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Adbstract: When appropriste substituents are used, rhodium(II) acetsts catalyzed

decomposition of disszocarbonyls in the {rooonco of acetylenss results {n the formation of
furans, derived from dipolar intermediates.

Generally, mets] stadilized cardencids undergo effective reactions with alksnss to

t Vhen the intermedistes are appropriately stadilized, however,

gensTate cyclopropanes.
other reaction pathways involving dipolar (ntermediates are possible. Many of these

processes are syothetically useful snd {nclude a series of 2 ¢ 3 cycloadditions detween
multiple donds and cardenoids derived from diszocardonyls. Such reactions result in the

2 3

formation of dihydrofurans from vicyl sthers,” dioxoles froa aldeydes” and oxszoles from

nllr&lo..‘ Both the ring-opening reaction between fursns and carbenoids to generate dlono.s

and the alkylation of pyrroles by carbonoid-°

also appesr to involve dipolar intesrmedietes.
The sctusl structure of the dipolar intermediate in many of these reactions is open to
dobato’ becsuse subtle questions such as the role of the metal, or the relative rates of
bond formation are difficult to apswer.

Previous studises have shown that rhodium({II) acetate catslyred decomposition of ethyl
diazoscetate in the presence of scetylenes {s a viadble msthod for the synthesis of

cycloproponoc.e

Introduction of suftadle functionality to stedilize & dipolar intermediate
would be expected to change the reaction pathway and result in the formation of furans
(Scheme 1). This could occur either by ring opening of an initially formed cyclopropens or
by direct formation of a dipolar intermediate on reaction of a csrdbencid with an alkyne.
Indeed, there are scattered reports describing the formation of furans in such reactions.
For example, copper(Il) sulfate catalyzed decomposition of dilethyl diazomalonate in the
presence of phenylacetylens results in the formation of s mixture of a cyclopropene and &
funn,q"b while sensfit{zed photolysis of diethyl diszomalonate in the presence of
dlalkylacetylenes generates furans as the primary products.°° Also, decomposition of
2,2-dibromo-1,3-diones by copper in the presecce of acetylenes results in the formation of
turcns.lo In thia paper cur studiss into the dsvelopmsnt of a general synthesis of f{ursns

from the reaction of rhodium(Tl) scetate stabilized carbenoids with acetylenes are
described, R ° X
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The formation of 2¢3 cycloadducts is Jikely to be favored when the reaction proceeds

e (N — B

through a polar transition state. Tharefore, in sz attempt to shift the major product sway
from & cyclopropens to & furan, diazo compounds with two electron withdrawing groupe
(la-d,2) were substjtuted for ethyl diazoacetate used by Hubert et al. for the synthesis of

cyclopropoao..s At first, rhodium{II) acetats catalyzed decompositions of the diazo

tThis paper is dedicated to Professor E.C. Taylor on the occasion of his 65th dbirthday.
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compounds wers carried out in the prasence of alkylacetylenes, but these reactions did not
result in the formation of furans. With tsreinal acetylenes, cyclopropenes were formed in
yields ranging from 46-61% (Table I, entries 1-3), but no products derived from clean
capture of the carbencild were isoladle in the reaction with 3-hexyne (entry &). Presumably,
this suggests that steric effects are important in detersining whether or not the cardenoid
{ntermediate can be efficiently trapped. Furthermore, as tert-butylacetylens reacted
effectively (entry 3), it would appear that it is necessary for only one end of the

acetylene to ba readily accessibdle.

CH3 CHjy
0 la X = CH3, Y = COCHy
Y
x&/ 1b X = CHj, Y » COOEt
N; le X = OEt, Y = COOEt 0
14 X = OEt, Y = CHeCHCOOEt Xs
2

