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group is involved, then the mechanisms in Scheme I merge to
one involving the transition state species III.

I

Registry No.—Oxaloacetic acid, 328-42-7; oxaloacetic acid enol,
7619-04-7; oxaloacetic acid hydrate (gem-diol), 60047-52-1; 4-ethyl
oxaloacetate, 2401-96-9; 4-ethyl oxaloacetate enol, 63797-61-5.
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A series of aromatics was subjected to oxidation by cobalt(III) trifluoroacetate in the presence of a variety of nu-
cleophiles. In this manner benzene was successfully halogenated with chloride, bromide, and iodide, and toluene,
chlorobenzene, and benzotrifluoride were also chlorinated. Attempts to substitute fluoride, cyanide, and nitrate
onto benzene were thwarted by solvent interference. Nitrite ion was oxidized to nitrogen dioxide and no substitu-
tion products were formed. A mechanism involving aromatic radical cations is most consistent for the aromatic—
chloride—cobalt(III) reactions. However, with many of the other nucleophiles an alternate reaction pathway involv-

ing ligand oxidation by metal ion appears more likely.

An interesting type of nucleophilic aromatic substitution
can be accomplished by reacting nucleophiles with aromatic
radical cations produced by an appropriate oxidant (eq 1).
Both electrochemical oxidation? and chemical oxidizing agents
such as xenon difluoride,34 peroxydisulfate,>¢ manganese(III)
acetate,”8 and cobalt(III) acetate® have been effectively used

in this manner. One of the limitations of these reactions,
however, is the need to use aromatics of somewhat lower
ionization potential (i.e., more electron rich).® Substitution
of trifluoroacetate for acetate ligands on the cobalt complex
was found to enhance its oxidative powers,%-1! thus allowing
radical cations to be formed from benzene and deactivated
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Table I. Chlorination of Benzene

Reactant ratio Products
CgHg-Co(TFA)s-LiCl % CegH5Cle % CgHsOTFs
12:0:3 0 0
12:1:0 0 39
12:1:1 37 30
12:1:2 67 6
12:1:3 66 0
12:1:5 70 0
12:1%:3 <1 0

2 Yield based on 0.5 mol of product produced per 1.0 mol of
cobalt(IIT) consumed; OTF = QO,CCF3. ¢ Cobalt(III) acetate in
acetic acid solvent.

aromatics such as chlorobenzene and benzotrifluoride. The
radical cations of benzene and chlorobenzene underwent tri-
fluoroacetoxylation with cobalt(III) trifluoroacetate.1?

(8] X- 0]
ArH [—]> ArH* . —> Ar<§ —1—: ArX (D
-H

The purpose of this study was to utilize the potent oxidant
cobalt(III) trifluoroacetate with a series of aromatics (anisole,
toluene, benzene, chlorobenzene, and benzotrifluoride) in the
presence of a variety of nucleophiles (halides, cyanide, nitrate,
and nitrite) in an effort to determine whether the corre-
sponding nucleophilic substitution products could be ob-
tained.

Results

Aromatic—Cobalt(III) Trifluoroacetate-Lithium
Chloride. Initially, a control reaction in which benzene was
treated with a solution of cobalt(III) trifluoroacetatel®!l was
performed. Phenyl triflucroacetate was the only product ob-
served (Table I), consistent with an earlier report.10 The less
than quantitative yield in the presence of excess benzene has

been suggested to be due to polyphenylated materials arising.

from side reaction with excess aromatic.10

Inclusion of chloride ion (1:1 molar ratio with the cobalt(III)
salt) led to a 37% yield of chlorobenzene and a somewhat re-
duced amount of phenyl trifluoroacetate. Increasing the ratio
of chloride ion to cobalt(III) led predominantly or exclusively
to chlorobenzene (Table I). Since the optimum reaction con-
dition for chlorination was a 3:1 ratio of nucleophile-con-
taining salt to cobalt(III), these conditions were adopted for
most other reactions in the study.
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A number of control reactions demonstrated the importance
of this particular cobalt(III) salt. Treatment of benzene with
chloride or with chloride and cobalt(III) acetate in acetic acid
gave no substitution products (Table I).

