
Ring metalation of toluene by butyllithium in the presence of N,N,N’,N’-tetramethyl- 
ethylene&mine* 

The use ofchelating tertiarydiamines for increasing the reactivity of lithium al- 
kyls, and in particular, the effect ofN,N,JV’,N’-tetramethylethyienediamine (TMEDA) 
on n-butyllithium has recently received much attention’ - 5, Thus, it has been reported 
that benzene is converted to phenyllithium in thirty minutes at 80” ’ while benzyl- 
lithium is produced “quantitatively” from toluene within minutes at room temper- 
ature4. Reactions of this type have thus been recommended as preparative mcthods4”. 

Eberhardt and Butte, however, have suggested earlier that in the case of the 
alkylbenzenes, mecalalion may occur on the ring in addition to the position on the 
side chain. They obtained some evidence in support of metalntion mctn to the alkyl 
group, but were unable to detect orthoand puru metnlation. Thus. beforcsuch rcoctiuns 
are used preparatively, some investigation into the extent of such ring metrrlation 
seemed in order. 

Should ring metalation occur, it would also ahow a comparison with the 
metatation of alkylbenzenes by sodium -and potassium---ulkyls whe!e it kinetically 
controlled sequence of ring metalation followed by isomerization to the it position Ilils 
been found”*‘. No such case of isomerization of lithium alkyls has previously haen 
recordcds. 

We have, lhereforc, examined the reactions of the TMEDA-hutyllithium 
complex with benzene and toiuene, following the reactions hy quenching with do- 
methyl sulfate or lrimethylchlorosilane and examining the products by Cil..~‘. ‘l‘hc 
quenching reaction in the case of loluenc was carried out both by ;ufditiun to. :~ttd 
addition of. the quenching reagent in order to see whether the nacrdc of &Jition, as 
welt as the nature of the reagent, affected the reaction products. Some “ubnormal” 
reactions of benzyl anions (reactions at a ring position) have been found using tri- 
methyfchlotosilane9. 

We can confirm the reported reactivity of TMEDA-butyllithium towitrd 
benzene, Thus, in hexane, TMEDA-butyllilhium (I. I6 Ad) reacted with benzene 
(I, 16 M) to give 50 “/:, metalalion after 300 minutes at 25”, while in henzenc, D 0. I7 AI 
solution of the butyltilhium complex was 98 f;, converted to phenyllithium after one 
hour, and quantitatively after twenty hours. 

A similar reactivity of the complex was found towards lolurnc. However, 
significant quantities of the ring-metalated isomers were found on dcrivalinttion 
(Table 1). The four possible isomers were found in constant proportions, independent 
of the extent of reaction, and the nature of, or the node of addition of, the quenching 
reagent. 

Analysis of the resulting silanes produced the data shown in ‘I’itbtC I. 
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TABLE I 

ISOMER ~~IRMATION fwJsf .rcu.yLf.fTfffuM AND -~~~M~~~~Y~.CI~~.OR(II.AN~ 
_l,l-.” __-, “^_“_ _,~ .._. . -_ _____ l_._--_-.___-_ _.__ -___-____- _._.._ -- __._ -.-., _~.,- --. 

Time Benzyltrimethyl- m-Tolyltrimethyl- pTolyltrimethyl- u-Tolyltrimethyl- 

(min) silnnc silunc silanc silane 
___-_ _-..--. _.^_. _____-__ 
(Mmoles) ( “;p (Mm&s) ( I:,,) (Mmoies) l %I (Mmoles) ( ‘I,,) 

OS 0.86 Y0.H 0.05 1 534 0.017 IS2 0.020 2.06 
1.u 1.66 40.7 o.oYn 5.34 0.035 I .Y3 0.038 2.05 
2s 4.03 40.2 0.259 5.71 DSJYO I .9x 0.093 2.06 
5.0 7.18 89.Y 0.473 5.92 0.f76 2.20 0.t6O 3.00 

If).0 9.95 90.2 0.654 5.92 0.21 B I.98 02 12 1.E 
3(luXI 11,21 90.6 0.704 5.69 0.240 1 ,Y4 0.216 1.75 
._lll.“.__ .._,_ “,.,l ..lll,.. I __.-_.- _~ .-___ .._._._ l-.l.___- _II.__-..___._. - -_. ..-__._. _.“.. .._--. _. ..- -“. ..-. 
c ‘the pcrccnt figures ure the isomer distributions within ~hc rcsprsiivc samples. 

