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Earlier we showed [I, 2] that the decomposition of o-haloderivatives of phenyllithium (o-XC6H4Li), 
leading to dehydrobenzene, in ether medium, occurs by synchronous elimination of a LiX molecule from 
the etherates of these compounds, and not according to a two-step ionic mechanism with the participation 
of o-XC~II~ [4]. For a detailed study of the mechanism of this reaction, information is necessary on the 
composition and structure of the initial etherates. 

According to [5, 6], aliphatic organolithinm compounds (OLC) in ether medium are tetraetherates of 
tetramers (RLi)4- (R~O)4. The information on analogous etherates of aromatic OLC is extremely contra- 
dictory [7, 8], although it is evidence of a lower degree of their association. There are not data in the 
literature on the structure of unstable organohalolithium compounds. To determine the composition and 
structure of o-halophenyllithium we conducted a detailed investigation of the systems o-fluorobromobenzene 
(FBB) - n-butyllithinm - ether and the products of their interaction, using the method of differential ther- 
mal analysis (DTA), low-temperature cryoscopy, and PMR spectroscopy. 

E X P E R I M E N T A L  M E T H O D  

All the operat ions with OLC were  conducted in an a tmosphere  of d ry  He or  Ar.  n-Hexane and n-hep-  
tane, chromatographica l ly  pure substances,  were produced by redis t i l la t ion of the corresponding s tandard 
prepara t ions  on a column of 80-100 theore t ica l  plates .  The hydrocarbons  were s tored  over  Nail; d i rec t ly  
before use they were r e f rozen  under  vacuum over  LiAIH 4 in an a tmosphere  of d ry  He. Diethyl e ther  (DEE), 
t e t rahydrofuran  (THF), t e t rahydropyran  (THP), and t r ie thylamine  (TEA) were  purif ied by repeated 
redis t i l la t ion of commerc i a l  p repara t ions  over  Nail or LiA1H 4 in an a tmosphere  of d ry  He or  Ar .  
Before  use these compounds were  r e f rozen  onder vacuum over  LiA1H 4. The operat ions of t r an s -  
fe r  of the solvents and solutions of OLC were  accomplished only between containers  filled with Ar  or  He, 
with the aid of a d ry  medical  syr inge;  the durat ion of the exper iments  was _ 2 h. According to the data of 
analysis according to Fischer ,  the content of water  in THF and the other  e the rs  was ~ 0.02 m g / m l  (~ 0.01~). 
The glass vesse l s ,  designed for  work with OLC, were dr ied  for  - 1  h at 120 ~ and filled with iner t  gas.  The 
quartz ampoules for  c ryoscopic  investigations were dr ied by heating in a burne r  f lame under vacuum. 

n-Butyl l i th ium was produced according to [9]; the analysis was conducted by double t i t ra t ion  accord -  
ing to [10], using 1,2-dibromoethane (10-fold excess)  and 0.1 N HC1. The solutions of butylli thium used 
contained, according to the data of analysis ,  -<10% inorganic alkali; FBB was synthesized by the thermal  
decomposi t ion of o - b r o m o b e n z e n e d i a z o n i u m  t e t r abora te  with t.  dec.  100-102 ~ produced f rom o - b r o m o -  
aniline according to [11]; yield 74%, bp. 157-158 ~ n~ 1.5340, puri ty  >99% (according to the data of gas 
- l i qu id  chromatography) .  According to the data of g a s - l i q u i d  chromatography,  the pur i ty  of b romoben-  

zene was >99%. 

*For  communicat ion 1, see [1]. 
"~preliminary resu l t s  were  cited in [2], see also [3]. 
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Fig. I .  Scheme of appara tus  for  c ryoscopy  and DTA: I) work -  
Lug ampoule;  2) copper  block; 3) compara t ive  ampoule;  4) F - I f 6  
photoelect ronic  ampl i f i e r ;  5, 6) KSP-4 po ten t iome te r s ;  7) P P -  63 
po ten t iomete r ;  8) R-2  po ten t iomete r ;  9) copper  block (DTA) or 
Dewar  f lask  with ice (cryoseopy) .  

