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Preparation of 3,3-bis(Tributylstanny l)propenes,
Potential New 1,3-Allyl Dianions
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Afmfruct : (E)-l-(ter?-Butyl~metiyl)silyloxy-3,3-bis(tibutylstinyl)pmpne 11 as wefl as l-N,N-
diisopropylc~bmoyloxy-3,3-bis(tibutylstinnyl)propene 10 have been prepared upon addition of
Bu3Sn(Bu)Cu(CN)Li28 to diversey-heterosubstitutedacrolein precursors, followed by addition of
exeess HMPA and of the requiredelectrophile.A E7Zmdo of 95:5 was reachedin the ease of 11. The
reactionmay oeeor tbroughanaddition-elimination-additionsequencewhere the stannylatedacroleinB
is thougtttto be a commonintermediate.Tbe best results were obtainedupon single conjugateaddition
of S to (E)-3-(tibutylstmmyl)-2-propenal 12 (78%). A two-pot synthesis of the title compound was
developedfromthe irtexpensivertmlooatdehydebis(dirnethyl)acetat14. 01997 ElsevierScienceLtd.

Theuse of getninalbimetallicspeciesas versatilebuildingblocksforthesynthesisofcomplexmoleculesis
becomingmore and more popular,as illustratedby a recent review.1Strategiesinvolvingsuch species are
particularlyefficientsincetheyallowseveralreactionsina singlestepaswellas flexiblemulti-stepsequencesof
gteatsyntheticsigntilcancein termsofC-Cbondformationwithhighchemo-,regio-and/orstereoselectivities.

Several 1,1-distatmyl-l-alkenes(vinylicgern-distannartes)have been preparedand their chemistryhas
been explored.2On artotherhand, 1,1-heteroorganometallicl-alkenes or 2-alkeneswhere one tin atom is
involvedhave alsoreceivedsomeattention3andSn-Sihybridswererecentlyshownto be promisingsynthetic
intermediatesdueto theirhighintrinsicchemoselectivity.4C3alkylunitsbearing1,1-distannylsubstituentsare
alsoknown.Sincethe pioneeringworkof Leusinkwhofirstunambiguouslyidentifiedsuchadducts,sonlyfew
reportsdealtwiththeirpreparation.Since1992,differentC3 1,1-bis(tributylstannyl)alkylderivativeshavebeen
deseribed6 and some syntheticusefulexamplesof the chemistryof these highlyfunctionalisedC3 building
blockshavejust been reported.7However,amongthe differentbimetallicspeciesinvestigatedso far, the 1,1-
distannyl-2-propenylderivativessuchas 1 (allylgern-distannanes)havereceivedlittle attention,perhapsdueto
theirdifficultyof preparationor their anticipatedinstability.To ourknowledge,such 1,1-distrtnnyl-2-alkenes
havebeen preparedonlyrecentlyby two differentroutes,via 1,3-bis(phenylseleno)propeneintermediates8 or
via Eschenmoser-Claisenn%trrangementof a 1,1-distannyl-3-hydroxy-l-alkene.9

3,3-Bis(tributylstartnyl)propenessuch as 1 may be particularlyinterestingbuildingblocks since they
representpotential1,3-ally~cdim-ionsof type2 (Scheme1).

~M = Bu#tI 1 3 4
Scheme1

e-mait: ferezou@poly.polytectmique.fr

6657



6658

They may undergo, in a first set of reactions, homoaldolor allylation type reactions to give the
corresponding vinylstannanes 3.10 In a second set of reactions, these vinylstannanescould be suitable
p~ursors of 4, boththroughdirectnucleophilicreactionsaftertransmetallation11or via the widelyusedPd(0)-
catalysedStillecross-couplingreactions.lzWereporthereourrecentresultsconcerningthe preparationof the
titlecompoundswhichcouldalsobeseenas theenolethersof 3,3-bis(tributylstannyl)propionaldehyde.

Alongwithourcurrentsearchfornewvematileallylicsynthonswhichcouldbe convenientlyelongatedat
bothends, theconjugateadditionof stannylnucleophilesonto3-(NJV-diisopropylcarbamoyloxy)acrolein6 was
studied.lqWhen aldehyde6 was treatedwith the mixedhigherordercuprateBuJSn(Bu)Cu(CN)Li2814(2.2
w), thenquenchedwitheithercarbamoylchloride(3eq) or tert-butyldimethylsilylchloride(3 eq), no traceof
adducts9 was detectedand the startingmaterialwas totallydegraded(Scheme2). Whenan excessof HMPA
(ea. 10eq) was addedbeforequenchingthe reactionmixture,a singlenewproductwas obtainedin eachcase.
Afterpurification,the 3-gem-distannylatedenol derivatives10 (R = OCb)and 11 (R= TBS)were isolatedin
40$?. and 41% yield in a 77:23 and 95:5 E/Z isomers ratio respectively.ls No trace of the mono-addition
products9 wasdetectedandthe onlyotherisolatedcompoundswerestarmylby-products.

