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Abstract: Chelation and aggregation in phenyllithium reagents with potential 6- and 7-ring chelating amine
(2, 3) and 5-, 6-, and 7-ring chelating ether (4, 5, 6) ortho substituents have been examined utilizing variable
temperature 6Li and *3C NMR spectroscopy, 6Li and **N isotope labeling, and the effects of solvent additives.
The 5- and 6-ring ether chelates (4, 5) compete well with THF, but the 6-ring amine chelate (2) barely
does, and 7-ring amine chelate (3) does not. Compared to model compounds (e.g., 2-ethylphenyllithium
7), which are largely monomeric in THF, the chelated compounds all show enhanced dimerization (as
measured by K = [D)/[M]?) by factors ranging from 40 (for 6) to more than 200 000 (for 4 and 5). Chelation
isomers are seen for the dimers of 5 and 6, but a chelate structure could be assigned only for
2-(2-dimethylaminoethyl)phenyllithium (2), which has an A-type structure (both amino groups chelated to
the same lithium in the dimer) based on NMR coupling in the '°N, 6Li labeled compound. Unlike the dimer,
the monomer of 2 is not detectably chelated. With the exception of 2-(methoxymethyl)phenyllithium (4),
which forms an open dimer (12) and a pentacoordinate monomer (13), the lithium reagents all form
monomeric nonchelated adducts with PMDTA.

Chelation effects are ubiquitous in the design of organolithium position which could form 5, 6, and seven-membered ether
reagents and interpretation of their chemistry. We have under-chelates 4—6).19
taken systematic studies of several classes of such reagents to
establish the existence of chelation (i.e., determine the winner
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to determine the effects of the chelate ring size and chelating

atom (N or GP9 on the structural stereochemicdf, and o :
chemical properties of such lithium reagents. In a previous paper, @:\o/ @(\/ > @\/\/\O/
the solution structure and dynamics of a series of five-membered L U U
ring ortho amine-chelated phenyllithium derivatives (el., 4 s e
were analyzeda1"We report here full details on the solution @:\ @\ @\/\/k
behavior of aryllithiums2 and3 with potentially chelated six- , L \ Li Li
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and seven-membered ring amines, as well as the analogous

series of reagents with pendant ether linkages at the ortho ) o )
There is a substantial literature on the chemistry of chelated

organolithium reagents, beginning with early reports by Hauser

(1) (a) Reich, H. J.; Gudmundsson, B..DAmM. Chem. So4996 118 6074

6075. (b) Reicn, H.J.; Kullickke, K. J. Am. Chhem. S0d995 117, 6621 on the chelation-assisted ortho metalatioiNgi-dimethylben-
6622. (c) Reich, H. J.; Kulicke, K. 3. Am. Chem. S0d 996 118 273— : .
274, (é))Reich, H. 3.5 Sikorski, W. H.. Gudmundsson, B, Dykstra, R. zylamine to form12 and followed by numerous studies of

R.J. Am. Chem. S0d.998 120 4035-4036. (e) Reich, H. J;; Holladay,  assisted metalation of aryl, vinyl and alkyl protofi&:*34

é‘_'EFQ_J'A/QSQVEhgﬂ;;??ﬁ?%é}éf;g&sgylig%gR_el'ﬁ%!"(;)';S%ﬁgtff' Chelation effects are widely used in organolithium chemistry

these results were reported in a preliminary communication: Reich, H, J.; as design elements to facilitate metalations and increase
Goldenberg, W. S.; Sanders, A. W.; Tzschucke, CO&y. Lett.2001, 3, | rigidity3a46 Il id . | f
33-36. (h) Reich, H. J.; Goldenberg, W. S.; Gudmundsson,.BS@nders, structural rigidity;3*° as well as to provide rationales for

A. W.; Kulicke, K. J.; Simon, K.; Guzei, I AJ. Am. Chem. So@001 stereochemical, regiochemical and reactivity effects. Although
123 806%8079. (@) Relch, H.J.; Green, D. P.; Medina, M. A.; Goldenberg,

W. S.; Gudmundsson, B..ODykstra, R. R.; Phillips, N. HJ. Am. Chem.
S0c.1998 120, 7201-7210. (j) The sample temperature during the NMR (2) Jones, F. N.; Zinn, M. F.; Hauser, C. R.Org. Chem1963 28, 663—

experiment was measured using the tris(trimethylsilyl)methane int€@al 665. Klein, K. P.; Hauser, C. Rl. Org. Chem1967, 32, 1479-1483.
NMR chemical shift thermometer: Sikorski, W. H.; Sanders, A. W.; Reich, (3) (a) Beak, P.; Snieckus, VAcc. Chem. Red.982 15, 306—-312. Snieckus,
H. J.Magn. Reson. Chem998 36, S118-S124. (k) DNMR simulations V. Chem. Re. 199Q 90, 879-933. Beak, P.; Meyers, A. Acc. Chem.
and integrations of overlapping peaks were performed with a version of Res.1986 19, 356-363. (b) Beak, P.; Kerrick, S. T.; Gallagher, D.JJ.
the computer program WINDNMR (Reich, H.Jl.Chem. Educ. Software Am. Chem. Socl1993 115 10628-10636. (c) Gschwend, H. W.;
1996 3D, 2; http://www.chem.wisc.edu/areas/reich/plt/windnmr.htm). Roderiquez, H. ROrg. React.1979 26, 1—360.
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recent work has provided substantial insights into the conse- Scheme 1

guences of chelatiof?-d:304b.c.72810 these applications are still ©j\l(°“,_mm s m"“ﬁ‘m e
hampered by a lack of knowledge about the strength and even g O 2 NGl PrH. KaOH g O % CreO.NeBHON. 200,

67%

the occurrence of chelation. There is no question from single- | 4%
crystal X-ray structures that organolithium reagents with pendant ING - N '5»'1\
alkoxy and amino groups are chelated under poorly solvated or @:%—cm #n%@(‘\/
solvent-free condition&t It is, however, less clear how well s1% e os% [,sN_s,_,];'
such chelating groups compete with commonly used ethereal
solvents such as THE:14 Table 1. Thermodynamic and Kinetic Data for Chelated
Aryllithiums and Model Compounds

Results and Discussion R R A

Syntheses The lithium reagents were prepared by Li/Sn . @-u o @gm@ ol _ [0
exchange of the appropriate-trimethylstannyl compounds, '™ Li MO Tom T M
typically in diethyl or dimethyl ether solution, from which most M D
of the lithium reagents cou_ld be _puri_fied by crystallization_. The  compd R KoM AG®2 (T °C) AGioy (T°C)
bromo precursors of the tin der_lvgtlves were no_t usgd directly 8 —H 210 —15(-128f  8.F(—101y
because of interference from lithium bromide {iBuLi was —CHs 17 -0.2 (-135%

—CH,CHs 0.19 0.4(140P 6.8 (—139p

used) or 1- and 2-bromobutane (if or secBuLi was used).
—(CHy)iPr <0.23  20.6 (-125y

7

To facilitate NMR studies, théLi enrlched. isotopomer§ of . 1 —CHoMes  >17000 <T0B(131p >12.50(—36p
all compounds were prepared and the amines were synthesized ;  _cy},),NMe, 226 ~15(137p  9.4(—107)
in 15N enriched form. The synthesis of the amines is illustrated 3  —(CHp)sNMe;, <0.23  =0.6 (—130) _
for 2in Scheme 1. Compouriiwas prepared analogously from 4  —CH;OMe >35400  =-3.0(-127p =9.9(-80)
3-(2-bromophenyl)propanoic acid. The ethdrsand 5 were 2 :(CHZ)ZOME 11000 :2'8 (:121}) 10'75(_783)1-)

, (CH,);0Me 12 0.7 (141p  8.8(—107)
prepared by straightforward metho@s.

; ~ _ aFree energies in kcal/mol fdom and Kpuw. AG® is the free energy
@ E%)ltjlélsun;pp 'S?Ha\é\éﬁﬁ/ﬁl;' ggﬁm,ghlg ,:Paﬁu?nap%ggg \%)%elwlzéhe(m” difference between a dimer and two molecules of monofm@R2 THF/
Int. Ed. Engl.1995 34, 2152-2153. (c) Schmitz, R. F.; Schakel, M.; Vos, ~ EtO. ¢ Ref 1i. THF. ©4:1 THF/E;O. " Ref 1h.9 Coalescence of the 1:2:
M.; Klumpp, G. W.Chem. Commuri998 1099-1100. (d) Klumpp, G. 3:2:1 quintet of the €Li carbon." The rate is bimoleculaf.3:2:1 THF/
W.; Geurink, P. J. A.; Spek, A. L.; Duisenberg, A. J. M.Chem. Soc., Me,O/ELO. 1 3:2:1 MeO/THF/ERO. k Exchange of monomer and dimer

Chem. Commuril983 814-816. (e) Moene, W.; Schakel, M.; Hoogland, Signa|s inGLi NMR spectrum_

G. J. M,; de Kanter, F. J. J.; Klumpp, G. W.; Spek, A. Tetrahedron

Lett 199Q 31, 2641-2642. (f) Moene, W.; Vos, M.; de Kanter, F. J. J.;

