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METALATIONS-XVI 

POLYLITHIATION AT BENZYLIC POSITIONS 
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Abstract-Metalation of mesitylene with butyllithium in hexane in the presence of tetramethylethylenediamine yields 
mono-, di- and trilithiated benzylic compounds (l-5). characterized as their silylated derivatives. Dilithiation occurred 
partly at the same but preferentially at different methyls. The symmetrical tris-1,3,5-(1ithiomethylene)benzene was 
the main product. Similar metalation occurred with m-xylene. o-Xylene gave also dilithiated products, but at a 
slower rate, and p -xylene gave slowly and exclusively the gem -dilithioderivative. 

The results were explained by greater stabilization of polylithio derivatives with charges all on the starred carbons 
of the conjugated system, rather than those with charges uniformly dispersed on all carbons. CNDO/Z calculations of 
the energy of the anions account only partially for the order of stability of most of the studied compounds, but a good 
correlation between this experimental order and the energies of the lithium compounds was found. 

The introduction of a catalyst, particularly tet- 
ramethylethylenediamine’ (TMEDA), during metalation 
with butyllithium increases the activity of the metalating 
agent. Its action on alkylbenzenes was found similar to 
that of alkylsodium.2 The important discovery’ of toluene 
polylithiation with butyllithium in the presence of 
TMEDA made possible the preparation of new types of 
organolithium compounds. It is here reported that di- and 
trimethylbenzenes produce with this metalating agent 
various di- and trilithio derivatives, the lithiation occur- 
ring almost exclusively at the benzylic positions. 

Metalation of mesitylene with butyllithium in hexane in 
the presence of TMEDA produced a mixture of lithiated 
derivatives (IA, 2A, 4, SA), which, when treated with 
trimethylchlorosilane, gave the silylated derivatives (lB, 
2B, 3B, 4B and SB). The polylithiation did not occur during 
the silylation, since the ratio of the products 155B was 
dependent on the time of metalation and the amount of 
metalating agent. The PMR data of these compounds are 
given in Table I. 

The symmetrically trilithiated derivative (SA) was the 
main product after 24 hr of metalation at room tempera- 
ture, when a 6: I molar ratio of butyllithium to substrate 
was used and more than 60% of SB was obtained on 

silylation. The dimetalated compound (3A) was obtained 
in a 25% yield under these conditions. The gem-dilithiated 
derivatives (2A and 4A) were formed in a 415% yield 
each, depending on the duration of the reaction. 

m-Xylene was also lithiated readily and no starting 
material was left after 14 hr of metalation at room temper- 
ature. The lithiated products were 6A, 7A, SA and 9A as 
evidenced by the formation of the silylated products 
(6B-9B) in a 7: 1:s: I ratio. This ratio between the gem- 
and other lithiated products is not constant, since under 
different conditions the ratio of 6B : 7Li : 8B : 9B was found 
to be 5:4:3:2. 

Dimetalation (geminal and on different methyls) was 
also found in the case of o-xylene, where the reaction 
proceeds more slowly than with m-xylene. The lithiated 
and subsequently silylated products (10, 11, 12 and 13) 
were obtained in a 4 : 4 : I : I ratio (with 6% starting mater- 
ial) after 40 hr of reaction. 

Slow metalation was also observed in the case of 
p-xylene. Moreover, only one Me was attacked, giving 
14, 15 and a small amount (7%) of another product, 
probably by ring metalation. 

The change in the ratio of metalating agent to TMEDA 
influenced the ratio of products, as already observed by 

Table 1. 

