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The preparation of the ring-substituted iron-2-
alkenyl complexes (n°-CH3CsH,)Fe(CO),CH,CH=
CRR’, [TIS'I, 3‘(C6H5}2C5H3]Fe(C0)2CH2CH=CRR',
and [T]s-(CH3}5C5]Fe(C0}2CH2CH=CRR' and Ofthe
metal-substituted molybdenum-2-alkenyl complexes
ﬂs'CsHsMO(C0}2 [P(0C6H5}3] CH2CH=CRRI (R =H,
R' = CH;3; R=R'=CH;;R =H, R' = C¢Hs) is report-
ed. These metal-2~alkenyl compounds react with neat
SO, or with saturated solutions of SO, in organic
solvents to yield the corresponding 2-alkene-S-sul-
finates containing a 1, 3 rearranged and/or an unrear-
ranged allylic fragment. The reaction products were
isolated and characterized; in several cases, various
isomeric structures were differentiated on the basis
of infrared and 'H NMR spectroscopic data. The
formation of the rearranged metal S-sulfinates is
promoted by the use of neat SO, at low temperatures
and of organic solutions. The results of this study are
compared with those of the earlier investigation by
Downs and Wojcicki. It is concluded that methyl
substitution at the ring or P-donor ligand substitution
at the metal favors the formation of the unrearranged
over the rearranged 2-alkene-S-sulfinato products. A
mechanism is proposed which satisfactorily explains
these results.

Introduction

Recent papers from this laboratory have reported
on the mechanism of reaction between some cyclo-
pentadienylmetal-2-alkenyl carbonyl complexes 7°-
CsHsM(CO),CH,C(R)=CR'R" (M = Fe, x =2; M =
Mo, x = 3; M =W, x = 3) and SO, [1], and on the
isolation and characterization of various isomeric 2-
alkene-S-sulfinato products, 7°-CsH;M(CO),S(0),-
C3H;RR'R”, of such insertion reactions [2]. In
extending these studies, reactions of additional cyclo-
pentadienylmetal-2-alkenyl carbonyl complexes, (n°-
CH3C5 H4)FC(CO)2CH2CH=CRR', [‘ns-l 5 3-(C6H5)2-
C5H3] FC(C0)2CH2CH=CRR’, [T]s‘(CHg)sCs] Fe-

*Author to whom correspondence should be addressed.

(CO),CH,CH=CRR', and 7°-CsHsMo(CO),[P(OCs-
H;);] CH,CH=CRR’, with SO, were examined. It
was of particular interest to ascertain what effect, if
any, substitution on the cyclopentadienyl ring and on
the metal would exert on the relative amounts of the
isomeric 2-alkene-S-sulfinato products containing a
1,3 rearranged and an unrearranged allylic fragment.
Reported herein are the results of this investigation.

Experimental

General procedures and instrumentation were the
same as those described previously [2].

Materials

Anhydrous grade SO, was purified by standard
procedures [1]. Tetrahydrofuran (THF) was freshly
distilled from CaH, under nitrogen. With the excep-
tion of technical grade pentane, all other solvents
used in synthesis and purification were reagent grade
quality.

The dinuclear cyclopentadienylmetal carbonyl
complexes [(n°-CH;CsH,)Fe(CO),], [3], {[n°-1,3-
(CeHs),CsH31Fe(CO), ),  [4], {In°«{CH;)5Cs] Fe-
(CO). }, [5], and {ﬂs'csHsMO(Co)z [P(OCeHs);]},
[6] were prepared by established procedures. Com-
mercial methylcyclopentadiene dimer was purified
by distillation before use in the first of the above
syntheses. Other chemicals were obtained commer-
cially in reagent grade or equivalent quality and were
used as received.

Preparation of Transition Metal-2-Alkenyl Complexes

The metal-2-alkenyls employed in this study, all
new compounds, were synthesized by the appropriate
adaptations of the reported procedures for n°-CsH;-
M(CO),CH,CH=CH, (M = Fe, x = 2 [7]; M = Mo,
x = 3 [8]). A representative preparation is described
in detail.

A THF solution (50 ml) of [(n*-CH;CsH,)Fe-
(CO),], (1.00 g, 2.61 mmol) was allowed to react
with excess 1% sodium amalgam for 2 hours. The
resulting solution of Na'[(n®-CH;C;H,)Fe(CO),] ,
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TABLE Il Yields, Analytical and Molecular Weight Data, and Physical Properties of New Metal-S-Sulfinato Complexes.