Fig.  2. Mic ro reac to r :  I) casing (teflon); 2) cove r  nuts;  3) tube 
for  introduction of iner t  gas ;  4) ampoule;  5) thermoeouple ;  6) 
cap i l l a ry  (glass);  7) sea l  ( rubber) .  

Appara tus  and Methods of Cryoscopic  and DTA M e a s u r e m e n t s .  The m e a s u r e m e n t  of the f reez ing  
point of solut ions of OLC was p e r f o r m e d  by a compensa t ion  method on an appara tus ,  the theore t i ca l  s cheme  
of which is ci ted in Fig. 1. C h r o m e l - c o p e l  the rmocouples  of wire  0.1 m m  in d iamete r ,  a F - 1 1 6 / 1  photo-  
e l ec t ron ic  ampl i f ie r ,  KSP-4 automatic  record ing  po ten t iomete rs ,  a PP-63  po ten t iomete r  (source of c o m -  
pensat ion voltage),  and a semiau tomat i c  R-2  po ten t iomete r  were  used in the setup.  Standard ampoules  of 
an NMR s p e c t r o m e t e r  (outer d i a m e t e r  5 ram) or  spec ia l  quartz ampoules  12 m m  in d i a m e t e r  were  used as 
the m e a s u r i n g  cel l  of the ins t rument ;  ampoules  of an NMR s p e c t r o m e t e r  were  used as the r e f e r e n c e  cel l .  
The introduction of the thermocouple  into the measu r ing  ampoule was accompl ished  with the aid of a spec ia l  
a t t achment  (Fig. 2), a lso  se rv ing  to introduce the sample ,  h e r m e t i c a l l y  sea l  the ampoule,  and mainta in  an 
iner t  a t m o s p h e r e  in it .  The ampoules  were  placed in a m a s s i v e  copper  block, cooled with liquid n i t rogen.  
The de te rmina t ions  of the concentra t ion  of solutions of n-butyl  b romide  in n-hexane and n-heptane,  con-  
ducted on this appara tus  in the in terva l  f r o m  0.1 to 2.0 M, showed a m a x i m u m  deviat ion f r o m  l inear i ty  of 
3%. 

Into a d ry  ampoule,  s i tuated in the setup fo r  l o w - t e m p e r a t u r e  m e a s u r e m e n t s  under  a sma l l  exces s  
p r e s s u r e  of He, we introduced 0.2-0.3 ml  of a 1.0 M solution of the cor responding  butyl l i thium e the ra te  in 
n-hexane  or n-heptane ,  cooled to ~ - 1 9 0  ~ added an equal amount of 1.0 M solution of FBB in the s a m e  
solvent,  allowed the mix tu re  to w a r m  up to the mel t ing  point (~-100~ mixed by agitation, and agah] 
cooled to ~ - 1 9 0  ~ Then the mix tu re  was again warmed  to ~ - 7 5  ~ (10-15 rain), exposed at this  t e m p e r a -  
ture fo r  15-20 rain, a f t e r  which the freeTing curve  of the solution was r eco rded  with cautious cooling, 
taking into cons idera t ion  only the data obtained in the case  of supercool ing of the solution of _<2 ~ . The 
f reez ing  point was de te rmined  according to the posi t ion of the pla teau on the curve  of the dependence of 
the t e m p e r a t u r e  of the sample  on the t ime .  Af ter  5-6 succes s ive  de te rmina t ions ,  the r e f e r e n c e  ampoule 
was t r a n s f e r r e d  f r o m  a v e s s e l  with thawing ice to a copper  block, which contained the measu r ing  ampoule~ 
the compensa t ion  vol tage was turned off, and the DTA curve  was recorded  while heating the block with the 
ampoules  in a i r  (average  ra te  ~3 d e g / m i n ) .  The DTA data cited in Fig. 3 were  obtained by the s a m e  
method, but without de te rmina t ion  of the f reez ing  point.  On the bas i s  of the f reez ing  points of the inves t i -  
gated mix tu re s  we de te rmined  the concentra t ion  of the d isso lved  subs tance  according  to a ca l ib ra t ion  curve  
cons t ruc ted  accord ing  to the data fo r  solut ions of n -bu ty lb romide .  Within the concent ra t ion  range  0.1-2.0 
l~I the graph was l inea r  (coefficient of co r r e l a t i on  r -- 0.99). In accord  with [5, 6], the deg ree  of a s s o c i a -  
tion of the init ial  n-buty l l i th inm (0.5-1.5 M solut ions in n-hexane) and its equ imola r  sa l t s  with T H F  was 
equal to 6 and 4 (*5%), r e spec t ive ly .  
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Fig. 3. Dependence of the  t e m p e r a -  
ture  of the decompos i t ion  of F P L  on 
its mole  ra t io  to e the r s  in n-hexane:  
1) THF;  2) THP;  3) DEE.  

