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This review describes the synthesis, physical properties, and some aspects of the reactivity of
heteroallenes, namely the heavier congeners of allenes containing one or two doubly bonded heavier
elements of groups 14 (Si, Ge, Sn) and 15 (P, As, Sb). The key factor for their preparation lies in the use
of synthetic methods effective under mild conditions: i.e., in many cases, the dehalogenation at low
temperature of dihaloheteropropenes by lithium derivatives. Their stabilization was successful, owing to
very bulky substituents; substituted aromatic groups were often used, particularly the 2tdB-tri-
butylphenyl group (supermesityl). Whereas various types of heteroallenes containing a doubly bonded
element of the second or third long row have been isolated, their heavier counterparts of the fourth row
have only been postulated as reaction intermediates.

Introduction

Alkenes are fundamental derivatives in organic chemistry,

due to the ability of the &C double bond to lead to new organic
functions by undergoing various addition or cycloaddition

reactions, oxidations, and formations of triple bonds by elimina-

tion reactions.

The pioneering work of Yoshifuji on diphosphened=
P—,1 Brook on silenes> Si=C<,2 and West on disilenes Si=
Si<3 in 1981 proved that it was possible to stabilize the
heteroalkenes£C and E=E' (E, E = Si, Ge, Sn, P, As, Sb),

types of doubly and even triply bonded species. Due to the
electropositivity of the silicon atom, the nature of the double
bond (polarity, bond lengths and angles, bending) was changed
compared to that of heteroalkenes substituted by aryl or alkyl
groups.

Intramolecular coordination of the electron-accepting part of
the molecule by amino groups is also a solution for the
stabilization of doubly bonded compounds.

(4) For reviews on =E4, see: (a) Mler, T.; Ziche, W.; Auner, N.
In The Chemistry of Organosilicon Compouné&appoport, Z., Apeloig,
Y., Eds.: Wiley: Chichester, U.K., 1998; Vol. 2, Chapter 19. (b) Raabe,

derivatives in which one or two doubly bonded carbon atoms B.: Michl, J. InThe Chemistry of Organosilicon Compoun&appoport,
have been replaced by heavier elements of group 14 and 15,(2-), gpelOkIgAYé Egs-i \léVlll\fﬂéYiA%IChSSteh U-K-t, 1C9h98n:1\£é%gcgéllpt(3; 17.
: : H H H H H C rook, A. G.; bBrook, M. A.Adv. Organomet. el A .
owing to a. large steric thrance to prevent th‘?” dlme“_zatlor?' Escudie J.; Couret, C.; Ranaivonjatovo, Boord. Chem. Re 1998 178
Due to their greater reactivity and the marked difference in their 5g5_(e) Chaubon, M. A.; Ranaivonjatovo, H.; Eséydie SatgeJ. Main

properties compared to those of the corresponding carbonGroup Met. Chem1996 19, 145. (f) Baines, K. M.; Stibbs, W. GCoord.

compounds, heteroalkenes have attracted much attention for thtghem- Re. 1995 145 157; Adv. Organomet. Cherml996 39, 275. (g)

last two decades, and almost afFE’' combinations have been
obtained'—8

Various kinds of substituents have been used to stabilize
compounds with low-coordinate group 14 and 15 eleménts.

One of the most popular is the 2,4,6-t&H-butylphenyl group

(called supermesityl and abbreviated as Mes*), which is
excellent in terms of steric protection and is easy to prepare in

scudie J.; Ranaivonjatovo, HAdv. Organomet. Cheml999 44, 113.
(h) Weidenbruch, M. InThe Chemistry of Organosilicon Compounds
Rappoport, Z., Apeloig, Y., Eds.: Wiley-Interscience: New York, 2001;
Vol. 3, p 391. (i) Weidenbruch, Ml. Organomet. Chen2002 646, 39. (j)
West, R.Polyhedron2002 21, 467. (k) Lee, V. Ya.; Sekiguchi, A.
Organometallics2004 23, 2822. (I) Weidenbruch, MOrganometallics
2003 22, 4348. (m) Driess, M.; Gitzmacher, HAngew. Chem., Int. Ed.
Engl. 1996 35, 828. (n) Okazaki, R.; West, RAdv. Organomet. Chem.
1996 39, 231. (0) Power, P. RChem. Re. 1999 99, 3463. (p) Power, P.
P.J. Chem. Soc., Dalton Tran$998 2939. (q) Kira, M.; lwamoto, RJ.

large quantities. Many other phenyl groups substituted at the Organomet. Chen200Q 611, 236. (r) Sekiguchi, A.; Lee, V. YaChem.
2,4,6-positions by various groups have been used, as well asR&-. 2003 103 1429.

2,6-diarylphenyl (terphenyl) groups. Bulky alkyl groups such
as adamantyl, triptycenyl, bis(trimethylsilyl)ymethyl, and tris-
(trimethylsilyl)methyl also have proven to be efficient.
Sterically demanding silyl groups such as trimethylsilyl, tris-
(trimethylsilyl)silyl, tris(tri-tert-butylsilyl)silyl, and bis(ditert-
butylmethyl)silyl have been very effective at stabilizing various
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Am. Chem. Sod 981, 103 4587;1982 104, 6167.
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A. Main Group Met. Chem1996 19, 199.
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Phosphorus: The Carbon Copwiley: Chichester, U.K., 1998. (b) Appel,
R. Multiple Bonds and Low Coordination in Phosphorus Chemisigorg
Thieme Verlag: Stuttgart, Germany, 1990; p 157. (c) Markovski, L. N.;
Romanenko, V. DTetrahedron1989 45, 6019. (d) Weber, LAngew.
Chem., Int. Ed. Engl1996 35, 271. (e) Weber, LEur. J. Inorg. Chem.
200Q 2425.

(7) For reviews on AsX, see: Weber, LChem. Ber1996 129 367.
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The less explored electronic effect also contributes to the - SiMe;SiMe; SiMe
e . . . 2 3
stabilization, and groups such as tris(trifluoromethyl)phenyl and ¢ C=C=SiMe,
2,6-bis(trifluoromethyl)phenyl are effective for both their steric @[

=X
and electronic effects. j;H N-H
The synthesis of heteroallen®sgompounds in which one, ) ) o)\
two, or even three carbon atoms of an allene have been replaced 1
by heavier elements of group 14 or 15, have constituted a new Ol ¢y
challenge in organometallic chemistry. Such compounds, due

to their unique structure, are very interesting from both SiMes
academic and applied points of view. For example, X-ray N
structural studies should be important for two crucial points: NS Mes
the bending angle at the central sp carbon atom, which measures 0)\ 3

the deviation from linearity of the EC=E' skeleton, and the
sum of the bond angles around E aridhich measures their
degree of pyramidalization. The determination of these geo-
metrical parameters should allow an understanding of the
bonding in these systems and allow estimation of how close to
wholly organic allenes they are. The comparison between
heteroallenes F=C=C and Es=C=C, E;4, and Bs belonging

to the same row and being along the series>Sén and P—

Sh, should also give important information on the bonding. Due
to the presence of two unsaturations, such heteroalleres E
C=FE' were thought to possess a rich and versatile chemistry
and to be very useful building blocks in organometallic
chemistry.

Here, we describe the synthesis, the physical properties, and
some aspects of the reactivity of heteroallenesC&=E'. For MeO
each category of heteroallenes, emphasis is placed on those
synthesized in our group, such as the stannaaller&s=C—

C<, arsaallenes-As=C=C<, and stibaallenes-Sb=C=C<

in the series> E14(or —E15)=C=C<, the diphosphaallenesP=
C=P— (with one ¢?-, and ¢3-phosphorus atom), phosphaar-
saallenes-As—=C=P— and diarsaallenesAs=C=As— in the
series—E;s==C=FE'15—, and the phosphasilaallenessi=C=
P— and phosphagermaallene&e=C=P— in the series> E;/—
C=E;5. We will finish this review by reporting the results in
the field of heteroallenes with three heavy elements of group
14, the trimetallaallenesF=E1,~E14. As heteroallenes were
reviewed in 2006%we will summarize the results reported by
other groups before this date.

and transition-metal 1-silaallene comple¥@45have also been
reported.

The first stable 1-silaallenel (Ad = adamantyl, Mes*=
2,4,6-tritert-butylphenyl), was synthesized in 1993 by Wst:
this compound, stabilized by an extremely large steric hindrance
around the S+C=C moiety, was formed by intramolecular
addition of a C-Li bond to a G=C triple bond of alkynylha-
losilane5 followed by elimination of lithium halide (eq 2).

@

Other stable silaallenes have been synthesized by a slightly
different route involving an intermolecular addition tdrt-
. o butyllithium to a vinylfluorosilané?2.17The reactivity of these
Silaallenes and Ger_ma_allene? Ei=C=C< silaallenes has been relatively poorly studied. With water and
(E1a = Si, Ge) methanol, addition of the ©H bond to the S+C double bond
Many studies have been performed by Ishikawa et al., and Was observedi® and a [2+ 2] cycloaddition occurred with

more recently by other authors, on transient 1-silaallenes, Penzaldehydé’® Thermolysis;’ photolysisl,”? and reactions
which were obtained by photolysis or thermolysis of With acids’resulted in a cyclization of the SiC double bond

silirenes or ethynyldisilane$21tFor example the 1-silaallene ~ With the substituents on the silicon or on the terminal carbon
1, formed by irradiation of ethynyldisilang, underwent an  atoms. Silaallenes seem less reactive than silenes, since they
intramolecular addition of the NH bond to the S+C bond to are stable for days in the presence of oxygen and moisture at

form 312 (eq 1). room temperature and_ react only after heating. This_ prob_a_bly
Transient 1-silaallenes (evidenced by UV spectrometry: is due to the Iarg_e steric hlndrance necessary for thelr_ stab|l|_za-
— 7% = 275 and 305 nm depending on the substitiénts tion and, according to calculations, to the less polarized Si
C(sp) double bond.
(10) For reviews on heteroallenes, see ref 6b and also: (a) Esdudie The thermally stable but photolabile 1-silaaller@svere
Ranaivonjatovo, H.; Rigon, LChem. Re. 2000 100, 3639. (b) Eichler, obtained by SekigucHi by photolysis of silirenes. Compounds
B.; West, RAdv. Organomet. Chen2001, 46, 1. (c) Yoshifuji, M.; Toyota, 6 finally rearranged to the corresponding alkynylsilanes but were

K. In The Chemistry of Organosilicon CompounBsppoport, Z., Apeloig, . ) .
Y., Eds.; Wiley: Chichester, U.K., 2001; Vol. 3, p 491. (d) Escudie characterized by**C NMR spectroscopy, which displayed

Ranaivonjatovo, H.; Bouslikhane, M.; El Harouch, Y.; Baiget, L.; Cretiu

Nemes, GRuss. Chem. BulR004 53, 1020. (15) Ohshita, J.; Naka, A.; Ishikawa, Mrganometallics1992 11, 602
(11) Kunai, A.; Matsuo, Y.; Ohshita, J.; Ishikawa, M.; Aso, Y.; Otsubo, and references therein.

T.; Ogura, F.Organometallics1995 14, 1204 and references therein. (16) Miracle, G.; Ball, J. L.; Powell, D. R.; West, R. Am. Chem. Soc.
(12) Park, S. K.; Baek, D. J. Photochem. Photobiol. A: Che2002 1993 115 11598.

150 125;2003 157, 15. (17) (&) Trommer, M.; Miracle, G. E.; Eichler, B. E.; Powell, D. R;
(13) Kerst, C.; Ruffolo, R.; Leigh, W. Drganometallicsl 997, 16, 5804. West, R.Organometallics1997, 16, 5737. (b) Eichler, B. E.; Miracle, G.
(14) Kerst, C.; Rogers, C. W.; Ruffolo, R.; Leigh, W.Jl.Am. Chem. E.; Powell, D. R.; West, RMain Group Met. Chem1999 22, 147.

Soc 1997, 119, 466. (18) Ichinohe, M.; Tanaka, T.; Sekiguchi, £&hem. Lett2001, 1074.
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signals at 268.36@) and 267.8 ppm@b) for the central sp
carbon atom, and by theiPSi NMR spectra, with signals at
64.2 Ga) and — 55.0 ppm 6b) for the doubly bonded silicon
atoms (eq 3). Thes#Si NMR chemical shifts are the most

RsSi\ SRy hy
_—
Me;Si SiMe; > 340 nm
Rgsi\ /SiMe3 hv RsSi
Si=C=C i—Si—C=C—-SiM
Rasi/ \SiMe3_> Me;Si—Si—C=C-SiMe3 3)

6 R4S

(RsSi = i-Pr3Si, 6a, t-Bu,MeSi, 6b)

upfield-shifted of S&X double-bonded species, and these

assignments have been confirmed by calculations. In 1-silaal-

lenes substituted at silicon by alkyl or aryl group®i NMR

chemical shifts range from 13.1 to 55.1 ppm, depending on the

substituent3%17 The marked upfield shift ir6 is due to the
electron-donating effect of the trialkylsilyl group on the?sp
silicon atom, which causes the charge distributiotr SiCo+,

in contrast with that of the 1-silaallenes obtained by West, for

which a S#*=C%~ polarity was observe#ab.17The calculated
Mulliken atomic charges on the model compoung$hbSi=
C=C(SiHs), (Si, —0.24; sp C;+0.38), compared te¢-0.09 and
—0.17, respectively, for pBi=C=CHy, are in good agreement
with this reversed polarity of the SIC double bond. This

reverse polarity also was confirmed by the reverse addition of

water to the S+C double bond ob, which when heated with
water at 120°C for 24 h gave silylenoV,'8 which lost Me-
SiOH to yield the final product. This regiochemistry is
opposite to that observed in other% double bonds of silents
and silaallené§ab16.17(eq 4).

