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Abstract: Rhodium({II) acetate catalized decomposition of diethyl h—diazo-z-gentenedioate
resulted in the formation of a vinylcarbenoid, which underwent formal [3 + 4]
cycloaddition reactions with a series of furans. The most likely mechanism for these
reactions involves c¥clopropanation followed by a Cope rearrangement of the
divinylcyclopropane intermediate,

As five- to seven-membered rings are ubiquitous {n natural products, there has been
considerable effort to develop flexible synthetic methods to these systems. Even though most
t‘lve-1 and alx—memberedz'5 rings can now be readily prepared, the synthesis of seven-membered
rings i{s not as straightforward. Ring strain and entropy effects are the main reasons for this,
but also, as the ring 1s more flexible, effective stereocontrol is hard to achieve., The [3 + 4]
cycloaddition of allyl cations with dienes has rapidly become a useful method for the synthesis of
seven-membered rings.5’7 Conceptually, the reaction of vinylcarbenoids with dienes could also lead
to highly functionalized cycloheptadienes by means of either a concerted progess or via
divinylcyclopropane {ntermediates {Scheme 1). We are presently engaged in a program to determine
the feasibility of such reactions, and in this paper we describe cur completed study on the use of

furans to capture vinylcarbenoids.s
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Simple vinylcarbenes undergo a facile rearrangement to cyclopropenes.9 When appropriately
functionalized a variety of other rearrangements are also poasible.g"o Even though some vinyl
carbenes can be efficlently trapped by furans, competing side reactions generally occur,!!
Therefore, more atable vinylcarbenes would be required to ensure effective intermolecular
reactions with dienes, One approach, developed by Boger,lz involves the introduction of electron
donating groups into the system, This leads to a nucleophilic vinylcarbene which undergoes
efficient reactions with electron deficient alkenes and dienes, Qur methoda to generate
stabilized vinylcarbenes uses metal carbenoid complexes. Such complexes are readily formed by
metal catalyzed decomposition of diazo compounds’3 and are more stable than the corresponding free
carbenes,
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The precursors for our approach, vinyldiazomethanes, are generally considered to be rather
elusive, as they tend to spontaneously rearrange to 3H-pyrazoles.9b'9°'1u However, electron
withdrawing substituents next to the diazo group inhibit this rearrangement.9b With this in mind,
we attempted to prepare vinyldiazomethanes with two or more electron withdrawing groups and found8
that diethyl 4-diazo-2-pentenediocate 1 is readily formed by diazotization of diethyl glutaconate.

Moreover, 1 is indefinately stable at 0° c.

Rhodium(II) acetate catalyzed decomposition of 1 in the presence of a range of furans results
in very clean reactions. Two main types of products are formed, namely the desired cycloadducts 2
and the triene side-products 3. As can be seen in Table 1, the ratio of the two products is
highly dependent on furan structure. Mono-substituted furans give predominately the triene
products, but the [3 + 4] cycloadducts are exclusively formed in the reaction with

2,5~disubstituted furans,
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2b R} = CH3, Rz = H 3b Ry = CH3, Ry = H
2c Ry =H, Ry = CH3 22 R] = OCH3, Ry = H

2d R} = CH3, Ry = CH3y

2 R} = Si(CH3)3, Ry = CH3
2f R) = CH3, Ry = Si(CHg)3
Z& R) = C820CH3, Ry = CHj

2h Ry = CH3, Ry = CH70CH3

Table 1: Rhodium(II) acetate catalyzed decomposition of 2 in the presence

of furans
Substrate Products (yield,%)

furan8 2a,a' (62) 3a (26)
2-methylfuran® 2b (8) 3b (7T¥)
2-methoxyfuran 3¢ (92)
2,5-dimethy1ruran8 2d (70)
2-methyl-5-(trimethylsilyl)furan 2e,f (61)
2-methoxymethyl-5-methylfuran 2g,h (54)

The stereospecificity observed in these reactions is quite dramatic. Only the endo
cycloadducts are formed, although in the case of 2a some isomerization to the exo isomer 2a'
occurs on chromatographic purification. The stereochemical assignment of 2a,a’' 1s based on the
coupling constant between H-4 and H-S (g = 5.8 Hz for the gggg isomer, J = 0 Hz for the exo
isomer). There 13 also a characteristic change in the codpling constant between H-3 and H-4 (J =
2,8 Hz for the endo isomer, J = 4.0 Hz for the exo isomer). When the bridgehead position is
occupied, as in 2b,d-h, the stereochemical assignment is based on the value of this second

coupling constant, 15
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The trienes 3 are also formed as only one isomer. Assignment of the stereochemistry of the
disubstituted double bonds in 3 was easily achieved by analysis of the coupling constants, while a
NOE difference experiment was required to determine the stereochemistry of the central double bond
(strong enhancement of H-6 by irradiation of H-3). The trienes are presumably formed through

