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lodonium ylides serve as excellent progenitors for generation of Scheme 1

singlet carbenédecause of the hyper-leaving group ability of aryl- RiSOa _
A%-iodanyl groupg. Under thermal, catalytic, or photochemical R Br RSO

s . . 505 Arl 1 2\ - +
conditions, they transfer the alkylidene groups to a wide range of N T ,
heteroatom nucleophiles involving nitrogen heterocycles, phos- X RinSOZ ar
phines, arsines, sulfides, sulfoxides, and selenides, providing a Rin = CF3(CFa)n1 2
useful preparative method for pyridinium, phosphonium, and fa:n=1,R=H; 1b:n=1, R = p-CFa;

sulfonium ylides, eté.In spite of the surging interest and activity 1c: n=4, R=p-CFg
in ylide chemistry, the transylidation between halonium ylides, in o _ _ ) .
which carbenes generated from halonium ylides are captured by 20/ 1. Transylidation of Bromonium 1 to lodonium Ylides 2

alkyl and aryl halides, remains unknown except for an intramo- temp  time yield®
lecular transylidation of iodonium ylidésintermediate formation enty 1 Arl additive® (0 h 2 (%)
of labile alkyliodonium ylides via ylide transfer of aryliodonium 1 1a Phl 160 1 2a 32(36)
ylides has been proposed but with no evidehte. 2 1b Ph 130 1 2a (56

We report herein, for the first time, unambiguous experimental 3 1b  Phl 140 1 2a (76y
evidence for the intermolecular transylidation between halonium ‘51 ig gm igg i gg 87((23))
ylides under thermal and catalytic conditions, which makes it g 15 p-MeOGH.I 160 1 2b 46
possible to synthesize a hitherto unknown kind of aliphatic 7 1b p-MeOGH.I 140 1 2b 70
chloronium ylides3 as well as a variety of bromonium and 8 1b p-MeCeHdl 160 1 2c 89
iodonium ylides1 and 2. Very interestingly, compared to the 9 1b  pFGHal 160 1 2d 79

. . . . . . 10 1b p-ClCgH4l 160 1 2e 78

bromonium and iodonium ylidesa and 2a, the chloronium ylide 11 1b  pBrCeH 160 1 2f 65
3aserves as a much better progenitor for generation of carbenes 12 1p  p-CRCeHal 160 1 2g 89
(or carbenoids) and efficiently undergoes cyclopropanation of 13 1c Phl 160 1 2h 71
olefins such as cyclooctadiene under uncatalyzed thermal conditions. 14 1b  Phl Cul 40 5 2a (10y

Heating a 0.1 M solution of bromonium ylideb,” prepared from ig ig EE: gﬁ(gﬁa@) ";100 55 gg Egg;
p-trifluoromethylphenyl(difluoro)A3-bromane by the ligand ex- 17 1b  Phi RR(OAc 40 5 2a  94(100)
change with bis(trifluoromethylsulfonyl)methane, in iodobenzene 18 1b p-MeGCsHal Rhy(OAc), 40 5 2c 100
at 160°C for 1 h resulted in the smooth intermolecular transylidation 19  1b  p-FGHal Rhy(OAc), 40 5 2d 99
yielding the iodonium ylid€a (Ar = Ph, Ry, = CFs) in 87% yield 20 1b pCRCeHa  Rhy(OAc) 40 5 29 96

after purification by silica gel column chrome_ttography (Scheme 1 2 Conditions: ylide 1 (0.1 M), Ar.bIsolated yields. Numbers in
and Table 1, entry 5). Even at 13C, the ylide transfer to the 5 rentheses aiéf NMR yields.© Metal catalyst (5 mol %)! Recovered
iodide takes place, but the rate considerably slows down. In aylides1: 8, 34, 3, 89, 18, and 3% for entries-3 and 14-16.
marked contrast, use of the iodonium yl@gwith the p-CF; group
instead of the bromonium ylidéb did not show any evidence for The relative rates of this thermal transylidation for a series of
carbene transfer to iodobenzene under the conditions, and the ylidesubstituted iodobenzenes wiphMe, p-Cl, andp-CF; groups were
2gwas recovered quantitatively. This is the first firmly established measured at 140C for 3 h by competitive reactions, in which a
example indicating that the intermolecular transylidation between mixture of each 40-fold excess of two competing substrates was
halonium ylides takes place. used (Scheme S1). A control experiment showed that, in the
lodonium ylides2b—g with electron-donating (MeO, Me) and  competitive ylide transfer of the bromonium ylidd to Phl and
-withdrawing substituents (GFF, Cl, Br) were prepared in good  p-CFCgH4l, ratios of the product@a and2g were nearly constant
to high yields. Highly nucleophilip-methoxyiodobenzene under-  for the samples taken at intervals through several half-lives (Figure
goes more efficiently the carbene capture at a lower temperatureS1). Furthermore, transylidations between the iodonium ylR#es
(140°C) compared to our standard conditions (Table 1, entries 6 and 2c (or 2g) were found to be negligibly small under the
and 7). conditions (Schemes S2 and S3). Electron-releapiiie group
In the bromonium to iodonium ylide exchange, rhodium(ll) increases the relative ratk. of the carbene transfer: 1.33
acetate was found to be the catalyst of choice for carbenoid (p-MeCsHyl); 1.0 (Phl); 0.82 p-CICgH4l); 0.52 (p-CRCeHal).
capture by iodobenzenes: thus, addition of a catalytic amount Hammett plot showed a good correlation of the relative rate factors
(5 mol %) of Rh(OAc), dramatically decreased the reaction with o, constants and gave the reaction constast —0.54 ¢ =
temperature, and high yields of iodonium ylid2svere obtained 0.99). A larger negative value of—0.91 ¢ = 1.0) was evaluated
at 40°C for 5 h (Table 1, entries 1720). Traditional copper in the Rh(ll)-catalyzed carbenoid transfer reaction at@@or 1 h
catalysts Cu(acagpnd Cul required longer reaction times, except (Figure S2§ The fact that the rate of uncatalyzed decomposition
for CuCN. of the ylidelb is independent of the concentrations of iodide (Phl)
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Table 2. Transylidation between Bromonium Ylides 12