A second approach to enhance a dipolar intermediats would be to introduce electron
donasting groups onto the acetylens. Based on this sxpectation, the rhodium{Il) scetste
catalyzed decompositione of la-d were carried out using phenylacetylene as trapping ageat.
The resuits of this series of experiments showed a remarkadle dependance on the nature of
the slectroc withdrawing groups on the carbencoid {entries 5-8). With diethyl diszomslonste
(lc), the cyclopropens Jg was formed, but with 3-diazo-2,4é-pentanedione (la), the furao e
was the only product. The greater tendency for & ketone carbonyl rather thsn an estaer
carbonyl to undergo ring closure to & furan is nicely {llustrated in the reaction with
othyl diazoacetosacetats (1b), which resulted in the formation of only 4g and none of 5, the
other possible furan jsomer. With diethyl 4-diszopentenediocats {id), the cyciopropene 3h
predominated but & trace of the furas 4h was also formed. The structural sssigaments in
these series is dased on proton NMR and is straightforward because of s distinctive

downfield shift when substitueots are directly bound to the fursn ring.

0. CHy 0 Et
\ / \ /

COOEt ocH
s 3

The sddition of electron-donating groups to the phenylacetylene further enhanced the
formation of furascs (entries 9-16). The reaction of disthyl &4-diazopentenedicasts {(1d) with
both 4-methoxy- and 3,4-dimsthoxyphenylacetylene resulted in the exclusive formation of
furans (entries 12,16). Reaction with diethyl diaszomalonate (lc) still resulted in the
formation of cyclopropenes, but these compounds were unstable and rearranged to furans
during sttempted purification dy silica gel chromatography. Ethylsthynylether did not
appear to be stable under these resction condi{tfions, and no reasonable products were
isolated when this compound was used as trapping agent. Diphenylscetylene also failed to
sffectively trap the cardbencid, but this seemed to be due to problems of steric hindrance,
which had been observed sarlier with disubstituted scetylenes. The reaction could slsoc be
extended to the synthesis of the fused furans 8a-c by ths use of the cyclic cardencid

precursor 2.

Scheme 2
R 4] o]
) Rh;(0Ac), x ) CHy
§ . Ciy > CHy
N
<|: CHy
H o o]
2 6a R = phenyl

&b R = 4-methoxyphenyl
6c R = J.4-dimethoxyphenyl
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Table I Rhodium(II) Acetate Catalyzed Decomposition of la-d {n the Presence of Acetylenes

BOTRY ACETYLENE DIAZO COMPOUND PRODUCTS (yield,1)
R! Rl )
1 0, _x X Rl O\ x
ﬁ X 17
? Ny Rr? Y 2 Y
22 Y R
1 Rlen-butyl, RZ=H lc X = OEt, Y = COOEt 3a(54) -
2 Rlen-butyl, Ri=H 14 X = OBt, Y = CHeCHCOORt  3b(61) -
3 Rlet-butyl, R%eH 1d X = OBt, Y = CH=CHCOOEt  3c(&6) -
4 Rlepropyl, RZaethyl 14 X = OEt, Y = CHeCHCOOBt - -
s Rlephenyl, RIaH 1a X = CHy, T = COCH, - 4e(28)
s . . 15 X = CHy, ¥ = COOBt - 4£(45)
7 - . le X = OBt, Y = COOE: 3g(e8)
) . . 14 X = OEt, Y = CHeCHCOOEt  3n(8S) 4h(6)
) R es-mathoxyphenyl,R2-H la X = CHy, Y = COCH, - 43052)
10 . , 1b X = CHy, Y = COOBt - 41¢61)
11 . . l¢ X = O, Y = COOBt - ak(53)*
12 . . 14 X = OBt, Y = CHeCHCOOEt - &1(43)
13 R}e3,4-dimethoxyphenyl, RN 18 X = CHy, Y = COCH, - em(28)
1% - . 15 X = CHy, Y = COOEt - 4n(69)
15 . . lc X = OEt, Y = COORt - s0(72)*
18 . . 14 X = OBt, Y = CH=CHCOOBL - 4p(54)
17 Rl-ethoxy, RZep 14 X = OEt, Y = CHeCHCOOEt - -
18 Rlephenyl, R¥=phenyl 1d X = OBt, Y = CH=CHCOOEt - -

8; yield of furan sfter rearrangement of the initial product, the cyclopropens, during

chromatography.