Reaction of chlorobenzene using the same conditions as
with benzene also resulted in chlorination (Table II). The
dichlorobenzenes consisted of 19% ortho and 81% para iso-
mers. Treatment of chlorobenzene with chlorine in this same
solvent system both with and without cobalt(III) trifluo-
roacetate gave dichlorobenzenes with an isomer distribution
of ortho/meta/para = 28/0.3/72.

Though little substitution was observed with benzotri-
fluoride under usual conditions, refluxing the mixture (65 °C)
led to reduction of the cobalt(III) complex and nuclear chlo-
rination products. The isomeric distribution was not deter-
mined.

The reaction with toluene resulted in a complex mixture of
products including chlorinated toluenes, dimers, and trimers.
With air present, the major chlorotoluene found was the nu-
clear substitution product (ortho/para = 41/59), while a small
amount of the side-chain product, benzy! chloride, was ob-
served. Under nitrogen, the major chlorinated product was
benzyl chloride; chlorotoluenes were formed only in small
quantities. Control reactions showed that in this solvent
mixture chlorine reacted with toluene to give an ortho/para
mixture of 65/35.

Unlike the other aromatics, the reaction of anisole with
chloride ion and cobalt(III) trifluoroacetate gave rise to no
chlorination products. Instead, p-methoxyacetophenone was
formed in a very high yield and p,p’-dimethoxybiphenyl in
yields of 46% (no other isomers found). All the cobalt(III)
species was reduced in the reaction. A control reaction in
which the cobalt(ITI} complex was omitted and lithium acetate
added instead led to the acetophenone product. This sug-
gested that the acetate ligands present in the cobalt salt so-
lution were responsible for the major product observed.12

Control reactions showed that molecular chlorine, if
present, would chlorinate anisole (ortho/para = 37/63).
However, when equimolar amounts of chlorine and cobalt(III)
trifluoroacetate were allowed to compete for a limited amount
of anisole, no chlorination was observed (Table II).

Benzene-Cobalt(III) Trifluoroacetate-Other Nu-
cleophiles. When benzene was reacted with lithium bromide
in the presence of cobalt(III) trifluoroacetate, a good yield
{60%) of bromobenzene was obtained, and no phenyl trifluo-
roacetate was noted (Table III). Molecular bromine itself in

Table II. Other Aromatics-Co(TFA);-Chloride¢

Registry

Aromatic no. Reagent Products (% yield)?

PhCl 108-90-7 Co(TFA)s-LiCl¢ CeHCl; (43%, o/p = 19/81)

PhCl Co(TFA)3-Cly¢@ CeH4Cl2¢ (o/m/p = 27/0.3/73)

PhCl Cl, CegHyClye (o/m/p = 29/0.2/71)

PhCF; 98-08-8 Co(TFA)s-LiCl¢ CICgH4CF3 (39%)f

PhCH; 108-88-3 Co(TFA);-LiCl¢ CICgH4CHs (=~5%, o/p = 41/59)
CgHsCHCl (<1%)
C14H148 (=5%) + Co1Hg18 (=7%)

PhCH3 Clz CICGH4CH3b (o/p = 65/35)

PhOCH; 100-66-3 Co(TFA);-LiClc (p-CH30CgH,)2 (46%)
CH;3COCgH,OCH;3 (~220%")

PhOCH3# Co(TFA)3-Cly9 (p-CH30CgH,)2¢ + CH3COCgH4OCH3¢

PhOCHjg/ Co(TFA)3-Cly9 (p-CH30CgH;)2¢ + CH3COCeH,OCH3¢
CIC¢H4,OCHa¢ (o/p = 21/79)

PhOCH; Clp CIC¢H4OCH3¢ (o/p = 37/63)

@ Reactions carried out in trifluoroacetic acid-trifluoroacetic anhydride (90/10) solvent with excess aromatic at 25 °C. ® Based on
0.5 mol of product produced per mol of cobalt(III) consumed. ¢ In 1:3 molar ratio. ¢ In 1:1 molar ratio. ¢ Yield not determined. / Isomers
not determined. ¢ Isomer mixtures; tentative identification based on similarity of GC retention times to authentics. # Yield based
on available acetate is 73%. ¢ Aromatic/Co(TFA)z molar ratio = 1:2. / Aromatic/Co(TFA)3s molar ratio = 1:1.
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Table III. Reaction of Other Nucleophiles with Benzene—
Co(TFA)3*

%-
CgHg + Co (TFA); —>» , X = % CsH5Xb % CgH5z0,CCF3?

