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m .The palladiua-catalyzed coupling reaction of allenes, vinyl or aryl 
halides and stabilized carbanions is described : n-ally1 palladium canplexes 
are formed by addition of a vinyl or an aryl-palladium canplex to an allenic 
hydrocarbon and trapped by the sodiun enolate of diethyl malonate giving rise 
with good yields to B-butadienyl or C!-styryl malonates. With mmoalkyl 
allenes, the reaction is regiospecific with attadc of the nucleophile on the 
unsubstituted carbon of the intermediate n-ally1 complex and in many cases 
highly stereoselective with the predominant formation of the E configuration 
for the trisubstituted double bmd of the dime. This configuration was 
demonstrated by lH NMR using NCE difference spectroscopy. 

n-Ally1 palladiun canplexes are more and more valuable intermediates in organic synthesis since 

the pioneering work of J .TSUJI m one hand (11 and B.M.TROST on an other hand (2) (3). 

Different methods have been described for their preparation : reaction of a palladiun(I1) salt 

with an ethylenic hydrocarbon (4)) metal exchange fron an allylic organaetallic conpound (51, addition 

of a pallaaiun(I1) cunplex to a conjugated diene (61 or to a vinylcyclopropane (7). However, the more 

popular way remains the oxidative addition of an allylic substrate (ether, ester, epoxide, etc...) to a 

palladiun(O)-phosphine canplex since that reaction, generally followed by the attack of a nucleophile 

m the n-ally1 canplex (Scheme l), has the main advantage of being catalytic with respect to 

palladiun(0). Many other features have been investigated for the transformation depicted in Scheme 1 

such as regioselectivity (8), stereoselectivity (9), enantioselectivity (lo), chemioselectivity (11) 

and the possible use of an extending nunber of nucleophiles. For exmple, the use of allylic carbonates 

allows almost neutral conditions since nucleophilic enolates are made “in situ” by using the alcoholate 

liberated on formation of the palladiun conplex (12). 
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Pnother method to obtain n-ally1 palladiun (or in general n-ally1 metal) canpbxes cmsists of 

the addition to allenic compounds of a palladiun(II) species Y-Pd-X in which Y can represent a carbm or 

a heteroatomic group (13, 14) (Scheme 21. 
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R4 

Y-Pd-X 

<Scheme 2> 

This way was first explored in 1964 by two separate tears who described the two dimer canplexes 

1 and 2 formed selectively in good yields, depending on the experimental conditions, oy the reaction 

of palladiun dichloride with 1,2-propadiene (13). A few years later, the sane possibility of adding 

palladiun(II) species to an allene was also demonstrated by the description of several complexes 2 

obtained from substituted allenes and n-ally1 palladium canplexes (14a,b) or a n-pallado- 

norbornene (14~1. 
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Resides these structural examples little has been done in order to use these n-ally1 palladiun 

canplexes derived from allenes in synthesis. Recently, HEGEDUS et al. used the reaction of enolates md 

amines with 3 and obtained 1,2-dimethylenic carbo and aza five membered rings, but the interest of 

this work was partly overshadowed by the stofchiometrfc use of palladium (U) (Shame 3). 
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<Scheme 3> 

From this point of view, the prior woe of COULSON was of interest since it showed that the 

reaction of anines and of the enolate of diethyl malonate with 1,2-propadiene in the preseme of a 

catalytic amomt of a palladiun canplex produced, with variable yields, ccrnpomds of general formula 9, 

probably via a metallacyclic intermediate 1 (16). Here again the palladium promoted reaction consisted 

of oliganerization andcmsequently itsapplication in synthesis was sanewhat limited. 

H2C =C =CH2 
NuH 

PdV-Wn 
x Pd 

5 

In this paper, we will described the addition of phenyl or vinyl 6-palladium species to 

diversely substituted allenes in order to produce regio and stereoselectively n-ally1 palladiun 

canplexes able to participate in a catalytic process and lead to functionalfzed styryl or 1,Edienic 

compounds as shown below (see ref. 17 for our preliminary c~nicati~) . 
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Since l,P-propadiene is a FIX-boiling canpound, we have chosen, for the s&z of convenience, to 

begin our study by using l,P-decadiene a easily prepared according to (18) by the reaction of 

n-heptyl magnesiun branide with the methyl ether of propargylic alcohol in the presence of a catalytic 

ancunt of copper branide. 

Canpomd & was reacted in THF at 4O’C with 2-branopropene (2 molar equivalents) and the 

sodiun enolate of diethyl malmate (1.3 molar equivalent) in the presence of 4 % of tetrtis(triphenyl- 

phosphine)palladiun Pd(P03)4 , the reaction being follwed by analytical gas chronatography . A slow 

reaction to& place, leading to a new canpand . However, this reaction stopped after 24 hours and the 

dienic diester a could be isolated in a 30 % yield together with about 60 116 of the starting allene 6e . 

A better result was observed when the system Pd(dbaJ2 + 2P03 was used as the catalytic systm : 
the reaction stopped after 20 hours but was still incanplete with M % of renaining & besides 61 % of 

the diester Za . Finally, the best result was obtained by using the conplex Palladiun(O)- 

bis(diphenylphosphino)ethane [Pd(dppe)] as catalyst, prepared “in situ” from bis(dibenzylidene- 

acetme)palladiun [Pd(dba)p] and meequivalentofdppe . The reactim was still slow but was caplete 

within 45 hours, giving an 85 % yield of the diester a . 

Other conditims were also tested for the same reaction but were less attractive than those 

quoted above. For exanple, the reaction was slcu and incanplete in W, givm only 51 % of diester Za 

after 56 hours . A similar result was also observed when the catalytic system was Pd(dbaJ2 + 2 dppe . 

