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A Benzyne-Triosmium Compound as an Intermediate in the Formation of 
Benzene from Benzyl Alcohol T 

By KAZI A. AZAM and ANTONY J .  DEEMING* 
(Department of Chemistry, University College L o n d o n ,  20 Gordon Street, L o n d o n  WClH OA J )  

Summary The bridged alltoxo-compound [HOs,(CO) 
(OCH,Ph)], formed from [Os,(CO) 12] and benzyl alcohol, 
gives benzene, benzaldehyde, [Os,(CO) 12], and [HdOSd- 
(CO),,] a t  146 "C in a sealed tube, benzene being formed 
via the ortho-metailated intermediate [H,Os,(CO),- 
(OCH,C,H,) J and the benzyne compound [H,Os,(CO),- 
(C&4) 3.  

MANY types of organic molecule react with [Os,(CO),,] t o  
give co-ordinated fragments. Thus ethylene, benzene, and 

t No reprints available. 

phenol give, among other products, triosmium clusters con- 
taining vinylidene (C : CH,),' benzyne (o-phenylene),' and 
OC,H42 respectively as triply-bridged ligands. We now 
report tha t  benzyl alcohol gives triosmium co-ordinated 
fragments which may be displaced as benzene or benz- 
aldehyde. Compound (I) [HOs,(CO) lo(OCH,Ph)] derived 
from the alcohol and [OS,(CO)~~] in refluxing xylene,' de- 
composes in nonane (146 OC, sealed n.m.r. tube, 23 days) 
to give benzene, benzaldehyde (mol ratio, 2.4: I ) ,  [Os,- 
(CO) 12] (major organometallic product), [H,Os,(CO),,], and 
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only traces of other compounds. Similarly, [HOs,(CO) 
(OCH,C,H,Me-p)] (146 "C, 60 days) gives the same osmium 
compounds, toluene ( 5 7 % ) ,  and p-tolualdehyde (1 i%), 
while [HOs,(CO),,(OCHMePh)] (146 "C, 45 days) gives 
MeCOPh as the main organic product. 

rOs3(CO),J + PhCH20H [HLOs,(CO),J + PhCHO 
I 

12co 
-co ~ 

3 c o  

C,H6+ [Os,(Co),J + 3CO 

SCHEME 

(OC 

While not firmly establishing reaction pathways to  these 
products, we have obtained other derivatives of (I)  showing 
tha t  one route to  benzene is v i a  the ovtlio-nietallated com- 
pound (11) an(1 the benzyrie compound (111) (see Scheme). 
Thus by nionitoring the v (C0)  bands in the i.r. spectrum 
of a reflusing octane solution of ( I )  flushed with S, t o  
remove displaced CO (unlike the sealed tube experiments 
above) we observed the presence of [H,Os,(CO),(OCH,- 
C,H,) j (11) a n d  o f  [H,Os,(C:O),(C,H,)1 (111), both of \vhich 
coultl be i\olatetl by  t.1.c. in cn. lO(;,) yield. The v(C0)  
bantls in t l i c :  i . r .  spectrurn of ( I  1 )  are intlistinguisliable from 
those o f  [HzOs;,(C'C)),(OC~Ie,(',H,) ] obtainetl from !HOs3- 

(CO) ,,(OCMe,Ph)]f which has a structure, we argued, like 
t h a t  shown for (II) .2  The formation of (11) from (I) is 
reversible. By a separate experiment we have shown t h a t  
(111) is formed from (11), together with [H,Os,(CO),,], in 
refluxing sylene, while its formation from [Os,(CO),,] and 
benzene in these reactions is not possible since much higher 
temperatures are required for this. Treatment of (111) 
with an  atmosphere of CO i n  a sealed tube at 146 "C gives 
benzene and :Os,(CO),,] exclusively, so we have been able 
to observe separately each step in the Scheme leading to  
benzene. Thus, while hydrogen atom transfer from the 
ortho-position of the ring in ( I )  leads eventually to  benzene, 
we believe tha t  there is a competitive hydrogen atom trans- 
fer from the CH, group of (I) resulting in benzaldehyde and 
[H,Os,(CO) which gives [H,Os,(CO) ,,3 under the reaction 
 condition^.^ The latter is a 13-elimination and a normal 
mode of decomposition of alkoxo-transition metal com- 
pounds. ,The conversion of (11) into (111) probably involves 
loss of CO and H, rather than CH,O since [HOs,(CO),,- 
(OCHMePh)] gives MeCOPh and not benzene which would 
require the loss of acetaldehyde. 

Interestingly, both [HOs,(CO) ,,(OCH,C,H,Me-p)] and its 
ortho-isomer give the same isomer of [H,Os,(CO),(C,H,Me)] 
(A) with the methyl substituent para t o  osmium [IH n.m.r., 
CDCI,, 27 "C: T 2-22 (d, Ha), 2.35 (d, H e ) ,  3.34 (dd, Hb), 
7.70 ( s ,  M e ) ,  28.93 (s, OsH,);  J o T t h o  8.0 and Jmcta 2.0 Hz]. 

( A )  

Different isomers were expected on the  basis of the reaction 
scheme shown, but  we now believe t h a t  ready hydrogen 
shifts between the ligand and the metal have led t o  the 
more stable isomer in each case. Presumably a methyl 
group ovtho to  osmium gives a less stable isomer than when 
it is further removed from the metal. 
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'l'his cvitleiicc xncl the ol)sc.rvation of the molecular ion in t h e  mass spectrum adequately characterise ( I ] ) ,  even though too little 
Compound ( I 1  1) is spectroscopically identical (i.r., 'H n.m.r. ,  and mass) with matc,rial wa5 o l ) t a inc . t l  to isolate. i t  a n d y t i c a I I y  pu re .  
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