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Abstract: Several methyl-substituted allylic lithium compounds have been prepared blyi Cldavage of

their corresponding bis(methyl)bis(allylic)stannanes. Low-temperdf@eand proton NMR studies of 1:1
complexes of these allylic lithium compounds with TMEDA establish their structures. NMR line shape changes
with temperature provide barriers to rotation. Results are listed in order as follows (allyl substituents, compound
number, barrier to rotation in keahol™!, and bonds undergoing rotation): 1,1-dimett®6, 18, 2-3; endo-
1-methyl,27, 19, 2-3; endo-1-exo0-3-dimethyR8, 21, 1-2 and 2-3. These observations together with the
allylic 13C NMR chemical shifts indicate that in the case of unsymmetrical alkyl substitution at the termini the
allyl C—C bond to the more substituted terminus is of higher bond order than that to the less substituted
terminus. Unsymmetrical substitution is proposed to reduce the degree of delocalization compared to the
symmetrically substituted allylic lithium compounds. A mechanism is proposed for the rotation process which
is consistent with the Eyring activation parameters.

Allylic lithium compounds! which are the simplest of the N
conjugated carbanionic substances, have been extensively \/o\ ; /o\/

A Li
investigated, via X-ray crystallogapRyspectroscopy, and Li* ><\4\/'-‘ . -
calculationst These studies show that most solvated allylic AN h

lithium compounds assume the delocalized contact ion-paired

structurel, within which coordinated lithium lies normal to the 1 2a 2b
allylic plane?® In contrast unsolvated alkane-soluble allylic NZ &
lithium compounds such a& exhibit 13C NMR shifts which 5+O[ oL ﬂ o
SLE —17
PN A

T This article is dedicated to Professor Chengxue Zhao of Shanghai . g- O\_ //S\' \/o\
Jiaotong University on the occasion of his 60th birthday.
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Allylic Lithium Compounds

of ions within the ion pairs is slow relative to the NMR
timescale. Above 160 K studies of NMR line shape changes
revealed and quantified for the first time the dynamics of three
different ion—ion reorganization processes within the ion pair.
These are (1) transfer of coordinated lithium between faces of
the allyl plane, (2) rotation of coordinated lithium on one side
of the allyl plane, and (3) fast reversibletN (of ligand)
dissociation accompanied by inversion at nitrogen.

This article is addressed to the effect of alkyl substituents on
the allylic lithium framework. Alkyl substituents on carbanionic
carbon are believed to destablize carbanfoliée previously
described the high reactivity of 1,1,3,3-tetramethylallyllithium,
TMEDA (5), which adds to anthracene rapidly in THF-&90

TMEDA = _
Li* H Lit
W anthracene s@@
\/O\/
5 -90 °C 6

°C (seeb — 6).° Below, we describe some efficient preparations
of alkyl-substituted allylic tin compounds and their conversion
to allylic lithium compounds. NMR studies of these allylic
lithium compounds provide insight into their structures and
dynamic behavior.

Results and Discussion

Preparation of Allylic Tin Compounds. Allylic lithium
compounds have been prepared by metalation of alki&nes,
reduction of ethef§ and sulfides! and alkyllithium cleavage
of lead? and tin® compounds, respectively.

The current study required that our allylic lithium compounds
be prepared in pure form from easily handled precursors. In
principle alkyllithium cleavage of allylic tin compounds should
be the method of choice. For example cleavag& of

CHaLi /
_A~_-SnPhg ~?HJF*» 1 + CH3SnPhg, P
7 8 9

by CHsLi proceeds in high yield yet the resulting methylt-
riphenylstannane8], is difficult to remove from the desired
productl. The cleavage o® with CHsLi proceeds efficiently.
However, 9 and other allylic trimethylstannanes are toxic,
sensitive to light and @ and inconveniently volatile. A suitable
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lithium compounds, as shown below. The required bis(allyl)-
dimethylstannane&l, 13, and 15 were prepared by reducing

Y\/CI <j/\is(

10 1
a — /
Cl —_—
@ (= st
12 13
a
2 N\
14 15

8Mg, (CHg)2SnClg, THF, 25°C

the appropriate allylic chloridek0,'* 12,15 and14,16 respectively,
with Mg in the presence of dimethyldichlorostannane at room
temperature in THF. Two allylic trimethyl stannan@$, and