Reaction of 1,2-decadiene & with other vinylic bromides and with iodobenzene was studied 

under the best conditions previously determined (THF, 4 % of Pd(dha)p + 1 dppe, 1.3 equiv. of the 

sodiun enolate ofdiethylmalmate). Slightly different temperatures were used depending m the boiling 

point of the msatured halide (Scheme 4) . The reactions were monitored by gas chranatography (diester 

a , &I or thin layer chranatqraphy (diester U , a) and stopped when the allene & was completely 

cmsuned. In the case of the gaseous vinyl branide, the reaction had to be run in a stainless steel 

autoclave and its time was fixed by canparison with the other examples. 



516 M. AIWAR et al. 

Br 

Br 

Br 

1.3 Na-CHZZ 

4% Pd(dppe) 

40°C - 45 h 

65'C - 24 h 

I, 

5O'C - 38 h 

65'C - 32 h - 

65°C - 14 h 

E 

& 

CHZZ 

R 7a 

Yield 

( E/Z 1 

85 % 

(100/O) 

&CHZZ + R \d”v CHZZ 

R 

yo, 

7b - 

k- CHZZ 

R rrc 

CHZZ 

R 7d - 

CHZZ 

R 
7e 

80% 

(56/44) 

63 % 

(86/14) 

71 % 

(85/15) 

<Schene4> : All the reactions were performed in THF using 4% of [Pd(dba)2+ ldppel and the enolate of 

diethylmalonate Na-UiZZ (2 =Wt). 

As seen cn Scheme 4 , the reaction is always regiospecific and the diesterl obtained is formed 

in all cases by attadconthe less slrbstituted carbon of the intermediate n-allylpalladiun canplexe. On 

the other hand, the reaction is stereospecific in the case of 2-branopropene, highly stereoselactive 

with 1-bronocyclchexene and iodobenzene but the stereoselectivity is cunpletely lost with 

(E)-l-bromopropene and vinylbrunida. Generally, both ismers were separated by flash chrcmatography 

(a) or preparative HU (2 , .Ze). In the case of U , the separation of the isaners was impossible and 

the percentages were determined by &I tWHR on the signal of the acyclic vinylic hydrogen. The 

determination of the configuration of the trisubstituted double bond was made in a few cases by using 

Nuclear Overhauser Effect difference spectroscopy (19) and in the other examples, by % Na 

spectroscopy (see belcu). 
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The stereochemistry of the process is not only dependent on the vinylic halide but also on the 

nature of the entering nucleophile. Thus, the reaction of the enolate of methyl d-phenylsulfmyl 

acetate with the n-ally1 palladium intermediate fomd fran P-brcrnqxopene (S&me 5 - RI= CH3) is 

less stereoselective than the ona with diethyl malcnate since it leads to a E/Z = 80/2U mixture of the 

stereoisaners of the dienic diester & . Furthermore the reverse stereoselectivity (& , E/Z = 50/70) is 

observed in the case of the reaction of the sane enolate with the n-ally1 canplex formed fron 

vinylbraide (scheme 5 - RI= H). In both cases, it was not possible to separate the isaners and their 

ratio were determined by using 4( NM? spectroscopy (m) or 4l Na spectroscopy (&a). 

Rt.= + R’x @< 
so24 
CO$H3 

2 (R = n-C7H16) 

4% Pd(dba)Z + dppe 

THF - 65°C 

48 h 

38 h 

71% & (R’= CH3) E/Z = 80/20 
57% e (R’= H ) E/Z = 30/70 

<Scheme 5) 

The stereoselectivity of the reactim seems mainly related to the steric hindrance of the 

inooning unsaturated (arylic or vinylic) halide and can be discussed in term of the relative 

stabilities of the intermediate syn or anti n-ally1 canplexes 9 which are generated fran the 

insertion of the allmic pattern in the sp2 -carbon - palladiun bond (Scheme 6). The canplex anti-:! 

would be the kinetically produced canplex corresponding to an anti entrance of the C-vinylic 

palladiun canplex referred to the alkyl substituent of the allene, as already demonstrated for Grignard 

reagents or cuprates (20). This would explain the highly stereoselective formation of the styryl or 

1,3-dienic canpounds (E)-1 when R’ is a large group (RI = CH3). Smaller steric interactions between 

the n-heptyl group and a less bulky msaturated grwp (e.g. vinyl group, RI = H) would favor the 

isanerisation to the canplex syn- 2 : a smaller or a reverse stereoselectivity wwld then be observed 

(canpare Za and 2b or Be and Bh). 

anti -9 - syn-?j 
<Scheme 6> 

Referred to the above-mentirned results, 1,2-propadiene Q was reacted with different vinylic 

branides at-d iodobenzene in the presence of the sodiun enolate of diethyl malcnate (1,3 eq~iv.1 and 2 % 

of the catalytic system Pd(dba)p + dppe. All the reactions described in Scheme 7 were performed at 65’ C 

in a stainless steel autoclave with THF as solvent. 

In all cases, the functionalized l,SdienaI was obtained in fairly good yields after purification by 

distillation or by flashchronatography. In two cases it was possible to isolate also some dialkylatim 

product 1p as a minor canpomd (abwt 5 %I. 
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<Scheme 7) 

Three other allenes & , &/ and & were selected In order to test the scope and limitations of 

the described reaction. The non-comnercial 6,7_tridecadiene &j and 2-methyl-2,Fdecadiene & were 

easily obtained according to (21) by the reaction of m alkylcopper derivative (F@@X + 1 mol. quiv. of 

Cu8r ; THF ; -3O’C) with thetosylatesofrespectively 1-octyne-3-01 and knethyl-1-butyne-3-01. 