R3Si, SiMe; .0
si=c=c{__
Rgsi/ SiMe;
6
RsSi,, /SiMe3 RySi
si—c=c{__ —0 » 7 Vsi—Cc=C-SiMe; 4
RSITH on M| - MesSiOH RySi” ), @

Escudiad Ranaionjatovo

Figure 1.

d

Figure 2. X-ray structure of the distannirarig drawn at the 50%
probability level.

the Ge=C double bond, with oxygen becoming bonded to the
germanium atom according to the Ge=C°~ polarity 2021 By
thermolysis, cyclizations of the G&C double bond with the
CH of i-Pr20 or of (Me&sSi),CH?! groups occurred.

Transient 1-Stannaallene>Sn—C=C <

As the Sr=C double bond is thought to be much more
reactive and labile than the=€C bond, we have created it in

Attempts to prepare silabutatrienes have been unsuccessfulhe |ast step of the synthesis. Thus, the most convenient

until now. The formation of the transient silacumuléhmight

precursor of the desired stannaallen&m—C=C< was the

be discussed, but detailed studies of this reaction strongly gikenylstannane- Sn(X)C(X)=C< (X, X' = halogen), which

favor the coupling reaction over silacumulene formation
(Scheme 1).

In the field of germanium, the sole two 1-germaallenes
synthesized thus faf,0?° and 11,2* were prepared in 1998 by
the groups of West and Okazaki/Tokitoh by reactior-BULi

could be dehalogenated by a lithium compound. Such E(X)C-
(X')=FE' < systems are good precursors for heteroal®agsde
infra). In most of the syntheses of doubly bonded main-group
elements, the use of fluorine rather than chlorine or bromine as
a substituent on the metal atom appeared to be the best solution

with a fluorogermylalkyne, as in the case of the 1-silaallene, or to avoid side reactions such as reduction of theCE (or Br)

by dechlorination byt-BuLi of the corresponding dichloroger-
mapropene (Scheme 2).

The reactivity of germaallene$0 and 11 toward various
reagents has been studied. In all cases, only thre@edouble
bond reacted, leading to germylalkenes. Thust[2] cycload-
ditions occurred with sulfur, selenium, and telluridh{2 + 2]
with benzaldehydé? and [2+ 3] with mesitonitrile?! whereas
germaallenelO likely served to dehydrate acetone, giving the
corresponding vinylgermané!. Alcohols and water added to

(19) Auner, N.; Grassmann, M. Organomet. Chen?2001, 621, 10.

(20) Eichler, B. E.; Powell, D. R.; West, ROrganometallics1999
18, 540.

(21) Tokitoh, N.; Kishikawa, K.; Okazaki, RChem. Lett1998 811.

bond by the lithium compounds. Moreover, the use of fluorine
is particularly useful because it allows the monitoring of the
reactions by**F NMR spectroscopy.

The stannylalkend 2?2 was obtained by mixing TgSnR?3
(Tip = 2,4,6-triisopropylphenyl) and a THF solution of the
carbenoid Li(Cl)G=CR; (CR; = fluorenylidene). The latter can
be easily prepared by reaction of ,C+=CR,2* with n-butyl-
lithium at low temperature (Scheme 3).

(22) Baiget, L.; Ranaivonjatovo, H.; Escldig; Gornitzka, H.J. Am.
Chem. Soc2004 126, 11792.

(23) Anselme, G.; Ranaivonjatovo, H.; Escudle Couret, COrgano-
metallics1992 11, 2748.

(24) Rezaei, H.; Normant, J. Bynthesi200Q 1, 109.
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Scheme 1. Attempted Synthesis of a 1-Silabutatriene

/ t-BuLi ) s ¥
MeSZS| c= c{ = MGSZEI_E_C_C\ t_BJ —X> Mes;Si=C=C=C! Bu
- ]
l 9
M952
t-Bu X2
—
c= C=< ,Ec
LtBu
Mesz
Scheme 2. Synthesis of Germaallenes Chart 1. Proposed Bonding Situation in Distannirane 14
t-BuLi P _Ph CR, CR,
Tip,Ge—C=C—Ph —» Tp2Ge—C C — Tip,Ge=C=C_ " A
£ L “Bu aN -
10 Tipo,Sn—SnTip, ﬂpZSn%Sn'ﬁpz
Tot, _ . tBuli [t Tot Scheme 4. Synthesis of Distannirane 14
Mes’?e_?_CR2 > m /?e—CFCRz — Ge=C=CR;
c < i Tip,Sn—C=CR, t-BulLi |Tip,Sn—C=CR,;
Li |p2§n 9 CR, |i|pzin IC]_: Cﬂ_l—:
I - Ll

< CR,

g e o)

R = (Me;Si),CH

Scheme 3. Synthesis of Stannylalkene 12

n-BuLi/- 90 °C
RC=CCl; ———— R,C=C(CI)Li

TipoSnF
P2on"2 sz§n—c—CR2
-90°Ctort C 4y

Compoundl2 was characterized by mass spectrometry, by
NMR spectroscopy, particularly® NMR (6 —105.1 ppm,
Jririsy = 2343.9 Hz,Jpisg, = 2451.3 Hz) and®Sn NMR
—117.2 ppm), and by its X-ray crystal structure (Figure 1),
which showed standard bond lengths {§Sh= 2.178(4) A
Sn—F = 1.957(3) A, G=C = 1.324(7) A) and bond ang|é&s3.

Surprisingly, addition of 1 equiv ofert-butyllithium to a
solution of12 in THF at—78 °C afforded the dichlorostanny-
lalkenel3 (resulting from a F/Cl exchange betweEhand LiCl
formed from t-BuLi and t-BuCl) and 1,1,2,2-tetrakis(2,4,6-
triisopropylphenyl)-3-fluorenylidene-1,2-distannirarigl (eq
5).22 The distannirand 4, obtained as red crystals, is the first

t-BuLi
TipSn—C=CR, — >
F C -78°Ctort
12
TipSn—SnTip, + Tlp2§n—C|)=CR2 5)
N Cl cCl
14 13

n
CR,

three-membered-ring heterocycle with two tin atoms and one
carbon atom. It is surprisingly stable to heat, air, and moisture,
despite the high strain of the ring (extremely acute angles on
tin and carbon atoms were found in the three-membered ring:
50.7(3), 51.3(3), and 78.2(4)respectively), probably due to
the large steric protection provided by the Tip groupgwas
characterized by signals at very high field in #85n NMR
spectrum 365.3 ppm), as expected for a three-membered-

F Cl

EipZSn=C=CRE| — E‘lpzsn]+ EC=CR§

15 16

15 + 16 —> Tlper{—/SnTlpz

o 14

CR,

ring compound, with a largéuis s, coupling constant (4673.8
Hz) and by its molecular structure (Figure 2), which deserves
some comment. The most intriguing feature is the nearly planar
bonding geometry around the tin atoms (as in a SnSnN
heterocyclef® with a shorter SrSn bond (2.777(2) A) as
compared to those in other three- or four-membered tin
heterocycles (from 2.827 to 2.889 A in SnSrPe&SnSnSi#Y
SnSnG=C,28 and SnSnS&rings). Such planar geometry also
occurs in three-membered silicon and germanium EEX hetero-
cycles (E= SiP Get X = NR, O, S, Se, Te).

Thus, the above results can be interpreted in terms of the
Dewar-Chatt-Duncanson model of metablefin bonding??
with bonding intermediate betweenracomplex and a standard
three-membered-ring derivative (Chart 1).

The formation of 14?2 can be explained by the initial
formation of the expected transient stannaallébgollowed
by a [2+ 1] cycloaddition with the stannylers (Scheme 4),
since due to the probable lability of the tiearbon double bond,
the stannaallend5 could behave as a stannylerearbene
complex.

(25) Gritzmacher, H.; Pritzkow, HAngew. Chem., Int. Ed. Endl991,
30, 1017.

(26) Schier, A.; Weidenbruch, M.; Saak, W.; Pohl, S.; Marsmann, H.
Angew. Chem., Int. Ed. Endl991 30, 834.

(27) Brady, F. J.; Cardin, C. J.; Cardin, D. J.; Convery, M. A.; Devereux,
M. M.; Lawless, G. A.J. Organomet. Chenml991 241, 199.

(28) Weidenbruch, M.; Sciier, A.; Kilian, H.; Pohl, S.; Saak, W.;
Marsmann, HChem. Ber1992 125 563.

(29) Schiger, A.; Weidenbruch, M.; Saak, W.; Pohl, S.; Marsmann, H.
Angew. Chem., Int. Ed. Endl991 30, 962.

(30) (a) Yokelson, H. B.; Millevolte, A. J.; Gillette, G. R.; West, R.
Am. Chem. S0d.987, 109, 6865. (b) Tan, P. P.-K,; Gillette, G. R.; Powell,
D. R.; West, R.Organometallics1991 10, 546.

(31) () Tsumuraya, T.; Sato, S.; Ando, \@rganometallics1988 7,
2015. (b) Tsumuraya, T.; Sato, S.; Ando, @fganometallics199Q 9, 2061.

(c) Tsumuraya, T.; Kabe, Y.; Ando, W. Chem. Soc., Chem. Commun.
1990 1159.

(32) (a) Dewar, M. J. SBull. Soc. Chim. Fr1951 18, C71. (b) Chatt,

J.; Duncanson, L. AJ. Chem. Socl1953 2939.
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Scheme 5. Azastannaallene/Stannylene Isocyanide Complex

| R,Sn(O-t-Bu),
Dl\:B—‘ t-BuOH

RsSn=C=NMes —= [RoSn:| + EC=NMeﬂ
FoC

17
( R= Doﬁ)
FoC

Scheme 6. From SrX to Three-Membered Heterocycles

R,Sn

A / \
Tip,Sn=E ——»  Tip,Sn—SnTip,

(E = GeMes, 18,
SnTip,, 19)

I\Illes
N

/ \
R;Sn—SnR,
20

R,Sn + R;Sn=NMes _—>
(R = 2,4,6<(CF3)3CgHy)

Such lability of the Ss+C double bond was observed by
Gritzmacher in the azastannaalleliz33 which dissociated to

a stannylene Sn and an isocyanide (Scheme 5) in reactions
with trapping agents, and is explained as a result of the very

long Sn-C distance (2.397(3) A), longer than standard-8n
single bonds (generally 2.32.20 A3). The strongly bent
structure, as predicted by the model of Trinquier and Mafffeu,
and this long SAC bond distance show thélt7 is better
described as a doubtedonor—acceptor complex than a formal
azastannaaller®.A similar bonding probably occurs in stan-
naallenel5.

Moreover, formation of three-membered-ring derivatives by

[2 + 1] cycloaddition of a stannylene issued fronP&n—E
doubly bonded derivative (& GeMes,3¢ SnTip,%” NMes)

to the as yet intact SaE bond to give the corresponding three-

membered-ring derivative$8—20 has already been reported
(Scheme 6).

Our results show that a fundamental difference exists in the

Sr—=C bonding between the stannereSrn—C<, with only one
tin—carbon double bond, and the stannaallei@—C=C< or
azastannaallene Sr=C=N—,33 with cumulative tin-carbon
and carbor-carbon (or carbosnitrogen) double bonds, since
such behavior of stannenes as a stannyt@aebene complex

Escudiad Ranaionjatovo

Chart 2. Stable Stannenes

t—?u
i B
(Me3S])2CH\Sn=C/ \C(SiMe) Tot,
(MegSi,CH 87 * ,Sn=CR,
Caas 7 Mes
21 BU 22
R
< Tbt = R@ , R = (Me3Si),CH >
R

(Chart 2), whilea head-to-tail dimé? formed by cycloaddition
of Sr=C double bonds, is observed wi2l3 with its less bulky
groups on Sn and C (eq 6).

Tip,Sn=CR,
23

CR, = c Tip= }Cﬁi
@

Theoretical Studies on>M=C=C < Derivatives. Theoreti-
cal studies using standard ab initio and DFT methods were
performed by Apeloig et al. on 1-metallaallenef£RC=CH;
and 2-metallaallenes@@=E=CH, (E = Si, Ge, Sn, Pbjl They
predicted that 1-metallaallenes are more stable than 2-metal-
laallenes for all E elements with a degree of pyramidalization
and planarization energies at E and bending at C increasing from
Si to Pb. This conclusion was experimentally verified in the
case of sila- and germaallenes Zp=C=C(t-Bu)Ph (E= Si,
Ge) with a germanium atom more pyramidalized than the silicon
atom (sum of angles 34842versus 357.2% and a bending
being greater in the germaallene (15%2than in the silaallene
(172.00).17a

According to calculation$! while F substitution causes strong
pyramidalization at E and a lengthening of thes€(sp) double
bond, SiH substituents on E favor planarization and shorten
this double bond. Thus, a bulky silyl group on the tin atom
could provide enhanced stabilization for stannaallensgaR
C=C-<.