In u similar experiment. but using dimethy! sulfate as the quenching reagent, 
the distribution of isomers shown in Table 2 was found. 

The results, therefore, indicate that a considerable proportion of ringdithiated 
pruductsare faund when TMEDA-butyllithium ts used to prepare benzyllithium, and 
that these proportions do not decrease with time as in the cnse of similar sodium und 
potllssiu~mctal:ltions. This suggests that either there is a rapid equilibration among 
the isomeric lithium species to give the proportions found in Tables I and 2 or that 
no isomcrization accurs and the proportians depend on kinetic factors. In order to 
distinguish between these possibilities. attempts were made to synthesize the various 
isomers from the bromo-substituted tolucncs using an equivalent of TMEDA in 

talucne and lithium metal. The authors are not aware of any literature prcparrrtion 
along these tines. but the preparation of Grignard reagents from sry1 halides has 
rcccntly been reported using an equivalent of a tertiary amine in benzene solution in 
place of ether solvents’“. 

Reaction WHS obvious from the immediate formation of a yellow color which, 
howcvcr. rapidly deepened IO a dark brown. The reactions were quenched with 
trimct!lylchlorosilrtnc and the products examined by Gtt. These preparations were 
gcncrcllly unsatisG.uzto;y. resulting in the formation of products apparently higher 
in molecular weight than those expected. Only in the case of o-bromotojuene WBS 

the o-derivative (comparison 
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with authentic samples prepared by conventional Grignnrd techniques). It therc- 
fore seems unlikely that the constanf proportions of isomers given in Tables 1 and 
2 reflect a rapid equilibration. 

Tducft~~. Purified by preparative GLC (F & M Prepmaster 775) and shown 
10 be free from ethylbenzene and the isomeric xylenes by GLC (Perkin-~Ehncr 226). 
Dried over molecular sieves (I weck)and purged with ;I stream of nitrogen for 20 min. 

N,N,N’,N’-TL’trLs,nr~t~~)‘luTh~~~~~~~~~j~~~f)j~~~~ (iWED/I) (ffffl trifflt~rlt~k~lrlrl~~f~i~~lff~~. 

Dried over calcium hydride and distiHed u.nder vacuum. 
n-Suryllifhiur~~. A 1.622 M solution in hexane from Foote Minerid Company 

was analyzed by direct titration with 0. I N HCI after hydrolysis’ ‘. 
~~~~~!~lt~it?t~tll~IsiIu~~~ on0 IcrlJlltri~lr~~tIr3.Isii~rt~~ls. Made by conventional Gri- 

gnard techniquas’2*‘3 and purified by preparative GLC. The raulting compounds 
gave rcfractivc indicts in reasonable agreement ~~ilh litwtturc v~~lucs (Tahlc 31, 

17.0 ml (163 mmoles) of toluenc wus rclrctcd with IO mf n-butyltithium in 
hcxane in the presence of 2.50 ml (16.55 mmolrs) of TMEDA and 0.172 g dodcc;InC 
(internal standard) at 25” under nitrogen. Aliquots (I ml) wcrc injected ;It suif;lhlc 
time intervals into vinls containing 0.3 ml (2.4 mm&. itbout a five fold UKCW) of 
trimetllylchlorosilane, The solutions wcrr then filtered from lithium chh?ridc ;I~L! 
analyzed by tiLC using ;I Perkin,.Elmcr 226 CclUippCd Will1 Ilit~l~-i~~f~i/~lti~~ll dC- 

tector. 
A 150’~ 10 mil di-isodecyl phthaliltc (DIDP) cupillary coh~mn \Vits UWLI 111 

series with ;I 150’ x IO mil di(3,3.5-trimcfl-1y~cyclohrxyl) phth;Iliitc capillary ctrhmttl. 
Comp;rrison of the results with 3 calibrated mixturc of trimcthylsilancs and C~C~CC;UW 
in toluenc allowed the &termination of the ohsolute llu;tnIitics of cuch ist-rmcr sho\vt1 
in Table 1, A similar expcrimcnt, using dimcthytsulbto in pl;~c of trirncfllylvhl(~rt,- 
silanc gave the results of TabIc 2. In this c;ise. no intcrnill st;lncI;lrd WI?; us~cl w ~1~~~ 
only the isomer distribution is recorded. However, using the ~xccss toluonc its on 

approximate standard, the same canversions with time wcrc found iIS thnsc in 

Table I within expcrimctllnl crrur. 
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