Presumably, furan products arose from dipolar intermediates wvhich were either formed
directly or by ring opening of initially generated cyclopropenss. As the resction bstwesn
phenylacetylene and ld was the only one to produce s mixture of cyclopropene snd furan
products, this system wvss examined further. When the reaction time was extended from 20
minutes to 5 days, the cyclopropene 3h was totally consumed and the furao 4h vas formed in
332 yield. The catalytic role of rhodium(Il} acetate in this rearrangement was rsadily
shown by heating 3h in dichloromethane. Under these conditions, only & 30% conversion of
3h was obssrved after 5 days. Other catalysts such as copper tetraflucroborate or copper

trl(lnt.ll

caused rapid conversion of 3h to 4h, but under these conditions, &4h was siso
quite rapidly destroysd. Some recent studies by Cho and Llebc:klndlz have shown thet
rearrangement of cyclopropeny! ketones to furans is catalyzed by

tetracarbonyldi~u-chlorodirhodium(l).
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Scheme 3
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Based oo these results, {t would appear that at lesst the 2-ethoxy sudbstituted furans
are derived from sn initially formed cyclopropens. Whether the 2-slkyl furans sre formed
directly or by a similar cyclopropene resrrangement remeins uncertain. Irrespective of
vhich mechasism is involved, fursn formation is enhanced whep cardenoids with
electroo-withdrawing groups and acetylenes with electron-donating groups sre used, decause

thess tend to stabilize a dipolar intermediats.

Acknowledgement: Financlal support of this work by the Nstional Science Foundation (CNE
8517881) is gratefully acknowledged. We thank Dr. Pstrick McDougal of Georgia Tech for the

mass spectral dats.

KXPERIMENTAL

Iofrared spectrs wvere determined on & Perkin-Elmer Model 1330 spactrophotometer, and
NMR spsctra were recorded on s Varian VXR 200 spectrometer. Mess spectral snalyses were
carried out at Georgia Tech University. Rlemental snslyses were carried out by Atlantic
Microladb, Inc, Atlsnte, Georgia.

General Procedure for diaxo decomposition in the presence of ascetylene. A solution of
the diazo compousd (3 mmol) in dichloromethane (10 m1) was asdded dropwise over & certais
period (10 min to 7 h) to & stirred solution of the acetylene (1% mmol, 5 squiv) aand
rhodium(11) acetate (0.015g, 0.03 mmol) in dichloromethans (10 ml), and heated under reflux
in an srgon atmosphers. After hesting for an additional 10 min, the aclvent was evaporated
under reduced pressure and the residue vas purified by column chromatography on silica.

Diethyl 1-Butylcyclopropene-3,3-dicarboxylate (3a). The diato compound wvas added over
7 h and the crude product was purified by chromatography with ethyl acetate/hexsnes (10:90)
a._,olxont to give 3a (54% yield): Rt 0.3 (eathyl acetate/hexanes (10:90)); IR (neat) {720
cm T; HNMR (CDCI.) 8 6.34 (t, IH, J = 1.3 Hz), 4.15 (g, #H, J = 7.5 Hz), 2.54 (d4t, 2 H, J
« 7.%, 1.3 Hz), 1.21-1.30 (m, 4 H), 1.26 (t, 6 H, J = 7.5 Hz), 0.90 (t, 3 H, J = 7.3 Hz).
Ansl. Calcd for CISHZQO‘:C. 64.98; H, 8.39. PFound: C, 64.65; H, 8.35%5.

Ethyl 3-(2-Butyl-l-ethoxycarbonyl-2-cyclopropen-l-yl)-2-propencste (3b). The diazo
compound was sdded over 10 ain and the crude product was purified by chromatography with
other/petzoleum ether (20.80) a» colvonsltolgivo 3b (6iX yileld): Rf 0.3 (ether/petroleun
ether (20:80)); IR (nest) 1700, 1630 cm "; H NMR (CDCl1,) & 7.92 (4, | H, J = 15,7 He),
6.19 (br =, 1 H), 5.47 (s, 1 H, J = 15.7 Hz), 4.17 (q, 2 H, J o 7.1 Hz), 2.46 (br ¢, 2 H, J
® 6.4 Hz), 1.65~1.2]1 (=, & H), 1.29 and 1.27 (2t, 6 H, J = 7.5 Hz), 0.90 (¢, 3 H, J = 7.1
Hz). LRMS, o/z (relative intensity) 266 (M , 17), 237 (49), 209 (22), 193 (100).