>0°C  Tip,Sn—CR,
e | |
X2 R,C—SnTip,

©)

Phosphaallenes-P=C=C <

The first heteroallene with one heavier group 15 element to

has generally not been observed. When it is highly sterically pe reported was the phosphaall&@##2 obtained by Yoshifuji

hindered, this double bond is stable (caseB¥ and 2259

(33) Gritzmacher, H.; Freitag, S.; Herbst-Irmer, R.; Sheldrick, G. S.

Angew. Chem., Int. Ed. Engl992 31, 437.
(34) (a) Charissse, M.; Roller, S.; yar, M.J. Organomet. Chenl992

427, 23. (b) Samuel-Lewis, A.; Smith, P. J.; Aupeas, J. H.; Hampson, D.;

Povey, D. CJ. Organomet. Chenl992 437, 131. (c) Bochkarev, L. N.;
Grachev, O. V.; Zillsov, S. F.; Zakharov, L. N.; Struchkov, Y. T.
Organomet. Cheni992 436, 299. (d) Cardin, C. J.; Cardin, D. J.; Convery,
M. A.; Devereux, M. M. J. Organomet. Chem199] 411, C3. (e)
Weidenbruch, M.; ScHars, K.; Schlaefke, J.; Peters, K.; Von Schnering,
H. G.J. Organomet. Chenl99], 415 343.

(35) Trinquier, G.; Malrieu, J.-PJ. Am. Chem. S0d.987 109, 5303.

(36) Chaubon, M. A.; Escudig.; Ranaivonjatovo, H.; Satgé Chem.
Commun.1996 2621.

(37) Weidenbruch, M.; Scier, A.; Kilian, H.; Pohl, S.; Saak, W.;
Marsmann, HChem. Ber1992 125 563.

(38) (a) Meyer, H.; Baum, G.; Massa, W.; Berger, S.; Berndi\Agew.
Chem., Int. Ed. Engl1987, 26, 546. (b) Berndt, A.; Meyer, H.; Baum, G.;
Massa, W.; Berger, S2ure Appl. Chem1987 59, 1011.

(39) Mizuhata, Y.; Sasamori, T.; Takeda, N.; Tokitoh, Khem.
Commun2005 5876.

in 1984. Compound24 was prepared by reaction of diphe-
nylketene with a silyllithiophosphide and was found to be very
stable toward heat, light, and atmospheric moisture and oxygen
(eq 7). Since 1984, many other phosphaallenes have been
synthesized, mainly by the groups of "Ndh Appel and
Bickelhauptt0a

1-Phosphaallenes were obtained by various routes, the most
often used being reactions of aldehydes or ketones with a
(phosphavinyl)lithium reagent, Wittig reactions between the
phosphaketene P=C=0 and phosphoranes, rearrangement of
alkynylphosphines in the presence of a base, reaction of a lithium

(40) (a) Anselme, G.; Ranaivonjatovo, H.; Escuydie Couret, C.; Safge
J. Organometallics1992 11, 2748. (b) Anselme, G.; Declercq, J. P.;
Dubourg, A.; Ranaivonjatovo, H.; Escudi&.; Couret, CJ. Organomet.
Chem.1993 458 49.

(41) Sigal, N.; Apeloig, Y Organometallics2002, 21, 5486.

(42) Yoshifuji, M.; Toyota, K.; Shibayama, K.; Inamoto, Retrahedron
Lett. 1984 25, 1809.
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Mes*PLi
|
t-BuMe,Si

compound with &C,C-dichlorophosphirane, and dehydrochlo-
rination of a chlorovinylphosphine. All of these results are
described in our previous revieW?

Ph,C=C=0 Mes*P—C=CPh;
E—BuMeZSi OLi :|

- BuMe,Si—OLi l

Mes*P=C=CPh,

24

Using some of these routes, new 1-phosphaallenes have been

prepared since 2000: transient species su@bawhich were
characterized by trapping withPrSH#2 and stable examples
such a®6* and27 or 28,*> prepared by a Peterson-type reaction
(Scheme 7).

Alkynylphosphines are especially interesting, since depend-
ing on the substituents and on the experimental conditions,
they are the precursors of various types of products. For
example, phosphaaller8® was obtained from phosphaalkyne
29 by addition of EtNH or n-BuLi and quenching with
MeOD (eq 8)*¢

1) Et,NH
Mes* ornBuli  Mes% D
SP—C=C—PMesH X700 S P—C=C=P—Mes* ®)
H 2) MeOD D
29 30

In the presence of 1,2-dibromoethane, the transient bis-
(phosphaallenesg2*” were obtained and rearranged to various
3,4-diphosphinidenecyclobuteng$, bearing the supermesityl
group (eq 9).

Mes*_ 1) n-Buli Mes*P—C=C—R
P P—C=CR —»
H 2) BrCH,CH,Br Mes*P—C=C—R

®

Mes*P=C= (llf R
Mes*P=C=C—R

32

Mes*P= (i)* (|3|7 R
Mes*P=C—C—R
31

Polymers containing the bis[(2,4,6-tert-butylphenyl)phos-
phinidene]-1,2-bis(2-thienyl)cyclobutene units have also been
obtained” (eq 10).

In the absence of 1,2-dibromoethane, reaction of alky-
nylphosphines833 with n-BuLi did not afford 3,4-diphosphin-
idenecyclobutenes81 but rather 1,4-diphosphafulvenes,
which can be regarded as formal dimers of phosphaall@ées
probably by a [3+ 2] cycloaddition reaction between 1-phos-
phaallenes86 and phosphaallenyl anior® formed under the
basic condition® (Scheme 8). This reaction, recently reported

(43) Baba, G.; Tea, C. G.; Tour&. A.; Lesvier, M.; Denis, J. MJ.
Organomet. Chen002 643-644, 342.

(44) Chentit, M.; Sidorenkova, H.; Choua, S.; Geoffroy, M.; Ellinger,
Y.; Bernardinelli, G.J. Organomet. Chen2001, 634, 136.

(45) Ito, S.; Sekiguchi, S.; Freytag, M.; Yoshifuji, MBull. Chem. Soc.
Jpn. 2005 78, 1142.

(46) Ito, S.; Toyota, K.; Yoshifuji, MHeteroat. Chem200Q 11, 171.

(47) (a) Ito, S.; Freytag, M.; Yoshifuji, MDalton Trans 2006 710. (b)
Yamada, A.; Toyota, K.; Yoshifuji, MOrg. Lett.2002 4, 569. (c) Yamada,
A.; Toyota, K.; Yoshifuji, M.Chem. Lett2001, 248. (d) Toyota, K.; Ujita,
J.; Kawasaki, S.; Abe, K.; Yamada, N.; Yoshifuji, Metrahedron Lett.
2004 45, 7609. (e) Toyota, K.; Abe, K.; Horikawa, K.; Yoshifuji, MBull.
Chem. Soc. Jpr2004 77, 1377. (f) Ozawa, F.; Yoshifuji, MDalton Trans.
2006 4987.

(48) (a) Ito, S.; Sekiguchi, S.; Freytag, M.; Yoshifuji, Nl.Org. Chem.
2004 69, 4181. (b) Nakamura, A.; Toyota, K.; Yoshifuji, Metrahedron
2005 61, 5223.
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Scheme 7. New Phosphaallenes
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25

1) n-BuLi
Mes‘P:(l)—SiMe3 ——» Mes*P=C=CR;, < CRy= C >
Cl 2) R,C=0 26
1) n-BuLi

Mes*P=C=C(H)Ph
27

H
|
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/" 2) MesSiCl
Br OSiMes L
i

, ; 2 Me;SiCl
\ 2n-BuLi Mes*P=C—C—Ph ——» Mes*P=C=C(SiMez)Ph
[
Li OSiMe; 28

Scheme 8. 1,4-Diphosphafulvenes

Mes* n-BuLi © ©
/F‘—CEC—R —> B/les*_P—CEC_R <«—>» Mes*-P= C=C—I{|
H 33 35
1) n-BuLi Mes™(
2) BrCH,CH,Br ,P—C=C-R
H H
Mes*-P=C=C-R
Mes*P=C—C—R
1 36
Mes*P=C—C—R
31 H R H R
) ST
35 + 36 Mes*P PMes* ——> Mes*P PMes
— 0 R H 34

by Yoshifuji, constitutes a novel dimerization pathway of
transient 1-phosphaallenes.

Mes* _ J\
H,P C=C‘Q\ 1) n-BuLi
CHpy—™ >
* 2) BrCH,CH,Br
MeS\P—CE /A ) 2CH,
W S
MeS*P\\C ,PMes*
Soo?
Cl -
~ S's —
e et (10)
Mes*P\\ /PMes*
¢
|
C=C
— -
S S
=

=
e (CHah.

Whereas no dimerization of phosphaaller@s and 38
occurred in solution, their thermolysis in the solid state afforded
two head-to-tail dimers, by coupling of the=<C bonds 0f37
and the P=C bonds 0of384° The regioselectivity of these
dimerizations depends on the substituents at the 3-position, but
it is also apparent that the Mes* group controls the arrangement
of the molecules in the crystalline state, which steers the
regioselectivity of the cycloaddition (Scheme 9).

The mechanism of these topochemical dimerization87f
and 38 has not yet been elucidated but could include the
generation of radical species, as in the case of phosphabu-
tatrienes?

(49) Ito, S.; Sekiguchi, S.; Yoshifuji, MEur. J. Org. Chem2003 4838.
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Scheme 9. Dimerization of Phosphaallenes
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Scheme 10. New Phosphaallenes and Theyt Complexes

+BuOK
= Mes* CH, W(CO)sTHF Mes*® CH
\p=c=<\ 2 W(C0)s Sp=Cc=T"2
CH, — > CH,
Mes*( p=c’ Br 43 (OC)sW 47
\(CH2)3BI' T t-BuOK
42 ;, Mes*
H
EtONa P_C=<c:|-|=c,|-|2 44
t-BuOK Mes*
= P=C=C(H)R
Mes'_ B (R=H, 37; OMe, 46
P=c’
CH,R
45 Mest ~ Br tBuLi Mes*,
% ’F’=C\CH3 . P=C=CH,
WCORTHF oy
R=H s 49 ©CW 48

During recent years, other routes allowed the preparation of
1-phosphaallenes. For example, compo@3dwhich can be
considered as a SF—carbenoid, generated phosphaalldie
and phosphirendl in a 1:1 ratio, when heated in refluxing
toluene. Although the detailed mechanism could not be deter-
mined, this reaction was thought to proceed aialimination
of MesSiF! (eq 11).

(Me3Si),C A
AN :F an
Mes*/ SiMe; - Me;SiF

39

I\I/Ies*
P
. . AN
Mes*P=C=C(SiMez), + Me;Si—C—C—SiMe;

40 4

Dehydrobromination of phosphaalkef2with t-BuOK gave
phosphaallenet3. However, with the weaker base EtONa,
formation of both43 and its isome#4 was observed. The latter
gave43in the presence dfBuOK through cyclization involving
probably 1,2-migration of the allenic protén(Scheme 10).
Similar dehydrobromination of phosphaalkefi by t-BuOK
allowed the synthesis of phosphaalleB&%P and46.4° Unlike
47, which was obtained by direct complexation of the corre-
sponding phosphaalled, the phosphaallene compld8 was
obtained by dehydrobromination of the starting phosphaalkene
complex492b (Scheme 10).

When it was heated with acetylene derivatives, the azaphos-

phirene tungsten comples0 gave, among other products, the
phosphaallene complexi®>® and the phosphirene compl&2
(eq 12).

(50) (a) Makl, G.; Kreitmeyer, PTetrahedron Lett1989 30, 3939. (b)
Markl, G.; Kreitmeyer, P.; Nth, H.; Polborn, K.Tetrahedron Lett199Q
31, 4429. (c) Schoeller, W. W.; Welz, U.; Haug, W.; BuschChem. Ber.
1991, 124 271.

(51) Baumgartner, T.; Moors, P.; Nieger, M.; Hupfer, H.; Niecke, E.
Organometallic2002 21, 4919.

(52) (a) Ito, S.; Kimura, S.; Yoshifuji, MOrg. Lett.2003 5, 1111. (b)
Ito, S.; Kimura, S.; Yoshifuji, MBull. Chem. Soc. Jpr2003 76, 405.

