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ABSTRACT 

A novel preparation of functional vinyltlns is described. It involves the reglospeclfic [4+21 

cycloaddltlon of functlonal alkynyltlns wlth dlenes such as 1.3-butadlene, 2.3-dlmethyl-1,3- 

butadiene or l-substituted 1,3-butadienes. 

These cyclic vlnyltlns, bearlng an ester. ketone, amide or nltrlle group are converted into 

carbonylated, halogenated or sulfurized compounds. After reduction of the ester or ketone group, 

transmetallatlon leads to functional 1,4-cyclohexadlenylllthlums which react easlly wlth carbon 

dloxlde. aldehydes or ketones to glve substltuted 1(3H)-4.7-dlhydro-lsobenzofuranones or 1,4- 

dlols. 

INTRODUCTION 

Viny& tln reagents are valuable lntermediates in organic synthesis. One of the first 

examples, glvlng the most Important and useful appllcatlon. was the discovery by SEYFERTH of 

the transmetallatlon between vlnyltlns and lithium reagents allowlng an easy preparatlon of 

vlnyllc llthlum reagents (1). Since then, many other examples of synthetic utlllty have been 

found and applied to the synthesis of chemicals such as prostaglandlns. antlblotlcs or vltamlns 

(2). Vlnyltlns are obtained by many ways (3) but the most popular Is the hydrostannatlon of 

acetylenic derlvatlves which Is often very regio and stereoselectlve. Recently other routes have 

been developed lnvolvlng the addltlon of tin-metal derlvatlves to acetylenlc compounds (4) or 

the coupling of tin-metal reagents with heteroelement substltuted vlnyllc derlvatlves (6). Only 

very few examples of cyclic vlnyltlns have been reported. They have been obtained elther by the 

condensation of trlbutyltlnlithlum and a trlflate (6) or by coupling a dlllthlum reagent derived 

from six-membered ring tosylhydrazone and trlbutyltln chloride (7). The first method has been 

applied to the synthesis of five, six or seven-membered rlng blcycllc derivatives. 

The Diels-Alder reaction provides powerful synthetic intermediates for constructing cyclic 

molecules. So far, only a llmlted number of studles have been made on the preparation of 

organotlns in this way. The strong deactlvatlng effect of the tin atom (8) explains why only few 

examples of these reactions are known. This unfavorable Influence limited us to using 

hexachlorocyclopentadlene or coumarin as enophlle wlth bls(trlmethyltln)acetylene or 

phenyltrimethylstannylacetylene (9). Vinyltlns have been shown to react with 2.3-dlmethyl-1,3- 

butadlene or hexachlorocyclopentadlene under thermal or high pressure condltlons : the use of 

high pressure prevents the lsomerlsatlon of the starting materials which occurs when the mixture 

Is heated at the required temperature (10). We also reported the successful cycloadditlon of p- 
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toluenesulfonyltrlalkylstannylacetylene to varlous dlenes. Unfortunately thls reactlon was not 

reglospeciflc with substituted dlenes (11). We expected that Dlels-Alder reactions with other 

alkynyltlns could be achieved If a strongly actlvatlng group such as an ester, ketone, aldehyde. 

amlde or nltrlle was Incorporated In the startlng material. 

In this paper, we describe a synthetic method for functional six-membered ring vlnyltlns 

and show that this reaction is regloselectlve wlth 1-alkyl-1,3-butadlenes. Adducts can be 

reacted to give carbonylated. halogenated or sulfurized compounds. Thelr transmetallatlon and 

further reaction with carbonylated derlvatlves lead to 1(3H)-4.7-dlhydrolsobenzofuranones or 1.4- 

dlols. All these compounds are shown to possess a 1.2.3-substltuted-1-cyclohexene or 1.4- 

cyclohexadlene ring. 

PREPARATION OF ALKYNYLTINS STARTING MATERIALS 

Alkynyltlns are usually prepared either by reaction of an acetylenlc organometal or by 

condensation of a reactive organotln oxlde. alkoxlde or amlne , with an alkyne (3). Among these 

methods, we prefered to use cheap bls(trlbutyltln)oxlde (12) Instead of an alkoxlde or an amlne 

for which an extra step Is necessary. The reactlon was conducted in warm cyclohexane wlth 

activated molecular sieves : 

BusSnnO + 2 HC-CR1 + 2 BuaSnC=CR1 + Hz0 

RI, yield (96) : COMe, 76*; COPh, 81.; CONMez. 96’; CN, 83. 

*estimated by ‘H NMR 

Heatlng was stopped when the slgnal of the acetylenlc hydrogen disappeared In the 1H 

NMR spectrum of the mixture. Thls procedure was not sultable to prepare trlbutylstannylpropynal 

due to intensive polymerlsatlon of propynal when ft was mixed wlth an oxygenated trlorganotln. 

This method gave methyl trlbutyltlnproplolate wlth a yield not exceeding 60% It was prepared 

with a higher yield from methoxytrlbutyltln (13). The stannylated alkynyl nltrlle and ester were 

purlfled by distlllatlon. The stannylated alkynyl ketones and amides were used wlthout further 

purlflcation because lntenslve polymerlsatlon which occured durlng distillation lowered the ylelds. 