OMgl b. ¢ /:*NJ/

=0 —
SPh
16 17 18
/
_d, ﬁ/:ﬁ _e . YYST
Lit f
19 20

2 CHaMgl, Et0; P PhSH; ©H*, H0; 9 LDMAN, Et,0, THF; © =8nCl; | CHaLi

SPh
Q ey e O
21 O 22 7 OMgl

23
Li* /
-y = X
f
24 25
21 35in 16 to 20

25, were prepared via their phenyl sulfide precursors;l&e

20 and22—25. Since LDMAN reduction of phenyl sulfidek3
and23 gives 2-(dimethylamino)naphthalene and lithium thiophe-
noxide together with the desired allylic lithium compountg,
and?24, these reaction mixtures were treated with @z8nClI.
The resulting stannane20 and 25, were purified and then
cleaved with CHLi to give the purified allylic lithium com-
pounds,19and24. Interestingly sulfided8and23 were formed

compromise is to use diallyldimethylstannanes. They are Stabledirecﬂy by hydrolysis of magnesium sall¥ and 22 in the

if stored in a refrigerator and in darkness. They are less volatile
than the allylic trimethyl stannanes and are thus easier to purify
and transfer. Finally, we find they cleave cleanly to allylic
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presence of thiophenol. Strong acid is not required for this
transformation of magnesium salts to sulfides.

The structures we have assigned to the bis(allylic)dimethyl-
stannanesl 1, 20, and25, are unambiguously determined from
their NMR spectra, Table 1. Carbon-13 NMR of our preparation
of dicrotyldimethylstannanel@) showed three lines each for
CH3Sn andCH3C. This indicates the presence of at least three
isomers which are cis/cis, cis/trans, and trans/trans. The
observation of four resonances each for the two vinyl carbons
is consistent with this assignment. The assignments of shifts to
structures cannot be made at this time. Our preparatidiBof
has properties similar to those reported by Clarke and Kvton

(14) Young, W. G.; Prater, A. N.; Winstein, $. Am. Chem. Sod933
55, 4908.
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Table 1. °C and {H) NMR Shifts and Tir-*3C Coupling

Constants for Allylic Stannanes

Fraenkel and Qiu

Table 2. Substituted Allylic Lithium Compounds, 200 K, TMEDA

Complexes}*C and {H) NMR Shifts, and Vicinal Proton Coupling

Constants
11 (5.38)
120.9
(1.58) H 27 1(«?'21.23
(‘éﬁf (13 14 ("178n, 13CH;) = 49.6 Hz H 3y Hz
e TR IO TRR e (0.85) | (3.09) Ha H 72
I 1235 J (1198, 18CH) = 50.4 Hz Hao G Hu AT :
CHs 163 335C“ " ~Cra9 Hg, Hx 13.6
25.49 .69 I |
(1_-71) (1.05) Hg CH313.65 Hwm, HX 8.8
| e 049 CHa, Hy 7.0
TMEDA
13 (55 (5.2
= 5.68
(CH3(L|‘H CHCH3)Sn(CHa)z 14 (178, 13CHg) = 34.7 Hz 26 . 240.6)6
N X
1534 129.3 1208 1240 -113 15 (119gn, 13CHa) = 35.3 Hz 18.66 i (0.23)
15.70 129.2 120.6 11.75 -10.6 '
17.81 1285 1188 11.40 -11.0 CH3\C{~(_:~§ Ha Ha, Hx 7.2
(1.6) 1284 1186 (1.65) (1.0) 83~5| I 26.89 Hg, Hx 13.3
272 CHy H
GayCHe e (0.58)
5.25 Li*
20 {29 2 TMEDA
(1.56) H
20.53 | / 28 (5.97)
CHa~ C¢C\ _-Sn{CH3)3 139.74
e ¢ 410 (2 Hy
130.6 CHz CHs © 16.19 (I) l£l2.2) Ha, Hy 13.8
256 18 CHaw 2oy B Hea H 1
(700 (125 50.27? ?55.91 Cfly t)-(l 8.
ayta  CHates o H’; Z'g
25 Lit (1.78) 3 .
134.6 TMEDA
135,
25. g)H (153) 37.44 19 (&SQ)
4.73) Sn(CHa)s (o} (1) Hy
41.38 21.45 (I) (1.6)
: CH3 CH Ha
39.33 KNP AAN
©2,15) 16.48 80 C“ = Cho7o Ha, Hx 10.0
302 CHs  CH3 25.86
(159  (;+ (1.78)
for this compound. Thé3C shifts we observed for the crotyl TMEDA
part of 13 are similar to those reported for tetracrotylstanAte 539

and for crotyltrimethylstannang® 5
In the case of bis(1,3-dimethylallyl)dimethylstannah®) our

