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Summary: 2« Trimethylsilyl)-1-phosphabenzene and -1-
arsabenzene, MeySiCeHE (E = P, As), resct with
{OssHeCO1ol to give the clusters [OssHo MesSiCsH E)-
(COlal, which contain o-bonded, four-electron-donating
g ic ligands, and the products [OssH{(Me;-
SUCraHsEsHC0)e], having tricyclic ps-ligands derived
from [d -+ 2] Diels—Alder eyeloadditions.

Phosphabenzene and arsabenzene can coordinate
through the heteroatom lone pairs as do pyridine and
tertiary phosphines and arsines, through the 7-gystem,
or through both simultanecusly.l? We recently re-
ported a new bonding mode for phosphabenzene as a
g-banded, four-electron-donating us-ligand in the cluster
[OesHa(uy-n2-CeHsPNCOY]4 Pyridine hehaves vory dif-
ferently in trivemium clusters and gives predominantly
2-pyridyl ligands by ortho metalation.$®

We have now examined the corresponding reactions
of 2-trimethyleilyl-subatituted phosphabenzene and ar-
sabenzens and have found a novel intramolecular {4 +
2] Diela—Alder cycloaddition process. Intramolecular
{6 + 4] cycloaddition was observed in the reaction of 3,5-
diphenylphosphinine or 1,31%-azaphosphinines with
diazomethanes5? to yield diphosphachiropteradienes
and diazadiphosphachiropteradienes, respectively, Also
[(3,5-diphenylphosphinine)M{C0)s] complexes (M = Cr,
Mo, W) react with nitrilimines, nitrile oxides, and 1,3-
dienes to give Diela—Alder eyeloadducts.? Reactions of
[O8sHACONo] with 2« trimethylsilyl)-1-phosphabenzene
or -1-arzabenzene® (2 mol/meol of Osy) in refluxing octane
each give two major products, the clusters [OsHy(Me;s-
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Figure 1. X-ray structure of the eluster [OgaH:(Mes-
SiCsH,P(CO)] (La). Selected bond lengths (A) Os(1}y—Os-
(2), 2.893(2);, Os(1—0s(3), 2.823(2); Os(2)—08(3), 2.944(2):
Os(1)—P, 2.306(5); Os(2)—P, 2.347(4); 08(3)—P, 2.855(5);
Os(3)—C(6), 2.18(2); P—C(1), 1.78(2); P—C(5), 1.76(2):
C(1)—C(2), 1.318(4); C(2)—C(3), 1.45(3;; C(3—C(4),
1.32(4); Cl4—C(B), 1.47(3).

BiC HLPXCO))] {1a) and [OssH{(MeaSi)zCHaF HC 0]
(2a) from 2-(trimethylsilyl)-1-phosphabenzene and
[Osata(MesSiCsH Au) CO)] (1b) and [OaH{(MesSi)-
CioHaAssHCO)k] (2b) from 2-(trimethylsilyl)-1-arsaben-
zene.l® The organic ligands in 2ab are derived by
intramolecular Diele—Alder eycloaddition of two het-
erogyclic ligande (Schames 1).

Clusters 1a b are isostructural with almost identical
IR spectras around 2000 em~L. The X-ray structure of
1a (Figure 1)** is quite unlike those of stoichiometrically
related tertiery phosphines and tertiary arsines of the
type [OssHz(CO)L] (L = tértiary phoephine or arsine)
which are structurally related to [CasHyCO0)g) a8 CO-
subsatituted derivatives.!? These clusters are purple,
have L a8 a normal terminal two-eleciron donor, and
are formally coordinatively unsaturated. In contrast,
cluster 1a hae a four-slectron ug-ligand and is coordi-
natively saturated. Bond distances and bond angles for
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Figure 2. X-ray structurs of the cluster [OssH{(MazSikCoHats:}CO%] (2h). Salacted bend langtha (A): Os(1)—0s(2),
2.867(2) Os(1)—0s(3), 2.923(2) Os(2)—0s(3), 2.917(2); Os(l)—As(l), 2.4T02); Os(2)—As(2), 2.497(2); Os(3)—As(1),
2.469(2); As(1—C(1), 1.96(2); Aa(1y—C(5), 1.04(2); C(1)—C(2), 1.30(3); C{2—C(3), 1.52(3%; C(3—Cl4), 1.50(3); C(4—Ci5),
1.56(2); Cl4—C(8), 1.65(3); As(2—C(6), 1.95(2); As(2)—C(6), 1L.BT(2); As(2—C(10), 1.98(2); C(6—C(T), 1.3603); C(T—C(8),
L47(3); ClE—C9), 1.49(3); C(9)—C(10), 1.32(3); 8i—C(1), 1.88(2).

Scheme 1. EReactions of i{Trimnthyld]yl]-laphulphﬂEnme and 2-(Trimethylsilyl)-1-arsabenzene with
[OraaH (CO)1e].
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1a clozely parallel those of [OasHg(2-'BuCsL PN CO)]
obtained similarly from 2-tert-butyl-1-phosphabenzens *
The hydride ligands (MH NMR {CD:Cly): & —17.68,
—19.25) were not located in the X-ray atudy but bridge
the Os{1)—0s(2) and Os(2)}—0a(3) edges on the basis of
the metal~metal bond lengths and other ligand posi-
tiona. At 220 K the hydride signals for 1a are resolved
into two sete (mole ratio 20:1). The minor isomer
probably has hydrides alomg the Os(1)—0Os(2} and
Os(17—08(3) edges. The cluster 1h is isostructural with
1a, but the hydride ligands (\H NMR (CDCl,, 2456 K.
4 —17.49, —18.43) are not resolved into two sets of
hydrides, indicating thet either only ocne isomer is
present or the corresponding fluzional procega has not
been frozen out,

20 R=Sikey,E=P)
20 (ReSiMe, E=As)

For the cluster 2b (X-ray structure, Figure 2),19 the
tricyclic ligand is coordinated through the arsenido
bridging atom As(1) and through the tertiary arsine
atom As(2) and, hence, behaves as a five-electron donor
consistent with 2b being & monchydride (1H NMR
{CDyCls): d —18.70), The ring containing As{1) contains
only one C=C bond, C(1)—C(2), and the ring containing
As(2) has two C=C bonds: C(6)—C(7) and C(8)—C(10).