REACTIONS WITH SYMMETRICAL DIENES 

We used 1,3-butadlene, 2.3-dlmethyl-1.3-butadlene. cyclopentadlene and I,3- 

cyclohexadiene as enophlles. As expected the activating effect oP the ketone, ester, amlde or 

nltrlle groups was strong enough to expand the scope of the [4+2) cycloaddltlon of 

alkynyltrlorganotlns (14). 

R= 
/ 

Y 

P 

+ III 

R= \ SnSu. 

The reaction occured smoothly at moderate temperature usually wlthln 48 hours, without 

solvent, wlth a twofold excess of the dlene. The products were purified either by dlstlllatlon (for 

the esters) or by column chromatography on slllca gel. Reaction conditions were not very 

different from those required for the cycloadditlons of the corresponding esters or alkynyl 
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ketones and yields were similar 116). An intensive polymerlsatlon of the dlene was encountered 

wlth cyclopentadlene under our standard conditions : a lower temperature and a shorter reaction 

tlme had to be used to obtain a good yield. Wlth 1.3-cyclohaxadlene, the substituted benzene 

resulting from the loss of an ethylene molecule was isolated. 

TABLE I : Cycloaddltlons with synuaetdcal dlenes. 

R* R* 

COMe ii 

COMe Me 

Dlene 

R= 

ii 

Me 

COMe cyclopentadlene 

COnMe H H 

CO2Me Me Me 

COzMe cyclopentadlene 

CN H H 

CN Me Me 

CN cyclopentadlene 

CONMep H H 

Experlmental 

condltlons 1%) 

1lO’C 

1lO’C 

9O’C 

1lO’C 

110X 

9O’C 

11O’C 

1lO’C 

96’C 

13O’C 

48h 

48h 

16h 

48h 

48h 

l6h 

48h 

48h 

16h 

60h 

72 

64 

60 

71 

66 

66 

74 

69 

34 

36 

Yield’ 

‘Isolated, pure products. 

The stannylated dienes had to be kept at -20’C In the dark : after few weeks of storage 

at room temperature a small amount of aromatlzatlon could be detected by ‘H NMR. 

REACTION WITH UNSYMMETRICAL DIENES 

As It has been mentioned earller, the [4+21 cycloaddltion of lsoprene with stannylated 

acetylenlc compounds, llke wlth many other derlvatlves 116). was not reglospeciflc. In our case. If 

the 1.3-butadiene unit was substltuted at one end, the reactlon gave only one reglo-isomer. With 

methyl trlbutylstannylproplolate and 1.3-pentadlene. we isolated, after the usual work-up, a 

compound of which l%n NMR spectrum showed only one resonance at -66,7 ppm. As **%n NMR 

shifts are extremely sensitive to thelr environment (17). that was a good Indlcatlon of the 

selectivity of the reaction. 

R’ 

R’ 

+ I jl 
SnBur 

> 

R’ 

b I IR’ 
SnBue 
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We elucidated the stereochemistry of the adduct by a chemical correlation. Methyl 2- 

trIbutylstannyl-6-methyl-l,4-cyclohexadlene-l-carboxylate was aromatized (vide infra) with DDQ 

(18) and the tin-ring bond of this new derivative cleaved by trifluoroacetic acid. The product 

was then compared with authentic samples of methyl 2- and 3-methylbenzoate and found to be 

ldentlcal to methyl 2-methylbenzoate. The regiospecificlty of the [4+21 cycloaddltion was then 

established. 

Me Me Me 
CO2Me COpMe COzMe 

DDQ CFsCOzH 
-BufinOnCCFa’ 

SnBu3 SnBur b 0 
H 

We also used successfully 1,3-decadlene and 6-ethyl- 1.3-nonadlene. They required higher 

reaction temperature and gave slightly lower yields. I-Phenyl-1.3-butadlene. 2.4-dlmethyl-1,3- 

butadlene and 2,4-hexadiene were found to be unreactive with our dienophlles even at higher 

temperatures. 

TABLE II : Cycloadditlons with unsymmetrical dlenes. 

R’ 

COMe Me 

COMe 

COPh 

COpMe 

COnMe 

COoMe 

CN 

Et 

Me 

Me 

CH(nBu)Et 

nHex 

Me 

Experlmental 

conditions 

125-C 

125’C 

126’C 

120-c 

16O’C 

136’C 

125-c 

50 

48 

48 

50 

24 

60 

50 

AROMATIZATION AND HYDROGENATION OF SUBSTITUTED-1.4-CYCLOHEXADlENES 

Yield 

(%I 

71 

72 

81 

75 

40 

44 

76 

Adducts have been easily aromatized by treatment wlth DDQ (18). From this step 

substituted stannylated benzenes can be obtalned In good yield. Adducts have been selectively 

hydrogenated to give functional stannylated cyclohexenes in the presence of 5% rhodium on 

carbon at atmospheric pressure. As it could be expected (19) the tetrasubstltuted bond was 

unreactive and only the dlsubstltuted bond was reduced. 
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Hz , 5% Rh/C 

Ri. R’. yleld (%) : COMe. H, 94; COMe, Me, 92; CO&e, tl, 90; ConMe. Me. 96. 