Escudiad Ranaionjatovo

W(CO

R\P P (CO)s X

C/_\N + R3Sn—C=C—OEt —»
P

50 W(CO

R, Okt R\P (CO)s
P=C=C\SnR'3 + C/=\C (]2)
(OC)W RSN’ 5 “OEt

(R = (Me3Si),CH; R = Me, Ph)

The reactivity of phosphaallenes is very similar to that of
phosphaalkenéssince generally the adjacem=C double bond
does not interfere with thesRC unsaturation, except in the case
of the formation of diphosphinidenecyclobutei3ds Reactions
were, for example, observed with protic reagents (addition of
the H atom to the central carbon atom according to tHee0~
polarity), with sulfur and carbenes to give three-membered-ring
derivatives, and with transition-metal complexes with formation
of 5t or 52 complexe$P-10a

Phosphaketenes, Phosphathioketenes, and
Azaphosphaketenes-P=C=X (X = N, O, S)

The field of phosphaketened>=C=0 and phosphathioketenes
—P=C=S has been practically dormant for the last 5 years,
and up to now only-BuP=C=0 and Mes*P=C=0 have been
reportec?* whereas no phosphathioketene could be characterized
by NMR studies'a

The new stable 1,3-azaphosphaallene MesER=NAr (Ar
= p-CICgH,4) has been synthesized by reaction of a lithium
phosphide with the isocyanate ArNCG&In contrast to the
unsymmetrical dimerization of Mes*PC=NPh catalyzed by
Pd(0) complexe&P YCl; catalyzed dimerization by two=PC
double bonds to yield the corresponding 1,3-diphosphétane
(Scheme 11).

The 1,3-azaphosphaallene complé8 was obtained by
coupling of the isocyanide 'RC with the transient terminal
phosphinidene compl&¥ (Scheme 11). Another type of aza-
phosphaallene complex has been reported, but in contrast to
53, it is anx?3(N,C) titanium complex>d

The azaphosphaallenideBrN=C=P] K+ 55¢ prepared by
reaction of the corresponding aminophosphaalkiyRe(Mes-
SI)NC=P with t-BuOK, was structurally characterized as its
18-crown-6 ether complex. Quantum chemical calculations and
NMR spectroscopic data indicated that the latter lies between
the extrema of RNC=P and RN=C=P~, suggesting a reactiv-
ity typical of an ambident anion. The syntheses, NMR and IR
spectroscopic studies, mass spectrometric data, theoretical
studies, and reactivities of phosphaketenes, phosphathioketenes,
and azaphosphaallenes have been described in a previous
review10a

1-Arsaallenes—As=C=C<

Whereas intensive research has been devoted to doubly
bonded derivatives of phosphoftfgwer studies have been done

(53) Streubel, R.; Wilkens, H.; Ruthe, F.; Jones, PZGAnorg. Allg.
Chem.1999 625, 102.

(54) (a) Appel, R.; Paulen, WTetrahedron Lett1983 24, 2639. (b)
Appel, R.; Siray, M.Angew. Chem., Int. Ed. Endl983 22, 785.

(55) (a) Zhou, X.-G.; Zhang, L.-B.; Cai, R.-F.; Wu, Q.-J.; Weng, L.-H.;
Huang, Z.-E.J. Organomet. Chen00Q 604, 260. (b) David, M. A;;
Alexander, J. B.; Glueck, D. S.; Yap, G. P. A.; Liable-Sands, L. M.;
Rheingold, A. L.Organometallics1997 16, 378. (c) lonescu, E.; Von
Frantzius, G.; Jones, P. G.; Streubel,GRganometallic2005 24, 2237.
(d) Basuli, F.; Watson, L. A.; Huffman, J. C.; Mindiola, D.Dalton Trans
2003 4228. (e) Becker, G.; Brombach, H.; Horner, S. T.; Niecke, E.;
Schwarz, W.; Streubel, R.; Wilhwein, E.-U.Inorg. Chem2005 44, 3080.
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Scheme 11. 1,3-Azaphosphaallenes
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Scheme 12. Transient Arsaallene and Arsabutatriene
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Tsi

on their arsenic analoguésThis is due to many factors,

particularly to the lack of convenient arsenic NMR. This requires
the isolation of pure compounds for their identification, whereas
3P NMR spectroscopy is a powerful tool that allows the

determination of the solution structures of organophosphorus

compounds, even in complex mixtures. The toxicity of some

arsenic compounds and the supposition that the stabilization of

multiply bonded arsenic derivatives should be more difficult

than of the phosphorus analogues have discouraged many, ,
researchers, although arsaalkenes have proven to be isblable.

By analogy with phosphoriiathe transient arsaallene H#s

Organometallics, Vol. 26, No. 7, 20071549

Figure 3. X-ray structure of the arsaalke®® drawn at the 50%
probability level.

arsaalkenes by their As atom on the C atom bonded to the
tungsten, followed by ring closure and extrusion of the carbene
C(NMe), (eq 13)%%

H
R H RAs=C(NMep), Ce, o
OC—/W=C=C: —_— OC—W—C// R
R 30° / \ @
ON Et,0/ -30 °C oN eul?s_ 8oy,
R
R = Ph; R = t-BuC(0) - (Me,N),C=C(NMe,),
< R = t-Bu; R'=tBuC(0), Cp*(CO)gFe>
H
Cp /
\ / C\
oc—w\—/c/ R i
/
on” A (13)

R

In order to synthesize stable arsaallene derivativés—
C=C<, it seemed possible to create in the first step either the
carbon-carbon or the arseniacarbon double bond, since the
arsaalkenes-As=C< substituted on arsenic by bulky groups
appeared to be rather well stabbl@he first formation of the
As=C double bond involved the preparation ©fC-dihaloar-
saalkenes-As=CX5°" (X = Cl, 56, X = Br, 57; X = |, 58),
the arsenic analogues of ti@&C-dihalophosphaalkenesP=
CX»,°8 which have proven to be very important building blocks
in phosphorus chemistry.

As expected, compounds6—58, easily synthesized from
es*Ask,,% are very useful for the preparation of functionalized
arsaalkenes by halogemetal exchange witm-butyllithium.
For example, th€-bromo-C-(trimethylsilyl)arsaalken&9 was

C=CH, was postulated as a possible intermediate in the gagjly prepared in a two-step procedéffés in the case of its
rearrangement of an alkynylarsane on sodium carbonate to 9ivephosphorus analogue, tEdsomer was obtained (see Figure 3

an arsaalkyrf&® (Scheme 12).
A compound with three cumulative double bonds, the

for the solid-state structure), in agreement with the expected
mechanism involving Li/Br exchange from the less hindered

arsabutatriend4, was also postulated as a possible intermediate side. Subsequent addition 36 of n-butyllithium that was then

in the dehydrohalogenation or dehydromethoxylation of an
arsanylallene, giving the 1,3-diarsetat®sc (Scheme 12).

followed by fluorenone addition (in order to include the carbon
atom into the fluorenylidene group chosen for its ability to favor

The sole arsaallene complexes were obtained by treatmentcrystallization and to stabilize doubly bonded compounds) led,

of a tungsten complex with an equimolar amount of the
arsaalkene MRs=C(NMey),. The mechanism of their
formation probably involves the initial nucleophilic attack of

(56) (a) Guillemin, J. C.; Janati, T.; Denis, J. M.Chem. Soc., Chem.
Commun 1992 415. (b) Guillemin, J.-C.; Lassalle, L.; Drean, P.; Wlo-
darczak, G.; Demaison, J. Am. Chem. S0d.994 116, 8930. (c) Makl,
G.; Reithinger, STetrahedron Lett199Q 31, 6331. (d) Weber, L.; Bayer,
P.; Noveski, G.; Stammler, H.-G.; Neumann,Bir. J. Inorg. Chem2006
2299.

(57) Ramdane, H.; Ranaivonjatovo, H.; Escydie Knouzi, N.Orga-
nometallics1996 15, 2683.

(58) (a) Goede, S. J.; Bickelhaupt, Ehem. Ber1991, 124, 2677. (b)
Van der Sluis, M.; Wit, J. B.; Bickelhaupt, rganometallics1996 15,
174.

(59) Cowley, A. H.; Kilduff, J. E.; Lasch, J. G.; Mehrotra, S. K.; Norman,
N. C.; Pakulski, M.; Whittlesey, B. R.; Atwood, J. L.; Hunter, W.IEorg.
Chem.1984 23, 2582.

(60) Bouslikhane, M.; Gornitzka, H.; Ranaivonjatovo, H.; Es¢udie
Organometallic2002 21, 1531.
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Figure 4. X-ray structure of the arsaalleré® drawn at the 50%
probability level.

Chart 3. Dihedral Angle in the —As—=C=C< Species 60

Me,SiCl

Br es™ Mes™ Br
A =C:Br — \As=C:B,r \As=C( i
-78°C | 7s-c SiMe,
58 59
tBuli oL
5 Mes® _Li

0=CR
_2, Mes* _ éRg O
As:C\SiMe CRy = ,Q
3

i - Me;SiOLi

Mes*As=C=CR,

by a Peterson elimination of M8iOLi at room temperature,
to the expected arsaaller&f® in nearly quantitative yield
(Scheme 13).

The arsaallene60 is remarkably stable toward air and
moisture. Colorless crystals &0 were recovered unchanged
after some days in air at room temperature. It exhibits
characteristid*C NMR resonances for the sp carbon atom with
a chemical shift at very low field) 255.8 ppm) (comparable
to 233.44 ppm for Mes*®C=CR,* or 237.6 ppm for Mes*P
C=CPh*? and more generally 23250 ppm for —P=C=
C<199 and for the terminal carbon atom at 129.1 ppm (128.1
and 128.3 ppm in Mes*PC=CR,** and Mes*P=C=CPh,*?
respectively).

Interesting features are observed in the structuréo$f as
obtained by X-ray crystallography (Figure 4). Its bonding system
is rather close to the ideal allenic structure: the AsCC bond
angle (169.7(2) and the angle between the planes A and B
(79.3) (Chart 3) are not too far from 180 andQ@espectively.

60 has a particularly short AsC bond length (1.754(2) A),
corresponding to a shortening of about-12% in comparison
with standard As-C single-bond lengths (generally 1:92.00
A7). The As=C bond in60 is slightly shorter than the AsC
distance determined in its precur&er(1.789(3) A9). However,
the shortening of 0.035 A is probably partly due to the smaller
bond radius of the sp-hybridized carbon atonth

Transient Stibaallene —Sb=C=C <

In order to compare the stability of stibaalleneSb=C=
C< with that of their phosphord$and arsenf®’ analogues, we

Escudiad Ranaionjatovo

Scheme 14. Transient Stibaallene 65
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planned to prepare Mes*SHC=CR5! with the same super-
mesityl group on antimony and including the terminal carbon
atom in the fluorenylidene group. Arsaalle6@ was prepared
by a route involving the initial formation of the AC double
bond, which was successful, owing to the good stability of this
bond. However, SiC double bonds are much less stdkded
only a few stibaalkenes Sb=C< have been characterized, such
as R(0O)CSkE-C(OH)R (R=t-Bu, Mes, Mes*§2 and 2-Pyr(Me-
Si),CSk=C(SiMey), (Pyr = CsHsN),53 along with the two 2,3-
distibabutadienes 'Me3SiO)C=SbSE=C(OSiMg)R’' (R’ =
Mes, Mes*)84

Thus, a different synthetic strategy was followed involving
initial creation of the €&C double bond and formation of the
Sb=C unsaturation in the final step. Stibapropes®® was
obtained by reaction of the carbenoid@=C(Li)Cl with the
stibane Mes*Sbf-(eq 14).

R,C=C~Li

Cl .
Mes*SbF, —— » Mes ?b—(l::CRg

Foa
<CR2= , Mes*=+C2>

Addition of tert-butyllithium to a THF solution o61 at —90
°C afforded the 1,2-distibacyclobutarg®! (Scheme 14).
Whereas the 1,3-distibacyclobutaf® could result from the
coupling of two molecules of the intermediate lithium compound
64, the formation of62 could be explained, for electric charge
reasons, only by the head-to-head dimerization of the transient
stibaallene65.6* Similar head-to-head dimerization has been
reported for allenes with a terminal fluorenylidene group such
as RC=C=C(Ph)CI, leading to the corresponding 1,2-bis(9-
fluorenylidene)cyclobutan®,one of the driving forces for this
head-to-head dimerization probably is the possibility of conjuga-
tion in the RC=C—C=CR; moiety.

Although satisfactory single crystals could not be obtained
for an X-ray structural analysis, the structure 62 was
unambiguously assigned on the basis of chemical ionization
(NH3) mass spectrometry with the presence of a protonated

(14)
1

(61) Baiget, L.; Ranaivonjatovo, H.; Escudié.; Cretiu Nemes, G.;
Silaghi-Dumitrescu, |.; Silaghi-Dumitrescu, 1. Organomet. Chen2005
690, 307.

(62) Durkin, J.; Hibbs, D. E.; Hitchcock, P. B.; Hursthouse, M. B.; Jones,
C.; Jones, J.; Malik, K. M. A.; Nixon, J. F.; Parry, G.Chem. Soc., Dalton
Trans 1996 3277.

(63) (a) Andrews, P. C.; Raston, C. L.; Skelton, B. W.; White, A. H.
Chem. Commuri997, 1183. (b) Andrews, P. C.; Nichols, P. J.; Raston, C.
L.; Roberts, B. A.Organometallics1999 18, 4247. (c) Andrews, P. C,;
Nichols, P. J.Organometallics200Q 19, 1277. (d) Andrews, P. C;
McGrady, J. E.; Nichols, P. Drganometallic2004 23, 446.

(64) (a) Jones, C.; Steed, J. W.; Thomas, RJCChem. Soc., Dalton
Trans 1999 1541. (b) Hitchcock, P. B.; Jones, C.; Nixon, J.Ahgew.
Chem., Int. Ed. Engl1995 34, 492.

