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The complexes H3053(CO)9CMe H2053(CO)10, HgOSs(CO)gL (L PEt3
~-5PPh3 or AsPhs), HOss(CO)mCH—C(H)Ph and Os,(CO OHCZMe under

protonatlon in acid to yield- [I—I4Os:4,(CO)QCMe]+ [H,05s;(CO) 1ot and’ [H40
v,'f(CO)m]”', [H30s3(CO)gL]" [H2053(CO),OCH—C(H)Ph]+ and [HOs3(CO)1
- HC,Me]?, respectwely-, B
- . The structures of these ions and theu: hydndo-hgand transfer reactlons are
- C descnbed. 7 : : . S

Although a. great deal of mformatmn is avallable on the synthesxs_and struic
A,ture of compounds denved from the reactlons ofthe clusters M3(CO) 10
RuorOs, X=CO:M= - Os,’X = H) or H4Ru4(CO)12 Wlth alkenes or alkyn
there is little m.formatlon on theu: reactions: In a'previous. commumcatlo' [2
we reported the protonatlon of H2M3(CO)9(C—CH2) (I) to yleldkth
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: molecule 1 1t'is known [3] that the three hydndo ligands he beneath thv
“ angular plane of the three ‘osmium atoms to form three Os—-H——Os bndg'
(Flg. 1a). We. therefore conclude that the incoming proton also’ bndges :
--osmium atoms toform a dlhydndo-bndgmg system (Fig. 1b) similarto that
: postulated for. H2053(CO)10 [4] Pl:evmusly H2053(CO)10 was the only exampl
of sucha bndgmg arrangement
These observatlons led usto con51der the protonatlon of the s1mple dlhydnd'

- specles ‘of HzOs3(CO)m This d]hydnde dlssolves in cold trifluoroacetic acid’

-givea stable pale yellow solutxon. The'H NMR spectrum of this solutmn (Tab L

1) shows two hlgh-ﬁeld resonances at 7 22:05 (br) s, 2H and 24.20 ppm: (br) s,
~1H. mdlcatmg that the species present is the trihydride. [H30s5(CO)s0l* (VII).

- In-the stronger acid (HSOF) at the same temperature. (35°C), a different- NMR
- spectrum is ‘obtained. In this case only one high-field signal is observed-at 7o
29.10 ppm s, 4H suggestmg that a second’ protonatlon has oceurred ylelchng
[H4053(CO) 10]2* (VILL). The nature of these two ions is. ‘not clear since VIII is oo
B apparently fluxional whereas VI is not (at least at 35°C) In the parent molecule III
' ‘one hydrogen is considered to lieabove and one below the plane asshownin Fxg 2a, o
o both bndge the same two osmum atoms Os(l) and 05(2) Therefore a pos51ble struc- =
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fully charactensed by the usual analytlcal and spectroscoplc techmques The

H NMR spectrum of XIla exhibits a doublet at 7 20.91 ppm (J(P—H) 6.9 Hz) | _‘jﬁ_f -



‘ H;/o{—PEta SN

Fxg 3 Probable st.ructure of H2053(CO)9PEt3 The assmnments for CO(a). CO(d) and CO(t) are de
those for CO(‘b) CO(c) and CO(e) are speculatwe ) .

'doublets are observed in the hlgn f1e1d reglon at T 21 18 ppm (J(P—H) 26 6 Hz),

T 22.29 ppm (J(P—H) 6.3 Hz) and 7 24.41 ppm (J(P—H) 10.1'Hz). This infor- -
“mation is best interpreted’in. terms of structure a of Fig. 4-in which each of

“the three hydrido ligands spans an edge of the Os, trlangle. The alternative
_ structure (Fig. 4b) would be expected. to give rise to two hydndo signals. only,

if the assumption is made that proton H(3) lies just-about in the plane of the
-tnangle. The correspondmg PPh; and.AsPh; derivatives show similar behav10ur
(Table 1). Structure a of Fig. 4 is obviously closely related to'structure c of

* Fig. 2 and thus lends supports to our preference for structure 20 for [H3083

- (CO) ol : ’