PREPARATION OF FUNCTIONAL 1.4-CYCLOHEXADIENYL KETONES, HALIDES. SULFIDES AND SULFONES 

Cross-coupling of organotln reagents with a varlety of organic electrophlles. catalyzed by 

palladium. provides a versatlle and very useful1 method for generating a carbon-carbon bond 

(20). We applled this novel method to the coupling of methyl I-trlbutylstannyl-1.4- 

cyclohexadiene-1-carboxylate wlth acid chlorides. Indeed the reactlon took place easily and 

allowed us to isolate the keto-ester in good yield. The cross coupling reaction with ally1 

bromldes (21) was unsuccessful , giving a low yield of partlally lsomerized compound. 

CO2Me 

SnBus 

Halodemetallatlon of unsymetrlcal tetraorganotlns has been developed because the very 

PhCOCl. 2% (PPh3 )nPdClz 
-BuaSnCl 

/\ A COzMe 

COPh 

hlgh selectivity of electrophlllc demetallatlon provides uselul synthetic appllcatlons for the 

preparation of organic halldee (2). In our case, the preferential cleavage of the tin-vinyl bond 

might provide an easy route to halocyclohexadienes. These compounds could not be obtalned by 

Dlels-Alder reactlon from halogenated alkynyl derlvatlves because of the very poor thermal 

stability of these derivatives (22). With 2-trIbutylstannyl-l.4-cyclohexadlene-l-carbonltr~le the 

reaction with iodine gave the desired product. 

A /CN /\/CN 

U I I 
SnBus 

In 
-Budnl 3 u I I 

I 

Wlth our ketones and esters the carbonyl Induced a reversal of selectlvlty by 

intramolecular nucleophlllc assistance : a butyl bond was cleaved instead of a vinyl bond (23). 

This drawback could be overcome by the use of the hydrogenated substrates for which the 

reaction wlth a first equivalent of bromine was the cleavage of a butyl-tln bond and wlth a 

second equlvalent resulted In the cleavage of the vinyl-tln bond. 

R. R’ 

b 

R’ R’ 

I 2 Bra 
-BuBr ’ 

SnBus -9usSnBrz Br 

R’. R’, yleld t%) : COMe, li. 70; COMe. Me. 69: COnMe, H, 63. 
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The reversal of selectivity also dlsappeared If the carbonyl was reduced by 

diisobutylalumlnium hydride : as&stance was too weak to change the normal course of the 

reaction. The 1-(Z-Iodo-1.4-cyclohexadIenyl)methanol was then produced (yield : 78 90. 

a COpMe a CHzOH CHnOH 

II - I I 
12 

-BurSnI > 
SnBur SnBur I 

A radical substltutlon of the trlbutyltln group was successfully performed with 

dlphenyldlsulflde or p-toluenesulfonylchlorlde to get functlonal vlnyl sulfide or sulfone (24). The 

addltlon-ellmlnatlon reactlon occured under WV Irradiation In toluene as solvent. 

R’ R’ R’ 

b 

R’ R’ R’ 

I 
PhrSn 

( -PhSSnBuo 
pMePhSO&l 
-BurSnCl ’ 

b 
I 

SPh SnBus SOzpMePh 

R’. R’, yleld (N) : COzMe, H. 67: COMe, Me, 72: COzMe. H. 58; 

PREPARATION OF SUBSTITUTED 1(3H)-4.7-DIHYDROISOBENZOFURANONES AND SUBSTITUTED 1.2- 

BISWYDROXYHEI'BYL)-1.4~CYCLOIIEXADIENRS 

Transmetallatlon of vlnylorganotlns with lithium reagents 1s one of their most Important 

applications in organic synthesla and 1s the only practical access to vlnyllithlums. It had been 

shown that monotransmetallatlon of methyl 2.3-bls(trImethyIstannyl)-2-butenoate was easy, 

leaving the carbonyl unchanged and lnvolvlng only the tin nearest to the carbonyl (26). not the 

othei one. We treated methyl 2-trlbutylstannyl-I.4-cyclohexadiene-l-carboxylate with 

butylllthlum but at low temperatures no transmetallatlon occured. When the mlxture was warmed, 

addltlon on the oxygenated functlon took place. Changes of solvent from THF to DME or HMPA dld 

not improve the reactlon selectlvlty. Steric effects are probably Involved In this lack of 

selectivity : (E) vlnyltins are always transmetallated more rapidly than (Z) ones (26) (27). Our 

attempts to protect the carbonyl by formation of 1.3-dloxolane or cyclic or not dlthloacetals were 

unsuccessful: coordlnatlon of the tin by the carbonyl lowered Its reactivity (28). Although WITTIG 

reactlon on (E) and (Z)-3-trimethylstannyl-2-butenal (29) has been realized, we were unable to 

transform 1-acetyl-2-tributylstannyl-1,4-cyclohexadlene Into the corresponding triene by the 

same reaction. which seemed to be Inhlblted. 