(65) Minabe, M.; Yoshida, M.; Saito, S.; Tobita, K.; Toda,Bull. Chem.
Soc. Jpn1988 61, 2067.
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Table 1. PM3 Calculated Enthalpies (kcal mot?) of 62, 63, L. cl
and 65 N H. H
AH(dimer)— 2[AH(monomer)]  cis-trans rel energies H"-»'.Si/_\Si,..--H —> H/Si:C:SiKH + LiCl (as)
65 0 H M
Cis-62 —78.475 +4.828 66 67
trans62 —83.403 0.0
cis-63 —48.731 +8.520 spontaneous and exothermic addition of LiGH = —40.3 kcal
trans63 —57.251 00 mol~1) across the $+C double bond.
Table 2. Dimerization Energies (kcal mot?) of the Model The parent 1,3-disilaaller&? adopts a classical allenic-type
Compounds structure withDoq symmetry. The SEC bond length of 1.692
RHF/gen B3LYP/lani2dz(dp) A'in disilaallene67°¢ matches previous computational (1.702

and 1.703 A&8) and experimental findings (1.704{&xnd 1.693-

2i53—|-(|32H 778 75 —_— (3) A3 for 1-silaallenes.

trans62H —83.08 —68.56

'(:)'J:-n636|'|3H _g;ig _ig';i 1,3-Phosphametallaallenes-P=C=E,<
S —of. —49.

Unlike the 1,3-dimetallaallenesE;,~C=E4<, their phos-
phorus counterparts, 1,3-phosphametallaallerlesC=E;4<,
have been experimentally investigaféd.

A general approach to such heteroallenes consists in deha-
logenation of the corresponding 2,3-dihalopropeinéscheme
15). The preferred dihalogenated precurdofsature a P=C
double bond because of their higher thermodynamic stability

molecular peak atm/z 1007, by the fragmentation pattern
(fragments corresponding to Mes*sB=CR, and RC=C=
C=CR; due to cleavage according to (a) and (b) in Scheme 14,
respectively), and by itdH and13C NMR spectra.

Molecular orbital calculations at the PM3 level performed
on Mes*Sl=C=CR,;, (65) show a great stabilization of the dimer

in relation to the monomer. Among all of the possible isomers -
. . . and lower reactivity compared to those qf#=C double-bond-

the hea(‘detOL)h?ﬁd dlmerﬂ:s ;nore favored.thlan the he‘E‘d'to't"""containing compounds. They are obtained according to the
one and in both cases he Irans ISomer IS Jower In energy, asBickelhaupt proceduPg by successive lithiation of the starting
expe_cted from steric h_mdrance conaderat‘t”ér_@a}ble 1). dihalophosphaalkenes MessX, (X = Cl, Br) and coupling

With more sophisticated F“e‘h"ds _(ab_ initio_and DFT) of the thus generated carbenoids MestBPXLi with halosilanes
performeq on hydrogen-subsmuted derivati6é$i, 62H, and or germanes. The more accessiBldalogen atom in Mes*#
63\I/-|V,h5|m|lartLes?Its were gbta?w(ng:j .2)' dicted 1o b CX; is replaced by a silyl or germyl group in the course of this

| erea_ltsh the ;)ur-r;eCrT_' ered rtl_ng . tr:s p:e Ic ('at . Ob et reaction sequence. Dehalogenation of these vicinal dihalohet-
pianar, wi e two 2 MOIEUES In the plane, It 1S ben eropropenes is initiated by lithiumC-halogen exchange by

along the Sb-C axis in62H with the two G=CH, moieties - P . :
- . >, treatment with an alkyllithium. The intermediate phosphaalk-
twisted by 42.58 (RHF calculations). However, the dienic enyllithium derivatived| give rise to®!P NMR signals shifted

conjugation between the wo=CH, moieties seems to be to lower field and proceed with elimination of lithium halide,

partially maintained, since the centra--C bond (1.487 A) is . _ : :
. generating the E=C double bond adjacent to the starting P
shorter than a standard—<C single bond. C bond.

According to the examination of frontier orbitals @H, the
HOMO and LUMO (-0.8000 and 1.497 eV, respectivélyare
composed mainly of antimony 5p and central carbon 2p orbitals.
As the contributions from Sb are greater, it is expected that the
Sb—Sb bond is formed in the first step of the dimerization. Thus,
calculations support the experimental data of the head-to-hea
dimerization of stibaallené5, with probably the formation of
the trans isomer.

Sterically demanding substituents attached to both hetero-
elements serve to increase the stability of the target heteroallenes
by retarding or preventing their dimerization.

Applying the method described above using Mest®Cl,
d(Mes* = 2,4,6-tritert-butylphenyl) and TipPhSiGI(Tip =

2,4,6-triisopropylphenyl) as starting materials successfully

provided the first phosphasilaallene Mes*@=SiTipPh 8).6%

The (chlorophosphasilapropenyl)lithiu® (6 (3'P) 417.6 ppm)

. o was formed by addingdert-butyllithium to Mes*P=C(CI)Si-
Dimetallaallenes > Ey~C=E14< (CI)TipPh at —80 °C. It decomposed at-60 °C, giving

No experimental work on transient or stable dimetallaallenes Phosphasilaallenés8 as the major product in 60% yield
of the type Bs~C=Eu4 (E14 = Si, Ge, Sn) has been reported (Scheme 16).
to date. Whether disilacyclopropylidenes and their carbenoids In the absence of a trapping reagent, phosphasilaaééne
are appropriate precursors for the unknown 1,3-disilaallenes wasdimerized above-20 °C.

examined by means of ab initio molecular orbital calculatns. In contrast to the case f&9, the analogous Mes*PC(Li)-

The computational study of the potential energy surface for the SiCLR (70; R = 9-methylfluoren-9-yl) did not undergo LiCl
elimination of LiCl from the parent cyclo-C&4CILi (66) elimination, even when the solution was heated for a long tine.
predicted that the conversion of carben6iito the parent 1,3-  This method failed to yield the desired 3-chlorophosphasilaallene
disilaallene67 (+LiCl) corresponds to only 6.5 kcal nid! in 71, which would have been a valuable building block with the
activation energy and a free-energy differerd® (at T = 298

K) of —13.4 kcal mot? (eq 15). (67) Krogh-Jespersen, K. Comput. Cheml982, 3, 571.

: ; ; ; (68) Gordon, M. S.; Koob, R. DJ. Am. Chem. Sod 981 103 2939.
The reaction should proceed without the intermediacy of the (69) (2) Rigon, L. Ranaivonjatovo, H.: Escidid.. Dubourg, A.:

corresponding 1,2-disilacyclopropylidene, which appears not to peclercq, J.-PChem. Eur. J1999 5, 774. (b) Ramdane, H.; Ranaivon-
be a minimum on the potential energy surface. A successful jatovo, H.; Escudigl.; Mathieu, S.; Knouzi, NOrganometallicsL996 15,
synthesis of 1,3-disilaallenes by this route requires the efficient 3070. (¢) El Harouch, v.; Gornitzka, H.; Ranaivonjatovo, H.; Estudie
| of LiCl from the reaction medium to circumvent the - ganomet. Chen2002 643644, 202. : ilaghi
removal o (70) Cretiu Nemes, G.; Ranaivonjatovo, H.; Escuddk; Silaghi-

Dumitrescu, |.; Silaghi-Dumitrescu, L.; Gornitzka, Hur. J. Inorg. Chem.
(66) Sigal, N.; Apeloig, Y.J. Organomet. Chen2001, 636, 148. 2005 6, 1109.
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Scheme 15. General Preparation of
1,3-Phosphametallaallenes

n-BulLi Mes? X1 X%ER,
Mes*P=CX; ——» =Cc’ —
“Li
Mes? X R'Li Mes{ Li
P=C — P=C]
i =
| X X

—EX' MestP=C= ER,

(Mes* = @ :X=Cl,Br;X' =F, Cl, E = Si, Ge

Ry = PhTip, t-BuTip (Tip = 2,4,6--PrsCeH,), Mes,)

Scheme 16. Synthesis of Mes*PC=SiTipPh (68)

Mes* Cl t-BuLi Mes* Li
~p=c —> | “p=c
SiPhTip - t-BuCl SiPhTip
cl 69 Cl

————> Mes*P=C=SiPhTip
- LiCl

68
(Mes* =+@ : Tip =>—C§r:)

Scheme 17. Chemical Behavior of Mes*PC(Li)SiCl ;R (70)

Mes* i
P=C_ —><>» Mes*P=C=SiCIR
SICR  -LiCl
70 Cl 7
iPhCHO
I\llles*
P
N C—CHPh L we
[ (R=J 4 )
CIRSi—O 72 @

added reaction site supplied by the-8ll bond (Scheme 17).
The surprising stability of compoundO and its reluctance to
lose lithium halide were explained by theoretical studies at the
RHF/3-21G* and RHF/6-31G**//RHF 3-21G* levels. The
lowest-energy conformer of the model Mes*E(Li)SiCl,Cp
(Cp = 1-methylcyclopentadienyl) exhibits strong electronic
interactions between Li and bothrsystems, as supported by
the following distances: Liipso-C(Mes*) = 2.357 A, Li—
centroid(Mes*)= 2.380 A, Li—ipso-C(Cp) = 2.325 A, and
Li—centroid(Cp) = 2.247 A. Similar interactions were observed
by X-ray diffraction analysis of the lithium (difluorosilyl)-
phosphide RESIi—P(Li)SiMe; (R = 2,6-dimesitylphenyl), which
failed to eliminate lithium fluoride up to 100C.”* Moreover,
calculations on the natural charges in model carbanions
(HP=CSIiHCl3—4)~ at the RHF/6-31G** level show increas-
ing negative charge on the carbon atom with an increasing
number of chlorine atoms on silicon. Both results favor ghe
form proposed by Wiberg for 1,2-elimination of LiX to form a
Si=C double bond (eq 16%

The reaction of Mes*®C(Li)SiCI;R (70) with benzaldehyde
gives the oxasiletang2, which should also be obtained by a [2

(71) lonkin, A. S.; Marshall, W. JOrganometallics2003 22, 4136.
(72) Wiberg, N.J. Organomet. Chenl984 273 141.

Escudiad Ranaionjatovo

©
N N -MX N\
/§i—c<‘—: [/Sli—C<<—>/Sli_ C<] :/s|:c< (16)
X o Lexwm ® +MX
M
A B c

+ 2] cycloaddition between benzaldehyde and treGdouble
bond of the corresponding chlorophosphasilaalléhéScheme
17). A similar [2+ 2] cycloaddition, without participation of
the contiguous £#C double bond, was found for the Ge
congener Mes*EC=GeTip({-Bu)®*° (eq 18).

The method described in Scheme 15 provided the way to
the synthesis of the first phosphagermaallene, MeZ®
GeMes (73).5% Dehalogenation of the 2,3-bromofluoro-1,3-
phosphagermaprope@ was carried out witm-butyllithium
at—90°C. The stronger fluorinegermanium bond slows down
side reactions such as alkylation of the germanium atom or
reduction of the germaniufrhalogen bond. Loss of LiF from
the ((fluorogermyl)phosphaalkenyl)lithium specig® with
formation of the Ge=C double bond took place at60 °C,
affording the anticipated phosphagermaalleng Seventy
percent of the reaction product, according® NMR analysis,
was compound/3. Above —30 °C phosphagermaallené3
dimerized (Scheme 18).

Obviously, stabilization of thesPC=Ge framework requires
a greater steric shielding. This was achieved by having the
bulkier Tip andtert-butyl groups on the germanium atom. The
1,3-phosphagermaallene Mes*R=GeTipt-Bu) (76), the first
stable heteroallene that contains two heavier double-bonded
group 14 and 15 elements, was obtained quantitatively as an
orange solid by the usual dehalogenation of dihalophosphager-
mapropend 7 with tert-butyllithium at—80°C (Scheme 19°¢

Physical Properties.’3C NMR spectroscopy was a useful
diagnostic tool for establishing the structure of 1,3-phospha-
metallaallenes. Phosphasilaall&&and phosphagermaallenes
73 and 76 exhibit typical 3C chemical shifts for the sp-
hybridized carbon atom at 269.1 (Hcp = 45.8 Hz)%92280.9
(d, Wcp = 54.3 Hz)% and 280.8 ppm (dtJcp = 62.1 Hz)8¢
respectively. Comparable data ranging from 209 to 277'8pm
have been reported for heteroallenes such as 1-silaallenes,
1-germaallenes, 1l-phosphaallenes, and 1,3-diphosphaallenes.
Heteroallene$8, 73, and76 also were characterized by similar
low-field chemical shifts in theiB’lP NMR spectra (288.9%2
239.75% and 249.9 ppni¥* respectively), in the region expected
for such phosphorus derivatives incorporating &ements of
lower electronegativity (Figure 5¥2

The?°Si chemical shift of phosphasilaallefig (75.7 ppm§°2
also confirms the presence of &% double bond, as found
for silaalkene$and silaallene&17and clearly differs from those
of silylene-isocyanide complexes—48 to —58 ppm) (see
Charts 5 and 6 and ref 74).

