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A~~~A~.~~g~, a-c~oxy~~l~b~~~tin cau be us& as au cquivalcnt of the ~~no~~ 
anion CH3THCH2CHO in reactions with acyl chlorides, the non-substituted a~~ox~y~~bu~~~~~~ 
not be employed in this way. ~Mc~oxy~nyldns, easily prep& by tycoon of 

’ are s~~ssf~y employed as synthetic equivalents of the homucnolatc a+us -ALTO .aud 
-~H2~2~~3 in nactions with acyl chlorides. A silylated y-~~ox~nyl~n, which 1s both a vmyltin 

and an allylsilaac, nacts with acyl chlorides aud aryl bromides as a using equivalent of the 
ho~nola~ anion ‘CH2CH$HO and tolerates a wide range of otherreactive functional groups. 

Then an RUFUS methods availabk for the ~lugatiou by a ~~~~ nagi!mt’2 but the 
~n~~ucdon of a mminaf reactive group is not aiways an easy task. Thii is the w for aidehyde gmups 

which require protecting groups such as acetals, enol ethers or vinyi halidcs. Although several lithiated 

spccics have been proposed as homocnolate equivalents (d3 pmpionaldchydc spthons~ such highly 

nuckophilic species do not tokratc various functional groups. 

Organotin reagents, usually less reactive, m selc.ctivc and easier to prepare, store and handle, 

have been used for three-carbon h~logations4. Thus a~~oxya~yiti~s 1 cau bc considered as 

ho~nolatc ~uiv~c~~ in reactions involving allyric ~~g~~nt if no junction to the 

th~~~yn~i~ly m stable ~ethoxy~lyltins 2 occurs (Scheme r). 
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We have reported a general method for the preparation of differently substituted a- 

ethoxyallyhtibutyltins (Scheme I) and shown that the palladium catalyzed cross-coupling with aryl bromides 

is indeed an efficient route to B-arylpropionaldehydes 4 58 even in the case of the mom unstable reagent 1 

(R’=R2=R3=H) which matranges completely to 2 on standing alone, on heating or on attempted liquid 

chromatography. The ngio- and stereochemistry of condensations of 1 with aldehydes depends on the 

conditions employed (Schemt $-la. 

We report here the utilization of acthoxyallyltins 1 in coupling reactions with acyl chlorides in 

order to gain access to B-acylpropionaldehydes. Our results, although positive, clearly show the limitations 

of the method. In addition a detailed study of the utilization of substituted vinyltins for the synthesis of B- 

aryl- and fl-acyl- propionaldehydes is presented. A part of these data has already been briefly reported in a 

preliminary paper17. 

RESULTS AND DISCUSSION 

a-Ethoxyallyltins as homoenotate equivalents for acces% to f&acylpropianaldehydes 

It has been shown that the transition metal catalyzed cross-coupling of organotins with acyl 

chlorides leads to ketones18-1g. The application of this reaction to a-ethoxyallyltins could thus possibly 

open a route to 1 ,dketoaldehydes 6 (Scheme I). 

The catalyst used was benzylchlombis(triphenylphosphine)palladium, BnClPd(PPh3)2, usually the 

best catalyst for the cross-coupling of organotins with acyl chlorides20~21. After a fust encouraging 

result6*7 using benzene as solvent, which was difficult to reproduce in reasonable yields, we found that a- 

ethoxycrotyltributyltin 1 ((R1=Mc;R2=R3=H)(E)-isomer in majority) reacted well with acyl chlorides in 

THP to give enol ethers 5. Subsequently the hydrolytic cleavage of 5 was performed and yiekled 1.4- 

ketoaldehydes 6. These results are presented in Table 1. 

Entry 

Table I. a-Ethoxycrotyltributyltin u ; R*=Mc ; R2=R3=H (E) in majority) 

in the synthesis of l+ketoaldehydes 6 

Acyl chloride 

C6H5Cocl 

End ether 1,Cketoaldehyde 

yields 4ba yields%a 

k 72 (B&75h5) 6p 81 

3-Meoc6H4~1 fi 67 (B/Z=55/45) 6.B 85 

2-MeC6H4C~l k 52 (&Z=75/25) C 

d-B+fqmI u 69 (EYZ=75/25) C 

fl-C6H 13c0cl & 5 1 b (E/7=80/20) 6r 82 
alsolated yields 

bReaction performed in HMPA instead of THP - CHydrolysis not performed 
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It should be noted that no coupling at the aromatic site was observed with 4-hmmobenxoyl chloride 

(entry 4) : the reaction is fully chemoselective when a competition between an aryl bromide and an a~yl 

halide is involved. 

The next step was to try experiments with unsubstituted 1. which is the more easily isomer&d 

reagent in the series. All attempts to perform the expected coupling with benzoyl chloride failed, the 

organotin reagent being partly isomer&d into 2. unreactive in our experimental conditions. This result 

contrasts sharply with the aheady reported successful coupling of 1 (BkR2=R3=H) with aryl bromide~~-~. 

The difference is probably due to the higher Lewis acidity of the catalyst, BnClPd(PPb3)2 compared to 

(PhsP)4Pd, or of acyl chlorides compared to aryl bromides. Electmphile-s. as well as nucleophilcs. are 

known to catalyze the metallotropic rearrangement of allyltin~~~. 

