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Abslnct 

The phenylphosphinidene-penmcafoonyllungslcn complex 2, as gencrmed from the ~ 7 - ~  ~ L 
reacts at 60"C with benzophenon¢: to give a benzo-aanellated 1-oxa-2-~yclehex-4-eae 2-oxlde as a I:1 ~ o fnvo 
3a,b. The same phosphinidene complex 2 reacts at i20"C with fluoremme. A danxyge~tion of ~ takes t~ace ~ to die 
bifltmranylidene 4 and to an eight membered 1,2.8-oxadJphosphocane 2,8*dioxide 5. Be~h compoem~ 3b a~l $ have beer fe~y 
characterized by X-ray crystal s ~  analysis. The two reactions me interpt, et~ as resulting from the ~ f~matina of a P- - - O 
Lewis addura between the phosphinidene and the ketene. 

Key, cords: Phesphinidene; Benzo~enane; Huo~nane; O x a d i ~ ;  1,2-Oxaphosphacyclehexeee 

l . ~ e c t i e n  2. The n m i o a  wim ~ 

Whereas nucleophilic terminal pbosphiniaene com- 
plexes display a clear-cut Wilfig-type reactivity towards 
carbonyi derivatives [!,2], i.e. they convert C=O into 
C=P double bonds, the reactivity of e l e c ~ l i c  termi- 
nal pbosphinidene complexes towards the same type of 
compound appears to be almost unpredictable. At least 
three pathways have  been uncovered until now: the 
[1 + 2] cycloaddition leading to oxapbosphirane com- 
plexes [3], the insertion into an a -C-H bond when 
available [4], and the insertion into the O-H  bond of the 
enol tautomers [4]. Since the acidic ~-hydrogens play a 
centr-d role in the reaction of enolizable ketones with 
terminal phosphinidene complexes, we decided to "also 
investigate the course of the reaction in the absence of 
such hydmgans. More precisely, we report hereafter on 
the results of the reactions of the relm:senmave terminal 
phosphinidane complex [PUP-, W(CO)5], as generated 
from the corresponding 7 - p b o s ~  com- 
plex [5,6] with banzophenone and fluorenune. 

• Con~ponding  author. 

The c ~  ~ c o ~ o ~  of ~ 7 ~ -  
bornadiene complex I was camk~d oct a~ 60"C in the 
presence of an excess of b e n z ~ :  

(OC~W-R-- Ph 

ZSh ~ 

a~ 1:1) 

(D 

The monitoring of the crude re~tion mLxtl~ by 31P 
NMR specUef, copy showed the f ~  of several 
prndects. Amung thee. the ~ m ~ "  oaes ~ ,b  were 
successfelly peri f~ by chromatognq~. The ~3C ~ t  
31 p NMR spectra immnditlely sbowed that both 3a aad 
3b were mngsten-f~ee. I k s i d ~  ebe qeasi-idemity of  the 
31 p and ma~ s l ~ ' ~  of both ~ ~ wg- 
gested that 3Lb was a diasam:onm'ic m~mne. V-really, 
(he 1H al~ 13C s[~gffll a~so showcd thai both 3m and ~ 
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Fig. 1. t~Tl~, drawing of ~ moteclfle of 3b, as determined by a 
s i ~ #  crystal X-my diffractioQ study. E n i ~  me scaled to eaclose 
50% ~ tim eiectttm de~si'ty. Hydrogen atoam am omitted for clmity. 
Selected Imad lesgths (A) and angles (deg):. P-O( I ) 1.586(2), P-O(2) 
1,467(2), P-C(I) 1.829(3), P-C(9) 1.786(3), O(-I)-C(8) IA63(3). 
C(!)--~2) 1.530(4), C(2)-C(7) 1.400(4), C(7)-C{8) I..526(4); {3(1)- 
P-O(2) 115.0(I), O(I)-P-C(I) 103.0(I), O(I)-P-C(9) 102.5(I), 
0(2)-P-C(9) 112.7(I). C(I)-P-C(9) 110.9(I), P-O(l)-C(8) 
126~2), P~-'(I)~--'(2) 111.8(2), C(1)--C(2)--C(7) 120.1(2), C(2)- 
C(7)-c(8) t20.6(2), o(D-c(g)-c(7) io9.o(2X 

im:mpe~,.ted aa sp3-CH group directly bonded to pbos- 
pboms. 