The reactions with these allenes were run using vinyl branide, the scdiun enolate of diethyl 

malcnate (1,3 mol. equiv.) and 3 96 of the Pd(dppe) catalyst. They were performed in a stainless steel 

autoclave at 65-C using THF as solvent. The results are yiven in Scheme 8. 

No regiospecificity was observed in the case of l,l-dimethylallene & , both electrophilic 

poles (primary and tertiary) of the intermediate n-ally1 palladiun canplex being attacked in almost the 

sane extent by the incaning nucleophile as it was previously described in the case of n-ally1 conplexes 

unsubstituted on the central carbon atom (7b). On the contrary, the reaction is again regiospecific in 

the case of & with essentially only attack on the tertiary pole and no reaction on the secondary me. 

This is in accord with the unreactivity of allene M under those conditions. 

However, the.reaction involving & is slow due to the steric hindrance of the intermediate 

n-ally1 palladiun canplex. After 24 hours, only 38% of the starting allene had been consuned and the 77% 

yield in that case refers to the conversion of & . As shown in the Scheme 8, the reaction is 

stereoselective and leads to the isomer (2)-u as the major isomer [ Z:E = 80:20 , as established by * 

NM. According to nanenclature rules, this major isaner must be given a (&configuration even if it 

presents the sane frans stereorelationship between the vinyl and the alkyl grwps as the one in 

callpwnds W-&8 I. 
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<scheme 8> 

As previously mentioned, the determination of configuration was mainly done by differential 

Nuclear Overhauser Effect (NCE) [ k NMR spectroscopy (200 MHz)] m the only isolated isaner of ZQ , m 

both isaners of & isolated in pure fon by preparative HXC, and m the more abundant E isaner of Jk . 

In the case of a , the irradiation of the methylene group at 2.86 ppn which is part of the substituent 

bearing the malmate .noiety has an influence only m the signal of the methylene of the heptyl group 

(2.05ppn) and on that of the olefinic proton HA (4.86ppn). On an other hand, the irradiation of the 

olefinic methyl group at 1.8 ppn gives an effect only m the vinylic protons tie (4.05 ppn) and HC (5.56 

ppn) (Scheme 9). These effects prove mdcubtly that the isolated diene B has the E configuration of 

the trisubstituted double bond and provide good evidence for m s-trans conformation of the butadienyl 

moiety. 

The sane effects were also noticeable in the case of the major isaner of the functimalized 

styrene & and m both isaners of dime a , as shown in Scheme 9, where the arrows indicate the 

differential NOE which were only observed by irradiating the encircled proton(s). 
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<Scheme 9) 
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The sime cmclusims comerning the configuration of the trisubstituted double bond can be also 

deduced fran the chemical shifts in Q NMR spectroscopy. The caparison of these parmeters for the 

three M-carbon atans of this double bmd in both isomers shows a neat shielding due to reciprocal 

cis-g-effect (22). This result, that will be detailed in the future in the case of differently 

substituted 1,3-butadienes (23) is exemplified in Scheme 10 where the shifts are given in ppm downfield 

fras tetr~ethylsilane. 

<Scheme 10, 

coNctus1oN. 

The above mmtimed results show that the c~b~alladation of allenic hydrocarbons by vinyl or 

aryl palladiun 6-canplexes in the presence of a malonate type nucleophile permits, by a catalytic 

process, to create simultaneously two carbon-carbon bonds. This regio and stereoselective reaction 

leads to useful products that could be converted to valuable synthms by Diels-Alder annulatim. 

Our wn work in this field was very recently canplemented by other groups who used different 

external (24) or internal (25) nucleophiles or different entering palladium complex (26). We have also 

described (27) the sane reaction in the case of the D-allenybalmate &J , easily obtained frcrn the 

palladia-pr~oted substitution of O(-allenic ester (2Oa), where the intr~ol~ular attack on the 

x-ally1 palladiun cmplex by the enolate gives rise to cyclopentene 12 or (and) vinylcyclopropane 1l 

(Scheme 11) depending on the nature of the f? group. 
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<Scheme ll> 

v . Ether, tetrahydrofuran (THF) and dfmethylformenid (DkF) were distilled fran CaH2, 
sodium benzophenme ketyl and P205 respectively. Petroleum ether (P.E) used for chromatography was 
distilled frun P205 (b.p 40-55*C). 

Reagents and solutions were transferred via syringes and stainless steel cannulae. Reactions 
were conducted mder positive pressures of arym. Workup included drying of the ether solution of the 
crude products over anhydrous magnesiun sulfate and removal of solvents m a rotatory evaporator under 
oartial water asoirator vactnmt. 

Colunn dhranatog&phy was carried out with silica gel 60 (fran Merck, 70-230 Mesh). “Flash 
Chr~atography” using silica gel 60 (230400 mesh) refers to the procedure of W.C STILL and all (28) e 
High-performance liquid chraatography (HPLC) was done with a Waters model 6000A liquid chrmatograph 
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(differential refractaneter). Capillary GLC analysis (OVlOl or FFAP colunns) were performed on a 
GIRDEL-CELSI 3343 gas-chranatograph equipped with a flzmk? ionization detector (25O.C) and nitrooen 
carrier gas. Preparative GLC were performed on a 1700 Varian Aerograph (Heliun carrier gas). 
Infrared (Ii?) spectra were determined with a Perkin-Elmer 298 recording spectrcphotaneter. Only the 
most prank-want or diagnostic pa&s are reported . 
&! NMf? spectra were recorded on the following spectraneters : Varian EM360 (6OMiz) and ETrlker 8OCW 
(8Obtir) for routine spectra, Grcker 2oOWP and Camera 350, FT instruments operating at 200 and 350 t&k. 
13C FMi spectra were measured at 5O.M-k or 88 MHz. Chemical shifts are expressed in ppm downfield from 

tetramethylsilane. Significant 1H MR data are tabulated in the order : multiplicity (s, singlet ; d, 
doublet ; t, triplet ; q, quartet ; m, multiplet), ccupling constant(s) in hertz, number of protons. 
Mass Spectra (MS), m/z (relative intensity) were obtained from a Varian-Mat CH5 at 70eV. 
Elemental analysis of &_f,g,bJ& were performed by the I’Service Central d’Analyse du CNRY. All new 
homologous canpoundsI and fi were homogeneous after flash chromatography purification ; their lti FMR 
and 13C NMR spectra did not show the presence of any impurity (<5%). 