(Y= OC41)

2)E@ @u3Sn
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6 Y= CtO (Ref. 13) cm 10 40% 7T:23

“ Y= cm TBSCI 11 41% 95:5

7 Y= pMacrPhs (Ref.16) TBSCI “ 54”’6 95:5

Scheme 2

To our knowledge no report deals with such type of double stannylationreaction. Interestingly,the
distannanes 10 and particularly 11 are sufficiently stable to be purified by standard silica gel flash
chromatographyand can be stored for monthsin a freezerwithoutparticularcare. In additionto the above
assays,the sulfidederivative7 wasexperimentedas electrophile.16Here again,no three-carbonadductother
than the expected gem-distannane 11 was isolated after quenchingthe reaction mixture with tert-butyl-
dimethylsilylchloride.

Froma mechanisticpointof view,it wasreasonableto assumean initial conjugateaddition-elimination
sequenceleadingto themono-stannylatedvinylstannaneB via theintermediateA (Scheme3).
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Scheme 3

The stannaneB could be in turn subjectedto a secondconjugateadditionof cuprate8 to deliver,after
quenchingwith theappropriateelectrophile,thedepictedgem-distannylatedadducts.AlthoughHMPAis known
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to accelerateO-silylationof enolatesafter conjugateadditionof organocupratesto variousa,&unsaturated
carbonylelectrophilesin presence of silylatingagents,17its exact role in the addition-elimination-addition
sequencedevelopedhemdeservesmorestudies.RecentfiidingsfromOehlschlageret al onorganocyanocuprate
structuresuggesta dissociationof initialmixedhigherorderheterocyanocupratesintoGilmrmtype cupratesin
pxesenceof HMPA.18

In orderto test theabovepostulatedaddition-elimination-additionsequenceleadingto 11, it wasdezidedto
submitthe known(E’)-3-(tributylstannyl)-2-propenal12 to the HMPApromotedcupratereaction(Scheme4).
Thisrddehydewasefficientlypreparedaccordingto a knownprocedurestartingfromacetylenicacetal1319and
wassubsequentlysubjectedto the additionof Bu3Sn(Bu)Cu(CN)Li28 in presenceof HMPA.Afterquenching
with TBSC1,the gem-distannane11 was isolatedby chromatographyas a singleproductin 78% yield. This
efficientsyntheticsequencehasbeenconductedona 20gscale.

1) Bu3Sn(Bu)Cu(CN)L~ 8 Bu/3n(Bu)Cu(CN)L~ 8

+Et
2) MeOH, -78°C + rt

J
THF, -78°C

D Bu3Sn \ o .;51+OT..
OEt 3) Si02, (COOH)2,CH2C12 HMPA,TBSCI

13 96% overall 12 7a% 11 (.az’= 95:5)

Scheme 4

The aboveroutestartingfromaldehyde12offersa convenientaccessto thegem-distannane11 although
it requiredthe ratherexpensive3,3-diethoxypropyne13as startingmaterial.Lookingfor an alternativerouteto
11 whichcould take advantageof the precedingaddition-eliminationsequence,we next turnedto othereasily
available starting materials and commercialmalonaldehydebis(dimethyl)acetal14 quickly emerged as a
promisingcandidate(Scheme5). Treatmentof 14withaqueousDowex50X8-200followed,after filtration,by
additionof a 5MNaOHaqueoussolutionupto pH8 gave,afterdryingundervacuumandrecrystaUisationfrom
HzO/acetone,the expectedsodiummalonaldehyde15in 80%yield.20In a one-potprocedure,the lattersodium
salt was transformedinto the expected distannylatedsilyl enol ether 11:in-situconversionof 15 into the
correspondingtosylate accordingto publishedprocedure,21followed,after coolingto -78°C,by sequential
directadditionof thehighercuprate8, thenHMPAandfinallyTBSC1,cleanlyaffordeda reactionmixtutewhe~
the onlydetectablematerialwas the expectedgem-distannane11.Thisbi-metallicspecieswaseasilypurified
fromothertin contaminantsby two subsequentcolumn-chromatographysteps.Despiteits modest35%overall
yield,this two-potsynthesisof 11 presentsa practicalalternativeto theprecedingroutestartingfrom13.

