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Organic m e r c u r y  and lithium compounds have found extensive applications in synthetic organic and or -  
ganometal l ic  chemis t ry .  Never theless ,  the synthesis  of compounds of this type containing moieties bonded in 
the fo rm of ~r-complexes have received little attention. We here report  a study of the preparat ion of c0-mercuri -  
and w-lithioalkylbenz eneehromiumtr iearbonyls .  

We have previously examined synthetic routes to a renechromiumtr ica rbonyl  complexes (I) with w-func- 
tional substituents in the alkyl side chain. In many instances,  these complexes are readily converted into the 
chelates (II), in which the coordinating groups X are CH = CH 2, COR, COOEr, CN, and metal-containing groups 
[1-31. It might be expected that at tempts in this ease to obtain (I) in which the group X contains mercury  or 

clr(coi~ C Hg~ 
(I) ( 

(n) 

lithium would instead afford chelates.  It is known f rom the l i tera ture  that mercur i c  chloride [4-6] and organo-  
me rcu ry  compounds (OMC) [7] fo rm adducts with metal  carbonyl complexes.  Specifically, mercu r i c  chloride 
gives a complex with benzenechromium t r ica rbonyl  in which the mercu ry  atom is coordinated simultaneously 
with the chromium atom and with the carbon of the carbonyl ligand [4]. Organolithium compounds are also 
known to reac t  with the carbonyl groups of a renechromium t r ica rbonyls  to form carbenes [8]. 

The start ing mate r ia l s  used in this investigation were theco-halo-substituted complexes (CO)aCr" Ph(CH2)n X 
(Ia-d), in which n=2,  X=C1 (a), n =2, X = B r  (b), n=3,  X = B r  (c), and n=4,  X = B r  (d). Complexes (In) and (Ib) 
have been descr ibed previously [9], but (Ic) and (Id) have been prepared for  the f i rs t  t ime by the same method. 
The prepara t ion of o0-1ithioalkylbenzenechromium t r ica rbonyls  was f i r s t  attempted by the react ion of complex 
(I) with BuLl, but it was found that the react ion of (Ib) and (Ic) with an excess of BuLi at - 78~ (followed by 
t rea tment  with water) gave only a smal l  amount of the alkylbenzenechromium t r icarbonyl ,  most of the s tar t ing 
mater ia l  being r ecovered  unchanged. However, when for  example (Ic) was heated with BuLi in ether, compounds 
of type (III) were  the main products (identified following t rea tment  with water as propylbenzenechromium t r i -  
carbonyl),  but in addition the highly unstable carbene complex iV) was isolated following t rea tment  with 
EtaO+BF4 - [8]), identified by its mass  spec t rum [it is apparently formed via (IV)]. Thus, react ion of {I) with 
BuLl occurs  p r imar i ly  at the halogen atom, and to a l e s se r  extent at the CO group 

~ _ ~ - -  BuLi:, ether to __ 

[ > /  CIr Be Cr(CO)a 

[- OLi 
( iv )  

1) H~O 

2) EtsO+BF~- 

- - • l  ' -P r  /--x.'x-er 

Cr Bu q- ~ -  
/ J % / Cr(COh 

OC CO C 
"I 
OEt 

(V) 

We attempted to obtain the organoli thium compound (IH) by react ing (Ia-d) with metal l ic  lithium. It was 
found that the complex {Ia) fails to react  with lithium, even on boiling in ether, but (Ib-d) under these conditions 
afford small  amounts of the organoli thium compounds. Following t rea tment  with water,  the react ion mixture, in 
addition to decomposi t ion products ,  always contained (from the mass  spectra) a mixture of the start ing mater ia l  
and the corresponding a lkylbenzenechromium t r icarbonyl .  However, no t r ace s  of the carbene complex were 
found even af ter  boiling in ether  (as descr ibed in [8]). It is interest ing that even after  prolonged boiling of (Ic) 
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~O +' $~owness O~ with lithium in diisopropyl ether, small amounts of starting material remained~ The reason ~, r ~ne ~' 

the reaction is unclear. 

