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Abstract

Non-stabilized and semi-stabilized phosphonium diylids of the type
(CcHs),P(CHR)(CHLIiR) (5) show a greater nucleophilic reactivity toward carbonyl
compounds than the corresponding monoylids (C¢H;),P(CHR)CH,R) (8). Thus
diylid 5a reacts readily at room temperature with sterically hindered ketones such as
fenchone or di-t-butylketone. However, the residual negative charge in the inter-
mediate adduct 13 slows the decomposition to Wittig products, and is probably
responsible for the observed changes (generally enhancement) in the E-selectivity in
the case of non-stabilized as well as semi-stabilized ylids.

Phosphonium ylids 1 and their aza analogues 2 are very useful in organic
synthesis [la,c,d], but their moderate nucleophilic character often limits their
reactions to those with the most electrophilic carbonyl compounds, such as al-
dehydes and ketones, and sometimes to aldehydes only.

(C B ), P=CH-R (G H,),P=N-R
1 2

Because of this various more-nucleophilic organophosphorus reagents (such as
a-metallated phosphinoxides, phosphonates, or phosphonamides) were soon devel-
oped [1b], but more recently, attention has turned to metallated phosphonium ylids
either of the yldiid [2*] types 3 and 4, or of the diylid [2*] types S and 6. The
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: cH p.| +
—CH-Li ). P=N-Li (c.u). B = uit (C,H_).B. - Li
(ceB.),P=CH-Li (CeH,), 6057 250 6572\
CH N
3 4 I
R R
5 5

synthesis and reactions of yldiid 3 were described by Schlosser [3] and by Corey [4],
and we have presented reports on diylids 5§ and 6 [5] and yldiid 4 [6]. In this paper,

* Reference number with asterisk indicates a note in the list of references.
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Table 1. 3P NMR chemical shifts (ppm) for the diylids 5 and the corresponding monoylids 8 and salts 7

R X 7 (CHCl,) 8 (THF) S (THF)
a H I 20.2 10.1 30.9 (green-yellow)
[ CsHs Br 26.8 6.7 —1.2 (dark red)
d ﬁJCGHS Cl 21.5 12,0 4.0 (pale yellow)
O

Table 2. Reaction of phosphonium mono- and di-ylids with aldehydes and ketones

Carbonyl Monoylid 8 Conditions Unreacted Wittig products 9 °
compound or diylid 5 products ¢ (%) Yield (%) Z/E
R'=H, 8 5h, —50°C 90 10 98,2 ¢
RZ=CiH;; R=C,H; 24 h, +25°C
5b idem 0 98 40,/60 ©
8 30min, —50°C 0 95 10,90 4
R =C4H; 16 h, +25°C
S5c idem 0 95 25/75¢
R=(”3C6H5 54 24h, +25°C 100 0 -
o]
R'=H, 8¢ 30 min, —50°C 0 98 15/85¢
R% = C4H, R =C4H, 16 h, +25°C
5S¢ idem ] 98 5/95°¢
84 24h, +25°C 60 35 f
R= ﬁc(,H5
o)
54 14h, +25°C 20 70 7
R!'=C4H;, 8a 30 min, -50°C 25 75 -
R? = C4H;, R=H 90 min, +25°C
Sa idem 10 638 -
8¢ 30 min, —50°C s5 45 -
R=C6H5 901’ni1'1, +25°C
S5¢ idem 20 80 -
R= ﬁJCSHS 5d 24 h, reflux 100 0 -
(o)
R=H 5a 2h,20°C
Y +1equiv. GGH;CO,H 2 98 -
24 h,20°C
Rl=R’=tC,H, R=H Sa 48 h, 20°C+1 equiv. 15 85 -
Ce¢H;CO,H
24 h,20°C

¢ Percentage of unchanged carbonyl compound and of the phosphonium salt 1 formed by hydrolysis of
unchanged 8 or 5. ® Similar quantities of the corresponding phosphine oxides (C¢Hs),P(O)CH,R were
isolated in all cases. Yields are after chromatographic separations. © The dominating isomer is that
indicated by *C NMR spectroscopy; the exact ratio was determined by 'H NMR (360 MHz) by
integration of the methyl signals in the 'H spectrum. ¥ Z/E ratio determined from the vicinal olefinic
coupling in the '"H NMR spectrum at 360 MHz. ° Z/E ratio of stilbene obtained by GLC. /
Stereochemistry not determined. # Products 10 (23%) and 11 (5%) were also obtained in this case.



C49

we report initial results [7] on the comparison of the reactivity of diylids 5 [8*], with
that of the corresponding monoylids 8 toward aldehydes and ketones.