Proton chemical shift (8) in ppm” 
Compound a b C d e f g R R’ 

IB 2.21(s) 6.46(m) 6,38(m) 1.93(s) - -0.02(s) - 
2B 2.2(s) 6.41(m) 6.3(m) - 1.33(s) - 0.0(s) 
38 - 2.2(s) 6.23(m) 6.18(m) 19(s) - -0%2(s) - 
4B - 2.2(s) 6.23(m) 1%) 1.3(s) -0.03(s) 0.0(s) 
5B - 6.01(s) 1.9(s) - -0.03(s) - 
68 2.28(s) 6.63(m) 2.0(s) - 0.0(s) - 
7B 2.26(s) 6,56(m) - 1.36(s) - @o(s) 
88 - 6.83(t) 6.5(d) 6.43(s) 2.0(s) - 0.0(s) - 
9B - 6.8(t) 6Wd) 6.4(s) 2.0(s) I .4(s) @o(s) 0.03(s) 
1OB 6.8(m) 2.2(s) 2.03(s) - 0.0(s) - 
IlB 6.56(m) - 1.93(s) - 0.0(s) - 
12B 666(m) 2.13(s) 166(s) - @o(s) 
138 6.78(m) 0.26(s) 2.18(s) 2.3(s) - @o(s) 
14B 6.73(d) 2.25(s) 6.56(d) 1.98(s) - 0.02(s) - 
1SB 6.78(d) 2,23(s) 6+&d) - 1.36(s) - 0.0(s) 

“At 60 MHz in CCL, relative to tetramethylsilane. 
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West.’ Here the effect was extreme. Although increase of 
the amount of catalyst accelerated the rate of metalation, 
as evidenced by the disappearance of the starting mater- 
ial, it also decreased the rate of gem-dimetalation. An 
extreme example was p-xylene where a 1: 1 ratio of 
butyllithium to TMEDA converted the substrate totally to 
the mono-lithiated compound without observable 
amounts of the dilithiated derivative. On the other hand, a 
4: 1 ratio of metalating agent to catalyst, with the same 
ratio of metalating agent to substrate as before, gave, after 
a much longer reaction period, 25% of the mono and 25% 
of the dilithiated compound, with 50% of the substrate 
unreacted. This is not a general inhibition of dimetalation: 
in the presence of 1: 1 BuLi/TMEDA, o-xylene under- 
went dimetalation to 11A (monometalation of each Me), 
but at a reagent-ratio of 4: 1, the reaction time being the 
same, ring metalation took place. When the catalytic 
reaction is slow, ring metalation is probably competitive. 

A similar effect was found when pentamethyl- 
diethylenetriamine (PMDETA) was used as catalyst. The 

CH2Li 

Q 0 Li 

CH; 1 - 
R CH, 

20 

C: R=R’=@ 

CH?Li 

Q 0 
CH,Li 

CsH,CHR, 

21 

yield of the gem product (2B) was lowered from 38% to 
7.5% when the amount of catalyst was doubled from a 1: 2 
to a I : I molecular ratio with butyllithium. 

The effect of the amount of TMEDA may be attributed 
to several factors. Firstly, in the presence of an excess of 
catalyst the lithium in benzyllithium is possibly coordi- 
nated with two molecules of TMEDA, thus bringing into 
effect a stabilization by delocalization of the negative 
charge into the aromatic ring. Further metalation at the 
same benzylic carbon is hindered sterically by the solvat- 
ing molecules. The affinity of the benzyllithium deriva- 
tives for TMEDA is apparently larger than that of butyl- 
lithium for this amine. Secondly, in these conditions of 
high cation solvation, the methylene group is planar and 
abstraction of a second proton would not enhance the 
stabilization significantly. Ring metalation is also slower 
because of the high influx of electrons. 

On the other hand, coordination of lithium with only 
one molecule of TMEDA occurs in the presence of low 
amounts of the catalyst. The lithium cation is then par- 
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tially bonded to the methylene and charge delocalization 
into the ring is lower than in the more solvated molecule. 
Steric inhibition to methylene metalation is also smaller. 
Ring metalation is faster than in the presence of large 
amounts of catalyst, since less charge is introduced into 
the ring. It is also probable that, with little catalyst, one 
molecule of TMEDA coordinates simultaneously with 
one benzylic- and one butyllithium, thus facilitating an 
intramolecular gem -dimetalation. 