Method of Invest igat ion of React ions in an NMR S p e c t r o m e t e r .  
The invest igat ions  were  conducted on a Var ian  DA-60 - IL  s p e c t r o -  
m e t e r  (60 MHz). F i r s t  the requ i red  amount of ThIS was added to a 
thoroughly dr ied  ampoule,  then a rubbe r  hose,  connected to a c h a m -  
ber  with He, was put over  the open end of the ampoule,  and 0.25-0.3 
ml  of a solution of the cor responding  mix tu re  of e the r  and butyl -  
l i thium in n-heptane  was introduced through the hose with a sy r inge .  
The mix tu re  obtained was f rozen  on one side of the ampoule with the 
aid of liquid nitrogen,  while the cor responding  amount of a 1.0 M 
solut ion of FBB in n-hexane or  n-pentane  was f rozen  analogously 
onto its opposi te  s ide .  The ampoule  fi l led in this way was s to red  in 
a Dewar  f lask  with liquid n i t rogen before  its introduction into the 
s p e c t r o m e t e r .  Then the ampoule was disconnected f r o m  the cham-  
ber ,  rap id ly  s toppered,  and introduced into the pickup of the s p e c -  
t r o m e t e r ,  p r e l i m i n a r i l y  cooled t o - 1 0 0  ~ The s p e c t r a  of the sa l t s  
obtained were  r eco rded  while ra i s ing  the t e m p e r a t u r e  at 5 ~ in te rva l s .  

D I S C U S S I O N  O F  R E S U L T S  

As was shown by numerous  m e a s u r e m e n t s  of the f reez ing  point of the solutions,  when the reac t ion  
1.0 FC6H4Br + 1.0 BuLl  + 1.0 T H F  - -  1.0 FC6H4Li + 1.0 BuBr  + 1.0 T H F  was conducted under  conditions 
in which the o- f luorophenyl l i th ium (FPL) fo rmed  is an en t i re ly  s table  subs tance  ( -75  to - 8 0  ~ (see [1]), 
the total  amount  of the reac t ion  products  is ,..1.25 moles  (1.23 ~" 0.07 and 1.24 ~- 0.05 moles  for  solutions 
in n-hexane and n-heptane ,  r e spec t ive ly ) .  Judging by the PMR spec t r a ,  which were  taken under  the s a m e  
conditions, the reac t ion  goes  to complet ion.  An invest igat ion of the f reez ing  points and PMR s p e c t r a  of 
hydroca rbon  solut ions of mix tu re s  of butyl l i thium with n-butyl  b romide  showed that these compounds do not 
give mutual  a s s o c i a t e s  and, consequently,  the n-butyl  b romide  fo rmed  s imul taneous ly  with F P L  is a f ree ,  
nonassoc ia ted  compound.  Thus,  a mix tu re  of one mole  of F P L  and one mole  of T H F  c o r r e s p o n d s  to only 
0.25 mole  in the products  of the r eac t ion  cited above, which is an indication of the fo rmat ion  of a t e t r a m e r  
complex  with compos i t ion  (o-FC~H4Li)4(THF)4 by these  compounds.  