Although the first phosphonium diylid was prepared by Wittig [9] as long ago as
1949, the chemistry of these compounds has been mainly developed by Schmidbaur
in respect of their use as bidentate ligands for metal coordination [10]. Except for
two special applications [9,11], they were not regarded as new organic reagents
although dicarbanionic species have recently attracted increasing interest [12*].

+,CHR 1 nBuLi SBR 1 nBuLi _GH-R
(C_H_). P X ——— = (C,H.).P - (G H ) P -~ Li
6572 \cuzn (TuF) 67572 \CHZR (THF) 65" 2 \ghp
1 8 5
: R = . . = . . = - . = C-
a B; b:R=CH s c:R=CHg; d:R C-Cghig

o]

We have examined the reactions of non-stabilized (a, b), semi-stabilized (¢) and
stabilized (d) monoylids 8, and the diylids S (Table 1). Standard acidic work-up gave
some unchanged 7 and the Wittig product 9 (Table 2), together in one case (R = H,
R! = R? = C¢H;), with the adducts 10 (23%) and 11 (5%) [13*].

X

1 CH, HO _1 0 HO _1

Rl\ LN + 3 R ) n 1 R

5 (or 8) + nz'c=° —_— 7 o+ 2 JC=CH-R  + (c6115)21=—c112-c\112 + cans)zl"c“z'c\kz
9 10 11

The smaller amounts of unchanged reactant 7 left in the reaction of diylids Sb
with heptanal, 5a and Sc with benzophenone, and Sd with benzaldehyde, compared
with those in the reactions with the corresponding monoylids 8 (see Table 2), show
that diylids 5 are more nucleophilic than the monoylids. Thus, more sterically
hindered ketones such as L-fenchone or di-t-butylketone, which are unreactive
towards monoylid 8a, afford the corresponding Wittig products in good yield with
diylid 5a (see Table 2). This strong nucleophilicity is easily accounted for, since the
phosphorus d-orbitals, already engaged in the first ylidic bond, are less available for
stabilizing the second carbanionic center. This effect, however, is not strong enough
to allow reaction of the stabilized diylid 5d with a ketone or even heptanal.

Reaction of 8a and 5a with benzophenone reveals yet another unique feature of
the diylids; the fact that the product 11 was isolated shows the decomposition of the
intermediate metallated betainic adduct to be slow. The diylids 5 show a better
nucleophilicity together with higher stability of the intermediate adducts, than the
Horner reagents, which they closely parallel.

It is noteworthy that the use of diylids 5 induces changes in stereoselectivity of
the carbonylolefination in contrast to the reactions of the analogous monoylids 8.
The increased E-selectivity, recently corroborated by Walker [15] in the case of
semi-stabilized diylids, is not so high as that reported for the Schlosser modification
using B-oxydo ylids [16,17], but is probably in the same way accounted for by
intramolecular proton transfer owing to the residual negative charge in the di-
astereomeric intermediate adducts.

We gratefully acknowledge financial support of this work by Rhone-Poulenc.



C50

References

-1

~

10
11
12

13

14
15
16

17

(a) L. Gosney and A.G. Rowley in J.1.G. Cadogan, (Ed.), Organophosphorus Reagents in Organic
Synthesis, Academic Press, London, p. 17-154, 1979; (b) B.J. Walker, ibid., p. 155-206; (c) D.J.H.
Smith, ibid., p. 207-222; (d) E. Zbiral, ibid., p. 223-268.

(a) According to the original definition given by Wittig in 1944 [2b] the term “onium ylid” denotes a
species with a carbon group, indicated by the suffix “ylI” (from the radical “alkyl”), bearing a
negative charge (corresponding to a heteropolar bond), indicated by the suffix ““id” (by analogy with
acetylid...), located on the carbon directly linked to an heteroatom bearing a positive charge (onium).
By extension of this definition we suggest for compounds 3 the term (phosphonium and lithium)
“yldiid”, indicating the presence of one alkyl group bearing two negative charges. Similarly, for
compounds 5, the term (phosphonium and lithium) “diylid” indicates the presence of two alkyl
groups each bearing one negative charge. Further extension of the definition would lead to *“aza
yldiid” for compounds 4 and “diaza-diylid” for compounds 6; (b) G. Wittig and G. Felletschin,
Justus Liebigs. Ann. Chem., 555 (1944) 133.