Klumpp, G. W.J. Am. Chem. Sod989 111, 3463-3465. (g) Klumpp, Solution Structures. All of the lithium reagents were studied
G. W.; Vos M.; de Kanter, F. J. J.; Slob, C.; Krabbendam, H.; Spek, A. L. 3C 6L L iatél
J.Am’ Chem. Sod985 107, 82928294, () Vos, M.; de Kanter, F. J. J.; by low temperaturé3C, °Li, ’Li, and, where appropriaté!P

ggg%kgéb%éga&%ifﬂ% g'o(mgﬁr N IR 'ﬁQ"ﬂK?Sme;/\GAmWC*A%m- NMR spectroscopy in mixed solvents containing THF with
Chem. Soc1986 108 538-539. o T dimethyl and/or diethyl ether as cosolvents to allow operation
() gg&lege PL éhoﬁléol\h TOrgTaLGet‘t] 2%’6% ?C)h;gfg%?ggo? 2010-2021. at temperatures below the freezing point of THFL08.5°C).
(6) Lamothe, S.; Chan, T. Hetrahedron Lett1991, 32, 1847-1850. Hartley, The effects of cosolventd,N,N,N'-tetramethylethylenediamine
R.C,; Lamothe, S.; Chan, T. Hetrahedron Lett1993 34, 1449-1452. N B : ; _
(7) (a) Fraenkel G.; Cabral J.; Lanter C.; Wang,JJOrg. Chem1999 64, (TMEDA)’ N,N,N,N",N pentam_eth_yld|(_athylenetr|am|ne (PM
1302-1310. Fraenkel G.; Duncan J. H.; WanglJAm. Chem. S0d.999 DTA) and hexamethylphosphoric triamide (HMPpwere also

121, 432-443. (b) For an insightful discussion of dynamic processes ; ; ; ; ;
involving C—Li multiplets in monomeric aryllithium reagents, see: Fraen- studied, since these prowded a window into the strength and

kel, G.; Subramanian, S.; Chow, &. Am. Chem. S0d.995 117, 6300~ nature of chelation and aggregation.
6307. (c) Fraenkel, G.; Chow, A.; Winchester, W.RAm. Chem. Soc. . . . .
1990 112 6190-6198. (d) For many organolithium reagents, especially Table 1 summarizes the thermodynamic and kinetic dqta we
aggregated ones, quadrupolar broadening is severe enought.if@R2.6% have gathered for compounds-9. Table 2 presents chemical

natural abundance) that—Li coupling cannot be resolved. Thei . . . . . .
analogues show little or no quadrupolar broadening and thus couplings are Shift and coupling information. In particular, théC chemical

more easily seen. Fraenkel, G.; Fraenkel, A. M.; Geckle, M. J.; Schloss, F. shifts of the C-Li carbon provided a clear definition of the
J. Am. Chem. S0d979 101, 4745-4747. e
(8) Sato, D.; Kawasaki, H.; Shimada, I.; Arata, Y.; Okamura, K.; Date, T.; aggregation state of the lithium reagettt#he monomers have

Koga, K.J. Am. Chem. S0d.992 114 761-763, C-1 at ca.d 195 and dimers at ca 187. These assignments
(9) Arvidsson, P. I.; Hilmersson, G.; Ahlberg, B. Am. Chem. Sod 999 . . Al .
121 1883-1887. were supported by the-€Li coupling observed, a 1:1:1 triplet

(10) Intramolecular comparison of a 5- and 6-ring ether chelated vmylllthlum for the monomeridLi enriched compounds and a 1:2:3:2:1
reagent suggested that the 5-ring chelate is stronger. Mitchell, . . . . ’ . o
Reimann, W.J. Organomet. Cheni987, 322, 141-150. " quintet for the dimers. The observation of a quintet does not

(11) (a) 5—ring ether-chelated structures have been found for 1-lithio-1-(2- i i
methoxyphenyl)-3,3-diphenylallene (Déyanov, P.; Boche, G.; Marsch, rule out cyclic trimers. In. cases yvhere two qggregates were
M.; Harms, K.; Fyodorova, %]Petrosyan, Viebigs Ann.1995 457 present2, 5, 6), we determined their concentration dependence
460), 3-lithio-1-methoxybutaff€l and 2,2-bis(methoxymethyl)-1-lithio- i ;
propané?! (b) 5- and 6-ring amine-chelated structures have been found to establish the m0|eCUIar|ty'

for 1,1-bis(dimethylaminomethyl)-2-lithiopropa#8,N-(2-lithiocyclohex- Lithium NMR Spectra. TheSLi/’Li NMR spectra were also
enyDNN N-trimethyl-1,3-propanediamiri€land o-dialkylaminophenyl- -y ey informative in determining the solution structure. Figure
(12) éa) Pfs;té R.1I6.: itz%r'fz'% ;Zarge\r}\tlebqhg.;gv_illii?rd, P.BJQW.N Cr;]erln. 1 summarizes théLi spectra obtained. These spectra will be
i, B & e et 00, 136 buvo a0, o discussed in more detail in the individual sections below.
Williard, P. G.; Liu, Q.-Y.J. Am. Chem. Sod993 115 3380-3381. Model Systems-2-Ethylphenyllithium (7). A principal

13) (a) Rietveld, M. H. P.; Wehman-Ooyevaar, I. C. M.; Kapteijn, G. M.; Grove, . . . .
( )()M Smeets, W. J. J.; Koo”m)gn H.; Spek, A. p,;Jvan Koten, G. focus of our studies is the relationship between chelation affects

Organometall|c51994 13 3782-3787. (b) Jastrzebski, J. T. B. H.; van i istincti

Koren G Konin. M.: Stam. C. 10, Am. Chem. S0a982 104 £490- and the level of aggregation. To allow a distinction to be made

5492. Wehman, E.; Jastrzebski, J. T. B. H.; Ernsting, J.-M.; Grove, D. M,;

van Koten, GJ. Organomet. Chenl988 353 145-155. (15) See the Supporting Information for NMR spectra, simulations, and exchange
(14) McDougal, P. G.; Rico, J. Gl. Org. Chem1987, 52, 4817-4819. matrixes.
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Table 2. 13C NMR Chemical Shifts of 2-Alkylphenyllithium

Reagents.
RLi Solv. T/°C c1 c2 C-6 o Jeu (BLI) 1 ©:
Monomers |
(p=PMDTA): N 2A 2m
(PhLi) THF —111 1964 1432 1432 115 153 2 ©\/\’ allfa Y
(PhLi)yp>  d —125 196.5 143.8 1438 1.95 156 L ]
(M f —141 1952 1553 1425 124 146
(21 : —130 1959 1543 1426 123 92 N 3D? aMm -
@1p —145 196.7 150.5 1423 2.06 155 3 ©:\/\| -133°
3 f —-127 1955 1532 1424 126 95 u AN 017M
®)p f —127 195.8 1525 1422 205 183
@)1p n —127 1958 1484 1426 21 47 _ 4D
(B)1p h —147 197.0 148.0 1421 2.05 1438 4 (:(\ o ®0) 126°C
(6)1 f —125 195.6 1529 1425 128 15 L 0.14M
(6)1p f —125 1957 1522 1423 21 K

Dimers _
(PhLi)z THF —111 188.2 1445 1445 159 7.9
f —141 186.6 157.3 144.0 157 X

2]
E;
o]
/
e
o
. o
U(\ a
w O
Q
~No
=
B
o
3

2 ! 0.08 M
(D2 (A) h —132 188.8 1522 1435 1.81, 7.0
3.84
(1)2(B) h —-132 1884 1519 1432 261 7.0 o 6M
(12 (C) n -132 U 151.2 1430 290 ' 6 ) (NVBIC?) 141°C
(22 (A) h —130 1843 152.4 1441 187, 7 u 0.24M
1.96
(4q(8/1C) f —-127 186.1 149.7 1431 238 8.1 ™
(5)(BIC)  f —127 188.2 1524 1432 174 8.1 7 @\ -141°C
()2 (X)m EtO —126 188.0 152.8 144.0 1.67 L - 058 M

(6)2 (Y)™ EO —126 1868 153.7 1442 150 K

Tetramers:
(PhLi) Et,O —106 174.0 143.8 143.8 2.39 51 8D 128°C
aReference: 0.3 M LiCl in methano?. Ref 1i.¢ 1:1:1 Triplet.d 2:1

®
C
®

=

o

8

o

2

THF/Me,0. € 45:25:30 THF/MeO/ELO. f 3:2 THF/E$O. 9 Calculated from ] AN TN A

a measuredc—7.; coupling of 38.5 Hz" 3:2:1 THF/MeO/EtO. | Signal 3 80 25 20 15 10

not foundJ 1:2:3:2:1 quintetk Splitting not resolved. Ref 1h.™ X is the pem

minor and Y the major isomer (35:65). Figure 1. Low temperaturéLi NMR spectra of lithium reagents—8 in

3:2 THF/ERO (M = monomer,D = dimer, for A/B/C see Scheme 2).
between the steric effects of ortho substituents and their Chemical shifts are referenced to external 0.3 M LiCl in methanol.
chelating effects, we have used several model systems. Phe- ) ] )
nyllithium (8) forms both monomers and dimers in THRvb measure. A SO|L.Jt|0n O-lfat—127°'C with 1.06 equiv of PMDTA
= 30 M~! at —118°C).116.17|n our mixed solvent system 3:2 had 96% of ArLi complexed, givingpmpra ([7-PMDTAJ/[7M]-
THF/ELO Kyp = 208 M1 at —128 °C. To mimic the steric ~ [PMDTA]) = 1880 M.
effect of the chelating ortho substituents we have examined The dynamics of ligand exchange were readily measured by
2-ethylphenyllithium 7), which can be crystallized, unlike our DNMR studies, either usinfLi NMR spectra at 0.5 equiv of
previous modeB.1h The reagent was mostly monomer in 3:2 PMDTA, or the'3C PMDTA signals with excess ligand present.
THF/EtO, but a higher aggregate was easily detected, and Two ligand exchange processes were identified. At low tem-
shown to be a dimer by the concentration dependence of theperature 9 signals were seen in tH€ NMR spectra of the
6Li NMR signals Kyp = 0.19+ 0.04 M* at—140°C, ca. 5% bound ligand, in addition to the 4 signals of free PMDTA (see
dimer at 0.14 M total lithium concentration). In this and previous Figure 2 for representative spectt&)Around —100 °C the
paper&hwe have made extensive use of two solvent mixtures bound ligand symmetrizes, with 9 signals going to 4. The central
which qua"tative|y show similar behavior: 3:2 THFéB’ methyl Signal is unaffected. We did not detect the tWO-phase
which can be used down te140°C, and 3:2:1 THF/MgO/ process, first & Li bond rotation then MgN—Li decoordination/
Et,0, which is fluid enough for high-resolution NMR work  inversion, that was seen for neopentyllithitPiVDTA.”® How-
down to—155°C. We findKyp = 0.19+ 0.03 M~! at —139 ever, the free PMDTA NMgsignal interferes with detailed
°C for 7 in 3:2:1 THF/MeO/EtO. Thus, the two solvent  Observation of the methyl coalescences in our study. At&4.
mixtures are identical within experimental error in their ability °C, bound and free PMDTA coalesce. This appears to be a
to cause deaggregation, at least for this specific lithium reagent.simple dissociative process because the rates were identical for

Interaction of 7 with PMDTA. The behavior of the chelated ~ Solutions containing 0.6 and 1.9 equiv of PMDTAwhere the
lithium reagents with PMDTA has in several cases provided concentration of free PMDTA differs by several orders of
an estimate of the strength of chelation, since the tridentate magnitude. Figure 3 shows an Eyring plot of the rate constants
ligand is in competition with the chelating group. The PMDTA that were determined by a 6-spin DNMR simulation of the
titration of 7 is very similar to other model system8, @) we PMDTA CH; signals}® together with corresponding data for
have examined. The association constant is almost too large tdigand dynamics ird-PMDTA and5-PMDTA.