NMR data are consistent with a complex mixture of isomers

due to cis-trans isomerism around the double bonds &

138.28

stereochemistry at the chiral carbon. However, NMR data 30.20 CHa . CHs 3029
indicate that the species which is obtained by reacting compound wla'elo A

15with CHslLi is exclusivelyexcendol,3-dimethylallyllithium
(29).

Preparation and Structure of Allylic Lithium Compounds.
Prior to the current study crotyllithium has been prepared by
alkyllithium cleavage of tetracrotylstannah®grotyltrimethyl-
stannané’Pand tetracrotylnickel® Also, 1-butene was reported
to undergo allylic metalation by ethyllithium in HMPFd0n TMEDA
the basis of NMR studies, it has been claimed that crotyllithium ‘ Li*
consists of a mixture of the exo and endo isorf@$and that 11 CHali \]A 26 + (CHg3)4Sn
these isomers interconvert slowf.

The allylic lithium compounds in this work were prepared TMEDA
by cleaving the allyl stannandg, 13, 15, 20, and25with CHsz- Lt

complexed to 1 equiv of TMEDA. Low-temperatutéC and

1H NMR for these compounds are summarized in Table 2. The
structures proposed in Table 2 were assigned on the basis of
their vicinal protor-proton coupling constants.

Li in diethyl ether with 1 equiv of THF. In this way samples of 13 CHslLi (_«\ 27 + (CHa)aSn
compoundd9, 24, 26, 27, and28 were prepared. For the NMR
studies, ether and THF were replaced by TeFFMEDA to
form ca. 0.5 M solutions of the allylic lithium compounds TML'?PA

(17) (a) Clark, K. C.; Kwon, J. TCan. J. Chem1964 42, 1288-1292. 15 CHali \/ﬁ 28 + (CHa)sSn
(b) Seyferth, D.; Julia, T. K. Organomet. Chenl974 66, 203-205. (c)

Dolgoplosk, B. A.; Gol'shtein, S. D.; Vollershtein, E. Dokl. Chem. (Engl
Trans)198Q 252 261-263. (d)Dokl. Akad. Nank. USSR Ser. Khit®8Q

252,880-882. TMEPA
(18) (a) Van Dongen, J. C. P. M.; Dijkman, H. W. H.; de Bie, M. J. A. CHati ~
Recl. Tra.. Pays-Basl974 93, 2930. (b) Rusinova, O. A.; Petruva, O. A,; 20 —— \Wﬁ 19 + (CHg)4Sn

Dolinskaya, E. R.; Erusalimski, G.; Kormer, V. A. Org. Chem. USSR
(Engl Transl)1988 24, 1638-1641.

(19) Dolinskaya, E. R.; Poddubnyi, I. Ya.; Tsereteli, |. Yaokl. Phys.
Chem.197Q 191, 279.

On examination of these NMR spectra it appears that, with
the exception o4, these samples are free of starting materials
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(a)
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(c)

Obs Calc (b) 4 Obs Cale
TK ks " 4
JL A\ = % IK ks
S~
245 5000 x Li J\/\/L J\/\/L
E,]
J\/ A 213 34.00
235 870
N,////N\\\\\ ] '~’/\/\J\\—\___ __,//\/\/\\\__
225 ﬂ /\ 178 4] 208 M 12.00
223 /\/\ 130 Y J\/\/L
.8 . .
200 7 0.0040 0.0044  0.0048 0.0052 JV\/L J/\/\/L
215 23 J\/V\L J\/\/VL
M M 200 2.20
210 10 M j/\/\/L
205 M M 3

OO

200

150
Hz

200 150

0.60

Figure 1. (a) Proton NMR of (1,1-dimethylallyl)lithium, TMEDA complex6, in THF-ds allyl methylene resonance: (left) observed, different
temperatures; (right) calculated line shapes with first-order rate constants. (b) Eyring plot for rotation around-tbe,Qtend of26, TMEDA
complex, using Chiproton resonance. (c) Proton NMR28, TMEDA complex, in THFds C;H resonance: (left) observed, different temperatures;

(right) calculated with first-order rate constants.

and hydrolysate to the limits of NMR detection. We conclude

are very similar among the compounds studied, the terminal

further that each sample consists of a single molecular speciesallyl shifts exhibit interesting variations which depend on the

which remains invariant in structure throughout the entire
temperature range which was investigated.