We also attempted to synthesize (IH) by reacting the appropriate OMC such as Ph(CH2)nHgX ~ Cr(CO) s oz" 
[Ph(CH2)n] 2 Hg ~ [Cr(CO)312 with metallic lithium (as described in [i0]). These OMC, whichhave a mercury atom 
in the (o-position of the side chain, are of independent interest, since the possibility of the intramolecular co.-o 
ordination of the mercury atom with Cr or the CO groups could not be excluded (such as is described for exam- 
ple in [4]). It is reported in the literature [Ii] that the direct reaction of for instance PhHgCl with Cr(CO) G 
gives only decomposition products. We attempted to obtain the chromium triearbonyl derivative of Ph(CH2)~HgBr 
under milder conditions, but the reaction of Ph(CH2)3HgBr with (NH3)3Cr(CO)3 in boiling dioxane likewise ~ ~ ~I 
to give the desired product. However, when the reaction was carried out with Py3Cr(CO)3 in the presence of 
BF 3.0Et 2 at ~20~ i.e., under the mildest conditions [9], only traces of the chromit~m tricarbonyl complexes 
were obtained. It is possible that the presence of OMC inhibits the reaction, since the salt could form com- 
plexes with the Py3Cr(CO) 3. However, the symmetrical OMC [Ph(CH2)n]2Hg gives the chromium tricarbonyl 
complexes. These symmetrical products were obtained by treating Ph(CH2)nHgBr with the appropriate Grignard 
reagent Ph(CH2)nMgBr. On reaction with (NH3)sCr(CO) 3 or Cr(CO)6, they afford a mixture of mono- and bi- 
nuclear complexes (VI) and (VII). The products (VI) and (VII) were separated by preparative TLC on alumina. 

(NIt,),Cr(CO),, dioxane ~ ~--"~ + | k ~  |Hg 
I [Ph(CH2)n]~.Hg - -  or o,(col,,diglyme ~--(CH~)~Hg(CH~h--"-~/ [ c~(co)~ Je 

I (vIIa, b) Or(CO), (Vla, b) 

= 3 (a), 4 (b) 

It is interest ing that in the react ion of [Ph(CH2)n]2Hg with even a large excess  of (NH3)3Cr(CO) ~, a mixture of 
(VI) and (VII) was always obtained, whereas  it has been reported [12] that under the same conditions dibenzyt-  
m e r c u r y  gives only the binuelear derivative.  Additional amounts of (VII} may be obtained by boiling (VI) with 
(NH3)3Cr(CO)a in dioxane. 

The m e r c u r y  atom in complexes (VI) and (VII) is apparently not coordinately bonded to the chromium 
atom or the CO groups,  since in the vC -= O region there  is vir tual ly  no difference f romthe  IR spect ra  of (!e) 
and (Id), whereas  it is known that when coordinated with the m e r c u r y  atom the positions and numbers  of the 
bands in the metal earbonyI region change markedly [4-6], We then t r ied  to use the complex (VII) to prepare  
the correspondingw-l i thioalkyl  derivative by react ion with metall ic  lithiu.m, but even after  prolonged s t i r r ing  
in boiling ether the start ing mater ia l  was largely  recovered  unchanged, i.e., replacement  of me rcu ry  by lithium, 
which normal ly  takes place at t empera tu res  as low as ~ 20~ [10], did not take place. 

Trea tment  of the symmet r i ca l  compIexes (VII) with m e r c u r i c  chloride converted them into the nonsym-  
metr ica l  OMC (VIH). The compounds (VIII) were solids which were stable indefinite!y in air .  Thei r  IR spec t ra  

b ) + HgCle --~ 2 N_~/--(CH2)nHgC1 (VIIa, 
I 

Cr(CO)s 
(VtIIa, b ) 

n=3  (a), 4 (b) 

also indicate the absence of coordination of the mercu ry  atom with the chromium atom or the CO groups.  We 
are current ly  engaged in a detailed examination of the chemical  proper t ies  of the ~ -mereu ra t ed  benzenechro-  
mium t r i ca rbonyls  obtained, 

Thus the synthesis  of w-li thio- and mercura ted  derivat ives of arenechrornium t r i ca rbonyl  complexes 
such as X(CH2)nC~H 5 �9 Cr(CO) 3 (X = Li, HgC1) is attended by difficulties which are  not attributable to in t ramolec-  
ular  interact ions of thew-X groups with the chromium t r ica rbonyl  group~ These difficulties can be surmounted 
only in the synthesis  of me rcu ry  complexes using the symmet r i ca l  compounds [Ph(CH2)nl2Hg by react ion with 
chromium carbonyls .  The subsequent react ions of the compounds with mercu r i c  chloride proceed without com-  
plications. 