CH: 8(H) +4.17 [ 2 J ( H - P ) = I 5 . 3 H z ] ,  8(C) 
+48.43 [~J(C-P) = 80.9 Hz], 

3b. CH: 8(I-I) +4 .40  [2J (H-P)=30 .5Hz] ;  8(C) 
-'-50.74 [ IJ(C-P)  = 77.1Hz]. 

The final identification of 3a, b came from an X-ray 
crystal smmture analysis of  3b  (Fig. 1). The smmmre of 
3b  incoqx~ms a benzo-mmellated 1-oxa-2-phospha- 
cyciobex-4-eee ring. With a P h - P - C  ~.-Ph torsion angle 
of  58.41(0.24) ~, 3b displays a c/s disposition of the 
plumyl groups on P and C3, and hence 3a  corresponds 
to the trans isomer. This is in line with the higher 
2J(H-P) coupling in 3b cmresponding to a c/S dlsposi- 
tion of  C~-H and P = O  [7]. We propose the following 
m~hanism for the fonnalion of 3: 

(2) 

® ® 
1 . _ 

wICO}s 
Ph Ph Ph Ph 

Ph ira 

- w~c~)s o~  

The first step involves the formation of an acid-base 
Lewis ~ma,,,-t betweet the benzophenom aad the pbos- 
phinidene. Such an a d d ~  is similar to the ylide ob- 
tained in the re.a~on of pbosphinider,¢ complexes with 

amines or pbosphi~s [8]. With a bulky s e b s d ~ n t  at 
pbospboms, such an adduct can cyclize to give the 
oxaphosphirane complex observed by Stmubel et al. [3]. 
The formation of this ad,hw~t transforms phosphorus into 
a mmleophilic centre which can attack a second molecule 
of benzophenone. Then, a cyclization occues via an 
eleca'ophilic substitmion reaction at the ortho position 
of one of the phenyl rings of the second molecule of 
benzophenone. The final decomplexafion with isomeri- 
sation of the 1-hydroxyalkylphosphine into the con'e- 
sponding phosphine oxide is more classical [9]. 

3. The renCtioa with f l m r t n m m  

The reaction of 2 with fluorenone needs more drastic 
conditions than the reaction with benzophenone. The 
coeA~=fion was performed in boiling toluene without 
a catalyst, using a 3 molar excess of fluorenone: 

PhP--.-'WiGO}s] 2 ~ m  1 

S 

(3) 

The two main products of  the reaction are the bifiuo- 
renylidene 4 (rep,eseming a 24% conversion of the 
fluorenone used) and the 1,2,8-oxadipbospbocone $ 
(27% yield on the bails of 1). The identification of 4 
was based on its characteristic mass [m/z 3'28 (M +, 
100%)], ~H NMR and 13C NMR spectra. The stnmtu~ 
of the oxadipbospbocane S was established by X-ray 
crystal structure analysis (Fig. 2). The relative orienta- 
tion of the two P = O  double bonds is trans. Even in the 
crude reaction m b t u ~ ,  the c/s-isomer was not detected. 