Clusters 2a.h are also formed quantitatively by the
reaction of 1a.b with an excess of the appropriate ligand
in refluxing n-octane. The mechanism of formation of
the cycloadduct is unknown but requires various H atom
shifts as well as formation of heteroatom (As or By—C
bonde and C—C honds. Schems 1 showe possible
intermediates (shown in brackets) in the formation of



the coupled products 2a,b and the differently coupled
product 3 ohtained fram phmphab&naan& 4+

10 -ﬂthﬂu-inmh;
[ hRn:ﬂnnn!'[ﬂuHu[ﬂﬂ]ul et Im

(G0Nl (100 mg. :}.12 mmu‘i} in q'dnhmt {30 ¢m 5 was refluxed for

30 min. Tlﬂmtupiﬁdﬂsalwntpmun:‘irng:m'ﬂw lnliﬂﬁnl,
B1%) fervutals for X ptrociure from

{46 mg, M} 1 WCO) {CeHia) 2104 m, 2077 va, 2048 va, 2033 u,

2032 », 1985 m, 1960 » con-; TH NMR. (CD,.Cl,, 230 K) 4 .81

{d&i?—?’? 670 (dd, HY, 6,06 (m, HY, Zﬂfhr;dd.l:lhﬂ.li-il.ﬁﬂhfl .

—17.66 (d, H%, =19.25 (dd, H) {at 220 K, two extra hydride
wore rasolved at & —17.83 and — 16,63 for & minor isomer (male ratia,
majorminor 20:1); nP{ll:ﬂ WME {CDyCly, 206 Hx: & —18.1 (a). Anal
Caled {found) for Oy, H, ;0,085P8i: C, 2056 (20.43% H, 1.52 (1.49). 2a:
wCO) '[UI.H o] 2079 m, 2050 va, 2034 s, 1099 m, 10678 s, 1060 w, 1852
mw em-5; 1 NMR (CD5Cly, 996 10 4 7.92 (ad, H#), 7.10 (dad, B%),
8. ES{dﬂd H*), 6.82 (dddd, ] 4.03 I:Hdﬂ H"}.S.ﬂﬂl dd, HY, 5.8 (m,
), 2.57 (m, H, 1.57 (dddd, BN, 0.23 (s, SiMey), 0,12 (s, Hibes), —16.42
{dd HY mlhhh nuﬁlmmta}' Bprif) NME 4 -ll b (d, PT), —B8.4
OagPy3iy: C, B5.86

(26.08);
H 24312.55’1 Mnnufimﬂﬁhﬂwﬂhl-i -
dlyﬂ-— -arsabenzene: A similar reaction gave yallow 1b (47%) and
mng;&;mltnrw 3b (32%) [crystals for X-ray structurs from dichle-
lehexane mixture), 1b: ﬁﬂﬂ}l (Cal12) 2102 m, 2076
¥E, zmsu.aum- 021 g, 2007 va, 1895 m, 1980 m ¢m~1; YH NMR
[CD:Cls, 245 B &4 6.88 (dd, Hb), 8,64 (d, Hd}.EMlHd.H'},!M&E.n,
H*), 0.10 (m, SiMes), — l?ﬂll,H'} —19.43 {d, Hf), Anal. Caled (frund)
for CyHpOyOesAaSl: C, 1059 (10.56) H, 145 (1.41), &b +#(CO)
(CgHyg) 2078 m, Mm 8, 1597 m, 1979 s, 1663 w, 1861 mw
em IEM{Ma.Mmd?M{d&,H‘L?WId,H'J EBCIEEdd.
HE), 8.75 tdd, B, 4.1F (dddd, HY), .95 (b, d, HO, 277 (dddd, H),
(s 15 probanis sssgribents sl Calet ”&ﬂ“ﬁsﬁ' P
LE: mbable essignments 2]
“1‘ g O, 24.08 {24.21% H, 2.5 (2.35),
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{11] Crystal data and data collection and refinemant details for 1a:
&) t i‘{fm%uﬁzw lm.;rﬂg' ‘.;ﬂ= %ﬂm s
9 e = Q= : =
M 71073 fdi;lﬂ

a4 4804, V= 1181.1(8) = 2 A'I:Hr.- Ha) = 0.
methods { EHELE'I‘L-PLUS}. nhoocrﬁﬂon—au
Esiﬁﬁﬂ'LzW,}l, bﬁmmm nwmlan.imnwl:}
B = 0.069, By = 0.0684, N:
E}MMRE Johnaon, B. ¥ 3 Lewds, J: Ha'l'thharPR.
Zum..ﬂ' Wf Geet, H 1979, a8, 2010,
{w;cmﬂmm&mmmmnmd’ details for 3k
MMD}:S&;M-I L 18, monoclinic, P2y, ¢ = 14, 4}
b= 11.30T(8) A, = = 30.41(1) gllmﬂﬂl" V= 8337T0{2) A} T =d,
073, direct (EHELXTL-FLUS), 8476 unigue

Mo Ko} = 0.71
absorption. data, § 5 28 < 50°, I, = 8o(f), 380 paremeters
{all non-H atoms anisotropic), B = 0.088, By = 0.067, Nicolet Rivm
diffractometar,



