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Abstract: 2-Tributylstannyl-2-propen-l-y1 acetate (2), which can be easily prepared from ethyl propynoate (5) 
represents a useful precursor to a variety of 2-tributylstannyl-1-alkenes of general formula 1. Thus, treatment of 2 
with complex organocopper species of general formula RCuMgBrX.LiBr (4) (R = all@, aryl, benzyl, allyl) affords 
compounds 1 in fair to excellent yields. However, this procedure is unsuccessful for the preparation of 2- 
tributylstannyl-1.4~pentadiene (le) and 2,3-bis(tributylstannyl)-I-propene (lg). Nevertheless, compound lg 
contaminated by hexabutylditin (13) can be synthetized by palladium-catalyzed reaction between 2 and 
(tributyIstannyl)diethyktluminmn (15). The reactions of (Q-2-tributylstannyl-2-octen-l-y1 acetate (22) with 
compounds 4h (R = i-Bu: X = Br) and 4b (R = Ph; X = Br) have been also investigated. These reactions, when 
carried out in THP solution, provide mixtures of two regioisomers of general formula 23 and 1, respectively, in 
which the prevailing components are those derived from a y-substitution reaction. Compound 23b, free of the 
corresponding regioisomer lk, has been synthetized in low yield by palladium-catalyzed cross-coupling reaction 
between 22 and phenyltrimethylstannane (25). Moreover, two N-substituted derivatives of 3-amino-2- 
tributyl%annyl-1-pne, i.e. compounds II and lm have been prepared by palladiumcatalyzed amination of 2. 

2-Trialkylstannyl- 1-alkenes are versatile synthetic intermediates and have a large number of synthetic 
applications in organic chemistry 1-4. Therefore, much attention has been paid to methods for their synthesis, 
which include stannylcupration of 1-alkynet$-7 or 1-lithium-1-alkyness, palladium-catalyzed stannylsilylation 
of 1-alkynes followed by protodesilylation9, copper(I)-catalyzed stannylalumination of I-alkyne&ll, the 
reaction between enol triflates and Me$nMgCHg in the presence of CuCNII, the reaction of 2,3- 
bis(trimethystannyl)-1-propene with methyllithium followed by treatment with an electrophilel2, and Wittig 
reactions with acyltributylstannanes 13. However, one of these methods requires the use of a molar excess of 
the stannylating reagent-r and others suffer from the poor chemo- 8.12 or regio-selectivity7~lo~ll exhibited by 
the reagents used. 

In connection with our current study of the use in organic synthesis of stereodefined 1-alkenylstannanes 

bearing a functional substituent in the I-positiod4, we decided to investigate a selective synthesis of 2- 
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tributylstannyl-1-alkenes (l), involving the use of ethyl 2-tributylstannyl-2-propenoate (3) as precursor, which 
was based on the retrosynthetic analysis illustrated in Scheme 1. In principle, this strategy could allow the 
preparation of a variety of compounds 1 including also functionalized 2-tributylstannyl-1-alkenes. since the 

synthetic intermediate 2, which is characterized by an allylic acetate moiety, could be a potent allylic source 
either in palladium-mediated reactions with nitrogen, oxygen or carbon nucleophile@, or in reactions with 
organocopper species which are able to tolerate the presence of a variety of functional groups in both partners 
of the coupling reaction& 17. 

Scheme 1 

COOEt 

/J-- / SnB+ 

1' 2 3 

In this paper we will describe two new methods for the selective synthesis of several types of 
compounds 1 from 2-tributylstannyl-2-propen-l-y1 acetate (2). The former method, which involves a reaction 
between complex organocopper species of general formula RCuMgBrX-LiBr (4)18 and 2, allows to prepare 
in fair to excellent yields compounds 1 where R is an alkyl, a@, benzyl, ally1 or an alkyl group containing a 

protected hydroxyl group. The latter method, which involves the palladium(O)-catalyzed amination of 2, 

provides selectively but in modest to low yields compounds 1 in which R is a N-substituted amino group. 
Furthermore, the results of an investigation carried out with the intent of examining more deeply the 

scope and defining the limitations of the reactions between organocopper species and 2-tributylstannyl-2- 

alken-l-y1 acetates will be reported. In particular, the reactions between 2 and the organocopper species n- 
BugSnCuMgBrrLiBr or (PhMe$i)~CuLi.LiCN and between a 3-substituted 2-tributylstannyl-2-propen-l-y1 
acetate and two compounds of general formula 4 will be examined_ 

RESULTS AND DISCUSSION 

Ethyl 2-tributylstannyl-2-propenoate (3), which was used as starting material for the synthesis of 2- 
tributylstannyl-2-propen-l-y1 acetate (2), was prepared using a procedure very similar to that reported in the 
literature for the synthesis of methyl 2-methylstannyl-2-propenoatelc. In particular, a THF solution of ethyl 
propynoate (5) was reacted for 4 h at room temperature with 0.97 equiv of Bu$lnH in the presence of 2 mol 
% of Pd(PPh& and the resulting reaction mixture was fractionally distilled to give compound 3 in 80 % yield. 
This regioisomerically pure ester was then converted to 2 in 55 96 overall yield by improving a procedure 
reported in the literature2c. Thus, an Et20 solution of compound 3 was added to 2.17 equiv of a 1 M hexane 
solution of diisobutylaluminium hydride (DIBAL-H) cooled to -78 ‘C under argon and the reaction mixture 
was stirred for 0.5 h at -78 ‘C and then allowed to warm to room temperature within 4 h. Crude 2- 
tributylstannyl-2-propen-l-01(6) obtained after hydrolysis of this mixture at -20 ‘C was acetylated with acetic 

anhydride in pyridine, in the presence of a catalytic amount of DMAP, to afford crude 2, which was purified 
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by MPLC on silica gel (Scheme 2). 

Scheme 2 

Bu$nH, THF, COOEt 
H-_=-COOEt /1\ 

1) DIBAL-H (2.17 eq) 

Pd(PPh,),, 20 “C, / SnBu3 hexane, EbO, -78 + 20 “C 
5 4h 3 2) CH30H, -20 ‘C 

3) H20, C&k, 

Ac20, pyridine 

DIWW 

As shown in eq. (1), this compound was then reacted with 1.19 equiv of a THF solution of a complex 
organocopper species of general formula 421, which was prepared in sifu by addition of a THF solution of a 

Grignard reagent 7 to a stirred THF solution of LiCuBr222 maintained at -65 ‘C. 

+ THF 
RCwMgBrXLiBr - 

The following Grignard reagents, which were used to prepare compounds 4a-f, were conventionally 
prepared or were commercially available: propylmagnesium bromide (7a), phenylmagnesium bromide (7b), 

benzylmagnesium chloride (7c), allylmagnesium chloride (7d), vinylmagnesium bromide (7e) and 6-(2- 

tetrahydropyranyloxy)hexylmagnesium chloride (7f). On the other hand, a THF solution of 
tributylstannylmagnesium bromide (7g), which was used to prepare 4g, was prepared by a modification of a 
procedure reported in the literatu&. In particular, BugSnH (8) was added dropwise to a THF solution of 1 
equiv of cycloheylmagnesium bromide (9) containing galvinoxyl(2 mol 96). which was maintained at 0 “C and 
the resulting mixture was stirred for 1 h at room temperature24 [eq. (2)]. 