Analysis, %

Mp, °CP Color

Yield, %2

Complex

Mol. wt.

Found Caled Found Caled Found®

Calcd

305
332
n
476
354
388
433
638
657
713

310
324
372
462
366

4.32
494
4.33
4.82
5.81
6.48
6.11
4.35
4.55
4.17

4.52
494

46.47

46.49
48.19

yellow—orange
yellow—orange

64—66
70-71

30
40
30

=CH2, 6a

(n5-<CH3C sHy)Fe(CO),S(0),CH(CH3)CH
(n5-CH3C sHa)Fe(CO),5(0),CsHo, 6b/7b

47.86
54.03
61.90
52.29
54.09
59.26
53.07
54.46
57.41

4.30
4.76
6.01
6.32
5.61
4.18
4.40
4.10

54.88
62.37

yellow—orange

yellow
yellow

125-127
d

(n®-CH3C35H4)Fe(C0),5(0),CoHg, 6¢/7c

70
27

[15-1,3-(CgH5),CsH3] Fe(CO),S(0),CsHo, 8b/9b

[7°-(CH3)sCs] Fe(C0),S(0),CH,CH
[75-(CH3)sCs] Fe(C0),S(0),CH,CH

52.49
53.72
58.92
53.90

117-119

135

CHCHj, 10a

380
428
646
660

yellow

30
25

C(CH3),, 10b

yellow
yellow

163-165

[75(CH3)5Cs] Fe(C0),5(0),CH,CH=CHCgzHs, 10c
n%-CsHsMo(CO), [P(OCgH;)3] S(0),C4H 7, 12a/13a
n°-CsHsMo(CO),[P(OCgH5)3] $(0),CH,CH

118-120°¢

54.50
57.50

yellow
yellow

116-117¢
130¢

60
42

C(CH3),, 13b

708

CHCgHs, 13c

‘ns-CsHsMO(CO)z [P(OC6H5)3] S(O)zCHzCH

8For the reaction in neat SO, at reflux. Based on the dinuclear cyclopentadienylmetal carbonyl. ® Uncorrected. ¢By osmometry using 0.01-0.02 M solution in CHCls. dNot

determined. ®With decomposition.
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freed from excess sodium amalgam and mercury, was
added slowly with stirring to 0.55 g (5.2 mmol) of
CICH,CH=C(CH,), in 10 ml of THF. The mixture
was stirred for 3 hours at room temperature under
nitrogen. The solvent was removed from the reaction
mixture (25 °C, 0.1 Torr) and the residue was ex-
tracted with 100 ml of pentane. The extract was
filtered through 5 g of Zeolite and concentrated
before chromatography on a 2 X 20-cm column of
neutral alumina (10% H,0) made up with pentane.
Elution with pentane separated a yellow band of
(n®-CH,CsH,)Fe(C0),CH,CH=C(CH3;), (1b) from a
purple one containing an approximately equal
amount of [(n%-CH;CsH,)Fe(CO),],. The yellow
band was eluted off first and the solvent was removed
in a stream of nitrogen to leave an orange oil, which
was used without further transfer in the subsequent
reaction with SO, (vide infra).

The other metal-2-alkenyl complexes were synthe-
sized analogously. The cyclopentadienylmetal car-
bonyl anions, prepared by reduction of the dinuclear
cyclopentadienylmetal carbonyls with sodium
amalgam in THF for ca. 2 hours, were allowed to
react with equimolar (Fe complexes) or 5-fold excess
(Mo complexes) alkenyl chloride, CICH,CH=CRR',
for 1-4 hours (Fe complexes) or 8—12 hours (Mo
complexes). Chromatography of the reaction mix-
tures on alumina (10% H,0) eluting with pentane (Fe
complexes) or 2:1 pentane/CH,Cl, (Mo complexes)
separated the metal-2-alkenyl complex from any
dinuclear cyclopentadienylmetal carbonyl. The
former were isolated as orange or yellow oils. No
attempt was made to induce crystallization of these
complexes. They were characterized entirely by
infrared (ir) and 'H NMR spectroscopy, and the
pertinent data are set out in Table 1. Reaction yields
were not determined (however, cf. yields of the S-
sulfinato products, vide infra).

