.0; found 22.0. € N%: calcd. 4.5; found 5.2.

* The great thermal stability which is usually observed for complexes having “onium® groups in the
ligands has been rationalized by Ercolani et al, [12] on the basis of internuclear interactions of the

charged centers,
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MeS ci CO—Ph
—oc SMe,

N8
/1 N\

H Ct H

Fig. 1. The structure of 1Va from X-ray diffraction.

The UV spectrum of IVa in the solid (reflectance) shows two maxima at
ca. 280 and 350 nm, while a single shoulder at 300 nm (log € = 3.8) appears in
DMSO solution.

Surprisingly the NMR spectra of IVa (Fig. 5), as well as those of the similar
complexes IVb-e, (Figs. 2 and 5) show a pattern rather more complicated than
that expected from the solid state structure shown for IVa by X-ray analysis.
Because of the low solubilities of IVa-e, “CAT” accumulation was necessary for
CDCl; solutions but with DMSO-d, satisfactory concentrations could be ob-
tained by warming for a short time,care being taken to avoid decomposition®
by cooling and immediately measuring the spectra. Alternatively relatively high
concentrations were obtained even in CDCl;, without heating, by preparing
the complexes from stoichiometric amounts of the benzonitrile—PdCl, adduct
and the ylide in the NMR tube. The NMR data are given in Table 2.

A comparison with the NMR parameters of the ““free’” ylides (Table 3)
shows that complexation of ylides with palladium causes a low-field shift for the
CH-CO signals of 0.4—0.6 ppm in DMSO-d¢ and 0.7—0.8 ppm in CDCl;, indi-
cative of electron drift from carbon to palladium. However this low-field shift

|

A ’J | S

2.83 ]zss]zaz
2.78 234

Fig. 2. The NMR spectrum of IVb, [p-CH3CgH4COCHS(CHj3),12+PdCl; 100 MHz, in DMSO-dg.

* " - discrepancies between the NMR parameters of IVb reported in this paper (Table 2) and those
given in the Preliminary Note [1] are probably due to thermal decomposition which occurred in
our earlier experiments. Minor discrepancies reported for IVa and IVe can be ascribed to differences
in concentration.
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TABLE 2
- +
NMR PARAMETERS FOR (p-XCgHqCOCH—SMe3),-PdCl, (IV)4a

Compound X PACH(S)—CO $Me, b Other Me Aromatics

DMSO-dg CDCI3¥ DMSO-dg CDCl3 DMSO-dg CDCly;  DMSO-dg CDCla

IVa o 4.97 5.09 2.60(2) 2.58 71.375 ~7.4
4.98 5.13 2.71(1) 2.62 8.2-8.3 ~8.3
2.79(1) 2.67
2.80
IVb € Me 4.91 5.02 2.59(2) 2.60* 234 237% 7172 ~T.2
508*% 274@) 2.62 2.32 2.40 8.1-8.3 ~8.3
2.83(1) 2.70 &
2.86
Ve MeO 4.86 499 2.61(2) 2.60% 3.79 3.82 6.8-7.0 6.95
5.04% 278@1) 2.63 3.83 3.87* 8.2-8.3 8.38
2.87(1) 275%
2.94
va Br 4.98 5.01* 263(2) 2.62
4.99 5.07 2.80(1) 2.64%
2.86(1) 2.72
2.88 %
IVe NO, 5.15 % 2.66
5.16 2.67 %
2.82
2,91 *

a § ppm; chemical shifts are slightly dependent on concentration. ¥ Relative intensities in parentheses. € Ref.:
The high field peak of DMSO at 246.0 Hz from TMS. € Ref.: CHCl3 (7.26 ppm). € See Fig. 2. The most
abundant isomer is marked *.

is small in comparison with the parallel shift observed on protonation of ylides
(the CH, -CO signal of dimethylphenacylsulphonium chloride in DMSQO-d, is at ca.
5.6 ppm). This trend is qualitatively in accord with the fact that the IR carbonyl
frequencies of the complexes are intermediate between those of the ylides and
the corresponding sulphonium salts. Tables 2 and 3 show that only minor differ-
ences between free and complexed ylides are observed for other proton signals.