THF 
Bu&nH + c-C6H1,MgBr 

galvinoxyl(2 mol 8) 
Bu&nMgBr (2) 

8 9 7g 

As shown in Table 1, where the results of the reactions between 2 and compounds 4a-g are reported, 

compound 2 reacted smoothly with the organocopper species 4a, 4b, 4c, 4d and 4f to give the 
corresponding 2-tributylstannyl-1-alkenes, la, lb, lc, Id and lf, respectively, in fair to excellent yields 
(entries l-4 and 6). It is worth noticing that the reaction between 2 and 4b (Table 1, entry 2) afforded also 
phenyltributylstannane (10) in addition to the expected 2-tributylstannyl-1-alkene, lb. 
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T a b 1 e 1 . Synthesis of 2-tributylstannyl-1-alkenes (1) by reaction between 2 and 
complex organocopper species of general formula 4 

Entry 

+ THF 
RCwMgBrX-LiBr - 

2 4 la-g 

Organocopper species 

4 R X 

4a n-C&H7 Br 

4b W-h Br 

4c CtsH,CHz Cl 

4d CH,=CH-CH, Cl 

4e CH2=CH Br 

4f ThpO(CH,), Cl 

4is BugSn Br 

Temperature / Reaction Time 

(“C/h) 

-78 to -35/E then O/2 

-78 to -30/16 then O/20, then 20/l 

-78 to -U/23 

-78 to -30/16, then O/48 

-78 to -35116 then O/25, then 20/12 

-78 to -30/15 then O/48 

-78 to -25117 then O/23 

FYoduct ‘ylF 
1 (%) 

la 99 

lb 69 

lc 86 

Id 51 

le - 

If 59 

lg - 

On the other hand, no significant amount of 2-tributylstannyl-1,4-pentadiene (le) was obtained in the 
reaction between 2 and (C!I-+CH)Cu~MgBr~LiBr (4e) carried out in experimental conditions similar to those 

employed to prepare la-d and If (Table 1, entry 5). This result was quite surprising, since it has been 
reported that a regioisomer of 2, i.e. (Z)-3-tributylstannyl-2-propen-l-y1 acetate (11). is able to react with 
(Z)-1-alkenylmagnesium bromides, in the presence of LipCuCld, to afford the desired (lZ,4Z)- I- 
tributylstannyl-1,4-dienes (l2)B. 

Bu#n-Ph 

10 

AC0 
GSnBu3 R hSnBus 

11 12 

Moreover, the reaction between 2 and 4g (Table 1, entry 7) did not afford the expected reaction 
product, lg, and the main stannylated compound obtained was hexabutylditin (13). Thus, other synthetic 
routes were selected to prepare compound lg starting from 2. Nevertheless, an unsatisfactory result was 
obtained in the reaction between 2 and an equimolar amount of the tributylstannyl copper reagent 
Bu$nCwMe$GLiBr (14)26 in THF at -78 ‘C. In fact, the reaction mixture, which was stirred for 4 h at this 

temperature and then allowed to warm to -10 “C within 40 h, after usual work up afforded a crude reaction 
product, which was essentially constituted by 13 contaminated by a very small amount of 2,3- 
bis(tributylstannyl)-1-propene (lg). 
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Bu$n-SnB+ 

13 

Bu,SnCu.Me+LiBr 

14 

However, using experimental conditions similar to those employed to prepare allyltributylstannanes from 
allylic acetateslSe, when compound 2 was reacted with 1.48 equiv of (tributylstannyl)diethylaIuminum (15) a 
mixture of lg and 13 in a 66 : 34 molar ratio, respectively, was obtained in 89 8 yield based on 2 [eq. (3)]. 

1) THF, Pd(PPh& 
+ BuGnAW -78 --) m oC 

15 2) NH,OH, 0 “C 

SnBu, 

SnHus + Bu$n-SnBu3 (3) 
lg 13 

Unfortunately, it was not possible to isolate pure lg from this mixture either by fractional distillation 
under reduced pressure or by reversed phase MPLC. Therefore, in the hopes of mimimizing the percentage of 
hexabutylditin (13) formed in this reaction, equimolar amounts of 2 and 15 were reacted in the presence of 5 
mol % of Pd(PPh&. However, this reaction afforded too in 80 % yield based on 2 a mixture of lg and 13 in 
a 7 1 : 29 molar ratio, respectively. 

We also attempted to prepare 2-tributylstannyl-3-trimethylsilyl-1-propene (lh) via a procedure recently 

developed to synthetize in high yields allylic silanes from the corresponding allylic acetates27. However, this 
procedure, which involved treatment of 2 with 2 equiv of hexamethyldisilane (16) in DMF solution at 100 “C 
for 40 h, in the presence of 4 mol % of Pd(dba)z and 0.5 equiv of LiCl, afforded in almost quantitative yield 
chlorotributyltin (17) and did not produce the desired compound lh. 

Me&i-SiMe3 BusSnCl 

lh 16 17 

It must also be mentioned that an attempt to synthetize 3-dimethyl(phenyl)silyl-2-tributylstannyl-l- 
propene (li) by treatment of 2 with a THF solution of 2.67 equiv of the silylcuprate (MqPhSi)pCuLi.LiCN 
(18)28 was unsuccessful too. In fact, the reaction mixture, which was maintained at 0 “C for 1 h and at room 

temperature for 24 h, after usual work up afforded in high GLC yield a mixture of 13 and the disilane 19, but 

did not give the desired compound li. 

li 

(Me,PhSi),CuLi*LiCN 

18 

PhMe,Si-SiMe2Ph 

19 

Finally, in order to obtain some information on the regiochemistry of the reaction between compounds 4 
and a 3-substituted 2-tributylstannyl-2-propen-l-y1 acetate as well as to define the synthetic potential of this 



4858 F. BELLINA et al. 

reaction, we examined the reactions between (E)-2-tributylstannyl-2-octen- 1 -yl acetate (22) and the 
organocopper species iC4HgCuMgBr~LiBr (4h) and 4b, respectively. Compound 22 was synthetized in 
83 96 overall yield starting from methyl (E)-2-tributylstannyl-2-octenoate (20)14a,b according to a reaction 

sequence very similar to that employed to prepare compound 2 (Scheme 3). 

Scheme 3 

COOCH:, 
n-W-+ ‘&S”B” 

1) DIBAL-H, hexane, Et20 

3 -78 -_) 20 ‘C 
20 2) CHsOH, -20 “C 21 

3) H20, C&I, 

Ac,O, pyridine 
c DMAP 

Table 2 summarizes the results obtained in the reactions between 2 and the organometallic compounds 
4h and 4b, respectively. Two of such reactions were carried out in experimental conditions similar to those 
employed to prepare compounds la-d and If from 2 (entries 1 and 2) and the third one (entry 3) was 

performed in Et20 solution. 

Tab 1 e 2. Reactions between compound 20 and complex organocopper species 

of general formula 4 

A 
OAc R 

nC5Hll N SnBu + RCu*MgBr,*LiBr - 
3 J n_C5H,, , + n-C&h 

SnBu3 
SnBu3 

R 
22 4 23 1 

Organocopper species Temperature / Reaction Time Products 23 / 1 Isolated 

Entry 
molar yield 

4 R Solvent (“C/h) 23 + 1 ratio (%I 

I 4h i-C4H9 THF -78 to -30116 then 015.5 23a + lj l/10 80 

2 4b C6H5 THF -78 to -30/16 then 0149, then 2Ol23 23b + lk l/4 46 

3 4ha’ i-C4H9 Et20 -78 to -30120 then Ot2 b) - 25 c’ 

“The organocopper species 4h was prepared in situ by addition of an Et20 solution of the corresponding Grignard reagent to a 
stirred Et20 solution of LiCuBr2. bJ The reaction product was isobutyltributylstannane (24). ” GLC yield. 

As shown in Table 2, the reactions carried out in THF solution (entries 1 and 2) produced mixtures of 

compounds 23 and 1 in which the prevailing products were those derived from a y -substitution reaction. On 
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the other hand, the reaction between 22 and 4h carried out in Et20 solution (Table 2, entry 3) did not afford 
the expected substitution product(s), but gave isobutylttibutylstannane (24) in 25 % GLC yield together with 
other unidentified tributylstannyl substituted compounds having higher GLC retention times than 24. The 
formation of this last compound could be explained supposing that the reaction conditions promoted a 
u-ansmetallation reaction. 

/c SnBua 

24 

Interestingly, Q-1-phenyl-2-tributylstannyl-2-octene (23b), free of the corresponding regioisomer lk, 

could be stereospecifically obtained, although in low GLC yield (cc. 11 %), by reaction between 22 and 
phenyltrimethylstannane (25) in DMF solution at room temperature, in the presence of 5 mol % of Pd(dba)2 
and 3 equiv of LiCl [eq. (4)], that is according to a general procedure for the palladium-catalyzed coupling of 
allylic acetates with aryl and vinylstannanes 29. The other products identified in the complex reaction mixture 
obtained from this coupling were phenyltributylstannane (lo), dimethyklibutylstannane and unreacted 25. 