Five-Membered Ring Amine Chelation—2-(Dimethylami-

(16) (a) Bauer, W.; Seebach, Blelv. Chim. Actal984 67, 1972-1988. (b) ithi i i
Hoinzer J.; Oth 3. P-M.: Seebach. Belo. Ghim. Actalo8s 68, 1846 nomethyl)phenyllithium (1). Previous WOI‘.k onl and .|ts .
1862. (c) Seebach, D.; Hsig, R.; Gabriel, Hely. Chim. Acta 1983 66, congener® has shown that these are mixtures of dimeric
308-337. PR — '

(17) Bauer, W.; Winchester, W. R.; Schleyer, P. v.Gtganometallics1987, chelation |som§rsﬁ(, B, andC, X = NMe, NEtZ’ or NMePr,

6, 2371-2379. Scheme 2¥8 with much lower rates of dimer to monomer

J. AM. CHEM. SOC. = VOL. 125, NO. 12, 2003 3511
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1,8,b 0.13M 7, 3:2 THF/EL,0 6
13 ’
T/I°C c 1.9 equiv PMDTA z TI°C Li kom/ sec™ Kan / sec™! rL
-50 2,6,d sethill  4g » 59 2370 @:\/ ~
1‘/\N/\ \_/\ Li
( | -103 Y=135Hz 15 273 2M
N N
3 Kom ” ko
Free PMDTA
c.d |9
a, bK\N/ﬁ
—N Li N—
/ \
e fhi
7M-PMDTA

Figure 2. Variable temperature NMR study ofL]i] 7 in 3:2 THF/EtO
with 1.9 equiv of PMDTA. Line shape analysigyaveAH* = 4.4+ 0.1
kcal/mol, ASF = —18 =+ 3 eu for ligand symmetrizatiork{ymm and AH*
= 7.14 0.1 kcal/mol,ASF = —10 + 1 eu for ligand dissociatiork(gisg).

3 TM-PMDTA Kyeq
9F
E 5M-PMDTA Kges

8 4M~Pmom

E 7M-PMDTA Koy

7E

E 5M-PMDTA Ky
6F

b 4M-PMDTA Ky

F

SEL
110

AG? / kcal mol™!

s b b b
150 170 190
T/K

I FRWE R e

130 210 230
Figure 3. Eyring plot for rates of ligand symmetrizatioksfmmand ligand
dissociation Kyis9 of PMDTA complexes oft, 5, and7 (AG*_1q0 for Ksymm
was 6.21, 7.14 and 7.64 and fiyiss 7.69, 8.74 and 8.86 fot, 5, and7,
respectively).

Scheme 2. Dimeric Chelation Isomers.

X X
X H Pox
Lif Li L
H 2
i
X
A

@ <.

- J=270Hz
Kuo = [DVIM]? = 226 M*

Figure 4. SelectecfLi NMR spectra from a variable temperature experi-
ment of 0.10 M fLi, 1N]2 in 3:2 THF/E£O. The upper trace of each pair

is a simulated spectrum using the rate constants shown and the exchange
matrix of Fig. S-215

concentration and were assigned to the two lithiums of a type
A dimer (Scheme 2). ThéLi signal até 1.87 is slightly broader
than the one ab 1.96, presumably due to residufli —“N
coupling. The minor componerfilf 6 1.23) was assigned as a
monomer. Because of the relatively low concentration of the
monomer we were able to get only a poorly resolved 1:1:1 triplet
signal for the C-Li carbon in the'*C NMR spectra ad 195.9,

but all evidence is consistent with such an assignment. These
assignments were confirmed by the variable temperdiire
NMR spectra of thé>N—°6Li doubly labeled material (Figure
4).

Selected spectra from a variable temperature NMR study of
the>N—5Li doubly labeled compound are shown in Figuré4,
Below —128°C the upfieldbLi signal of the dimer is split into
a 1:2:1 triplet fuin = 2.7 Hz), thus confirming thé structure.

It is unusual for N-coordination to result in an upfiéld shift.
Normally, both intramoleculd®h and intermolecular (with
TMEDA and PMDTA!) N-coordination results in downfield
shifts. The monomer shows no hint of-tIN coupling in the
SLINMR spectra. The & Li signal in the'3C NMR spectra was
not well resolved but showed signs of—Ci coupling, so
intermolecular Li-Li exchange is not the reason that-N
coupling is absentWe conclude that the monomer, unlike the
dimer, is not chelated

Scheme 3 presents a scenario for the effect of chelation on
the monometdimer equilibrium, and our best estimates for

dissociation and much higher aggregation constants than thethe fractions of the two species in brackets that are not
largely monomeric model systems. Of the several cosolvents observablé> We estimateKqne ([chelated]/[unchelated]) ax

tried (TMEDA, PMDTA, HMPA), only HMPA was capable
of causing detectable deaggregation.

Six-Membered Ring Amine Chelation—2-(2-Dimethylami-
noethyl)phenyllithium (2). Compound2 showed two sets of
signals in thé*C andfLi NMR spectra (Figure 13> The major
component showed the characteristie G quintet of a dimer
atd 184.3 in the'3C NMR spectrum. Two closely spaced signals
in the 6Li NMR spectra maintained a 1:1 ratio independent of

(18) (a) Chelation isomers of a similar type have been identified for tetrameric
3—dimethylaminopro%|Iithiurrfﬁgl and dimeric 1,1-bis(dimethylaminom-
ethyl)-2-lithiopropané and 3-lithio-1,5-dimethoxypentarifé!

3512 J. AM. CHEM. SOC. = VOL. 125, NO. 12, 2003

25 for the dimer andc 0.18 for the monomer. The hypothetical
monomet-dimer equilibrium constariyp ([D)/[M] 2) with both
monomer and dimer chelated is estimated=af0 000 M,

and with both monomer and dimer unchelated0.24 M.
The latter value is quite consistent with the measufgg of
0.19 M1 for the model system 2-ethylphenyllithium. These
numbers illustrate the dramatic influence of chelation on the
monomef-dimer equilibrium, a switch of a factor of at least
40 000 inKyp and almost 3 kcal/mol idAG°.

(19) Other examples ofLi—'*N coupling in amine chelates have been
reporteds_,le,ZO,Zl,ZZa
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Scheme 3. Estimated Dimerization and Chelation Equilibrium molecules), from about 14% monomer-&at37°C in the sample
Relations for 0.10 M (total ArL|)> 120|1r(1)03'\,|2‘THF/Et20 at —137 °C2 of Figure 4 Kp = [DJ/[M] 2=9%6 M‘l) to about 9% at-110
. ©:\ KMDAG°<-24 b °C (Kwp = 560 M™1). Simulation of the spectra also gave values
TN Q for the rates of dimer-monomer equilibration. Figure 5 shows
<2% 81% a AG*vs T plot of the data obtained. The negative entropy of
I Koo 5018 / Kpu2 25 activation implies that solven_t ass@ste in the dimer to monomer
2G°205 K/mm \ a@ <-09 process, as expected for a dissociative process. l_\lot& theest
AG°=-15 an opposite temperature dependenceA@* (positive AS),
»Il consistent with the known associative nature of that protess.
2 @:\/ ~ [ ] Interaction of 2 with TMEDA. The incremental addition
u K”Z’éﬁ‘y‘ of TMEDA tq a sample o2 produc_:ed changes in the NMR
13% <4% spectra consistent with complexation with both the monomer
and dimer. A new set of triplet and singlet signals appeared in
2 The items in square brackets were not detected, anddisdnvolving the 6Li NMR spectra downfield of the original ones, assigned

these species are based on estimates of their maximum likely concerifration. g 2A-TMEDA (2A-tin Figure 6). The monomer signal broad-
ens and moves steadily downfield. Apparently the complexed

