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Abstract 

Reconsideration of the "rule°breaking" rhodathiaborane 8,8-(Ph ~P)2-8,7-nido-RhSB,~H m, its 9-OEI and dppe analogues, reveals the 
existence of agostic CH ~ Rh (from PPh0 bonding which accounts for its molecular s|ructure. I~protonation [H(9, I0) bridging proton] 
• "switches off" this agostic bondittg and affords a ch~so cluster. This structural change is fully reversible on reprotonation. 

Kcywm,d.~.. CH ~ Rh interactions; Reversible switching; Synthesis 

q'he+'c is continuing interest in borane [1], hetemboo. 
rane and rehtted polyhedra whose molecuha" structures 
appear to 1×~ at variance with those expected by the 
~lpplication of the polyhedral skeletal electron pair 
(PSEP) theory [2]. One such species is 8,8o(Ph ~P):8,7o 
nidooRhSB,~Hio, 11 [3] which has a hi&,, I loverlex 
(icosahedral) geometry and, seemingly, only 12 skeletal 
electron pairs, the electron contribution fi'om the 
rhodium vertex ~ i n g  v + x ~  1 2 ~ 9 + 4 ~  1 2 ~ i e .  
Similar apparently anomalous geometries are also ob- 
served in 2, t!:e 9-OEt analogue of I [4] and in 8-dppe- 
8,7,nido-RhSB,~H 10, 3 [5]. 

We have performed root-mean-square misfit calcula- 
tions [6] on the {B(i-6)F16} residues of 1-3  against 
similar fragments taken fi'om well,defined icosahedra 
and octadecahedra (the geometry of these species antici- 
pated by the PSEP theory). In every case the calcula- 
tions confirm that the unexl~cted open structures ob- 
served really are better descril~d as redo fi'agments of 
icosahedra, The confidence in the optimal structural 
description of these rhodathiaboranes gained fi'om the 
results of the geometrical calculations has allowed u~ to 
recognise that an alternative interpretation of their struco 
lures, which does not contravene the PSEP expectation, 
is possible. 

In every crystallographically-characterised case we 
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note lllat the {P2Rh} fl'agment is markedly not+-orthogo~ 
t+al to the phme tllrottgh S(7)B(3)B(4)B(9) ~ anti that 
two ortho t! atoms, one from eaei+ pimsphine ligand, 
are Ioc,~ted ca. 3~ fi'om the t+hodium centre, will+ X, the 
mid~point of tile I I . . .  It vector, constituting ~he thml 
site of a pseudo-conical {RhP~X} fi'agment which has 
P - R h ~ X  angles close to 90 °. 

We therefore propose the existence of two weak, 
norninally i e, CH --'. Rh agostic interactions which fur° 
nish an additiona', electron pair to the metal centre and 
hence to the overall cluster electron count "~. Thus, file 
skeletal electron contribution from the Rh vertex is now 
v + x -  12 = 9 + 6 -  12--- 3e, and the observed nMo 

structures are fully in accord with expectation. Although 
agostic CIt ~ M interactions normally involve a for- 

i i)2Rh/SB ~ dihedral angles in I [3]. 2 [4.1 and 2, [5] are 66.6. 68.6 
and 55.5 ° respectively. 

: Although two le agostic interact~on~ arc con.~i.~tent with the 
c~,ystallographJcally°determined structures, the preferred arrangement 
in ~olution may involve a single 2e CH ~ Rh bond, involving eiflwl' 
just one phosphine ligand or both in a fluctional process We thank 
Prof. K. Wade for this useful suggestion. 

~A notation for le agostic interactions is clearly required. We 
suggest 
CH -'. M. 
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mally saturated CH function the~ are precedents for the 
ortho CH units of aryl phosphines acting as the source 
of an agostic bond [7]. 