E X P E R I M E N T A L  

Complexes (Ic) and (Id) were obtained by methods s imi la r  to that descr ibed in [9], and thei r  yields and 
melting points are  shown in Table 1o IR spec t ra  were obtained in cyelohexane on an IKS-t4A spectrophotometer~ 

Prepara t ions  of Ph(CH.2)~HgBz__ To the Orignard reagent obtained f rom 2.5 g of magnesium and 20~ g of 
Ph(CH2)3Br in 50 ml of dry  ether was added 42 g of HgBr 2, and the mixture was boiled with s t i r r ing  for  2 h~ 
After cooling to ~ 20~ the mixture was decomposed with water,  the organic layer  separated,  washed with 
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dilute hydrochlor ic  acid and w~.ter (twice), and dried over  ca lc ium chloride.  Af ter  removing the e ther  invacuo,  
the res idue  was washed with pentane and r ec rys t a l l i z ed  f r o m  methanol to give 25 g (61%) of a co lo r l e s s  solid, 
mp 49-50~ ( f rom methanol) .  Found: C 27.00; H 2.87; Br  19.94; Hg 49.90%. CgHilBrHg. Calculated:  C 27.04; 
H 2.77; Br 19.99; Hg 50.19%. 

P r e p a r a t i o n  of [Ph(CH2)s]2Hg. To the Gr ignard  reagent  obtained f r o m  3.4 g of magnes ium and 24.3 g of 
Ph(CH2)sBr in 100 ml of d ry  e ther  was added a solution of 25 g of Ph(CH2)3HgBr in 100 ml of dry e ther .  The 
mix ture  was boiled with s t i r r i ng  for  4 h, decomposed with wa te r  and ammonium chloride,  the organic  l ayer  
separa ted ,  and the aqueous l aye r  ex t rac ted  with e ther  (2 • 50 ml). After  drying over  Na2SO4, the solvent was 
removed in vacuo,  and the  res idue  dist i l led at 130-150~ (8 " 10 -4 ram) to give 10.5 g (38%) of a co lo r l e s s  liquid 
which pa r t i a l ly  decomposed  on dist i l lat ion,  render ing it imposs ib le  to obtain a sa t i s fac to ry  e lementa l  ana lys is .  
The product  was identif ied by i ts  m a s s  spec t rum.  [Ph(CHa)4]2Hg was obtained s imi l a r ly .  

React ion of [Ph(CH~)3]2Hg with (NHs)3Cr(CO) 3. A mix ture  of 4.4 g (0.01 mole) of [Ph(CH2)3]2Hg and 4 g 
(0o021 mole) of (NH3)~Cr(CO) 3 in 50 ml of dioxane was boiled for  6 h under  argon.  

The solution was  f i l t e red ,  and the solvent r emoved  in vacuo.  The res idue  was sepa ra ted  by p repa ra t ive  
TLC on a lumina  with a 2 : 1 mix tu re  of benzene and heptane.  The two yellow bands were  collected,  and f r o m  
the f i r s t  the  complex  (Via) was obtained as a yellow oil (39%), identified by its m a s s  spec t rum ([M] + = 572-576, 
cor responding  to the  isotope dis t r ibut ion of m e r c u r y  (198-202); f r o m  the second band t he r e  was obtained c o m -  
plex (VIIa) as  a ye l low solid (yield and e lementa l  ana lys is  shown in Table  1). The IR spec t ra  of the two com-  
pounds were  ident ica l  in the  vC -= O region.  These  compounds can a lso  be obtained, but in s m a l l e r  yields,  by 
boiling [Ph(CH2)3]Hg with Cr(CO) 6 in diglyme. 

Reaction of [Ph(CH2)4]2Hgwith (NH3)3Cr(CO) 3. Obtained similarly were (VIb), yield 25%, yellow oil, identi- 
fied by i ts  m a s s  s p e c t r u m  ([M]+=601-605), vC-=O 1913, 1981 cm -i ,  and (VIIb) (see Table  1). 

React ion  of (VIIa) with Lithium. A solution of 0.71 g (1 mmole)  of (VIIIa) in 50 ml of dry  e ther  and 0.1 g 
of f inely divided l i th ium was  s t i r r e d  under  argon at ~ 20~ for  1 h, then boiled for  5 h, during which t ime  the 
yellow color  of the  solution r ema ined  unchanged. The solvent was r emoved  in vacuo, and the res idue separa ted  
by p r epa ra t i ve  T I /3  on a lumina .  In addition to decomposi t ion  products ,  two yellow bands were  p resen t .  The 
f i r s t  afforded 0.06 g of (Via) ( f rom its m a s s  spec t rum) ,  and the second gave 0.41 g (58%) of the s tar t ing  m a t e r i a l  
(VIIa) (identified by  i t s  Rf value,  IR spec t rum,  and mel t ing point). 

