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Furan Synthesis by Reaction of a-Hydroxy Ketones
with 8-Ethoxyvinyltriphenylphosphonium Salts

Summary: Compounds 1, 2, 6r 3, which generate or are
vinylphosphonium salts bearing a leaving group in the g
position, react with acyloins in the presence of base to af-
ford good yields of 2-ethoxy-2,5-dihydrofurans and, from
these, furans upon mild acid treatment.

Sir: Our interest in developing effective methods for the
synthesis of furans with the substitution patterns found in
natural products-# has led us to explore an extension of
the chemistry of vinylphosphonium salts, which have been
amply documented as useful reagents by Schweizer.5 We
have found that use of vinylphosphonium salts which in-
corporate a ( leaving group, or their precursors, such as
the readily prepared salts 1,8 2,7 or 3,® can lead by reac-
tion with o-hydroxy ketones in the presence of base to
good yields of furans, via isolable 2-ethoxy-2,5-dihydrofur-
ans. Scheme I illustrates the probable course of reaction
of benzoin with 1, which serves overall as an acetylene
transfer reagent.

(Et0),CHCH,P* Ph,Br~
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Reagent 1, prepared by the reaction of triphenylphos-
phine with bromoacetaldehyde diethyl acetal® according
to Swan and Wright,8 thus afforded 2,3-diphenylfurani? in
74% yield and afforded furan 4 in 61% yield from seba-
coin,!! Reagent 2, prepared by O-alkylation? of a-formyl-
methylidenetriphenylphosphorane,?? afforded 75% 2,3-
diphenylfuran from benzoin and 70% 5 from 6,18

Preparation of a reagent analogous to 1 or 2 with a
methyl substituent on the carbon adjacent to phosphorus
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was of particular interest because it would offer the possi-
bility of facile construction of furans with the substituent
pattern shown in 7, which is prevalent among natural
products.t* Attempted alkylation of triphenylphosphine
with 2-bromopropanal diethyl acetall® and attempted al-
kylation of 1 with base and methyl iodide both failed to
yield 8. The desired homolog of 2, reagent 3, was ob-
tained, however, by O-ethylation of a-formylethylidenetri-
phenylphosphorane,12 as shown in Scheme II.
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Reaction of 3 with benzoin afforded 71% of the anticipated
furan 9. However, the steroidal acyloin 6 yielded no furan
with 3, in striking contrast to its behavior with 2. Inspection
of Dreiding models shows that the Michael adduct of 6
with 3 has severe steric hindrance to formation of the Wit-
tig betaine in all available conformations, whereas the ad-
duct of 6 with 2 does have a conformation which would per-
mit cyclization.

R, CH,
pa
RS O (Et0);CHCH(CH;)P " Ph;Br~
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9, R, R, = Ph

A more serious limitation to this furan synthesis was
discovered when attempts were made to use reagent
3 to prepare menthofuran (10). 4-Methylcyclohexanone
was converted to an acyloin both by hydrolysisl® of its
monobromination product and by thallium nitrate oxida-
tion.}7 Hydroxy ketone prepared by either method, as
crude oily product or redistilled from solid dimer, gave
under all conditions tried a mixture (~1:1) of 1028 and its
isomer 11.19 The well-known, facile acyloin isomerization
was apparently occurring during the preparation and/or
use of the hydroxy ketone, resulting in formation of 10 and
11 from a mixture of 12 and 13. In all the cases previously
cited the acyloin was either symmetrical or one (e.g., 6) in
which one isomer was favored at equilibrium.
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To circumvent this isomerization problem, we attempt-
ed to generate and trap the specific acyloin anion puta-
tively generated by reaction of epoxyacetate 1420 with nu-
cleophilic reagents, as shown in Scheme III. Treatment of
14 with various amounts of butyllithium followed by 3 af-
forded no furan, although the formation of 56% 5-methyl-
nonan-5-ol plus 15% hexan-2-one in one reaction suggested
that at least the initial stages of the desired reaction se-
quence were occurring. Treatment of 14 with sodium eth-
oxide in an aprotic medium afforded 30% of the familiar
mixture of 10 and 11, Efforts to overcome this acyl-
oin isomerization limitation to the furan synthesis are in

progress, as are studies of the use of §-alkoxyvinylphos-
phonium salts in the synthesis of other heterocycles.
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Typical Procedure for Furan Synthesis. The following
procedure is suitable for any of the three phosphonium
salt reagents. A mixture of 0.300 g (6.5 X 10~* mol) of 2,
0.025 g (5.5 x 10~% mol) of a 50% mineral oil dispersion of
sodium hydride, and 0.165 g (5 X 10-% mol) of 6 in 25 ml
of anhydrous dimethoxyethane was stirred for 72 hr at
room temperature under nitrogen until tlc no longer
showed 6. The mixture was filtered and evaporated, and
the residue was dissolved in 50 ml of benzene to which
was then added a pinch of p-toluenesuifonic acid and 4 g
of Linde 4A Molecular Sieves. This mixture was heated at
reflux for 2 hr and filtered rapidly through 20 g of Florisil,
which was then washed with five 30-ml portions of ether.
The filtrates were evaporated and the residue was purified
by preparative layer chromatography on silica gel which
had been treated with potassium hydroxide?! to afford
0.113 g (70%) of 5: mp 117-119°; ir (KBr) 6.0, 6.2, 11.5,
and 11.55 u; nmr (CDCl3) 0.55 (s), 0.7-2.8 (m), 1.2 (s), 5.8
(s,1),6.25(s, 1), and 7.1-7.4 ppm (m, 2).

Acknowledgment is made to the Donors of the Petrole-
um Research Fund, administered by the American Chem-
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Stereochemical Aspects of the Photochemical and
Thermal Fragmentation of Cyclopropyl Azides!

Summary: Photolysis of cyclopropyl azides results in high
yields of nitrile and olefin derived from fragmentation of
the cyclopropane ring in contrast to their thermal decom-
position which leads to l-azetine and/or fragmentation;
both the photochemical and the thermal fragmentation
are stereospecific.

Sir: Several examples? of the thermal decomposition of
cyclopropy! azides 1 have recently been reported. In most
of these cases formation of the ring-expanded l-azetine
predominates with minor amounts of nitrile and olefin
present (eq 1). The availability of stereochemically pure
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b, R' =Me; R2 = Me; R8=H; R =Cl

¢, Rl =Me; R*= H; R®* =Me; R = (]

d RR=R2=R'=Me; R=H

e, RR=Ph; R*=R'=Me; R=H
cyclopropyl azides® led us to investigate their photochemi-
cal and thermal fragmentation. The effect of ring substit-
uents and determination of the stereochemistry of the re-
sultant olefins provide an insight into the scope and
mechanism of these reactions.

Concurrently with the thermolysis of 1,2 we investigated
the photolysis of azides ld-e (sealed tube) at 3500 A. Only
the corresponding nitriles and olefins in yields of ~90%
were obtained. No l-azetines could be observed in the
pmr spectra of the products.® This is in sharp contrast to