Dimetalation of m -xylene with amylsodium-TMEDA in 
hexane leading to 9 (R-Na) has recently been observed’ 
but no gem-dimetalation was found. The dilithiation of 
dihydroacenaphthylene was also observed recently.’ 

The facile polylithiation seems to contradict our notions 
on metalation as a nucleophilic proton abstraction, a 
deactivation being expected after the removal of the first 
proton. The introduction of the additional charges into 
separate non-bonding benzylic orbitals should not entirely 
eliminate charge repulsions created by further proton 
abstractions. West rationalized ring metalation of benzyl- 
lithium during proton removal by butyllithium by a direct 
lithium attack on the carbon to be metalated (electrophilic 
assistance).’ Such attack by lithium on the Me from 
which the proton is abstracted is difficult to envisage. 
Electrophilic assistance by lithium might occur by a cyclic 
mechanism, e.g. (16), where lithium coordinates with a ring 
carbon, or even with the ring in a r-complex, at the same 
time that a proton of the Me group is abstracted by the 
base. It seems that in polymethylbenzenes the reaction by 

this mechanism is favored over the 4-center one leading to 
ring metalation. 

The fast formation and apparent greater stability of di- 
and trilithiomesitylenes and of dilithio-m-xylene relative 
to the metallic derivatives of the other xylenes is surpris- 
ing at first sight. In the first two compounds all the charges 
are delocalized on one set only of alternate (starred) 
carbons, whereas in I ,2-bis(lithiomethylene)benzene 
(1 lA), the charges can be visualized as delocalized over all 
carbons of the compound. Bis-1,4(lithiomethylene)- 
benzene is notably absent among the metalation products 
of p-xylene. It seems that compounds with alternately 
charged C atoms,6 are more stable than those with a 
uniform charge distribution like those derived from meta- 
lation of both Me’s in m-xylene. A similar phenomenon 
was observed in sesquiacetylenes”’ and other dimeta- 
lated compounds.” This effect is not restricted to charges 
that arise from 7;-electrons, since 1,3-dilithiophenyl also 
is formed faster than its isomers,12 and may be a result of 
general preference for charge alternation. 

It may be noted that there is an equal or even greater 
stability of the di- and trilithio derivatives, with the charge 
delocalized in the same a-system, relative to the 
monolithio compounds. The second ionization con- 
stants of dibasic acids, where the second charge is 
located near the first, as in sulfuric,” phosphoric” or 
carbonic” acids, are much lower than the first ionization 
constant and the differences between pkl and pk2 for the 
three acids are 4.5; 5.3 and 6.5 respectively. 

Table 2. Metalation of mestifylene and xylenes” 

Substrate 
Metafating agent Hours of met. 

(equiv.‘) (temp.) Products’ (%) 

1 Mesitylene 
2 Mesitylene 
3 Mesitylene 
4 Mesitylene 
5 Mesitylene 
6 Mesitylene 
7 Mesitylene 
8 Mesitylene S(4); lA(27); 2A(9.3); QA(32.9); 4A(6.8): VA( 19) 
9 Mesitylene lA(8): 2A(0.8): 3A(32.7): 4A(2.7); VA(55.6) 