Reactivity. As mentioned previously, phosphasilaalleés&
and phosphagermaaller8 readily dimerized when the reaction
mixtures were warmed to room temperatéfi®? Dimerization
reactions followed two different pathways involving either P
C and B/~=C (E;4 = Si, Ge) double bonds or two J=C double
bonds (Scheme 20).

The major dimers 1,3-phosphasila(or germa-)cyclobutanes
derived from the [PC + E=C] mode likely feature the
exocyclic P=C bond with the Mes* group and the intracyclic
phosphorus atom in anti disposition, as could be deduced from
the extent of the coupling constaidbp. The latter pathway led
to minor dimers 1,3-disila(or germa-)cyclobutanes in the form
of a sole trans (along thesfC-:-C=P axis) isomer. Cistrans
isomerization took place gradually at room temperature or more
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Scheme 18. Synthesis of Mes*PC=GeMes (73) azasilaallene807#>f and azastannaalled&®® analogues (Chart
Mes'  Br nBuli [Mest i 5), since the latter dissociate in solution into isocyanides and
P=C_ — P=C_ silylenes and stannylene, respectively. Only the reaction products
GeMes - n-BuBr (GeMes; of the silylenes or stannylene were obtained.
74 F 75 F
R,CO 1%
—> [Mes*P=C=GeMes, | Mes*P=C=GeTip(t-Bu) ——» P, TP
- LiF 73 C—Ge-t-Bu (18)
N (""EF‘C%“) L]
T>-30°C l dimerization R,C—O
(RoC = PhHC; Ph,C; | C) 79
Mes*P Mes* GeMes
~C—GeMes, . eS\IT—Clt// :
Mes,Ge—C_ . ,C—GeMes; Thus, azasilaallene80 and azastannaallenE/ could be
PMes Mes*P described as complexes of silylenes (or stannylenes) and
Scheme 19. Synthesis of Mes*PC=GeTip(t-Bu) (76) isocyanides (Chart 6)._ In_ the case of the novel qzasilaallenes
Mes® o _ 81,749 some characteristics (CNC bond angles in the range
\p=C: ﬂ. 130.69-146.3, narrower than 180Q which indicate close to
GeTip(t-Bu) - +BuCl sp?-hybridized N atoms and thSi resonances at lower field
7 F (15.9 and 23.9 vs—48 to —58 ppm in 80)), suggest a
heteroallene structure for this derivative.
Mes*_ i
P=C\ —_— > ;
GeTip(t-Bu) -LiF 1,3-Diphosphaallenes
F
Among neutral heteroallenes incorporating a trivalent phos-
phorus atom and featuring thes€=P sequence (Chart 7), the
Mes*P=C=GeTip{t-Bu) 102,30%-diphosphaallenegll 7> and their ! transition-metal
76 complexeslV 76 have been known for many ye&&2More

recently 1*,302-diphosphaallene¥ have been isolated.We

rapidly upon UV irradiation to reach an equilibrium between o ety have been successful in the preparation of another class

both isomers. The selective formation of 1,3-disilacyclobutane

) ; ) of diphosphaallenes 0%,30?-diphosphaallene¥! .’
featuring two Tip groups on the same side of the four-membered 102 302-Diphosphaall Th . ¢ stableyl. 302
ing, as shown by an X-ray structure determination, favored a . 10*+30>-DiphosphaallenesThe preparation of stablesd, 30>-

concerted [2+ 2] cycloaddition of two SC double bond&% dipho_sphaallenes_ can be achieved by starting from di_fferen_tly
Other heteroallenes such as ketéhaad azaphosphaallenes Substituted 1,3-diphosphapropenes by HX abstraction with

—P=C=N—552bga|so dimerize by two analogous routes. baseg?""*dehalogenatioff lithium silanolate eliminatiorf>a?
The relative energies of the dimers of the parentP= or photochemical extrusion of carbon disulfitlePeterson
GeH, have been determined by restricted HartrEeck olefination-like reactions involving a phosphaket&ieor

calculation& and are shown in Chart 4. Only a small difference
was found between head-to-head and head-to-tail arrangements (74) (a) Takeda, N.; Suzuki, H.; Tokitoh, N.; Okazaki, R.; Nagasd, S.

; i i Am. Chem. S0 1997, 119, 1456. (b) Takeda, N.; Tokitoh, N.; Okazaki, R.
forbea%h pair of dlngle rz' The butterf;y Stru((i:turesbwtirebpredlcted fChem. Lett200Q 244, 622. (c) Takeda, N.; Kajiwara, T.; Tokitoh, Ghem.
to be the most stable but were not formed, probably because of ey 2001 1076. (d) Takeda, N.; Kajiwara, T.; Suzuki, H.; Okazaki, R.;

the large size of the substituents used. This also accounted forTokitoh, N. Chem. Eur. J2003 9, 3530. (e) Kajiwara, T.; Takeda, N.;
discrepancies between experimental and theoretical results. ?aSTafEOQ, TN T<S)klt0h, NQ;gagoLntetﬁ"g}?OO‘lCZ& 47256(()2 gglll\éva(ra),
: ., lakeda, N.; Sasamori, 1.; loKiton, em. Commu .9
Water and methanol added ch_emoselectlvely across#he E Abe, T. lwamoto, T.. Kabuto, C.: Kira, MJ. Am. Chem. So®006 128
C bond of the B~=C=E systems with the proton bonded to the 422s.
negatively charged carbon. The=E unit remained intact, even (75) (@) Appel, R.; Flting, P.; Josten, B.; Siray, M.; Winkhaus, V.;

Knoch, F.Angew. Chem., Int. Ed. Endl984 23, 619. (b) Karsch, H. H.;
when an excess of the rg@gent was .used (SChem@ 21). . Koéhler, F. H.; Reisacher, H.-UTetrahedron Lett.1984 25, 3687. (c)
Attack at the more positive germanium atom by nucleophiles yqshifji, M.; Toyota, K.; Inamoto, NJ. Chem. Soc., Chem. Commun.

such as methyllithium and subsequent quenching with methanol1984 689.

gave the germylphosphaalkef8 (eq 17)%°° (76) (a) Yoshifuji, M.; Shibayama, K.; Hashida, T.; Toyota, K.; Niitsu,
T.; Matsuda, I.; Sato, T.; Inamoto, N. Organomet. Chenl986 311,

C63. (b) Akpan, C. A.; Hitchcock, P. B.; Nixon, J. F.; Yoshifuji, M.; Niitsu,

Mes*P=C=GeMes, 1) Meli Mes*P:C/H (17) T.; Inamoto, N.J. Organomet. Chenl988 338 C35. (c) Yoshifuji, M.;
2) MeOH * GeMes Toyota, K.; Niitsu, T.; Inamoto, N.; Hirotsu, Kl. Organomet. Chen1.990

1 2 389 C12.
78 Me (77) (a) Kato, T.; Gornitzka, H.; Baceiredo, A.; Bertrand, Sgew.

Chem., Int. Ed200Q 39, 3319. (b) Martin, D.; Gornitzka, H.; Baceiredo,
[2 + 2] cycloaddition reactions were observed with Mes*P A, Bertrand, G.Eur. J. Inorg. Chem2005 2619.

— Ty _ (78) Septelean, R.; Ranaivonjatovo, H.; Nemes, G.; EScudiSilaghi-
C GeTIp([ Bu) and benzaldehyde’ benZOphenone' and fluo Dumitrescu, I.; Gornitzka, H.; Silaghi-Dumitrescu, L.; MassouES8r. J.

renone to afford the oxagermetan&$, which feature an Inorg. Chem2006 4237.
exocyclic ¢)-P=C double bond (eq 18). (79) (a) Yoshifuji, M.; Sasaki, S.; Inamoto, Netrahedron Lett1989

Whereas the PCE sequences=ESi, Ge) are maintained in ?é?] 8391-9(3 g‘ozuzyfouv M.; Koenig, M.; Escudié.; Couret, CHeteroat.
. L . . . . em. . .
the above reactions, a striking difference is observed with their (80) Gouygou, M.; Tachon, C.: El Ouatib, R.; Ramarijaona, O.; Etemad-
Moghadam, G.; Koenig, MTetrahedron Lett1989 30, 177.
(73) Tenud, L.; Weilemann, M.; Dallwigk, BHelv. Chim. Actal977, (81) Appel, R.; Fdling, P.; Krieger, L.; Siray, M.; Knoch, FAngew.
100, 975. Chem., Int. Ed. Engl1984 23, 970.
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Escudiad Ranaionjatovo

-P=C=E
dap 289 250 240 170 140 90 70 -60 =130 -180 -207
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E Si Ge P, As c N o]

Figure 5. Variation of 3!P chemical shifts in-P=C=E with electronegativity.

Scheme 20. Dimerization Pathways of
1,3-Phosphametallaallenes 68 and 73

Mest ~ ERR

P=C+ E= P—C
Mes'P=C=ERR -~ -CTE=C_

C—ERR'
68, 73 %4

lZX E=C

-0

(E = Si, R=Tip, R' = Ph; E = Ge, R = R' = Mes)

Chart 4. Relative Energies of Dimers of the Parent
Phosphagermaallene HE=C=GeH,

E (kcal mol™")
A
GeH, HP,
HP—( }—GeHz
58
PH HP—
HGe GeH,
HP, GeH,
GeH, H
33 | |
,—FPH HP
H,Ge GeH,
HP HP
N\ GeH \—GeH
15 2 | 2
HzGe~l\ GeH,
PH HP
HP__ _GeH, HP. GeH,
oI L
H,Ge™ ~PH HP GeH,

intermediate phosphathioketéhand ring-opening reactions of
functionalized diphosphiran®s$3 also have provided stable
10?,30%-diphosphaallenes (Scheme 22). All of the isolated

(82) (a) Krieger, L. Ph.D. Dissertation, University of Bonn, Bonn,
Germany, 1988. (b) Chentit, M.; Sidorenkova, H.; Jouaiti, A.; Terron, G.;
Geoffroy, M.; Ellinger, Y.J. Chem. Soc., Perkin Trans.1®97, 921.

(83) (a) Yoshifuji, M.; Sasaki, S.; Niitsu, T.; Inamoto, Netrahedron
Lett. 1989 30, 187. (b) Yoshifuji, M.; Sasaki, S.; Inamoto, N. Chem.
Soc., Chem. Commu@989 1732. (c) Yoshifuji, M.; Niitsu, T.; Shiomi,
D.; Inamoto, N.Tetrahedron Lett.1989 30, 5433. (d) El Ouatib, R.;
Ballivet-Tkatchenko, D.; Etemad-Moghadam, G.; Koenig JMOrganomet.
Chem.1993 453 77. (e) Alberti, A.; Benaglia, M.; Della Bona, M. A,;
Guerra, M.; Hudson, A.; Macciantelli, DRes. Chem. Intermed996 22,
381. (f) Toyota, K.; Nakamura, A.; Yoshifuji, MChem. Commur2002
3012.

Scheme 21. Reaction of 1,3-Phosphametallaallenes with
H,O and MeOH

Mes*P= (IZ— Cl-ie'l'l p(t-Bu)

Hy H OH
Mes*P=C=ER,
Mem
Mes*P=C—ER,
1
H OMe

(ER, = SiPhTip; GeMes,)

Chart 5. Stable Azasilaallenes

MesSi.  SiMes

Tot,
Si=C=NR Si=C=NR'

/

Mes
80 MesSi” SiMe; 81

(Tbt = 2,4,6-[(Me;Si),CH]5CsH,)
(R = 2,4,6-i-PryCqH,, Mes*, Tbt)
(R' = 2,6--Pr,CgHs, Ad)

Chart 6. Structure of RIRZECNR3

R'RE=C=NR® <«—> R'RE<C=NR3

(E = Si, Sn)

Chart 7. Neutral, Trivalent, Phosphorus-Containing
Diphosphaallenes

h{an 0
I
—P=C=P— —P=C=P— 4?:(;:}37 ,E:C:p,
m v \" \"/|

species bear bulky protecting groups such as 2 f@th-
butylphenyl, Mes*, 2,4,6-trtert-pentylphenyl (), (MesSi)sC,
and 2,2,12,12-tetramethylbicyclo[11.3.1]heptadeca-1(17),13,15-
trien-17-yl (1) (Chart 8)83f

102,30%-Diphosphaallenes exhibit chemical shifts at low field
for both phosphorus (ranging from 140 to 169 ppm) and sp
carbon nuclei (around 275 ppm) with a large coupling constant
Jpc of about 58 HZ%

The sole X-ray structure determinatfdnof a 102,302
diphosphaallene reveals a PCP bond angle of 17A(®)icating
a slight, but nevertheless significant, deviation from linearity
of the PCP backbone in Mes*fC=PMes* §2). This angle
contraction should reduce the interactions between the huge
Mes* groups. Their mutual orientation (83)Pwhich is almost
orthogonal with respect to the PP axis, affords an important
criterion for describing the #C=P bonding system as a

(84) Karsch, H. H.; Reisacher, H.-H.; 'Mer, G. Angew. Chem., Int.
Ed. Engl.1984 23, 618.
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Scheme 22. Different Routes to @,3¢%-Diphosphaallenes
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Scheme 24. Alternative Synthesis of
10*,30%-Diphosphaallenes V