In summary although unsubstituted acthoxyallyltxibutyltin could not be used with acyl chlorides as 

an equivalent of the simplest homoenolate anion -CH$X-I$HO. coupling can be conveniently performed 

with a reagent substituted at the terminal carbon atom, and thus less readily isomerixed, such as a- 

cthoxycrotyltributyltin, an equivalent of the homoenolate anion CHS%HCH2CHO. An alternative might be 

the use of a-siloxyallylsilancs 23 , which react with acyl halides in the presence of Tic&+, but thii approach 

does not tolerate various functional groups on the substrate. Instead we decided to explore the ability of the 

easily accessible y-heterosubstituted vinyltins to react as homoenolate equivalents. 

y-Methoxyvinyltins as homoenolate equivalents for access to f&acylpropionrldehydes 

Scheme II outlines the approach. y_Methoxyvinyltins 2 and 13 can be easily prepared by free 

radical hydrostannation of methyl propargyl ethers which can be dimcted to give in majority the (E) 

isomefl. The vinyl group linked to tin can be stereospeciftcally transfer&, either through tmnsmetallation 

with butyllithium or more directly by Pd-catalyzed coupling to various electrophiles4, yielding the ally1 

ethers u. Since it is in principle possible to isomer& ally1 ethers into enol ethers 11. for instance with 

Wilkinson’s catalyst24, a final hydrolytic work-up would lead to aldehyde u (starting from p) 

corresponding to the transfer of “CH$H2CHO” to the subsnate. The hydrostannation step was performed 

in good yield giving a majority of (I$isomer. Upon Pd-catalyzed coupling with acyl halides we were 

gratified to observe that in some circumstances the isomerization step can be omitted since the coupling 

gave ll diiectly. The results are collected in Table 11. 
!5chmlle II 

Ok49 

=_( BuSSnH 

R AleN g:Ft&l w catalyst l@d: E-R’CO; R-H 

S:R=Me *: E-nC&,sCO ; R-Me 
NJ-j: E-Ar; R-H 

Catalyst 

1_2rcd: E-NO; R-H 
3: E-nCsH,sCO: R-Me 

_ 

uad: E-R’CO: R-H 
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It can be seen that in benzene an increase of reaction time and temperature leads to 11 (entries 1 

and 2). Them are experimental conditions where aromatic benzoyl chlorides exclusively yield enol ethers fi 

(entries 2 and 4) which lllcans that the Pd catalyst not only allows the coupling but also isomer&s the 

primarily formed ally1 ether u. In this case reagent 4 is a direct equivalent of the simplest homoenolatc 

‘CH2CH2CHO since a hydrolytic work-up would lead to aldehydes 12 PC in a one-pot process. On the other 

hand the use of methylcnc chloride instead of benzene as solvent only gives the ally1 ethers 1p (entries 3.5 

and 6). Surprisingly an aliphatic acyl chloride such as hcptanoyl chloride gives only the ally1 ether even in 

conditions in which aromatic acyl chlorides lead to enol ethers (entty 7). 

Table II. C ma-coupling of 2 with acyl chlorides and aryl bromides (EX), in the praence of 

BnCIPd(PPh& 

Entry EX Experimental conditions 

solvent,temperaturefime 

Overall 

yield 9Ga 

1 Ws- C6H6;9o’c; 16h 69 

2 C6H5CoCl C6H6; 100’C;48h 85 

3 CgH5C=l CH2C12;65’C;4h 71 

4 4-MeoC6H4COCI C6H6; lOO=C;36h 78 

5 4-MeoCgHqm CH2C12;70’C;4h 76 

6 4ClC6H4COCI CH2Cl2;70’C;Bh 71 

7 nC6H 13C0c1 C6H6; 100’C;24h 82 

8 C6H5Br C6H6; lOOC;20h 81 

9 4-McOCgH4Br C6H6; lOOC;20h 82 

10 4ClC6H4Br C6H6; lOOQ20h 79 

11 4-CNC6H4Br C6H6; lOOCt20h 73 

12 4-N02CgH4Br C6H6; lOOQ2?h 75 

Ally1 etherb Enol etherbC 

lQa 25 
lQlt0 
lQa loo 
lQh0 
lQh loo 
lQ.c 100 
l&l 100 
lQf 100 

lQll 100 
lQh 100 
lQi 100 

lQj 100 

Ilr 75 

lla 100 

llp0 

ilk 100 

llk0 

US0 

llfl0 

llf0 

IleO 

llh0 

lli0 

lli0 
aIsolated yields - bCompositions - c(Z):(B) mixtures 

The reason why the isomerixation u -+ 11 occurs in C6H6 and not in CH2Cl2 is not yet clear ; it 

is possible that at the stage of the intermediate II-aBylpalladium complex CH2Cl2 reacts with the W-H 

bond, thus preventing the isomerixation ptuces~~~. 

Tbe isomeritation can however be carried out using RhCl(PPh3)3 in ethanol: for instance, the ally1 

ether obtained from entry 3 (&) was transformed into the corresponding enol ether m in 81% yield in 

pure absolute ethanol. If the reaction is performed in 95% ethanol the process leads mainly to the dicthyl 

acetal which can be subsequently hydrolyzed to the aldehyde. A similar behavior was found in the case of 

the ally1 ether m obtained in entry 5. The rhodium-catalyxed isomerixation is especially important in the 

case of hcptanoyl chloride, since no direct transformation IO the cnol ether occurred even in benzene. In this 

case the complete process including an intramolecular aldol condensation of the 1,4-kctoaldehyde m led to 

the expected alkyl-substituted cyclopentenone26. 
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We have extended this work by preparing an organotin quivalent for the homoenolatc 

‘CH+JH+XH3 by hydmstannation of 3-methoxy-1-butyne. This reagent, &mainly in the (Ek 

configuration, works nicely as exemplified by the synthesis of a l&diketooe uk) which is a precursor for 

dihydrojasmone. It should be noted that the isometization step, performed in 95% ethanol, led directly to the 

diketone. 

y-Methoxyvinyltins as homoendate quivalents for access to f3-arylpropionatdehydes 

Scheme II summarizes the approach in which atyl bromides (E=Ar) am coupled with reagent 2. 

Although the cross-coupling occurs nicely in benzene with BnClPd(PPh~~ as shown in Table II. with 

various other functional groups being preserved, we did not succeed in obtaining enol ethers u either 

directly or through isomerixation of ally1 ethers u with Wilkinson’s catalyst or other catalysts such as Pd/C, 

PdC12 or Pd(OAch. 

In summary y-methoxyvinyltins. which are efficient for the synthesis of &acylpropionaldehydes, 

cannot be used as homoenolate quivalents for the access to B-atylpropionaldehyds because of the failure 

of the catalytic isomerixation step. The search for a general route must by-pass the transition metal-catalyxcd 

isomerizadon or improve it. We have done the first by using a silicon-containing y-mthoxyvinyltin. 