Br~ 60 0
I- 38 0
F- 0 20
F-c 0 30
CN- 0 56
NOQ—d 0 0
NO3~ 0 20¢
Is 838 0
I/ 0 0
1~/ 0 0
Bryf 2518 0

@ Mole ratio of benzene/cobalt(IIl)/nucleophile = 12:1:3.
b Yield based on 0.5 mol of product formed per mol of cobalt(I1I)
consumed. ¢ With added 15-crown-5. ¢ Nitrogen dioxide fumes
were observed. ¢ In addition, nitrobenzene (>200%) was obtained;
the limiting reagent in this process is the nitrate anion accounting
for the high yield based on cobalt(III). / No Co(TFA); used.
& These yields are based on cobalt(III) in comparable runs; based
on the halogens, they are 14% for I5 and 42% for Brs.

the same solvent system but without the cobalt(III) salt ef-
fectively produced bromobenzene (Table I1I).

The reaction of benzene with sodium iodide and cobalt(III)
trifluoroacetate gave a moderate yield of iodobenzene (Table
I11). Three control reactions were performed in this solvent
mixture with various potential iodinating species. Without
cobalt(IIT) trifluoroacetate neither sodium iodide nor mo-
lecular iodine was able to cause iodination. However, iodo-
benzene was formed when molecular iodine was used in con-
junction with cobalt(III) trifluoroacetate.

An attempt to fluorinate benzene by employing lithium
fluoride along with the cobalt(III) salt was made. Fluo-
robenzene was not obtained; phenyl trifluoroacetate was the
only substitution product observed (Table I1I). Even the use
of the crown ether, 15-crown-5, with lithium fluoride in an
effort to enhance the nucleophilic properties of the fluoride!?
did not promote fluorination.

None of the anticipated substitution product, benzonitrile,
was detected when benzene was reacted with cyanide and the
cobalt(IIT) salt. Instead, a 56% yield of phenyl trifluoroacetate
was obtained (Table III).

Upon introduction of sodium nitrite into the cobalt(I1T)
system, no substitution products of any type were formed.
Instead, a brown gas (NOs) was observed above the reaction
mixture immediately after mixing.

An attempt was made to substitute nitrate onto benzene
to form an aryl nitrate. Instead phenyl trifluoroacetate and
a large yield of nitrobenzene were the only aromatic products
(Table III). Nitrobenzene was also obtained in a control ex-
periment involving all reactants with the exception of the
cobalt(I1I) salt. This suggested the formation of an active
migrating agent such as trifluoroacetyl nitrate,!4 1, from ni-
trate and solvent (eq 2).

(CF3CO)20 + N03_ — CF300N03 + CF3COZ_ 2)
1
Discussion

A number of possible mechanisms exist for systems in which
an aromatic and a nucleophile are subjected to a strong oxi-
dant. Equation 1 shows one possibility, a radical cation
mechanism, where the oxidant is cobalt(III) trifluoroacetate.
A second pathway would involve the preferential oxidation
of nucleophile by the cobalt(III) salt (eq 3) followed by sub-
stitution (electrophilic or radical) of the resultant species onto

Kurz and Hage

the aromatic (eq 4).15 Some controversy over which scheme
is operative has appeared in the literature for a number of
chlorination reactions.5:16

2Co(I1I)
- — Xy 3)
—2Co(ID)
Xo 4+ ArH — ArX + HX (4)

The mechanism felt to be most consistent with the results
in the cobalt(II)-LiCl-aromatic reactions is the radical cation
scheme (eq 1, {O] = Co(IIl), X~ = CI7). The net stoichiometry
is shown in eq 5.

ArH + 2Co(0,CCF3)3 + LiX — ArX

+ 2Co(0oCCF3)9 + CF3CO3H + LiOoCCFs  (5)

Few reaction pathways are open to the radical cations
formed from deactivated (electron poor) aromatics; thus
chlorination by way of chloride ion attack (eq 1) was the major
reaction with benzene, chlorobenzene, and benzotrifluoride.
Chloride ion, being a better nucleophile than trifluoroacetate,
effectively competed at lower concentrations and dominated
trapping of the radical cation at higher concentrations (Table
I). The need to react benzotrifluoride at elevated temperatures
was consistent with its hesitancy towards radical cation pro-
duction as measured by its higher ionization potential.l?

