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Abstract: Several allyic lithium compounds were prepared with different potential ligands tethered at C,.
These are with CH;OCH,CH,NCH3CH,-, 5 and 1-TMS 6, with (CH3),NCH,CH,NCH3CH,-, 1-TMS 7, and
with ((CH3)2NCH>CH,),NCHa-, 8 and 1-TMS 9. In all these compounds Li is fully coordinated to the pendant
ligand and is sited off the axis perpendicular to the allyl plane at one of the allyl termini as indicated by a
combination of X-ray crystallography and NMR spectra. Compounds 5 and 8 are Li-bridged dimers as
shown by X-ray crystallography and also dimeric in benzene solution as determined from freezing point
determinations. Compounds 6, 7, and 9 are monomeric in THF-ds or diethyl ether-dyo solution and exhibit
one bond 13C4,5Li scalar coupling at low temperature. Taken together the crystallographic and NMR data
indicate that all of these compounds incorporate partially delocalized allylic moieties. Compounds 5 and 8
undergo fast 1,3-Li-sigmatropic shifts that are proposed to take place within low concentrations of monomers
in fast equilibrium with prevalent dimers. Averaging with increasing temperature of the one-bond *3C,°Li
coupling constant in 6, 7, and 13 provided the dynamics of bimolecular C—Li exchange with AH* values of
6.7, 12, and 13 kcal-mol~t, respectively. Averaging of the diastereotopic N(CHs), *3C resonances of 7 is
indicative of fast transfer of coordinated ligand between faces of the allyl plane AH* = 5.3 kcal-mol~*
combined with slower inversion at nitrogen. Compound 8 exhibits similar effects. It is concluded that variation
of the ligand structure changes dynamic behavior of the compounds but has little influence of their degrees
of delocalization.

Extensive chemicdl,X-ray crystallographié, NMR,? and line shape analysfsin related studies on ion-pairing we reported
calculational studiésestablish the delocalized character of how 13C NMR at 150 K revealed the unsymmetrical character
solvated allylithium and how coordinated lithium is sited normal of 2. With increasing temperature above 150 K, NMR line shape
to the center of the allyl pland.,
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Barriers to rotation have been determined around theG3 analysis of signal averaging effects in th&C NMR of 2
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different NOE-based procedures we prepared several internally Table 1. Structures of In}gmally Solvated Allylic Lithium
solvated allylic lithium compound&see, for exampled shown Compounds Shown with 13C and (Proton) Chemical Shifts, 0 Scale
with 13C shifts. As revealed by our NMR and X-ray crystal- Gas

(2.5774)
8.803

| 157.61
/O/Li 38.70
L_/O/‘gf.fg’ G269
81.35 == lljmm (3.467)
N 56.37 (2.450)
! 5
lographid-® studies these structures do not incorporate the
. . . . . (2.2687)
expected delocalized allylic anion; rather, the anion is partly m{
localized as shown i8.8 The terminaf*C NMR shifts of3 lie 00 oz N80
between those of a typical externally solvated delocalized allylic ' % I\.i\N 52.3% —QN\
lithium compound at 550, 1 and values reported for an \N 8 e /N/
. . oy (2.2601 :
unsolvated localized system, see the cis/trans equilibdam —si— &8 a0
with 4bin eq 1, shown with terminal ally}3C shifts of ca. 22 /| 7
8
100 Li -— Li
= = e M W Py /w a0
N 50.44
s 4 AR g+
N U N
o and 1006.° We proposed that the ligand tethers in the
internally solvated compounds suchare too short to place o ©819)
coordinated LT normal to the center of the allyl plane asln 8;3?3;{ _Si
but instead places it off normal to the allyl plane at one of the /\(31%3,, 9
allyl termini.”8 As a result, the L polarizes the allyl moiety
to become partly localized. Thus, it appears that the site of Li
; . . . Scheme 1
relative to allyl determines the degree of delocalization of the
allyl carbanionic moiety. a J,

In principle the degree of allylic delocalization should be /I/i T N S N | © ®
influenced by the length of the ligand tether, the nature of R b. s
substitution on the allyl unit, and the structure of the tethered 10
ligand. Thus far in our studies of internal solvation effects we Jl
have mainly used the bis(2-methoxyethyl)amino liga&dhis 10 oo ~"o7 R
article is addressed to the effect of changing the structure of &, 3).@
the pendant ligand. |
Results and Discussion a ,L A W