Reactions of Transition Metal-2-Alkenyl Complexes
with SO,. Preparation of 2-Alkene-S-Sulfinato Com-
plexes

In Neat SO, at Reflux

In a typical preparation, ca. 25 ml of liquid SO,
was condensed onto the above-synthesized (n°-CH,-
C;H;)Fe(CO),CH,CH=C(CH;), (1b) and the resul-
ting solution was maintained at reflux by using a Dry
Ice-cooled condenser directly attached to the reaction
flask. After 6 hours, the SO, was allowed to boil off
and the residue was purified by chromatography on
a 2 X 20-cm column of neutral alumina (10% H,0)
made up with CHCl;. Elution with CHCl; removed a
broad yellow band, the effluent was concentrated to
ca. 10 ml on a rotary evaporator (30 °C, 20 Torr), and
slow addition of pentane (100 ml) with stirring
yielded 048 g (30% based on [(n’-CHyCsH,)Fe-
(C0O),] ;) of yellow—orange crystals of (n°-CH;CsHa)-
Fe(C0),S(0),CsH, (6b/7b).
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The other 2-alkene-S-sulfinato complexes were
prepared by using strictly analogous procedures. The
crude iron products were chromatographed on
neutral alumina (10% H,0) eluting with CHCl,
whereas the molybdenum products were chromato-
graphed on Florisil eluting with 1:1 CHCl,/acetone.
Yields, analytical and molecular weight data, and
physical properties of all new 2-alkene-S-sulfinato
complexes are given in Table II.

In Neat SO, at ca. —45 °C

These reactions were carried out as described
previously [2]. The temperature was maintained at
ca. —45 C (generally *5°) by means of a chloro-
benzene slush bath [9]. Unreacted metal-2-alkenyl
complex was eluted off the chromatographic column
before the S-sulfinato product. Yields ranged from 16
to 30% based on the dinuclear cyclopentadienylmetal
carbonyl.

In Organic Solvents

Gaseous SO, was bubbled through a solution of
the 2-alkenyl complex (ca. 1 g) in 20-50 ml of
hexane, benzene or CH,Cl, at room temperature.
Progress of the reaction was followed by ir spectro-
scopy. After 148 hours solvent was removed on a
rotary evaporator and the residue was chromato-
graphed as described above. Yields of the S-sulfinato
complexes ranged from 13-15% (Fe) to 37-46%
(Mo) based on the dinuclear cyclopentadienylmetal
carbonyl.

Results and Discussion

The 2-alkenyl complexes prepared in this work are
all new compounds. They were obtained by the
reaction between the appropriate cyclopentadienyl-
metal carbonyl anion and the alkenyl chloride,
CICH,CH=CRR'. Characterization of these products
was accomplished entirely by infrared and 'H NMR
spectroscopy (Table I) and by conversion to the
corresponding S-sulfinates, which were microana-
lyzed. Commercial microanalyses were not attempted
on the 2-alkenyl complexes because of their general
thermal instability and sensitivity to air. The molyb-
denum compounds appeared to be more stable than
the iron compounds.

The bonding of the allylic fragment to the metal
through the CH, carbon atom in these complexes is
indicated by the 'H NMR spectra. Thus the CH,
proton resonance appears at 7 7.57-8.55, generally as
a doublet (J = 7-10Hz) of the expected relative
intensity 2, consistent with the presence of an MCH,-
CH= moiety. For complexes 4b/Sb and 4c/5c,
isolated as mixtures, an additional splitting owing to
the coupling (J = 1.5Hz) with the phosphorus nucleus
of the P(OC4Hj;), ligand is discernible.

D. A. Ross and A. Wojcicki

CHy O H CHy 0
» 8 CsHs 8 o 5 g
Fe-CH;~CH Fe-CHCH 3 Fe-CHzCH
c ~R C-R' CH, CH CR
§ « Wb s O §
la-¢ 2b 3a-¢
- Mo~ cHy o Mo~ _chyc
. H . 2
ot C/ \ XC-R’ OC / \C \\/C— R
0" POGH), R POCHg, O R