16

rearrangement of unstable cyclopropane intermediates, and this raction will be discussed in

greater detail later,

As was mentioned earlier, the formation of the desired cycloaddition products 2 was expected
to be much more favorable using rhodium-carbenoid complexes, rather than free vinylcarbenes. In
order to test this prediction, the photolytic decomposition of 1 was carried out in the presence
of furan (Scheme 2). This resulted in the formation of Y4a and 4b (2:1 ratio), which are derived
from a [4 + 2] cycloaddition of the cyclopropene 5 with furan. This confirms that the free
vinylcarbene has a greater propensity to undergo intramolecular cyclization to the cyclopropene 5
than the rhodium carbenoid complex, and in this case occurs prior to capture by furan.

COOEt COOE o " 0 H
. t
b . [;;:b \y COOEE | COOEt
1 o, / —_ —_——— | + COOEt
COOEt
H

COOEt
5 4a 4b

Scheme 2 COOEt

The reaction between 1 and the furans can be envisioned to proceed through two distinct
mechanisma. The first of these i3 a concerted cycloaddition with the vinylcarbenoid acting as a
delocalized 2% system17 (Scheme 3). The observed stereospecificity can be explained by assuming a
transition state similar to the one described by Hot‘t‘mann18 for the reaction of allyl cations with
dienes., The reaction could proceed through either a boat or a chair transition state. The boat
form should be the favored transition state due to secondary orbital interactions, and this would
result in the formation of the observed endo products. However, the remarkable changes in product
distribution with the different substrates and the total stereospecificity in these reactions is
difficult to rationalize by this mechanism.
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Scheme 3

A more plausible mechanism involves initial cyclopropanation to form é followed by a Cope
rearrangement to give the observed cycloadducts (Scheme 4). Only cis divinylcyclopropanes can
undergo a Cope rearrangement in a concerted manner‘,19 and such a rearrangement of § would give
exclusively the endo cycloadducts 2. The formation of the trienes 3 with the observed
stereochemistry also requires the intermediacy of the same endo furanocyclopropanes §. Therefore,
we propose that the formation of 2 and 3 proceeds through common intermediates. This remarkable
selectivity for the endo product in cyclopropanation reactions involving vinylcarbenes has been

reported pr'evloualy.”a'“d'12 The formation of only 2b (and none of the regioisomer 2¢), and alsc
of only one isomer of the triene products 3b and 3c in these reactions is then easily explalned b
assuming that cyclopropanation occurs at the least hindered double bond. Also, Henkertzo has
reported that, in contrast to furan, the reaction of ethyl diazoacetate with 2,5-dimethylfuran
forms a stable furanocyclopropane, which rearranges to a diene only on exposure to acid.
Therefore, the furanocyclopropane intermediates from 2,5-disubstituted furans may be incapable of
effective rearrangement to trienes, and thus give high ylields of the cycloaddition products by a
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Cope rearrangement. A variation of this mechanism which cannot be ruled out at this stage is that

the products 2 and 3 arise from the dipolar intermediates 7 prior to the actual formation of the

furanocyclopropanes 6.21
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Scheme 4

We have briefly examined the ring opening reactions of the cycloadducts 2 as this could be a
useful method for the synthesis of highly functionalized tropones and tropolones, We have found,
however, that cycloheptatrienes are not formed in these reactions. For example, treatment of 2b
and 2d with DBU as base forms 8 (84% yield) and 9 (50% yleld), respectively, while a similar
reaction with 2a,a' gives a mixture of products. A reasonable mechanism for the formation of 8 an
9 1s given in Scheme 5. On treatment with base, rearrangement occurs to give 10, which then
undergoes ring opening to give 11. The probable transition state for the formation of 9 is
potentially homoaromatic, and is related to the widely studied carboecyclic system.22 The further
reaction of 11 1is dependent on its structure. With 11 (R = CH3) oxidation occurs to give 9, while
with 11 (R = H) an intramolecular oxidation-reduction followed by lactonization occurs, which

results in the formation of §.
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Based on these studies we can conclude that formal [3 + 4] cycloadditions with vinyl
carbenoids are indeed feasible., The more reasonable mechanism for these transformations appears
be cyclopropanation followed by a Cope rearrangement of the resulting divinylcyclopropanes,
Further studies are in progress to determine the full scope of this reaction with other vinyl
carbenoids and dienes.
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EXPERIMENTAL SECTION