Although all attempts to measure the agostic bonding 
in 1 and 3 directly have so far been frustrated, support 
for its existence derives from the structural and spectro- 
scopic consequences of the deprotonation of these com- 
pounds via removal of the H(9, 10) bridging atom. 
Reaction (thf, -78°C) of 3 with I equiv. MeLi fol- 
lowed by addition of I equiv. [(Ph~P)zN]Cl (PPNCI) 
affords Pr~N[I-dppe.l,2.closo-RhSBoHo], 4, charac- 
tcdscd by multinuclear NMR spectroscopy ~. Corn° 
|~und 1 is also readily deprotonated by MeLi, and the 
product similarly charact~ri~d s as [Me~ Nell  ~ Phil I, I- 
(Ph~P):ol,2ocloso.RhSBoHo], $. In th~eir l i b  NMR 
spectra, salts 4 and S both display chemical shifi.~ 
typical [8] of a close 1 I ovetiox 1,2oheteroborane cluster, 
~ d  this geometry is confinnod by a crystallographic 
study 0 on 4.0.SMeCN (Fi$. I), obtained as orange 
needles after rec~stallisation from M¢CN/Et ~O~ 

Thus tM ~ionic close rhodathiaboranes of 4 and 5, 
derived from 3 and I respectively, have molecular 
structures which accord with the PSEP theory. These 

~ M R  (200 MHL CD~CN): 7.90 (m br. ~t,  I~), 7.68°7,25 
(m. 4414, Ph). 2,40 (m, 4H, CH~). ttB°(tH) NMR (128 MHz. 
CD~CN): ~;8.6 (1B). 28.3 (I B), 4.6 (hr. 2B). - 9,88 (t B). - 24.4 
(2B), -29,$ (2B). ~tP~(tH} NMR (162 MHz, CD~CN): 69.4 [d, 
J(RhP) lSS Hz], 

s t H NMR (400 MHz, CD2CI2): 7.?! ~6.93 (m, 35H, Ph), 4.38 (s. 
2H, NCHzL 3,01 (s, 9H, NM¢~). tIB-(IH) NMR (128 MHz, 
CD~CI~): $4,$ (In). 22,8 (In), I,? (hr, 3B), -2~,1 (2B), ~31,? 
(2B), ~rpo(tH) NMR (162 MHz, CD~CI~): 44,9 [d, J(RhP) 154 Hz] 

Crystal ~m, [C~,H ~0PzN][Cz~H ~B~PzRhS ].O,$CzH ~N. ~, - 
10,86~2), b-24,9~4 (3), c- 22,756 (2) A; ~-, 92,79W9)'~; U- 
61S3,0(13) ~,  P2~/~, Z~,~ 4 ion imirs, 10650 independent reflec. 
fleas were measu~ ~ a decorating crystal (ca. 50%) to 0 ~  
25* ~ a Siemens P4 diffractometer at 290K. The structure has been 
refined (using all data) to /¢-0.0839 [41 l0 observed data. F 
4~(F)] using St~aA~.. Atomic co-ordinates, bond lengths and an- 
gus, ~'gl thermal parame~rs l~ave been deposit~ at d~¢ Cambridge 
Cryst~llogm~i¢ Data Centre. 
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Fig. !. Perspective view of the anion [I ,dpj~e.l.2.clo,~o,RhSB9H9l- 
in 4. Important molecular parameters (Angstroms and degrees): 
Rh(I)-S(2} 2.379(3); Rh(I)-B(3) 2.168(13); RMI)-B(4) 2.460(12): 
Rh(i)-B(5) 2.405(14); R.h(l)-B(6) 2.35(2); Rh(I)-B(7) 2.400(14); 
Rh(l)-P(I) 2.260(4); Rh(I)-P(2) 2.243(3); P(I)-Rh(I)-P(2) 
85.24(12). in the PPN + cation: N(I)-P(3) !.558(10); N(I)-P(4) 
1.582(9); P(3)-N(I)-P(4) 146.4(7). No Rh. . .  H distances < 3.3 A. 

÷H* 

Scheme t. 

reactions are fully reversible (Scheme i )  since addition 
of one drop of HB[~ to a CDzCI 2 solution of 4 in an 
NMR tube immediately regenerates 3. 

Clearly, dramatic structural changes are eff¢cted by 
the removal and sub~quent addition of zero-electron 
sources. We contend that tile two le agostic interac- 
tions :'~ in I -3  which are responsible for their ",anoma- 
lous" electron counts are "switched off" in the anions 
of 4 and $ by virtue of the overall negative charge, the 
change from 13 to 12 skeletal electron pairs resulting in 
a strudural change from hide icos~dlcdral |o c/oso 
octad¢cahcdral. This affords strong additional (albeit 
indirect) evidence of the existence of the agostic bond(s) 
in l - 3  which, we conclude, are therefore not examples 
of rule-breaking heteroboranes after all. 
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