4a-c Sa-c

a R=H, R=CHy(trans) and/or R=CHy, R=H (cis)
b R=R' =CH,

¢ R=H, R'=C4Hg

The molybdenum-2-alkenyl complexes can exist
in two isomeric forms, 4 and 5, which differ with
respect to the relative positions of the four basal
ligands. This type of geometric isomerism has
received considerable attention, especially for n°-
CsHsMo(CO),(L)X [10-12], and spectroscopic
criteria have been developed which allow differentia-
tion between lateral (or cis) and diagonal (or trans)
structures.* For example, lateral isomers show the
n°-CsHs proton resonance as a singlet whereas
diagonal isomers display this resonance as a doublet
(J = 0.9-2.3Hz [11]) when L is a P-donor ligand.
Since the three molybdenum-2-alkenyl complexes
synthesized in this study show singlet and doublet
resonances of 11°-CsHs, it is inferred that they exist as
mixtures of the lateral and diagonal isomers, the
latter being the major species. Interestingly, the 'H
NMR spectrum of 4b/5b shows two pairs of CH,
resonances of different intensities, further supporting
the presence of the lateral and diagonal isomers.

A third type of isomerism is possible for the crotyl
and cinnamyl complexes 1,3—5a and 1,3-5c, respec-
tively. This isomerism arises from cis and trans orien-
tations of the substituents at the allylic C=C bond.
The H NMR spectrum of 4a/5a shows two 1°-CsHs
singlet resonances, consistent with the presence of the
cis and trans isomers of 4a, and two 1n°-CsHs doublet
(J = 1.5Hz) resonances, in agreement with the pres-
ence of the cis and ¢rans isomers of 5a. By contrast,
the 'H NMR spectrum of 4¢/Sc exhibits only two
n°-CsH; signals, a singlet and a doublet (J = 1.5Hz),
suggesting that each of 4¢ and Sc exists in a single

*The terms lateral and diagonal (ref. 13) are preferred to
the more commonly used terms cis and frans, since the latter
nomenclature will be used here to designate the geometry
about the allylic C=C bond (vide infra).
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isomeric form. The spectra of la, lc, 3a, and 3¢
likewise seem to accord with the presence of only one
isomer in each case. For the cinnamyl complexes
1,3-5¢, the single isomers almost certainly have a
trans configuration because of similarities between
their 'H NMR spectra and those of 7°-CsHsFe(CO),-
CH,CH=CHC¢Hs and [7°*<CH;)sCs]Fe(C0),S(0),-
CH,CH=CHC H; (11c¢) (vide infra), both containing
trans-CH,CH=CHC4¢H; [14, 15]. For the crotyl com-
plexes la and 3a, the stereochemistry of the allylic
C=C bond is not readily apparent. Furthermore, the
possibility that these substances are mixtures of the
cis and trans isomers cannot be dismissed from the 'H
NMR data, especially since metal—crotyl complexes,
including 4a and Sa, are often isolated in both
isomeric forms [2].

The 2-alkenyl complexes 1-5 react with neat SO,
at reflux to give, after evaporation of the solvent and
chromatography, the corresponding S-sulfinates
6—13. Several of these insertion reactions were also
carried out in neat SO, at ca. —45 T and in organic
solvents saturated with SO,. The insertion at ca. —45
°C failed to go to completion in the allowed time and
afforded considerable amounts of decomposition
materials, thus accounting for ca. 50% lower yields of
the S-sulfinates than the insertion in neat SO, at
reflux. Likewise, lower yields of the S-sulfinates and
considerable decomposition were ~observed in the
reactions conducted in organic solvents.

CH; O CH, O
PCoR P69
Fe-S - C-CH — Fe-S-CH;-CH
R Tl A ,
0 R CH §o C-R
6 2 R

6a R=zH, R'=CH3
6b R=R'=CH;3
6¢c R=H, R=CgHs

7b R=R'=CH,
7¢ R=H, R'=CgHg

Hs O
G 2o = 2o
Fe-5-C~CH Fe-5 - CHy-CH
1 nol 1 Ii ’
C-R
CsHss CHe CuHSB 0
8b R=R'=CH, 9b R=R'= CHy
H Q
c CHJCHaE pR ARl
Hs Fe-5-C—CH H Fe-S-CHz-CH
N .
O R’ "CHp H,C  CH 0 C-R
HC  CHy § R 5§ "
10a R=H, R'=CH, 11b  R=R'=CH;
10b  R=R'=CH, Nc R=H, R=C4Hs
0 R M ’/0
Mo._ 7 / _-Mo--5"_cy_cH
» g c . CHy
o/ N 0/ N N w
POCHID R “eu, PIOCH)y ]

13a R=H, R'=CHj, (trans) and/for
R=CHy, R’=H{(cis)

13b R=R'=CHj3

13¢ R=H, R=CgHs

12a R=H, R'=CH,
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The 2-alkene-S-sulfinato complexes isolated in this
work generally exhibit properties that are very similar
to those of the S-sulfinates derived from the corre-
sponding metal alkyls [16, 17]. Accordingly, they
show considerable stability to air at room tempera-
ture, with the complexes 8—11 being the most stable,
and 6-7 being the least stable. In general, the iron §-
sulfinates melt sharply whereas the molybdenum S§-
sulfinates melt with decomposition. All of these com-
pounds are readily soluble in polar organic solvents,
but insoluble in saturated hydrocarbons.