As was shown by invest igat ions  of the dependence of the t e m p e r a t u r e  of decomposi t ion  of FPL,  de -  
t e rmined  accord ing  to the exo the rmic  peak on the DTA curve,  on i ts  mole  r a t io  with e the r s  (THF, THP,  
DEE), the s tab i l i ty  of this compound d e c r e a s e s  smooth ly  as the e the r  : F P L  ra t io  d e c r e a s e s  f r o m  20 : 1 to 
I : 1. However ,  when this ra t io  is fu r the r  d e c r e a s e d  f r o m  1 : 1 to 0.5 �9 1, a sha rp  drop in the t e m p e r a t u r e  
at which an exo the rmic  peak  a r i s e s  on the DTA curve  is obse rved  (see Fig. 3). These  data  not only agree  
with the fo rma t ion  of F P L  e the ra t e s  with a 1 : 1 composi t ion,  but a lso  conf i rm our  hypothes is  [1, 2] on the 
m e c h a n i s m  of the i r  decomposi t ion ,  according  to which the s low s tep is  c leavage of the e the ra te  bond: 

LI+-- OR2 1- Li ,-- OR~-] 

F L F 

When the r eac t ion  of FBB was conducted with equ imola r  amounts  of butyl l i thium and THF in the p ick-  
up of an NMR s p e c t r o m e t e r ,  it was found that when the sample  is heated  to the mel t ing  point ( ~ -  95~ 
n-C4HsBr rap id ly  appea r s  in the mix tu re  ( t r iplet  f r o m  the protons  of ot-CH 2 with 5 3.20 ppm),  along with 
an a roma t i c  compound, the s p e c t r u m  of which cons i s t s  of two broadened s ignals  at 5 6.76 (3 H) and 7.58 
(1 H) ppm (Fig. 4). As it follows f r o m  a c o m p a r i s o n  of this s p e c t r u m  with the s p e c t r u m  of phenyll i thium, 
produced under  the s a m e  conditions by the act ion of butyl l i thium on b r o m o -  or  iodobenzene, the s ignals  
at 6.76 and 7.59 ppm should belong to the m -  + p-  and o -p ro tons  of FPL,  r e spec t ive ly ,  in accord  with the 
DTA data  (see Fig.  3), the s p e c t r u m  of F P L  is mainta ined up to a t e m p e r a t u r e  of ~-40~ ~ whereupon there  
is a decompos i t ion  of this compound, a f t e r  which the s ignal  at 7.59 ppm rapid ly  d i sappea r s ,  while the s ig -  
nal at 6.76 ppm is broadened,  and upon fu r the r  heating is conver ted  to the s p e c t r u m  of a mix tu re  of the 

final r eac t ion  p roduc t s .  

As 'can be seen  f r o m  a c o m p a r i s o n  of the s p e c t r a  of F P L  and phenyl l i thium e the ra t e s  (see Fig. 4), 
the introduct ion of a f luorine a tom into the o -pos i t ion  of phenyl l i thium leads to a s imul taneous  shif t  of both 
its mul t ip le ts  by ~0.25 ppm in the s t rong- f i e ld  d i rec t ion.  According to [12], this  is an indication of the 
c loseness  of the ionic c h a r a c t e r  of the C- -L i  bond of the two compounds .  Thus,  con t r a ry  to the widespread  

*The value of the decompos i t ion  point of this compound ( -  20~ ci ted in [1 ] pe r t a ins  to a la rge  excess  of TH F. 
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Fig. 4. PMR s p e c t r a  of a roma t i c  OLC (region of p r o -  
tons of the benzene ring, 6, ppm): 1) FPL,  -80~  2) 
phenylli thium, 20 ~ Solvent: T H F  - n-hexane  (1:10) .  

opinion [4], the C - L i  bond in FPL  does not exper ience  any apprec iab le  po la r iza t ion  under  the influence of 
the neighboring f luorine a tom.  