. . R S N f /I//\ | )

For the convenience of readers, Table 1 lists the structures H
of the internally solvated organolithium compours, 7, 8, 12
and9, which are reported in this article, together with thiir | |
and °C chemical shifts. Preparation of these compounds is o T IS ©
summarized in reactions-211 (see Scheme 1). In common, ' si& l | si& |
compoundsb, 6, 7, 8, and 9 were prepared by metalating, 13 14
respectively, compoundslO, 11, 13, 16, and 17 with n- 13 + 14 o 7
butyllithium in a mixture of hydrocarbon with diethyl ether or 0 0 |
THF. Note that treatment of the mixture @B and 14 with ﬁ)J\m o N AN o
n-butyllithium yielded only 7. Compound14 remained un- ® s
changed. l

N
(6) (a) Fraenkel, G.; Cabral, J. A.; Lanter, C.; WangJ.JOrg. Chem199Q 15 . YN%\/ \)2 _b . 3 8), (%)
64, 1302. (b) Fraenkel, G.; Chow, A.; Winchester, W. R.Am. Chem. 16
Soc.199Q 112 1382.
(7) (a) Fraenkel, G.; Qiu, K. Am. Chem. S0d996 118 5828. (b) Fraenkel, Nf\ﬂ,\,/>
G.; Qiu, F.J. Am. Chem. S0d.997 119 3571. (c) Fraenkel, G.; Duncan, g o4, N/, —b .+ 9
J. H.; Wang, JJ. Am. Chem. Socl999 121, 432. (d) Fraenkel, G.; sz 10), 11
Fleischer, R.; Liu, HARKIVOC2002 13, 42. =
(8) Fraenkel, G.; Chow, A.; Fleischer, R.; Liu, B. Am. Chem. So2004 17
126, 3983. *K,CO,, CH,0H, reflux; * n-Bu‘Li, hexanes, Et0, -78 °C; * n-BuLi, THF, hexanes, 0 °C;
(9) (a) Fraenkel, G.; Halasa, A. F.; Mochel, V.; Stumpe, R.; Tate].[Drg.
Chem.1985 50, 4563-4565. (b) Glaze, W. H.; Jones. P. L.Chem. Soc. ¢ TMSCI; * n-Bu‘Li, pentane, THF, 0 °C; ' ELN; ¢ NH{\/N\)z CH,CL,; " LiAlH,, Et0, reflux
1969 1434. (c) Glra]\ze, W. H.; HanicaEg,)J. :E Moore, M. L.; Chandpuri, J.
J. Organomet. Cheml972 44, 39. Glaze, W. H.; Hanicac, J. E.; H H H i
Changpuri’ 3+ Moore, M. L. buncan, D. B. Organomet. Chemio73 Dimeric Internally Solvated AII_yI|c thhlum Compom_mc_zls.
51, 13. Compound5, formed by metalation 010 with n-butylithium
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Table 2. Internally Solvated Allylic Lithium Compounds, Solid: Allylic Bond Lengths A, and Aggregation, Agg. Solution: 13C Allyl Shifts o,
Agg. and 1J (*3C,5Li or 13CLi); Numbering

2 L
3 /ﬁ
solid soln
cmpd C1-C2A C2-C3A agg. Clo C36 agg. LJ(C,Li) Hz ref
3 1.397 (4) 1.361 (4) poly. 41.10 76.30 mon 810 a
5 1.442 (2) 1.347 (2) dim 38.70 81.36 dim c d
6° - - ? 40.29 74.73 mon 4.0 d
7° - - ? 39.28 77.20 mon 38 d
8 1.4355 (12) 1.3585 (12) dim 52.94 52.24 dim c d
b - - ? 41.80 74.92 mon 38 d
18 1.436 (4) 1.349 (1) dim 58.55 58.5% dim ¢ a
21 1.415 (7) 1.351 (8) mon 42.81 72.95 mon 9.0 a
22 1.431 (3) 1.351 (3) mon 54.12 78.10 mon ai a
23 1.426 (2) 1.366 (2) mon 51.62 51.62 mon c a

aReference 8° Did not crystallize ¢ Averagedd This work.

was crystallized from diethyl ether. X-ray crystallography 1,3-lithium sigmatropic shift that accompanies a rapid dimer
reveals5 to be an internally solvated lithium-bridged dimer. monomer interconversion with the latter in low concentration.
The ORTEP diagram is shown in Figure 1. Selected structural Compound8 is also a dimer according to X-ray crystal-
parameters are listed in Table 2. lography, see Figure 2, in fashion similar3@nd 18 and with
allyl bond lengths similar to those of the latter two, Table 2.
Clearly all three compounds display similar degrees of localiza-
tion associated with their allylic moieties.