OAc 

S,,B,, 
3 

+ C6ki,SrlMe3 
Pd(dba)z, LiCl 

- DMF (4) 
3 

22 25 23b 

The fact that the GLC retention time and the MS spectrum of 23b obtained in this stereospecific reaction 
were identical to those of the minor component of the mixture of products derived from the reaction of 22 with 
4b (Table 2, entry 2), allowed us to confirm an E stereochemistry for the a-substitution products, 23b and 

23a, obtained in the reactions of 22 with 4b and 4h, respectively. 

Finally, we investigated the reactivity of compound 2 iu palladium-catalyzed amination reactions. In fact, 
these reactions could allow to prepare N-substituted 3-amino-2-tributylstannyl-1-propenes, which potentially 
are quite useful reagents. We found that, apart the experimental conditions used, the palladium-catalyzed 
arnination of 2 occurred in modest to low yields. Thus, the reaction between a THF solution of 2 and 2 equiv 
of piperidine (26), in the presence of 5 mol % of Pd(PPh& was complete after heating to 50 ‘C for 5 h and 
gave N-(2-tributylstannyl-2-propen-1-yl)piperidine (II) in 35 % isolated yield [eq. (5)]. 

R Pd(PPh$, 
+ H-N: 

R’ THF 

2 26 ( R,R’= (CH,),) II ( R,R’= (CH,), ) 
27 ( R = H; R’ = C6H, ) lm (R= H; R’= C6H5) 

(5) 

On the other hand, treatment of a THF solution of 2 with 1 equiv of aniline (27) at 50 ‘C for 18 h. in the 

presence of 5 mol % of Pd(PPh&, afforded N-(2-tributylstannyl-2-propen-1-yl)aniline (lm) in 16 8 isolated 
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yield. Interestingly, this same reaction carried out in the presence of a molar excess of Et3N provided 
compound lm in 11 8 yield. 

It must be noticed that we also attempted to use compound 2 as a conjunctive reagent in a synthesis of 3- 

methylindole (29) or its tautomer 30. However, neither 29 nor 30 were obtained when compound 2 was 
reacted with a ‘II-IF solution of 1 equiv of 2-iodoaniline (28) at 50 T for 23 h, in the presence of 5 mol 8 of 
Pd(PPh& In fact, GLC/MS analysis of the reaction mixture showed that it was essentially constituted of the 
unreacted reagents and that compounds derived either from the palladium(O)-catalyzed amination of 2 or a 
palladium(O)-catalyzed cross-coupling between 2 and 28, i.e. compounds 31 and 32, were absent. 

Moreover, neither 29 nor 30 were also obtained when 2 was treated with a solution of 2.0 equiv of 28 in N- 
methylpyrmlidinone, in the presence of 5 mol 8 of Pd(dba)2, 10 mol % of copper(I) iodide and 10 mol % of 

triphenylarsine. 

31 32 

In conclusion, we have developed a simple and mild method for the synthesis of 2-tributylstannyl-l- 
alkenes of general formula 1, where R is an alkyl, aryl, benzyl, ally1 or an alkyl group containing a remote 
protected hydroxyl group, which is based on the reaction between 2-tributylstannyl-2-propen- l-y1 acetate (2) 
and organocopper species of general formula 4. However, a limitation of this method, which provides a useful 

complement to established procedures, is due to the fact that it cannot be used for the selective synthesis of 2- 
tributylstannyl-1-alkenes characterized by a secondary group linked to the ethenyltributylstannane moiety. In 
fact, the reaction between compounds 4 and a 3-substituted 2-tributylstannyl-2-propen-l-y1 acetate affords 

mixtures of regioisomers in which the prevailing compounds are those derived from a y-substitution reaction. 
Moreover, this method is not suitable for the synthesis of compounds 1 where R is a tributylstannyl or a 
triorganosilyl group, i.e. compounds lg, lh and li. Nevertheless, compound lg contaminated by 
hexabutylditin can be synthetized in quite high yield by reaction of 2 with (tributylstannyl)diethylaluminum, in 
the presence of a palladium catalyst. 

Finally, it must be noted that the palladium(O)-catalyzed amination of 2 allows the preparation, although 
in modest to low yields, of compounds of general formula 1 where R is a N-substituted amino group. 
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EXPERIMENTAL 

Precoated silica gel plates Merck F-254 and RP-18 F&8 were used for TLC analyses. GLC analyses 
were performed on a Dani 6500 gas-chromatograph with a PTV injector and equipped with a Dani data station 
86.01. Two types of capillary columns were used: a SE-30 bonded FSOT column (30 m x 0.25 mm i.d.) and a 
AT-35 bonded FSOT column (30 m x 0.25 mm i.d.). Purifications by MPLC were performed on a Biichi 
instrument, using a Bischoff 8100 differential refractometer as detector. GLC/MS analyses were performed 

using a Q-mass 910 spectrometer interfaced with a Perkin-Elmer 8500 gas-chromatograph. tH NMR spectra 

were recorded on a Varian Gemini 200 MHz spectrometer using TMS as an internal standard. The 3Js,,_B 
values were reported as the average of tt7Sn and tt9Sn coupling constants. 

All reactions of air and water sensitive materials were performed in flame dried glassware under an 

atmosphere of argon or nitrogen. Air and water sensitive solutions were transferred with hypodermic syringes 
or double ended needles. Solvents were dried and distilled before use. 

The following compounds were prepared according to the literature: Pd(PPh3)4jo, methyl (E)-2- 
tributylstannyl-2-octenoate (18) 146, l-chloro-6-(2-tetrahydropyranyloxy)hexandl, and bis(dibenzylidene- 

acetone)palladium(O) [Pd(dba)2]j2. 

Ethyl 2-tributylstannyl-2-propenoate (3) 

A degassed solution of BugSnH (25.41 g, 87.3 mmol) in dry THF (125 ml) was added during 1 h to a 

solution of ethyl propynoate (5) (8.82 g, 90.0 mmol) and Pd(PPh& (2.08 g, 1.8 mmol) in THF (125 ml). 
The resulting mixture was stirred for 4 h at room temperature under argon. THF was then removed under 
reduced pressure and the residue was diluted with hexane (1.5 1). After 12 h the mixture was filtered on Celite 
and the filtrate was concentrated under reduced pressure. The residue was diluted with hexane (400 ml), 

filtered on Celite and concentrated. GLC/MS analysis of the residue showed the presence of a new compound. 
This residue was purified by fractional distillation to give chemically pure 3 as a colorless oil (27.09 g, 80 % 
yield): b.p. 108-110 “C/O.15 Torr. tH NMR(CDCl$, S: 6.91 (1 H, d, J = 2.7 Hz, 3JSn_B = 110 Hz, H-3a), 

5.91 (1 H, d, J = 2.7 Hz, ?$,,_B = 50 Hz, H-3b), 4.19 (2H, q, J = 7.1 Hz, -0-CH2), 1.73 - 1.08 (15 H, 
br m, H-2, H-3’ and 0-C-CH3), 1.13 - 0.68 ppm (15 H, br m, H-l’ and H-4’). MS, m/z(%): 333 (loo), 
332 (34), 331 (78). 330 (29), 329 (46) 289 (18), 235 (21). 233 (27), 231 (19), 179 (42), 177 (44), 175 
(31) 165 (27), 163 (21). 57 (31). 41 (83). Anal. Calcd. for Ct7H3402Sn: C, 52.74; H, 8.33. Found: C, 
52.85; H, 8.50. 

