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Abstract: Rhodlum(I1) acetate 
resulted in the formation of a vin 
cycloaddition reactions with a ser The most likely mechan sm for these 
reactions involves c clopropanation followed by a Cope rearrangement OP the 
divinylcyclopropane ntermediate. r 

As Plve- to seven-membered rings are ubiquitous in natural products, there has been 

considerable effort to develop flexible synthetic methods to these systems. Even though most 

five-’ and six-membered*-* rings can now be readily prepared, the synthesis of seven-membered 

rings is not as stralghtforuard. Ring strain and entropy effects are the maln reasons Por this, 

but also, as the ring is more flexible, ePPective stereocontrol is hard to achieve. The [3 + 41 

cycloaddltion of ally1 cations with dienes has rapidly become a useful method for the synthesis of 

seven-membered rings.6*7 Conceptually, the reaction OP vinylcarbenolds with dtenes could also lead 

to highly functionalized cycloheptadienes by means of either a concerted process or vfa 

divinylcyclopropane intermediates (Scheme 1). We are presently engaged in a program to determine 

the feasibility of such reactions, and in this paper we describe our completed study on the use of 

Purans to capture vfnylcarbenoids,8 

Scheme 1 

Simple vinylcarbenes undergo a facile rearrangement to cyclopropenes.9 When appropriately 

functionalized a variety of other rearrangements are also possible.gg10 Even though some vinyl 

carbenes can be ePffciently trapped by furans, competing side reactions generally occur.” 

Therefore, more stable vinylcarbenes would be required to ensure effective intermolecular 

reactions with dienes. One approach, developed by Boger,‘* involves the introduction of electron 

donating groups into the system. This leads to a nuclaophflic vlnylcarbene uhich undergoes 

efficient reactions with electron deficient alkenes and dienes. Our method8 to generate 

stabilized vinylcarbenes uses metal carbenoid complexes. Such complexes are readily formed by 

metal catalyzed deeomposltion of diazo canpoundst3 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 W-pyrazolez. 9b,9c, 14 Ho,,evz,. , electron 

withdrawing zubztituentz next to the diazo group inhibit this rearrangement.gb With this in mind. 

we attempted to prepare vinyldiazomethanez with two or more electron withdrawing groups and Found’ 

that diethyl 4-diazo-2-pentenedioate 1 1s readily Formed by diazotization of dlethyl glutaconate. 

Moreover, 1 is indefinately stable at 0’ C. 

Rhodium(I1) acetate catalyzed decomposition of 1 in the presence of a range OF Furanz results 

in very clean reactions. Two main types of products are Formed, namely the desired cycloadductz 2 

and the triene side-products 2. AZ can be seen in Table 1, the ratio of the two products is 

highly dependent on Puran structure. Mono-substituted Furanz give predominately the triene 

products, but the [3 + 41 cycloadducts are exclusively Pormed in the reaction with 

2,5-disubztituted Puranz. 

1 2a - 

b 

2c - 

2d 

2e 

2f - 

18 

?!! 

RI - H, R2 - H 3a RI-H, R7_-H 

Rl - CH31 R2 - H 3b RI -CH3. R2-H 

Rl - H. R2 - CH3 3~ Rl - OCH3, R2 - H - 

Rl - CH3, R2 - CH3 

Rl * Si(CH3)3, R2 - CH3 

Rl - CH3. R2 = Si(CH3)3 

Rl - CR2CCH3. R2 - CH3 

Rl - CH3, R2 - CH20CH3 

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

of Furanz 

Substrate Products (yield,%) 

Furan 2a.a’ (62) 2 (26) 

2-methylfuran’ g (8) 2 (74) 

2-•ethoxyfuran 2 (92) 

2,5-dimethylPuran8 &d (70) 

2-methyl-5-(trimethylzilyl)Furan 2e,P (61) 

2-methoxymethyl-5-methylfuran u (54) 

c 

The zt.ereozpeciPicity observed in these reactions is quite dramatic. Only the endo 

cycloadducts are Formed, although in the case OP 2a some izomerization to the exo isomer 2a’ - - - 

occurs on chromatographlc purilioation. The stereochemical assignment oP 3’ is based on the 

coupling constant between H-4 and H-5 (J - 5.8 Hz For the.= izomer, J - 0 Hz For the exe 

isomer). There is also a characteristic change in the coupling 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 Zb,d-h. the stereochemical assignment is based on the value of this second 

coupling constant. 15 
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The trienes 1 are also Formed as only one isomer. Assignment OF the stereochemistry of the 

disubstituted double bonds in 2 was easily achieved by analysis of the coupling constants, while a 

NOE difference experlment 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 

rearrangement of unstable cyclopropane Intermediates, 16 and this raction will be discussed in 

greater detail later. 