10 m-Xylene S(5); 6A(36); 76(24); 8A( 19.3); 9A( IS) 
I I m-Xylene 6A(48); 7A(6.8); gA(37.6); 96(7.3) 
12 m -Xylene 6A(53.6); 7A(6.5); 8A(20); 9A(5) 
13 m -Xylene S(8); 66(32); 7A(34); 8A(6.63; 9A( IS) 
I4 m -Xylene 6A(359); 7A(27); 8A07.2); 9A(3.0) 
15 o-Xylene S(6): lOA(40); llA(36.2); t2AU0.8); 13A(7.1) 
I6 o-Xylene S(37.2); lOA(41.4); llA(l3); 12A(4.3); 13A(3.8) 
17 o-Xylene S(l2.2); lOA(52.6); llA(19.8): 12A(58); 13A(9) 
I8 o-Xylene S(7); lOA(60.8): llA(27.2): 12A(4.8) 
19 o-Xylene S(52): lOA(17.8); llA(0); t2A(9.6);‘13A(l8.1) 
20 o-Xylene lOA(49); llA(5I): 
2 I p -Xylene S(l6); 14A(64); lSA(l6) 
22 p -Xylene S(35); 14A(25); lSA(33.3) 
23 p-Xylene S(50); lSA(25); lSA(25) 
24 p-Xylene S(21); 14A(64): lSA(ll) 
25 p -Xylene BuLi(4); TMEDA(4) 14A( 100) 
26 Mesitylene BuLi(6): PMDETA’(3) S(6.6); lB(55.6); 28(38); 38(O) 
27 Mesitylene BuLi(6): PMEDTA(6) lB(90.6): 28(7.5): 3B(l.7) 
28 p-Xylene BuLi(4); PMDETA(2) 14B( 100) 
29 p -Xylene BuLi(4); PMDETA(4) 148(91); lSB(9) 
30 Mesitylene BuLi lA(30); 3A(70) 
31’ Mesitylene BuLi lA(I0): 3A(60); SA(30) 

“With 1.6F butyllithium (BuLi) in hexane at room temperature. Tetramethylethylenediamine (TMEDA) was used as 
catalyst; “Relative to the substrate; ‘ After silylation; “S: starting substrate; ‘PMDETA: pentamethyldiethylenet- 
riamine: ‘neat TMEDA. 

BuLi(6); TMEDA(3) 
BuLi(6); TMEDA(3) 
BuLi(6); TMEDA(3) 
BuLi(6); TMEDA(3) 
BuLi(6); TMEDA(3) 
BuLi(6); TMEDA(3) 
BuLi(6); TMEDA(6) 
BuLi(4); TMEDA(2) 
BuLi(4); TMEDA(4) 
BuLi(4); TMEDA(2) 
BuLi(4); TMEDA(2) 
BuLi(4); TMEDA(2) 
BuLi(4); TMEDA(1) 
BuLi(4); TMEDA(4) 
BuLi(8); TMEDA(4) 
BuLi(4); TMEDA(2) 
BuLi(4); TMEDA(2) 
BuLi(4); TMEDA(2) 
BuLi(4); TMEDA( I) 
BuLi(4); TMEDA(4) 
BuLi(4); TMEDA(2) 
BuLi(8); TMEDA(4) 
BuLi(4); TMEDA(I) 
BuLi(4); TMEDA(2) 

l2(15-20”) 
48( 15-20”) 
60( 15-20”) 
12(2O-25”) 
24(20-25”) 
48(2&25”) 
48(20-25”) 
2q 15-20’) 
24( 15-20”) 
23(15-20’) 
14(20-25”) 
24( 15-20”) 
96(15-20”) 
24( 15-20”) 
40( 15-20”) 
2q 15-20”) 
5q 15-20”) 
24(2&25”) 
96(15-20”) 
24(15-20”) 
2q 15-20’) 
48( 15-20’) 
96(15-20”) 
24( 15-20”) 
24( 15-20”) 
24( 15-20”) 
24(15-20”) 
24(15-20”) 
24( 15-20”) 
16(2&25”) 
24(20-25”) 