3 

2-Tributylstannyl-2-propen-i-01(6) 

A solution of compound 3 (24.20 g. 62.19 mmol) in Et20 (75 ml) was added during 1 h to a stirred 1 M 
hexane solution of DIBAL-H (135 ml, 135 mmol) cooled to -78 ‘C. After completion of the addition the 
reaction mixture was stirred for 0.5 h at -78 “C, then allowed to warm to room temperature within 4 h. GLC 
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analysis of a small sample of the reaction mixture hydrolyzed with methanol and water at 0 ‘C showed the 
absence of compound 3 and the presence of a new compound. Thus, the reaction mixture was cooled to -20 ‘C 
and methanol (14 ml) was slowly added, followed by water (7 ml) and benzene (70 ml). The precipitated 
aluminum salt was removed by filtration on Celite and washed with methanol and benzene. The combined 
filtrate and washing were concentrated in vacua to give crude 6 (18.79 g, 87 % yield) which was used in the 
next step without any further purification. 

2-Tributylstannyl-2-propen-l -yl acetate (2) 

Crude compound 6 (18.79 g, 54.13 mmol) and 4-dimethylaminopyridine @MAP) (0.66 g, 5.41 mmol) 
were dissolved in dry pyridine (12.5 ml). The solution was cooled to 0 ‘C and stirred while acetic anhydride 
(8.27 g, 77.94 mmol) was added over 0.5 h. The reaction mixture was further stirred for 5 h at room 

temperature and then concentrated in vacua. The residue (26.3 g) was diluted with a mixture (20 ml) of 
cyclohexane and ethyl acetate (23 : 1 v/v) and an oil separated. The remaining solution was concentrated in 

vacua and the residue was purified by MPLC on silica gel, using a mixture of hexane and benzene (7 : 3 v/v) 
as eluant, to give pure 2 as a colorless oil (13.3 g, 63 % yield). lH NMR (CDC13). 6: 5.88 ( 1 H, pseudo-q, 
.I = 1.8 Hz, 3JSn_R = 124 Hz, H-3a), 5.30 (1 H, pseudo-q, J = 1.8 Hz, 3JSu_R = 60 Hz, H-3b), 4.71 (2 

H, pseudo-t, J = 1.8 Hz, H-l), 2.08 (3 H, s, CH3-CO), 1.74-1.15 (12 H, m, H-2’ and H-3’), 0.93 (6 H, t, 
J = 9.4 Hz, H-l’), 0.89 ppm (9 H, t, J = 7.2 Hz, H-4’). MS, m/z (%) : 333 (19). 293 (55), 292 (20). 291 
(43), 289 (25) 181 (21), 179 (96), 178 (27), 177 (99), 176 (30), 175 (55), 121 (22), 57 (31), 43 (94), 41 
(100). The spectral properties of this compound were in quite good agreement with those previously 
reported? 

General procedure for the preparation of complex orgarwcopper species of general formula RCuMgBrX.LiBr 

(41 

THF solutions of the complex organocopper species 4a (R = n-C3H7; X = Br), 4b ( R = Ph; X = Br), 
4c (R = PhCH2; X = Cl), 4d ( R = CHz=CH-CH2; X = Cl), 4e ( R = CHz=CH; X = Br), 4f ( R = 

ThpC(CH& X = Cl) and 4h ( R = i-C4Hg; X = Br) were prepared by addition of 0.8 - 1.5 M THF solutions 
of the corresponding Grignard reagents 7a, 7b, 7c. 7d, 7e, 7f and 7h, respectively (11.9 mmol), to a stirred 
THF solution of LiCuBrz (11.9 mmol) maintained at -65 ‘C, which was prepared by addition of THF (17.6 
ml) to a mixture of CuBr (1.70 g, 11.9 mmol) and LiBr (1.03 g, 11.9 mm01)~9. Stirring was continued at 
-65 ‘C for 15 min, then the mixtures were cooled to -78 ‘C and immediately used for the reaction with 
compound 2. 

The bimetallic species 4g (R = Bu$n; X = Br) was prepared in a similar way using a 0.76 M THF 
solution of tributylstannylmagnesium bromide (7g) (11.9 mmol), which was prepared by dropwise addition of 
tributyltin hydride (8) (3.46 g, 11.9 mmol) to a stirred 1.05 M THF solution of cyclohexylmagnesium 
bromide (9) (11.9 mmol) maintained at 0 “C, which contained 2 mol % of galvinoxyl (0.10 g)‘3 and stirring 
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the resulting mixture for 4 h at room temperature. 
An Et20 solution of the organocopper species 4h was prepared by addition of a 0.79 M Et20 solution of 

the corresponding Grignard reagent 7h to an equimolar stirred Et20 solution of LiCuBq maintained at -65 ‘C. 

General procedure for the reactions between the complex organocopper species 4 and 
compound 2 

In a typical experiment a degassed solution of compound 2 (3.89 g, 10.0 mmol) in THF (6 ml) was 

rapidly added to a solution of a complex organocopper species 4 (11.9 mmol) maintained at -78 ‘C under 
stirring. The resulting mixture was stirred at the temperature and for the period of time reported in Table 1. The 
mixture was then quenched at 0 ‘C with a saturated aqueous NH&l solution and the resulting mixture was 

stirred for 1 h at room temperature in the air. It was then extracted with Et?0 and the organic extract was 
washed with additional NH&l aqueous solution and water, dried and concentrated in vucuo. The residue, 
which was analyzed by GLC, TLC and GLC/MS, was purified by MPLC. Compounds la, lb, lc, Id and 
If were prepared according to this general procedure. However, no significant amount of 2-tributylstannyl- 
1,4-pentadiene (le) was obtained in the reaction between 4e (R = CHz=CH; X= Br) and 2 (Table 1, entry 5). 
Moreover, the reaction between 2 and 4g (R = Bu$n; X = Br) did not produce too 2.3-bis(tributylstannyl)-l- 
propene (lg) (Table 1, entry 7). 

2-Tributylstannyl-I -hexene (la) 

The crude reaction product, which was obtained from the reaction between 2 and 4a (Table 1, entry l), 
was purified by MPLC on silica gel, using hexane as eluant, to give pure la as a colorless oil in 99 % yield. 
lH NMR (CDCl,), 6: 5.66 (1 H, dt, J = 2.9 and 1.5 Hz, 3J~u_B = 141 Hz, H-la), 5.09 (1 H, br d, J = 2.9 
Hz, 3J~n_B = 65 Hz, H-lb), 2.24 (2 H, br t, J = 7.2 Hz, H-3), 1.65 -1.15 (16 H, br m, H-4, H-5, H-2’ and 
H-3’), 1.02 -0.72 ppm (18 H, m, H-6, H-l’ and H-4’). The spectral properties of this compound were in 
good agreement with those previously reportedg. 

3-Phenyl-2-tributylstannyl- I -propene (lb) 

GLUMS analysis of the crude reaction product which was obtained from the reaction between 2 and 4b 
(Table 1, entry 2) showed the presence of two compounds in a cu. 85 : 15 molar ratio. This crude product 
was purified by MPLC on LiChroprep RP-18 (15 -25 Turk) using acetonitrile as eluant. Concentration of the 
first eluted fractions allowed to isolate phenyltributylstannane (10) (10 96 yield), which was identified by 
comparing its spectral properties with those of an authentic sample of this substance. Concentration of the last 
eluted chromatographic fractions allowed to obtain compound lb as a colorless oil (69 % yield). GLC analysis 
showed that this compound had chemical purity higher than 98 8. 1H NMR (CDCl$, 6: 7.44 -7.01 (5 H, m, 

CgHg), 5.72 (1 H, dt, J = 2.8 and 1.4 Hz, 3JSa.B = 135 Hz, H-la), 5.22 (1 H, dt, J = 2.8 and 1.2 Hz, 

$u_R = 62 Hz, H-lb), 3.56 (2 H, s, H-3). 1.60 -1.06 (12 H, m. H-2’ and H-3’), 1.05 -0.46 ppm (15 H, 
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m, H-l’ and H-4’). MS, m/z W): 351 W), 349 (30), 295 (23), 239 (26), 237 (41), 235 (37), 233 (18), 121 

(3O), 119 (26), 117 (30). 41 (100). Anal. Calcd. for C21H36Sn: C, 61.94; H, 8.91. Found: C, 62.32; H, 
9.28. 