a) TsCI, 16-er-r3,THF,

.:U!:Me ‘0wex50x8-20: JO ‘) BUERN2Y’ : ~::ahomsthen 5N NaOH/H20 NsO \

80% c) HMPA,then TBSCI
14 15 35% 11

Scheme 5

In summary,in this paperis reportedthe firstpreparationof thegem-distannylatedolefinderivatives10
and 11. Different synthetic routes were successfullytested accordingto an addition-elimination-addition
sequenceinvolvingconjugateadditionofBuJ3n(Bu)Cu(CN)Li28toy-heterosubstitutedacroleinprecursorsin
presenceof HMPA.To date, singleadditionof cuprate8 to theknownmono-stannylatedacrolein12 appears
the most efficient approach to the syntheticallypromisingsilyl enol ether 11. Some preliminary results
concerningthe syntheticpotentialitiesof thisnewbis-starmylspeciesarereportedin thefollowingpaper.~

Acknowledgements : Thanksare due to CNRS,URA 1308for fmancirdsupportand to La LigueNationale
Contrele Cancerfor a fellowshipto D.M.



6660

References and Notes :

1.
2.

3.

4.

5.
6.

7.
8.
9.
10.
11.
12.

13.

14.
15.

16.

17.
18.

19.

20.

21.
22.