As was mentioned earlier, the Formation of the desired cycloaddition products 1 was expected 

to be much more favorable using rhodium-carbenoid complexes, rather than Free vinylcarbenes. In 

order to test this predlctlon, the photolytlc deccmposltlon of 1 was carried out in the presence 

OF furan (Scheme 2). This resulted in the Formation of Ita and 4b (2:l ratio), which are derived - - 

From a [4 l 23 cycloaddltion of the cyclopropene 2 with Furan. This confirms that the Free 

vinylcarbene has a greater propenslty to undergo intramolecular cycllzation to the cyclopropene 5 

than the rhodium carbenoid complex, and in this case occurs prior to capture by Furan. 

Scheme 2 
\ 

COOEt 
&Et 

5 - ba 

The reaction between 1 and the Furans can be envisloned to proceed through two distinct 

mechanisms. The First OF these is a concerted cycloaddition with the vlnylcarbenoid acting as a 

delocallxed 2x system”l (Scheme 3). The observed stereospecificity can be explained by assuming a 

transition state similar to the one described by HoFFmannt8 For the reaction of ally1 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 thls 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. 

C/&Et 
R COOEt - 

A. 
H H 

BOAT FORH END0 PRODUCT CHAIR FORH EXO PRODUCT - 

Scheme 3 

A more plausible mechanism involves initial cyclopropanatlon to Form 5 Followed by a Cope 

rearrangement to give the observed cycloadducts (Scheme 4). Only cis divinylcyclopropanes can - 
undergo a Cope rearrangement in a concerted manner,lg and such a rearrangement of 6 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 Puranocyclopropanes 6. Therefore, 

we propose that the Formation of 2 and 3 proceeds through common intermediates. This remarkable - - 
selectivity for the endo product in cyclopropanatlon reactions involving vinylcarbenes has been 

reported previously. “a*“d*12 The formation of only g (and none of the regioisaner El. and also 

of only one Isomer of the trlene products 2 and 2 in these reactions is then easily explained b! 

aSSIMIing that cyclopropanation occurs at the least hindered double bond. Also, Wenkert” has 

reported that, In contrast to Furan, the reaction of ethyl diazoacetate with 2,5-dimethyliuran 

Forms a stable furanocyclopropane, which rearranges to a diene only on exposure to acid. 

ThereFore, the Furanocyclopropane intermediates from 2.5-dlsubstituted Furans may be incapable of 

effective rearrangement to trienes, and thus glve high ylelds 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 1 and 2 arise Prom the dipolar intermediates 1 prior to the actual formation oP the 

Puranocyclopropanes 6. 21 

Cocmt COOEt 
COOEt 

7 
6 

Scheme II 

We have briePly examined the ring opening reactions oP the oycloadducts 2 as this could be a 

usePul method Por the synthesis oP highly Punotlonalized tropones and tropolones. We have Pound, 

however, that cycloheptatrienes are not Pormed in these reactions. For example, treatment of g 

and 26 with DBU as base Porms 8 (84s yield) and 9 (50s yield), respectively, while a Similar - 
reaction with 2a,a’ gives a mixture OP products. A reasonable mechanism Por the Pormation of 2 an 

2 is given in Scheme 5. On treatment with base, rearrangement occurs to give fi. which then 

undergoes ring opening to give 11. The probable transition state Por the Pormation of 2 is 

potentially hcnnoaromatlc, and is related to the widely studied carbocyclic system.22 The Purther 

reaction oP 11 is dependent on its structure. With fl (R - - CH3) oxidation occurs to give 2, while 

with 11 (R - H) an intramolecular oxidation-reduction followed by lactonization occurs, which 

results In the Pormation oP 8. 