Silyl-substituted y-methoxyvinyltins as homoendate equivalents for access to P_acyl and baryl- 

propionaldehydes 

Allylsilanes usually react with allylic rearrangcment27. Introduction of a trimethylsilyl group at the 

allylic position of reagent 2 and subsequent cleavage after the cross-coupling step would solve the 

isometixation problem. Allylic deprotonation by set-BuLi, a relatively hindered base, avoid competing 

transmetallation. On trapping with trimethylchlorosilane the silylated ~methoxyvinyltin 14 was obtained in 

a non-optimized 60% isolated yield (Scheme III). 
Schema III 

SIMes 

13uBSn UOMe 
l)secBuLi,-7ac 

) Bu,Sn dOMe 

s 
2) Me$KI 

14 

SiMe, SiMe, 

Bu3Sn dOMe W EdOMe 
Bu4NF 

) EeOMe (+m 
Pd catalyst 

B,b,d : E-IX0 W20) 

If! 
lJa&.d: E-RCO 

sl-I: E-M 111-4 E-Ar 

The subsquent steps, cross-coupling and desilylation. am presented in Scheme III and occurred as 

expected : the allylsilane moiety does not interfere with the cross-coupling of the vinyl-tin bond. 

Cross-coupling was performed in the presence of BnClW(PPh3)2 and desilylation. run with 

commercial teuabutylammonium fluoride (containing water), led to the protaiesilylated pr0du~t.s~~. 
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In the cross-coupling of 14 with acyl cNorides. the silylated enones U (E=RCO). which am not 

very stable, were not isolated. The teaction mixtures wem treated dimctly with BqNF (two equivaknts. the 

second exchanging with nibutyltin chloride to give insoluble tributyltin fluotide) giving the expected enol 

ethers fi. A few examples am shown in Table III. 

For crosscoupling of 19 with aryl bromides, the silylated intermed&s 3 were isolated, purified 

and subsequently desilylatcd. The desilylation yielded the expected cnol ethos fi. contaminated in some 

cases with small amounts of ally1 ethers u. 

Table IIL Cross-coupling of 14 with acyl chlorides and aryl bromides, in the prcsena da palladium 

catalyst and aubaequent desilylation of the intermediates IS 

Entry EX fi (yield 9b.j Eml ether ll (yield 96) Ally1 ether M fyietd %) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

%I%~’ b lla(56) 

4-McOC6H4CQCl b llM53) 

IlC6H 13c0c1 b UWl) 

C&Br 151(76) U (64) lQf(g) 

6MeOCgH4Br l% (75) lk (56) lQg(l1) 

4-ClC&14Br lSh (72) llh (60) lQh(l1) 

4-CHCfjH4Br l5.i (65) lli (77) 1M (0) 

bN02CgH4Br l5.j (58) C 

&kc&i@ l5k (73) ilk (87) lQk (0) 

4-MeOCOCbH4Br u (71) 11169 lai (0) 

aIsolated yield - bNot isolated - ‘%esilylation not performed 

It can be noted that the desilylation step does not produce ally1 ethers 1p when strongly electron- 

withdrawing substituents ate present on the aromatic ring. This is probably due to the stabilization of a 

negative charge at the benzylic carbon atom, since the fluoride ion generates an allylic anion from the 

allylsilane. The anion is rapidly protonated itl& since commercial Bu4NF always contains water. 

CONCLUSIONS 

a-Ethoxyallyltins 1 can act as d3 propionsldehyde synthons in the transformation of acyl chlorides 

into B-acylpmpionaldehydes. a-Ethoxycrotyltributyltin has been successfully employed as an equivalent of 

the homoenolate anion CHjCHCH$HO. However the simplest non-substituted reagent a- 

cthoxyallylnibutyltin cannot be employed as an equivalent of %H$H$HO. This failure in combination 

with the rather long access to the organotin reagents (scheme I), constitutes a limitation to the use of a- 

ethoxyallyluibutyltins in organic synthesis. 
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On the other hand, rmethoxyvinyltin 2, conveniently pmparcd by hydrostannation of a propar&ylic 

ether was found to couple easily with ryl chlorides. I some&&on of initially fornXd ally1 ethers 1p, either 

u or subsequently, generated vinyl ethers 1l. precursors of l.kketoal&hydes. Reagent e thus, 

constitutes a direct equivalent of the homoenolate anion XZH2CH2CHO. The hydrostannation of a 

substituted propargylic ether provided an organotin rtagcnt W equivalent of the homoenolate anion 

-CH2CH2CDCH3 in the synthesis of l&diketones. However, y-mthoxyvinyltins also show a limitation in 

their use for the pnparation of f&rylpropionaldehydes. Cross-coupling of nagcnt 2 with aryl bromides was 

successfully performed, however neither spontaneous nor rhodium-catalyzed isomerizadon of the ally1 

ethers into enol ethers occurred in our hands. 

Finally, an efftcient method of performing the double bond shift to the desired enol ethers was 

developed using the silylated rtagent 1p. which is both a vinyltin and an allylsilane. In Pd catalyvxf cross- 

coupling with acyl chlorides and aryl halides 14 reacted as a vinyltin, generating allylsilants u. 

Desilylation, using fluoride anion in wet medium, occured exclusively or mainly with the usual allytic 

rearrangement and moved the double bond in the correct position. Reagent 19, easily obtained, tolerates a 

wide range of mactivt functional groups, and can be considered as a promising equivalent of the 

homoenolate anion XZH2CH2CHO. It is also a versatile polyfunctional reagent with a number of potential 

appIications. 

EXPE~~ME~AL SECTION 

Unless otherwise specified Proton Magnetic Resonance (*H NMR) was record& at 60 MHz on 
Perkin-Elmer R 12 and R 248 instrumnts in carbon tetrachloride with tetramethylsilane as internal 
standard. Other spectra wem 9onied at 200 MHz on a Bntker AC 200 instrumnt in the specified solvent. 
Carbon Magnetic Resonance ( C NMR1suecua were reconlcd on a Bmker WH 90 instNment at 22.43 Mz 
and Tin M<petic Resonance ‘$ectra ( ’ ly!& NMR) on Brukcr WH 90 (33.54 MHz) or AC ulo (74.63 MHz) 
instruments in the specified solvents (concentrations around 30-40 %) with tmamcthyltin as intmal 
standard. Mass spectra (MS) were recorded at 70 eV on VG Micmmass (16F or 707OF) spectrometers and 
infrared spectra on a hrkin-Elmer 683 specuophotometer. Gaz liquid chromatography analyses have been 
performed on a Intersmat IGC 120 FL appamrus. 