3 yCsH5 

4-Phenyl-2-tributylstannyl-1 -butene (lc) 

The crude reaction product which was obtained from the reaction between 2 and 4c (Table 1, entry 3) 

was purified by MPLC on silica gel using hexane as eluant to give pure lc (86 % yield) as a colorless oil. 1H 
NMR (CDCQ 6: 7.43 - 7.05 ( 5 H, m, CjH$, 5.73 (1 H, dt, J = 2.6 and 1.5 Hz, 3JsnH = 140 Hz, H- 
la), 5.16 (1 H, dt, J = 2.6 and 1.1 Hz, 35 s,,_H = 65 Hz, H-lb), 2.76 - 2.63 (2 H, m, H-3 or H-4). 2.61 - 
2.46 (2 H, m, H-4 or H-3). 1.65 - 1.20 (12 H, br m, H-2’ and H-3’), 1.04 - 0.77 ppm (15 H, m, H-l’ and 

H-4’). MS, m/z (4%): 365 (67), 364 (28), 363 (50), 362 (21), 361 (28), 309 (20), 251 (30), 249 (22). 177 
(24), 121 (38), 119 (30). 117 (21), 91 (47), 41 (100). Anal. Calcd. for Cz2H38Sn: C, 62.73; H, 9.09. 
Found: C, 63.00; H, 9.26. 

2-Tributylstannyl-I,5-hexadiene (Id) 

The crude reaction product, which was obtained from the reaction between 2 and 4d (Table 1, entry 4), 
was purified by MPLC on silica gel, using hexane as eluant, to give compound Id (51 % yield) as a colorless 

oil. lH NMR (CDCls), 6: 5.82 (1 H, ddt, J = 17.0, 10.2 and 6.5 Hz, H-5). 5.69 (1 H, dt, J = 2.7 and 1.4 
Hz, ~Js,,_H = 140 Hz, H-la), 5.13 (1 H, dt, J = 2.7 and 1.0 Hz, 3Jsn_~ = 80 Hz, H-lb), 5.02 (1 H, ddt, J 
= 17.0, 2.0 and 1.5 Hz, H-6a), 4.95 (1 H, ddt, J = 10.2, 2.0 and 1.5 Hz, H-6b), 2.39 - 2.23 (2 H, m, H-3 
or H-4), 2.21 - 2.03 (2 H, m, H-4 or H-3), 1.61 - 1.39 (6 H, m, H-2’ or H-3’), 1.39 - 1.21 (6 H, m, H-2’ or 

H-3’), 0.98 - 0.82 ppm (15 H, m, H-l’ and H-4’). MS (m/z): 315 (46), 313 (37), 311 (23), 203 (36), 201 

(37), 199 (35), 179 (22). 177 (40), 175 (34), 121 (47), 120 (22), 119 (39), 117 (23), 41 (100). The spectral 
properties of this compound were in quite good agreement with those previously reported33. 
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9-(2-Tetrahydropyranyioxy)-2-tributylstannyl-I -nonene (If) 

The crude reaction product, which was obtained from the reaction between 2 and 4f (Table 1, entry 6), 
was purified by MPLC on LiChropmp RP-18, using a mixture of acetonitrile and CHzCl2 ( 80 : 20 v/v) as 
eluant, to give compound If as a colorless oil (3.05 g, 59 8). tH NMR (CDCls), S: 5.65 (1 H, dt, J = 2.9 
and 1.4 Hz, ~JQ,_H = 140 Hz, H-la), 5.08 (1 H, dt, J = 2.9 and 1.0 Hz, 3Jsn_R = 65 Hz, H-lb), 4.58 (1 
H, t, J = 3.4 Hz, H-2’), 3.98 - 3.27 ( 4 H, br m, H-9 and H-6’), 2.23 ( 2 H, br t, J = 7.1 Hz, H-3), 1.74 - 
1.15 ( 28 H, m, H-4, H-5, H-6, H-7, H-8, H-3’, H-4’. H-5’, H-2” and H-3”), 1.06 - 0.70 ppm (15 H, m, 
H-l” and H-4”). Anal. Calcd. for C2eH5202Sn: C, 60.59; H, 10.17. Found: C, 60.75 ; H, 10.35 . 

Palladium-catalyzed reaction between 2 and (tributylstannyl)diethylaluminum (15) 

A 1.85 M hexane solution of butyllithium (14.6 ml, 27.0 mmol) was added during 20 min to a stirred 
solution of diisopropylamine (2.73 g; 27.0 mmol) in THF (27 ml) cooled to -10 “C. The mixture was stirred 
for 5 min at this temperature and then cooled to -35 “C. Tributyltin hydride (8) (7.86 g, 27.0 mmol) was 

dropwise added and the solution was allowed to stir for 0.5 h. A 1.8 M solution of diethylaluminum chloride 
(15.8 ml, 27.0 mmol) was added during 10 min and the resulting mixture, which contained 
(tributylstannyl)diethylaluminum (15), was stirred at -30 ‘C for 0.5 h and then cooled to -78 ‘C. A solution of 
Pd(PPh& (1.04 g, 0.90 mmol) in THF (25 ml) was added, followed by addition of a solution of compound 2 

(7.0 g, 18.0 mmol) in THF (10 ml). The resulting reaction mixture was stirred for 2 h at -78 ‘C and then 
allowed to warm to room temperature within 3 h. After this period a GLC analysis of a small sample of the 
reaction mixture hydrolyzed with diluted NH40H solution showed that compound 2 had disappeared. Thus, 

the reaction mixture was hydrolyzed at 0 “C by addition of 10 % aqueous NH40H solution. The resulting 
mixture was diluted with Et20 and extracted repeatedly with hexane. The organic extract was washed with 
water, dried and concentrated in vucuo. The residue was diluted with hexane and filtered on Celite. The filtrate 
was concentrated in vucuo and the residue (13.69 g) was analyzed by GLC/MS. This analysis showed the 
presence of two compounds identified as 2,3-bis-(tributylstannyl)-1-propene (lg) and hexabutylditin (13) in a 

cu. 66 : 34 molar ratio, respectively. Compound lg had: MS (m/z): 563 (1). 353 (2) 291 (43), 289 (33) 
235 (55). 233 (44). 231 (27), 179 (98), 178 (31), 177 (loo), 176 (36) 175 (60), 121 (45). 119 (39) 41 

(54). 

On the other hand, the GLC retention time and the MS spectrum of 13 corresponded to those of an 
authentic sample of commercially available hexabutylditin. Attempts to obtain pure lg by purification of the 

crude reaction product either by fractional distillation or by reversed-phase MPLC were unsuccessful and gave 
a 66 : 34 mixture of lg and 13 (89 % overall yield based on 2). However, by comparison of the tH NMR 
spectrum of this mixture with that of pure 13 it was possible to obtain the ‘H NMR parameters of compound 
lg. ‘H NMR (CDCl,), 6: 5.46 (1 H, dt, J = 2.6 and 1.2 Hz, 3Js,,_R = 146 Hz, H-la), 4.84 (1 H, d, J = 
2.6 Hz, ~.Is~_R = 68 Hz, H-lb), 2.04 (2 H, s, H-3), 1.67 - 1.17 (24 H, br m, H-2’, H-3’. H-2” and H-3”). 
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1.08 - 0.64 ppm (30 H, m, H-l’, H-4, H-l” and H-4”). 

It must also be noticed that an analogous reaction between 2 and an equimolar amount of 15 prepared 
according to the procedure described above gave too in 80 % yield based on 2 a mixture of lg and 13 in a 7 1 : 
29 molar ratio, respectively. 