Our sample of crotyllithium complexed to TMEDA in THF
exhibited Hy, Hx vicinal coupling of 8.8 Hz indicating that the
methyl group in this compound is endo, Table 2. This reflects
the tendency of (1-alkylallyl)lithium compounds to favor the
endo structur&?° The exo isomer of crotyllithium was not
detected over the entire temperature range—128D K.

Birch prepared (1,1-dimethylallyl)lithiun2@) by Li cleavage
of the corresponding phenyl etiéiOur preparation a26 shows
an array of allyl vicinal proton coupling constants (cis 7.2 Hz
and trans 13.3 Hz) similar to those observed in Birch’s study
of crotyllithium. Analysis of the vicinal proton coupling pattern
of (1,3-dimethylallyl)lithium @8) complexed to TMEDA shows
this sample to have thendgexol,3-dimethyl structure as
indicated by vicinal coupling constants of 8.1 and 13.8 Hz.
Finally, the single vicinal coupling constantkt—CsH of 10
Hz in (1,1,3-trimethylallyl)lithium (9) establishes that methyl
at G is endo, despite the destabilizing influence oéride
methyl/3endemethyl repulsion, Table 2.

Qualitatively the ally3C shifts show the alternating variation
typical of delocalized carbanioddWhile the 13C; allyl shifts

(20) (a) Schlosser, M.; Hartmann,J. Am. Chem. Sod.976 98, 4674.
(b) Stahle, M.; Hartmann, J.; Schlosser, Melv. Chim. Actal977, 60,
1730. (c) Heiszwolf, J. A.; Van Drunnen, J. A. A.; Kloosterziel, Recl.
Trav. Chim. Pays-Bad4969 88, 1377.

(21) Birch, A. J.; Corrie, J. E. T.; Suba Rao, G. S.ARust. J. Chem.
197Q 23, 1811.

(22) (a) Spiesecke, H.; Schneider, W. Petrahedron Lett1961, 468.
(b) Tokuhiro, T.; Fraenkel, GJ. Am. Chem. S0d.969 91, 5005.

difference in the degree of alkyl substitution at ¥&rsus that

at G. With identical alkyl substitution at the two termini
(allyllithium and (1,1,3,3-tetramethylallyl)lithium) the terminal
13C shifts are identical. As expected 28, the G and G shifts

are very similar. With unsymmetrical alkyl substitution at the
termini thel3C NMR shifts become different. Thizvalues for

the more and less alkyl-substituted terminal carbons increase
and decrease, respectively, when compared to terminal shifts
for the symmetrically substituted species. These shift differences
increase with the difference in the degree of alkyl substitution
at the allyl termini; see Table 2. We propose that these effects
are the result of variations in the two allyl bond orders. The
results of our NMR line shape analyses of the dynamics of allyl
rotation (described below) qualitatively support this proposal.
For example, throughout the entire temperature range investi-
gated the 1,1-dimethyfC resonances df9 and 26 remain as
well-resolved equal doublets. This shows that rotation around
the CH-C(CHg)2 bond is slow relative to the NMR time scale.
Meanwhile the rate of rotation around the €8H, bond of

26 is fast and lies well within the NMR time scale.

In sum, it appears that differences in alkyl substitution at the
termini of allylic lithium compounds lead to disproportionation
of the allyl bond orders. Thus, the bond order ferC (more
substituted) increases while that fop-€C (less substituted)
decreases.