Organotin starting materials 

. . 
~ was obtained from ~lymethy~hy~silox~e and tributyltin oxide29 in 8S% 

yield. 

Bu3SnH 
was prepared by nacting isopmpyl~gnesium chloride with 

. To freshly distilled Bu3SnH (16g. 55 mmol) was added dmpwise iRMgCl(55 mmoi in c.a. 1N 
ether solution) within 30 minutes. At the end of the addition, Ihe reaction mixture was heated with a sun 
lamp until the end of the gas emission. The reagent Bu SnMgCl (45 mmol, 82%) contains hexabutylditin 
and traces of tetrabutyltin which do not interfere with furt ?I cr reactions. 

m was obtained from ditthylphenyl onhoformate and Bu3SnMgC131 
according to a previously described procedure. 

required 
w u) were obtained, according to already published procedures8, by reaction of the 

vinyl Gtignard reagent with CQ._~~IU a-cthoxymethyltributyltin initially prepared from 
diethoxymethyltributyltin and acetyl chloride . 
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(~phcny~ 
. @rakis(triphcnylphosphinc)paUadium33, W(PPh3)4, and bcnzylchlombis- 

t Rn~~2 wetc pmparcd according to littuatum. 

In a typical experiment, bcnzoyl chlori& (0.7g, 5 mmol). u-cthoxycrotyltributyltin (2.5g. 6.4 
mmol) and Bn~~~3) 
ovcraperiodof16hours, 

(30 mg. 0.04 mmoi) in dry THP (5 ml) wcm heated in a scaled tube at 100X! 
&tcr hcxanc-accto4titrile partition and concentration of the acetonitrile phase. the 

crude en01 ether 38 was purified by liquid cbromato phy on florisil (eluent : 15% ether in pctmleum 
ether). Similar experimental conditions were used OT the other bcnxoyl chlorides (excepted for the $‘ 
preparation of 5s where HMPA was used instead of TIIF). 

3HI,3.28?r;5 J=6.7Hz, 2H), 3. 
lH NMR (C 

SB” 
200 MHz] : @-isomer S 0 95 (t, J=6 7Hz. 3H) 129 (d, J& 7Hz, 

(c&blc q J=6 7 and 9 Hz, iti 4.86 (doublt d, J=9 an; i4 Hz 1Hj6 36 
(4 J=14Hz lH), 7.17 (m, 3H), 7.97 (m.2Hj. (Z&omcr, S, 0.981(t: J36.7 HZ, 3H), 1.34 (6 J=6:7&3H). 
3.42 On, J==6.7Hx, W). 4.42 (double d, J=6 and 9.8Hx, Hi), 4.61 (double q, J=6.7 and 9.8 Hz, 1H). 5.67 (d, 
J=6Hz, IH), 7.17 (m, 3H). 8.17 (m, 2H) ; 

jWtK& 204 (6.7),158 (7). 129 (5). 105 (21.3). 90 (lOO), 77 (20). 71 (84). 

3W. 3.6f?&, J-6.7Hz, 2H) 3 82 (s 3H) 4 0 (double q J=6 k &d 8 PHz, 1H) 4 89 (&ble d, J=8 9 and 
H NMR (C!DCl3,200 MHz) : @-isomer 6 1.22 (t, J=&7Hz. 3H) 1.30 (6 J=&6Hz, 

12.9Hz. lH), 6.39 (4, Jm12.4, iH), <0-7.&i im, 4H). (‘2)&o&, 8. l.i7 (t, J=6.%., 3H), 1.31 (d, J=&!iHz, 
3H). 3.82 (s, 3H). 3.92 (qt J=6.7Hz, 2H), 4.37 (double d, Jt9.8 and 5.9Hz IH), 4.54 (double q. J=6.5 and 
9.8H2, IH), 5.97 (9 J=5.9Hz, lH), 7.1-7.7 (m,4H). 

2.41 (s, 35”H,:, 3.27 (q~J~~ 
,ZtiXMHzj 

% 
: @Gcmcr, 6.0.94 (t, J=6.7Hz, 3H). 1.26 (d, J=&Wz, 3H). 

, 3.57 (double q, J=6.8 and 9Hz, lH), 4.77 (double 4 J=9 and 12.6Hz, 
W, 6.17 (6 J=12.6Hz, lH), 6.9-7.4 (m, 4H). (Z)-isomer, S, 0.87 (I, J=6.7Hz, 3H). 1.32 (d, J=6.8Hz, 3H), 
2.49 (s, 3H). 3.25 (q, J=6.7Hz, 2H), 4.44 (m, W), 5.51 (d, J=6Hz, lH), 6.9-7.9 (m, 4H) ; 

M&M@, 218 (6.9). 119 (78.3), 99 (lOO), 91 (28). 71 (67.7). 

‘H NMR (C 
3.24 (m,%‘&z, 2H) 3 54 (dou le h J=6 6 an; PHz, Hi) ‘4 76’(doublc d, J& anh 12 6Hz lri> 6 27 (d’ 6g 

6 2OOMHz) * (E? j-isomer d, 0 93 (t, J=7Hz 3H) 1.24 (d, J=6 6Hz, 3H) 

J=12.6Hz, lH), 7.~?.;6 (AB q, J&3& 4H). (Z)Gomc~. d, 0.89 (t, J=7Hz, 3H), 1.3i (d.>=fi.&., 3H): 
3.29 @I, J=7Hz, 2Hj, 4.34 (m, W), 5.56 (d, J=S.SHz, lH), 7.25-7.83 (AB system, J=8,3Hz, 4H). 