Infrared spectra were determined on a Perkin-Elmer Model 1330 sgectrophotometer and NMR
spectra were recorded on a Perkin-Elmer R-32 (90 MHz), a Varian V Bruker AM 300WB
gectrometer Mass spectral analyses were carried out by the Mid-West Center for Mass Sgectrometry

the University of Nebraska-Lincoln, Elemental analyses were carried out by Atlantic Microlab,
Inc, Atlanta, Georgia.

Dieth¥1 l-biaw-z-gentonodioate (1). Triet,h 1amine (7.9 78 mmol) was added to §3st1rred
solution of diethyl glutaconate (11 2 8 60 mmol %(acetamldobenzenesulfonyl azide (22.2 g,
mmol) in acetonitrile (150 m1 ¢, After the mIxture was warmed to room temperature and

s irred for 12 h, the solvent w evagorated under reduced pressure. The residue was triturated
with ether/ etrofeun ether (1:1 ltered, and the solvent was evaporated under reduced pressure,
Further rification was carried’out on a short silica column with e ther/petrolem ethem 1118) as
solvent o give 10 75 (84%) of 1 as an orange 5um. IR neat) 2105. 1720, 7 0, 1625 cm ';
(coc13) § 7 36 (t = 16 Hz) 2 Hz 2 .29 (q. H, - 75?), u 17 (q. 2

[S } 1 l ’ ’ ) 13
) 08 r g? u M 21 08 ‘l un 2 ) ( ) ( ) 5 ( 5)

General Procedure for the Rhodium(I]) Acetate Ca! tgud Dooagooiuon of 1 in the Presence of
Furans. A solution of 1 (1.06 g 5 mmol) in dichlorome (10 m)l) was added dropwise over 10
min to a stirred mixture of rhodlum(II) acetate (0,021 g, 0.05 mmol) and the furan (10-50 mmol) in
dichloromethane (5 ml), heated under reflux in an argon atmosphere., After heaun? for a further
10 min, the solvent was evaporated under reduced pressure and the residue was purified by
chromafography on silica.

Diethyl Hnbicyclo[a 1]Jocta-2, 6-diene-2,¥-dicarboxylate (2a,a') and (2E,AE,6Z) Ethyl

¥Ethoxycarbonyl-8-ox000! E 5 triencate (3a). Ten equivalents of *furan were used and the

residue was chromtogra hed on'silica with ether/petroleun ether (10:90 to 30:70) as solvent

gradient to nge two princi al roducts.
2a,a ture): § pale yellow %um, Rr 0. ? (ether/petroleum ether, 10:90);

(neat) {72?6 1705, *1650 cm é Y m m

r .

c1 H), 5.94 (dd, 1 H, J = 6.0, 1.

Hzg,. a4, 1 H, : Hz) :3), u.suémb 3.9(dd 1H,d =5.8,

0. .33—1. 26 (m bat" 6 super‘im sed), 66 (d Hy'd - , 1.6 Hz)
6o§ (ad J'= 5.9, 19Hz,530(brs,1 .8 (d - 4,0 Hz,
1.33-1.2 St (m 6 H). Anal. Caled’for C 33 61. 9, H 39 Found c, 61.8 g Hay€ .po

33 268" ield' RE 0.15 (etner/peé 16u n‘ietne 10: 905 1 (neat) 1715, 1672 cn H NMR
(COC13) 8 10 1 (d, 1H, R z) gd 1 5 o2 8 ( 1 sz, ui«] (¢, 1
H, J 4 12 Hz) 63( -16 éo( -1 ). fs-1.50) m,
(m. 6 H); was insurficenfly stable under chromatographic conditions to be {sclated in an
analytically pure form.

(0.5 Puréf%ca ion of the crude product by Kugelrohr distillation gave a 40% yield of 2a: bp 110 ¢
.5 mm Hg).

