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A GENERAL ONE-POT SYNTHESIS OF 1,3-BUTADIENYL PHOSPHANES 
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Abstract: The condensation of a six membered cyclic phosphonyl-phosphanyl anion with an~ 8- 
unsaturated aldehyde leads to the direct generation of a 1,3-butadienyl phosphane according 
to a Wittig-Horner type elimination. 

The 1,3-butadienyl phosphanes Z2P(CH=CH)2R (Z=R,RO,NR2) are compounds of particular inte- 
rest in the field of coordination chemistry Decause they [epresent the fusion between two ve- 
ry popular ligands: a tricoordinated phosphorus and a conjugated diene I. However the potential 
they afford for building complexes has been largely unexplored due to the difficulties to pre- 
pare such unsaturated phosphorus structures 2. As far as we know the first synthetic approach 
reported in 19803 consists in the reduction/complexation of a parent phosphine sulfide and is 
a five-step process. More recently it has been proposed a different strategy which is a trans- 
fer reaction from zirconium dienyls to phosphorus 4 but though the process is shorter (two-step) 
it requires a quite sophisticated starting material (enyne). 
In this comunication, we present a new and more facile access to the title compounds which is 
based on a Wittig-Horner 6ype reaction. We previously described a performing one-pot prepara- 
tion of e, 8 -unsaturated tetracoordinated phosphorus species Z2P(O)CH=CHR where the direct ge- 
neration of a methylene diphosphonic anion was involved 5. Analogously it was attractive to gene- 
rate unsymmetrical methylene anions i.e. bearing two phosphorus atoms in different coordination 
number (pIII/pIV)(~ Scheme I) andreact themwith ~ ,8-unsaturated aldehydes in order to built buta- 
dienyl phosphanes systems. Unfortunately though the phosphonyl-phosphanyl entity ~ is easily 
obtained by condensation of diethyl methylphosphonate ! on a chlorophosphane 2 in presence of 2 
eq. of LDA, the further addition of a carbonyl reagent RCH=CHCHO doesn't induce the Wittig-Hor- 
net elimination. The reaction stopped at the formation of the aldol adduct 4 which exhibits a 
great resistance to decomposition into conjugated olefin (after 3h at + 60°3 4 is recovered un- 
changed). 3 and 4 have been characterized in situ by 31p NMR [6 (CDCI3) fpm :- (3, +43, -21, AB 
system ; 2~pp (H~)=+156) (~ ; +24.7, -29.7 ; AB system ; 2JpP(Hz)--+43.9 . 
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According to the mechanism proposed in the literature 6, the decomposition of 4 should be 
induced by the intramolecular nucleophilic attack at p~osphorus (pIV) leading to a-transient 
pentacoordinated cyclic intermediate (oxaphosphetane P ) rapidly cracked into salt and olefin 
(syn elimination). As know, the nucleophilic attacks at tetracoordinated phosphorus are very 
sensitive to substituent effects, and specially cyclic substrates (five or six-membered phos- 
phates~ phosphinates, phosphonates) have shown enhanced reactivitles compare to open chain ana- 
logues I. Furthermore during our investigations on the bisphosphonic species, we remarked the 
greater mobility of the six-membered ring group 5,5-dimethyl-2-oxo-l,3,2-dioxaphosphorinane 
with regard to its diethyl phosphonyl equivalent. In fact when a competitive elimination is run 
between these two phosphonyl groups the cyclic phosphate salt is prep~yeliminated(So~,~II). 
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These observations brought us to use cyclic phosphonates as starting materials in order to 
favor the decomposition of the corresponding aldol adducts. Thus 5,5-dimethyl-2-oxo-2-alkyl-l, 
3,2-dioxaphosphorinanes 5 which are stable solids easily accessible 8 have been tested in the 
reaction (Scheme Ill). 
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- Scheme III - 

According to Scheme III, the addition of an ~,~-unsaturated aldehyde on the in situ gene- 
rated anion 6 leads after return to room temperature to the spontaneous formation of the desi- 
red 1,3-butadienyl phosphane ~. The condensation is usually run at 0°C excepted when RI=cI : a 
lower temperature is then required (-40°C) due to the unstabillty of the anion 6 when it is ~- 
chlorinated, in other cases (RI=H, CH3) 6 is stable a few hours at room temperature. After remo- 
val of the salts, ~ is obtained in satisfactory yield and purity. 

In sharp contrast to Scheme I, the intermediate aldol adduct is quite never detected what 
evidences the destabilizing effect of the ring. 
In an attempt to explain this activation, we suggest that there are two factors involved : 
- a facilitated access to the phosphorus atom favoring the intramolecular cyclisation. The 
O-P-O angle values being similar in a six-membered ring and in an acyclic phosphonate (=I05°C) 9, 
the rigidit~ of the chair conformation and the resulting inhibition to rotation might be better 
implicated lu -a contribution of the ring to an enhanced stability of the intermediate oxaphos- 
phetane pV resulting in an enhanced rate of the nucleophilic attack II. However more research 
will be required to fully understand this substltuent effect. 

The various compounds summarized in table I tend to prove the generality of the method. The 
large range of substituents available on phosphorus and on the diene moiety will permitt to mo- 
dulate the interaction of these two coordinating sites with a metal. Equally the structures con- 
taining P-N bonds (entries 9 12) easily convertible into P-C1 or P-H bonds 12 are of particular 
interest for further s/~nthetic transformations. 