1,2-propadiene and l,l-d~ethylpro~di~e are ccrenercially available from Matheson and Aldrich 
Chemical Co. respectively I) 1,2-decadiene & (18) and 1-br~~y~l~exene (29) were prepared according 
to the literature procedures. (E)-I-brano-1-propenewas purified (distillationthr~gh a spinning-band 
colunn,b.p 62-63’C/76Qwn) from a ccmnercial E-Z mixture. Pd(dbe)2 is cmercial from Janssen Chimica. 

- - decadiene 6e. 

A solution (THF, 110 d) of 0.11 mol of the instable mesylate of camnercial 2-methyl-3-butyn-2-01 is 
prepared at -6O’C fran 0.11 mol of this alcohol and 0.12 mol of methanesulfonyl chloride (21). 0.11 mol 
of n-hexylma@esiocuprate, prepared at -5O’C, is transferred at this tanperature thrwgh a cannula to 
the solution of the mesylate maintained at -50’C. The temperature of the mixture is then raised to 
2UO’C over 30 min (21 ). Workup and distillation gave 2g (13% yield) of l-br~52-~thyl-l,2-butadi~e 
[b.p 48-54’C (25 mo) ; k NMR (@3fiz, CC14) : 2.75 (d, J=3iiz, 6H) ; 5.7 (m, lH) f and 10.319 (61% yield) 
of allane & , b.p 76-8O”C (20 mm). 
IR (film) : 2945, 2920, 2840, 1910, 1460, 785 cm-l. 
kNMR (CC14 , 6OMiz): 0.9 (t, 5=5.5Hz, 3H); 1.3 (m, 8H); 1.6 (d, J=2.5Hr, 6H); 1.8 (m, 2li) ; 4.8 (m, 1H). 

m (scale relative to the allenic hydrocarbonh) . 

A solution of diethyl sodiaalonate was first prepared by adding at O’C 416 mg (2.6 mnol) of 
diethyl malonate to lx] mg of a 50% dispersion of sodiun hydride (2.7 mnol, washed free of mineral oil 
with THF) in 10 mL of dry THF and then stirring for 2U-30 min at 2G’C. This solution wad added via a 
transfer needle in a solution of THF (10 k) containing 46 mg (OX8 mnol, 4% molar referred to the allene 
6) of Pd(dba)2 , 32 mg (0.08 mmol) of 1,2-bis(diphenylphosphino)ethane [dppe], the allenic hydrocarbon 
4 (2 ~01) and the unsaturated orqmic halide (2 or 3 mnol). The reaction mixture is stirred (24-50 h) at 
40-65’C according to the nature of the halide (see Schemes 4 and 7) ; it is than diluted with-sane ether, 
poured into a NH&l aqueous solution and extracted with ether (~2x60 mL) . The canbined organic layers 
were washed with water and dried over anhvdrous maonesiun sulfate. Removal of solvents in vacua aave an 
oil which was filtrated at once on a sho& colunndf silica gel (petroleun ether/ether : 95/S) ‘before 
analysis (TLC, GLC, IR). Purification of malmate 3 was then carried out by distillation, silica gel 
or GL chr~at~ra~y. 

Pm , used with low boiling compounds, 1,2-propadiene & (the scale is then relative to the 
unsaturated halide) or vinyl bromide. 

Pd(dba)2 (115 mg, 0.2 mnol) and 1,2-bis(diphenylphosphino)ethane (80 mg, 0.2 mnol) were 
introduced in a 125 mL stainless steel autoclave which is then closed with a rubber septun, purged with 
argon and cooled at -78°C. Anhydrous THF (25 mL) and liquid l,P-propadiene & (2U mnol, 0.45 ml 
condensed at -78’C) are transferred into the autoclave. A solution of 13 mm01 of diethyl sodiomalonate 
in THF (15 mL) prepared as above is added via a transfert needle, before the introduction of the 
unsaturated organic halide (10 mnol). The autoclave is then closed and heated for 24h. Workup and 
purification were then carried out as in procedure A . 

B. 

Procedure A (2 am101 scale ; 4O’C ; 45 h). Flash chromatography (9C:lO P.E/AcOEt) of the crude product 
gave 576 mg (85% yield) of the diester Za . 
IR (neat) : Xl&l, 3020, 1740, 1630, 1605, 1230, 890 cm”‘. 
‘H hMR (CoC13, 200 FHz) : 0.81 (t, J=6.6Hz, 3H) ; 1.17 (t, J=7.1, 6H) : 1.21 (m, 1OH) ; 1.80 (s, X) ; 
2.10 (q, J=7.3Hz, 2x) ; 2.86 (d, J=7.3Hz, 2I-l) ; 
1H) ; 4.87 (s, 1H) ; 5.56 (t, J=7.3Hz, W). 