S”(33); lA(25; 2B(l4.5); 3A( 17); 48(6.8); VA(3.7) 
lA(l6); 2A(7.5); 3A(36); 4A(6.7); VA(34) 
lA(1 I); 2A(l4.2); 3A(23.6); 4A(10.3); VA(40.5) 
S(4); lA(30.5); ZA(9); 3A(27.7); 4A(7.2); VA(21) 
lA(8.2); 2A(3.3); 3A(25); 4A(3); VA(61.5) 
IA(Z); 2AU); Y21.5); 4A(5); (VA) (66.5) 
lA(4); 2A(-); 3A(25); 4A( 1.5): V(69) 
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It was therefore of interest to compare the ease of anion 
formation” with computed anion energies. Calculations 
were performed both by the “omega-beta” methodI and 
by CND0/2.” In the latter case, the molecular geometry 
is required as input; in preliminary work, we used omega- 
beta lengths” and angles,19 but it was later found that 
standard geometries lead to lower energies. The results 
are recorded in Table 3. 

Apart from the fore-mentioned species, Table 3 also 
includes the starting hydrocarbons, the anions 17, 18, 20, 
21 and several lithium derivatives. 

The energy of the gas reactions 

AH2+AH-+H* or AH--+A*-+Hf 

is the difference AE in energy between the anion and the 
acid. 

AE = E,,- - E,,? or AE = Ej; - E,, 

Semiempirical calculations of gas phase aciditie? were 
found to follow the experimental sequence.” On the other 
hand, the sequence of solution acidities of aromatic 

Table 3. 

Compound 
Energy AE or AE’ 

~$3 (,3 units) CNDO/Z (eV) eV (B) 

Toluene 
o-Xylene 
m -Xylene 
p-Xylene 
Mesitylene 
1C 
x 
SC 
6C 
8C 
lot 
1lC 
14C 
17c 
18C 
19c 
2oc 
2lC 
1A” 
3A”‘b 
3A”“ 
3A”‘.+ 
SA‘ 
SA”.d 
5A”.b 
7A”.b 
8A”‘D 
15A”.’ 
17A” 
17A’ 
18A”‘b 
19A” 
2OA 
2lA”‘” 
2lA’ 
2lA”“+ 

- 12.59266 
-17.18370 
-17.18383 
-17.18389 
-21.77524 
-17.91085 
-13.594 
-9.934 
- 13.3259 

-9.37375 
- 13.3304 
-9.34159 
-13.3291 
-8.74092 
-9.2995 

- I,539674 
-I .778.239 
-1,778~194 
-1.778.182 
-2,016.7 
-1992~938 
-1964~41 
-1.931.417 
- 1.754.389 
- 1,725.73 
- 1,754.389 
- I ,724.569 
- I ,754.3706 
-1,515.817 
- 1.723 
-1,483.72 
-1.513.618 
- I ,48 1.205 
-2,010.03 
-2Mr4.12 
-2,OlW25 
-2,003@3 
-1,991%?6 
-1997.75 
-1998.72 
- 1.77090 
- 11765.53 
- 1,770.77 
-I ,532906 
- I ,530m 
-1.764.27 
-1,522.176 
-1.528940 
- I ,532.25 
- 1.524.32 
-1,523.26 

23.76 3.864 
28.53 3.957 
3299 4.020 
23.81 3.858 
2866 3941 
23.79 3.853 
29.88 3.989 
23.81 3.854 
23.857 
29.71 4.030 
2990 
26.056 
34.612 

6.67 
5.91 

540 

6.768 
9.70 

6.764 
10.734 
0.65 
5.72 

*Lithium bridges the benzylic and one of the ortho carbons; 
‘All lithium atoms are located on the same side relative to the ring 
and bridging different ortho carbons; ‘Lithium atoms are located 
above benzylic carbon; d Lithium atoms on opposite sides of the 
ring; ‘Lithium linked to a tetrahedral carbon. 

hydrocarbons or substituted toluenes (abstraction of the 
benzylic proton) was not reproduced adequately by such 
treatments.P3’ 

The AE values in Table 3 show no difference in acidity 
between the isomeric xylenes for formation of monoan- 
ions. However, the energy difference between the mono- 
and dianions support the higher acidity of the m-xylene 
monoanion relative to its isomers in agreement with its 
faster metalation. The AE for the consecutive proton 
abstraction from mesitylene is similar to those of 
m -xylene. 