Compound24 could have been of special interest to study.
We previously ascribed the high reactivity bfto distortion
from coplanarity? The allylic portion of compoun@4 should
be constrained to be more planar tfarunfortunately, due to
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Table 3. Proton Spin Productgix¢a¢s, and Transitions for ki

|--memme e | of 26
Number Transition Energies i i of py
1 Vy - Jax - Jax aoo. — Bao P
a) 2 Vy - Tax + Jax aaB — Bab 0,
ll\ l|3 3 Vy + Jax - Jax aBa — BB 0;
Iax 1 Fdac 4 Vi+Jax+Jex  OBB — BBB  p,
Sv
Table 4. Definitions of Terms in Eq 1
1 2 3 4 Avx V=X
n freq axis of NMR spectrum
2% chem shift of X in Hz
Jo Joy J spin coupling constants, Hz
b) 1T intrinsic line width, rads™!
pi element of the density matrix
| ' vt
< dax Sv

Figure 2. (a) Allyl methylene proton NMR transitions f@6. TMEDA
complex, diagrammed. (b) Proton NMR transitions diagrammed for
C;H of 26.

the low solubility of24in our solvents we were unable to obtain
useful NMR data for this compound. However, evidence for
its formation comes from its chemistry. The product of sulfide
23 with LDMAN was reacted with trimethylchlorostannane.
This gave the tin compound shown to BB. Reaction 0f25
with CHgLi followed by addition of anthracene and then
hydrolysis gave addu@0. This indicated the intermediacy of
24 and anionic adduc29.

R w 2
G e QL0

29 30

25 1. CHgli
2. anthracene

Dynamic Behavior of Substituted Allylic Lithium Com-
pounds, (1,1-Dimethylallyl)lithium. As noted above, rotation
around the CH-C(CHg)2 bond of (1,1-dimethylallyl)lithium 26)
is slow relative to the NMR time scale over the entire
temperature range investigated, from 195 to 290 K. At 195 K
proton NMR shows all three allylic protons to be well resolved
as are also the two vicinal proteiproton coupling constants.
The geminal coupling constaf(Ha, Hg) is too small to
resolve; see Table 2.

Low-temperature proton NMR of CHbf 26 consists of four
lines due to a shift betweenHand Hs, and each of these
protons is vicinally coupled to %] Figure 1a. With increasing
temperature the shift between ldnd H; progressively averages
out, and3J(Ha, Hx) averages witti?J(Hg, Hyx). By 245 K the
resonance due togand Hs is a 1:1 doublet, separated by 10.3
Hz. This is the average of the two vicinal coupling constants.
Also as expected, by 245 K the four line resonance duexto H

Table 5. Eyring Activation Parameters for Rotation in Substituted

Allylic Lithium Compounds, Complexed to TMEDA, in THHs

Solution
* F
Resonance Used AH kealemol™! AS eu

27 (.52 CH, 19 28
Li*

CoH 19 29

26 Yﬁj CH, 18 32
Li*

CoH 18 34

28 \/:>{ CoH 21 30
Li*

has changed to a 1:2:1 triplet with a separation of 10.3 Hz. These
changes in proton NMR line shapes are most likely due to the
dynamics of rotation around the CHCH, bond of 26.

The Ha and H; resonance o0f26 was treated as two
independently averaging equal doublets each being due to one
of the spin states of ¥ see Figure 2a. The dotted lines connect
the pairs of transitions which average. Comparison of the
calculated NMR line shapes with the observed resonances
provided the rates of rotation around the €EH, bond of26
and the Eyring plot in Figure 1b. The resulting activation
parameters are listed in Table 5.

Rates of rotation around the GHCH, bond of26 were also
obtained from the resonance due tq.Hhe procedures are
summarized as follows. Figure 2b diagrams the four proton
transitions due to klas described above. Table 3 lists the spin
states of K in the spin product representation ggagas, the
Amy = +1 transitions, the transition energies, and the corre-
sponding elements of the density matyix, Given these spectral
assignments and assuming th{Hy, Ha) and3J(Hx, Hg) have
the same sign, one can see that the effect of rotation around the
CH—CH, bond is to average transition 2 with the transition 3;
see Figure 2b. The coupled density matrix equations, shown in

| |
272(Avy — Jny — Jo)) — % 0 0 0
. p 1
0 272(Avy — Jay + Ju) — 2 — K, Ky 0 '
T p2| _ . |1 1
) 1 X pa| = iC 1 ( )
0 ky i27m(Avy + Jpx — Jpx) — = —k; O 3
T 1 P4 1
0 0 0 2a(Av + I+ 3) — 1
| |
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matrix form in (1) are obtained by taking all four elements of
the density matrix eq 2m, = +1 in &.