In every case the preferential configuration of the newly formed double bond is that bearing 
the P atom and the existing double bond in trans ( E when R 1 = H, CH 3 ; Z when R I = C1 ). The 
obtention of only one isomer when R 1 = H (entries i73 , 7-10) and of a m~xture when R 1 ~ H 
(entries 4,5,11) is typical of Wittig-Horner reactions where the stereochemistry may vary with 
the steric hindrance of the anion 13. The bulkiness of the reactants constitute also a llmitant 
factor for the reactivity : when simultaneously R I, R 2, R3 are alkyl groups (entry 6), the inter- 
mediate aldol adduct is again detectable and shows a sluggish and partial decomposition into ~. 

Work is actually in progress to overcome this steric limitation and to investigate more 
deeply the stereocontrol of the reaction. 
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TABLE I : 1,3-BUTADIENYL, PHOSPHANES : 

R 1 R 2 / R 3 

Z _ ~" C=C~ -~C=C ~ H 

--~p/ -~x H 
Z ,/ 

! 

entry Z Z' R 1 R 2 R 3 Yield a NMR 31p 3jp H Configuration 

% (CDCI 3) (Hz) of the new 
double bound 

6 ppm 

1 ¢ ¢ H H CH 3 80 - 1 5 . 1  10 .1  E 

2 ¢ ¢ H Br • 70 - 1 4 . 7  1 0 . 9  E 

3 ~ ~ H CH 3 C2H 5 55 -14.5 15.4 E 

4 ¢ 4~ Cl H CH 3 64 ~+8.3 [10.2 Z 70 c 

~-- -8.1 t31.5 CE 30 

%.-17.1 - I0 

6 ~ ~ CH 3 CH 3 CH 3 incomplete reaction 

7 C2H50 C2H50 H H CH 3 35 +159.0 15.5 E 

>~--0 H CH 3 H 85 +145.0 13.6 E 8 
0 

9 (C2H5)2N ~ H H CH 3 68 +53.0 10.7 E 

i0 (C2H5)2N • H CH 3 C2H 5 54 +56.7 15.3 E 

t +5°'4 I_- LE 20 

a-Most of the compounds were isolated as clear or pale yellow oils excepted for entry 2 
a brown solid has been obtained. All of them have been characterized by IH and 13C NMR 
elemental analysis and/or mass spectrometry, b- The geometry of the double bond ~ to 
the phosphorus atom has been determined by IH NMR (Br~ker AC 200 ) and IH { 31p } NMR 
(Bruker WP 80) and according to spectroscopic data of vinyl phosphanes available in the 
literature 14 . c- The ratio E/Z has been measured by integration of 31p NMR signals.The 
3JpH (trans) was not measurable for entries 5, II . 

In conclusion, the availability of starting materials, the mild reaction conditions 
and the generality towards several different structures make the present method a very 
convenient route to 1,3-butadienyl phosphanes. 

This study has been focused on butadienyl skeletons but the preparation of less or 
more unsaturated systems Z2P(CR=CH)nR (n = I, n>2 ) is currently under investigation. 
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General procedure : to a stirred solution of lithium diisopropyl amide (40 mmol from 4.1g di- 
isopropylamine and 27 ml of 1.6 M n-butyllithium in hexane, 2.0 eq) in anhydrous THF (30 ml) at 
-78"C is added a solution of 5 (20 mmol 1.0 eq) in anhydrous THF (20 ml) such that the tempera- 
ture remained below -60"C. The resulting solution is cooled to -78°C, stirred at that tempera- 
ture I0 min and then the chlorophosphane 2 (20 mmol, 1.0 eq) is added dropwise. The solution is 
allowed to warm to 0°C (-40°C entry 4), the aldehyde is added dropwise, the reactional mixture 
is then warmed to +20°C (+30°C entry 5) and stirred 20 min at this temperature. The resulting 
solution is concentrated under reduced pressure, the residual viscous solid is suspended in he- 
xane (200 ml) or hexane/benzene (85/15) then stirred during two hours. After removal of the pre- 
cipitated salts by filtration on celite®the filtrate is concentrated to give pure ~. The salts 
can also be eliminated by whashing with deoxygenated water (2x15 ml) in CH2CI 2 the organic layer 
being then dried on Na2S04, but due to the sensibility of [ (side polymerisation and oxydatlon 
are frequently observed) direct trituration in hexane is usually preferred. [ must be stored in 
the cold under inert atmosphere. 

entry 10:IHNMR 6(CDC~)ppm: 0.9(t,3H,C_H3CH2CH=);I.O(t,6H,CH3CH2~);I.75(s,3H,C~H3C==);2"I5(dq, 
2H,CH2CH=);3.0( dq,4H,CH2N);5.6(t,IH,CH2~H=);6.15(dd,IH,PCH=, JPH=7.2Hz);6-64(dd,IH, PCH=CH, 
• jp~=15.3Hz 3JHH(trans[=17.1Hz;7.3(m,5N,~6H5 ). 13C NMR6~DCI~)ppm : 12.3(~H3C=);14.0 7 
(C_H3CH2C=);15.1(C__H3CH2N);21.9(CH2CH=);44.4(CH2N);125.2(PCH=~H, JCP=14.2Hz);127.5(C4,arom) 

;~28.2(C3~5~ar~m);~3~.6(C2,6~ar~m);~33.8(Cq~ar~m~JCP=~2Hz);~37(C2H5~H=);~42.5(CH3C=);~47.7(PCH= 
(]JCF=36Hz). mass spectrum (E.I., 70 ev): m/z 275(M,47%),246(M-C2Hs,77%),I76(100%)? 
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