Even ff it is difficult to spectflam on the mechamsm 
of formation of  $, it clearly appears that 2 has deoxy- 
genated the fluofenone. Such a reaction has some prece- 
denL Tribotylphosphine has been shown to reduce fluo- 
renone to # r e  bifluorenylidene [I0]. The transient for- 
matioe of a carbeae was postulate& Ic toluene, this 
carbene is able to abslnmt hydmgea to give a flumtnyl 
radical which oligomerizes to give trimeric units. The 
formation of 5 seems to follow a similar pathway. The 
ability of  2 to use its lone pair to reduce a carbouyl 
derivative demonstrates the ambidem reaOivity of  such 
pbospidnidene complexes. This finding cottobomms 
earlier results of the group of  Stmubel ,m the reactivity 
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Fig. 2. owre, ~awing of or~ ~ of 3b. as ~ by a 
single cwstal X-ray ~ study, mUpsoids a~ scaled to eadme 
50% of the ele~mm demity. Hy~ogen arums am ondmd fer clmty. 
Selected ~ ksq~ths (~) ma m~es (d~.  ~0-O(2) L60q(2), 
P(1)-C(I) 1.840(2), 0(2)-P(2) 1,604(2), F(2)--C(9) 1.82Q(2), C(9)-- 
C(8) 1.54~(3), C(8)--C(3) 1.423(3), C(2)-C(3) l...~q(3), C(I)--C(2) 
1.604(3); P(I)-O(2)--F(2) 135-5(I), O(2)-P(2)-C(9) 103.52(9). 
P(2)--C(9)-C(8) 109.3(1), C(3)-C(8)--C(9) lYat.4(2). C(2)-C(3)- 
C(8) 128.8(2), C(1)-C(2)--C(3) 118.0(2), P(I)-C(I)--C(2) 121.4(1). 

of similar species towards both electnm-rich and elec- 
tron-poor alkynes [i l] .  The versat/fity of these term~rmi 
phosphim'dene complexes as synthetic reagems in 
organophosplml~ chemistry is thus highlighted . ~ i n  

All reactions were performed under nitrogen: the 
solvents were _ptgified, dried and degessed by standard 
I ~ l t l e s .  lI-I, t3C and 31p N]~R sp~clra w~.l~ 1 ~ 
on a Broker AC 200 SY spec'm:anet~ operating at 
200.13, 50.32 and 81.01 MHz respectively. All chemical 
shifts m'e reported in pa~,3 per mmiou down~td fn~m 
internal TMS (~H and C) and external 85% H3PO4 
(~tp). Mass spectra (El) were obtained at 70eV by the 
dileCt inlet mettm& 

4.1. Reaction of 2 with benzophenone 

A solution of the 7-phv~o~ottoma~ee complex 1 
( lg ,  1.5 × 10 -3 tool) add 1 3 ~ A J p ~  (0.83g, 4.5 × 
l0  -~ tool) in toine~e (10ml) was heated at 60°C for 
2~h with cop t~ l )  chloride (20rag) as a catalyst. ,~ter 
filtration and evaporation of the solution, the gsklue 
was c l m m m t ~  on silica gel (70-230 mesh 
Merck) with ether as the eluent: 3a Rf ~ 0.38, 3b 
R f ~  0.59. 

~ .  0.13g (18%). 3lp l ~  (CDCI3)." ¢~ 29.7. 1H 
(CDCI3): ,5 4.17 (d, 2j(H-P)ffi 15.31-Iz. IH, 

CHPh). t~C NMR ( ~ 3 ) :  ~ 48A3 (d, tJ(C-P)ffi 

S5 

80.9Hz, CI-IPh), 92.04 (d, ZJ{C-P)=9.3Hz, CI~). 
Mass: m/z 332 (M + - PhFO 2. 78%), 254 000%). 

3b. 0.12g (17%). 3XP NMR (CDCI3):. B 31.3. ~H 
NMR (CD~3): 8 4.40 (d, 2 j (H-P) -30 .SHz,  I l l ,  
CHPh). 'SO NMR (CDCI3): 8 50.74 (d, *~C-P)=~ 
T7.1Hz, (THl~), 92.28 (d, 2 j (C-P)~8.7Hz.  C]~2). 
Mass: m/z  332 (M ÷ -  PlLPO2, 56%), 254 (100%). 