@lﬂA‘ﬁB

Terms in eq 1 are conveniently collected and defined in Table
4. Elements oEp which incorporate the effect of Hexchanging
its site with H; by rotation are given by (3). The coupled

3)

)

lo. H] 2~ Ep | ptudo = 0

(Ep)a¢A¢Bv/3¢A¢B = kf(p(ld)B(/)A,ﬁtPBd)A - pa¢A¢B,/3¢A¢B)

equations in (1) are solved for theelements as a function of
k- and Avx. Then the H line shape is obtained from the sum
in (4). Comparison of observed and calculated line shapes
provided the rate constants for rotation, Figure 1c. The resulting

(4)

activation parameters are listed in Table 5. As expected, the
results obtained from theHand HyHg line shapes are very
similar.

Some insight into the nature of lithium coordination has been
obtained from NMR studies &6 complexed ta\,N,N',N',N"'-
pentamethyldiethylenetriamine, PMDTA. TR NMR of the
complexed PMDTA at 170 K consists of nine well-resolved
resonances of equal intensity. Their shifts are quite different
from those of free PMDTA at 170 K but similar to values for
PMDTA complexed to neopentyllithiuthand mesityllithiun?>
This result implies that lithium is tridentately coordinated to
PMDTA in 26:PMDTA. Further, at 170 K the complexed ligand
reorients slowly £ > 5 s) with respect to the allylic moiety.
With increasing temperature above 170 K the following sets of

Abs(Avy) = — Im(py + p, + p3+ py)
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Obs Calc

TK ks
235 M JN\L 26.00
230 JM\\,\\ _jML 13.00
225 ’JJ\M JM 35

1850

1850 1800 1800
Hz
Figure 3. Proton NMR of GH part of27, TMEDA complex, in THF-
ds: (left) observed, different temperatures; (right) calculated with first-

order rate constants.

endagexo-(1,3-Dimethylallyl)lithium (28), Dynamics of
Rotation. As described above, the pattern of vicinal proton,

13C resonances each average to single lines at their respectiveyroton coupling constants observed at low temperature estab-

centers: (1) the four NGH3), lines; (2) the two methylene
CH,N(CHg), lines; (3) the two methylene GINCH> lines.
Qualitatively, these changes in the PMDT¥ NMR line shape
are the result of a combination of rapid reorientation of the
coordinated ligand with respect to the allyl moiety together with
fast reversible N-Li dissociation accompanied by inversion at
N and rotation around the GHN(CHs), bonds.

Dynamics of Rotation of Crotyllithium (27). As described
above, methyl in crotyllithium isende and theexomethyl
isomer could not be detected. At low temperature all four allylic
protons are magnetically nonequivalent. The vicinal coupling
constants among them are similar to those for (1,1-dimethyla-
llyh)lithium (26); see Table 2. The dynamics of rotation around
the CH-CH, bond of 27 are manifested by progressive
averaging of the shift between the methylene hydrogens, with
concomitant averaging dhx with Jgx. The way the methylene
proton NMR line shape changes with temperature is similar to
the behavior described f@6. Therefore, the €, dynamic line
shape analysis f&7 parallels that described f@6. Regarding
the H« NMR of 27, its eight line multiplet is the result of 1
coupling to H, Hg, and H,. The procedure for calculating the
Hx line shape follows that published for£H of (1-(trimeth-
ylsilyl)allyl)lithium. 26 Observed and calculatedHine shapes
are compared in Figure 3. The Eyring parameters which result

lishes the endo, exo structure #8; see Table 2. Other possible
isomers could not be detected. With increasing temperature there
is averaging of the two C-methyl proton NMR doublets to a
single doublet. Also with increasing temperature the equal
quartet due to the @H proton resonance progressively changes
to a 1:2:1 triplet. The separation is the average of the two allyl
vicinal proton coupling constants. NMR line shape analysis of
the GH resonance parallels that fopl€ of 26. Comparison of
observed and calculated line shapes, Figure 4, provided the rate
constants for interconversio8A = 28B. The resulting

31
Li®
W
Li* — ~ rLi/
28A Q_ L+ ‘//' 28B
32

activation parameters are listed in Table 5. Most likely the
interconversion oR8A to 28B is the result of two consecutive

from both procedures described above are quite similar; seebond rotations via one or both of the isom8fsand32. Neither

Table 5.