180 j 1 (ko) oo and uncomplexed monomers are in rapid equilibrium-284
120k ﬁgf ;gg;g'g keal/mol °C (as they are for PhtTMEDAY and 2-isopentylphenyllithium
o TMEDA). Figure 6 also shows spectra of a similar sample
- 1of 2 (kond) with 2 equiv of TMEDA at lower temperatures. The signals
E E AH'=6.33 £0.57 keal/mol 1 (kng) decoalesced at140°C and are well resolved at153°C. The
F100F Asl:j:"““ eU__ AH'=534+0.17 kealmol TMEDA-complexed monomer2(M-TMEDA) is not chelated.
S / 48%=-17.6+10eu The complexation is sub-stoichiometric. With two equiv of
2 90F \j TMEDA 52% of the lithium species are coordinated to TMEDA.
8OF 2 (knn) b
A;'/' 8.30 £ 0.17 keal/mol )
3 AS'=2411.1
70 —l.........|.m“...1....-....|.....‘..‘l“.....l.e.‘i“.....|.... ‘\t&/ﬁ/
130 150 170 190 210 230 250 U’N\
T/K solvent
Figure 5. Rates of intra- and intermolecular exchange® af 3:2 THF/ 2A-TMEDA 2M-TMEDA
Et,O compared with a related processes 1AM kaa:: intramolecular . . . . .
exchange between two Li signals 24; kag: intramolecular exchange of We have determined by line-shape simulation the relative
the A and B chelation isomers of the dimerTfkom: dimer to monomer proportions of the four species (M, {MD, Dy) in the spectrum
exchange o2; kp: loss of coupling of CG-Li carbon in the dimer ofL at —153 °C at 2 equiv of TMEDA, and have estimated

associative through trimer or tetraméf). . .
( 9 &) monomer-dimer association constants for the TMEDA com-

Dynamic Processes for 2Two dynamic processes are seen plexed speciesKyp = [DdJ/[M{] [M] = 64 M™1) and the THF
for 2 (Figure 4). First, the singlet and triplet in theN labeled complexed specieK{p = 170 M™2). Similarly, we can define
A-dimer coalesce to form a new triplet (in the unlabeled the TMEDA affinity of the monomerK = [M{/[M] [t] = 11
compound the two singlets coalesce to one). This is the resultM ™) and for the dimer K = [D{/[D] [] = 4 M~Y). Thus,
of intramolecular exchange of the chelating ligands between TMEDA shows approximately a 3-fold higher affinity for the
the two sites, so that each lithium becomes coupled equally to monomer than for the dimer.
both nitrogens, now with half the coupling constant. The second  Interaction of 2 with PMDTA. Figure 7a shows the effect
process is the coalescence of the dimer signals with that of theof the addition of PMDTA to a sample ofl[i,1>N]2. The new
monomer, the result of intermolecular exchange. We have sharp singlet ab 2.1 was assigned to the PMDTA complex.
simulated the spectra by treating thedimer singlet as a 1:2:1  There is no detectable £iN coupling, so the complexation
triplet with J.in = 0,k and allowing pairwise exchange of the forms monomeric unchelateiPMDTA.
equivalent signals in the two ‘“tripletd® This simulation The PMDTA titration experiment also provided an op-
provided an excellent fit between calculated and experimental portunity to determine the molecularity of the two species we
spectra confirming the assignment of the complex changes in - - —
line shapes. The free energies of activation for the degenerate®!) §515sen; -+ Arvidsson, P. I.; Davidsson, DAm. Chem. So@000 122

chelation isomerization d? are similar to those found for the  (22) (a) Aubrecht, K. B.; Lucht, B. L.; Collum, D. BOrganometallics1999
18, 2981-2987. (b) Romesberg F. E.; Gllchrlst J. H.; Harrison, A. T.;

intramolecular interconversion of the chelation isomersl,of Fuller, D. J.; Collum, D. BJ. Am. Chem. S0d991, 113 5751-5757. (c)

although this compound shows a substantial negaf\ Remenar, J. F.; Lucht, B. L.; Kruglyak, D.; Romesberg, F. E.; Gilchrist, J.
9 P . . . 9 @’ H.; Collum, D. B.J. Org. Chem1997, 62, 5748-5754. (d) In other systems,

whereas2 hasASF of essentially 0 (Figure 5). This suggests TMEDA competes less well: Colium, D. Bicc. Chem. Resl992, 25,

i i iati 448-454. (e) Lucht, B. L.; Bernstein, M. P.; Remenar, J. F.; Collum, D.
that for 1 the dechelation requires association of one or more B.J. Am. Chem. S04996 118 10 707-10 718. (f) Kim. Y- J.: Bernstein’

additional solvent molecules at the transition state, whereas for M. P.; Roth, A. S. G.; Romesberg, F. E.; Williard, P. G.; Fuller, D. J;

ic i i Harrison, A. T.; Collum D. BJ. Org. Chem1991, 56, 4435-4439.
2 thIS.IS a unlmolecular7p§(gbce;s;g . (23) Knorr, R.; Freudenreich, J.; Polborn, K.;tHpH.; Linti, G. Tetrahedron
As is often the cas#h7c.16b.c. the higher aggregate & 1994 50, 5845-5860.

i i 4) Vinyllithium also complexes with PMDTA as a dimer. It was not established
was favored at hlgher temperature (aggregatlon releases SOIVen@ whether the complexation of the PMDTA was bidentate or tridentate. Bauer,

W.; Griesinger, CJ. Am. Chem. Sod.993 115 10 87110 882.
(20) Huls, D.; Gunther, H.; van Koten, G.; Wijkens, P.; Jastrzebski, J. T. B. H.  (25) Harder, S.; Boersma, J.; Brandsma, L.; Kanters, J. A.; Bauer, W.; Schleyer,
Angew. Chem., Int. Ed. Engl997, 36, 2629-2631. P.v. R.Organometallics1989 8, 1696-1700.
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Figure 6. SLi NMR spectra. Left panel: TMEDA titration of a 0.16 M
solution of PLi, 1N]2in 3:2 THF/EtO at—134 to—137 °C. Right panel:
a variable temperature study of a similar sample (0.13 M in 3:2:1 THF/
Me,O/EtO) with 2 equiv of TMEDA, showing decoalescence of the
TMEDA complexed and uncomplexed monomets< TMEDA, M =
monomer).

8L v of
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7\ PMDTA
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Figure 7. (a)%Li NMR spectra of a PMDTA titration of a 0.13 M solution

of doubly labeled 9Li,?*N]2 in 3:2:1 THF/MeO/EO at —145 °C. (b)
Concentration dependence of the uncomplexed monomer and dimer signals
during the PMDTA titration.

have assigned as the monomer and dimet. & log—log plot

of the concentrations of the non-PMDTA complexed species

(signals av 1.2 vsé 1.7—-2.0) gave a slope of 2.1, confirming

the assignment of aggregation states (Figure 7b).
Seven-Membered Ring Amine Chelation-2-(3-Dimethy-

laminopropyl)phenyllithium (3). 13C andSLi NMR studies of

3 show chemical shifts and couplings characteristic of a

monomer (C-Li 6 195.5, 1:1:1 tripletJc—i = 15 Hz). There

is no detectabléLi—15N coupling in either THF/BEO media

or solutions with TMEDA, PMDTA, or HMPA added, so the

compound exists largely in an unchelated form. A small broad

signal attributable to a dimer appearsda?.1 in thebLi NMR

spectra amounting to-83% of the area of the monomer, which

would give a monomerdimer association constalifyp = 0.27

SLi

(a) equiv of equivof (c) equiv of
PMDTA PMDT,
0.14M3 f 0.14M4 DTA 0.17M5 PMDTA
J -140°C -150°C -147°C
/\
A 3M-PMDTA 075 4M-PMDTA SM-PMDTA

-
e
I

(&

S
I
L

0 0
U SRR A T
20 pom 10 30 2.0 20 ppm 15
ppm
Figure 8. SLi NMR spectra showing the effect of PMDTA on solution in

3:2:1 THF/MeO/ELO of (a) [PLi, 1*N]3 (the indicated equiv of PMDTA
are low by ca. 20%); (b)®Li]4 (c) [SLi] 5.

Five-Membered Ring Ether Chelation—2-(Methoxymeth-
yl)phenyllithium (4). Only a single species is detectable in
solution of 4 in THF mixed solvents. The compound is
aggregated as judged by tH€ NMR signal of the G-Li carbon
at 0 186.1, a 1:2:3:2:1 quintetd¢-si = 7.6 Hz). Both the
chemical shift and the coupling pattern are consistent with a
cyclic dimer, but higher cyclic oligomers have not been ruled
out. No signal that could be identified as a monomer was found
in the 13C andfLi NMR studies carried out od. The tallest
peak/noise signal betwe@n0.5 andd 2.0 in the spectrum of
in Figure 1 has 0.5% of the peak height of the major dimer
signal. If we conservatively estimate that no more than 1% of
monomer could be present, we calculiig, > 35400 ML,

Itis much harder to get direct evidence for or against chelation
in the ethers than for the amine chelates, since there is no
sunable oxygen isotope for high-resolution NMR studies which
would detectd coupling between Li and oxygen. The single
6Li chemical shift ofd 2.4 is not directly useful for structure
assignment, since it is possible that conformational isomers of
the A/B/C type are in rapid equilibrium. Such equilibration is
supported by the proton NMR signal of the benzylic Cffoup,
which appeared as a singlet@#.70 even at-151°C.15

Dynamic Processes for 4We have estimated the barrier to
aggregate equilibration @ffrom collapse of the €Li coupling
(1:2:3:2:1 quintet to singlet). Sample spectra, simulations and
exchange rate constant data in the form &@* vs T plot are
shown in Figure 9. The OMe chelated compounid substan-
tially more labile thanl (barriers ca. 3 kcal/mol lower), and
shows the opposite sign fe&xSF. This may indicate a different
mechanism for the interaggregate exchangd aind 4. The
exchange ol is faster at higher concentrations, consistent with

M~ Concentration-dependent studies were not done to supportan associative process going through higher aggregates. We have
such an assignment. If this signal corresponds to a dimer, thenot measured the concentration dependencé,fout the large
substantial downfield shift compared to model compounds, negative entropy is consistent with coordination of additional

where the dimer signal appearsatl.5-1.6 (see Figure 1),
suggests that it is chelated.

PMDTA complexed stoichiometrically t@ (Figure 8a).
HMPA also formed a stoichiometric mono-complex. Past one
equiv a substantial amount of triple ion Ai~ Li(HMPA) 4~
was formed, with a singlet & 3.8 and quintet ab —0.4 in®Li
NMR spectra.