Bthyl 3-(2-(Dimethylethyl)-l-ethoxycarboayl-2-cyclopropen-1-yl)-2-propencate (3c¢).
The diazo compound was added ovar 20 afin, followed Dy further heating for 40 min, asnd the
crude product was purified by chromstography with either/petroleum ether (20:80) ss aolgfnt
e give 3¢ (462 yleld): Rf 0.5 (ether/petroleum ether (20:80)); IR (neat) 1710, 1630 cm ;
HNMR (CDC1.) 8 7.95 (4, | H, J = 15.5 Hz), 6.10 (o, 1 H), 5.55 (4, 1 H, J = 16.0 He),
4.19 and b.lg {(2q, 4 H, J = 7.1 He), 1.20 and 1.25 (2t, 6 H, J = 7.1 He), 1.16 (s, 9 H).
LRMS, o/ (relative {ntensity) 266 (M , 3), 281 (i1), 237 (S), 221 (l1), 193 (59), 177
(86C), 163 (17), 147 (100), 119 (89), 103 (58), 91 (32), 77 (4&&), 37 (43).

1-(2-Methyl-S-pheanyl-3-furanyl)ethanone (4e). The diazo compound was added over 10
min apd the crude product was purifisd by chromatography with ether/pstroleun othgr as
solvent to give 4e (28X yleld): RSIO.? (ether/petroleum ether (20:80)); m.p. 51-5C; IR
(Nujol) 1680, 1810, 1580, 1360 ca ; "H NMR (CDCL,) ¢ 7.67 (m, 2 H), 6.84 (=, I H), 2,66
(s, 3 H), 2.45 (s, 3 H). LRNS, m/z (rslative 1nt3n|lty) 200 (M, 100), 185 (i100), 137
(49), 11% (42), 105 (18), 77 (30); HRMS calcd tor C”N“O2 m/z 200.0837, found m/z
200.0847.

Ethy)l 2-Methyl-S-phenyl-3-furancarboxylate (4f). The diazo compound was added over 25
min and the crude product was purified by chromstography with ether/petrolsum sther (20:80)
as solvent to ,tv’ Af (45% yield): R 0.8 (ether/petroleum ether (20:80)); IR (nest} 1710,
1610, 1570 cm '; H NMR (CDC1.) & 7.66-7.26 (m, S H), 6.89 (s, | H), 4.32 (q, 2 H, J = 7.0
Hx), 2.65 (s, 3 H), 1.38 (¢, 3 H, J » 7.0 Hz}. Anal. Calcd for cl‘xl‘oss C, 68.34; H,
6.37, Pound: C, 68.27; H, 6.40.
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Diethyl 1-Pheaylcyclopropane-3,3-dicarboxylate (3g). 7The diazo compound was added
over 10 min and the crude product was purified by chromatography with ether/petroleum ether
(20:30) as solvent to glvo_?. ib&! yield): Rt 0.3 (ether/petroleum ether (20:80)); m=.p.
65-6 C; IR (Mujol) 1730 ca ; "M )MR (CDCL_ ) & 7.66-7.41 (m, S NH), 6.89 (s, I H), 4.20 (q,
AH Je7.2Rs), 1.26 1 (t, 6 H, J=7.2 Ax). Anal. Calcd tor clsnlbo‘. C, 67.23; M,
$.21. Foumd: C, 67.06; H, S5.26.