Toluene is even more readily oxidized to a radical cation
than is benzene, yet poorer substitution yields were noted.
This is due primarily to the tendency of toluene radical cation,
2, to lose a proton-forming benzyl radical (eq 6). Evidence for
this competing process was the identification of benzyl chlo-
ride (eq 7a) and oligomeric toluenes (eq 7b) among the prod-
ucts.10

C(;H5CH3+ > CGH5CH2 . (6)
2

C1”
Couy [ CeHCHCL - (T2)
2T
—Co(I}} C¢H,CH
L | 6o, (7b)

C.H,CH

e re———

The isomer distributions of the chlorotoluenes and di-
chlorobenzenes obtained from toluene and chlorobenzene,
respectively, were different from those obtained from mo-
lecular chlorine in the same solvent system (Table II). This
would be expected if a radical cation mechanism were in-
volved.

The failure to observe chloroanisoles from anisole-lithium
chloride~cobalt(III) trifluoroacetate was somewhat perplex-
ing. Apparently the anisole radical cation undergoes reaction
with another anisole molecule leading to the observed dimer
(eq 8) more readily than it undergoes attack by the chloride

H
+ -
C,H,0CH," + C,H,0CH, - CH,0C,H, — C,H,OCH,
+
H
Co(1II)
~Co(II)

=2, CH,0C,H,C,H,OCH, (8)

nucleophile (eq 1). Kochi has reported such a reaction for
radical cations of electron-rich aromatics!® and others have
also noted the occurrence of dimerization for methoxy-sub-
stituted rings in radical cation systems.!” Eberhardt!® has
observed the failure of the anisole radical cation to react with
water as the nucleophile to yield the corresponding phenol,
whereas with the radical cations of fluorobenzene and toluene
this process proceeded smoothly.

An additional probe for the involvement of molecular
chlorine was an experiment in which cyclohexene, which reacts
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readily with molecular chlorine,!® was added to lithium
chloride—cobalt(III) trifluoroacetate both with and without
added benzene. In the former case no chlorinated cyclohexane
products were found while in the latter cyclohexyl chloride
was pinpointed among a complex product mixture. Appar-
ently simple aromatics are oxidized in preference to chloride
ion in this system.

With more readily oxidized ligands, the evidence for radical
cation participation diminishes. Although bromination and
iodination of benzene might involve the radical cation process
{(eq 1), the alternate scheme (eq 3 and 4) becomes more likely.
In fact electrochemical iodinations occur by the latter mech-
anism.20

Molecular iodine itself and also the iodide ion were shown
to be ineffective iodinating agents in the trifluoroacetic
acid-anhydride media (Table I1I). However, when molecular
iodine was added directly to the cobalt(III}-benzene system
in the same solvent, iodlination did in fact occur. Other studies
have shown that aromatic iodinations require relatively re-
active iodinating agents.l® The bromination control also
demonstrates that either process (eq 1 or eq 3 and 4) could
account for the observed bromobenzenes.

A definitive example of preferential interaction of the co-
balt(III) complex with the nucleophile rather than with the
aromatic occurred when nitrite was incorporated into the
system. Oxidation to nitrogen dioxide (eq 9) took place as
evidenced by the brown gas above the reaction mixture. No
aromatic substitution products were formed, implying that
all the cobalt(III) was reduced by nitrite.

Co(lID)
NQOy~ —> NOy (9)

The rationale for failure to substitute fluoride or cyanide
ions under the influence of cobalt(III) trifluoroacetate is
probably due to their protonation by the strongly acid solvent,
thus greatly reducing their nucleophilicity. Solvent interfer-
ence also prevented nitrate substitution by formation of tri-
fluoroacetyl nitrate (eq 2), an eventual nitrating agent (vide
supra). In all three cases only the trifluoroacetate ligand was
left to react with the radical cation.

Experimental Section

The organic reagents, shown to be greater than 99% pure by GC,
were used directly as were the reagent grade inorganic salts. Co-
balt(III) acetate was prepared from the corresponding cobalt(II) salt
by ozonolysis!! and was shown to be 84% pure by iodometric titra-
tion.