3.47 (t, J=7.3Hz, W) ; 4.08 (q, J=7&iz, 4H) ; 4.85 (s, 

MS (m/z) : 338 (M+*, 50), 32G (6011, 293 (36) ; 264 MO), 218 191 178 160 133 
(33), 121 (30), 

(16), 
107 (52), 93 (DO), 79 

(25), (45), (42), 
(32), 55 (40). 
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'3c NHR 50.1 twz) (C0Cl3, : 13.9, 13.9, 21.3, 22.5, 26.6, 28.3, 29.1, 29.3, 29.6, 31.7, 51.0, 61.0, 
111.2, 131.1, 135.7, 142.9, 169.1 . 
Anal.Celcd forC2+l3404 : C,70.97 ; ti,lO.12 . FoLnd : C, 71.14 H, 9.87 ; . 

Procedure A (4mnolscale ; 65-C ; 24 h). Flash Chromatography (9O:lO P.E/kcOEt) of the crude product 
gave976mg (75Xyield) of a 1:lmixtureof (E) and (Zbdiesters Z/J . 
CLC (OVlOl, 25~1, 220*C) : E:Z=M:50 
IR (neat) (E + fmfxture) : 3080, 1740, 1670, 1645, 1595, 1230, 910 cm-'. 
MS (m/z) of the E+Zmixture : 324 &I+., 50), 306 &Xl), 279 (41), 250 f26), 233 (17), 204 (37), 177 (31), 
164 (loo), 160 (51), 133 (38), 107 (57), 83 (61), 79 (87), 55 (61),43 (78). 
Pure (E) and (Z)- isomers were obtained through a second flash chranatography of 5OOmg of this (E + Z) 
mixture on 100 g of silica gel. 

Balg~&0 W-213 . 
‘I4 NMR (CCCl3, 350 MHz) : 0.87 (t, J=Mz, M) ; 1.25 (t, J=Mz, 6H) ; 1.28 Ibr.s, 1M) ; 2.12 (9, J=7Hr, 
2H) ; 2.80 (d, J=7.4&, 2H) ; 3.54 (t, 3=7&k, 1H) ; 4.16 (q, J=Mz, 4H) ; 4.95 (d, J=ll.Biz, iH) ; 5.08 
(d, J=l7..5Hz, 1H) ; 5.56 (t, J=7Hz, M) ; 6.23 (dd, J=ll.2Hz and17SHz, lH). 
131: NNR (50.1 wlzf : 14.1, 14.1, 22.7, 25.4, 28.3, 29.2, 29.2, 29.6, 31.9, 50.9, 61.3, 110.8, 133.8, 
136.0, 139.2, 168.8 . 

&&0&r& (Z)-m . 

k NNR (CCC13, 350 I+ilz) : 0.88 (t, J=7Hz, B-l) ; 1.24 (t, J=Mz, 6H) ; 1.26 (br.s, 1oH) ; 2.12 (4, J=7Hz, 
2H) ; 2.81 (d, J=7.4Hz, 2H) ; 3.60 (t, J=7.4Hz, 1H) ; 4.17 (q, J=Mz, 4H) ; 5.13 (d, J=11.2liz, lki) ; 5.24 
(d, 5=17.5Hz, 1H) ; 5.46 (t, J=7.7Hz, W) ; 6.62 (dd, J=ll.Blz and J=17.5Hr, 1H). 

13c NMR (cDc13, 50.1 MHz): 14.1, 14.1, 22.7, 27.5, 29.2, 29.2, 29.7, 31.9, 32.6, 51.4, 61.3, 113.5, 

132.1, 132.6, 133.7, 169.3. 

_- ~~0 

Procedure A (2 ran01 scale ; 50'C ; 3% h). Flash chromatography (PO:10 P.E/AcaEt) of the filtered 
product gave541mg (OO%yield) of a 64:46 mixture of the (E) and fZ)-diesters Zc . 
GLC (OV 101, 2h, 22O.C) : E:Z = 64:46 

IT? (neat) (E + Zmixture) : 3x310, 1740, 1670, 1575, 1230, 965, 785 UII-'. 
MS (m/z) of the E+Z mixture : 338 (@', 22), 243 (24), 240 (loo), 124 (38), 178 (57), 167 (33), 149 
(28), 121 (49), 107 (49), 95 (71), 93 (98), 71 (39), 57 (55), 55 (59). 
These stereoisaners were separated through a Cl8 inverted phaseHf%C &aGW~~=8%'15). 

t&&W& <El- 2~ . 
lH Nt.!R (CCC13, 200 f.ttZ) : 0.83 (t, J=6.8HZ, 3+i) ; 1.23 (t, J=7.l.Hz, @I) ; 1.24 fm, la-i) i 1.72 6% 
5=6&k, M) ; 2.06 fq, J=‘Mz, 2H) ; 2.83 (d, 3=7&r, 2li) ; 3.51 (t, 5=7&z, &iH) ; 4.14 (9, 3=7.Wz, 
4H) ; 5.40 (t, J=7Hz, M) ; 5.54 (qd, J=6.6 and J=i6Hz, 1x) ; 5.92 (d, J=XHz, 1H). 

13C NW? (C0C13, 50.1 MHz) : 14.0, 14.0, 18.3, 22.6, 26.0, 28.1, 29.2, 29.3, 29.7, 31.8, 51.2, 

61.3,122.2, 133.3, 133.5, 133.9, 169.3 . 
Malcoate G!)- zc . 
bi NHR (~0~13, 200 MHZ) : 0.83 (t, J=6.6Hz, m) ; 1.20 (t, J=7.2Hz, 6H) ; 1.21 (m, 1ON ; 1.76 (d, 

3=6.6Hz, 3H) ; 2.05 (q, J=7.5Hr, 2H) ; 2.73 (d, J=7.6Hz, 2H) ; 3.53 (t, J=7.6Hz, 1H) ; 4.12 (q, J=7.TMz, 
4H) ; 5.25 ft, J=7.5Hz, 1H) ; 5.67 (qd, J=6.6Hz and J=l6Hz, 1H) ; 6.24 (d, J=l6Hz, 1H). 
'3C NNR (CuC13, 50.1 Mtz) : 14.0, 14.0, 18.6, 22.6, 27.2, 29.1, 29.1, '29.6, 31.7, 33.2, 51.4, 61.1, 
124.8, 126.5, 130.7, 131.9, 169.1 . 