Sn(CH,CH,CH,CH,), 
H Ig 

2-Tributylstannyl-2-octen-l-y1 acetate (22) 

A solution of methyl (E)-2-tributylstannyl-2-octenoate (20) (16.94 g, 38.05 mmol) in Et20 (45 ml) was 
added during 1 h to a stirred 1 M solution of DIBAL-H (82.5 ml, 82.5 mmol) cooled to -78 “C. After 
completion of the addition the reaction mixture was stirred for 0.5 h at -78 “C and then allowed to warm to 
mom temperature within 5 h. The reaction mixture was cooled to -20 ‘C and methanol (8.5 ml) was added, 

followed by water (4.5 ml) and benzene (41 ml). The precipitated aluminum salt was removed by filtration and 
washed three times with methanol and benzene. The combined filtrate and washing were concentrated in 

vacua to give crude (E)-2-tributylstannyl-2-octen-I-01 (21) (16.23 g). MS, m/z (%): 361 (9), 343 (5). 251 

(48), 250 (16). 249 (37). 248 (14). 247 (24), 177 (14), 175 (lo), 137 (22), 135 (17), 133 (ll), 121 (9), 57 
(15), 55 (12), 54 (15), 43 (18), 42 (lo), 41 (100). The crude product and DMAP (0.47 g, 3.89 mmol) were 
dissolved in dry pyridine (9 ml). The solution was cooled to 0 “C and stirred while acetic anhydride (5.94 g, 
56.0 mmol) was added over 5 min. The reaction mixture was further stirred for 6.5 h at room temperature and 
then concentrated in vacua. The residue was diluted with hexane (60 ml) and filtered. The filtrate was 

concentrated in vacua to afford a residue (17.44 g) which was purified by MPLC on silica gel, using a 
mixture of hexane and benzene (75 : 25 v/v) as eluant, to give compound 22 as an oil (14.50 g, 83 8 yield). 
1H NMR (CDCls), 6: 5.63 (1 H, tt, J = 7.0 and 2.0 Hz, H-3), 4.84 - 4.74 (2 H, m, H-l), 2.08 (2 H, t, J = 
7.0 Hz, H-4). 2.06 (3 H, s, CH$O), 1.68 - 1.09 (18 H, br m, H-5, H-6, H-7, H-2’ and H-3’). 1.08 - 0.68 

ppm (18 H, m, H-8, H-l’ and H-4’). MS, m/z (%): 403 (5). 293 (66) 292 (22), 291 (50), 289 (33), 179 

(46), 177 (49), 175 (29). 57 (23), 54 (49) 43 (40), 41 (100). Anal. Calcd. for C22H4402Sn: C, 57.53; H, 
9.66. Found: C, 57.43; H, 9.30. 

Reaction between 22 and the complex organocopper species i-C4H&uMgB~~Z~LiBr (4h) 

A degassed solution of compound 22 (3.0 g, 6.53 mmol) in THF (3.8 ml) was rapidly added to a THF 
solution of the complex organocopper species 4h (7.84 mmol) maintained at -78 ‘C under stirring. The 
resulting mixture was stirred for 16 h at -78 ‘C and for 5.5 h at 0 “C and then quenched at 0 ‘C with a saturated 
aqueous NH&l solution. The resulting mixture was stirred for 1 h at room temperature in the air and extracted 



Synthesis of 2-tributylstannyl-1-alkenes 4867 

with Et20. The organic extract was washed with additional NH&I aqueous solution and water, dried and 

concentrated in vucuo. GLUMS analysis of the residue (4.43 g) showed the presence of two compounds in a 
cu. 10 : 1 molar ratio, which were subsequently identified as 3-(2-methylpropyl)-2-tributylstannyl-1-octene 
(lj) and (E)-2-methyl-Wributylstannyl-5-decene (23a). respectively (Table 2, entry 1). This residue was 
purified by MPLC on silica gel, using hexane as eluant. The collected chromatographic fractions were 
concentrated in vacua and the residue was purified by MPLC on LiChroprep RP-18 (15 - 25 urn), using a 
mixture of CH3CN and CH2C12 (7 : 3 v/v) as eluant. The first eluted chromatographic fractions were collected 
and concentrated to give a mixture of lj and 23a (1.68 g) in a 93 : 7 molar ratio, respectively. Concentration 

of the last eluted fractions allowed also to obtain a mixture of lj and 23a (0.77 g) in a 90 : 10 molar ratio, 
respectively. Thus, these compounds were obtained in 80 % yield based on 22. Compound lj had tH NMR 
(CDC13), S: 5.61 (1 H, d, J = 2.8 Hz, 3Jsn.B = 140 Hz, H-la), 5.08 (1 H, d, J = 2.8 Hz, ~Js,,_B = 60 
Hz, H-lb), 1.59 - 1.05 (24 H, br m, H-3, H-4, H-5, H-6, H-7, H-l’, H-2’, H-2” and H-3”). 1.04 -0.68 

ppm (24 H, m, H-8, H-3’, H-l” and H-4’). MS, m/z(%): 401 (31), 399 (24), 179 (19), 177 (24), 175 (17) 
121 (20), 119 (16), 55 (35), 43 (60) 41 (100). Anal. Calcd. for C24HsoSn: C, 63.03; H, 11.02. Found: C, 
63.48; H, 11.48. 

Compound 23a had MS, m/z (%): 401 (24), 399 (19), 179 (16). 
(16). 56 (14), 55 (40), 43 (50) 41 (100). 

177 (18), 175 (13), 121 (21), 119 

By comparison of the ‘H NMR spectrum of the first eluted chromatografic fractions with that of the last 
eluted fractions it was possible to obtain the tH NMR parameters of the olefinic proton present in compound 
23a. tH NMR (CDC13). S: 5.46 ppm (1 H, t, J = 6.0 Hz). 

As reported in Table 2 (entry 3) the reaction between 22 and 4h was also carried out in Et20 solution. In 
particular, a degassed solution of 22 (3.0 g, 6.53 mmol) was rapidly added to an Et20 solution of the complex 
organocopper species 4h (7.84 mmol) maintained under stirring at -78 “C. The resulting reaction mixture was 
stirred for 20 h while the temperature increased from -78’C to -30 ‘C and then maintained for 5.5 h at 0 “C. 
After this period a GLC analysis of a small sample of the reaction mixture hydrolyzed with aqueous NH&l 
solution showed that compound 22 had disappeared and the presence of new four components. Thus, the 
reaction mixture was quenched at 0 “C with a saturated aqueous NH&I solution and worked up as described 
above to give isobutyltributylstannane (24) in 25 % GLC yield. Compound 24 had: b.p. 88-89 “C/O.05 Torr 
(litJ4 b.p. 120°C/0.4 kPa). MS, m/z (%): 291 (1). 235 (2). 179 (2), 177 (2), 57 (3) 43 (2), 41 (31), 39 
(lo), 29 (100). This compound was identified by comparison with an authentic sample of 
isobutyltributylstannane prepared by reaction of a THF solution of isobutylmagnesium bromide with BugSnCl. 

Reaction between 22 and the complex organocopper species CgH&Tu-IUgBrz-LiBr (4b) 

A degassed solution of compound 22 (2.70 g, 5.88 mmol) in THF (3.4 ml) was rapidly added to a THF 
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solution of 4b (6.82 mmol) maintained at -78 ‘C under stirring. The reaction mixture was stirred for 16 h at 
this temperature, for 49 h at 0 “C! and then for 23 h at room temperature. It was then quenched with a saturated 
NH&l aqueous solution and worked up as described for the reaction between 22 and 4h. GLC/MS analysis 
of the crude reaction product (4.3 g) showed the presence of phenyltributylstannane (10) and two other 
compounds, in a cu. 4 : 1 molar ratio, which were subsequently identified as 3-phenyl-2-tributylstannyl-l- 

octene (lk) and (&‘.I-1-phenyl-2-tributylstannyl-2-octene (23b), respectively. This crude product was purified 
by MPLC on LiChroprep RP-18 (15 - 25 pm). using a mixture of CH$!N and CH& (8 : 2 v/v) as eluant. 
Concentration of the intermediate chromatographic fractions allowed to isolate a mixture of 23b and lk (1.28 
g, 46 96 yield based on 22), in a cu. 1 : 4 molar ratio, respectively. Anal. Calcd. for t&H&n: C, 65.42; H, 
9.71. Found: C, 65.70; H, 10.10. Compound lk had tH NMR (CDCl,), S: 7.46 - 6.97 (5 H, m, CeHs), 
5.76 (1 H, dd, J = 2.2 and 1.0 Hz, 3.&B = 139 Hz, H-lb), 5.20 (1 H, dd, J = 2.2 and 1.2 Hz, 3Jsn_B = 
60 Hz, H-la), 3.42 (1 H, t, J = 7.1 Hz, H-3), 1.75 (2 H, pseudo-q, J = 7.1 Hz, H-4), 1.47 - 1.08 (18 H, 
m, H-5, H-6, H-7, H-2’ and H-3’), 0.97 - 0.74 (12 H, m, H-8 and H-4’), 0.72 - 0.55 ppm (6 H, m, H-l’). 