Endo Diethyl S-Hethyl-ﬂ-oxabiczclo 3,2,1]Jocta-2 6-diene-2 4-dicarboxylate (2b) and (2E,4E,6Z)
Ethyl 4Ethoxycarbonyl-8-oxonona- trienecate ). Five equivalents of 2-methylfuran were
used and the residue was chromatographed on silica with ether/petroleum ether (10:30 to 25:75) as
solvent gradient to give two principal product -1 9

2b: 0,11 5 (8% yield) %R (neat) 17 1(15, 1636 cm ; 'H NHR (CDC%;) [ 6569 (dé-u f&'{

Hz), 6.59 ( H 5. 5.1
q%s.uﬂb g -262Hz) 168( gﬁ) 1. ( 3ug-gs 29(t3.J-’er,
MR (CDC1.} c 148, .5, 139.4, 13 4.7, 2. 84.8,776.7 K 3,760.7,749:9, 23.5,
14.1, 14.1, Anal, cuc& for Cy H 0c: C 15 i found: 'C, 6 :20, 4, §.83:
§6: 0.98 g (Tug Y 1eld), yel : IR neats 1’115. 705. 1620,°1595 em™'; ' MR (cDC14) 6
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- z); s l
giég, 60.6, 31.5, Vhs0, 15.8) *anal. taled fér Cy iy g0 5 T ks AP Soi‘ind 02188 %%,

When 2-metBylfuran was used as solvent, 2b and 3b were formed {n 28% and 44% yield,
respectively,

(2E,3E,6Z) 1-Ethyl 8-Methyl i-Ethoxycarbonylocta-2,4,6~trienedioate (3c). Two equivalents of
Zgget?ox fur]:an wer;:g use(? ?l)ld the riesigug wa? chroggtogrg;nedior{dr):eu}ral alumin%Rwi(.th t) ”30 163¢
ether/petroleum ether as so vent to give g yle 0 um; nea ,

o T; P NMR (CDCI5) & 8.49 (d 7 § ?g’sguz 7.15 (t

11, 7'H2), 6.53 (d,>1 H, J = . "uis " d, H -1{. 5 REE ( . H.J-71Hz).

4.55 (q, s, Hi 37 é H, 3 = 7.1 z). gz S S M AR A,
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Endo Dieth 1 1 S-Dlleth 1-8-oxabioyolo[3 2,1Jocta-2,6~dlene~-2, l—dloarboxglate (2d)., Five
equivalents o -dimethy furan were used and the residue was chromatog ed on silica with
ether/petroleum ether (63 85 q 29:80) as solvent gradient to give 0 985 xield) of 2d, gum;
IR (neat) 1720{ 17 5, 15 7 H ) H H NHR (CDCl 53u§dlal H, J = 2 H, J = Séz

- z = .

Hz), m, . . .67 3 ) \
120 %12 {90 52 3 Mks ﬁ.?c'rmcoc{’ 165.’16 N
o, © 1!40 T 6a3t; 1o, 142y B g 5 8 §8 ; 9 5 2323. 19.7, 1 319. Bal. calza
Cyst005: H, 7. 1§ Found su M, 7.

Diethyl 1-Meth; 1-5-(trmthylauzl)-8-oxabicyclo 3. oota-z 6~diene-2,¥-dicarboxylate
2e) and Endo Die! hyl- ethyl-1-(trimethylsilyl)-8-oxabic c 1]oo a2, 6-diene-2, 4-
carboxylate (2f). Five equlvalents of l-methyl-? (trimet 90 ruran were used an& the residue

as aolt{on§ gradient t,o give 1.03

was chromato hed on silica with ether/ entan
? (61% gield?r a mixture or 2e an R (neat) !725. 05 1 1? NMR (CDC 3) § major
somer W3 5 2:8 1), e 49 5t .7 Hz 5.69 SRR R Hz) 4.25-4,10
4H), 3.44 !d J - 2 8 Hz), 1. ll ( g 1.% -1.24 m. 6 HS. 0.‘3 (s. nor isomer
.fa g, H,J-57 Hz), 6,39 (d .5 H2)"5.76 (d 5-u.1o (m, 4
Z 1 2,6 Hz 5 .56 1. 32-1.218 m GH) 8. 13 ? : mass spectrum m/e
Pe13tlve 1ntena{ty) 338 (&), 32 g 231y 3% (2) 2bs (100, 1% (é9 75 (100). Anal. Calec
or CyqHye0gS1: C, 3G 7350 Bound: e 248 5T 620457
Endo Diethyl Hathoxynethyl—‘I-let.hyl-&-oxabicyclo[3 2 I]octa-z 6-diene-2,4-dicarboxylate
(2g) and Endo Diethyl 1-Methoxymeth l-hethyl-&oubxciclot octa-2,6-diene-2,
dicarboxylate (2h). Five equivalents of 1-methoxymethy tﬁy furan were used and the r?shgue

was chromatographed on silica with ether/petroleum ether (10: 90) as solvent to give 0.83 g
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feld) of a mlxture £,28 and 2 IR (neat) 1720 1705, 1622 cm”'; 'H NMR (CDC1 major igoner
%.SB%d 1 ure 3738 22048 = 5.7'H §§§(d.1 .J-5.7H)§)u6. Ta% ?