Marek, L; Normant, J.-F. CherrLRev. 1996,9673241-3267.
a) Mitchell, T. N.; Amamda, A. J. Organomet.Cherrt1983,252,47-56;b) MifeheR,T. N.: Reimatm,W. J. Organomet.
Cherrr.1985,281, 163-171;c) Mitchell, T. N.; Rehnan, W. 1 Organomet.Chenr.1987,322, 141-150: d) Larrtens,M.;
Huboux, H. TetrahedronLert.1990,32,3105-3108;e) Lautens, M.; Ben, R. N; Delsnghe, P. H. M. Tetrahedron 1996,
52, 7221-7234;f) Irnrrnieh,H.; MseLeod, D.; Quayle,P.; Zhao, Y.; Davies,G. M. TetrahedronLett.1992,33,405-408;g)
Zltsn,Y. ; Quayle,P.; Kuo, E. A. TetrahedronLett.1994,35, 3797-3800.
Yatsgai, H.; Ysmamoto, Y.; Maruysrn% K. J. Am. Chem.Soc. 1980, 102, 4548-4550. Ysmsmoto, Y.; Yatsgsi, H.;
MS1’UySmS,K. J. Am. Chern.L$OC.1981,103, 3229-3231.
Lautens, M.; Defsnghe, P. H. M. Angew.Chem.,Int. Ed. Engl.1994,33, 2448-2450.SW rdsoRef 2e) and references
UumArl.
Leusink, J.; Noltes, J. G. J. Organomet.Chem.1969,16, 91-102.
See Ref 2f. Meurice, J.-C.; Vsflier, M.; Andr6, S.; Ratier, M.; Duboudht, J. J. Organomet.Chem.1995, 49Z, C5-C6.
Isono, N.; Mori, M. TetrahedronLett.1995,36,9345-9348.
Isono, N.; Mori, M. J. Org.CtrenL1996,61, 7867-7872.
Reich, H. J. ; Ringer, J. W. J. Org.CherrL1988,53, 455-457.
Lsutens, M.; Hubmrx,A. H.; Chin, B.; Downer,J. TetrahedronLett.1990,31, 5829-5832.
For a review on these reactions, see Marshafl,J. A. CherrLRev.1996,96, 31-47.
Pereyre,M. ; Quinfard,J.-P.; Rshm, A. in Tinin OrganicSyntIwsis;Butterworth,London, 1987.
StiUe,J. K. Angew.Chem.,Int. Ed. Engl. 1986,25, 508-524. Stille, J. K.; Groh, B. L. J. Am. Chem.Soc. 1987,109,
813-817.
6 ww obtainedby IBX oxidation(91% yield)of the correapmrding3-hydroxy-l-alkenylcrabsrnsre: Marfec,D.; F6n5zou,J.-P.
Synlett1996,867-870.For IBX oxidation, see: Frigerio, M.; Srrntagostino,M. TetrahedronLeft.,1994,35, 8019-8022.
Frigerio, M.; Ssnfagostino, M.; Sputcrre,S.; PsJmissno,G. J. Org.Chem.1995,60, 7272-7276.
Lipshtrtz,B. H.; Etlswottfr,E. L.; Dimock, S. H.; Reuter,D. C. TetrahedronLetf. 1989,30,2065-2068.
All new compoundshave been fully chsracterizedby IH NMR, 13CNMR, IR, mass spectromeoyand combustionsnafysis.
Representative protocol : l-(ten-Butyltietiyl)silyloxy-3,3-bis(tibutylswnyl)pro~ne 11 from 12. To a suspensionof
CUCN(4.05 g, 45.3 mmol, 1.20 eq) in 270 mL of THF at -78°C was added dropwisea 1.55 M solution of butytfithimnin
hexsnes (58.5 mL, 90.5 rnmol, 2.40 eq). The mixture was stirred at -40”C for 30 ntin then eonled to -78°C. To the pate
yellow solution was added dropwisetributylfinhydride(24.5mL, 90.5 ntmol, 2.40eq). The dark yellowmixture was stirred
at -40”C for 30 mitt then cooled to -78°C beforedropwiseadditionof a solutionof (E)-3-(fributyMarnryl)-prop2-ensf 12
(13.0 g, 37.7 mmol) in 120mL of THF. Ilre resultingrcd solutionwas stirredat -78°C for 30 min and HMPA (66 mL, 0.38
mol, 10 eq) was added dropwisc.After stirringat -78°C for a further 15min. a solutionof rert-butyhlirnefhylsilylchloride
(17.0 g, 113 mmol, 3.00 eq) in 80 mL of THF was added dropwise. After 1 h at -78”C, 250 mL of saturated aqueous
NsHC03 was added and the mixture was allowed to warm to room temperature.After deesnrafion,the aqueouslayer was
exbzrcfedwith 3x300mL of diefhyIetier and the combinedorganiclayers were washedwith brine, dried over MgS04 and
concentrated.The crude productwasprrrifkdby two successivesiJicageIflash chromstographies(100% pemolemnether) to
give 20.35 g of 11 (72% yield, E/Z= 95:5). IH NMR (CDC13,400 MHz) & 6.09 (d, IH, J= 11.7 Hz, JSn.H= 19.8Hz),
5.24 (old,IH, J = 12.6, 11.7Hz, JSn.H = 29.2 Hz), 1.63(d, IH, J= 12.6,Jsn-H = 55.8 Hz), 1.46 (m, 12H), 1.34 (m, 12H),
0.90 (m, 39H), 0.12 (s, 6H). 13C NMR (CDC13,50.3 MHz) 8 135.7(CH, JSD.C=57 Hz), 114.9 (CH, JSn-C=42 Hz),
29.5 (CH2, .fsn.c = 19 Hz), 27.7 (CH2,Jsn.c = 56 Hz), 26.0 (CH3), 18.5 (C), 13.8 (CH3), 10.4 (CH2, J117sn-c = 307
Hz, J119SU-C= 293 Hz), 3.8 (CH, JSn.C=213 Hz), -4.9 (CH3).Anat. Crdcd.for C33H720SiSn2, 750.44,C: 52.82, H:
9.67. Found : C : 52.86, H : 9.66.
Pure (E)-3-(4-methoxypfrenylthio)prop-2-enst7 has been prepared in 94% yield from metlyl propiolsfe : Grhnsud, L. ;
F&+zou,J.-P.; Prunet, 3.; Laflemand,J.-Y. Tetrahedron1997,9253-9268.
Alexskis, A.; Berkrn,J.; Besace,Y. TetrahedronLett.1986,27,1047-1050.
Cabezss, J. A.; Oehlschlager, A. C. Synthesis1994, 432-442. Cabezss, J. A.; Oehlsehlager, A. C. J. Am. Chem.Soc.
1997, 119, 3878-3886.
Wender, P. A.; Sieburfh, S. McN.; Petraitis, J. J.; Singh, S. K. Tetrahedron1981,37,3967-3975.Ostwsld, R.; ChavsnL
P.-Y.; Sfadtdfller, H.; Knochel,P. J. Org.Chem.1994,59, 4143-4153. For the synthesisof 3,3-diefhoxyprop-l-yne,see:
LCCocq, A.; Gorgues, A. in OrganicSynrhesis;Wiley: New York, 1988,COILVol. VI, P 954. F~ mix~ higher *
cuprate addition to 13 : Beaudet, I.; Parrsin, J.-L.; Quintard, J.-P. Tetrahedronfin. 1991,32, 6333-6336; Marek, I.;
Atexskis, A.; NorrnsnLJ.-F. TetrahedronLetf.1991,32,6337-6340. For a recent applicationof sldehyde 12, see Lipahutz
B. H.; Lindsley, C. J. Am. Cheat. Soc. 1997,119, 4555-4556.
For recent synthetic applications of 15, set : Gdmez-SArrchez,A.; Herrnoshr,I.; Lssssfetfa, J.-M.; Maya, I. Tetrahedron
1993,49, 1237-1250and referencescited therein.
David, S.; Lubineau, A.; Vati?le,J.-M. New.J. Ctwm1980,4, 547-558.
Madec, D.; F&rr?zou,J.-P. TetrahedronLea.1997,nextpaprx.

(Received in France 17 July 1997;accepted 28 July 1997)