3514 J. AM. CHEM. SOC. = VOL. 125, NO. 12, 2003

solvent in the transition state for dimer dissociation. However,
we do not want to over-interpret th&SF values. The changes

in line shape are relatively small, and obtaining accurate rates
is hampered by the long acquisition times required, typically
30—100 min, resulting in some temperature drift during the
experiment. The interndfC chemical shift thermometer tris-
(trimethylsilyl)methand effectively corrects for small temper-
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Figure 9. () Selected variable temperatd?€ NMR spectra of the ELi
carbon of 0.15 M{Li]4 in 3:2:1 MeO/THF/EtO. The simulated spectra
(upper trace of each pair) were obtained using the & exchange matrix
reported previously? (b) Eyring plots and activation parameters for the
intermolecular exchange ratAG¥_es = 9.9 kcal/mol). Related processes
for 1 in 3:2 THF/EtO are also shown in the graph for comparison.

ature drifts to provide time-averaged temperatures, but it was

not available for this experiment.

Interaction of 4 with TMEDA. In contrast to the amine
analoguel, which complexes modestly with TMEDA, spectra
of 4 gave no indication of interaction with TMEDX. The
failure to form a TMEDA complex is unlikely to have steric
origins since other ortheubstituted lithium reagents suchks

or 2 complex reasonably well and are at least as crowded. We

conclude thatt must be chelated and have a strong preference
for the B and/or C isomers (Scheme 2), which cannot form
bidentate complexes with TMEDA, over ti#e structure.

Interaction of 4 with PMDTA. Given the absence of
significant interaction with TMEDA, it is surprising that
complexed strongly with PMDTA. The spectroscopic details
of the interaction were apparent only at very low temperatures
(—150 °C). Two species are formed, one gives a 1:1 ratio of
two peaks in théLi NMR spectra (Figures 8b and 10), and the
second gives a singlét2.04. The ratio of the two sets of peaks
changes to favor the singlet at higher concentration of PMDTA,
in a way consistent with formulating it as a monomer, and the
other species as a dimer. Both species have unexpecte
spectroscopic features.

The first species to be formed gives a 1:1 ratio of two peaks
atd 1.9 and 2.8 at-150 °C. An unusual bonding situation is
indicated by the very low temperatures (-140 °C) required
to decoalesce the various solvated species. In contrast, th
PMDTA complexes ofL,1" 2, 3, 5, 6, 7, PhLi! and other lithium
reagentgb< are much less labile. We have considered three
precedented structures fdD-PMDTA: a triple ion 10,29 an
A-type dimerll, and an open dimer structut@ (Figure 10c).

The triple ion structurd 0 can be ruled out. ThéLi chemical
shift of SIP-PMDTA complexes (e.g., LEPMDTA* // ~C-
(SiMej3)3) is close tod 0, whereas the species here has shifts of
0 2—3. Furthermore, all of thd3C NMR signals in the less
polar solvent 2:1 MgO/EtLO, where a higher fraction of the
4D-PMDTA complex formed and the rates are slower, are
doubled. The ipso carbon signals are especially revealing: at
193.2 (distorted 1:1:1 triplet) anti188.0 (coupling unresolved),
quite close to the PMDTA-monomer signal@tl95.8 and the
non-PMDTA-dimer signal at 185.3 (Figure 10a). The sub-
stantial chemical shift difference of 5.1 ppm between the ipso
carbons argues against assignment ofAatype dimerll in

(a) b
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Figure 10. NMR studies of a 0.33 M solution ofl[i] 4 in 2:1 EtO/MeO.

(a) 13C spectra of a PMDTA titration at 135°C. (b) Variable temperature
5Li NMR study of the sample containing 0.75 equiv of PMDTA. (c) Possible
structures for thel-PMDTA species.

which a restricted conformation of the PMDTA ligand makes
the two rings diastereotopic. We conclude that4BePMDTA
complex has an open dimer structd@where one of the ELi
signals mimics that of the monomer, whereas the other
resembles the dimer. Open dimers have been detected for lithium
diisopropylamide and other lithium amid&®;c12cput not for
organolithium reagent¥.

Both thebLi and the!*C spectra of the PMDTA-dimer showed
distortions in peak shape at140 °C. The origin of these
distortions became apparent when the samples were cooled
further. Each of théLi peaks decoalesced to an approximately

:1 ratio of singlets (Figure 10b). We have not established the
origin of this dynamic process, withG*_14; = 7.1 kcal/mol.
Slowing of some conformational change within either the
PMDTA ligand or the MeO groups, or restricted rotation around
the C-Li(PMDTA) bond’® are possible explanations.

The second species which forms on treatment4 ofith
PMDTA gives a singlet at 2.04 in the®Li NMR spectrum
and is formed to the extent of 70% at one equiv and 91% at 3
equiv in 3:2:1 THF/MgO/EtO solvent. The €Li carbon
chemical shift § 195.8) and coupling (1:1:1 tripledc—; = 17
Hz for Li) are consistent with a monomeric PMDTA complex.
The PMDTA must be coordinating lithium in a tridentate
fashion, otherwise TMEDA would have given a similar effect.

We also conclude that the lithium i#4M-PMDTA is still
chelated to the CHOMe group (structurel3), based on the
peculiar properties of the PMDTA ligand signals in tH€
NMR spectra. In complexes & 3, 5, 6 and 7 with PMDTA
the complexed ligand shows 9 resolved signals at temperatures
between—130 and—145°C (Figures 2 and 112 In contrast,
it is necessary to cool a sampleX8to —150°C to decoalesce

(26) Similar spectra have been reported for mesityllithieMDTA and
neopentyllithiumPMDTA.[7]
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Figure 11. Ligand 13C signals of the monomeric PMDTA complexes of
3, 4, 6, and7. The spectra oft were measured in 3:2:1 THF/MB/EO,
the others in 3:2 THF/EO.

the signals, and then only six of nine peaks, still broadened by
exchange, are resolved for the bound PMDTA carbons. Like
7-PMDTA (Figure 2),4-PMDTA shows two dynamic processes
in the PMDTA ligand, symmetrization and intermolecular
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| AS'=-24.1£0.35eu
0.067M 4
+0.067 M PhLi
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Figure 12. (a) Variable temperature NMR study of a solution containing
0.27 M [BLi] 4 and 0.27 M fLi]PhLi in 3:2 THF/EtO. The upper trace of
each set was a 3-spin DNMR simulatitdperformed using the rate constants
shown. Thek values are the NMR rate constants for interchange of nuclei;
the physical rate constants for interchange of dimer molecules would be
half these values. (b) Eyring plots for the intermolecular exchangds of

species (most likely monomers, but mixed trimers and tetramers

exchange (dissociation), except that the barriers are at least lare also plausible) which are not detectable and so cannot be

kcal/mol lower than for7-PMDTA and other models (Figure
3). In addition, at least one of the signals (arrow in Figure 11)
is shifted by ca. 1 ppm from that of the other complexes, which
all have nearly identical ligand shifts. The methoxy group must
be chelated irl3, giving a rare structure with pentacoordinate
lithium. Previously reported REPMDTA complexes have been
tetracoordinate at Li¢-27

Mixed Dimer of 4 with Phenyllithium. The paucity of
information that deals directly with the issue of chelatiordin
encouraged us to examine the mixed dime4 ahd PhLi. Like
1,10 solutions of4 containing PhLi 8) show signals in théLi
and3C NMR spectra consistent with the formation of a mixed
dimer 14 (Figure 12a) in higher than statistical amounts. The
comproportionation equilibrium constanig%[4D][8D]) is 17;
statistical is 4. The mixed dimer would be expected to show
two signals in the lithium NMR spectra (as does the mixed dimer
of 1). Since only one new signal fot4 is seen, ligand
reorganization must be fast on the NMR time scale-a87
°C. An accidental equivalence is unlikely since the chemical
shifts of the homodimers are separated by 0.7 ppm.

At higher temperatures the signals4dd, 14 and8D coalesce.
A 3-spin DNMR simulation gave an excellent fit using only
two rate constants, conversion @D to 14 (ks-14), and
conversion ofl4 to 8D (kis—g). A study of the concentration

incorporated into the simulation. However, the values obtained
for k4—14 should approximate the values for aggregate exchange
of 4D. In fact, they are within a factor of 2 of those measured
from collapse of the €Li multiplet in a slightly different
solvent mixture (3:2:1 Mg/THF/ELO vs 3:2 THF/ESO for

the mixed dimer experiment, Figure 12b). Thus, this experiment
provides a way of estimating the kinetic stability of dimers for
which other techniques are not available. A similar mixed dimer
experiment for5 described below was more informative since
here the monomeric species can be detected and explicitly
incorporated into the simulations.