The calculations also show the greater acidity of the Me 
relative to the ring protons (compare 17 and 19). The 
isomeric anions obtained by abstraction of the otiho or 
meta protons in toluene have similar energies to that of 
290 

Two results of the calculations for the dianions are not 
in agreement with experiment. The abstraction of the 
second proton from the benzylic position of benzyl anion 
is more endothermic than at the ring position (compare 21 
and 19). Introduction of the charge in the o&o or meta 
instead of in the paru position of the ring did not change 
the energy of the dianion significantly. Similarly, consecu- 
tive abstraction of two protons from different Me’s in the 
xylenes is much more endothermic for the second than for 
the first, a result which is incompatible with the finding 
that during metalation these reactions are competitive. In 
order to examine whether the acidity sequence is affected 
by inclusion of the counterion, calculations were also 
performed for the lithium compounds. The energy differ- 
ence AE’ 

AE’ = EM,., - EM* and AE’ = EM.,? - EML, 

for 

AHI + CH&IH2),Li+ AHLi + CH,(CH&CH, 

and 

AHLi + CH,(CH&Li+ ALi* + CHKH&CH, 

takes into account not only the acidity of the particular 
C-H bond but also the interaction of lithium with the 
anion, and may differ from anion to anion. Although no 
equilibrations were performed in our work, we assumed 
that the rate of lithiation is related to the equilibrium. A 
similar sequence for the rates and equilibria of monometa- 
lation of xylenes was found2’ making our assumption 
reasonable. 

For each lithium compound, several molecular geomet- 
ries were examined by CNDO/Z. The arrangement of 
benzyllithium where the metal bridges the benzylic with 
an ortho position (using measured distances? was found 
more stable than that in which lithium occupies a tet- 
rahedral benzylic position (replacing-with an approp- 
riate modification of bond length-a hydrogen in toluene), 
or is located perpendicularly above a coplanar benzylic 
methylene. An analogous result was obtained for (1A). 
Transformation of the mono (1A) to the di-lithio- 
derivative (3A) of mesitylene was computed as less en- 
dothermic than the formation of 1A itself from 
mesitylene. Still less endothermic was the transformation 
of 3A into the symmetric trilithio derivative @A). In all 
these compounds, the bridged-form was more stable than 
other structures; the most stable forms of 3A and 5A all 
had Li atoms on the same side of the ring. 
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Formation of benzyllithiu~ (MA) was calculated to be 
energetically more favorable than that of p-tolyllithium 
(29A). Similarly, formation of benzylic dilithio derivative 
(21A) is favored over that of the isomeric (19A), where 
one Li is on the ring. Calculations showed that (21A), 
where the two lithiums are on the same side of the ring 
and bridge two different o&o positions, is more stable 
than structures with metal atoms on the two sides or in 
tetrahedral positions of the benzylic carbon (there are 
only small differences of energy for several conforma- 
tions of the last species). The relative stability of dilithio 
compounds, formed by abstraction of protons from the 
same or from two Me’s, is also of interest, because of the 
low energy computed for 21A. Calculations showed that 
gem-derivatives (7A and ISA) are more stable than the 
isomeric 8A and t8A. This seems to contradict the results 
of most metalations, but corresponds to the result of 
metalation of p-xylene. Moreover, the observation that 
more gem -dilithio products are formed in the presence of 
only small amounts of catalyst seems to indicate that the 
relative stabilities of the isomers is changed from 7A > 8A 
to 7A <8A by solvation. Solvated lithium compounds 
have charge delocalization to a larger extent than the 
unsolvated derivatives and their relative stabilities shotrId 
be closer to that of the dianions. 