—P=C—P—
& —P=C—P— )
—P=Gp- I Ph (-PrNpPc PR H
H Cl DBU _ 2 R—P=CH, ———>» R—P:C\
RLi /- RX R/ - PhARRPMeCl R/ P(Ni-Pry),
t—BuON -Lix -
BF,
2BFEL,0  Ph ., H LIN(SiMe3),
poc/ Noos P=C=P Ru P=Cc—P VRV
—P= = —_— —P=C=P— - —P= — - -Pr- " :
N -CS, -MesSOLi e & 22 R PNi-Pr,
| 87a, b
X2
RM -
o / ‘\—P(SiMes)Li FF’{h\P_C/H . Fl;h\P_ p’ Ni-Pr,
AN oL i VAR
—P—P— - Me;SiOLi cs, R'/ b PN/-Pr, R'/ 88
. —P=C=S «——— —P(SiMey)Li (S
M=LLNa) - psivegti + —p=c=0 - Me;SiSLi ’ N(SMe)

Chart 8. Stabilizing Bulky Groups for
102,30?-Diphosphaallenes

( R =Ph, R"=i-Pr;N, 88a>
R =R'=i-PryN, 88b

Scheme 25. Ylidic Character of #*,362-Diphosphaallenes

86 and 88a
(CHy)y R, MeOTf R+ IO~
R—P C=P, —> R-P_
cr R o’ C=P
86 Me R
89
Ph BFyEL,O  Ph . BFs
. Scheme 23: Frpm PhlP:C:P\ R Ph:P—C/\
(Phosphino)(chlorophosphino)diazomethane 85 to R R ¢
Diphosphaallene 86 88a 90
R, RPCI, R /R (R =i-Pr,N)
P—C—L| B — /P—E)—P\
R’ cl . . .
Ne RN Scheme 26. Dipolarophile Behavior of
85 10%,30%-Diphosphaallenes 86 and 88a
R R
hv or A \P—("f—P\/ _ay “P_c=p PN Me;3SiN; i—Per\ Ny
R cl R & R ROp=Cc=p —— > | R—P=C |
, N W
R’ Ni-Pr, R }ID/ ~SiMe;
R, IE_:;, ) o- Ni-Pr,
0 » RP=C=P_ <> c C=P PhHG=Nt-Bu
cr A R B R (excess)
86 PN
(R =i-ProN) P=N_
PEN SiMes
heteroallene, since allenes adopt comparable geometry. The i—PerjP\ 0 'szlgl_P e
shortening of the £C bonds (1.635(8) and 1.630(8) A) relative C—P\—N/ Pry R’ 2
to isolated P=C(sp) bonds (1.68-1.72 AP:85 presumably PRHC, O 93
reflects the special electronic characteristics of the heteroallene 92 ey (R=-Pr,N, R'= C; R = R' = Ph)

and the smaller bond radius of the sp-hybridized carbon atom.
The reactivity of b2 302-diphosphaallenes has been discussed

in a previous review’
n* Transition-Metal Complexes of 152,30%-Diphosphaal-
lenes. The treatment of the ¢&,302-diphosphaallen@2 with

group 6 transition metal carbonyl derivatives is of particular

interest, since it leads to the new classpéftransition-metal

Scheme 27. Synthesis of Mes*(O¥PC=PMes* (94)

Mes*II:I’CIz 9
Mes*P=CCILi ————> [Mes*F;—clzszes*]
cl cl
Mes*P=CCILi Q
— > [Mes*P—C=PMes"|

- Mes*P=CCl, &l
M(CO)sTHF Mes?
Mes*P=C=PMes* — = ,P C=PMes* 19) o
82 OC)sM™ g3 T Mes*P=C=PMes* 94
-Licl
(M = Cr, Mo, W)

complexes of diphosphaallened3).”® The coordination to the
group 6 metal takes place at the phosphorus atom imlan

fashion, as deduced from a chemical shift correldfitend the

phosphorustungsten coupling constaritlpy = 273 Hz) in3P
NMR spectrum of the tungsten compound (eq 9y

Complexes3 exhibit two doublets at chemical shifts between

125 and 185 ppm in théP NMR spectrum foro3-P and
around 132 ppm fov?-P with a mean coupling constafi-p
of 37.4 Hz.

(85) (a) Becker, G.; Becker, W.; Mundt, ARhosphorus Sulfur Relat.
Elem.1983 14, 267. (b) Appel, R.; Knoll, F.; Ruppert, Angew. Chem.,
Int. Ed. Engl.1981, 20, 731. (c) Markovski, L. N., Romanenko, V. P.,
Ruban, A. V. InChemistry of Acyclic Compounds of Two-Coordinated
PhosphorusNaukova Dumka: Kiev, Ukraine, 1988.

Compound83 (M = W) underwent a hydrogen migration
from the carbon to the phosphorus atom when heated in
refluxing toluene to afford the carbeirtarbon-coupled tetrahy-
dro-1-phosphanaphthalene compik(eq 20)70
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Table 3. 3P and 13C NMR S’Eectroscopic Data ¢ in ppm and J in hertz) and Selected Structural Parameters (Bond Lengths

(A) and Bond Angles (deg)) for Compounds 862 and 88a and 88157°
o,0%-P=C=P 5GP %%) (Xpp) 5(13C) (Mcp) d(o*P=C) d(o?P=C) PCP angle
86 302.8/61.2 (240.1) 169.9 (36.5/9.7) 1.6503(13) 1.6429(13) 120.88(9)
88a 313/41 (190) 166.5 (37/14) 1.3684 1.641 115.0
88b 295/59 (166) 162.4 1.669 1.629 125.3

10%,302-DiphosphaallenesThe photolysis or thermolysis of
the (phosphino)(chlorophosphino)diazomethane sp&&igave
the first stable &*,30%-diphosphaalleneg6’72(Scheme 23), by
the well-established 1,2-migration reaction of singlet carb&hes,
which operates for phosphinocarbefiemd the consecutive 1,2-
halogen shift associated with-halophosphine®

H
! W(Co)
A R (20)
P=C=PMes* —» C=PMes*
OCW g3 84

10%,30%-Diphosphaallen&6 was obtained as a single isomer,
in nearly quantitative yield. However, the scope of this synthetic
strategy is very limited in terms of starting materials (diazo
precursors and chlorine migrating group). Deprotonation of
phosphoniophosphaalken&3 (accessible by Gtamacher’s
proceduré?) with the bulky, but not reducing, lithium hexam-
ethyldisilazide (LIHMDS) offered an alternative way to*1302-
diphosphaallene88 (Scheme 24¥7b

Although concurrent attack of LIHMDS at the-phosphorus
atom of the more acidic phosphoniophosphaalk&hedid not
occur, the expected diphosphaallé&8e could not be detected,
since it readily underwent head-to-tail dimerization (eqZ%).

BF,
Ph, H LiNGSiMey, [ Ph NPr
Ph—P—C —————> | Ph—P=C=P
PW  “PNi-Pr, Ph
87c 88c 2D
Ni-Pr,
]
P
x2
2 =] C=PPh
N/
e
Ni-Pr,

The 31P{1H} NMR spectra of86 and 88ab display two
doublets in the regions expected fof- and o*-phosphorus
atoms'%290The signals for the dicoordinate carbon atom appear
as doublets of doublets ataround 165 ppm (Table 3), chemical
shifts approximately halfway between the values reported for
carbodiphosphoranesr{o*-diphosphaallenes)o(*3C) 0-20
ppmyP! ando?,o?-diphosphaallenedl .1%2The PCP bond angle

(86) (a) Bourissou, D.; Bertrand, Ghem. Re. 2000 100, 39. (b) Ford,
F.; Yuzawa, T.; Platz, M. S.; Matzinger, S./'Iécher, M.J. Am. Chem.
S0c.1998 120 4430. (c) Sulzbach, M.; Platz, M. S.; Schaefer, H. F., lll;
Hadad, C. MJ. Am. Chem. So&997, 119 5682. (d) Keating, A. E.; Garcia-
Garibay, M. A.; Houk, K. N.J. Am. Chem. Sod997, 119 10805. (e)
Sander, W.; Bucher, G.; Wierlacher, Shem. Re. 1993 93, 1583.

(87) Baceiredo, A.; Igau, A.; Bertrand, G.; Menu, M. J.; Dartiguenave,
Y.; Bonnet, J. JJ. Am. Chem. S0d.986 108 7868.

(88) (a) Kolodiazhnyi, O. IRuss. Chem. Re1997, 66, 225. (b) Appel,
R.; Huppertz, M.; Westerhaus, &hem. Ber1983 116, 114.

(89) Gritzmacher, H.; Pritzkow, HAngew. Chem., Int. Ed. Endl989
28, 740.

(90) CRC Handbook of Phosphorus-31 Nuclear Magnetic Resonance
Data; Tebby, J. C., Ed.; CRC: Boca Raton, FL, 1991.

(91) Johnson, A. W.; Kaska, W. C. O.; Starzewski, K. A.; Dixon, D. A.
In Ylides and Imines of Phosphorudohnson, A. W., Ed.; Wiley-
Interscience: New York, 1993; pp 648.

(120.88) and the planar arrangement of the NPCPCI fragment
in 86 point to sp hybridization of the carbon atom (for in
Scheme 23).

The X-ray molecular structure &6 showed ark configu-
ration of thes?-P=C bond and a markedly shorter€ distance
(1.64 A) with respect to an isolated= bond lengtt?,85 but
this value was comparable with that observedNtgs*P=C=
PMes*8 Interaction of a lone pair of electrons at the carbon
atom with theo*-P atom is confirmed by the shortf bond
length (1.65 A) and the eclipsed position of #eP—Cl bond
and the CPN fragment. This so-called negative hyperconjuga-
tion®2 transfers the electron density from the occupietospital
on the carbon atom to the energetically low-lyistgorbital of
the o%-P—CI bond?? Close geometric parameters were deter-
mined for compound88ab (Table 3). Therefore, derivatives
86 and88ab can be considered as heteroallenes.

Owing to the presence of a ylidic carbon ato86, reacted
with an alkylating agent such as methyl trifluoromethane-
sulfonate to give the expect&@iphosphoniophosphaalkeB8’72
as only one isomer (59% vyield), where@8a combined with
the Lewis acid BE to form the corresponding comple0’7®
(Scheme 25).

A formal [1 + 4] cycloaddition between the lone pair of
electrons at thes?-phosphorus of diphosphaaller& and
tetrachloroe-benzoquinone afforded carbodiphosphor&ie
(eq 22).

cl,
R
R R
\ /
RoP=C=p_ 2% RP=C=P-Q (22)
a’ R o 4
86 o1
(R = i-Pr,N) Cly

Compounds36 and 88areacted as dipolarophiles in the [2
+ 3] cycloaddition reactions with a nitrof@and trimethylsilyl
azide, eventually leading to phosphonic am@®with excess
nitrone and a mixture of the iminophosphase,NP=NSiMe;
and diazomethylenephosphor@8; respectively (Scheme 26).

Further [2+ 3] cycloaddition betweeB88aand diazometh-
ylenephosphoran@3 was observed (eq 23}°

PN,
, Ph-P=C=N, i-Pr,N Ney
PN P’ 93 Phop=c |
Ph-P=C=P_ P p—C__ph 23)
Ph Ni-Pr, o P
-] 1
88a 12 Nipr,

10°,30?-DiphosphaallenesWe recently have been successful
in the synthesis of a news#,3¢%-diphosphaallene, Mes*(O¥
C=PMes* 04).78 A methylene(oxo)phosphorane unit, of which
only two representatives have been described to Yai,

(92) Schleyer, P. v. R.; Kos, A. JTetrahedron1983 39, 1141.

(93) Gritzmacher, H.; Pritzkow, HAngew. Chem., Int. Ed. Endl992
31, 99.

(94) (a) Appel, R.; Casser, Oetrahedron Lett1984 25, 4109. (b)
Appel, R.; Knoch, H.; Kunze, HAngew. Chem., Int. Ed. Endl984 23,
157.



Group 14 and 15 Heteroallenes#.=E and E=C=F'

Scheme 28. Reactivity of @3,362-Diphosphaallene 94

t-Bu
o
t-Bu 'F'>—c|:= PMes*
H
o) 7 95

Mes*II3I=C= PMes*
94 HZO\‘ 0
Mes*l?—(;: PMes*

HO H 9

Scheme 29. Synthesis of Phospharsaallene
Mes*P=C=AsMes* (97)

n-BuLi [Mes{  Br| Mes*AsF,
—_— P=C —

Mes*P=CBr.
2 “Li
Mes{  JBr nBuLi  [Mes{  Li
= —_— =
“MsMes* “sMes*
98 F 99 F
—UF o Mes*P=C=AsMes*
97

Scheme 30. Synthesis of 1,3-Diarsaallene 100

n-BulLi *
Mes*As=CBr, ———» |Mes{ Br
As=C
ML

Mes*AsF, ~Mes{  Br n-BuLi
—_— As=C T
AN

)?‘sMes*

101 E

Mes: /Li LiF
As=C_ —> Mes*As=C=AsMes*
AisMes” 100

F

embodied in the heteroallene structure. Treatment of the
phosphonic dichloride Mes*(O)Pg&lith the (phosphaalkenyl)-
lithium species Mes*BCCILi afforded94 in 40% vyield. The
reaction probably involves the initial formation of a phosphaalk-
enylphosphane oxide. A rap@CI/CLi exchange then leads to
Mes*P=CCl, and the related (chlorodiphosphapropenyl)lithium
compound. The latter affords the target compound by loss of

LiCl (Scheme 27).