CF3S0O
1b ArBr 3 2>-—B+r
CF3S03 A r
1a, d-i
temp time yield?
entry ArBr (°C) (h) 1 (%)
1 PhBr 130 4 la 48(48}
2cd PhBr 40 5 la 6(7y
3 p-MeOGsH4Br 150 1 1d 55(64f
4 0-MeOGsH4Br 150 1 le 47(58}%
5 p-MeCgH4Br 150 1 1f 60(66)
6° p-MeCgH4Br 150 1 1f (0)
7 3,5-MeCsH3Br 130 5 19 44(51y
8 p-FCeH4Br 130 1 1h 2)
9° p-FCsH4Br 130 2 1h 65(72f
10 p-CICsH4Br 130 1 1i 44(43}f

aConditions: ylide 1b (0.1 M), air.PIsolated yields. Numbers in
parentheses aréH NMR yields.cUnder Ar.9 Rhpy(OAc), (5 mol %).
¢ Recovered ylidelb: 7, 53, 5, 15, 3, 19, and 42% for entries4, 7, 9,
and 10.

Scheme 2
ArCl CF3SO, _
1b PP TTTE—— >—CI
130-140°C, 1 h CF3S05 Ar
3a-d

Ar (yield %): 3a, Ph (24); 3b, p-MeCgH, (25);
3c, p-MeOC6H4 (1 9), 3d, p'CF3C6H4 (1)
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ylide 1b, however, increased the yield of the chloronium ylRte
to 15% (Scheme 3).

Cyclopropanation of olefins with iodonium ylides usually
requires use of a transition metal catalyst such as Rh(ll) or Cu to
generate reactive metallocarbene intermedi@tsin fact, the
attempted reaction of cyclooctadiene with iodonium ylida
recovered it unchanged under uncatalyzed thermal conditions
(100°C, 24 h, Scheme 4). Use of the bromonium ylideafforded
the cyclopropand but in a low yield (12%), whereas the thermal
reaction of the chloronium ylid8a with cyclooctadiene took place
smoothly, probably via generation of reactive carbene, and produced
4in 72% yield. A greater leaving group ability of ttié-chloranyl
andA3-bromanyl groups compared to that of theiodanyl group
seems to be responsible for the observed differences in reactivity

is not compatible with a carbenoid mechanism, which involves a petween these halonium ylidés.

rate-limiting nucleophilic attack of iodobenzene on the ylidic carbon
atom oflb (Figure S3). A small negativevalue for the uncatalyzed
thermal transylidations of bromoniurhb to iodonium ylides2
would probably suggest generation of a reactive carbene :£(SO
CFs),, being electrophilic in nature, as well as an early transition
state for carbene transfer.

Intermolecular transylidation between bromonium ylideakes

In conclusion, thermal and metal-catalyzed transylidation of
halonium ylides provides us a tool for the synthesis of a variety of
halonium ylides, including the aliphatic chloronium ylide, which
serves as a nice progenitor for generation of carbenes (or car-
benoids).

Supporting Information Available: Experimental details, Schemes

place smoothly under thermal conditions; thus, heating a solution S1~S3, and Figures S1S3. This material is available free of charge

of the ylide1b in bromobenzene at 13C for 4 h in the airafforded
the bromonium ylidela in 48% yield, whereas Rh(ll)-catalyzed

conditions gave poor results (Table 2, entries 1 and 2). A variety

of substituted bromonium ylidebd—i were prepared in 4465%
yields. Itis noted that the transylidation to electron-nekieCeH,-
Br occurs readily in the air but not under Ar, while interestingly,
the reverse was found for that to electron-deficiprtCsH4Br
(compare entries 5, 6, 8, and 9).

In 1954, a transient formation of a highly labile chloronium ylide

was suggested in the thermal decomposition of ethyl diazoacetate

in benzal chloridé. Stable aromatic chloronium ylides, in which

the ylide carbanions were stabilized through aromatization in
heterocyclic rings, have been prepared by the thermolysis of

diazodicyanoimidazole in chlorobenzeiidiowever, no stable and

well-established aliphatic chloronium ylides are known. We are very
pleased to find that chlorobenzenes also serve as acceptor molecules )

in these alkylidene transfer reactions of the bromonium ylide
yielding aliphatic chloronium ylide8 (Scheme 2); thus, under
thermal conditions, chlorobenzene gave the chloronium \3iae
in 24% vyield after purification by silica gel preparative TLC.
Chloronium ylides3b and 3c with electron-donating group$<{
Me andp-MeO) on the aromatic ring were also prepared ir-19

25% yields, but the attempted alkylidene transfer to chlorobenzene 1)

with an electron-withdrawing-CF; group, yielding the ylide3d,

was found to be fruitless. Use of the more reactive chloronium

ylide 3a in the transylidation reaction instead of the bromonium

via the Internet at http:/pubs.acs.org.
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