Procedure A (2 mnol scale ; 65-c ; 32 h). Flash chranatography @0:10 P.E/AcOEt) of the crude Product 
gave 473 mg (62 % yield) of a 85:15 mixture (ratio based on MrR integration of vinylic ProtMW at 5.70 
and 5.36ppm) of the (E) and (Z)-diesters zrl . 
IR (E + Zmixture) : 3Qi0, 1740, 1640, 1600, 1230 cm'. 
lH NMR fCCC13, 35OWz) of(E)- &I : 0.88 (t, J=7Hr, 3H) ; 1.24 ft, J=7Hz, 6H) ; 1.28 (m, 1OH) ; 1.5-1.7 
cm, 4H) ; 2.10 fm, 6H) ; 2.88 (d, J=Mz, 2ii) ; 3.49 (t, J=Mz, 1H) ; 4.15 (9, J=7Hz, 4x) ; 5.48 (t, 
5=7&k, W) ; 5.70 (br.s, &if. C(Z)-M isaner : viny& signals at5.16 ppn ft, J=7Hz, 1H) and 5.36 ppn 
(s, 1H)l. 
MS (m/z) (E + Z mixture) : 378(M*., 3). 218 (lo), 147 (lP), 133 (loo), 105 (14), 95 (47), 91 (22), 79 
(13), 75 (M), 73 (17), 55 (16), 43 (3O). 

13C NW (ccc~~, 50,lMHz) of (E)-a : 13.9, 13.9, 22.1, 22.5, 22.9, 25.6, 26.4, 26.6, 28.1, 29.0, 29.1, 
29.2, 31.7, 50.1, 60.9, 122.9, 127.8, 136.2, 136.5, 169.2 . 
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-.. -Ze. 

Procedure A (2 rnnol scale ; 65-C i 14 h). Flash chranatography (9O:lO P.EIAcOEt) of the filtrered 
product gave 532 mg (71 % ield) of a 85 : 

r 
15 (ratio based on EM3 integration of vinylic protons at 5.57 

ad 5.41 ppn) mixture of E) and (ZI- diestersa respactively. These SterecLSwrS were Separated by 

Cl8 inverted phase HFLC using 15 % aqueous MeCH as eluent system. 

IR (E + 2 mixture) : 3070, 3040, 3010, 1740, l.5590, 1570, 1230, 760, 7OO cm-l* 

MS (m/z) (E + Zmixture) : 374(~“*, 301, 356 (13), 328 (15), 276 (71, 214 (100), 173 (151, 160 (62)~ 143 
(621, 129 (64) I 71 (171, 53 (321, 40 (41). 

Mefonate (El- ile * 
‘H NM? (CCCl3, 200 14fz) : 0.77 (t, 3=6&k, 3~) ; 1.08 (t, J=Mz, 6ii) ; 1.17 (m, 1W i 2d1 04, 3=7Hz, 
2H) ; 3.03 i@ part of an A& system, J=lSHz, 2H) ; 3.21 (A part of an A82 system, J=lYHz, 2H) ; 3.97 (q, 
J=7Hz, 4H) ; 5.57 (t, J=7.2Hz, 1H) ; 7.16 (s, 5HH). 

13C NMR (CDc13, 50.1 Wiz) : 13.9, 14.0, 22.6, 28.5, 28.8, 29.2, 29.3, 29.7, 31.8, 50.7, 61.2, 126.7, 
126.9, 128.2, 132.5, 135.9, 142.0, 169.1 . 

tTia&n& m-ze . 
'H NW? (COC13, ZOO MHz) : 0.77 (t, J=~.~Hz, 3H) ; 1.08 (t, J=Mz, 6H) ; 1.27 (m, IOH) ; 1.78 (9, J=LWz, 
2H); 2.8 (d, J=7.6Hz, 2H); 3.5 (t, 5=7.6&z, lH); 4.1 (9, J=Mz, 4H); 5.41 (t, J=6.8Hz, Itf); 7.3 (s, M). 

2-Q-n 3 -- hutenvl) Zf. 

Procedure b (2O mm01 scale ; 65*C ; 19hf. Filtration of the crude product gave 4.35 g. Flash 
chromatography fYo:lo P.E/AcOET) of 500 mg of this filtered material gave 312 mg of pure diester ff 
(60% yield) and 65 mg of the dialkylatad malmate U . The rgnaining filtered product (3.85 mg) was 
distillated togivelg of pure If (b.p 55-60'C/O.CGnm). 

MalwlateZf. 
IR : 3080, M40, 1740, 1635, 1600, 1580, 1230, YlOcm- 1 

'ti NW (CCCl3, 8OMHz) : 1.27 ft., J=7Hz, 6H) ; 2.86 (d, J=7.4Hz, 2H) ; 3,63 (t, J=7.4Hz, Bi) ; 4.20 (9, 
~~7~2, 4ti) ; 5.10 (s, 2~) ; 5.l2 (d, J=iWt, lli) ; 5.3 (d, J=lTR(z, &I) ; 6.4 (dd, J=lWz and J=17Hz, lH). 

MS (m/z) : 226 (d’, 15) , 181 (71, 160 (151, 133 (581, 115 (1001, 88 (331, 79 (321, 43 (73). 
Anal.calcd for Cl2Hl804 : C, 63.69 ; H, 8.02 . Found : C, 63.49 i H, 8.28 . 

_- VUI. 