4 o

d c3 \ (

Figure 1. ORTEP diagram of compourshowing 50% ellipsoids, and ; ~ ’—-Qb__@ ¢
N3

selected atoms have been labeled. The hydrogen atoms have been drawn
with an artificial radius.

The structure ob has features in common with that ©8
that was reported previoushThe allyl carbon carbon bond  0ue %, RSP Sen o rpeursonte SO A e,
I_en_g_ths of bqth compounds lie between_ those of_tht_e rfeference-ha\,e been drawn with an artificial radius. ydrog
limiting localized 4a and4b and delocalized. allylic lithium
compounds, respectively. The arrangement around lithium &is best described as a
distorted trigonal bipyramid within which lithium is closely
centered in the plane of C1, N2, and N3 and nearly collinear
with the span N1:-C1', see Figure 3 and Table 3. By contrast
in 5, within the distorted tetrahedron N1, O1, C1, and C1

(a) N1 (b) N1
C1 Cc1
N2 o1
The dimeric state 05 also prevails in benzene solution as N3 cr'
determined by a freezing point determination. In principle, dimer
5 should consist of a mixture of meso and forms. This is ct'

not detected among the NMR data most likely due to a fast Figure 3. Stereochemistry of lithium in (a8 and (b)5.
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Table 3. Stereochemistry of Lithium in Compounds 5 and 8 (for of a broad doublet, separation 5.8 ppm (400 Hz at 75.47 MHz)
Numbering See Figures 1 and 2) centered at 56. With increasing temperature above 130 K the
ci L1 Cr 11387(@®) Cl1 L1 Cl 102.83(7) latter doublet progressively averages to a single line by 180 K.

Cl Lil1 N1 8755(7) C1 Lil N1 83.90 (6) P :
Cr Ll NI 12381(9) Ol L1 N2 12399 (8) In similar fashion, the doublet, centered at&2due to the N

Cl L1 oO1 119079 cC1 L1 N3 117.60(7) (CH2CH:N(CHa)z)2 13C resonance, separation 1.060 ppm (81

Cr' Lil Ol 12005(9 Cl Lil N1  171.60(8) Hz at 75.47 MHz), averages to a single line by 160 K. The
NI Ll O1  85.14(7) c?l 'I::i Hg 18(1)-28 % latter effect is most likely due to transfer of the coordinated
N1 Ll N2 80.18 (6) ligand between faces of the allyl plane within monor@erBy
N1 Ll N3 80.33 (6) contrast, two processes are most likely responsible for changes
N2 Ll N3  111.98(8) of the N(CHs), resonance. These would be face transfer,

described above, combined with fast reversiblelNdissocia-
tion/recombination. During the dissociated phase, fast inversion
at nitrogen accompanied by rotation around the {GN—CH,
bond would average the shift between the gemitahethyls.
Monomeric Internally Solvated Allylic Lithium Com-

lithium is near coplanar with O1, C1, and ‘C%ee Figure 3b
and Table 3.
Carbon-13 NMR of5 in THF does not exhibit one-bond

136 . s .
s s sty POUTS. Compound, 7. anddare e s cated b
P ) prog Y the equal triplet multiplicity of thé3C resonance due to one-

E:oag?;s W|tthsge7csrezél:sllng rfggi’egf%tufg an Iigoliveri m:o tWObond13C,‘5Li scalar coupling. The NMR data are consistent with
oad lines at 38.78 (C1) a 38 (C3) by » Figure coordination of lithium to the pendant ligand. Terminal allyl

4. These values are similar to those for terminal allyl shifts in 13C shifts which lie between those for reference delocalized

other internally solvated allylic lithium compounds reported d localizedda = 4b. allvic lithi velv show
reviously?® and localize ,4a<—.4 , allylic ithiums respectively, sho\,

P 2 . . 7, and9 to be partially localized, see Table 2.