The S-sulfinato mode of bonding in complexes
6-13 rests on the infrared ¥(C=0) and »(SO,) spec-
troscopic data set out in Table III. The frequencies of
these modes match closely those of the S-sulfinato
complexes derived from the corresponding alkyls [16,
17]. The molecular structure of one complex, 1le¢,
was confirmed by X-ray crystallographic techniques
[15].

Again, as for the precursor 2-alkenyl complexes,
three types of isomerism must be considered for these
2-alkene-S-sulfinato products. They are: (1) allylic
isomerism, (2) lateraldiagonal isomerism for the
molybdenum complexes, and (3) cis—trans isomerism
associated with the allylic C=C bond. The three will
be considered in the above order.

Whether or not a given 2-alkenyl ligand underwent
1,3 rearrangement in the insertion is readily ascer-
tained by 'H NMR spectroscopy (cf. Table III). Since
the basis for such an assignment was described in
some detail in a previous paper [2], it will only be
summarized at this point. All of the unrearranged 2-
alkene-S-sulfinato isomers (7,9, 11, and 13) display a
resonance of the S(0),CH, protons with the relative
intensity 2, split into a doublet by the adjacent CH
proton. If the unrearranged isomer is present along
with the corresponding rearranged isomer, then the
relative intensity of the above doublet reflects the
percentage of the former species in the mixture. The
rearranged 2-alkene-S-sulfinato isomers (6, 8, 10, and
12) can be identified in several ways, depending on
the nature of the 2-alkenyl fragment. Of the com-
plexes derived from metal-crotyl precursors, 6a and
10a exhibit the resonance of the S(0),CH methine
proton as a multiplet at v 6.03—6.75. Furthermore,
all three 6a, 10a, and 12a (in 12a/13a mixtures) show
the signal of the S(0),C(CH;) protons as a doublet at
7 8.62-8.77 with a characteristic coupling constant of
7 Hz. The complexes containing the S(0),C(CHs;),-
CH=CH, ligand display a single CH; proton reso-
nance in the narrow range 7 8.67-8.69; this may be
contrasted with the appearance of two CHj reso-
nances, at lower fields (7 8.19-8.37), for the isomeric
unrearranged S(0),CH,CH=C(CH,),. And finally,
the rearranged 6¢, derived from the cinnamyl
precursor lc, was detected in 6¢/7¢c mixtures by the
appearance of an additional signal of the ring-bonded
CHj; group; the relative amounts of 6¢c and 7c were
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2-Alkene-S-Sulfinato Complexes
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determined by intensity considerations. The relative
percentages of the rearranged and unrearranged 2-
alkene-S-sulfinato products isolated in reactions of
the 2-alkenyl complexes 1-5 with SO, under differ-
ent conditions are furnished in Table IV. The 'H
NMR spectra of the S-sulfinate 11b, a mixture of 11b
and the isomeric 10b, and their precursor 3b are
shown in Fig. 1.

A
TMS
e — s
B TMS
T™MS
C
—— J
1 1 I I 1 I S 1 1
8.0 6.0 4.0 2.0 O PPM(3)

Figure 1. Iy NMR spectra of (A) 3b, (B) 11b, and (C) 60:40
11b/10b, all in CDCl 3.