Transformation of the oxygenated function Into alcohol allowed the wanted 

transmetallation. With lithlum alumlnlum hydride variable amounts of demetallated cyclohexadlenes 

were recovered. Diisobutylalumlnlum hydride at low temperature was of better use. Attempted 

dlstlIlatlon or column chromatography on silica gel or deactivated alumina led to decomposition 

products. Crude alcohols have then been used for the next step. They reacted smoothly at -50-C 

In THF with 2.2 equivalents of n-butylllthlum to give a reddlsh solutlon of vinylllthlum. Internal 

coordlnatlon by oxygen lowered the reactivity of these species. They did not couple at low 

temperature with reactive halldes. When the temperature of the solution was raised to 2O’C or 

when the reactlon time was lengthed. partial decomposition occured. With carbonyls. normal 

addltlon took place. Reaction with carbon dloxlde gave. after acidic hydrolysis. bicycllc lactones 

[1(3H)-4.7-dihydroisobenzofuranonesl apparently unreported up to now. 1(3H)-6.6-dlmethyl-4.7- 

dlhydrolsobenzofuranone was described but obtalned as a mixture with 1(3H)-6.6-dlmethyl-7,7a- 
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dlhydrolaobenzofuranone (30). Ylelds Involve three steps : reduction. transmetallatlon and addltlon 

to carbon dfoxlde. 

R’ It’ 
R’ 

d: 

R’ 

I I RJ Sneur i: KY 9 R3 R’ I I CHRnoH 
b: 

1’ 2 BULI 
2’ coo > 

SnBus 

R’, ‘,CI> 

0 R= 

Rs. RI, R’, Rn. yield (Y) : Me. Me, H, Me, 41; H. H. Me, 
H. H. Me. H. 39 

Me. 38; H. H. Me. Ph. 37; 

Aldehydes and ketones reacted wlth our vlnyllc llthlum reagents giving dlols. useful for 

furan (31) or furanones (32) synthesis. wlth a 1.2.3~substituted-1.4-cyclohexadlene backbone. 

Yields involve three steps : reduction. transmetallatlon and addltlon to the carbonylated 

compounds. These dials cannot be obtalned by a [4+2) cycloaddltlon of acetylenlc dlols which are 

too unreactive. Furthermore a lack of selectivity would be expected for products of this 

dlsymetry (33). 

Me Me Me 

b 
R’ CHR=OH 

I 
1’ 1BuzAlH 1’ 2 BuLl 
2’ Ha0 2’ R6R7CO’ 

SnBua 
b 1 1 

CReR’OH 

One of the advantages of this method of dlol synthesls 1s the posslblllty 

reglolsomers by a convenient choice of startlng materlals as It can be seen below. 

of producing 

Me 

Me 

Me 

Me 

Ph 

Ph 

H 

H 

YoMe 
HI 
AnBus 

1’ 1BurAltj 
2’ BuLi ’ 
3’ PhCHO 

Me 
YOPh COPh 

III 
-I I 

b 

1’ 1ButAlH 

knBur 
2’ BuLi 

SnBur 3’ MeCHO 

R’ 

Me 

H 

Me 

H 

Me 

H 

R’ 

Me 

nPr 

Me 

nPr 

Me 

nPr 

TABLE III : Preparation ol dlols. 

yleld WI RS 

31 Me 

26 tde 

26 Ph 

24 Ph 

34 H 

39 H 

R. R’ 

Me Ph 

H Ph 

Ph Me 

H Ph 

Me Ph 

H Ph 

CHOHMe 

CHOHPh 

CHOHPh 

CHOHMe 

yield (%) 

19 

40 

17 

41 

23 

46 
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EXPERIMENTAL 

Infrared spectra were -recorded on a Perkin Elmer 683 spectrophotometer. Nuclear magnetic 
resonance spectra were obtained on either a Perkin-Elmer R 12 (*H. 60 MHz) or a AC 200 
spectrometer Wi. 200 MHz ; “9Sn, 93.98 MHz). Solutions In carbon tetrachlorlde with 
tetramethylsilane as internal standard were used for *H NMR unless otherwise stated. Solutions in 
benzene-de wlth tetramethylstannane as lnternal standard were used for Win NMR unless 
otherwise stated. Chemical shifts are quoted In ppm downfield from TMS. Mass spectra were 
recorded on a VG Mlcromass 16 F apparatus. Column chromatography was performed on Merck 
slllca gel or deactivated (6% li20) neutral alumina. Mass spectra and microanalysis data were 
consistent with the proposed structures. Dlenes were prepared by the method of YAMAMOTO (34). 