As the reac t ion  p roceeds ,  e x t r e m e l y  subs tan t i a l  changes in the posi t ion and shape of the s ignal  of the 
pro tons  of the a - C H  2 group of THF, bonded in the complex with OLC, a re  a lso  detected.  Thus,  at the b e -  
ginning of the expe r imen t  ( -95 to -100~ in the reg ion  of 6 3.60-3.80 ppm, only a broadened  s p e c t r u m  is 
observed,  c h a r a c t e r i s t i c  of the complex  of T H F  with butyll i thium (signal of the pro tons  of the o~-CH 2 groups  
of f ree  T H F  ~ 3.58 ppm).  However ,  as the reac t ion  p roceeds ,  resul t ing  in the fo rmat ion  of F P L  and n-  
bu ty lbromide ,  the intensi ty of these s ignals  d e c r e a s e s ,  and a broad s ignal  at 2 .93-3 .08 ppm appea r s  in a 
s t r onge r  field, the intensi ty of which i n c r e a s e s  synchronously  with the increas ing  intensi ty  of the signal  
of the p ro tons  of the a -CH2 group of n -bu ty lb romide  a t  3.21 ppm.  At the end of the fo rma t ion  of 
FPL,  the signal  of the protons  of the a -CH 2 group of THF,  a s soc ia t ed  in a complex with butyll i thium, 
d i sappea r s ,  while the in tensi ty  of the signal at 2.93-3.08 ppm reaches  a constant  value,  equal to the in ten-  
s i ty  of the s ignal  of the protons of the ol-CH 2 group in the initial  complex (Fig. 5, s p e c t r a  1, 2, 3). The 
posi t ion of this s ignal  and its intensi ty a re  unchanged when the t e m p e r a t u r e  is r a i s ed  to - 5 0  ~ , a f t e r  which 
as the decompos i t ion  point is approached,  it begins to be s lowly shifted in weak-f ie ld  d i rec t ion  ( spec t r a  4 
and 5). The  s t rong  field shif t  of the protons  of the o~-CH 2 group of T H F  is evidently assoc ia ted  with the 
t r a n s f e r  of this ligand f r o m  butyll i thium to FPL .  The s imul taneous  observa t ion  of two di f ferent  s ignals  of 
the pro tons  of the a -CH 2 groups  of THF is evidence that the exchange p roce s s  

(BuLi)~ THF 4 + (o-FC6H~Li)~ THF,~ ~ (BuLl)4 THF3THF* +(o-FC~H~Li)4THF~THF etc. 

p roceeds  slowly under  these  conditions ( -75  to -80~  It is a lso evident  that the gradua l  shif t  of this s ignal  
at r e la t ive ly  high t e m p e r a t u r e s  ( ~ -  50 ~ in the  s t rong- f i e ld  d i rec t ion  is a s soc ia ted  with the exchange reac t ion  
(o-FC6H4Li) 4 . T H F  4 + THF* ~_ (o-FC6H4Li)4THF3THF* + THF,  due to the appearance  of f ree  THF in the 
s y s t e m  as a r e su l t  of the pa r t i a l  decomposi t ion  of FPL .  When the t e m p e r a t u r e  of exo the rmic  d e c o m p o s i -  
t ion of F P L  is r eached  ( ~ - 4 0  ~ see  Fig. 3), the signal  of the protons  of the a -CH 2 group of T H F  is rapidly  
shif ted into the posi t ion c h a r a c t e r i s t i c  of f ree  T H F  (3.57 ppm).  Rapid cooling of the mix tu re  f o rme d  to 
- 9 0  ~ jus t  as should have been expected,  no longer  changes the posi t ion of this s ignal .  

When the reac t ion  of equivalent  amounts  of butyl l i thium te t rahydrofurana te*  with b r o m o -  or  iodoben- 
zene is conducted under  analogous conditions (~-70~  as phenyll i thium is formed,  a shif t  of the s ignal  of 
the protons  of the o~-CH 2 group of T H F  f r o m  3.76 to 3.00-3.07 ppm is also obse rved .  Rais ing the t e m p e r a -  
ture  to ~20 ~ in the case  of this s table  compound na tu ra l ly  no longer  leads to any s ignif icant  change in the 
pos i t ion  of the s ignal ,  and only hydro lys i s  of the sample  again shif ts  the s ignal  to 3.57 ppm.  These  r e su l t s  
p e r m i t  us to conclude that phenyll i thium, like FPL,  f o r m s  complexes  of the compos i t ion  (PhLi)a(R20)4 with 
e the r s ,  although d i r ec t  c ryoscop ic  de te rmina t ions  a re  imposs ib le  in this case  on account of the poor  so lu-  
bili ty of the phenyl l i th ium e the ra t e s  in hydroca rbons .  