Six-Membered Ring Ether Chelation—2-(2-Methoxyeth-
yl)phenyllithium (5). The homologue of, compoundb, shows
none of the anomalous behavior exhibited byTwo sets of
signals in a 4:1 ratio were observed in thé and 13C NMR
spectra (Figure 13), and this ratio was concentration independent.
We were unable to resolve the-Ci coupling, but the line shape
and13C chemical shift § 188.2) of the G-Li carbon are very
similar to those observed for other dimers (Table 2). We
conclude thats is a mixture of two dimers, probably of the
B/C type. A small signal ab 1.2 was assigned to the monomer,
but this could not be confirmed by observing the k& signal
for the C-Li carbon. Its intensity varied as expected for a
monomer® Our best value foKyp is 11 000 Mt at—121°C

dependence gave ambiguous results (a 4-fold dilution led to aj, 3.2 THF/ERO, almost 5 orders of magnitude higher than the
reduction in exchange rates by a factor of 1.2 to 1.6, suggestingy,qgel systemsKyp < 0.2 M™1), and almost 2 orders of

at least some involvement of associative processes (e.g., mixedmagnitude higher than the amine analogu&yp = 240 M-Y).

trimers) in the exchange. Unfortunately, there is not a direct

connection between these rate constants and the physically realljlt
rate constants of aggregate exchange, because these must invol\{

(27) Riffer, T.; Bruhn, C.; Maulitz, A. H.; Stibl, D.; Steinborn, D Organo-
metallics200Q 19, 2829-2831. Schimann, U.; Kopf, J.; Weiss, EAngew.
Chem.1985 97, 222; Angew. Chem., Int. Ed. Endl985 24, 215-216.
Lappert, M. F.; Engelhardt, L. M.; Raston, C. L.; White, A. $.Chem.
Soc., Chem. Commuri982 1323-1324. Karsch, H. H.; Zellner, K.;
Mikulcik, P.; Lachmann, J.; Miler, G. Organometallics199Q 9, 190—
194.
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Dynamic Processes for SExcerpts from a variable temper-
ure experiment are shown in Figure 13. The signals for the
fo dimers5D and5D' coalesced at ca110°C, the monomer
5M coalesced with the dimers aboved0 °C. We did not
perform the DNMR experiment at other concentrations to
determine the molecularity of the exchange processes.
Interaction of 5 with TMEDA. Treatment of solutions &
with up to 8 equiv of TMEDA gave no significant change in
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Figure 13. Variable temperaturéLi NMR study of [’Li] 5. The upper trace
for the —118 and—90 °C spectra are 3-spin DNMR simulations which
give AG*_115 (D—D') = 8.50 kcal/mol andAG¥_go (D—M) = 10.51 kcal/
mol.

Scheme 4. Thermodynamic Relations in the PMDTA Complexes

of 5and 72
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a2The dotted arrows are not true equilibria, they indicate predicted free
energy relations betweehand the unchelated model f@r(5).

the spectra® Because TMEDA complexes well to similarly
hindered ArLi reagents such &sand 9,'" the failure to form
significant amounts of a typ&-TMEDA complex suggests
strongly that the dimers must be of tBéC type (Scheme 2),
as also observed fat.

Interaction of 5 with PMDTA. Figure 8c shows &.i NMR
study of a PMDTA titration of5. A monomeric complex is
formed which has nearly identical ligand chemical shifts to the
model system8 and7 (see Figure 11), and thus is not chelated.
However, complexation is no longer stoichiometric. In a solution
of 5 containing 2.1 equiv of PMDTA at126°C 88% of ArLi
was complexed, giving &pvpra (Scheme 4) of 9.5 M,
whereas solutions of had Kpypra = 1880 M™% These data,
combined with the measurd€yp values for5 (11 000) and?

6 : 3:2 THF/ether
LiNMR | £y N

Figure 14. SLi NMR spectra in 3:2 THF/EO. (a) 0.026 M5 at—121°C.
(b) 0.01 M PhLi @) and 0.01 M5 at —124°C. (c) 0.045 M PhLi at-128
°C.

= 5.4 4+ 0.3 kcal/mol,AS* = —10 &+ 2 eu) was essentially
identical to that of the model system, whereas the symmetriza-
tion of the ligand ksymm AH* = 6.7 + 0.2 kcal/mol,AS' =

—12 4+ 1 eu) was faster by a factor of-2.

Mixed Dimer of 5 with Phenyllithium. Some additional
insights into the effects of chelation were obtained from a study
of the mixed dimer of PhLi wittb. A spectrum from such an
experiment, together with spectra of the constituents, is shown
in Figure 14. Signals for both monomer and dimer5ofthe
mixed dimerl5, and monomer and dimer of PhLi can be seen.
Line shape simulation of the signals in Figure 14b allowed
calculation of the following monomerdimerKyp values ([D]/
[M]?): for 5. 14000 M%; for 15: 3800 M%; for 8 (PhLi):

240 M. Thus the monometdimer association constant goes
up by about an order of magnitude for each chelating meth-
oxyethyl group.

Dynamic NMR studies of solutions d/PhLi (Figure 15)
were complicated by the small area of the monomer signals,
the superposition of the signals f80D (PhLi) and5D’, the
chronic difficulty in assigning inherent line widths to thkei
signals, and the large number of adjustable parameters inherent
in a 6-spin simulation (15 rate constants, 6 line widths, 6
chemical shifts and 6 populations). We made the following
simplifying assumptions. Because of the low-temperature coa-
lescences 08D and8M, and the two dimerSD and5D', their
relative chemical shifts, line widths, and populations are poorly
defined through most of the temperature range. These were set
from the low-temperature spectra and changed minimally during
the simulation. Only four rate processes of the 15 possible were
allowed: the interconversion &D and 5D, the dissociation
of 5D to 5M (both isomers of the dimer at the same rate), the
dissociation of8D to 8M and the dissociation of mixed dimer
15to the two monomers (i.e., no bimolecular exchanges between
the three dimers). It was possible to achieve satisfactory
simulations throughout the temperature range (Figure 15) despite

(0.19) can be used to construct the free energy diagrams showrthe drastically reduced set of adjustable parameters.

in Scheme 4. If we assume thaM and 5D, were they not
chelated, would behave identically to the mod@dedggregates,
we can conclude th&D is stabilized to the extent of 1.7 kcal/
mol by chelation, where&M is negligibly stabilized (0.1 kcal/
mol in the diagram, but the errors are at le&sd.1 kcal/mol).
The dynamics of the PMDTA ligand are affected in only a

minor way by chelation (Figure 3). In contrast46PMDTA,
the intermolecular exchange of PMDTRyfsin Figure 3,AH*

The variable temperature spectra showed a series of four
coalescences: first the monomer and dimer of PhLi, and in the
same temperature regime-100 °C), the two dimers of5
coalesced with each other. Then, betwe&8 and—74°C the
mixed dimerl5 coalesced with the averaged PhLi signals (and
presumably also witBM, but this cannot be directly observed).
Finally, between—52 and—41 °C, the averaged signals &f
coalesced with the rest. The rates measured in this experiment
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140 160 180 200 220 240 Figure 16. Carbon-carbon couplings and chemical shifts!iCH3O 4, 5
(© TIK and model compounds in 3:2 THFfEx at 11°C.
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Figure 15. (a) Variable temperaturéL.i NMR study of a solution 0.011 M o),

M in 5and 0.011 M in PhLi§) in 3:2 THF/EtO. The upper trace at each X
temperature is the 6-spin DNMR simulation. The rate constants shown are A ﬂ )w )\

the NMR rates. The physical rate constants for dissociatidDoand8D - A . TR

(kee andkpg) are 0.5 times the values shown. (b) Eyring plot of the four 195 190 57 20 15 10
independent rate constants used in the simulation: dissociatidD (Kze ppm ppm pem

= keg, AH* = 6.34+ 0.31 kcal/mol ASF = —23.0+ 1.5 eu); dissociation Figure 17. Variable-temperaturé®C and®Li NMR spectra of6. Shown

of 8D (kpr, AH* = 7.21 &+ 0.15 kcal/mol,AS' = —7.2 + 0.9 eu); are the G-Li carbons (left), the methoxy signals (center) anditiesignals
dissociation of the mixed dime5 (kag = kar, AH* = 7.74+ 0.33 kcal/ (M = monomer, D= dimer). The peaks marked “H” and “Sn” in thel19

mol, AS = —11.34+ 1.6 eu); interconversion of the two isomeric dimers  °C spectrum are the OMe signals of the protonated product (3-methoxy-
of 5 (kep, AH* = 8.31+ 0.56 kcal/mol AS' = —1.94 3.3 eu). (c) Eyring propyl)benzene and trimethylstannyl precursor.

plot comparing the 0.011 M mixed dimer experiment of part (a) and (b)

(fti”zd C:[C'es Ia?,d Sg“féel\j)_gith g"’ga_}lgoMm, %Sm:ﬁr variable telmperzt”re labeled4 and5 and measured the 3-bond and 4-bond coupling
zquuayrgs)?ssr?ol\jv:gg that thelra?ens are expelrimgzntalll)y(;%?srli;gﬁigﬁaabrlle. in the_ “th'u_m reager!t and model compounds (Figure 16). The
couplings in the various nonchelated (or largely nonchelated)
are within experimental error of the corresponding rates models are essentially identical, and in each case there is
measured for puré (Figure 13). significant change in the coupling on going to the organolithium
The quality of the simulations validates the assumptions that reagent. There are also substantial chemical shift changes,
were made, i.e., that the exchanges of the three dimers largelyespecially of the benzylic carbon, which are also in part due to
involve unimolecular dissociations, without the participation of the conformational changes resulting from chelation. However,
trimers or tetramers. This conclusion was also supported by athe strongly polarizing €Li bond is the principal source of
parallel experiment run at a 16-fold higher concentratfon. these changes, as shown by the fact that the methyl group of
Although the Eyring plots for this rate study showed more scatter o-tolyllithium monomer ¢ 30.1) moves downfield by 8.7 ppm
than the one shown in Figure 15b, the principal rates (dissocia- from its position in toluened 21.4). Thus the coupling constants
tion of 5D and15) were within experimental error of each other also may reflect changes in electronic structure as much as
(Figure 15c), ruling out bimolecular exchange processes ob- changes in conformation. Although the changes in couplings
served for the dimermonomer exchange fdt. support the conclusions reached from other experimentgithat
The dimer dissociation rates follow the trends found in other and5 are chelated, they are probably not large enough to provide
chelated ArLi reagents. For example, the relative rates of firm evidence on their own.
dissociation o8D, 15, and5D at —83 °C are calculated to be Seven-Membered Ring Ether Chelation-2-(3-Methoxy-
540:17:1.9 from the activation parametefss3*_g3 = 8.6, 9.9, propyl)phenyllithium (6). We have also examined the poten-
and 10.7 kcal/mol). There is thus approximately 1 order of tially 7-ring chelated ethes. ThebLi and 13C NMR spectra at
magnitude increase in kinetic stability of the dimer for each —141°C show a monomer as a prominent species (ca. 34% of
chelating CHCH,OMe group, similar to the increase in total at 0.24 M in 3:2 THF/ED, Kyp = 12 M™1). In theLi
monomer-dimer associationKyp) values. NMR spectra three additional signals were present (Figure 17).
Carbon—Carbon Coupling in the Side Chain of 4 and 5 These signals were assigned to dimers from analysis of variable
The information provided above provides strong circumstantial concentration experimentdand from the characteristiéC line
evidence tha# and5 are chelated. We have attempted to provide shape and chemical shifts of the-Ci carbons ¢ 187.5 and
more direct evidence by measurifilgoc and3Jccocin the side 188.0). Unfortunately, one variable-concentration experiment
chain, in anticipation that the conformational changes of a gave aggregation as high as 3.5, so more work would need to
chelated vs a nonchelated structure might result in diagnosticbe done to conclusively rule out, for example, cyclic trimer
trends in these coupling constants. We preparee®OH; structures for one or more of the three signals.
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Dynamic Processes for 6A variable-temperaturéi NMR @ r~an _ (b)

experimeni® showed that two of the dimers coalesced-a80 SM-TMEDA .