(23) Kaplan, J. I.; Fraenkel, ®IMR of Chemically Exchanging Systems
Academic Press: New York, 1980; Chapter 6.

(24) Fraenkel, G.; Chow, A.; Winchester, W.RAm. Chem. So¢99Q
112 6190-6198.

(25) Fraenkel, G.; Subramanian,55Am. Chem. So4995 117, 6300
6307.

of the latter was detected among the NMR data for (1,3-
dimethylallyl)lithium.

endaexoendo(1,1,3-Trimethylallyl)lithium (19). The pro-
ton and3C NMR spectra of compountl9 are invarient over
the temperature range 19800 K. Only one isomer could be
observed. Under these conditions interconversion dynamics
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Obs Calc The present study confirms the predilection of terminal methyl
q in an allylic lithium compound to occupy the endo site.

TK ks Unsymmetrical alkyl substitution at the allylic termini results
in disproportionatioan of the allylic bond orders and of the
terminal carbon electron densities. Tléond order to the more

55 substituted terminus is larger and that to the less substituted
terminus is smaller, both compared to the uniform bond orders
in symmetrically substituted allylic lithium compounds.

2 It is already known that the barrier to rotation in allylic lithium

compounds depends strongly on the mode of solvation of
M lithium.2®6 A mechanism for the rotation process has been

260

proposed which involves the development of increased.iC
covalency in the transition structurgg) compared to the ground

250

N
0" o0
35 /\O\ii {O\ " H L /O/
H - = ~a + ol
H < H
PEIRaE H H 36

245

B

240 1.25 H H 35

state 85). This would necessarily accompany a decrease-n Li
255 O(ether) coordination thereby releasing a molecule of ether.

o7 Such a desolvation rationalizes the large positive values3f

M M Experimental Section
230

0.2 Materials and Procedures. Ethers and pentane used in these
procedures were freshly distilled from sodium and benzophenone under
an argon atmosphere. Toluene was distilled from CaMEDA was

T -y Ty
1800 1780 1800 1780

distilled from KOH and then from CaHunder argon. Organolithium
Hz compounds were analyzed using the double titration procedure. All
Figure 4. Proton NMR of GyH part ofendgexc(1,3-dimethylallyl)- glassware used for organometallic compounds was baked in an oven
lithium, TMEDA complex,28: (left) observed, different temperatures; ~ overnight, flamed out under argon, and finally flushed with argon.
(right) calculated with first-order rate constants for rotation. NMR Equipment. Conventional NMR spectra were obtained with

a Bruker AC-200 spectrometer. All variable-temperature experiments
between the predominant speci&8, and isomers in low con-  were carried out using a Bruker MSL-300 or the Bruker Avance 300
centration could not be detected among the NMR spectral data.instrument.
Preparation of Stannanes General Procedure. Compouridsand
Conclusions 13 were prepared by reducing a mixture of the allylic chloride (150
L . mmol) and dimethyldichlorostannane with magnesium turnings (0.2
The effect of alkyl substitution on carbanion structure and gatom) in 100 mL of dry THF at 5C. Hydrolysis and extraction of

reactivity has been a neglected subject compared to the influencenis reaction mixture into hexanes followed by drying the latter extract

of alkyl groups on free radicals and on carbocations. and removal of solvent gave, after distillation, an 88% yield band
We previously showed that the (peralkylcyclohexadienyl)- separatelyl3in 77% yield. Compound&0 and 25 were obtained by
lithium compound34, formed by addition otert-butyllithium LDMAN (80 mmol) reduction of the corresponding phenyl sulfid8,

to 33, is far more stable than cyclohexadienyllithidmwe or 23 (41 mmol) in 50 mL of THF at-78°C, followed by slow addition
of trimethylation chloride. After workup as described above this

procedure gave an 81% yield 80 and, separatel\25 in 80% yield.
Allylic Lithium Compounds. General Procedure. Samples of allylic
g lithium compounds for NMR study were prepared by methylithium
_"-i (1.4 mmol) cleavage of the allylic tin compound (1.4 mmol) in 10 mL
- Li* Li+<0< > of diethyl ether with TMEDA (4 mmol) at OC. An aligot of 3 mL of
the product solution was syringed into the NMR tube. All volatile
components were removed under vacuum and replaced by 1.0 mL of
33 ﬂ 34 THF-ds. The sample tube was sealed off under vacuum.

n
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