Shifts of this kind fo r  the s ignals  of the protons  of the a -CH 2 groups  of the ligands a re  a lso  obse rved  
when the r eac t ions  of FBB with n-buty l l i th ium a re  conducted in the p r e s e n c e  of equ imola r  amounts  of DEE 

*As has  a l r eady  been noted, f r o m  the data  of c ryoscop ic  m e a s u r e m e n t s  in accord  with [5, 6] it follows that 
at low t e m p e r a t u r e s  an equ imola r  mix tu re  of n-buty l l i th ium and T H F  is the t e t r a e t h e r a t e  of the t e t r a m e r ,  
(BuLl) 4THF 4 . 
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Fig. 5. Changes in the 
s ignals  of the pro tons  
of the ~-CH 2 groups  of 
T H F  in the fo rma t ion  
and decomposi t ion  of 
FPL:  1 ) - 9 0  ~ [signal 
of the initial  (BuLi) 4 
THF4]; 2) - 8 0  ~ (appear -  
ance of BuBr ;  3) - 8 0  ~ 
(complet ion of the f o r m a -  
tion of FPL) ;  4) - 5 0 ~  5) 
-45~  6) i nc rea se  in the 
t e m p e r a t u r e  f r o m - 4 5  
t o - 4 0 ~  7 ) - 4 0  ~ 

(--100 to --65~ as  well  as  in analogous r eac t ions  of b r o m o -  or  iodobenzene 
in the p r e s e n c e  of DEE and TEA (--70 to 20~ however ,  the changes in 
the s p e c t r a  obse rved  in this case  a re  s ignif icant ly  sma l l e r .  Thus,  the 
quar te t  of the pro tons  of the o~-CH 2 groups  of DEE is  shifted f r o m  3.47 to 
3.07-3.17 p p m  during the fo rmat ion  of phenyl l i thium or  FPL,  while the 
co r respond ing  quar te t  in the s p e c t r u m  of TEA is  shifted f r o m  2.42 to 2.17 
ppm. In this case  the posi t ion of the s ignals  of the pro tons  of the a - C H  2 
groups  of the l igands a s soc ia t ed  with phenyl l i thium is  p r ac t i c a l l y  unchanged 
within the in t e rva l  f r o m  --70 to 20 ~ Consequently,  the changes in the chemica l  
shif t  of the protons  of the o~-CH 2 groups  of the ligand obse rved  during the 
reac t ion  a re  due to the nature  of the OLC bonded to them, and complex  
fo rma t ion  with a r o m a t i c  OLC leads to a significant  s t rong- f i e ld  shif t  of 
the s ignal .  Evident ly  the cause  of this is the influence of the magnet ic  
an i so t ropy  of the phenyl  r ings,  and thus, the s p e c t r a  of the ligands can 
give informat ion  on the mutual  a r r a n g e m e n t  of the phenyl groups  and 
ligands in the complex,  i .e. ,  on the geome t r i ca l  s t ruc tu re  of the l a t t e r .  

As it follows f r o m  a cons idera t ion  of volume models ,  in the t e t r a m e r  
of phenyll i thium, cons t ruc ted  analogously to the t e t r a m e r s  of al iphatic OLC 
[6], there  should be no f ree  rotat ion of the phenyl groups  around the axis 
of the t e t r ahedron  fo rmed  by the l i thium a toms  (Fig. 6). An exact  ca lcu la -  
tion of the chemica l  shif t  on the bas i s  of the known data on the influence of 
the magnet ic  an iso t ropy  of the benzene r ings [13, 14] in such a complex 
s y s t e m  as the OLC e the ra t e s  under  cons idera t ion  is e x t r e m e l y  difficult .  
However,  it is evident that the g r e a t e s t  influence of the magnet ic  an i so-  
t ropy  of the a r o m a t i c  ring, mani fes fed  in the s t rong- f ie ld  shift  of the 
s ignal  of the protons  of the a - C H  2 groups  of the ligand, is achieved in the 
space  enclosed between the phenyl groups  in conformat ion  A (Fig. 7). 