u}; ?.9§ d. " u J = 10.8 H2), 3.'ru ( H 3,55 (d, 1 H, J = 2.8 Hz) 3.? 3
H): 1.70 (s; 3 H}, t.32-1.25 (m, 6 Hz m.{nor {aomer ?6 (a (3uperiaposed; 1 H), 6.56 gd 5
5.% Hz), s.h07(d, "1 4, J = 5.7 fiz), .zu~u.o9 (m, 6(a, 10, J = 2.8Hz),73.64 (m, 1 8
g.ue (s, 3 H),J.G; (s, 3 H}, 1.32-1,25 (m, ectrum m/e s relative intansity) caled for
162106 M + H* 303.1388; found'M + A" 309. 1339 tzo), 2T T5RYT 263 09005 95 (1007,

Photolysis of 1 in the Presence of Furan. Forsation of #4a and Ub. A solution of {1 (0.53 g,
2.5 mmol) in furan (20 ml) in a pyrex tube was photolyzed for 12 h by means of a Rayonet
photochemical reactor, The furan was evaporated under reduced pressure and the residue was
chromatographed with ether/petrolelm ether (10:90 to 25:75) as solvent gradient to give three
principal products:

recovered 1: 0,11 g (21% K -1 1
- ): ? (361 Kield). 17 (r;eau) 1733, 1715 en li H m;ms(cognag §u6{39 (dd, } H,\JG-HSsT.
. Z - " - .5 Hz . - » Z
4 19-4.44 m, HS b (d f, 6 z?. .& (d, 1H, 3= U.b Hz), RO ED J e, 7.
Hz), 1. 2 t 3 I"Iz ha%s s relative intensity) 3104 por & Hyp0g MY =
9@;1?6 3, ehuna n* < czxs 223,060 (10). 207 uRY, 178 (19), 151 (26), 123 (643,108 (100),
3b; 0,11 g (21$ yield); IR (neat) 1;35 1718 em™'; TH NMR (CDCL,) & 6.32 (dd, 1 H, J = 5.7
1.85 Hz), 6.2 NI ERAS g J = 1.75 Hz¥, 5.007(at, | H, J = 4.3, 1.7
Hz), n.25-u 10 H), (t, N { 1d, V'R, J = 4.5 82), 1.27 {t, 38, 2
T.2 Hz) 3 7 Hz); mass ] ct um m/e re aﬁ ive fntenait*) cafed for Ci,H,,0c M
O3y 3310455, Foudd - Cz"s 223.0604 (3), 207 (40), 178 (59), 151 (30), 123 (8k), 1¥6 Ho‘é). 19

genmg of 2b by DBU. DBU (0. 108 0. 71 mmol) was added to a stirred solution of 2b
(0. 19 g, O. mmol) in dichloromethane (20 1 at room temperature, and the mixture was atirred
for 15 min. The solvent was evaporated under reduced pressure and Ehe residue was chmmatographed
on sillca with ether/petroleum ether (%0050 to ?o 50) as 3olvent sradient to givg@.; 5
xle u_{ ((Jf 81as a white s:ondﬁ mpsﬁs-( E) R mineral on) ,, 5 630 3 3 ml{ uoD((:%a)
8 (s, )y 5.31 (s “ - z
ho 1Y, Rmals caraa’ ear G 2a’ Ve edhuiin? Sl e ine s & ga- %,7s.55.

"f opening of 2d bg nm. DBU (0.152 g, !} mmol) was added to a stirred solution of 2d 80.28
%. 1 mmol) In dichloromethane (20 ml) at room temperature, and the mixture was stirred ror 1

he solvent was then evaporated under reduced pressure and the residue was chromatographe

silica with ether/getrolem ethgr {20:80 to 40:60) as solvent gradi nt ;q g} e 0,14 gc(so,‘. yield)

of 9 as a white solld mp 58-59¥C; IR (mineral oil) 1 35, 1’;1 1610 NHR 5
(s, H), 7. (s, 9 and 4,35 {2q, 4 H, J'= 3 s. g 3}{)
1.377 (et - ‘1 1Rz, Anai caldd for C15H1805- c, .7 83: Foana: ¢, 6u.b3; H
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