4.2. Reaction of 2 with fluorenone 

A soluuon of complex I ( l .3g,  2 X 10 -3 mot) and 
fluorenoue (1.1 g, 6 × 10 -3 tool) in toluene (10ml) was 
heated at 120 °C in a sealed ttfl3e for 41L Aft~ evapma- 
finn of the solution, the r e , l e e  was d a e m a t e g r ~ m l  
on silica gel with hexaae/CH2CI2/ether in vadem 
nttios as the eluem. The ~ 4 was n ~ v -  

Wi~ hg~[Xt~lll~/CH2C[ 2 7:3 (0.24g). 
4. ~H NMR (CDCI3): 8 7.27 (pseudo t, 414, H2~a,r 

or H3.y.6~s~), 7.38 (pseudo t, 41"1, H3,ys,.¢ o¢ Hze,~a,). 
7.75 (d, ./(H-H)=7.111z. 41-1. H~,4,.s,u), &46 (d, 
3J(H-H) = 7.7 Hz, 414, HI.r~x). 13C NMR (CDCI3):. B 
119.93, 126.78, 126.86, 1,'9.18 (4s, CH), 138~"7 (s, C), 
141.09 (s, Cg=C~e), 141.41 (s, C). Mass: m/z  325 
(M +, 100%). 

$ was recovered with ether (0.4g), 
S. Sip NMR (CDCI3): 8 31.21 aad 36.89, 2/(p_p) 

=37Hz.  ~H NMR (CDCI3):. B 5.70 (d, 2J(H--P)~ 
7.8 Hz, 1H, P--CH). ~3C NMR (CDCI~): 8 54.14 (s, C~ 
in fluotL~ylidene), 57.16 (d, ~J(C-P)~69.7Hz, P -  
CH), 65.76 (d, *J(C-P) = 81.7 Hz, P-C f ~ I ~ k a e ) .  
Mass: m/z  756 (M +, 6%), 326 (100%). 

4.3. X-ray .vtru~ure determination 

Crystals of 3b, CnH~O2P*CI-12CI 2, aad & 
CsIH3403Pz'CH2CI 2, were grown ffnm diddem- 
metha~ ~l~tions of , ~  ~ _ ~ a  were c o l  
lected at - 1 5 0 ± 0 . 5 ~ C  on aa Enraf-Nonim CAD-4 

,~m E Mo Kct ~ (A = 0.71073,A) 
and a grwhite monorlaenmar. The crystal su,,~mes 
were solved and refined using t ~  Emaf-Noni~ ~ 
package. Compound 3b c r y ~  in ,spece gteep 
P21/n (No. 14), a=16.685(2), b=9.153(1), c =  
18.905(2)~k, ~8= 110.48(I) °, V=  2704.6(I.I)~k3, Z =  4. 
d=k=l.369gcm -3. p , = 3 . 3 c m  - l ,  F(0G0)= I160. 

a =  10.647(1), b =  11.960(1), c =  16.835(2)A. a ~  
104.21(i)0, # =  102.31(1)0, ~=95.22(1)0, V -  
2006.81(84)A 3, Z ~ 2 ,  d , a ~  1.393gcla -3, / ~  
2 . 8 ~ - ' ,  F(000)= 872. The aystal  slumetm'es were 
sol~ed by direct meem~. The Mmegen atmm we~ 
included as fixed ~*mn'befitms in the final stages of 
least-squm~ tefiaemem while _.~i~ aaisoUel~ *emper- 
attwe f~--tots for all other atoms. A nm-Peissoa weight- 
ing scheme was applied with a p factor equal m O.O& 



~6 E Inulmslu" et aL/lournal of OrganometaUic Chemistry 533 (1997) 83-86 

T h e  fimfl a g ~ e m e n t  fac tors  w e r e  R = 0 .048 ,  R w = 

0 .06~ ,  ~ = 1 .09 fo r  3 b  and  R = 0 .042 ,  R w = 0 ,058 ,  
G O F =  i . 0 8  for  S, 
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