2H), 3.277;. IH) 3 65 (q J& 5 fiz &) 4 11 (4 iH (2)-i&) 4 53 (dbublid, J=8.7 a&l li3I&, 1H: 
lHN~.807”lS(~llH) llO(~J~7~3H)l2l(t J=67Hz 3H) 233(m 

@I-isomer), 5.99 &i,bj=@&., 1H; (Z)-&o&r); 6.48 (4 JL13.3Hz, lH:(E)-isomer). 

. 
Hvdrolvsrsorcadetbersv; 

The enol ether (lg) was added to a 30% H2SO4 solution (10 ml) and dte hetcmgcncous mixture 
was stirred at SOT during 1 hour. The organic phase was extracted with ether, washai with a potassium 
hydrogcnocarbonatc solution and dried over magnesium sulfate. Subsequent eihnination of the solvenr 
afforded the 1,4-kctoaldchydcs. 

lH NMR : 8. 1.12 (d, J=7Hz, 3H), 2.42 (double d, J=6.1 and 17.9Hz. lH), 3.04 (double 
d, J=7.9 !!% 17.9H~Rlc~ i?,79 ( m, J=7.0,6;1 and 7.9Hz. lH), 7.2-8 (m, 5H), 9.73 (broads, Hi) ; 

* : 1720,1675. The spectroscopic data of k agree with those of the littcrature 35 

#ll: ‘H NMR (C D 
1H). 2.72 (doubled. J=8.2 and P9 

2OOMHz) : 8.0.89 (d, J=7.9Hz, 3H). 1.89 (double d, Jr5.l and 18.SHs 
8. Hz, IH), 3.25 (s, 3H). 3.61 (m, J=7.9,5.1 and 8.2Hz 1H). 6.86 (m, lH), 

7.03 (m, fH), 7.41 0% lH), 7.63 (m, lH), 9.27 (broads, 1H). Anal. Cakd for Cl2H14O3: C, 69.88; H, 6.84. 
Found: C, 69.47; H, 7.01. 

‘H NMR * 6 1.10 (d J=7Hz 3H) 08-l 5 (m 11H) 2 31 (m 4H) 2.65 (m, IH), 9.78 
(broad s,%I. Anal. Caicd fo; C; 1 H200;: C, 7 1 j,; I$ l-1 .&. Fo&d: C, ‘7 1: 13; H: lo.74 
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0 

In the cx 
different compof IX 

rimental conditions aheady described fa a-ethoxycmtyluibutyltin, after 5 hours, 
were obtained from which yctboxyallyltributyltin was observed in poor yield. 

H NMR : d, 0.5-U (m, 27I-Q. 1.20 and 1.23 (t. J=6.7Hz, 3H.l. 1.56 and 1.63 (d, J=8.4Hz, 
2H), 3.67 (qJ=6.7Hz. W). 4.43 (m. J=5.7 and 8.4H2, 1H) (Z-isomer), 4.78 (m, J--8.4 and 12.5Hz, IH) (E- 
isomer), 5.67 (d, J=S.7Hz, 1H) (Z-isomer), 6.10 (d, J=12,5Hr, 1H) (B-isomer) 

i 19Sn NMR : 6, -t6,4 (Z-isomer), - 19.6 OE-isomer) 

. r3 

A mixture of Bu3SnH (18g, 62 mmol). methyl pmpargyl ether (4.2g. 60 mmol) and AIBY (1OOmg) 
was slowly heated and maintained at 1OO’C during 1 hour in toluene 
solvent, the distillation gave 2 (17_9g, 83%). bp I20-123X! (0.05 mmHg) 

ilop”‘). After evaporatxon of the 
. H NMR : 6.0.7-1.6 (m, 27H), 

3.27 fs, 3H), 3.89 (m. 2H). 6.13 (m, 2H). ‘Ik hydrostannation yielded a 70:30 mix- of (E):(z) isomers 
(analysis by g.l.c on a FFAP column). The mixture was enriched to a 98:2 (E)(z) mixture by column 
chromatography on silica gel (eluent : 3% ethyl acetate in petroleum ether). 

In a typical experiment a mixture of vioyltin 2 (2.2~. 6 mmol), benzayl chM& (0.7g. 5 v?), 
BnClPd(PPh3)2 (3Ckng) was heated at 9OT for 16 hours in benzene (5ml) in a scaled tube. After hqutd 
ch~to~hy on silica gel (&tent 7.5% ether in petmieum ether) the en01 ether l,& (Z+E mixtm) 
(46Omg) and the ally1 ether u$ (ISOmg) were isolated. In another experiment, perforumzd a1 IOO’C for 48 
hours, only enol ethcn lla were obtained. 

When performed in CH Q2 (4 hours at 65’C) the reaction gave only the aflyl ether 1Qp in 71% 
yield. In all cases, the crosscoupkg occurred with clean retention of configuration the ratio uln(E)/Ipn(Z) 
being the same as the ratio !@(E)&Z). Two experiments WCR made from 9(E)&(Z) = 98/L and 70/30 and 
the reaction mixtures were analyzed by g.1.c on a FFAP column. Similar experimental conditions were used 
for the other acyl chlorides. 

l.Qa : lH NMR : 6 3.49 (s, 3H). 4.12 (d. J=3.SHz, 2H), 7.10 (m, 2H), 7.51 (m, 3H), 7.99 (m, 2H). 
IR cm-‘l : I680,1630,1450. 

lip : lH NMR : (Z)-isomer, 6, 3.59 fs, 3H). 3.71 (double d, J-l and 6.7Hz, 2H), 4.67 (double t, 
J=6.7 and 6.5H2, lH), 5.97 (doublet, J=l and 6.5Hz, lH), 7.52 (m, 3H), 7.97 (m, 2H). (E)-isomr, 6, 3.51 
(s. 3H), 3.62 (m, 2H). 4.99 (double t, 14.7 and 13Hz. lH), 6.48 (d, J=l3Hz, lH), 7.43 (m, 3H), 7.94 (m, 
2H). 

l&: lH NMR : 5, 3.33 (s, 3H), 3.76 (s, 3H), 4.04 (d, J=3Hz, 2H), 6.91 (m, 2H). 6.82-7.83 (AB 
system. J=$7.7? 4H). 