Structure

The stoichiometry of the complexes IVa-e and the X-ray analysis of IVa
are indicative of square-planar structures. In principle four different isomeric
species are possible if the ylide is bound to palladium through the anionic carbon
atom: d,l-trans, meso-trans, d,l-cis and meso-cis. Since these structures show a
plane (meso) or a binary (d,{) axis of symmetry, in all these possible isomers the
two Me,; S* and the two CH—Pd groups are equivalent. Therefore all these

TABLE 3
NMR PARAMETERS FOR DIMETHYLSULPHONIUM PHENACYLIDES: p-XCGH40061{~—§Me2 ame
Compound X CHCO $Me, Other Me
DMSO-dg  CDClg DMSO-dg CDCly DMSO-dg CDClz
IIla H 4.38 4.31 2.82 2.94
b Me 4.37 4.26 2.81 2.94 2.30 2.33
Hlc MeO 4.31 4 25 2.81 2.95 3.76 3.80
mia Br 444 4,27 2.82 2.98
IIle NO2 4.63 4,28 2.85 3.02

a5, ppm: cone. 0.25—0.3 M. Chemical shifts are slightly dependent on concentration.
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isomers should give a unique Pd—CH peak and two Me, S* singlets, due to the
anisotropy of the dissymmetric carbon atoms in the NMR spectra* {16]. But
the experimental data reported in Table 2 show that all the complexes IVa-e ex-
hibit two Pd—CH peaks and four MeS™" singlets, though overlap often occurs

in DMSO-d, . Moreover p-methyls in IVb and p-methoxyls in IVc give two dif-
ferent signals, both in DMSO-d¢ and CDCl; solutions, while only one peak is
predicted for a single isomer. The NMR data therefore strongly suggest as does
the lack of sharp m.p.’s and IR band-broadening in IVb-e, that complexes IVa-e
exist in solution in two forms. Both are probably in a square planar geometry,
with palladium hound to the anionic carbon atom of the ylide**.

The lack of peaks corresponding to the free ylide excludes the possibility
of any equilibriuni between mono- and binuclear species***_ For the same reason
structures with the ylide as a bidentate or w-allyl-like ligand can be excluded.

It should be noted that the two species in solution must be rapidly inter-
convertible because IVa, which is unitary when solid, is recovered unchanged
(identical IR spectra) from its solutions upon crystallization or precipitation with
a non-solvent ¥,

The sum of this and other ¥¥ evidence leads to the conclusion that IVa-e
exist in solution as mixtures of meso- and d,l-trans square-planar structures in
equilibrium (Fig. 3). The isomer distribution in solution at equilibrium is differ-
ent from that observed immediately after the synthesis (see Fig. 4 and the Ex-
perimental Section). The isomer distribution at equilibrium in CDC]; changes
widely from compound to compound, but the ratio in DMSO-d,; is 1/1 for all
the complexes but IVe.

Exchange experiments
The interconversion of the two isomeric species implies PA—C bond fission
and means that some ‘‘free’” ylide has to be present in solution in equilibrium

+
Ar—cQ cl CO—aAr Me,S a CO—Ar
MepS. Y / SMe, Ar—o0C \ / Ssme,
N = U = i
\ 7
/c ——Pd c - ¢ Pd——— C
H Ci H H Ci 3]
meso d,t

Fig. 3. Equilibrium between meso and &, forms of complexes IV in solution.

* Magnetic non-equivalence of the two methyls of 2 Me; S group « to a dissymmetric carbon atom is
shown, for instance, by the salt CgHs COCHCI—SMe, *CT” which, in DMSOQ-dg, exhiits two distinct
MeS* singlets at 2.16 and 3.66 ppm.

*+ Other sites of attachment such as the oxygen of the enolate form of the ylide, or the sulphur atom,
apart from any other consideration [10b]}, are very unlikely, for in both cases the two methyls of the
Me, St groups would probably appear magnetically equivalent.,

2*¥ The peaks of the corresponding sulphonium chlorides are missing in the spectxa of IVa-d [dimethyl}-
phenacylsulphonium chloride in DMSO-dg shows singlets at 3.04 (MeS*) and 5.62 (CH,CO) ppm].
The sulphonium chlorides could be formed through protonation of the possible free ylides.

% The same applies for IVb-e.

+¥ cis structures in PA(II) square planar complexeas are less common than trans forms [15a). The beha-
viour of IVa in cold pyridine, whereby only one mole of ylide is displaced by pyridine, is also in-
dicative of a trans structure.
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2 CgHaCOGHSBICH)y » PACI(CH,CNY,

Cittn} I

[C.N,cocusxcu,r,}z ~PACTyr 2CgHSCN
[$105) ‘
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1 1 11 1 i 1 3 1 { I

287 260 238 2.97 288 238 297 288 238
28 238 281 258 2.m 238
) (B) )

Fig. 4. The isomer distribution for IVa in CDCl; solution (A) aftexr 10 min, (B) after 20 m}n. and (C) after
30 min. IVa has been synthesized in the NMR tube from a 2-fold excess of I1la. Only the SMe signals are re-
ported (100 MH2z). The peak at 2.97 ppm corresnonds to the free ylide in excess. The two pairs of peaks at
2.81—2.58 and 2.66~—2.56 ppm correspond to the two epimers of IVa. Details are given in Experimental

Section.

with the complex, though in too small a concentration to be revealed by NMR.
This has been proved by a successful demonstration of exchange between the
ylide bound in IVa and some added free ylide Ilic, in DMSO-d, solution. An
exchange was observed according to eqn. 4.