°C, the two remaining dimer signals at120 °C, and finally 25 -

the averaged dimers coalesced with the monomer1410 °C 100 1" Legend VEDA Dimer

(AG¢_107 = 8.8 kcal/mol). 1.5 % [ —o— Dimer
Detailed assignment of the dimer signalséofias hampered SOF ToT [MEDA Monomer

by the low temperatures needed and their peculiar properties.

We have labeled the three dimer signAlsY, andZ, and the
monomer signaM (Figure 17). At—141 °C the Z-MeO 13C
NMR signal as well as th&-5Li signals are substantially broader
than the others. By—129 °C the signal forZ-MeO has
sharpened a little, but has now begun to coalesce with the
Y-OMe signal. TheY andZ signals are already coalesced in
the5Li NMR spectrum because of the much smaller separation
(13 Hz forSLi vs 120 Hz for13C) between the signals. This
process causes no detectable change in thei Carbons. The

X 18C signal coalesces witlf/Z between—118 °C and—105

°C, and finally the averaged dimer signals coalesce with
monomer betweer-105 and—96 °C. Presumably, th, Y,
andZ signals correspond to two or three of the chelation isomers
A, B, andC.

The very low-temperature broadening of tiZe signals
suggests additional complications from a slowing of some
conformational process of the methoxypropyl side chain (either
chelate ring inversion, chelation/dechelation or configurational

6M-TMEDA

6D 6M

6D-TMEDA

1 1 1
05 10 15
TMEDA (equiv.)

Lo
20 25

| - 1
8 16 14
ppm
Figure 18. (a)%Li NMR spectra of a TMEDA titration experiment of 0.2
M [6Li16 in 3:2 THF/EO at —138 °C to —145 °C. The upper trace of
each pair is a 7-spin DNMR simulatiBH used to integrate the spectra. (b)
Graphical presentation of the concentrations of the components of the
equilibrium.

—_

0.0

1L N P
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are presented in Figure 18b. As was observed in the more
qualitative analysis done f@& TMEDA caused a modest level

of dimer dissociation when complexed @ This can be
expressed in terms of two pairs of equilibrium constants. First

isomerization at tricoordinate oxygen) analogous to that detectedthe monomerdimer association constants € TMEDA):

for 2-diethylaminomethylphenyllithium at very low temperattifes.

In fact, the simplest explanation for the behavior in THF is that
there are only two dimer structures, and that the complex low-
temperature dynamic behavior is the result of conformational
processes. This would fit well with the spectra seen isOEt
solution?® where only two sets of signals (3:2 ratio) are seen
in both the Li ¢ 1.5 and 1.7) an#C NMR spectradc-.; 188.2,

Kmp-ThE = [DJ/[M] 2=84+3 M, Kyp—t = [D-t)/[M] [M -1]

= 2.44 0.3 ML Second, the TMEDA-affinity of monomer
and dimer: Ky— = [M-t)/[M] [t] = 9.5+ 1.4 M} Kp— =
[D-t)/[D] [t] = 3.0 &£ 0.6 ML The TMEDA-complexed
aryllithium is about one-third as aggregated, and the monomer
has three times the TMEDA-affinity as does the dimer.

Interaction of 6 with PMDTA. The addition of PMDTA

186.8), which both appear to be dimers. The signals coalescestoichiometrically converted all signals in tfid and 3C NMR

between—110°C and—90 °C.

Although chemical shift arguments are inherently weak, the
data in Figure 17 provide evidence that, likethe dimers ob

spectra into signals of monomeriéM-PMDTA.1®> This is
consistent with the behavior of all other ArLi compounds we
have investigated that are significantly monomeric in THF.

are chelated, whereas the monomer is not. Consider the chemical Chelation and Aggregation The data reported here dem-

shifts of the MeO carbons: the various dimer signals are-4.5
ppm upfield of the signal of 3-(methoxypropyl)benzene (the
protonation product) al 58.75, suggesting enforced proximity
to the ring system, whereas that of the mononieb8.57) is
within 0.18 ppm, and within 0.34 ppm of the signal of the
trimethylstannyl precurso(58.91).

Interaction of 6 with TMEDA. The TMEDA titration is
shown in Figure 18. As witl2 (Figure 6) it was necessary to
measure the spectra belowl40 °C to observe the individual
species. Three new signals appear. The oné &t6 can be
assigned to the monomeTMEDA complex since it coalesces
with the THF-monomer signal abovel40°C. The downfield
shift of 0.4 ppm is nearly identical to that observed #oand
PhLi when they are converted to TMEDA complexes. The other
two signals at 1.8 and 2.0 remain in a 1:1 ratio throughout
the titration. We assign these to the two signals of an A-type
dimer-TMEDA complex.

We have attempted to quantitate the interactioré afith
TMEDA by simulation of the spectra of Figure 18a. It was
necessary to do a DNMR simulation because of partial
coalescence betwe&M-TMEDA and6M as well as between
theY andZ dimer signals (Figure 17). The results of the analysis

onstrate a broadly based qualitative (and in a few cases,
guantitative) correlation between chelation and the kinetic
stability and thermodynamic preference for dimers in amine and
ether-chelated aryllithium reagents. Table 1 summarizes the
thermodynamic and kinetic data we have collected. For two of
the compounds, the 5-ring chelaté8 and4, no monomer was
detected by NMR spectroscopy in THF-ether solutions, so only
upper limits ofKyp can be obtained. For three compoungs (

5, and 6), both monomer and dimer were observed and both
thermodynamic and kinetic stability could be measured.

The free energy of dimerization increases by 3.2 kcal/mol
on going from the model system with an ortho ethyl group to
the 6-ring ether chelatg (increase irKyp by almost 5 orders
of magnitude), and by more than that for the 5-ring ether and
amine chelates4(and 1). Similarly, the activation energy for
dissociation of monomers increase by 3 kcal/mol4p4 kcal/
mol for 6 and 5 kcal/mol forl compared to the model. The
sequence of dimer stabilities from the availalig, values is:
1>4>5>2>6>3, 7. Asimilar order is also found for
the kinetic stability of those dimers for which DNMR techniques
could be used to measure rates (Table 1). Here, we find that
AG*isinthe orderl > 5> 4> 2> 6> 7.
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We have used the behavior with TMEDA and PMDTA as Apparently, the small chelation ring size and the small steric
probes into the effect of chelation ring size and chelating gfoup  size of the methoxy chelating group allow higher coordination
on the structures of aryllithium reagents. TMEDA disturbs the than is usually observed for organolithium species.
monomer-dimer equilibrium in only a minor way (showing, We have previously discussed possible origins of the strong
e.g., about a factor of 3 preference for monomer over dimer in correlation between aggregation and chelation in connection with
2 and6) and so can be used to probe the nature of the chelation1.2" This paper has provided a number of additional and more
(A, B, or C structures, Scheme 2). Three of the structures which specific examples of the effect. One plausible explanation
are known or are likely to havA-type dimers presentl{ 2, involves consideration of the smaller~Ci—X (X = solvent
and6) readily complex with TMEDA to formA-type TMEDA or chelating group) bite angle in a 5- or 6-ring chelate versus
complexed dimers, with a characteristic 1:1 ratio of two signals an externally solvated one, which could lead to less cancellation
in the Li NMR spectra. The 5- and 6-ring oxygen chelades  of the C-Li dipole by the Li—X dipoles, and thus a higher
and 5 do not detectably complex with TMEDA, and we propensity for aggregation. The smaller bite angle would also

conclude that these must have a strong preferendd &ord/or result in less steric inhibition of dimerization. Some evidence
C-type dimers which cannot form bidentate complexes with for a more polar G-Li bond in 5-ring amine-chelated organo-
TMEDA. lithiums than in nonchelated models was provided by the higher
The behavior with PMDTA is particularly instructive. The ~HMPA-affinity of chelated Mg(Me,NCH,)SIiCHLiSPh versus
observation that excess PMDTA ConveﬂghroughB com- the unchelated model MSICHLISPh Unfortunately, no dif-
p|e[e|y to monomers, whereas TMERA On|y m|n|ma||y ference in HMPA afflnlty was seen between the 5-I’ing ether-

increases the fraction of monomers, means that the PMDTA chelated compound, M@eOCH,)SICHLISPh, and the modé,
complexes must beidentate (PMDTA is a pooreidentate SO this test does not support the bite-angle hypothesis for the
ligand than TMEDA). In addition, it appears that, with the €thers. We do not currently have a convincing and experimen-
exception of4&-PMDTA, chelation is broken in the monomer- tally testable rationale for the correlation between aggregation
PMDTA complexes. Thus, the fraction of such species formed and chelation.