MS, m/z (%): 421 (20), 419 (16). 197 (8). 179 (lo), 177 (12) 121 (9). 119 (lo), 117 (15), 91 (9), 57 (11) 
43 (52), 41 (100). 

H lk H 23b 

Compound 23b had MS, m/z (%): 421 (9), 419 (8), 179 (8), 177 (ll), 121 (lo), 117 (ll), 91 (8), 57 
(17), 55 (9), 44 (12), 43 (18), 41 (100). 

By comparison of the tH NMR spectrum of the mixture of compounds obtained by concentration of the 
intermediate chromatographic fractions with that of the mixture of the same compounds present in very small 
amount in the last chromatographic fractions, which contained a higher percentage of the minor component,‘it 
was possible to obtain some tH NMR parameters of compounds 23b. tH NMR (CDCl,), 6: 5.69 (1 H, tt, J 
= 7.0 and 1.5 Hz, H-3), 3.62 (2 H, s, H-l), 2.24 ppm (2 H, pseudo-q, J = 7.0 Hz, H-4). 

Palladium-catalyzed reaction between 22 andphenyltrimethylstannane (25) 

According to a general procedure for the palladium-catalyzed coupling of allylic acetates with aryl and 

vinylstannanes29, to a mixture of compound 22 (2.76 g, 6.0 mmol), phenyltrimethylstannane (25) (1.50 g, 
6.24 mmol) and lithium chloride (0.76 g, 18.0 mmol) in DMF (9.5 ml) was added Pd(dba)z (0.17 g, 0.30 
mmol) and the dark mixture so obtained was stirred for 17 h at room temperature. After this period GLC and 
TLC analyses showed that compound 22 had disappeared. Thus, the reaction mixture was poured into an 
excess of water and extracted with Et20. The organic extract was filtered, washed with brine, dried and 
analyzed by GLC/MS. This analysis showed the presence of several components among which compounds 24 
and 10, dimethyldibutylstannane and (E)-1-phenyl-2-tributylstannyl-2-octene (23b). This last compound, 
which was not contaminated by the corresponding regioisomer lk, was obtained in 11 % GLC yield. No 
attempt was performed to isolate 23b from this complex reaction mixture. 



Synthesis of 2-tributylstannyl-1-alkenes 4869 

N-(Z-Tributylstannyl-2-propen-l -yl)piperidine (11) 

Piperidine (26) (1.53 g, 17.99 mmol) was added to a solution of compound 2 (3.50 g, 8.99 mmol) and 
Pd(PPh&t (0.52 g, 0.45 mmol) in THF (20 ml) stirred at room temperature and the resulting mixture was 
stirred at 50 “C! for 5 h. GLC and TLC analyses of a small sample of this mixture treated with diluted aqueous 

Na2C03 solution and extracted with Et20, showed that compound 2 had disappeared as well as the presence 
of a new compound. Thus, the reaction mixture was diluted with hexane and poured into an excess of 10 % 
aqueous Na2C03 solution. The mixture was extracted with hexane and then the organic extract was filtered, 
washed with brine and concentrated in vacua The residue was purified by MPLC on silica gel, using a 
mixture of hexane and THF (98 : 2 v/v) as eluant, to give 98 % chemically pure II as an oil (1.29 g, 35 % 
yield). 1H NMR (CDClj), 6: 5.75 (1 H, dt, J =2.9 and 1.5 Hz, 3JSn_H = 140 Hz, H-la), 5.17 (1 H, dt, J 
= 2.9 and 1.4 Hz, 3Js,,_~ = 63 Hz, H-lb), 2.98 (2 H, dd, J = 1.5 and 1.4 Hz, H-3), 2.27 (4 H, br s, H-2’ 
and H-6’), 1.75 - 1.15 (18 H, br m, H-3’, H-4’. H-5’, H-2” and H-3”), 1.05 - 0.65 ppm (15 H, br m, H-l” 

and H-4”). MS, m/z (%): 358 (24). 356 (18) 179 (27) 177 (29). 175 (18), 124 (37), 121 (25), 119 (19) 98 
(56), 84 (65), 57 (18), 55 (24), 42 (38), 41 (100). Anal. Calcd. for CzcH4tNSn: C, 57.99; H, 9.98; N 3.38. 
Found: C, 57.89; H, 10.05; N, 3.33. 

2” 3” 4” 
Sn(CH,CH,CH,CH,), 

H 11 

N-(2-Tributylstannyl-2-propen-l-yl)aniline (Im) 

(Procedure A) Aniline (27) (0.84 g, 8.99 mmol) was added to a mixture of compound 2 (3.50 g, 8.99 

mmol) and Pd(PPh& (0.52 g, 0.45 mmol) in THF (20 ml) and the mixture was stirred at 50 ‘C for 18 h. It 
was then cooled to room temperature and worked up using the same procedure employed in the preparation of 
compound II. The crude reaction product (3.74 g) was purified by MPLC on silica gel, using a mixture of 
hexane and benzene (95 : 5 v/v) as eluant, to give compound lm as an oil (0.60 g, 16 % yield). 1H NMR 

(CDC13), 6: 7.26 - 7.06 (2 H, m, H-l”), 6.78 - 6.61 (3 H, m, H-2” and H-3”), 5.94 (1 H, dt, J = 2.3 and 

1.7 Hz, 3JSn_~ = 130 Hz, H-la), 5.29 (1 H, dt, J = 2.3 and 1.4 Hz, 3JS,,_H = 60 Hz, H-lb), 3.89 (2 H, 
dd, J = 1.7 and 1.4 Hz, H-3). 3.90 - 3.65 (1 H, br s, NH), 1.70 -1.15 (12 H, m, H-2” and H-3”), 1.05 - 
0.62 ppm (15 H, m, H-l” and H-4”). MS, m/z (%): 366 (43). 365 (20), 364 (45), 362 (28) 212 (48). 210 
(37). 208 (21). 179 (18). 177 (25) 132 (24) 121 (19), 57 (49), 41 (100). Anal. Calcd. for CzlH37NSn: C, 
59.74; H, 8.83; N, 3.32. Found: C, 59.60; H, 8.93; N, 3.17. 

2’ 1’ 

3’/’ NH3 
c3 - 
2’ 1’ 

Ha 
$_ 

1” 2”3”4” 
1 < Sn(CH2CH2CH2CH& 
H lm 

(Procedure B) Aniline (27) (0.84 g, 8.99 mmol) was added to a mixture of compound 2 (3.50 g, 8.99 
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mmol), Pd(PPh& (0.52 g, 0.45 mmol) and Et3N (9.1 g, 89.94 mmol) in THF (20 ml) and the mixture was 
stirred at 50 “C for 18 h. Usual work up followed by purification of the crude reaction product by MPLC on 
silica gel gave compound lm (0.43 g. 11 46 yield). 

-emem: We thank the Consiglio Nazionale delle Ricerche (CNR, Roma), Progetto 
Finalizzato Chimica Fine and the Minister0 dell’universiti e della Ricerca Scientifica e Tecnologica (MURST) 
for funding this work. 

REFERENCES AND NOTES 

1. a) Tolstikov, G.A.; Miftakhov, M. S.; Danilova, N.A.: Vel’der, Ya. L.; Spiriihin, L. V. Synthesis 

1989, 633; b) Tolstikov, G. A.. Miftakov, M.S.; Danilova, N. A.; Vel’der, Ya. L. Spirilchin, L. V. 
Synthesis 1989, 625. 

2. Piers, E.; Karunaratne, V. Tetrahedron 1989.45, 1089. 

3. Banwell, M. G.; Collis, M. P.; Crisp, G. T.; Lambert, J. N.; Reum, M. E.; Scoble, J. A. J. Chem. 

Sot. Chem. Commun. 1989, 616. 