(a) M. Schlosser, G. Steinhoff and T. Kadibelban, Angew. Chem. Int. Ed. Engl. 5 (1966) 968; Justus
Liebigs Ann. Chem., 743 (1971) 25; (b) M. Schlosser, H. Ba Tuong, J. Respondek and B. Schaub,
Chimia, 37 (1983) 10; (¢) B. Schaub, T. Jenny and M. Schlosser, Tetrahedron Lett., 25 (1984) 4097;
(d) B. Schaub and M. Schiosser, ibid., 26 (1985) 1623.

(a) EJ. Corey and J. Kang, J. Am. Chem. Soc., 104 (1982) 4724; (b) E.J. Corey, J. Kang and K.
Kyler, Tetrahedron lett., 26 (1985) 555.

(a) H.J. Cristau, Y. Ribeill, F. Plenat and L. Chiche, Phosphorus and Sulfur, 30 (1987) 135; (b) H.J.
Cristau, Y. Ribeill and C. Arminjon, Fifth European Symposium on Organic Chemistry (Jerusalem,
Sept. 1987), Abstr. p. 103.

H.J. Cristau, L. Chiche, E. Torreilles et J. Kadoura, Tetrahedron Lett., in press.

Y. Ribeill, Thése de Doctorat (USTL, Montpellier), July 1987.

Monoylids 8 and diylids 5 were obtained by the procedure described in ref. 9 with only slight
modifications.

G. Wittig and M. Rieber, Annalen, 562 (1949) 177.

H. Schmidbaur, Acc. Chem. Res., 8 (1975) 62.

L.E. Manzer, Inorg. Chem., 15 (1976) 2567.

P.D. Magnus, Tetrahedron, 33 (1977) 2019; EJ. Corey and J. Kang, J. Am. Chem. Soc., 104 (1982)
4724 and ref. cited therein. For theoretical aspect see: W.W. Schoeller and J. Niemann, J. Am. Chem.
Soc., 108 (1986) 22; D.A. Bors and A. Streitwieser, ibid., 108 (1986) 1397.

A solution of the crude product in the minimum of CHCIl; was slowly added to well stirred Et,O
(CHCl, /Et,0 10/1). Any precipitate (which is filtered off) is made up of the phosphonium salts 7
and 11; the latter was characterized by spectroscopy and elemental analysis. Column chromatography
of the concentrated mother liquor gave pure Wittig products 9 and phosphine oxides, which were
characterized by spectroscopy and GC-MS. Significant data for products not commercially available
are: 9 (R = C,H;, R' = H, R? = C4Hy3): GC-MS m /e (140 M*); the >C NMR spectrum of the
Z/E mixture is the exact superimposition of pure Z and E isomers [14]. 9 (R =C¢H,, R!' =H,
R? = C¢H;5): 'H NMR (CDCl;, 360 MHz), 1.0-1.1 (m, 3H, CH,), 1.3-1.7 (m, 8H, CH,), 2.3 (q,
=CCH,, E, J 6 Hz), 2.4 (q,=C-CH,, Z, J 7.0 Hz), 5.8 (dt, =CHC, Z, J 11.6 and 7.0 Hz), 6.8 (dt,
=CH-C, E, J 16.0 and 6.0 Hz), 6.49 (d, Ar-CH=, E, J 16.0 Hz), 6.05 (d, ArCH=, Z, J 11.6 Hz),
7.2-7.6 (SH, C4H,); GC-MS: m /e 188 (M*). 9 (R = R! = R? = {(Hj): GC-MS m /e 256 (M ™).
5 (R' = R? = C¢H;): m.p. 123°C; 3'P NMR (CHCl,) 20.9; '"H-NMR (CDCl;) 2.73 (d, 3H, CH,, J
14 Hz), 4.50 (d, 2H, CH,, J 13 Hz), 547 (s, 1H, OH, disappears upon addition of CF;COOH)
6.8-8.0 (m, 20H, C¢Hy). 12 (R' = R® = C4Hj): mp. 190°C; P NMR (CHCI,), 32.9; 'H NMR
(CDCl,) 3.45 (d, 2H, CH,, J 10 Hz), 6.90 (s, 1H, OH, disappears upon addition of CF,COOH),
7.0-7.8 (m, 20H, C¢Hs).

J.W. de Haan and L.J.M. van de Ven, Org. Magn. Resonance, 5 (1973) 147.

E.G. McKenna and B.J. Walker, Tetrahedron lett., 29 (1988) 485.

B.J. Walker in Organophosphorus Reagents in Organic Chemistry, L.I.G. Cadogan, Ed., Academic
Press, London, p. 155 (1979).

M. Schlosser in Topics in Stereochemistry, (Eds.), E.L. Elliel and W.L. Allinger, Vol. 5, Wiley—Inter-
science, New York, p. 1, 1970.