NM.R line shape analyis Of. the termmal_ a||§ac resonance Monomersb, 7, and9 also display evidence of the dynamics
ck)zza?l-?r:\cl)?—sl Zﬁgzgrf Eﬁ%aim; gﬂoi?éewfmwg 1:68 ?):sg?hat of interesting fast equilibrium reorganization behavior. The
these results are _most consist,ent With. a f:st p1 3-lithium +°C/Li coupling constants of all three compounds average with

' increasing temperature as a result of bimolecular C,Li exchange.

sigmatropic shift (eq 12) which takes place within a low . . . . o
. - ) Line shape analysis provides the associated activation parameters
undetectable concentration of monomer, with the latter in fast listed in Table 3

onomers ffom diferent dimers would be. responsibie for _ AVEraging of the shit between the Sz methyis of7
averaging out thé*C 8Li coupling constant with increasing f[er.nperature.ls |nd|9at|ve of afast.fac.e transfer
’ ) of coordinated lithium combined with some contribution from
inversion at dimethylamino nitrogen. The activation parameters

/
(\N of AH* = 5.3+ 0.4 kcatmol* andAS' = —19 4 5 eu are
\L.\ d - o/u/ very similar to values obtained for related internally solvated
------- N s =, 12 allylic lithium compounds undergoing the face transfer reorga-

nization process aloné As noted above, similar effects were
ascribed as responsible for averaging of the diastereotépic
shift between the geminal BHs), methyls of 8. Previous
\ 7 results indicate that the nitrogen inversion process for Both
5 —— 2 /</u~o (13) and7 would be significantly slower than that of face transfer
of coordinated lithium.
General Remarks

(\ The X-ray crystallographic allylic carbercarbon bond
}N /N/> distances ob and8 are so similar to those reported previously
8 — 2 ’ \}_/N/ 14) for 18, 21, 22, and 23 that one can conclude that the allylic
-------- ’ moieties in all the above compounds are partially localized to
20 the same exterit. This conclusion is supported by close
similarities among the terminal ally¥C shifts of6, 7, and9 to

The NMR behavior o8 parallels that ob. Compound does those, respectively, a8, 18, 21, and22, see Table 2. As yet
not exhibit!3C SLi spin coupling down to 140 K. The terminal

allyl 3C NMR which is a single sharp line at room temperature,

~
broadens with decreasing temperature and disappears into the ~K o\' (\N/7 /O/—’\
v

Li 0o/ \ _/N
Y ; \I\-i/o\ i/\/o\

baseline by 150 K and is not detected down to 140 K. Below
this temperature compourgdprecipitates from solution. A fast
interconversion of dime8 with monomer20, in low concentra-
tion concurrent with a fast 1,3-lithium sigmatropic shift in :
monomer would be consistent with the above behavior. 21 22 23
Two other temperature-dependent changes of¥GeNMR

line shapes oB provide qualitative insight into the nature of unavailable among these data are the bond distances; r
dynamic effects. At 130 K the NIH3), $°C resonance consists and9 and the terminal allyt3C shifts of 8 and23. The latter

8214 J. AM. CHEM. SOC. = VOL. 128, NO. 25, 2006
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Figure 4. 13C NMR compoundb, THF-dg solution, 140 K. Resonances for terminal allyl carbons are circled.
Table 4. Dynamic Behavior Internally Solvated Allylic Lithium for systems with ligand tethers of one to three carbons and
Compounds AH* keal-mol™* (AS* eu) changes in the structure of the pendant ligand as presented herein
13- | 13- N(CHy), and previously:®
exchange sigmatropic shift inversion While the compounds in Table 1 have common structural
rsgsonance used 3G, leé :C|:30 : N(**CHa)2 features, they are differentiated by their dynamic behavior. For
10+ 2) example in cases whetéC SLi or 13C7Li spin coupling has been
&b 67405 observed, it is always averaged with increasing temperature due
(—2.6) to fast intermolecular C,Li bond exchange. The corresponding
” 12+08 5-33 0.4 AH* values for7 and9 of 12.5+ 0.5 kcatmol! are close to
o (1;5584) (199) all such values obtained in previous studies of several internally
(—14.6+ 4) solvated allylic lithium compound&® It was suggested that the
slow step for C,Li exchange involved complete decoordination
#THF-de. °Diethyl etherdso. of Li to the pendant ligand. The smallaH* for C—Li exchange