Authentic aryl trifluoroacetates were prepared from the appropriate
phenol (0.05 mol) and trifluoroacetic anhydride (0.071 mol) and pu-
rified by direct distillation. In this manner, phenyl trifluoroacetate
(bp 145--146 °C), 0-methoxyphenyl trifluoroacetate (bp 191-193 °C),
m-methoxyphenyl trifluoroacetate (bp 195-196 °C), and p-
methoxyphenyl trifluoroacetate (bp 196-199 °C) were prepared.
p-Methoxyacetophenone was prepared from p-hydroxyacetophenone
and dimethyl sulfate.2! Most other compounds needed as authentics
in this study were commercially available.

For all reactions run in this study, the cobalt(III) trifluoroacetate
salt was formed “in situ” by dissolving cobalt(III) acetate in a mixture
of trifluoroacetic acid and trifluoroacetic anhydride.1®!! Verification
of ligand exchange to produce the desired species was obtained from
visible spectra.

Reaction of Aromatics with Cobalt(III) Trifluoroacetate and
a Nucleophile. General Procedure. The aromatic to be reacted
(0.047-0.065 mol) was dissolved in a portion of trifluoroacetic acid
(15-40 mL). Whenever a nucleophile was also to be reacted, it was
added as the sodium or lithium salt (0.005-0.015 mol) to this same
portion of solvent. The cobalt(III) acetate (0.005 mol) was dissolved
in a second portion of solution (10-15 mL) consisting of a mixture of
trifluoroacetic acid and trifluoroacetic anhydride (50% by volume).
When dissolution of solids was complete, the two solutions were
rapidly mixed and allowed to react to completion at a temperature
of 25 °C. In general, the presence of oxygen did not affect the reaction.
The only exception was the case with toluene as the reactant.
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The completeness of reaction was judged by color change (the co-
balt(II) complex is violet whereas the cobalt(IIT) complex is green)
as well as by iodometric titration to determine cobalt(II) remain-
ing.

The reaction vessel was heated to 65-70 °C whenever the reaction
did not proceed readily at 25 °C.

In reactions in which crown ethers were used, the appropriate crown
ether (15-crown-5) was added to the reaction in small amounts, while
all other reaction conditions remained constant.

Control reactions involving only cobalt(III} trifluoroacetate,
halogen, or the nucleophile with the aromatic were run under analo-
gous conditions.

Identification of Organic Products. Comparison of GC retention
times of products from the reaction mixtures directly or from base-
washed ether extracts to those of the appropriate authentics consti-
tuted one method of product analysis. A Hewlett-Packard Model
5830A GC equipped with dual columns (1.67 ft X 0.125 in. stainless
steel UCW-982/Chromosorb W and 6 ft X 0.125 in. stainless steel
0V-225/Chromosorb W), hydrogen flame ionization detectors, and
programmable console was used for this purpose.

In addition the ether extracts of most reaction mixtures (after base
extraction) were subjected to GC-MS analysis (Finnegan Model 3000
with quadrupole mass filter operated at 70 eV and coupled with a 3%
OV-1/Chromosorb W GC column).

Where authentics were available, consistency between product mass
spectra and authentic mass spectra confirmed identity. In this manner
phenyl trifluoroacetate (molecular ion at m/e 190, base peak at m/e
69), chlorobenzene {molecular ions at m/e 113-115, base peak at m/e
51), bromobenzene (molecular ions at m/e 156-158, base peak at m/e
77), iodobenzene (molecular ion at m/e 204, base peak at m/e 51),
p-methoxyacetophenone (molecular ion at m/e 150, base peak at m/e
65), and nitrobenzene (molecular ion at m/e 123, base peak at m/e 77)
were identified. Due to relatively low yields of clorotoluenes and
benzyl chloride from toluene and o- and p-dichlorobenzene from
chlorobenzene no mass spectra were obtained. In these cases, iden-
tification of these products was based only on comparison of retention
times with authentics on two dissimilar GC columns.

No chlorobenzotrifluoride or p,p’-dimethoxybiphenyl authentics
were available; thus mass spectra data alone were used to determine
product identity. The chlorinated benzotrifluoride mass spectra
(molecular ion at m/e 180-182, base peak at m/e 59, others in de-
creasing intensity at m/e 77, 69, and 146) and the p,p’-dimethoxy-
biphenyl mass spectra (molecular ion at m/e 214, base peak also at
214, others in decreasing order at m/e 198, 169, 126, 137, 154) were
a basis for identification. The melting point for the bipheny! product
(173 °C) matched that of the literature value.??