The differences in calculated energies for the various 
compounds should not be taken too literally. In these 
charged, electron-rich compounds, electron correlation 
should play an important role and this is not taken into 
consideration in CNDO. Linear correlations are therefore 
not to be expected.222J Another source of error is that 
Coulomb repulsion integrals are calculated for spherical 
orbitals, which exaggerates electron repulsion from the 
negative charge. It seems to us, however, that relatively 
large differences in calculated energies are significant. 
They do correspond also to our experimental results. 

The agreement between the energies of the lithium 
derivatives and the ease of metaiation strengthens the 
conviction that lithium-anion inte~ction can effect drastic 
changes in the order of stabilities of various anions, 
particularly when charge-charge repulsion is involved. 

Additional proof for the formation of the 
polylithioderivatives (and against the stepwise metalation- 
silylation after the addition of trimethylchlorosilane) was 
found in the NMR spectra of the aromatic protons in the 
metalation products. The results are recorded in Table 4. 
An upfield shift of the ortho and para protons was found 
in the dilithiated relative to the monolithiated compounds. 
The chemical shift depends only weakly on the excess of 
TMEDA once one mole of the coordinating amine is 

Table 4. Chemical shifts” (ppm) of the aromatic 
protons in the lithium derivatives 

Compound Ortho Meta Para” 

1A 
3A 
5A 
6A 
8A 
1OA 
1lA 
14A 
17A 

5.76(s) - 
521(s) - 

- 

5.87(Sb) 6*27(q) 
S.lO(Sb) 5.97(q) 

5.63(m) 
5,24(m) - 
6.13(d) - 
6@(d) 6.30(t) 

5.41(s) 
4.71(s) 
4.51(s) 
5*30(d) 
4.77(d) 
4.93(m) 
4.93(m) 
6.25(d) 
550(t) 

“Relative to TMS. Determined relative to 
mesitylene in hexane-TMEDA. 

‘Para at least to one of the methyienes. 
S, singlet; Sb, broad singlet; d, doublet; t, trip- 
let; q, quartet; m, multiplet. 

introduced. The chemical shift of the aromatic protons of 
the benzylic lithium compounds in the presence of 
TMEDA in hexane is almost identical to that of the same 
compounds in THF, suggesting a similar charge delocal- 
ization.‘s’2 Similar chemical shifts were found also in neat 
TMEDA. In this solution mono di- and trilithio deriva- 
tives of mesitylene were formed, showing that the reac- 
tion proceeds in solution. The products and butyllithium 
are not stable in this solution. 

EXPERLWNTAL 

Metal&n. All metalations were carried out by a standard 
procedure an example of which is given for mesitylene. To 33 ml 
of BuLi I.6 F in hexane (O-05 eq) kept in an ice bath were added 
dropwise 3.4 ml (0.025 mole) of TMEDA. A white ppt was de- 
veloped (or a clear soln when the ratio of BuLi to TMEDA was 
I : I). To the mixture of BuLi and TMEDA I g of mesitylene was 
added. The ice bath was removed and the mixture was left at room 
temp for the indicated period. Soon after adding the substrate. the 
mixture became heterogeneous and remained so throughout the 
metalation time. The mixture was then coofed in an ice bath and a 
five molar excess (6,Sml) of trimethylchlorosilane was rapidly 
added to the soln. The mixture was left overnight (shorter 
quenching time was also used, but this had no influence on the 
results), then it was filtered. The tiltrate was washed with 5% 
NaHCO, aq, HCI aq, and again with NaHCO, aq. The solvent was 
evaporated and the products in the residue were separated by 
CLPC on a 2 m X l/4 column of IO% SE-30 on Chromosorb W, 
mesh size 60/80 at 140-180”. The yields given in the Table are 
obtained by referring to a standard which in this experiment was 
mesitylene. 

The analyses and absorption spectra of the products are re- 
corded in Table 5. 

Table 5. 