- * 1670,163O,l600,1420. 
m : *H’NMR : fZ)-isomer, 6,3.61 (s, 3H), 3.63 (double d, J=l and 6.5Hz. 2H), 3.81 (s, 3H), 4.68 

(apparent q, J+.SHz, lH), 5.98 (double t, J=l and 6.5Hz, lH), 6.86-7.92 (AB system, J= 8.7Hz. 4H). (E)- 
isomr, 6.3.52 (s, 3H), 3.55 (m, 2H), 3.81 (s, 3H). 4.93 (double t, J=&S and 12.5H2, lH), 6.43 (d, J=l2.5Hz, 
lH), 6.86-7.9OI(AB system, J=&7Hz, 4Hf. 

uk: : H NMR : 6.3.41 (s, 3H), 4.16 (d, J=3Hz, 2H), 7.09 (mm. 2H), !.45-7.94 (AB system, J=8Hz, 
4H). 

u : [Obtaifcd after Kugelrohr distill+ion. bp 8o’C (0.05 mmHg)]. 
H NMR : (E)komer (maJo& 6.0.8-1.5 (m. 1 IH), 2.47 (t, J=6.5Hz, 2H), 3.35 (s, 3H), 

4.05 (double d, J=3.9 and 1.2H2, 2H), 6.21 double t, J=16.7 and l.2Hz, lH), 6.73 (double t, J=3.9 and 
16.7Hz. lH1. _ _.. .._, ~.., 

IR cm‘ 1 : 1710, I640,1470. 
MS: ME, 184(2.3), 139(38.5), 114(22), 113(ll.3),~(1~),7l (50.5). 
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. . 
IsomenzatlonlQa-lla 

The isometimtions were run in se&d tubes with either 95% ethanol or absolute ethanol as solvent, 
in the presence of RhCl(PPh3)3 (l-296 molar) at 1 IO’C during 20 hours. At the end of the beating, insoluble 
clear yellow crystals wem pmsent. After elimination of solvent the crude residue was chmmamgqhied on 
Florisil (eluent : 10% ether in petroleum ether). Enol ether m ((B)-isomer) was obtained in 8 1% yield for 
the reaction in absolute ethanol while in 95% ethanol the ketoaldehyde dicthylacetal was obtained in 75% 
yield 

u (lg) was heated for 1 hour at 5o’C in HCl3N or 30% H SO4 (10 ml), under nitrogen. After 
extraction with ether, washing with 5% NaHCO3 and drying over Mg & 
obtained in 92% yi~ki. 

4,. ~benxoylpropionaldehyde was 

Litt36 Ug’ 
H NMR : 6. 2.72-3.18 (m. 4H). 7.42 (m, 3H). 7.92 (m. 2I-I). 9.78 (appatent s. 1H). 

. . . 
mUIll_ 

The reaction was performed in 95% ed~anol and gave the diethylacetal corresponding to the 
kctoaldehyde in 73qb yield 

H NMR : 6. 1.16 (t, J=7Hz. 6I-I). 1.94 (double t, J=7.3 and 5.3Hx. 2H), 2.89 (t, J=7.3Hz, 
2H), 3.46 (m, 4H), 3.82 (s. 3I-I). 4.48 (t, J=5.3Hz, 1H). 6.85-7.88 (AB system, J=8.7Hz. 4H). 

E h ydro~<~in HCl3N gave the 
MR . 6, 2.69-3.13 (m, 4H , 3.73 (s. 3H), 6.78-7.80 (AB system, J=8.7Hx, 4H). 9.73 

cotmy ding 1,Cketoaldehyde 12h in 93% yield 

(apparent s, 1H). Litt. 

An isomeric mixture (ZjB=70/30) of enol ethers m was obtained in 84% yield in absolute 
ethanol. 

lH NMR * (Z)-isomer 8 0 8-15 (m 11H) 2 34 (m, 2H) 3 02 (d, J=7Hz, 2H) 3.61 (s 
3H). 4.45%: J=7 and 6Hx. iH). 5.93 (d,‘J&x, iH) ; ‘@)-i&r. 8.0.8-1.5 (m, 11I-I). 2.34 (m, 2H). 2.88 
(d, J=7Hz, 2H). 3.52 (s. 3r). 4.72 (double t, J=7 and 12,5Hz. 1H). 6.27 (d, J=12.5Hx. IH). 

IR cm- (Z + E mixture) : 1720.1610,1410. 
A sample of the isomeric mixture (lg) was added to 30% H2SO4 (10 ml) and treated as above. p- 

hcptanoylpropional (0.84g. 9 1%) was obtained 
6, 0.8-1.5 (m, 11H). 2.38 (m. 2H). 2.61 (apparent s, 4H). 9.72 (apparent s, 

1H). 
IR cm-l : 1720. 1410, 1380. Litt.37 

To a mixture of water (40 ml), dioxane (40 ml) and 10% NaOH solution (10 ml) at reflux. was 
added dropwise. over 1.5 hour, a solution of ~heptanoylpropionaldehyde (0.85g, 5 mml)u2d) in dioxa~~ 
(10 ml). The teflux was maintained 10 minutes and the mixture was ncutralizcd with 1N HQ. After 
extraction with ether, drying and evaporation of the solvent, the pmduct was distilled (Kugelrohr) to give 2- 

bp 89-91-C (0.1 mmHg)- 
6H) ; 7.21 (m, 1H). 
210.2 ; 157.5 ; 146.7 ; 34.6 ; 31.6 ; chain 

A solution of Bu3SnH (6.2g. 21 mmol), 3-mcthoxy-1-butyne (1.8g, 21 mmol), pmpamd by 
methylation of I-butyne-3-01, and AIBN (50 mg) in toluene (2Oml) was slowly heated and maintained at 
1OOC during 1 hour. Distillation of the reaction mixture gave the y-methoxyvinyltin p (WZ=80/20) (5.25g. 
67%). bp 11 l-l 13.y (0.1 mmHg). 