Some add1t10na1 support for structure c of F1g 2 comes from the behavmur

of HzOSg(CO)lo ln CFchZD Addltlon Of CF3CO D to Hzosg(CO)lo 111 CDQCIQ

- results in rapid and total exchange of H for D. Since the possibility of tnpl:oto-". E
nation of one Os—Os edge is remote, the most feasible mechanism of H—D :

' exchange involves the rapid and reversible formation of an intermediate of a-

similar structure to Fig. 2e. The incoming D* which attacks oneé of the vacant

Os—Os edges (say Os(2)—O0s(3)) causes the dlsplacement of one of the- ongmal o

H hgands from the Os(1)—0s(2) edge to the remaining vacant edge Os(1)—Os(3) -

_ giving rise to the intermediate of type c (Flg 2) Loss of H“ then occurs to -
produce HDOs;3(CO),0 and’ SO on. '

The diprotonated species VIII may be con51dered to possess structure d of SR
Fig. 2. Since there are no available vacant Os—Os edges in this structure the e
- fluxional behaviour that VIII' undergoes is perhaps-surprising because. - -
~ hydride transfer reactions in metal clusters are usually associated: Wlth
the migration of the bridges to a vacant edge. However, equlhbratlon could. occur'
- via a triply-bridging hydrido intermediate of type e shown in Fig. 2.as: first - o
‘postulated by Knight and Mays [6]. If this assumptlon is correct; .then. the: :

- rigidity of complex VII is more readily understood since such a mechamsm
. might be expected to be less readlly available to a species whlch can more
- easily attain a complete Os—H—-Os edge bridging state (e.g. Flg. 2¢). Tt mlght
- be argued on these grounds thata similar: mechamsm should be available to
[H40$3(CO)QCMe]+ ThlS is so, but in thJS case proton mlgratlon to the centreA

OS(CO) . . : OS(CO)b o
i V/ \Hg : ”or'f" ‘ /H,\H3 S e
i ‘A(Cdsos ; / OS(m)APEla (CO),O OS(COLPE{_, | ». e
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£ HO33(C0)10CH=C(DPL. "

H—OS(CO);
(co), (co)3 s(co)3 :
e J(b) -
- Fig. 6. Protonation of 053(CO)9CH=CMe L

fthe Os; tnangular plane would be restncted to one face only, g1v1ng rise to-
’hxgher activation energy. Unfortunately, however, we are not able to examine
IH NMR spectrum of this compound over a higher temperature range. Addi-
‘water to. solutxons of VII'or VIII in acid’ causes the precipitation of the!
ngmal complex IIT indicating that no major structu:al change in the Os3(CO)m

t has occurred during these experiments. .

The'_complex HOsa(CO)mCH—C(H)Ph (IV) in CD2012 readlly undergoes proto _
‘ natl_on on addition 'of CF3CO;H. In the 'H NMR spectrum two resonances are
bserved in‘the high field region at 7 27.78 s, 1Hand 7 28.69 ppm d, 1H. The
t_t_ern of hydndo signals (see Table 1) shows that ( (i) the two hydrido hgands

. are inequivalent and (ii) one proton couples to the CH=C(H)Ph ligand. These -
--and the other data (Table 1) indicate that the spemes present is [H,0s3(CO),;0-
'CH——C(H)Ph]+ (XI) having the: structure shown in Fig. 5and that H* attack has-
ccurred at the Os; unit rather than at the unsaturated organo-group.

.The spectrum ‘of the. solutlon obtained by d1ssolv1ng Os;(CO)mCH-CMe (V)
f;ji‘-'m CDzClz /CF3COQH (2:1 v/v) (Table 1) is consistent with the formation of two
vr‘f':'llsomenc species of formula [HOs3(CO) mHCzMe]* possessing structures a and b

- of Fig: 6. In each case’ the incoming proton occuples an Os—Os edge No evi- :
-‘dence of H transfer.was observed at+30°C. e
B Thr_oughout this, dlscussmn we have not considered termmal Os—H mter- R
-~ mediates but on the occasions that we envisage: edge—edge transitions sucha =

-.f{,‘ pOSSlblllty may Occur. Fmally, these studJes lead us to. the followmg conclusmns:",

ige is avallable, (11) derotonatlon can also occur even atan '
ut only in stronder ac1d, e.g. FSOgH (m) in all cases protonatlon"



All Acompounds "ere prepared by publlshed methods [7—10]
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