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Abstract: Treatment of a-halomethyl B-keto esters with Sml, af-
forded their corresponding one-carbon expanded products with the
aids of HMPA or Nil,,.
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Ring expansion reactions give useful carbocyclic or het-
erocyclic intermediates in organic chemistry. Epoxide!
and aziridines® were expanded to 5- or 6- membered het-
erocyclic compounds through cycloaddition or coupling
reactions. Nitrogen or oxygen atom insertionsin carbonyl
derivatives are also well known to give the corresponding
lactones® or lactams.* The ring expansions of many car-
bocyclic substrates have been also examined to result in
one to three carbon-expanded products.® Especialy, the
carbon expanding reactions have been focussed to gener-
ate medium and large rings. For the synthetic utility, me-
dium and larger rings have become important to explore
and develop new avenues of approach to appropriately
functionalized rings.® The generad methods of medium
and larger ring expansions have been studied by various
groups. Most of them proceed viaanionic procedure.” Re-
cently, Dowd and his coworkers reported the radical pro-
cedure for the ring expansion using tin reagent.® L ater, the
mechanistic study of thisfree-radical reaction hasbeen es-
tablished.® Ring expansion reaction of cyclobutanone was
reported via addition of diiodomethane.°

Samarium diiodide which is a strong one-electron donor
have resulted in versatile synthetic utility in organic syn-
thesis.** 12 Formation of aketyl radical'® of a ketone with
Sml, and a radical or an anion of an akyl halide with
Smi,* has been well known. In our earlier work,** we re-
ported that functionalized cyclopropyl ketones underwent
reductive ring opening with Sml, in the presence of pro-
ton source. On the supposition that formation of a cyclo-
propane intermediate by radical-radical coupling or
through anion and then provides some interesting prod-
ucts by cleavage of cyclopropane, a-iodomethyl B-keto
ester derivatives have been examined to react with Smi..
Treatment of a-iodomethyl B-keto esterswith Sml, in the
presence of catalytic amount of Nil, in THF afforded one
carbon-ring expanded products in good yields under mild
reaction conditions at —78 °C in short reaction time.

The a-iodomethyl B-keto ester derivatives 2 were readily
synthesized by alkylation of commercialy available
B-keto esters with diiodomethane in the presence of NaH

in DMF.™ A typical experimental procedureisasfollows.
A THF solution of 2 (0.23 mmol) was diluted in THF (4.5
mL) and then slowly added to a Sml, solution (0.5 mmol
in 5 mL THF) in the presence of Nil, (0.015 mmol) or
HMPA (1.38 mmol) at —78 °C. The reaction mixture was
stirred at —78 °C for ca. 10 min and then quenched with a
saturated NH,CI solution (5 mL). The product was ex-
tracted with ether, dried over MgSO,, and then concen-
trated to give a crude product 3 which was purified by
silica gel chromatography (silica gel: 230 — 400 mesh,
ethyl acetate : n-hexane = 1: 5).1
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The additives of HMPA,” DMPU,*® Fe(DBM),,*® and
Nil,2° are known as the activators in Sml, reactions.
HMPA iswell used, but not promising becauseit ishighly
toxic. Thus, thesefour activators are compared in thisring
expansion reaction. The results are shown in Table 1.

Tablel Sml, Mediated Ring Expansion Reaction with Additives

o o o
Sml,
—
OBt “Additive, THF
Br OEt

o}

Run Sml, (eq.) Additives (eg.) Temp (°C) Timeg(min) Yield (%)?

1 215 HMPA 60  -78 10 85
2 2.15 DMPU 60 20 30 85
3 215 Fe(DBM); 01  -20 180 76
4 215 Nil; 0.1 78 10 99

a) Yields were determined by *H NMR.
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A catalytic amount of Fe(DBM ), workswell, but the reac-
tion time is long (180 min) and the yield is low (76%).
Some data obtained from the reactions using catalytic
amount of Nil, were added. The results obtained are sum-
marized in Table 2.

Table 2 Ring Expansions of a-lodomethyl B-Keto Esters with
Smi 2

(o] 0 o
Smi,
OEt
%« THF,-78°C OEt
n n
(0]
Run Substrates Additive  Time (min) Yield (%)?
1 o (e} none 10 27
OEt
2 | HMPAP 10 80
o o
3 Nil,(10mol%) 10 99¢
OEt
4 Br Nil,(5mol%) 10 87
o (e}
5
OEt HMPA 10 71
1
(o] o
6 )
OEt Nil; (5 mol%) 15 god
|
e} (o]
7
OFt HMPA 10 94
{
8 )
Nil (5 mol%) 10 92
0 (o]

PhCH,
OFt HMPA 10 87
9 |
o 0
|

a) Isolated yields. b) The amount of HMPA is6 eg. ¢) *H NMR yield.
d) Theratio of the seven membered ring and the reduced al cohol isca.
90: 10 by *H NMR.

Without using an additive, theyield waslow (run 1, 27%).
In the most of reactions, the reduced side product of alco-
hol could not be obtained. But the ratio of the ring-ex-
panded seven membered ring and the reduced alcohol was
determined by *H NMR (ca. 90:10 in run 7). An acyclic
a-halomethyl-B-ketoester did not give a chain extension
product; only reduction occurred to give an alcohol.

It is noteworthy that under the same reaction conditions,
ethyl(o-iodopropyl) pentyl B-keto ester 4 reacted with
Sml, to afford abicyclic compound 7 as shown in Scheme
2.
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Recently, a mechanism on the ring-expansion of a-bro-
momethyl benzocyclic B-keto ester with Sml, has been
proposed.?t Although the reaction mechanismisnot clear,
there are two possible pathways. The first is a radica
pathway similar to the tin induced radical ring expansion.®
Two equivalent of Sml, may generate the ketyl radical
and the alky! radical. The cyclopropane intermediate A is
generated by coupling of two radicals each other. Thein-
termediate A may rearrange to the product via cleavage of
bicyclic C-C bond due to a cyclopropane C-C bond acti-
vation by CO,Et group.* The other is an anionic pathway.
The alkyl radical reduced to an anion of samarium Grig-
nard type, which attack the cyclopropane intermediate
like the case of Scheme 3. The present reaction may be
widely available for constructing medium- and large-
sized ring compounds and has an advantage that Nil,
(0.05 equiv) is the better activator than HMPA in thisre-
action.
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