According to the calculat ions (the posi t ion of the protons  of the ol-CH 2 
group re la t ive  to the phenyl r ings  was de te rmined  according to s t e r i c  
models  of the Dreiding type), the change in the chemica l  shift  (A6) of the 
protons  of phenyll i thium or  F P L  t e t r ahydro fu rana te  due to the magnet ic  
an iso t ropy  of the benzene ring for  conformat ion  A at bond length L i - L i  
2.56 A, C - L i  2.31 2~ [15], and L i - O  1.0, 1.5, 2.0, 2.5, or  3.0 ~ is 
- 0 . 6 1 1 , - 0 . 5 9 0 , - 0 . 5 4 3 , - 0 . 4 1 2 ,  o r - 0 . 2 5 0  ppm, r e spec t ive ly .  The 
f i r s t  of these values  (1.0 .~), although evidently cor responding  to too 
shor t  an L i - O  bond [16, 17], is in r a t h e r  good a g r e e m e n t  with the ex p e r i -  
menta l ly  found di f ference  of the values  of the chemica l  shif t  of the protons  
of the &-CH 2 groups  of THF,  contained in complexes  with butyl l i thium and 
F P L  (A5-0 .830  ppm).  These  calcula ted values  a re  a m a x i m u m  and p e r -  
tain only to one of the poss ib le  conformat ions  of the complex .  As is shown 
by calculat ion,  the ro ta t ion  of one phenyl  r ing around the axis of the t e t r a -  
hedron by 90 ~ i .e. ,  t r ans i t ion  f r o m  conformat ion  A to conformat ion  B 
(see Fig. 7), leads to a d e c r e a s e  in A5 at r L i _ O  = 1.0 A f r o m  -0 .611  to 
t o - 0 . 1 9  ppm.  Consequently,  even for  d i s tances  rLi_ O = 1.0 ~ evidently 
too smal l  for  a coordinat ion bond, the s t ruc tu re  cons idered  cannot explain 
the expe r imen ta l  value of /x6 (-0.830 ppm).  

At the s a m e  t ime,  s a t i s f ac to ry  ag reemen t  of the calculated and ex-  
p e r i m e n t a l  va lues  of A6 is achieved fo r  a model  of the complex (RhLi)4 

�9 (R20)4, fo r  which the oxygen a toms  a re  a r r a n g e d  s y m m e t r i c a l l y  about each  of the r i b s  of the IA 4 t e t r a -  
hedron,  which c o r r e s p o n d s  to a t h r e e - c e n t e r  bond of each  l i thium a tom with the two c lo ses t  oxygen a toms  
(Fig. 8) and is  evident ly  a consequence of the exchange reac t ion  (RIA)4(R~O) 4 ~-~ (RIA)4(R~O)3 + R~O. In the 
absence  of f ree  ro ta t ion  of the phenyl  g r o u p s a n d  ligand molecu les ,  the calcula ted values  of A6 a re  close to 
the e x p e r i m e n t a l  values  at  r l A _  O = 2.1-2.2 A fo r  the complex with Tt IF  and 2.4-2.5 A fo r  the complex with 
DEE,  which a g r e e s  with the data on the s tab i l i ty  of these e t h e r a t e s  and the length of the o ther  e the ra te  bonds 
{16, 17] .  I t  m u s t b e  noted tha t in  a t e t r ahed ra l  molecule  of sucha  complex,  the L i - -F  dis tance is  "~2 4 ,  which is  
subs tant ia l ly  s m a l l e r  than the m o n o m e r  molecule  and is  p r ac t i c a l l y  equal  to the in ter ionie  dis tance in the IAF 
crys ta l .Undoubtedly  the c lo senes s  of these a toms  is  one of t hecauses  of the labi l i ty  of FPL .  
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Fig. 6 
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Fig. 7 

Fig. 6. St ructure  of the complex (o-FC6H4Li -THF)r by analogy with the 
data of [6]. 

Fig.  7. Possible  extreme conformations of the three phenyl groups ofphenyl-  
lithium t e t r amer .  

Ar 

Fig. 8. Structure  
of t e t rahydrofura -  
hates of F P L  and 
phenyllithium ac-  
cording to the data 
of PMR spec t ra  (Ar 
=o-FC6H 4, C6H5). 

stable react ion products .  