Alkynyltlns. Methyl trlbutylstannylproDlolate. A solutlon of methylproplolate (Aldrich) 
(4.2g. 50 mmol) and methoxytrlbutyltln (ISg, 60 mmol) in dry cyclohexane (150 ml) was heated for 
16h at 50-c. After evaporation of the solvent and dlstlllatlon. pure methyl 
trlbutylstannylproplolate was obtalned (12.4g. 70%). l-trlbutylstannyi-1-butyne-3-one l- 
trlbutylstannyl-I-Dhenyl-1-DroDyne-3 one. 1-trlbutylstannyl-N.N-dlmethyloro~iolamlde and F 
tributYhxtannYlDroDiolonitrile. A solution of acetylenlc compound (50 mmol) and 
bls(trlbutyltln)oxlde (23 mmol) in dry cyclohexane (100 ml) was heated at 5O’C for 2h In the 
presence of activated molecular sleves (3 A). After flltratlon and evaporatlon of the solvent the 
stannylated derivatives were used wlthout further purlficatlon. 

14+21 cycloaddttlon of alkynyltributyltlns. The stannylated dlenophlle (log) and the 
wanted dlene (100% excess) were mlxed In a glass ampoule (wall thickness 2 mm), frozen at - 
180’C. The ampoule was then sealed (external neck diameter 6 mm) under vacuum and placed In 
an autoclave, together with 100 ml of pentane. Once closed it was placed lnto an oven at the 
deslred temperature. After complexion of the reaction. the cooled autoclave was cautlonously 
opened, the ampoule frozen in llquld nltrogen and then Its neck was bracken. In the case of 
butadlene. this enophlle was condensed In the frozen ampoule. Methyl 2-trlbutylstannyl-1.4 
cyclohexadlenylcarboxylate was dlstllled under vacuum : Ebo.m=135-40’C. Other cyclohexadlenes 
were purlfled by column chromatography on silica gel (eluent pentane/EtzO : 90/10). Mass spectra 
of these stannylated cyclohexadlenes are characterized by a strong base peak at M-(:&J. 1_ 
acetyl-2-trlbutylstannyl-1,4-cyclohexadlene. ‘H NMR 6 : 0.7-1.9 (m,27H), 2.20 (s.3H). 2.9-3.3 (m. 
4H). 5.5-5.8 (m.2H). l*gSn NMR 8 : -57.7. l-acetyl-2-trlbutylstannyl-4,5-dlmethyl-1,4- 
cyclohexadlene. ‘H NMR 5 : 0.7-1.9 (m.33H). 2.21 (s.3H). 2.9-3.3 (m.4H). ~IpSn NMR 5 : -69.8. I= 
acetyl-2-trlbutylstannyl-1,4-norbornadlene. ‘H NMR 5 : 0.7-1.9 (m,27H). 2.05 (m.2H), 2.20 (s.3H). 
3.9-4.1 (m,2H), 6.5-6.9 (m,2H). RMN “9Sn 5 : -51.5. l-acetyl-2-trlbutylstannyl-6-methyl-1,4- 
cyclohexadlene. IH NMR 5 : 0.7-1.9 (m. 30H), 2.21 (s,3H). 2.8-3.5 (m.3H). 5.80 (m,2H). ltsSn NMR 
5 : -66.7. l-acetyl-2-trlbutylstannyl-6-ethyl-1,4-cyclohexadlene. ‘H NMR 5 : 0.7-1.9 (m.32H). 
2.34 (s.3H). 2.8-3.6 (m.3H). 6.82 (m,2H). ll9Sn NMR 5 : -56.1. 1-benzoyl-2-tributylstannyl-6- 
methyl-1,4-cyclohexadlene. ‘H NMR 5 : 0.7-1.9 (m.30H). 2.7-3.4 (m,3H). 6.81 (m.2H). 7.2-7.6 
(m.SH). Win NMR 8 : -46.9. Methyl 2-trlbutylstannyl-l.4-cyclohexad1ene-l-carboxylate : IH 
NMR 5 : 0.7-1.9 (m.27H). 2.97 (m,4H), 3.82 (s,3H), 5.5-5.8 (m.2H1. ll%n NMR 5 : -55.6. Methyl 2- 
trlbutylstannyl-4.5-dlmethyl-1,4-cyclohexadIene-l-carboxylate. ‘H NMR 5 : 0.7-1.90 (m.33H). 3.0 
(m.4H). 3.82 (s.3H). ‘?Sn NMR 5 : -57.3. Methyl 2-trlbutylstannyl-1.4-norbornadlene-l- 
carboxylate. IH NMR : 6 : 0.7-1.9 (m.27H). 2-2.1 (m.2H). 3.83 (s.3H). 3.97 (m.2H). 6.5-7.0 (m,2H). 
1lgSn NMR 5 : -50.7. Methyl 2-trlbutylstannyl-6-methyl-l,4-cyclohexadlene-l-carboxylate. *H 
NMR 6 : 0.7-1.9 (m,30H), 2.7-3.4 (m,3H), 6.80 (m,2H), 7.2-7.6 (m,5H). ll*Sn NMR : -54.8. Methyl- 
2-trlbutylstannyl-6-(l-ethylpentyl~-l,4-cyclohexadIene-l-carboxylate. IH NMR 5 : 0.7-1.9 
(m,40H). 2.7-3.4 (m,3H), 3.81 (s,3H), 5.71 (m.2H). Methyl ~trlbutylstannyl-6-hexyl-1.4: 
cyclohexadlene-l-carboxylate. ‘H NMR 5 : 0.7-2 (m.40H). 2.8-3 (m.2H). 3.31 (m.lH). 3.83 (s,3H). 
5.72 (m,2H). 2-trlbutylstannyl-1.4-cyclohexadlene-l-carbonltrlle. ‘H NMR 5 : 0.7-1.9 (m.27H), 
3.05 (m,4H), 5.67 (m.2H). $1 Wn NMR 5 : -42.6. 2-trlbutylstannyl-4.5-dlmethyl-1.4- 
cyclohexadlene-1-carbonitrlle. ‘H NMR 8 : 0.7-1.9 (m,3H). 2.6-3.2 (m,4H), 5.66 (m.2H). l”+Sn NMR 