4. Piers, E.; Karunaratne, V. Can. J. Chem. 1989,67, 160. 

5. Piers, E.; Chong, J. M. J. Chem. Sot. Chem. Commun. 1983, 934. 

6. Gehlschlager, A. E.; Hutzinger, M. W.; Aksela, R.; Sharma, S.; Sing, S. M. Tetrahedron Left. 1990, 

31, 165. 

7. Singer, R. D.; Hutzinger, M. W.; Oehlschlager, A. C. J. Org. Chem. 1991,56,4933. 

8. Barbero, A.; Cuadrado, P.; Fleming, I.; Gonzalez, A. M.; Pulido, F. J. J. Chem. Sot. Chem. 

Commun. 1992, 351. 

9. Ritter, K. Synthesis 1989, 218. 

10. Sharma, S.; Gehlschlager, A. C. J. Org. Chem. 1989.54, 5064. 

11. Matsubara, S.; Hibino, J.-I.; Morizawa, Y.; Oshima, K.; Nozaki, H. J. Organomet. Chem. 1985, 

285, 163. 

12. Mitchell, T. N.; Kwetkat, K.; Rutschow, D.; Schneider, U. Tetrahedron 1989,45, 969. 

13. Verlhac, J. -B.; Kwon, H.; Pereyre, M. J. Chem. Sot. Perkin Trans I 1993, 1367. 

14. a) Rossi, R.; Carpita, A.; Cossi, P. Tetrahedron Lett. 1992.33, 4495; b) Rossi, R.; Carpita, A.; 
Cossi, P. Tetrahedron 1992, 48, 8801; c) Rossi, R.; Carpita, A.; Cossi, P. Synth. Commun. 
1993.23, 143; d) Rossi, R.; Carpita, A.; Bellina. F.; Cossi, P. J. Organomet. Chem. 1993, 451. 

33; e) Bellina, F.; Carpita, A.; Ciucci. D.; De Santis, M.; Rossi, R. Tetrahedron 1993,49,4677. 

1.5. For palladium-mediated reactions between allylic acetates and various nucleophiles, see: a) Tsuji, J. 



Synthesis of 2-tributylstannyl-1-alkenes 4871 

Organic Synthesis with Palladium Compounds, Springer, New York, 1980; b) Collman, J. P.; 

Hegedus, L. S.; Norton, J. R.; Fike, R. G. Priciples and Applications of Organotransition Metal 

Chemistry, University Science Books, Mill Valley, CA, 1987; c) Trost, B. M. Act. Chem. Res. 

1980,13, 385; d) Trost, B. M.; Verhoeven, T. R. Compr. Organomet. Chem. 1982,8,789; e) 

Trost, B. M.; Keninan, E. J. Org. Chem. 1979,44, 3451; f) G6net, J. P.; Balabane, M.; Backvall, 
J. E.; Nystrom, J. E. Tetrahedron Lett. 1983,24,2745; g) Bystrom, S. E.; Aslanian, R.; Backvall, 
J.E. Tetrahedron Lett. 1985,26, 1749; h) Connell, R. D.; Rein, T.; Akermark, B.; Heelquist, P. J. 

Org. Chem. 1988,53. 3845; i) Murabashi, S.-I.; Taniguchi, Y.; Imada, Y.; Tanigawa, Y. J. Org. 

Chem. 1989.54, 3292; 1) Mori, M.; Bono, N.; Kaneta, K.; Shibasaki, M. J. Org. Chem. 1993, 
58,2972. 

16. Posner, G. H. Org. React. 1975,22,253. 

17. For reactions between organocopper species and allylic acetates containing other functional groups, see: 
a) Carpita, A.; Rossi, R. Synthesis 1982,469; b) Ibuka, T.; Minakata, H. Synth. Commun. 1980, 

10, 119; c) Magid, R. M. Tetrahedron 1980,36, 1901, and references cited therein; d) Nakanishi, 
N.; Matsubara, S.; Utimoto, K.; Kozima, S.; Yamaguchi, R. J. Org. Chem. 1991.56, 3278. 

18. Kleijn, H.; Westmijze, H.; Kruithof, K.; Vermeer, P. Reel. Trav. Chim. Pays-Bus 1979,98,27. 

19. Co&ran, J. C.; Bronk, B. S.; Terrence, K. M.; Phillips, H. K. Tetrahedron Lett. 1990,31,6621. 

20. Zhang, H. X.; GuibC, F.; Balavoine, G. J. Org. Chem. 1990,55, 1857. Compound 2 was obtained 
using this procedure in 43 % overall yield based on methyl tributylstannyl-2-propenoate. 

21. Complexation of organocopper reagents affords anionic ate-type complexes [MacDonald, T. L.; Still, 

W. C. J. Am. Chem. Sot. 1975,97, 5280; Gilman, H. J. Org. Chem. 1952, 17, 1630; 

Tochterman, W. Angew. Chem. Int. Ed. Engl. 1966,6, 3511. On this basis the complex organo- 
copper species RCu-MgXyLiBr (4) could be represented as RCuX-Li+.MgXBr or R&X-MgX+-LiBr. 

Thus, these organocuprates should be much powerful nucleophiles than the corresponding organocopper 
species. Moreover, coordination of the cation Li+ or MgX+ to the acetoxy group of compound 2 should 

facilitate the nucleophiic attack of the cuprate. 

22. Vermeer, P.; Westmijze, H.; Kleijn, H.; van Dijk, L. A. Reci. Trav. Chim. Pays-Ras 1978,97. 56. 

23. Albert, H.-J.; Neumann, W. P. Synthesis 1980, 942. 

24. In the procedure described in Ref. 23 BugSnH was reacted with an Et20 solution of 1.1 equiv of 
cyclohexylmagnesium bromide containing galvinoxyl (l-2 mol %). However, for the preparation of 
compounf 4g we preferred the use of a THF solution of this Grignard reagent to reproduce the 
experimental conditions used to synthetize compounds 4a-d and 4f. Moreover, in order to avoid the 
presence of an excess of this Grignard reagent, which could give rise to the formation of an undesired 
amount of the complex organocopper species c-CeHt tCu.MgBrrLiBr, we used cyclohexylmagnesium 
bromide and Bu$inH in a 1 : 1 molar ratio. 

25. Corey, E. J.; E&rich, T. M. Tetrahedron Lett. 1984,25, 2419. 
26. Piers, E.; Chong, J. M.; Gustafson, K.; Andersen, R. J. Can. J. Chem. 1984,62, 1. 



F. BELLINA et al. 

27. Tsuji, Y.; Kajita, S.; Isobe. S.; Funato, M. J. Org. Chem. 1993, 58, 3607. 

28. a) Fleming, I.; Marchi, D. Jr. Synthesis 1981, 560, 6) Fleming, I.; Newton, T. W.; Roessler, F. J. 

Chem. Sot. Perkin I 1981, 2527. 

29. Del Valle, L.; Stille, J. K.; Hegedus, L. S. J. Org. Chem. 1990,55, 3019. 

30. Coulson, D. R. Znorg. Synth. 1971,13, 121. 

31. Green, N.; Jacobson, M.; Henneberry, T. J.; Kishasa, A. N. J. Med. Chem. 1967,ZO, 533. 

32. a) Ukai, T.; Kawazura, H.; Ishii, Y.; Bonnet, J.J.; Ibers, J. A. J. Organomet. Chem. 1974.65, 253; 

b) Takahashi, Y.; Ito, Ts.; Sakai, S.; Ishii, Y. J. Chem. Sot. D 1970, 1065; c) Rettig, M. F.; Maitlis, 

P. Znorg. Synfh. 1971, 27, 134. 

33. Fleming, I.; Rowley, M.; Cuadrado, P.; Gonzalez-Nopal, A. M.; Pulido, F. J. Tetrahedron 1989,45, 

413. 

34. Nomura, R.; Fujii, S.; Matsuda, H. Znorg. Chem. 1990,29, 4586. 

(Received in UK 17 December 1993; revised 28 January 1994; accepted 4 February 1994) 