(Cs Hs COCHSMe, ), - PACl, + 2p-MeQCs H, COCHSMe, =
(IVa) (Tilc)
= (p-MeOC, Hy COCHSMe; ), -PdCl, +2CHs COCHSMe, (4)
(Ive) (111a)

The reaction could best be followed by observing the decrease in the 2.71 ppm
peak of IVa, and the appearance of peaks at 2.88, 3.83 and 4.87 ppm due to IVe
(Fig. 5).

In spectrum C of Fig. 5 some peaks (e.g. at 4.90 and 4.96 ppm), areclearly
different from those of either IVa or IVc and almost certainly originate from
mixed complexes of formula IVac. The Me, S* peaks of these mixed complexes
probably overlap with the numerous corresponding peaks of IVa and IVe. How-

(Cﬁ Hs COCH—SMe, )(p-Me0C6 H4 COCHSMez )'PdClz

(IVac)
ever, when a 10-fold excess of IIc was added to the solution of 1Va, the peaks
corresponding to IVc dominated the spectrum. The experiment was repeated
in CDCl; with a 25-fold excess of IIlc: at the beginning a very complex spectrum
was observed, probably due to the presence of several species (IVa, IVc and
IVac). After complete equilibration, however, (several hours) only the peaks of
IVc could be observed.
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m. 5. Ylide exchange in complexes IV in DMSO'dé sohttion. (A) The NMR spectrum of IVe. (B) The NMR
spectrum of IVa. (C) The NMR spectrum of a mixture of IVa and the ylide Iic in a 1/1 molarratio. (D) The
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Similarly, when the exchange experiment was repeated in DMSO-d; between
IVa and OIb in large excess the formation of IVb was indicated. Moreover it
was possible to observe the CHCO peak of the displaced ylide Iia, distinct from
the corresponding peak of IIlb in the spectrum, and the amount of IIla increased
when further amounts of b were added.

Displacement of the ylidic ligands in IV by pyridine was also possible: When
IVa was dissolved in cold pyridine-ds and the NMR. spectrum taken, the character-
istic peaks of IVa were not observed and instead, peaks appeared in the spectrum
corresponding to the free ylide IIIa together with two MeS* singlets of equal
intensity at 2.86 and 3.42 ppm. This can be explained by the displacement of one
mole of ylide from IVa by one mole of pyridine, with the formation of a mixed
complex Va.

(Cs Hs COCH—SMe, )- pyridine-d; - PdCl,
(Va)
This result supports a trans structure for IVa with the trans effect of the ylidic
ligand greater than that of pyridine. Complete displacement of the ylide from
the complex by pyridine-ds; could only be achieved by heating.
Analogous results were obtained with complexes IVb-e.

Conclusion
The olefinic double bond of the styrene—~PdCl, complex is not attacked by
ylides, but instead the olefinic ligand is displaced to give very stable ylide—Pd
complexes. Similar behaviour is shown by the benzonitrile—PdCl, adduct.
Ylides are geod ligands for palladium: their complexes with PdCl, can be
readily prepared, even in DMSO, and when complexed are displaced by pyridine
only with difficulty.

Experimental

Instrumentation

The IR spectra were taken using a Perkin Elmer model 457 spectrometer;
only prominent peaks are reported. The NMR spectra were recorded on a Varian
XL-100 spectrometer; chemical shifts (6, ppm) were measured from TMS as
internal standard, unless otherwise specified.

Materials

The keto-stabilized sulphonium ylides were obtained by basic treatment
of the corresponding salts (ref. 2, p. 310). They were used after crystallization
from benzene.

Compound II

Styrene—PdCl, complex {1771 (1.15 g, 0.02 moles) was added to a solution
of dimethylsulphonium methylide (I) obtained [18] from trimethylsulphonium
iodide (2.4 g, 0.012 moles) and NaH (0.29 g, 0.012 moles) in DMSO (15 m1l).
After 24 h standing at room temp. the solution was diluted with water (50 ml).
The brown precipitate was collected washed thoroughly with water, dissolved
in DMSO and reprecipitated with water. Yield 80% (1.4 g). M.p. 204°. IR (XBr):
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2990, 1410, 1400, 1320, 1105, 1060, 1025 and 970 cm™!. Anaiysis found:
C,81;H,1.8,8,6.8;Pd, 24.6; I, 58.0. C; Hg SPAI, caled.: C, 8.2; H, 1.8; S, 7.3;
P4, 24.5;1, 58.1%.