According to the data of DTA (see Fig. 3), the stabili ty of F P L  drops sharply 
when its mole ratio with 1~O is varied f rom 1 : 1 to 1 : 0.5. To determine the 
causes  of this destabil ization we studied the PMR spect ra  of mixtures of FBB 
with incomplete butyllithium e thera tes ,  containing < 1 mole of R20 per  mole 
of BuLl (--100 to --50~ Fo r  compar ison  we also studied the spec t ra  of the 
analogous stable sys tems  PhBr  + B u L i  + nR20 (n < t, 20~ The latter,  as was 
found, do not manifest  any significant differences in the PMR spec t ra  f rom the 
corresponding 1 : 1 complexes,  and a dec rease  in the amount of e ther  leads only 
to an appreciable slowdown of the react ion of phenyllithium formation.  On the 
cont rary ,  in the spec t ra  of a mixture of o-FC6H4Br + B u L i +  0.5 THF, substan-  
tial differences f rom the analogous mixture at n = 1 were observed~ at the t em-  
pera ture  preceding the exothermie state (-100 t o -  70~ negligible amounts of 
FPL were reg i s te red  in the aromat ic  portion of the spectrum, while when the tem-  
pera ture  was increased  to - 5 5  ~ most  of the FBB was converted d i rec t ly  to 
An analogous picture was also observed when the interaction of FBB was con-  

dueted with butyllithium in the presence  of 0.25 equivalent of THF; however ,  in this case within the interval 
f rom --100 to --65 ~ no formation of F P L  was recorded at all, while at > --65 ~ the signal of the initial com-  
pound smoothly turned into the spec t rum of a mixture of the final st~ible products .  The same resul ts  were 
given by an investigation of this react ion in the presence  of insufficient DEE (n = 0.5 and 0.25). Thus, in- 
complete e thera tes  of F P L  are not detected by the method of PMR spec t roscopy  in view of their  instability, 
which is evidently associated with the coordination unsaturation of the lithium atoms and their  c loseness  

the fluorine atoms in the te t rahedra l  complex. 

The data obtained in this work permit  us to a s se r t  that o-haloder ivat ives  of phenyllithium, like other 
lithium aryls ,  are  te t rae thera tes  of t e t r amer s  (ArLi)4(R20)4, which are  ent i re ly  coordinat ion-sa tura ted  
compounds, in e ther  media.  This explains their  relat ive thermal  stabil i ty and permi t s  us to assume that 
the decomposi t ion of these compounds is due to thermal  dissociat ion of the O - L i  etherate bond. 

4 o-FC6H~Br4- (BuLi)~ (B20)~ ~ r  (o-FC6H4Li)4(R~O)~ -~ 

In the presence  of a sma l l e r  amount of ether ,  insufficient for the format ion of the te t raetherate ,  FPL  is 
u ~ t a b l e  and the react ion can proceed according to the scheme 

o--FC, tt4Br ~- (BuLi)4 (1:120)2 ~ (o-FC6H4Li)(BuLi)3(B~O)~ ~ [C,H4I ~- [(BuLi)s(13~O).21 

C ONC LUS I O N S  

1. According to the data of the PMR spectra ,  low- tempera ture  cryoscopy,  and differential  thermal  
analysis ,  o-f luorophenyll i thium in the presence  of no less than equivalent amounts of an e ther  in hydro-  
carbon solutions at t empera tu res  f r o m - 1 0 0  to - 4 0  ~ exists in the fo rm of a tetragolvated t e t r a m e r  

(o-FC ~-I 4Li) 4(R20)4" 
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2. The similari ty of the PMR spectra of etherates of o-fluorophenyllithium and phenyllithium indi- 
cates that phenyllithium and probably other ArLi as well also form te t ramer  complexes of the (ArLi)4L 4 
type in the presence of ethers or trialkylamines. 

3. The ster ic  s t ructures  of etherates of aromatic lithium compounds and the mechanism of the de- 
composition of o-fluorophenyllithium with the formation of dehydrobenzene were discussed. 
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