-66.3. 2-trlbutylstannyl-1.4-norbornsdlene-1-carbonIt&_. ‘H NMR : 5 : 0.7-1.9 (m.27H). 2- 
:.; (m,2H), 3.7-4.1 (m.2H). 6.6-7 (m.2H). SWSn NMR 5 : -38.1. 2-trlbutyls_Wl-6-methyl-1,4- 
cyclohexadlene-l-carbonltrlle. $H NMR 5 : 0.7-1.9 (m,30H), 2.7-3.4 (m.3H). 5.67 (m,2H). ll*Sn 
NMR 5 : -41.2. N.N-dimethyl-2-trlbutylstannyl-1.4-cyclohexadlene-l-carbox~. ‘H NMR 5 : 
0.7-1.9 tm.27H). 2.1-3.1 (m.lOH). 6.86 (m.2H). 

Catalytic hydrogenatlon. A flask contalnlng a mlxture of organotln dlene (20 mmOl) . 5% 
rhodium on carbon (0.3g) , 76ml of methanol and 25ml of ether was degazed. filled with hydrogen 
at atmospheric pressure and vigorously stlrred. After 6h the mixture was filtered and the 
solvents evaporated. The product was chromatographled on a short column of silica gel with a 
mlxture of pentane and diethylether (90/10). I-acetyl-2-tributylstannyl-1-cyclohexene. lH NMR 5 

o 7-1.9 (m,31H), 2.23 (s,3H). 2.3-2.6(m.4H). 1-acetyl-2-tributylstannyl-6-methyl-l-cyclohexene. 
iH ’ NMR 5 : 0.7-1.9 (m.34H). 2.25 (s.3H). 2.35-2.7 (m.3H). Methyl 2-trlbutylstannyl-l- 
cyclohexene-1-carbonylate. ‘H NMR 5 : 0.7-1.9 (m,31H). 2.3-2.6 ( .4H). 3.77 (m.3H). ltsSn NMR 5 
: -58.3. Methyl 2-trlbutylstannyl-6-methyl-I-cyclohexene-I-ca boxylate. ‘H NMR 5 : 0.7-1.8 ? 
(m,34H). 2.3-2.7 (m,3H).~3.75 (m.3H). 

Preparatlon of 2-iodo-1.4-cyclohexadlene-1-carbonltrile. To a solution of 2- 
trlbutylstannyl-1,4-cyclohexadiene-l-carbon~trlle (3g, 8 mmol) were added crystals of lodlne until 
pereietance of a pink coloration. The solution was washed with a solution of sodium thlosulfate 
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untll dlscoloratlon. drled on magnesium sulfate and evaporated. The resldu was chromatographled 
on silica gel wlth a mlxture of pentane and ether (80/20) as eluent. Yield : 1.61g. 70%. 

Freparatlon of 1-(t-iodo-1.4-cyclohexadlenyl)methanol. To a solution of stannylated ester 
(3g, 7 mmol) In dlethylether (60 ml) at -60’C was added a solution (10 ml) of dlIsobutylaluminlum 
(1.0 N. 10 mmol) In hexanes. Temperature was ralsen to -20’C. the mixture hydrolyzed with a 
saturated solution of ammonium chloride. dried with magnesium sulfate, and the solvents 
evaporated. The crude alcohol was then diluted in CC14 (20 ml) and lodlne slowly added until 
perslstance of a pink coloration. The solution was washed wlth a solution of sodlum thlosulfate 
untll discoloration and drled on magnesium sulfate. The solvent was then evaporated and the 
resldue taken up in dlethylether for a treatment wlth KF. After filtration the product was flash 
chromatographled (deactivated alumina). Yleld :1.3g, 78 % . ‘Ii NMR (acetone-ds) 6 : 3.06 (m,4H). 
4.10 (s,2Ii), 6.26 (m,lH) 6.76 (m.lH) . 