Whenever these two techniques left some doubt as to the identity
of a product, a larger scale reaction was run and products were isolated
by vacuum distillation. IR and NMR spectra of the products were
taken and found to be consistent with the structures proposed.

Quantitative product analysis was performed on a measured aliquot
of the original reaction mixtures by GC after adding an appropriate
internal standard (chlorobenzene, bromobenzene, iodobenzene, or
methyl benzoate). Yields were obtained by comparing the relative
peak areas of the products to those of the internal standard and cor-
recting by means of response factors, calculated from mixtures con-
taining known concentrations of authentic products (where available)
plus the marker. Each reaction mixture was marked twice and the
average value was taken as the product yield. Percent yield was based
on the stoichiometry of 0.5 mol of product per mol of cobalt(III), the
limiting reagent (eq 5).

Registry No.—CgHg, 71-43-2; Co(TFA)s, 50517-80-1; phenol,
108-95-2; o-methoxyphenol, 90-05-1; m-methoxyphenol, 150-19-6;
p-methoxyphenol, 150-76-5; trifluoroacetic anhydride, 407-25-0;
phenyltrifluoroacetate, 500-73-2; o-methoxypheny! trifluoroacetate,
31083-15-5; m-methoxyphenyl trifluoroacetate, 31083-16-6; p-
methoxyphenyl trifluoroacetate, 5672-87-7; bromobenzene, 108-86-1;
iodobenzene, 591-50-4; p-methoxyacetophenone, 100-06-1; nitro-
benzene, 98-95-3; chlorobenzotrifluoride, 52181-51-8; p,p’-dim-
ethoxybiphenyl, 2132-80-1.
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Generation and Reactivity of an Unstabilized Carbohydrate Phosphorane
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Generation of the ylide of methyl 5-deoxy-2,3-0-isopropylidene-5-(triphenylphosphonio)-3-D-ribofuranoside io-
dide (2a) is described. Treatment of the ylide with aldehydes affords good yields of olefinic products of the a-L-lyxo
configuration, resulting from epimerization of the ylide prior to reaction. Ketones do not react cleanly with the
ylide. Addition of a proton source to the ylide under appropriate conditions allows the formation of good yields of

a self-condensation product 14.

The Wittig reaction has been extensively utilized as a
method of chain extension in the carbohydrate field.! Both
aldehydo and keto sugars have proven amenable to the action
of stabilized as well as unstabilized phosphorus ylides, and
many unique and interesting chain-extended and branched-
chain carbohydrates have been synthesized in this manner.
The concept of reversing the roles of the two partners in the
Wittig reaction, that is, the combination of a carbohydrate
ylide and an aliphatic or aromatic carbonyl compound, has
received only scant attention. Zhdanov?3 has generated the
stabilized carbohydrate-containing phosphorane la as well

la, X = PPh,
1b, X = |§—CH,Ph
CH,

as one other carbonyl-stabilized example. Both phosphoranes
have very low reactivity, as would be expected, and only
condense with a few activated aromatic aldehydes (p-nitro-
and o-hydroxybenzaldehyde). Recently, an analogous stabi-
lized carbohydrate sulfur ylide 1b has been prepared and
found to react with acrolein and acrylonitrile.# To further

explore the potential of unstabilized carbohydrate ylides, we
have examined the generation and reactivity of the ylide de-
rived from methyl 5-deoxy-2,3-O-isopropylidene-5-(tri-
phenylphosphonio)-3-D-ribofuranoside iodide (2a). Though
phosphorus-containing carbohydrates have been well stud-
ied, the only examples of triphenylphosphonium salts appear
to be those employed as leaving groups in studies on the syn-
thesis of a-glycosides.8’

The major obstacle in the use of an unstabilized carbohy-
drate phosphorane is the presence of a leaving group 8 to the
phosphorus in the vast majority of carbohydrates. Generation
of the phosphorane might then be rapidly followed by elimi-
nation to form a vinylphosphonium salt. In principle, this
problem can be approached through experimental manipu-
lations (solvents, temperature) as well as by decreasing the
ability of the 8 substituent to leave. The selection of 2a, with

XH,C OCH,
0. O
e
HC” “CH,
2a, X = PPh,I-
2b, X =1
2c, X = OH
2d, X = OTs

the 8 substituent additionally attached through the carbon
chain, should provide a particularly favorable case, since in-
tramolecular closure to regenerate the ylide should be possible.