Bthyl 3-(1-Bthoxycarboayl-2-pheayl-2-cyclopropea-1-yl)-2-propencate (3b) and Rthyl
3-(2-Ethoxy-S-phenyl-3-furanyl)-2-propescate (4h). The dilazo compound was added over 10
min, using two equiv. of phenylacetylene, and the crude product was purified by
chromatography with ether/petroleum ether (20:80) as .o&v.nt to give two products: 4h (62
ylgid)i Rf 0.4 (ether/petroleum ether (20:080)); m.p. 44 C; IR (peat) 1700, 1820, 1580, 1560
cm ; H NMR (CDC1.) & 7.60-7.17 (m, 6 H), 6.70 (s, 1 H), 6.01 (4, 1 H, J = 15.9 Hz), 4.44
(q, 2 H, J » 7.1 H;). 4.22 (q, 2 H, J = 7.1 Hz), 1.47 (¢, 3H, J = 7.1 Ha), 1.32 (¢, 3 H,J
@ 7.1 He). LRMS, m/z (relative intensity) 286 (M , 27), 257 (44), 229 (S4), 212 (19), 20!l
(24), 105 (100), 77 (S7); HRMS calcd for C 7"1 0, m/z 286.1205, found a/z 286.13?0.1
3n (85T yield): Rf 0.3 (ether/petroleum ether'?28:80)); IR (neat) 1700, 1630 ca '; 'x om
(CDC1.,) 6 8.01 (d, 1 H, J » 1S.7 Hs), 7.50-7.37 (m, S H), 6.80 (s, 1 H), $.60 (d, 1 H, J =
15.7 a:), 4£.18 and 4.16 (2q, 4 H, J = 7.1 He), 1.25 and 1.2% (2¢t, 6 H, J = 7.1 Hz). LRMS,
®/z (relative intensity) 286 (n', 14), 257 (33), 241 (6), 229 (10), 212 (20), 201 (9), 183
(19), 105 (100), 77 (38).

1-(2-Methyl-S-(4-methoxyphenyl)-3-furanyl)ethanone (41) The diazo compound was added
over 10 mi{n and the crude product was purified dy columan chromatography vith
ether/petroleum ether (20:80) as solvent, !ollovodoby trituration to give 4% (2?1 {lold):
Rt 0.2 (ether/petroleum ether (20:80)); m.p. 88-92 C; IR (Nujol) 1670, 1600 cm ; H NMR
(CDCll) § 7.57-7.5 (m, 2 H), 6.94-6.90 (m, 2 H), 6.70 (s, ! H), 3.83 (o, 3 H), 2.64 (o, 3

H), 2744 (8, 3 H). Anal. Caled for C H ,0.: C, 73.03; H, 6.13. Pound: C, 72.8); H,
6.19 16471473

Ethyl 2-Methyl-5-(4-methoxyphenyl)-3-furancarboxylate (4J). The diazo coeopound was
added over 10 min and the crude product was purified dy column chromatography with
ether/petroleua ether (20:80) as solvent, lollovog by trituration to give 4§ E?l!ly!old);
Rt 0.8 (ether/petroleus ether (20:80)); m.p. S4-6 C; IR (Nujol) 1690, 1500 cm ; "H NMR
(CDC1,) 6 7.56 (d, 2 H, J » 9.0 He), 6.96 (d, 2 H, J = 9.0 Hz), 6.73 (s, 1 H), 4.30 (q, 2
H, J & 7.5 Hs), 1.83 (s, 3 H), 2.62 (s, 3 H), 1.36 (t, 3 H, J = 7.5 Hg). Anal. Cacld for
cCH O: C, 69.22; H, 6.20. PFound: C, 69.31; H, 6.22.

151874

Ethyl 2-Ethoxy-5-(A-msthoxyphbenyl)-3-furancardoxylate (4k). The diazo compound was
added over 10 min to give the cyclopropene as the crude product. Rearrangement occurred on
attempted purification by column chromatogrephy with ether/petroleum ether as solvent to
give 4k (532 ylold)illflo.t (ether/petroleum ether (20:80)); m.p. Sl°C; IR (Nujol) 1700,
1610, 1590, 1510 ca ; "H NMR (CDCIJ) $ 7.47 (4, 2 H, J = 9.1 He), 6.90 (4, 2 H, J = 9.1
Hz), 6.68 (s, 1 H), 4.53 (q, 2 H, J'= 7.1 He), 4.28 (q, 2 H, J « 7.1 Hz), 3.82 (s, 3 H),
1.51 (¢, 3 H, J & 7.1 Hz), 1.35 (¢, 3 H, J = 7.1 Hz). Anal. Calcd for Clb“lbos: C, 66.20;
H, 6.25. Pound: C, 66.08; H, 6.28.