H NMR ((E)-isomer) : 6, 0.7-1.6 (m. 30H), 3.19 (s. 3H), 3.62 (double q. J = 4.8 and 6 
Hz, 1H). 5.72 (doubled. J = 4.8 and 18.7 Hz, 1H). 6.13 (d, J = 18.7 Hz, 1H). 
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The cross-coupling was performed in benzene as alre&y &scribed for 2 and the product & was 
isolated bpid cp_ . E gra hy on silica pl (eluent : 10% ether in petroleum ether) in 79% yield. _ 

. ,0.8 1.5 (tn. 14H), 2.51 (m, W), 3.29 (s, 3H). 3.84 (m, 1H). 6.09 (d. J = 16.7 
Hz. 1H). 6.62 (doubled, J = 16.7 and 5 Hz), 1H). 

The ally1 ether (lg. 5 mmol) was heata! at 1oo’C during 24 hours, in a scaled tube, in the presence 
of Wilkinson’s catalyst (90 mg) in 95% ethanol (15 ml). After chromato8mphy on silica, ZJ-undecancdione 
(650 mg,G%) (u4) was isolated 

Litt37 ’ 
H NMR : 6. 0.8-1.5 (m, 11H). 2.10 (s. 3H). 2.38 (t. J = 6 Hz), 2.56 (apparent s, 4H). 

In a typical experimtnt a mixtum of bromobenztne (0.95g. 6 mmol), reagent 4 (2.16g. 6 mmol) and 
BnClPd(PPh 
houn. until tL 

)2 (30 mg) was dissolved in bcnzcne and heated at 1oo’C (scaled tube) over a period of 14-20 
appatiuort of a black precipitate. The ma&on mixture was then chromatographied on silica 

gel (elucnt : 7.5% ether in pctrolcum ether) to give the aJkyl ether m (81%) mainly as the Q-isomer. 
conditions wete used for the other aryl bromides. 

NMR : 6.3.30 (s, 3H), 4.01 (d, J = 5 Hz, 2H), 6.19 (double t, J = 5 and 16 Hz, lH), 
6.64 (d, J = 16 Hz, tI$kg (a patent s, 5H). 

and 16 H!$?&. 6.5? (d, J = 
g 3.29 (s, 3H),3.73 (s. 3H). 3.99 (d, J = 5.3 Hz, 2H), 6.02 (double t. J = 5.3 

1:6 k. lH), 6.8-7.29 (AB system, J = 8.7 Hz, 4H). 
lQh: H NMR : 6.3.30 (s. 3H), 3.99 (d, J = 5 Hz, 2H), 6.09 (double t, J = 5 and 16 Hz, 1H). 

6.53 (d. J&16 Hz, lH)..7.25 (apparent s. 4H). 
: fluuonwnh CH Cl ) 

H NMR (CD?) :?j, 3.34 (s. 3H). 4.05 (d, J = 4 Hz. 2H). 6.28 (m, J = 4 and 16 Hz, 
1H). “.a$ J = 16 Hz,.lH).~.52 (I&t system, J = 8.9 Hz, 4H). 

: flunon mth CH2Cl ) 
H NMR (CDCl ) .s 3 39 (s, 3H) 4 20 (dJ = 4 Hz, 2H), 6.39 (m, J = 4 and 16.5 Hz, 

IH), 6.77 (d. J = 16.5 Hz, lH), 7.53&2 (‘Ai system, J’= k.7 Hz, 4H). 

To a solution of ‘I_methoxyvinyltin 2 (21.7g, 60 mmol) in THF (150 ml), 43.5 ml of see-BuLi 
(1.4M in cyclokxane) were added at -78’C under nitrogen. The mixture turned yellow-brown and was 
quenched with Freshly distilled Me Sic1 (6.5g, 60 mmol) at -78’C and kept under stirring for 1 hour. The 
tcmperaturc was slowly rised to -1 a* C and the mixture hydrolyzed with a saturated solution of ammonium 
chloride in water. Fe organic phase was dried over MgS04 and 14 was obtained in 60% yield (14.5g) 
(Kugelro~distilla~on). 

lbNMR : 6.0.12 (s. 9H), 0.7-1.6 (m, 27H). 3.25 (s, 3H). 3.44 (m. lH), 5.89 (m, 2H). 
Sn NMR (C6D6) : 6, -45.52. Anal. C&d for Clfl420StSn: C, 52.66, H. 9.77. 

Found: C. 52.79; H, 9.87. 

. . . . 
Cross-cwDllneofu 

In a typical procedure reagent 19 (2.5g. 5.8 mmol), the acyl chloride (5 mmol) and BnClPd(PPh )2 
(20 mg) were heated at 8o’C. under nitrogen, in THF (10 ml) until a black p=cipitatc appeared. & 
mixtures were cooled to O’C and a solution of Bu4NF (Aldrich) in THP (1M. 10 ml) was added. After 
hydrolysis and extraction of the organic phase. the enol ethers fi were isolated by liquid chromatography on 
Florisil (eluent : 10% ether + 90% petroleum cther).Tbe abeady described enol ethers lip, Ilh, and m, 
were obtained mainly as (Zj-isomers. 
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. . . . 
Cross-cwohneafu 

In a typical procedure a mixture of bromobenzcne (1.57g. 10 mmol), reagent 14 (5.2g. 13 mmol) 
and Pd(PPh3)4 (50mg) in benzene (10 ml) was heated under nitmgen a1 1 WC during 20 hours in a sealed 
tube. The reaction mixtute was treated with a 30% KF solution in water in order to precipitate aibutyltin 
fluoride. The silylated ether m was isolated by liquid chromatography on silica gel (cluent : 5% ether in 
petroleum ether). 