P r e p a r a t i o n  of Ph(CH2)nHgCI" Cr(CO) 3. A mix ture  of 1 mmole  of (VII) and 1 g (3.5 mmole)  of HgCI~ in 
100 ml  of n-butanol  sea led  in an ampul under argon was heated at 80-85~ for  8 h with per iodic  shaking. The 
solution was f i l t e red  hot, evapora ted  to ~ 1/4 of its or iginal  volume,  and cooled. The yellow c r y s t a l s  of (VIII) 
which s epa ra t ed  w e r e  f i l t e red  off, washed with pentane,  dried,  and r ec ry s t a l l i z ed  f r o m  aqueous m e t h a n o l  The 
p r o p e r t i e s  of the p roduc t s  a r e  shown in Table  1. 

C O N C  L U S I O N S  

1. React ion of [Ph(CH2)n]2Hg in =3, 4) with (NH3)3Cr(CO)3 or  Cr(CO)6 affords the co r respond ing  mono-  
and b inuc lear  a r e n e c h r o m i u m  t r i c a rbony l  de r iva t ives .  

2. T r e a t m e n t  of the  complexes  [Ph(CH2)n]2Hg" [Cr(CO)3] 2 with m e r c u r i c  chloride gives  the ~0-chloro- 
m e r c u r i - s u b s t i t u t e d  a r e n e c h r o m i u m  t r i c a r b o n y l s  (CO)3Cr. Ph(CH2)nHgC1 (n=3, 4), in which the m e r c u r y  a tom 
is  not coordinated with the  Cr(CO) 6 groups .  

3. The  f o r m a t i o n  of ~ - l i t h ioa lky lbenzenechromium t r i c a r b o n y l s  f r o m  the w-b romo  compounds (CO)3Cr" 
Ph(CH2)nBr (n=2, 4) by  s tandard  methods p roceeds  with difficulty, and is accompanied  by a number  of byprod-  
ucts .  
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FACTORS DETERMINING TRANSFORMATIONS 

OF SILICON-CONTAINING AROXYLS. 

COMMUNICATION i. DISPROPORTIONATION 

AND DIMERIZATION-REARRANGEMENT AS ALTERNATIVE TRANSFORMATION 

PATHS OF SILICON-CONTAINING AROXYLS 

D. V. Muslin and N. Sh~ Lyapina UDC 542.952 : 547~ 

It is known [1] that  r ep lacemen t  of at l eas t  one o r tho - t e r t -bu ty l  group of the  s tab le  2 , 4 , 6 - t r i - t e r t - b u t y l -  
phenoxyl rad ica l  by the t r ime thy l s i l y l  group leads to the appearance  of a new type of t r a n s f o r m a t i o n ,  namely ,  
d i m e r i z a t i o n - r e a r r a n g e m e n t  of s i l icon-containing a roxyls .  The reac t ion  products  a r e  tetrasu.bsti tueed 2,2 ~- 
bis  (t r imethyls i ly loxy)diphenyl  s 

0 SiM% 
R ~ I SiMea R2 0 R* 

R I R~ 0 R ~ 
MeaSi 

(Ia--c) 
R I = R  2=t-Bu (Ia); R l=t-Bu, R 2=MeaSi (Ib); Rl~R~=MeaSi,(Ie}. 

The s tabi l i ty  of a roxyls  obtained by oxidizing 2 ,6 -d i - t e r t - bu ty l -4 - a lky lpheno l s  depends on She type of the 
p a r a - a l k y l  subst i tuent  [2]. In the p re sence  of p a r a - a l k y l  groups  with ce-hydrogen a toms ,  the  phenoxyl rad ica l s  
d i spropor t iona te  to f o r m  methylenequinone and the initial  phenol. The ra te  of disproporCiona~ion d e c r e a s e s  in 
the following s e r i e s  of p a r a - a l k y l  substituen~s: Me > Et > CHMe 2 > eyelo-C6Hll.  

F o r  2 ,6 -b i s ( t r ime thy l s i ly l ) -4 -a lky lphenoxy ls ,  both d ispropor t ionat ion and d i m e r i z a t i o n - r e a r r a n g e m e n t  
a re ,  in pr inciple ,  poss ible ,  and the c h a r a c t e r  of the t r a n s f o r m a t i o n  of the aroxyt  r ad i ca l  depends on the p a r a -  
alkyl subst i tuent .  Thus,  2 ,6 -b i sg r ime thy l s i l y l ) -4 -me thy lphenoxy l  (II) d i sp ropor t iona te s  Go f o r m  produc t s  of the 
s a m e  type as in the case  of its carbon analog (R =t-Bu) .  

0 
R I R R \  / _  R 

I R - -  R Me 
(u) 
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