Ethyl 3-(2-Bthoxy-5-(4-msthoxyphenyl)-3-furanyl)-2-propencate (41). The dfazo compound
vas added over 10 min and the crude product was purified by column chromatography with
ether/petroleum ether (23:75) as solvent to give 41 (432 y!tld?x Re 0.6 (ether/petroleun
ether (25:75)); m.p. 102°C; IR (Nujol) 1690, 1590, 1500 cm ' H NMR (CDCl.) § 7.5 (4, 1
H, J = 15.7 Hz), 7.47 (d, 1 H, J = 9.1 Ha), 6.91 (4, 1 H, J = 9.1 Hz), 6.5; (s, 1 H), 5.99
(d, 1 H, J = 15.7 Hz), 4.43 (q, 2 H, J = 7.1 He) 4.23 (q, 2 H, J « 7.1 Hz), 3.83 (e, 3 M),
1.47 (t, 3 H, J = 7.1 He), 1.32 (¢, 3 H, J = 7.1 Hz). Anal. Calcd for Claﬂzoosx C, 68.3%;
H, 6.37. TFound: C, 68.27; H, 6.40.

1-(2-Methyl-5-(3,4-dimetbhoxyphenyl)-3-furanyl)ethanone (4m). The diszo compound was
added over 10 min and the crude product was purified by column chromatography with
ether/petroleua ether (20:80) as solvent, followed by tslturlzlon with pentane to give 4a
(281 yie d)i Rt 0.1 (ether/pet ether 20:80); m.p. 79-83C; IR (Nujol) 1670, 1600, 1550,
1500 cm *; "H NMR (CDC1.) & 7.2) (d4d, ! H, J = 8.3, 2.1 He), 7.146 (d, 1 H, J = 2.] Hz),
6.86 (d, 1 H, J = 8.3 ni). 6.70 (o, 1 H), 3.93 (s, 3 H), 3.068 (s, 3 H), 2.63 (s, 3 H), 2.43
(s, 3 H). Ansl. Caled for clsulbo‘: C, 69.22; H, 6.20. PFound: C, ©69.04; H, 6.28.

Ethyl 2-Methyl-5-(3,A-dimethoxyphenyl)-3-furancarboxylate (4a). The diazo compound was
added over 10 m{n and the crude product was purified dy column chromatography with
ether/petroleum ether (20:80) as solvent, followed by trlturatson vith pentane to give 4n
(69% yleld): Ef 016 (ether/petroleum ether (20:80)); m.p. 64-9°C; IR (Nujol) 1720, 1610,
1570, 1510 cm "; "H MMR (CDCl1.) & 7.20 (d4, 1 H, J = 8.5, 2.2 He), 7.13 (d, | H, J = 2.2
Hz), 6.87 (d, 1 H, J - 8.5 H!}, 6.87 (4, 1 H, J = 7.7 Hz), 6.75 (s, 1 H), 4.31 (q, 2 H, J »
7.0 He), 3.94 (s, 3 H), 3.90 (s, 3 H), 2.64 (s, I M), 1.36 (t, 3 H, J = 7.0 Hz). Anal.
Cacld for CI°H1°05x C, 66.20; H, 6.25. TYound: C, 66.27; K, 6.26.

Ethyl 2-Bthoxy-5-(3,4-dimethoxypheanyl)-3-furascarboxylate (40). The diago compound was
added over 10 min to give the cyclopropene as the crude product. Rearrangement occurred on
sttempted purification by column chromatography with olhorép.lrolou- ether (20:80) to give
40 (72!°lto}d)| R 0.2 (ether/pet ether 20:80), m.p. 59-65C; IR (Nujol) 1660, 1580, 1570,
1500 ca™'; H MMR (CDCl.) & 7.11 (49, 1 H, J - 8.3, 2.0 Hz), 7.0l (4, | H, J = 2.0 Hez),
6.85 (d, | H, J = 8.3 Hz), 6.70 (e, 1 H), 6.52 (q, 2 H, J = 7.1 Hz), 6.28 (q, 2 H, J = 7.1
Hz), 3.91 (s, 3 H), 3.88 (s, I H), 1.47 (t, 3 H, J e 7.1 He), 1.34 (t, 3 H, J = 2.1 He).

