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Stereoselective synthesis of substituted
2-(diethylphosphonyl)-4-(trimethylsilyl)buta-1,3-dienes
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Surnmary — The lithinted derivative of dicthivl 3-(trimethvisilvhprop- Leuvlphosphonate 1 added casilv, bu with o poor
diastercoselectivity, 1o varions aldehvdes leading ta aleahols 5, whose dehivdeation under aeutval conditions gave the ke
dienes T oas steveomeric mixtures. Naoticeable improvement in the [E 7 sstercoselective access 1o the divnes 7 wans achieved
by using, a one-pot procedure. which combined the above aldolization reaction with a phosphorclation eliimination scoue nee,

lithiated diethyl 3-(trimethylsilyDprop-1-enylphosphonate / aldolizntion / dehypdration / phosphorylntion climination
/ 2-tdiethylphosphonyi)-d-{trimethylsilyl buta-1.3-dienes / (5 ) stereoseleetivity

Résumé - Syuthdse stéréosdlective de 2-{dithylphosphono)-l-{triméthvlsilyl) butn- 1 d=didnes substitudés,  iddition
du derive lithie Jdu S-(rrimeethylsilvB prop-1-ényviphasphonate de dicthvle Tsor cdilfdvenes aldédivdes s"eftectine Seilement mais
avec ane faible distérdosalectivitg, ponr conduire anux aleools B domt T desliveleatation e milivn neatees fowemt les divies
T attetdus, sons la lorine Jdun elange de stéreoisomeres, e anclioration notable de Lo storeosclectin ite e Ta svnthose
des dities T ode géometries 0 FUEY esi obtenne encombinant, dans une operations etadisce cnoun send reactem, lovenetion
Galdalisition precedente avec tne soglienee de phosphorylation: climination.

3-(trimdthylsilyprop-1-ényiphosphonate de didgthyle lithié / aldolisntion / deshydentation / phosphiorylaion
élimination / 2-(di¢thylphosphonyD-a-(trimcéthy lsily Dbt ne 1 Beditnes /(P stérdontlectivit e

Introduction witdecided to stidy the syither e spplications of the -
sibviared aonhicbent corhaniion derived o the dicthyd
SormethusivDprop-onvlphosphonate 100 A el
paper of Moo ot al 90 deseribing, some reactions of
this veagent b prompted s toopoblish oo resalts i
this tield.

Dialkviphosphonvlsnbstuated dhienes U as wdl as
then topdhsisibvl-nbstitared connterparts 20 e -
tractivee bindding blocks i orgamie svuthesis, Foroexe
.‘1[|||'I||‘, |ult]1 nf l'n'[l\ l‘*;nl Y I)l«'l\ ,"\lxli']' |}'|‘|:L|l|<|,llt‘!.\
whicht con be nsed Lor foether straetural eotiversions
A O the other e as eleetionsdebicient abkenes,
phiospliotdienes mderao Michael imeleaphilie addingg
veactions 1 whibe dienyisthoes give tise ta the spee
citic teaetions of vinylsilaes with cleetrophiiles < 1o Developing the methadology ased for 1he *‘“""l“""‘i"
||]|- ‘n\-«[ |)|‘“|1|‘ l‘{ll““‘ll"l}.‘,". Ha |'N‘|H]|)||- al o (||||“I[]j__l“|l|1i ol 2 ‘llllkhl)llllllllhll'll“I.:‘I*(“l'l"'.‘\ [-—li. W l"'illif"'l Al

Resnlts aned diseassion

dicie sibstitnted by phasphonyl and silvl grongs at
onee, s eens reported. Nevertheless: the presence, on
1111' salhe |'n||]l|g.|l('l| .\.\‘.wfl'|1|. of \ll!l\( Met s Hl‘l)llllli.‘\ll“
clevtione eflicts, mizhit be protitabily exploited Tor the
recioscantrod of the seactivite of the diene,

T previons actiche we deseribed a general svithe-
<1~ of vinoushv sibstitnted 2-Giethiviphosphony b buata-
Lo dhenes fronn ollvhe JIIH l-|1|||1||‘|t|‘.\ L an b lolisatwomn
Avehydiation seqonence - 500 Mare pecently weilhes
teatesd the svothetie potent iditios of s aenetatod
a-silvhed allvlic phosphonate carhanions for - the
<vnthesis of 2-phosphone- L dadienes B0 ob Lalkoxy-
2-plu ).‘-|I||ulln~l,.‘l—|]u Qes _.'u atd ol sone ot her funetionald
visaturated phosphonates G0 87 Presniny this work.

Corpesponde nee and reprints

ot ol experitnents in DEFOE T PrepRre prectliso) v al-
cohol> 5 {tom the Lithted derivative 2l il
hyvdes (selemne T Phosphonate Towas obtaned s
trimethylsilylation of the Bthiated derivicive of dicthy
allviphosplionate as early reported SO0 i i
Giisopropwlanide (LDAY as a0 Dase el Atotchomeryie
anonis o seaaetd e, i order to ot ol

Fisesilvbationy Lo isomerization reactiots

TR

Whien troston] with o \|‘|'.“||I eveem, o LLIEA i LI
A Tu O phospliomate bowie guagitanvely s
formend inte Che Jichinted devividive 20 whose fornng-
o conld beomonitorad By STONMR spertioseopy
SOUTTEY ~ E 02 e adelivion, b thie same tener
:|1|||c*. of it aronmatie or aliphatic aldehiyade, the roesnlting,
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v ity of the ambident andon 20 Ty most cases, the
proeceutpe it aleohol 6 pdetermined o the ernde mix-
ture by “HPNMR fatecration measurements. in com-
poriol o carhinod 51 was lower than LT 0 reached
1707 for sthe reaction wirh propana! (table oentey o)
HEIN