IR : 3080, 304O, 1735, 1630, 1600, 1470, 12300, 910 cm-1 

k NMR WX3, 8OMHz) : 1.28 (t, J=Mz, 6Hf ; 2.95 (s, 4w) ; 4.2 (q, 3=7Hz, 4H) ; 4.93 (5, 2@ ; 5.05 fs, 
2H) ; 5.12 (d, J=liHz, 2H) ; 5.28 fd, J=l&iz, 2H) ; 6.31 (dd, J=ll and J=18Hr, 2H). 

2-(2~-3~~ -- Is * 

Procedure Ei (20 mnol scale ; 65-C ; 2Oh). Flash chranatography Ml:10 P.EiAc0Et.I of the crude Produ=t 
gavac 1.929 (80 %yield) of diester i’g (b.p70'C / 0.03nwn). 

IR (neat) : 3090, 3O50, 1740, 1630, 1600, 1580, 123O, 900 Cm-'. 

Iii NMR (C0C13, 350 MHz) : 1.26 (t, J=Mz, 6H) ; 1.90 fs, 3HH) ; 2.91 (d, 3=7.7Hz, 2W) ; 3.62 (t, J=7.7Hz, 
1H); 4.19 (q, J=7.1Hz, 4H) ; 5.02 (s, 2Hw) ; 5.09 (S, 1H) ; 5.13 (5, lHu1). 

MS (m/z) : 240 (ti', 27) ; 195(25) ; 166(51) ; 149(31) ; 139(13) ; 121(45) ;93(100) ; 79(31) ; 77(23). 

13C NMR (CDc13 ,SO.lMHz) : 14.1, 21.2, 32.9, 51.4, 61.4, 113.2, 114.6, 141.7, 144.1, 169.2. 
Anal.Calcd for Cl3H2004 : C, 64.98 ; H, 8.89 . Found : C, 65.21 ; H, 8.41 . 

_- -Ztl. 

Procedure I3 (10 mnol scale ; 65-C ; 17h). Flash chranatography (9O:lO P.E/AcOEt) of the filtered 
product gave 1.97 g (70% yield) of diester & (b.p 105"C/O.O3 mn). 

IR (neat) : 3080, 3020, 174O, 16x1, 1600, 1230, 900 cm-‘. 

‘H NMR (CDC13, 350 MHz) : 1.26 (t, 3=7.2Hz, 6H) ; 1.5-1.7 (m, fiki) ; 2.14 (br.s, 4H) i 2.88 cd, 

J=7.5Hz, 2Yi) ; 3.58 (t, J=7SHz, 1Hf ; 4.18 fq, 7.2Hz, 4H) ; 4.86 (s, W) ; 5.0 (s, Wt. 5.89 (5, IH). 
13C NW? (8B.W) : 14.0, 22.1, 22.9, 25.8, 26.2, 32.3, 51.7, 61.1, 111.0, 124.6, 135.2, 145.2, 169.2. 

MS (m/z) : 280 (M+-, 131, 240 (231, 206 (271, I.66 (1001, 161 (451, 133 (391, ll5 (291, 91 (431, 81 (39). 
Anal .Calcd for Cl6H2404 : C, 68.54 ; H, 8,60 . Foti : C, 68.26 ; H, 8.43 . 

- . _- nhenvl2* 

Procedure b (20 mm01 scale ; 65-C ; 17h). Filtration through 20 g silica gel gave 6.7 g of filtered 
product. Flash chr~at~raphy (9O:lO P.E/AcOEt) of 60O mg of this filtered material afforded 4O5 mg 
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yield) of diester U and 87 mg (6% yield) of diester &t~ . 
4.52 g (82Xyield) of pure diester a (b.p 110.C / 0.02mn). 

Distillation of the renaining 6.19 

IR (film) : 30X1, 3040, 3010, 1735, 1590, 1570, 1230, 760, 700 cm-'. 
1H NMR (CoC13, 350 MHz) : 1.24 (t, J='IHr, 6ti) ; 3.12 (d, J=7.6Hz, 2M) ; 3.49 (t, 5=7&r, 1H) ; 4.16 (q, 
J=Mz, 4H) ; 5.14 (s, W) ; 5.33 (s, 1H) ; 7.32 (m, 5H). 

MS (m/z) : 276 (ti', 25), 203 (5), 185 (12), 159 (2), 157 (25), 129 (100). 
Anal.Calcd for Cl6H.2004 : C, 69.54 ; H, 7.29 . Found : C, 69.30 ; H, 7.32 . 

Diethvl2.2lQb. _ _ _ _ 
IR : 3080, 3040, 3010, 1730, 1590, 1570, 1230, 760, 700 Cd. 

h NMR(CDC13, &Bliz) : 0.96 (t, J=7Hz, 6H) ; 3.0 (s, 4H) ; 3.45 (4, J=7Hz, 4H) ; 5.0 (s,a) ; 5.1 (s, 2H); 
7.2 (m, 1M). 

Malonates lj and & . (Reaction of allene & with vinylbrcmide). 

Procedure B (6.5 mnol scale ; 65'C ; 24h). Flash chrcmatcgraphy (9O:lO P.E/kDEt) gave 1.19 g (72 % 
yield) of a 60~1 (GLC ratio) mixture ofmalcnateslj and 2 respectively. These one were separated by 
preparative CLC (5% SE 30, 2OO'C). 

Malonate lj . 
IR (neat) : 3080, 1740, 1680, 1630, 1600, 1230, 900 cm-l. 