Ut: lH NMR : 6.0.10 (s, 9H), 3.38 (s, 3H), 3.56 (d, J = 6 Hz, H-I). 6.19 (double d. J = 6 Hz 
and 16 Hz, 1 H). 6.54 (d, J 7 16Hz. W7.34 (appatent s. 5H). 
Found :, C 70 .;,.. 05 H Fli”- : 1500, 1450. 1250. 1080. Anal. Calcd for C. 70.84; H,9.15. C13H2OOSi: 

The desilylation of m was performed by adding 10 ml of a Bu4NF solution (1M in THQ to u 
(1.92~. 10 mmolcs in 20 ml THFI at O’C. After stirrinn for 5 minutes the. reaction mixture was hvdmlvzcd 
kd tk organic phase extracted \;ith pentanc. After cckoentration and liquid chromatography on-silica gel 
(eluent : 5% ether in petroleum ether) the en01 ether m was isolated as a (Z):(E) mixm in addition to a 
small amount of the ak8dy described m. Similar experimental conditions were used for the other atyl 
bromides. 

lH NMR: 6. 3.21 J = 7.2 Hz. 3.41 4.78 Wisomer (25%). (d, 2H), (s 3H). 
1%; lH), 6.45 (d. J = 13 Hz, 1H). 7.19 (m, 5H) ; (Z)-isomer (75%). 6. 3.;5 (&J = 7 

(double t, J = 
7.2 and Hz, 2H), 3.56 
(s, 3H), 4.48 (double 1, J = 7 and 6 Hz, 1H). 5.90 (d, J = 6 Hz, IH), 7.19 (m, 5H). Litt. . 

& : (elucnt : 2% ethyl acetate in petroleum ether). 

‘H NMR : 6.0.11 (s. 9H), 3.39 (s. 3H). 3.55 (d, J = 6 Hz, IH), 3.81 (s, 3H). 6.09 (double 
d. J = 6 and 16 Hz, lH), 6.57 (d, J = 16 Hz, 1H). 6.9-7.39 (AB system, J = 8.7 Hz, 4H). Anal. Calcd for 
C14H2202Si: C. 67.15; H, 8.86. Found: C. 66.96; H. 8.76. 

u : (ynly (Z) isomer) 
H NMR : 6, 3.30 (d, J = 7.3 Hz, 2H). 3.59 (s. 3H), 3.78 (s, 3H), 4.48 (double f J = 7.3 

and 6 Hz, IH), 5.95 (d. J = 6 Hz, 1H). 6.74-7.11 (AB system, J = 8.7 Hz, 4H). 

m : (clup; gz;lh 1 acetate in petroleum ether). mp 70-7 1’C ; 
: i, 0.12 (s, 9H), 3.37 (s, 3H), 3.57 (d, J = 5.3 Hz, 1H). 6.11 (m, J = 5.3 Hz 

and 16 Hz, 1H). 6.50 (d, J = 16H,lH), 7.33 (apparent s, 4H). Anal. Calcd for C13Hl9ClOSi: C, 61.27; H. 
7.51. Found: C. 61.12; H. 7.43. 

llh (Z/E = 60/40) 
‘H NMR : (E>isomer, 6. 3.15 (d, J = 7.2 Hz, 2H), 3.43 (s, 3H), 4.68 (double t. J = 7.2 

and 13 Hz, 1H). 6.31 (d, J = 13 Hz, 1H). 7.14 (apparent s, 4H) ; (Z)-isomer. S, 3.30 (d. J = 7.3 Hz, 2H), 3.55 
(s,3H), 4.41 (double t, J = 7.3 and 6 Hz, lH), 5.91 (d, J = 6 Hz, lH), 7.14 (apparent s. 4H). 

fi : (elu~~:~~ 1 acetate in pretrolcum ether). 
:Z ,0.12 (s, 9H), 3.40 (s,3H), 3.64 (m. 1H). 6.43 (m, 2H). 7.55 (AB system, J = 

8 Hz, 4H). Anal. Calcd for C14Hl9NOSi: C. 68.52; H, 7.80. Found: C. 68.13; H, 7.67. 

fi : mai 
P 

ly (Z)-isomer (elucnt : 109i ether in petroleum ether) 
H NMR : 6. 3.30 (d. J = 7.3 Hr, 2H), 3.52 (s, 3H), 4.45 (apparent q, J = 7.3 and 6 Hz, 

lH), 5.90 (d, J = 6 Hz, 1H). 7.16-7.43 (AB system, J = 6 Hz, 4H). 

m : (elufnt : 4% ethyl acetate in petroleum ether). mp 106-107’C. 
H NMR : 6. 0.10 (s, 9H), 3.39 (s, 3H), 3.65 (m, IH), 6.48 (m. 2H). 7.48-8.18 (AB 

system, J = 8.7 Hz, 4 H). Anal. Calcd for Cl3H19N03Si: C. 58.83; H. 7.22. Found: C. 58.45; H. 7.10. 

m : (elyent : 10% ether in petroleum ether). mp 57-58’C. 
H NMR : 60.11 (s, 9H), 2.52 (s, 3H), 3.39 (s, 3H). 3.54 (d. J = 3.8 Hz, IH). 6.32 (m. J 

= 3.8 and 15 Hz, 1H). 6.56 (d, J = 15 Hz, 1H). 7.44-7.83 (AB system, J = 8 Hz, 4H). Anal. Calcd for 
C,gH2202Si: C, 68.65; H, 8.45. Found: C, 68.43; H. 8.53. 

Ilk : ma’ iy (Z)-isomer (eluent : 7% ether in petroleum ether) 
Y H NMR : 6, 2.35 (s. 3H). 3.30 (d, J = 7 HZ, 2H). 3.52 (s. 3H). 4.39 (apparent q, J = 7 

and 6 Hz. lH), 5.89 (d. J = 6 Hz, 1H). 7.15-7.71 (AB system, J = 8 Hz, 4H). 
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lH NMR : 6.0.12 (s. 9H). 3.38 (s, 3H). 3.59 (6 J = 4 Hz, lH), 3.90 (s, 3H), 6.43 (m, 
2H). 7.43-8.02 (AB system, J = 8 Hz, 4I-I). Anal. Calcd for Cl5H2203Si: C. 64.70; H, 7.96. Found: C, 
64.25; H, 7.74. 

m, mainly (Z)-isomer (eluent : 10% ether in petroleum ether) 
H NMR : 6, 3.38 (d, J = 7 Hz, 2H), 3.49 (s, 3H). 3.81 (s, 3H), 4.45 (apparent q, J = 7 

and 6 Hz, IH), 5.93 (d, J = 6 Hz, 1H). 7.21-7.88 (AB system, J = 8 Hz, 4H). 
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