The 3P NMR spectrum oB4 displays an AX system at

Organometallics, Vol. 26, No. 7, 2007557

Figure 6. Molecular view of Mes*P=C=AsMes* in the solid state.

1,3-Phosphaarsaallenes

In marked contrast, the field of allene analogues of arsenic
has been less investigated. As mentioned previously, only the
transient arsaallene HAC=CH.*®? and arsabutatriene Tsi&s
C=C=CPh (Tsi = (MesSi);C)°¢¢ have been postulated as
intermediates. The first stable heteroallene of arsenic, which is
the phosphaarsaallene Mes*E2=AsMes* (97),% incorporates
ac?-phosphorus atom. Coupling Mes=ZBrLi with Mes*AsF,
afforded the 2,3-bromofluorophosphaarsaprof@erobably
as theZ isomer. Conversion of phosphaarsaprop@&&to
phosphaarsaallen87 was achieved by its treatment with
n-butyllithium at —90 °C. The organolithium intermedia@9
thus formed lost LiF to give in nearly quantitative yield the
expected phosphaarsaalledie(Scheme 29).

Although the phosphorus and arsenic atom positions could
not be defined precisely in the X-ray molecular structiira,
near-linear triatomic arrangement with the central allenic carbon
bonded to two Mes*P or Mes*As groups was obvious (Figure
6). The recent fully optimized geometry of HE=AsH,
determined with the B3LYP hybrid functional and the 6-311G-
(d,p) basis s€eté showed the #C and As=C bond lengths to
be respectively 1.644 and 1.769 A, the carbon bond angle to
be 170.20, and the HAsPH dihedral angle to be 90.37

The allene-like structure &7 was unambiguously established
by its 13C and3P NMR spectra. The sp carbon and the double-
bonded phosphorus nuclei resonated at characteristic low field
with chemical shifts of 299.5 (diJcp = 75.1 Hz) and 159.7
ppm, respectively. A rotational barrier of 13.67 kcal midior
the Mes* groups, comparable to those reported for Mes*P
C=PMes®3and for Mes*(O)P=C=PMes*/8 was determined
by dynamicH NMR spectroscopy. The different ionizations
on the PE spectrum of phosphaarsaalle&® were fully
assigned by confronting experimental and theoretical results
(vide infra)%®

261.4 @%-P) and 117.3 ppmof-P) with a coupling constant
2Jppof 30.5 Hz. A large high-frequency shift 6125 ppm was
observed for thes?-P in comparison with the values reported
for the related &2 302-diphosphaallene Mes*PC=PMes*
(82)7° and diphosphaallene complex@’7%2 The signal of the
o°-phosphorus atom is slightly shifted to lower frequency with
respect to the values observed for diphosphaallene complexe
83 (6(31P) 125-185 ppmjcaand for Mes*(O)P=C(SiM&)R (0-
(3P) 153.7 ppm (R= Ph)?42161.1 ppm (R= MesSi)**). The
sp-hybridized carbon atom gives rise to a doublet of doublets
at 229.1 ppm Ycpo) = 177.4,%Jcp = 46.8 Hz). The rotation
barrier for the Mes* bonded to the*-phosphorus atom was
evaluated to be 12.2 kcal mdl by dynamic 'H NMR
spectroscopy.

Although it is stable for months in the sqliq state, methylene- (95) Ranaivonjatovo, H.. Ramdane, H.. Gomitzka, H.; EscubliSatge
(oxo)phosphoran®4 slowly rearranged within 1 day at room 3, Organometallics1998 17, 1631.
temperature in solution into the (phosphaalkenyl)phosphine (96) Miqueu, K.; Sotiropoulos, J.-M.; Bayle, P.; Joariguy, S.; Pfister-
oxide 95. Water added selectively to the more reactiveP= Guillouzo, G.; Ranaivonjatovo, H.; Escldi&; Bouslikhane, MJ. Mol.
C double bond to give the (phosphaalkenyl)phosphinic @6id struct. 2004 590, 53.

(97) Bouslikhane, M.; Gornitzka, H.; Escudi&; Ranaivonjatovo, H.;
(Scheme 28). Ramdane, HJ. Am. Chem. So@00Q 122, 12880.

1,3-Diarsaallenes

The synthetic method for the first stable 1,3-diarsaallene
Mes*As=C=AsMes* (100 parallels the previously described
rocedures for phosphametallaaller&ss 73, and 76 and the
hosphaarsaaller$.°” Successive treatment of Mes*A<€Br,
with n-BuLi and Mes*Ask, at —80 °C afforded the bromodi-
arsapropend01, which in turn gave diarsaalleri®0in good
yield upon addition of-BuLi at low temperature (Scheme 30).
Although a disorder of the whole molecule was observed in
the X-ray structure determination (Figure®7}he study revealed
a deviation from linearity of the AsCAs skeleton (175.6(6) and
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Scheme 31. Tristannaallene 102
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Scheme 32. Silicon and Germanium Trimetallaallenes

Figure 7. X-ray structure of Mes*As=C=AsMes* drawn at the ROR KCTHE R R . RUR a RR R R
50% probability level. QY(SiBrz d CZS“ Sicla | i;s(sm KCs i;sps'kszg
1Cl3
R R R R R R R R
106

-50°C
176.2(133), which is less pronounced than in the PCP unitin R R
Mes*P=C=PMes* (172.6(5)). The torsion angle (Mes*)-
CAsAsC(Mes*) amounted to 77.6(6) and 78.3(%)The As=
C bonds (1.7584(9) and 1.7575(17) A) were markedly shorter R R

R R R R R R R R
i i Na MCl, Gl Keg M
compared to those found in acyclic arsaalkenes (119876 GeCl, Ge: Ge’ Ge” Saé
M'Cl,
R R R R R R R R

0 105

A),76%due to the smaller bond radius of the sp-hybridized carbon toluene/rt
atom and the special electronic characteristics of the heteroal- R R
lene. These findings substantiate the description of the bonding (M' = Ge, 107; Si, 108)
system as a heteroallene. The computed geometry of the parent
diarsaallene HAsSC=AsH (d(As=C) = 1.766 A, As-C—As R R R R R
= 169.7, H—As—As—H = 90.42) is in agreement with that  (R=SiMe,) Sit + GeClyCyHyOp —2dTF i;sr/Ge\\%;'
found for arsaallen&00. The huge Mes* groups and the packing
effects in the solid state could explain the small discrepancy RR R R
observed between experimental and calculated geometric pa- 109
rameters.
The characteristit®C NMR signal at very low field§ 297.5 (100) correspond to the removal of an electron from tig-c
ppm) also supports the assigned structiréhe stabilization =+ npyorbital and those at 9.0 e\A7/100) and 9.8 eV 97)/9.5
of such derivatives stems from the steric congestion of the eV (100 are mainly assigned to the removal of an electron from
substituents, as evidenced by the large rotational barrier (12.9the 7p—c + npn orbital mixed with theopr=caiienicy Orbital of
kcal mol!) at the Mes* groups determined by dynanitd rotamers at 45 and 90respectively. The bands at 8.3 and 8.5
NMR studies®” eV are associated with the supermesityl groups. From these very
Computational studies (B3LYP hybrid functional and the close PES spectra, a similar reactivity can be expected for
6-311G(d,p) basis set) have been performed on the modelheteroallene®7 and100.
compounds HEC=PH, HP=C=AsH, and HAs=C=AsH in
order to determine the different interactions which take place
in such heteroallenes, particularly betweenAhkond and the
pnictogen lone pairg (Pn= P, As). HOMO-LUMO gaps of To finish this review about heteroallenes, we will report the
4.97, 4.49, and 4.57 eV, respectively, were fobfiitihe smallest  results of Wiberg and Kira in the field of trimetallaallenes&
values obtained for phosphaarsa- and diarsaallenes imply ag,,=E,, Thus, tristannaallen®02 obtained from stannylene
greater reactivity compared to that of the diphosphaallenes, 103and RNa (R= t-BusSi), has been isolated. It rearranges at
particularly in [2+ 2] cycloadditions. The calculations extended ambient temperature to the corresponding cyclotristannene and,
to phospha- and arsalkenePr=C< give HOMO-LUMO according to its!1%Sn NMR spectrum and X-ray structural
gaps of 5.06 and 5.64 eV, respectively. A higher reactivity can analysis, its bonding situation h02 is best described by the
thus be expected for the A€ double bond of heteroallenes  resonance formulas04 (Scheme 31).
—Pn=C=Pn— compared to that of phospha- or arsaalkenes.  Thg first trisilaallene105, a derivative with a formal sp Si
The UV photoelectron spectra 87 and100recorded at 135 510m, was synthesized by reduction of the tetrachlorodisilane
and 178°C, respectively, are very simildf.Comparison of the 106 with potassium graphite and isolated as a thermally very
experimental and theoretical results obtained from calculations gtaple put air-sensitive compound (Scheme%2The triger-
on the model compounds (RE=AsR and RAs=C=AsR, R manium analogu@07 and the 1,3-digermasilaallei®8 have
= 2,6-dimethylphenyl) allowed an assignment of the different peen obtained by a similar rout®,whereas the 1,3-disilager-
ionizations in the PE spectP&. This assignment needs to
envisage _mtamers’ in agreement with the dynathidNMR (98) Wiberg, N.; Lerner, H.-W.; Vasisht, S.-K.; Wagner, S.; Karaghiosoff,
study, which showed that the aryl groups were not frozen and k. Néth, H.; Ponikwar, W.Eur. J. Inorg. Chem1999 1211.
underwent a slow rotation in a gear mode. This rotation is _ (99) (a) Ishida, S.; lwamoto, T.; Kabuto, C.; Kira, Mature2003 421,
restrained because of the steric hindrance and has a barrier muc 885(2)47""1%”71_0}%’) T,\',\;,;\fr‘?jt%fjafﬁAggb%t?kigug? b?r%ﬁg?nﬁgtﬁglrﬁ%
higher than the energy difference between the rotamers havingcommun2005 5190. (d) Kira, M.; Ishida, S.; lwamoto, T.: Kabuto, T.
dihedral angles at 45 and 90The bands at 7.9 e\9{)/7.8 eV Am. Chem. Sod 999 121, 9722.

RR 410

Heteroallenes BE,~E'1/~E'"14
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maallene derivativel09°¢ was prepared by reduction of a 1-arsaallenes are closer to an allenic structure than 1-silaallenes
mixture of silylene11®% and GeCJ-(dioxane). or 1-germaallenes, although large shortenings (abotL206)

X-ray analyses of these heteroallenes showed bent-allenicof the S=C or Ge=C double bonds in relation to the standard
structures with a B=E;+~E;4 bond angle of 122.:6136.5. A corresponding single bonds are noticed.

fluxional process was observed in solution. A significant  Heteroallenes with one doubly bonded element of group 15,
conjugation between the=tE’ double bonds occurs. THES particularly phosphorus, are by far more abundant than their
NMR resonances for the. central S|I|con atom were observed, analogues with a heavier group 14 element. This is mainly due
as expected, at very low field (236 ppm in€8i=Ge and 157 {4 g,.=C being less reactive than the;£C double bond, which
ppm in SESI=SI). makes them easier to stabilize and allows various types of
) synthetic routes: initial creation of both&C and G=X double
Conclusion bonds can be planned, whereas in the case @f=E=X
The results in the field of 1-heteroallenes with one group 14 derivatives, the E=C double bond must be formed in the final

and 15 element deserve some comment. In the case of group>teP-

14 elements with the same type of groups on carbon and on As expected, very few stable heteroallenes of the typgd=
group 14 element (generally a bulky substituted aromatic group), C=E1s have been isolated or even characterized. Their stabiliza-
sila- and germaallenesE=C=C< (E = Si, Ge) show similar tion is much more difficult, due to the absence of a substituent
behavior and both are rather stablé’” However, a great  on the B¢ element.

difference is observed with the stannaallene analob|& Efforts should now be directed to the synthesis of new
which cannot be stabilized even at low temperature. heteroallenes containing the heaviest elements of not only groups
The same trend is observed in group 15 with exactly the same 14 (Sn, Pb) and 15 (Sb, Bi) but also elements of group 13 such
groups on the P,OAS, Sb, and C atoms; both phosphaallétie  as boron. The study of the reactivity of all these heteroallenes
and arsaalleerléoe are thermally stable, whereas the stibaallene needs further development. The results should be very interest-
analogue65™ cannot be observed. Thus, stannaallene and ing due to the various possibilities of reactions on the two
stibaallene were characterized only by their chemical behavior. . mulative double bonds, and may even lead to applications.
These results confirm the well-known gap between the third | this connection we note the diphosphinidenecyclobuténes

and fourth rows of the periodic table. Moreover, a great gerjved from 1-phosphaallenes can serve as ligands in transition-
difference is observed between 1-heteroallenes with a heavieryqotg) complexes that have very good catalytic properties.

group 14 and 15 element of the fourth row, since a very easy

dissociation of the S®#C bond is observed, whereas the=8h )
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