Anal. Calcd for Cl7“20°6: C, 63.7; H, 6.29. Pound C, 63.77; H, 6.31.

3347
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Ethyl 3-(2-Bthoxy-%-(3,4-dimethoxyphenyl)-3-furanyl)-2-propemcate (4p). The diaso
compound was added over 10 min amd the crude product was purified by column chromatography
with sther/petroleus ather (30:70) as tolvoas to give 4p (54% yield): Rf 0.2 -1 1
(ether/petroleum ether (30:70)); m.p. 107-127C; IR (Nujol) 1690, 1620, 1570, 1510 cm " 'H
NMR (CDC1,) & 7.5 (d, 1 H, J = 16.0 Mz), 7.12 (dd, | R, J = 8.4, 2.1 Hz), 7,03 (4, I N, J
« 2.1 Hz), 6.87 (d, | H, J = 8.4 Hz), 6.5% (s, 1 K), 6.01 (d, 1 H, J » 16.0 Hz), 4.44 (q, 2
H, J= 7.1 Hz), #.23 (q, 2 H, J = 7.1 He), 3.93 (s, 3 M), 3.90 (s, 3 H), 1.47 (¢, 3 H, J =
7.1 He), 1.32 (¢, 3 H, J = 7.1 He). 4nal. Calcd for ngﬂzzcbl C, 65.88; H, 6.40. TFound:
C, 85.61; H, 6.44.

2-Phwnyl-A-omo-0,6-dilmethyl-4,5,6,7-tetrahydrobenzofuras (On).10 The diazo coapound
was added over 10 min and the crude product was purified by column chromatography with
sther/petroleun sthos a8 solvent to give Gs (2?!_{(0}4); RE 0.3 (ether/petroleum sther
{(20:80)); m.p. 102-57C; IR (Nujol) 1680, 1660 cm ~; "H WMR (CDCIB) $ 7.67-7.25 (m, 5 H),
6.89 (s, I H), 2.82 (9, 2 H), 2.40 (s, 2 H), 1.17 (=, 6 H).

2-(A-Metbhoxyphanyl)-4-ox0-6,6-dimethyl-4,5,6,7-tetrahydrobensofuras (6b). The diaxo
compound was added over 10 min aad the crude product was purified by column chrosatography
with ether/petroleum ether (20:80) as tolvogt to give &b (iST yield): Rf 0.2
(OEYorfpotroloua ether (20:80)); m.p. 1346-77C; IR (Nujol) 1670, 1610, 1590, 1580, 1500
cm ; HNMR (CDC1.) & 7.38 (4, 2 H, J =8.7 Hz}, 6.93 (d, Z H, J = 8.7 Hz), 8.74 (=, | H),
3.83 (s, 3 H), 2.03 (s, 2 H), 2.40 (s, 2 H), 1.56 (», 6 H). Anal. Cacld for C17H1603: c,
75.53; H, 6.70. PFound: C, 75.31; H, 6.73.

2-(3,4-Dimstboxyphenyl )-4-0x0-6,6-dimethyl-4,5,6,7-tetzahydrobenzofuras (8c). The
diazo compound was added over 10 min and the crude product was purified by column
chromatography with ether/petrolaun ether (28:80) as solvent to give 6c (40% y&tldk: Rt 0.1
(ether/petroleum ether (20:80)); m.p. 146-50 C; IR (Nujol) 1680, 1590, (500 cm ; "H NMR
(CDCL.) & 7.2%5 (4, 1 H, J = 2.3 Hz), 7.17 (dd, 2 H, J = 8.1, 2.3 Hz), 6.89 (¢, 1 H, J » 8.1
Kz}, 3.76 (s, 1 H), 3.94 (o, 3 K), 3.90 (s, 3 H), 2.81 (&, 2 H), 2.39 (», 2 H), 1.17 (8, &
H). Ansl. Calcd for claxzoo‘s C, 71.98; H, 6.71. Poumnd: C, 71.91; H, 6.75.
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