Anal. 
Calcd. (S) Found (rC) 
C H C H IR: cm- ’ UV: A::” rim(r)) 

lb 75.0 10.4 7484 IO.15 700.840.1155.1170.1250.1605 271 (2M) 
Zb 68.1 10.4 67.74 IO.88 690,700,835, iO.40, i 180, i260,1600 266 
3b 

(440) 
68.1 IO.6 67.86 10.96 705,840,1155,1170,1250,1600 274 (360) 

Sb 64.28 IO.7 6449 IO@ 690,705,825,960,1165,1250,1590 276 (320) 
6b 74.18 10.1 74.43 IO.42 700.750,780,840.1080,I165,1250, I605 279 (460) 
7b 67.2 IO.40 67.15 lo-33 685,700,770,825,1035.1255.1600 282 (5801 
8b 67.2 1040 67.09 IO.48 700,830,930,1070,1170,1250,1600 283 (720) 
lob 74.1 IO.1 73.31 10.13 690.740.850.1040.1150.1250.1600 
lib 67-2 10.40 67.39 10.36 

f4b 74.1 IO-1 71.25 to.18 6~,76%835,1t55,1250,1510 282 
15 67.2 

(660) 
IO.4 6744 to.74 ~,~0,86Q,1030,1100,1200,1250,1510 285 (760) 
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in the NMR tubes was checked by quenching with trimethyl- 

The NMR data were obtained on a Varian T60. The NMR 
spectra of the Li derivatives were taken directly on products of 

chbrosilane. The addition of excess of TMEDA uroduced an 

metalation performed in NMR tubes in various conditions similar 
to those indicated in Table 1. After short reaction times the anions 
were still in soln and their spectra could be taken in the metalation 
media, but as the amount of di and tri anions increased a ppt was 
developed. The ppt was redissolved by addition of excess of 
TMEDA and the composition of the products of the reaction 

‘K. C. Eberly and H. E. Adams, 1. Organomet. Chem. 3, 165 
(1965). 

“J. Y. Becker, A. Y. Meyer and 1. Klein, Theor?. Chim. Actn 29, 
313, (1973). 

“E. M. Kaiser and C. R. Hauser, L Am. Chem. Sot. 93, 4237 
(1971). 

‘*A. A. Morton, E. L. Little and W. 0. Strong, Ibid. 65, 1339 
(1943). 

upfield change of the chemical shit of no more than 2-4 c/s. The 
chemical shifts in Table 4 were recorded in the presence of excess 
of TMEDA. Addition of more TMEDA did not change the 
position of the signals. The spectra of the Li derivatives were self 
consistent since the formation of di and trilithio derivatives were 
accompanied by the disappearance of the lower metalated com- 
pounds and by an upfield chemical shift. The change in the 
composition of the metalarion products, derived from the NMR 
spectra corresponded to that obtained from the silylation pro- 
ducts. The assi~ment of the various protons is supported by the 
integration results of their signals. 

Met&ion in TMEDA. The solvent from a hexane soln of BuLi 
was evaporated in vacuum at room temp and the residue dissolved 
in TMEDA. The hydrocarbon was added lo this soln at room temp 
and the metalation followed by NMR spectroscopy and reaction 
with trimethylchlorosilane. The two methods gave similar results. 
The reaction proceeded throughout in solution and no ppt was 
formed. The ratio of mono-, di and trimetalated compounds 
changed with time showing a continuous increase of the polymeta- 
lated products. Only 30% of 6A was obtained owing to the 
relatively fast decomposition of BuLi in neat TMEDA. 

Cufculutions. CNwt2 calculations were performed by a mod- 
ified version of the program written by Clark and Ragle.” Stan- 
dard bond length were used. C-H I*094 A; C-C in ring, I.39 A; 
C-CH; 1*39r8r; C-CH,. I.54A. Details of the“@“procedure have 
been given elsewhere.” 
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