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R = alkyl, allyl, propargyl, aryl

A variety of 3-substituted furans, including the natural products perillene and dendrolasin, are obtained in good yield via reductive annulation
of 1,1,1-trichloroethyl propargyl ethers using catalytic Cr(ll) regenerated by Mn/TMSCI.

Furans are common subunits in pharmaceutitalatural

products’, fragrances, and flavors! They have also found
utility as synthetic intermediates or synthons for numerous of 1,1,1-trichloroethyl propargyl ethéfsmediated by cata-

functional groups, inter alia, carboxylic acigkketo-esters,

and aromatic8 While electrophilic aromatic substitution or
metalatiofi of furans permit ready functionalization at C(2)/

(5), these methods are not generally applicable to the p—=
preparation of C(3)-substituted furans. The latter are typically
obtained by elaboration of an existing C(3)-substitti@nt

accessed from acyclic precursors via multistep sequénces.

In continuation of our exploration of the chemistry of
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organochromium reagentsye describe herein a convenient
synthesis of C(3)-substituted furan by reductive annulation

lytic Cr(ll) coupled to a Mn/TMSCI regeneration system (eq

1)1
\ R/\E>
CI3C—/O =

R = alkyl, allyl, propargyl, aryl

CrCl, (cat.)

eq1
Mn/TMSCI (eal)

To study the efficacy of the annulation, a representative
panel of 1,1,1-trichloroalkynes was prepared by alkylation
of 2,2,2-trichloroethanol with various propargyl bromides at
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room temperature in the presence of Na@iBiyNI in
CH,Cl,.*2 Stirring the structurally simplest of thesk, with
stoichiometric (4—6 equiv) CrGlproved disappointing and
never generated more than a 30% yield of fuiRaregardless
of solvent or temperature, with the remaining material
balance being principallZ-chloroenol etheB0. In stark
contrast,2 was obtainetf in good yield (Table 1, entry 1)

Table 1. Synthesis of 3-Substituted Furans

entry trichloro-alkyne furan yield (%)
1 ClsC—/) 2 (0]
2 7= 7 79
3 CIC 4 o
3 = ~ — o 7 B 82
clac—/ o
5
4 = — _ 85
o LS
7 cl,c— 8 0
9 cl,c—/
TBDMS
6 o;_\ TBDMSO\/\E\> 20
o) i
11 Clie—/ 12 0
7 78
MeO. —
g AN MeO, = 87
o)
15 C'sc—/ 16 ©
RCY/\\“/A\\——EEE——\ N
o RW
cL,e—/ 0
3
9 17: R=Bn 18: R=Bn 76
10 19: R=Ac 20:R=Ac 82
11 21: R =TBDPS 22:R = TBDPS 81
12 23:R=H 24.R=H 85

a Six equivalents of CrGlat 60°C for 12 h.

by warming a THF solution ot with a catalytic amount of
CrCl,, or more conveniently Crglcoupled to a Mn powder/
TMSCI regeneration system as prescribed by Fursther.
Other solvents, e.g., HMPA, DMF, GBI,, Et,O, p-dioxane,

and EtOAc, were less satisfactory. Notably, the correspond-

ing tribromoethyl ether led to a complex product mixture
containing little, if any,2.

Likewise, the naturally occurrig furanyl terpenoids
perillene @) and dendrolasing) were synthesized in a single
step from isoprenoid3 and5 (entries 2 and 3, respectively)

1388

using catalytic CrGl No olefin isomerization or reduction
was observed during the transformation of styr@ne 8
(entry 4). Phenylacetylen®, on the other hand, was
consumed under the standard catalytic conditions but af-
forded a poor yield (~20%) 010. However, the reaction
efficiency was significantly improved using 6 equiv of CsCl

at 60°C for 12 h and furnishedO in 70% yield (entry 5).
The presence of heteroatoms or leaving groups adjacent to
the distal side of the acetylene resulted in low yields, for
example,11 to 12 (entry 6), although3-functionality was
well tolerated (13to 14, entry 7). The reaction conditions
proved compatible with most other common functional
groups as well, inter alia, methyl est&s, benzyl ethed 7,
acetatel 9, silyloxy 21, and free alcohd?3 which gave rise

to 3-substituted furan$6 (entry 8),18 (entry 9),20 (entry

10), 22 (entry 11), and24 (entry 12), respectively. A
mechanistic interpretation of the preceding observations is
summarized in Scheme 1. One electron trad%feom Cr(ll)

Scheme 1
F\/ o crt_ j\o D20 R)\li/
R
e ol b T\ Gl R

v e y - cw

to the trichloroalkyne substrate with concomitant loss of
chloride spawns the key radical intermedi&t® which
undergoes cyclizatidh to give vinylchromium26 under
catalytic Cr(ll) conditions (pathway a). Further transmeta-
lation and aromatization lead to furé&¥. The latter was
inferred by quenching with BD, which resulted in28,
incorporating one atom of deuterium. Alternatively, in the
presence of high concentrations of Cr(ll), i.e., stoichiometric
conditions, reduction a25to 29 is competitive (pathway b)
andZ-chloroenol etheB0is formed as previously describ&d.
Control experiments demonstrated that both Mn and TMSCI
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In summary, we report a convenient, high-yield synthesis

of 3-substituted furans from readily available acyclic precur- ~ Supporting Information Available: Spectral data for all

sors utilizing, in most cases, catalytic CsCExtensions of new compounds. This material is available free of charge

this methodology to the preparation of di- and trisubstituted Via the Internet at http://pubs.asc.org.

furans are under active investigation, and the results will be

the subject of future publications. 0L025708S
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