Turning now to the lateral-diagonal isomerism for
the molybdenum complexes 12 and 13, the infrared
spectra of these S-sulfinato products exhibit a
medium-to-strong  intensity = symmetric ¥(C=0)
absorption at 1995-1993 cm™! and the correspon-
ding antisymmetric ¥(C=0) absorption of very strong
intensity at 1918—1917 cm™'. This intensity pattern
is indicative of the presence of the diagonal isomer
[11-13], either exclusively or as the predominant
component of a lateral-diagonal mixture. The 'H
NMR spectra of 12 and 13 each show the n°-CsH;
resonance as a doublet with J = 1-1.2 Hz, thus
indicating that the lateral isomer is the only species
present in a spectroscopically detectable concentra-
tion. It is noteworthy that the precursor 2-alkenyl
complexes were all mixtures of lateral and diagonal
isomers (vide supra). This stereochemical result may
be compared with that obtained for the SO, insertion
reaction of n°-CsHsMo(CO),[P(C4Hs);] CH, where
the starting alkyl complex and the product n°-CsHs-
MO(CO)Z [P(C6H5)3]S(0)2CH3 both adopt diagonal
geometry [17]. Since a delicate balance of steric and
electronic effects is at work in controlling lateral/

D. A. Ross and A. Wojcicki

diagonal ratios in n°-CsHsMo(CO),(L)X, an explana-
tion of the results of this work is not warranted.

Each of the S-sulfinates containing the cinnamyl
moiety, 7¢, 11c¢, and 13c, is assigned a structure with
trans geometry about the allylic C=C bond. For 1lc
this structure was determined crystallographically
[15], and for 7c and 13c it is inferred on the basis of
a close similarity of the CH=CH regions of the H
NMR spectra of the three complexes. The stereo-
chemistry about the allylic C=C bond of 13a cannot
be deduced from the H NMR spectrum of a 12a/13a
mixture.

The final point to be addressed in this paper
concerns the mechanism of the formation of the 2-
alkene-S-sulfinato products containing either a
rearranged or an unrearranged 2-alkenyl fragment.

It was shown previously [1] that the reactions of
15-CsHsM(CO),CH,C(R)=CR'R” (M = Fe, x = 2,
M = Mo, x = 3) with SO, proceed via the interme-
diacy of metal-n®-alkenesulfinate zwitterions. These
intermediates then collapse to the final 2-alkene-S-
sulfinato products. Such a mechanism also accommo-
dates satisfactorily the results of this work and is
depicted below for the systems described herein.

CH, O~ CH R R
MED L oD N - M-SO)—C—CH

CH  s=0 — 2 /R 2N

o <; boHg

R’ 14
!

CH
+ < ‘EC_RI
M"CHz . M-S(0),~CH;CH
\ | 2
R JCR
R

M = (n°-CH3CsH4)Fe(CO), [n°-1,34CeHs)2CsH3] Fe(CO),,
[n%-(CH3)5C51Fe(CO); or 15-C5HsMo(CO),[P(OC¢H 5)5)

As shown in Table IV, the formation of the rear-
ranged 2-alkene-S-sulfinates 6¢, 10b, and 12a over the
unrearranged isomers 7c, 11b, and 13a, respectively,
is promoted by the use of organic solvents and of
very low temperatures of neat SO,. The observed
preference may be a consequence of the slower rate
of attainment of equilibrium between 14 and 15
(which would favor 15 for steric reasons) under
stated conditions, thus promoting the formation of
the rearranged species. It is of further interest that
methyl substitution on the cyclopentadienyl ring
decreases the ratio of the rearranged to the unrear-
ranged 2-alkene-S-sulfinate. To illustrate, the said
ratios for the insertion reaction in SO, at reflux are
25:75 for n°-CsHsFe(CO),CH,CH=C(CH,), [2] and
1b, but 0:100 for 3b; also 20:80 for n°-CsHsFe-
(CO),CH,CH=CHC¢H; [2], 15:85 for 1c, and 0:100
for 3c. Similarly, replacement of a carbonyl group by
P(OC4H;); decreases the ratio of the rearranged to
the unrearranged 2-alkene-S-sulfinate. Illustrating this
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point are the ratios for the reaction in SO, at reflux:
85-90: 10-15 for n*-CsHsMo(CO),CH,CH=CHCH,
[2], but 20:80 for 4a/5a. The observed differences
may arise from a slower rate of the conversion of 14
(and 15) to the products for the unsubstituted com-
pounds than for the substituted ones because of steric
and/or electronic effects. The latter effects would be
caused by the better electron-releasing properties of
P(OC¢H;); compared to CO and of n°-(CH;),CsHsx
(especially when x = 5) compared to n°-CsHs, thus
leading to the slower recombination of the ions. As a
result, a closer approach to equilibrium between 14
and 15 can be expected with increased substitution,
favoring the formation of the unrearranged 2-alkene-
S-sulfinato products.
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