1~ NMR (~0~3, 350 MHZ) : 1.25 (t, J=7Hz, 6H) ; 1.81 (br.s, 6H) ; 2.94 (d, J=7.4Hz, 2H) ; 3.55 (t, 
J=7.4Hz, 1H) ; 4.18 (q, J=Mz, 4H) ; 5.02 (d, Jcis = 11.2Hzp lH) ; 5.10 (d, Jtrans = 17.5Hz, W) ; 6.69 
(dd, &is = 11.2Hz and Jtrms =17.5Hz, 1H). 

13C lrMR (CCC13, 88 MHz) : 14.6, 14.6,14.6, 26.8, 50.9, 61.2, 111.9, 127.6, 133.9, 134.6, 169.5 . 

MS (m/z) : 254 (t.1+',45), X19(18), 181(26), 163(36), 160(28), 135(15), 107(33), 95 (lOO), 79 (36)~ 
67(31), 55(26). 

Malonate zls. 
IR (neat) : M80, 1760, 1735, 1680, 1630, 1610, 1150, 925, 860 Cm-'. 
'H Nt!R (CDc13, 350 MHZ) : 1.24 (t, J=Mz, 6H) ; 1.33 (s, 6H) ; 3.6 (s, W) ; 4.14 (q, J=7Hz, 4H) ; 4.90 

(d, Jgem=0*7HZ, 1H) ; 5.07 (dd, Jcis=10.5Hz and Jgam=2.1Hz, 1H) ; 5.16 (dd, 5J=0.8Hz and Jgam=0.7Hz, 
1H); 5.38 (dd, Jtrans=16.8HZ and J ~~s?.WZ, 1H) ; 6.40 (dd, Jcis=l0.5HzandJtrans=l6.@Hz, lH)* 

13C NFFl (CoC13,&3 MHZ) :14.1, 24.8, 24.8, 40.5, 58.9, 60.9, 110.7, 116.5, 136.2, 153.7, 168.0 . 

MS (m/z) : 254 (p-,29), 230(36), 209(30), 180(51), 160(49), 135(44), 93(49), 79(100), 67(24), 55(24)* 
Anal.Calcd for Cl4H2204 : C, 66.11; H, 8.72 . Found : C, 59.85 i l-4 8.55 . 

-- _ __ B 21. 

Procedure A (10 mnol scale ; 65' ; 24 h). Flash chromatography (9O:lO P.EMcCEt) of the filtered 
procuct gave 1.02 g (X %yield) of a 80:20 mixtureofthe malonates (2) and (E)-U [Z:E = 80:20 ratio 

based on 13C Mintegration of vinylic carbmsat127.0 (Z-isaner) and 125.0 ppn (E-isaner)]. 

IR (neat) : 3070, 3040, 1755, 1730, 1620, 1235, 920 Cm-'. 
1H NMR (13333, 350 MHz) of the E + Zmixtuce : 0.88 (t, J=6.!Mz, 3H) ; 1.22 (t, J=7.2Hz, 6H) ; 1.2-1.4 
(m, 8~) ; 1.3 (s, 6~) ; 2.09 (m, 2~) ; 3.60 (s, WI ; 4.12 (4, J=7.2Hz, 4H) ; 5.04 (do Jtranp17-wz and 
Jgan=2.8Hz, lH) ; 5.32(dd, Jcis=11.2Hz and Jgem- -2,8tiz, 1H) ; 6.0 (t, J=7Hz, 1H) ; 6.17 (dd, Jcis=ll.2Hz 

and Jtrans=17.5Hz, 1H). 

13C NMR of (Z)-a : 14.0, 14.0, 22.6, 24.9, 28.9, 29.2, 30.1, 31.7, 41.0, 59.0, 60.7, 119.7, 127.0 
[125.0 for the related vinyl carbon oftheminor isomer (E)-ZI I, 133.7, 143.8, la.1 . 
MS (m/z) (E + Z mixture) : 338 (t@*, ll), 178 (52), 160 (56), 107 (loo), 55 (24). 

__ odecenDate88. 

Procedure B (5 mnol scale ; 65'C ; 48h). Flash chrcmatcgraphy (&I:20 P.E/AcOEt) of the filtered 
product gave 1.18 g (57 % yield) of a 80:20 mixture of the esters (E) and (Z)-8a CE:Z = 80~20 ratid 

based m lH NM? integration of vinylic protons at5.64 (E-isaner) and 5.21 ppm (Z-isaner)]. 

IR (neat, E + Zmixture) : 31330, 306!l, 1740, 1630, 1605, 1585, 1330, 1240, 1150, 760, 720, 630 cm-'. 
MS (m/z)(E+Z mixture) : 392 (I@‘, 81, 251 (17), 165 (31), 125 (XI), 121 (rz), lo7 (30)~ 93 (47)s 91 
(34), 77 (loo), 71(13), 59 (23), 57 (29). 
l,,N,.,R (Cm13, 350~~) of (E)-& : 0.88 (t,J=Mz, 3H) ; 1.26 (br.s, 1CH i 1.82 h w) ; 2.0 (m, m) ; 
3.00 (AB part of an ABX syst., Jp,,$L#iz, J~x=2.8Hz and J~=ll.@Hz, 2H) ; 3.59 (s, 3w ; 4.14 Upart of 
an mx syst. J~x=2.8HzandJ0&1.2Hz, 1H) ; 4.80 (S, 1H) ; 4.88 (s, m) i 5.64 (t, J=Mz, 1H) i 7*58(m* 
2~) ; 7.70 (m, lki) ; 7.90 (m, 2ti). I(Z)* isaner : vinylic proton at5.21ppn (t, J=7.l.Hz, 1H)l 
13C Nt!R of (E)-Be : 14.0, 22.5, 21.3, 24.9, 28.3, 29.1, 29.2, 29.5, 31.7, 52.6, 69.4, 111.7. 129.3, 
129.8, 132.7, 133.2, 134.2, 137.3, 142.2, 166.0. 
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