Preparation of functional cyclohexenyl bromtdes. To a solution of the functional 
trlbutylstannyl-1-cyclohexene (10 mmol) In 30 ml of CHsCls at -2O’C was slowly added bromine 
(3.2s. 20 mmol) In 20 ml of the same solvent. Temperature was allowed to reach 20-C. After 
thlosulfate treatment, drying on magnesium sulfate and evaporatlon of the solvent the product 
was bulb to bulb dIstilled under vacuum (10 mmHg) (oven temperature 130’0. 1-acetyl-2-bromo- 
1-cyclohexene. Ill NMR : 1.2-2 (m.4H). 2.31 (s.3H). 2.1-2.9 (m.4H). l-acetyl-2-bromo-s-methyl- 
I-cyclohexene. ‘H NMR : 1.06 (d,3H). 1.6-2.0 (m.4H). 2.36 fs.3H). 2.6-2.8 (m.4H). Methyl O-bromo- 
1-cyclohexene-1-carboxylate. ‘H NMR : 1.6-1.9 (m,4H), 2.2-2.6 (m,4H), 3.7 (s.3H) 

Coupling wlth acid chlorides (36). A solution of methyl 2-tributylstannyl-6-methyl-1,4- 
cyclohexadlene-I-carboxylate (2 g. 4.7 mmol) bls(triphenylphosphlne)dlchloropalladlum (70 mg. 0.1 
mmoljand benzoyl chloride (1 g, 7 mmol) in chloroform (15 ml) In a sealed tube was heated at 
1OO’C for 40h. After KF treatment (36). drying on magnesium sulfate and column chromatography 
on slllca gel (eluent pentane/diethylether 60/60) 0.8&g (70%) of keto-ester was isolated. ‘H NMR 
6 : 1.22 (d,3H), 2.8-3.1 (m.3HL 3.88 (s.3H). 6.6-6.8 (m.2H). 7.3-7.9 (m,SH). 

Freparatlon of sulfides and sulfones(24). A solution of stannylated cyclohexene (10 mmol) 
and sulfur-containing compound (12 mmol) in toluene (40 ml) was irradiated at 360 nm durlng 24 
hours. The solvent was then evaporated, the resldue taken up in ether for a treatment with KF. 
After filtration the product was flash chromatographled on deactivated alumina. Methyl 2=. 
phenylthio-6-cyclohexene-1-carboxylate. lH NMR 6 : 1.62 (m,4H), 1.96 (m,2H). 2.33 (m.2H). 3.56 
(s,3H), 7.26 (m,SH). l-o-toluenesulfonyl-2-acetyl-3-methyl-l-cycloh~~~~. ‘H NMR 8 :1.03 (d.3H). 
1.3-2.3 (m,7H), 2.40 (s.3H). 2.49 (s,3H). 7.36 (d.2H). 7.76 (d.2H). Methyl 2-u-toluenesR~fonyl-l- 
cyclohexene-1-carboxylate. ‘H NMR 6 :1.60 (m,4H), 2.10-2.60 (m.4H). 2.46 (s.3H). 3.78 Ls,3H), 7.32 
(d.2H). 

Preparation of 1(3H)-dihydro-4.7-Isobenzofuranones. To a solution of stannylated 
cyclohexadlene (7 mmol) in 60 ml of diethylether at -6O’C was added 10 ml of a solution of 
dIlsobutylaluminium hydride (1.0 M. 10 mmol) in hexanes. Temperature was raisen to -2O’C, the 
mixture hydrolyzed with a saturated solution of ammonlum chloride, dried with magnesium sulfate, 
and the solvents evaporated. The crude alcohol was then diluted in 20 ml of THF at -9O’C. 
Butylllthium (1.6 mmol, 9.6 ml of a 1.6 M solution in hexanes) was slowly added and the 
temperature raisen at -60-C for 30 mn. Dry ice (3g. 70 mmol) was added and the temperature 
allowed to reach -20’C. After hydrolysis, IN NaOH was added untll the pH be strongly basic. The 
organic phase was dlscarded and 1N HCI was added until the pH reached 3. Ether extraction. 
drylng with magnesium sulfate, evaporation of the solvent gave the pure lactones as oils. 1(3H)- 
4.7-dlhydro-3.6.6-trlmethyl-lsobenzofuranone. 1H NMR (acetone-da) 6 : 1.36 fd,3H), 1.71 &6H). 
2.7-3.2, (m.4H). 4.8 fm.lH). 1(3H)-dlhydro-3,4-dim_ethyl-lso&&r_o&r3nopR, ‘H NMR (acetone-d61 6 
: 1.32 (d.3H). 1.63 (d,3H), 2.87 (m.2H). 3.34 (m.lH). 4.96 fm.lH), 5.75 (m,2H). 1(3H)-4.7-dlhydro- 
3-uhenyl-4-methyl-isobenzofuranone, ‘H NMR (acetone-ds) 6 : 0.65 fd,3H). 2.7-3.5 (m.3H). 5.7 
(m,2H), 6.12 (m.lH). 7.68 (s.SH). 1(3H)-4.7-dlhydro-4-methyl-Isobenzofuranone, ‘H NMR (acetone- 
de) 8 : 1.22 (d,2H), 2.76 (m.3H). 3.26 (m.lH). 4.80 (m, aJe-s*=17.2 Hz. 4J~-a=0.6 Hz. nJ~-7 = 
sJs-7*=2.1 Hz.lH), 4.96 (m,lH). 6.78 (m.2H). 