COOEt 

CH3 

10 - COOEt 

Scheme 5 

Based on these studies we can conclude that Pormal [3 + 41 cycloadditions with vinyl 

carbenolds are indeed Peasible. The more reasonable mechanism Por these transPormat.ions appears 

be cyclopropanatlon followed by a Cope rearrangement of the resulting divinylcyclopropanes. 

Further studfes are in progress to determine the Pull scope of this reaction with other vinyl 

carbenolds and dienes. 
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EXPERIMENTAL SECTION 

Infrared spectra were determined on a Perkln-Elmer Model 1330 s ectrophotometer 
spectra were recorded on a Perkin-Elmer R-32 (90 MHz), a Varian VXR s 

and NMR 

s 
at 

ectrometer. 
00 or a &uker At4 3OOUB 

Mass spectral analyses were carried out by the Mid-West Center for Haas 
the University of Nebraska-Lincoln. Elemental analyses were carried out by Atlantic 

S ectrometry 
R 

Inc. Atlanta, Ceorgla. 
lcrolab, 

FuraM. “?“30=7? !?l% ~~%~:~)l!%%?o%?~ ~~~::~d~~d’d~p~~e~~~~ Of 
mln to a stirred mixture of-rho fum(I1) acetate (0.021 g, 0.05 mm01 and the furan (10-50 mmol) in 
dichloromethane (5 ml), heated under reflux in an argon atmosphere. After heatln for a Purther 
10 mln the solvent was evaporated under reduced pressure and the residue was pur fled by 
chromatography on silica. 

f 

PUK 
(0.5 mm “6,. 

:F_i$a!ion of the crude product by Kugelrohr distillation gave a 40% yleld of 2a: bp 110 ‘C 

When 2-met.$ylfuran was used as solvent, 
respectively. 

2b and 3b were Pormed in 28% and 44% yield, 

equivalents 0I 2,9 
Endo Dieth 1 1 +Dlleth 1-8_oxablayalo[3,2 ljoota-2 6-diem-2,Cdluarbo 

-dimethy furan were used and the resfdue was I 
late (2d). Five 

ether/petroleum ether (1 :85 $7 29:80) as solvent 
chromatogra 7; ed on slllca ulth 

IR (neat) 1720 1705, 1 63 2 cm ; ,a 
T;;le;t ;oHglye_OE98 w,p;Og {pi:) yfH2dj gum;_ 

‘1;). 5iI2 [dlot(;, j ;; 5j7_H”i1 $?~$~;t’~ H), 3.4! \dfiZi’H,$ -.&~z~.;l~6~~QJf 3;$,;1% 

143.3. 14O.i, 13319. 131.2 i4.9, $1.8; iO.8: iO!j.J4’9.4; 23.91 19.7, 13.9. &al. Caicd for’ ’ 
C15H2005: C, 64. 7; H, 7.14. Found: C, 64.41; H, .20. 

Endo Diethyl Iiltetboxymethyl-1-methyl-8_oxabicyclo[3,2 l)octa-2,kdlene-2,4-dicarboxylate 
(28) and Endo Dlethyl l-l4ethoxymeth~l-5-methyl-~oxablcpo~3,2 ljoota-2.Gdiene-2.4- 
dkarboxylate (2h). Five equivalen s of l-methoxymethy - 
was chromatographed on silica with etherlpetroleun ether s 

- q etfiy furan were used and the residue 
10:90) as solvent to give 0.83 g (541 
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(0 19A~ng00~nxnol) in dichloromethane (20 mi) at room temperature and the mixture was stirred 
ing of 2b by DBU. DBU (0.108 g 0.71 mmol) was added to a stirred solution OP 2b 

PO: 15 iin: The solvent was evaporated under reduced pressure and the residue nas chromate raphed 
on stlica uith ether/petroleun ether ($O&;O to 70:50) as solvent gradient to glv+O.{J ~~~~~DC~ 

I 
ield) of 8 as a white solid mp 115-l 9 

3 ,+4J ia 1 H) 7.37 (s, 1 8). 5.31 (s, 2 H ;f 
R mineral 011) 1760 1728 1630 cm 

) 

* ‘I.0 Hz). Anal. Calcd for C1$12G4: 
‘r 0 Hzj 2.7 (S ‘3 H) 1.40 (t; 

~,4f#f4&q’Hf ?‘I$.-Foind: C: 65.j8: ir, 5.55. 

10. 

12. 

13. 

14. 
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t7: 
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