. . between monomers 6fis similar toAH* values for face transfer
shifts remain averaged, even at low temperature due to fast 1,3-

lithi . tropic shifts. Al te that the allvii bo of coordinated lithium. Most likely in the case & both
'thium sigmatropic shitts. Also note that the aflylic carbon processes are due to a common mechanism. By contrast to the
carbon bond lengths & are similar becausgis a polymer in

the solid state via a fifth coordination of Li to the terminal allyl dynamics of C'Li exchange the dynamics of the 1,3-Li
. . sigmatropic shift takes place at widely different rates. This
CH, carbon of a neighboB8 unit8 9 b P Y

. ., process has only been detected in the case of symmetrical
However, the totality of the data reflect a common partial

degree of localization for all the compounds in Table 1 and (10) Kaplan, J. A.; Fraenkel, MR of Chemically Exchanging Systems
Academic Press: New York, 1980; Chapters 5 and 6.

most reported previouslf which prevails despite variations in (11) (a) Jantzi, K. L. Puckett, C. L.; Guzei, |.; Reich, HJJOrg. Chem2005

i it i 70, 7520. (b) Goldenberg, W. S.; Sanders, A. W.; Jantzi, K. L.; Tzschucke,
degrees of aggregation, substitution, lengths of the ligand tethers, C. 3. A Chem So8003 135 3500 (¢) Reich H. 1.: Goldenberg,

and structures of the ligands themselves. W. S.; Sanders, A. W.; Tzschucke, C.@xg. Lett 2001, 3, 33. (d) Reich,
thi H H H. J.; Sikorski, W. H.; Sanders, A. W.; Gudmundsson, JBAm. Chem.

. Within the cqntext of resullts' from previous studies of Soc. 1998 120 4035, () Reich. H. 3. Kulicke. K. J. Am. Chem. Soc.

internally coordinated organolithium compoukt®nly the 1996 32, 1469. (f) Reich, H. J.; Kulicke, K. 1. Am. Chem. Sod.996

i~ lithi ; ; i At 118 273. (g) Klump, G. WRecl. Trar. Chim. Pays-Ba4986 105, 1. (h)
allylic lithium compounds display partial localization of the Jastrzebski, J. T. B. H.; van Koten, G.. Konijt, M. Stam. C.JHAM.

carbanionic entity. The degrees of partial localization are similar Chem. Soc1991, 113 8546.
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internally solvated allylic lithium compounds which are either point depression of 0.4ZC. The expected depression value for dimer
1,3-unsubstituted or 1,3-di-substituted. Thus at 240 K the first- is 0.46°C. Hence5 is best described as a dimer.
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Experimental Section Central Campus Instrumentation Center, for untiring technical
2-[(N-(2-Methoxyethyl)-N-methyl)aminomethyljaliyllithium 5, Un-  25SIStance.

der an atmosphere of argon B-[2-methoxyethyl)N-methyl)amino- Note Added after ASAP Publication. After this paper was

methyl]-1-propene0) (0.156 g, 1.1 mmol) in 4 mL of diethyl ether  published ASAP on June 6, 2006, the captions of Figures 1

was syringed into a Schlenk tube. After cooling 78 °C n- and 2 were modified to better explain the drawings. The

butyllithium (1.26 mL, 0.8 M, 1 mmol) was carefully added by syringe, corrected version was published on June 8, 2006.
and the mixture was stirred for 3 h. Solvent was removed under vacuum. ’

The residue was crystallized in 5 mL of diethyl ether. Crystals were  Supporting Information Available: Synthetic procedures,
washed with cold pentane (8 3 mL) and vacuum dried. For NMR  NMR spectra, Eyring plots, and crystallographic data (CIF
studies a solution was prepared of 30 mg of the title compound in 0.5 format). This material is available free of charge via the Internet

mL of THF-ds. ) _ at http://pubs.acs.org.
Freezing Point Depression of 5 in BenzenegCompound5 (250

mg) was dissolved in 8.8 g of benzene. This solution gave a freezing JA060272N
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