In cach ease. the erode mixture was purified by
colutill elwomatography over 505 (eluent:  hex-
anc/ether, iy gradiewr) without any decotnposition {15,
However. we wore not able to eutirely diseard the ~-
adduct by this process. Finallv, we assiged the tHireo-
aned erigthirodiastercomers of the wadn producrs § ac-
vordiug to the 4, compling constant measuretuent
i their 'H NAR specirane as previously reported 55
{rom the sanwe speetrae we establishoed nnequivoenlly the
( E-confizaration of the donble bond in 8, by measore-
tent of the g0 coupling constant (see experimental
part), As observed in the non-silvlated series 510 we gen-
eraliv noted heve too the predomiat formation of the
threa addonet 425 Tn one case (8d). no stereoselectiviry
wias olwerved jlfi

[his v atively poor diastercoselectivite of the reacs
tion of carbanion 2 with aldebvdes was o strong laadi-
cap for the preparation of steteoliotogeneons phospho-
wodienes fromy alvaliols 5. For exinple, when o wis-
ture of dinstercomerie aleohiols Ba wis sabanitted tathe
lil'l'\'i\l\l_\[_\' woleetaod 1]“]’1_\'1[[‘.1! on reaction coticitions 5.
el dicveloliexvlearbodinide (DCCY catalvznd In
anhvdrons voppertl D ehlorkde (sehewre 2), 0 mixture of
Pl Bl s Zysbatasd-diene Tacin o vatio 7129, very
Claso to that (71260 of the starting th-5a e r-Ha ixture

(7 was obtained, as expectad for suchoa stereosprecific
delivdration provess
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velnnination e tion of aocinter-
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T 190 Hleretore we anticipated that this method
cothl b sitable oo thee st fve ||[‘l'||ill‘i|liclll of
VBB phosphivisdicnes T othonr phosphonate 1,

Fho~ when the noxture of alhoxiles 3 amd A4 result.
v Teore the seldhition of ap abdebvde to thee solution
of carbanm 2 Cos depie ted i schetie D, was trented
A T Ot L erquin ot diethiel chilorophespliante,
e phosphvavhation recatiom tonk place T,
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Scheme 2

leading to the diastercomeric phosphates 8 (seheno 3,
as proved by P NAR spectroscopy [20], Stabilization
ol the oxyanion by the neighboring trimethylsilvl group
in 4 might explain the low nucleophilivity of this anion
toward chlorophosphate, in comparison to that of anion
3. and might justify the fornation of phosphate 8 ouly,
as a rosult of shift equilibriv [13],

Theu, treating the mixture at =70 “C with potas-
sivm #erf-butoxide and rising the terperatuee 1o 20 ¢
for about 36 min. achicved the complete elimination of
diethyl phosplate feom the CO-phosphorvlated interme
diate 8. leading to phosphonodiene T as o mixture of
two geometrical (1-E, B}/ (-2, 4 E)-isomers i a ratio
higher than 2515, determined by TP NAR integration
ueastireent on the conde product {seheme 35 taible T,
Clirnatographic sepavation of the erude misture over
silica gel (eluent: hexane/ether, in geadient) allowsd ns

to isalnte w purificd product containing ot least 945 of

the (1-F 2-E)-phosphonodiens T

The significant grovenient in the ratio between
the diene isopers (-F BT amd (20 BT res
sulting from the one-pot addition elissinntion sequence
(sehemie A3 comparison to the one resultiog from e
twa-step process Gsolation of disstercomeric aleohiol 5,
then debivdration by DOCH seems to e consistent with
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an EleB wechanism for the elimination of phosphate in
the transient phosphonate phosplite 8, leading 1o the
fortation of the less stevivally stradned (8 0SB -diene
I
=11

Conclusion

In this work, we deseribe o ellicient ] steven
seleetive one-pot synithesis ol snbstiteted 2-(ediethivl-
phosphony-4- ety s D bora- Ldsdienes 7 from
the readily  nvailable divthyl 3-(ovisiethvisilyLprop-
Levviphosphiomate 10 Despite the poor dinstercas
selectivity of the renetion ol the Tithiatod degivntive of
owith aldelivdes, we ave obtsined o very pnd de-
groe of (F)-stoveoselectivity in the Tormation of the
1.2«double hond of the dienes by using o transient
phospliate moiety as Teaving geonp. Finallve noaidiee
guent stinchd eliomatographic sepavation firnishes

-

the expected dienes 7 oo () stereoisomerie: pn-

Fiew Diaher s 015 wsable for forther syntheses 1220

Tabte T1 Svithesis of 2-{diethelphosphony U= Sprimethy sl botas Likadienes 7.
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ton of the dithiated dervivitive of diethv] propenviphos-
phonate with aldehvides:
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phates B exhibitod two sets of pairs of signals, at &
T ~ 220 10 20 for the phosphouate part aml ot 8
(THEY ~ =310 =3 tor the plmxphuh\ oyl

i) Lhe genevation, tn the st step ol the B el elimina-
tian provess, of a tensitory stabilized eathanion eapae
Ble of undevgoing Tone-pair inversion, might explain the
1 K p-steteaselective formation of the [L2-double bod of
T ron acdinstersomorie mistire of phosphotes 8.
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) The Eleld snechanisim bas been postalated for the
formation of E3=alkadien-2-glphosphonic esters frang -
chloroalkenylphosphonates, by delivdrochlorination ro-
action, tnder the actow oF sodivin f=latoxide Chorevich
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