General procedure for compounds I'Va-e

(A). From (C¢Hs CN), - PdCl, . A solution of the appropriate ylide (Ilfa-e,
2 mmoles) in CHCI; (15 ml) was added to a solution of (C¢; Hs CN), - PdCl,

[17] (0.38 g, 1 mmole) in CHCl; (10 ml). After 24 h standing at room temp. the
precipitate was collected, washed with CHCl;, recrystallized from warm DMSO
or DMSO-water and dried under vacuum at 50°.

(B). From [(Cgs Hg )-PdCl, ] , . A solution of the appropriate ylide (Illa-e,
4 mmoles) in benzene (15 ml) was added to a solution of [(Cz Hg ) PdCl, ],
(0.56 g, 1 mmole) in benzene (15 ml). After 24 h standing at room temp. the
compound was isolated and purified as described under A.

(C). From PdCl,. A solution of the appropriate ylide (IIIa-e, 2 mmoles) in
benzene (15 ml) was added to a solution of PdCl; (0.18 g, 1 mmole) in DMSO
(~ 30 ml). After 12 h standing at room temp. the mixture was diluted and puri-
fied as deseribed under A.

IR spectra of compounds I'Va-e.1Va: 3020, 2920, 1630, 1580, 1439, 1330,
1320, 1285, 1190, 1020, 885, 750, 695, 640, 480, 410 and 330 cm™! . IVb:
2990, 2920, 1625, 1600, 1570, 1415, 1400, 1315, 1295, 1190, 1180, 1030,
1015, 1000, 930, 920, 820, 750, 740, 595, 460, 440 and 330 cm™ , IVc: 2990,
2840, 1615, 1600, 1570, 1510, 1420, 1290, 1260, 1165, 1030, 1015, 1000,
925, 840, 790, 760, 605, 455 and 830 cm™'. IVd: 2990, 2910, 1630, 1580,
1560, 1480, 1390, 1285, 1190, 1170, 1060, 1030, 1000, 910, 830, 815, 770,
740, 495, 440, 385 and 330 cm™' . IVe: 3010, 1630, 1600, 1520, 1405, 1345,
1310, 1285, 1185, 1030, 1010, 920, 855, 810, 760, 710, 410 and 335 cm™.

Reaction between dimethylphenacylsulphonium chloride and PdCl,

A solution of dimethylphenacylsulphonium chloride (0.43 g, 2 mmoles)
in water (5 ml) was added to a solution of PdCl, (0.18 g, 1 mmole) in water
(15 ml). After a few.hours the red precipitate (5.1 g, 84% yield) was collected,
washed with water and dried under vacuum, m.p. 192—193°. IR (Nujol): 1680,
1595, 1450, 1410, 1340, 1325, 1210, 1050, 990, 750 and 680 cm™ . NMR
(DMSO-ds): 3.00 (s, 6, MeS*), 5.58 (s, 2, CH, CO). Analysis found: C, 40.3;
H, 4.4; S, 10.6; Cl, 23.7; Pd, 18.1. C,H,40,S,Cl; Pd caled.: C, 39.3; H, 4.3;
S,10.5;Cl1, 23.3; Pd, 17.4%.

Thermal decomposition of compounds IV
1 mmole of IV was heated at 200° for 5 min. The molten mixture was

taken up with 5 ml of CHCl; . After fiitration the mixture was separated by pre-
parative TLC (silica gel, developing solvent hexane—ether 7/3). Upon elution of
the appropriate band a 15—30% of the theoretical amount of the w-chloro-
acetophenone corresponding to the complex IV was obtained.-

The w-chloroacetophenones have been identified by IR comparison with

authentic samples.
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Synthesis of compounds IV under NMR control

A solution of (C¢ Hs CN), -PdCl, (0.25 mmoles) in about 0.2 ml of CDCl,
was added to a solution of the ylide HI (1 mmole in 0.5 ml of CDCl; ) inan
NMR tube. A clear solution was obtained and usually two or three spectra could
be taken before precipitation of IV occurred. With 1Va (see Fig. 4) the signals
of the two geometric isomers initially appeared in ca. 2/1 ratio, the more abund-
ant isomer appearing at 2.58, 2.81 (MeS*) and 5.09 (CH—Pd) ppm. Over half an
hour a decrease in intensity was observed for all peaks because of precipitation,
while the ratio of the two isomers gradually fell to ca. 1/1. Similar phenomena
were observed for IVb, IVc and IVe, where an even greater change in the isomer
ratio occurred (e.g. from 10/1 to 3/1 in the case of IVe).

Similar experiments were performed using DMSO-d, instead of CDCl; as
solvent.
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