provides a qualitative measure of the strength of chelation Summary

because simple steric effects of the orthdbstituent should be

similar through the series. This analysis could be performed For these systems amine chelation is strong in five-membered
quantitatively for5 (Scheme 4), which showed that the dimer rings (), competitive with THF solvent in six-membered rings
was substantially stabilized by chelation, whereas the monomer(2), and absent in seven-membered rir@s Ether chelation is
was not. It could not be app“ed 6, because the PMDTA of intermediate Strength in both five- and six-membered rings,
complex is chelated (chelating ligands for lithium also show With the five-membered ring chelageslightly more robust by
idiosyncratic behavior in the lithium amick§. The nonch- ~ most criteria’® The 7-ring ethe6 appears to be weakly chelated.
elating model7 as well as2, 3, and6 show >96% conversion There is a strong qualitative correlation between the strength
to the monomeric complex with 1 equiv of PMDTA. Chelation Of the chelation, as judged by the effect of PMDTA, and the
effects are very evident f& and4, which were only partially ~ strength of the aggregation, as judged by response to polar
converted to monomer at 1 equiv of PMD'FLACompound]_ cosolvents, magnitude of monomatimer association constant

is most strongly affected, because it forms no detectable Kvo, and rates of monomewdimer equilibration.

monomer on addition of PMDTA? We conclude that the
sequence of chelation strengthGcpe) is: 1> 4 > 5> 2, 6,

3, 7, basically in the same sequence as the kinetic and General. All reactions requiring a dry atmosphere were performed
thermodynamic stability of the dimers in glassware flame-dried or dried overnight in a T oven, sealed

. . . . with septa and flushed with dryJNTetrahydrofuran (THF) and ED
The thermodynamics and dynamicsid, the mixed dimer \yere freshly distilled from sodium benzophenone ketyl undeMéO

between5 and PhLi, also provide a clear-cut example of the \yas purified by condensing several mL in a graduated conical flask at
close relationship between chelation and aggregation. The—78°C from a pressurized gas cylinder, adding a small portion (0.5
monomef-dimer association constant§y(p) increase by about  mL) of n-BuLi and distilling the dry MgO via cannula into the desired
an order of magnitude on going from the PhLi homodimer, to vessel at-78 °C. N,N,N,N'-Tetramethylethylenediamine (TMEDA),
the mixed dimer5 (with one chelating group) and then to the N.N,N,N",N"-pentamethyldiethylenetriamine (PMDTA) and hexam-
nonchelating ortho alkyl substituent redudégp by over 2 reduced pressure (|f_n§cessary) and stored vk mole_cular sieves
orders of magnitude (compare PhLi afdTable 1). under N. Common I|'th|um reaggnts were handled with s_eptum and
. . . L . syringe-based techniques and titrated againstnelpyopanol in THF
The relationship between aggregation and chelation is strik- using 1,10-phenanthroline as indicatbfeLiJBuLi 1 and FLiJELLi 22
ingly illustrated by the behavior & where both monomer and  were prepared by literature methods.
dimer can be observed. The dimer is unambiguously and fully  Low-Temperature NMR Spectroscopy.All low-temperature NMR
chelated, whereas the monomer is unchelated. Although thespectra were acquired on Bruker AM-360 or AVANCE spectrometers
evidence is weaker, this also seems to be the case dod6. using a 10 mm broadband probe at the following frequencies: 360.148

Compound4 shows several kinds of anomalous behaviors, MHZ (H), 90.556 MHz {%C), 52.984 MHz {Li), 139.905 MHz (L)
most notably the formation of an open dimer PMDTA comifiex and 145.785 MHz¥P). All spectra were taken Wlth the spectrometer
12 not detected for any other aryllithium investigated. Also unlocked.*C NMR spectra were referenced intemally {0 the ©
. o y ) y 9 " carbon of THF ¢ 67.96), E£O (6 66.57) or MeO (6 60.25). Lorentzian
In_terestlng is the observation that the PMDTA complex s ~multiplication (LB) of 2-3 Hz was applied té°C spectra®Li and "Li
tridentate and chelated, representing a stable pentacoordinate

lithium structure, albeit one with an unusually labile ligand. (28) watson, S. C.; Eastham, J.F.Organomet. Chen1967, 9, 165-168.

Experimental Section
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spectra were referenced externally to 0.3 M LiCl in MeGH)(00) or Direct Preparation of Sample in 3:2 THF/Et,O. The aryllithium
internally to Li"(HMPA)4 (6 —0.40).3'P NMR spectra were referenced  precursor aryltrimethylstannane (0.50 mmol), 1.8 mL of THF and 1.2
externally to 1.0 M PPhin THF (6 —6.00) or internally to free HMPA mL of Et,O were added to a dried and-llushed 10 mm NMR tube.
(6 26.40). Probe temperatures were measured externally by ejectingAfter cooling to —78 °C, 0.63 mL of 0.79 Mn-BufLi (or EttLi) in
the sample and inserting a thermocouple into the probe or internally hexanes (0.50 mmol, 1.00 equiv) was added to give a yellow solution
with the *C chemical shift thermometer (M8i);CH." o with an initial aryllithium concentration of 0.14 M. The sample was
General Procedure for NMR Spectroscopy of Organolithium stored for 30 min at-20 °C to ensure the lithiumtin exchange was
Reagents Samples of organolithium reagents (0.5 mmol in 3 mL of complete before beginning the NMR experiment.
solvent). were prgpareq n th_ln-walled_lo mm NMR tubes tha.t were Quantitation of Arylithium Reagents. The concentrations of
oven-dried overnight, fitted with 9 mm i.d. septa, and flushed with N L . . .
" . : aryllithium solutions were determined by the following methods. (1)
Silicon grease was applied to the interface between the tube and the o -
. . ) In some cases when the lithium reagent was prepared by Li/Sn
septa before securing with Parafilm for a better seal, as well as to the o . ;
exchange, quantitative transmetalation was assumed. (2) Quenching of

top of the septa to seal needle punctures. Samples were stora@ at o . .
°C. After initial adjustment of the shim values the probe was cooled to the ar_ylllt_h|um reagent V_V'th NBSQ MesSiCl or PhCHO followed by
quantitation of the sulfide, silane or benzyl alcohol By NMR

—120°C, the sample was inserted and the sample was shimmed on ’ ) )
the 13C FID of one of the solvent peaks (THF ,Btor MeO). Spectra spectroscopy and/or G_C analysis were _used tq determine th'e yield and
of NMR active nuclei which usually includetfC, 6Li, Li, and 3P demonstrate the location of the carbanion du_rmg the ex_perlm_ent. For
were measured. At this point, a cosolvent titration, variable temperature example, the NMR sample was quenghed W't_h 1.5 equiv ofSi
(VT) or variable concentration experiment could be performed. In the to give the corresponding arylsilane, diluted with 20 mL of 1:1 ether/
case of a titration experiment, for each addition the sample was ejected hexanes, washed with 100 mL of distilled water or saturatefLiia
placed in a-78 °C bath, the silicon grease was removed from the top @nd 100 mL of brine. The organic fraction was dried over MgSO
of the septum, a desired amount of cosolvent was added, silicon greasdiltered and concentrated in vacuo. The yield of the arylsilane was
was reapplied to the top of the septum and the desired NMR spectradetermined by'H NMR integration against pentachloroethane as a
were measured. Probe temperatures were measured internally with thetandard. (3) HMPA has been shown to bind aryllithium reagents in a
13C chemical shift thermometer (M®i);CHY or externally by ejecting stoichiometric fashion in THF and £ solutions}" thus initial addition
the sample and inserting a thermocouple into the probe. of HMPA was assumed to complex aryllithium stoichiometrically.
The use of 10 mm NMR tubes provided a real advantage over 5 Integration of the complexed versus uncomplexed aryllithium species
mm tubes because of the approximate 3-fold signal-to-noise enhance-in the 6Li NMR spectrum allowed the solution concentration to be
ment with more sample in the magnetic field, more accurate additions determined. Stoichiometric HMPA complexation was confirmed by
of cosolvents, and minimal sample warming when transferring tubes examining the’P NMR spectrum for free HMPA.

from the =78 °C bath to the NMR probe. Dynamic NMR Simulation. Many of the variable temperature NMR
General Procedures for Preparation of Aryllithium Reagents for spectra were simulated to determine rate constants, activation parameters

NMR Spectroscopic Study. Crystallization from Diethyl or Dim- 54/0r heak areas. These simulations were performed with the computer

ethyl Ether. The precursor aryltrimethylstannane was added to a dried program WINDNMR using one of the standard exchange matrixes

and N-flushed 10 mm NMR tube. The tube was COOIe.d_m.B °C (random exchange of singlets) or custom setups for more complex
and 1 mL of MeO (or E£O, when noted) was condensed into it. J@e situations

was an ideal solvent for this crystallization method, because the lithium/
tin exchange was relatively fast and the aryllithium reagents were

usually not very soluble in pure M®. The NMR tube was temporarily ) . . . )
removed from the-78 °C bath, warmed slightly, and shaken to dissolve (CHE-0074657) and funding for instrumentation (NSF CHE

the arylstannane. The addition of 1.0 equivreBUSLi to the NMR 970.9065’ CHE'93O.4546)' Prof. Gideon .Fraenkel provided
tube gave a homogeneous yellow solution. The NMR tube was stored assistance with setting up exchange matrixes for the DNMR
overnight at—78 °C, while the aryllithium reagent crystallized from  simulation of the C-Li exchange ¢f.

solution. The yellow supernatant was removed by cannula transfer and

the crystals were washed with-Bt (2 x 0.5 mL) at—78 °C. The Supporting Information Available: Experimental procedures
crystals were dissolved in a combination of THF angCEby warming for the preparation of compounds and NMR sampies, 13C,

the solvent mixture, if necessary to room temperature, and vigorously and 3P NMR spectra of NMR experiments not presented in

shaking the NMR tube, to give a clear, colorless solution of aryllithium - the main body of this paper. This material is available free of
reagent with concentrations ranging from 0.08 to 0.16 M. The NMR charge via the Internet at http:/pubs.acs.org.

tube was returned to the78 °C bath, and MgD was added if needed.

The sample was ready for NMR investigation. JA028301R
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