Preparation of 1.4-cyclohexadlenediols. The procedure was the same as for the preparation 
of isobenzofuranone except that a solution of aldehyde or ketone (10 mmol) In 10 ml of THF was 
added instead of dry ice. After hydrolysls and partition (37) In pentane/acetonltrlle. pure dlols 
were obtalned by column chromatography on deactivated (6%) alumina. Eluent : 
pentane/dlethylether (50/60). 2-~2-ethanol-3-methyI-1.4-cyclohexadlenyl~-2-DroDano~, ‘H NMR 
(acetone-de) 6 : 1.1-1.4 (m.12H). 2.4-3.0 (m,3H), 4.1-4.6 (m,2H). 5.02 (m.lH) 6.76 (m.21~). 1-(2_ 
ethanol-3-methyl-l.4-cyclohexadlenyl~-l-ohenylethanol, *H NMR (acetone-de) 6 : 1.0-1.3 (m,6H), 
1.66 (m,3H), 2.4-3.0 (m,3H), 3.72 (m,2H), 4.87 (m,lH), 5.74 (m,2H). 7.2-7.5 (m.5H). I-(2-ethanol- 
3-methyl-1,4-cyclohexadienyl)-l-butanol, rH NMR (acetone-ds) 6 : 0.9-1.8 (m.llH). 2.6-3.0 
(m.3H). 4.88 (m.lH). 6.76 (m.2H). (2-ethanol-3-methyl-1.4-cyclohexadlenyl~~henylmethanol, ‘H 
NMR (acetone-da) 6 : 1.1-1.6 (m.6H). 2.6-3.3 (m.3H). 3.9-4.6 (m.2H). 6.02 (m.lH). 5.57 (m.2H). 
6.08 (m,lH). 7.1-7.6 fm.SH). 2-(~-~henylmethanol-3-methyl-1,4-cyclohexadlenyl~-2-~ro~a~, ‘H 
NMR (acetone-de) 6 : 0.72 (m.3HL 1.63 (m,6H), 2.3-3.1 (m.3H). 4.12 (m.2H). 6.67 (m.2H). 6.48 
(m.lH), 7.1-7.7 (m.SH). l-(2-Dhenylmethanol-3-mcthyl-1,4-cyclohexadler~yl~-l-Dhenyl-I-ethanol.. 
IH NMR (acetone-de) 6 : 0.67 (m,3H), 1.36 (m,3H). 2.6-3.2 (m.3H). 4.88 fm,2H), 6.71 (m.2H). 6.08 
(m.lHL 6.39 (m,lH), 7-7.6 (m,lOHL l-(2-ohenylmethanol-3-methyl-l,4-cyclohexad~enyl)-l- 
butanol ‘H NMR (acetone-de) 8 : -* 0.60-1.8 (m,8H). 2.70-3.30 (m.3H). 3.74 (m.2H). 4.77 (m.lH). 
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6.73 (m.2H). 6.01 (m,lH), 7-7.6 (m.6H). (2-uhcnylmethanol-2-methyl-1,4- 
cyclohexadienyl)ehenylmethanol, 1H NMR (acetone-de) 6 : 0.97 (m.3H). 2.31-3.30 (m.3H). 4.67 
(m,2H). 6.66 (m.2H). 6.10-6.38 (m,2Ii), 7.10-7.96 (m.10 H). 2-(2-methanol-3-methyl-1,4- 
cYc1ohexad1enY1)-2-DroDano1, ‘H NMR (acetone-da) 6 : 1.08 (d.3H). 1.36 (d.6H). 2.40-3.20 (m.3H). 
4.10-4.60 (m,2H). 6.67 (m,2H). l-(2-methanol-3-methyl-l,4-cyciohexadienyl)-l-phenyl-l-ethanol, 
‘H NMR (acetone-ds) 8 : 0.97 (d,3H). 1.62 (s,3H). 2.61-3.05 (m.3H). 3.5-4.18 (m.2H). 5.27 (m.lH), 
5.61 (m.2H). 7-7.66 (m.SH). l-(2-methanol-3-methyl-1,4-cyclohexadlenyl)-l-butanol, ‘H NMR 
(acetone-do) 6 : 0.81-1.70 (m.8H). 2.66-2.96 (m,3H). 3.54-4.48 (m&H), 5.64 (m.2H). (2-methanol- 
3-methyl-1,4-cyclohexad1enyl)Dhenylmethanol, *H NMR (acetone-da) 6 : 1.05 (d,3H). 2.21-3.16 
(m.3If). 3.97 (t,lH), 4.32 (m,2H), 4.46 (d.lH). 6.67 (m.2H). 6.98 (d.lH), 7-7.60 (m,SH). 
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