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Abstract: The molecular sizes of higher aggregates of dimethylcuprates (Me,CuLi (1), 1-Lil, and 1-LiCN)
and bis[(trimethylsilyl)methyl]cuprates ((MesSiCH,),CuLi (2), 2-Lil, and 2-LiCN) in diethyl ether (Et,O) were
determined by pulsed field gradient (PFG) NMR diffusion measurements. The obtained diffusion coefficients
show molecular sizes larger than those of dimers for all systems. In these higher aggregates, steric hindrance
and dilution reduce aggregation, whereas LiCN increases it. The molecular sizes were first determined by
a spherical model-free approach and then refined by structure models of higher aggregates. These models
were built by a combination of diffusion results, known NMR studies, and crystal structures. Thus, polymeric
chains with homodimeric cores connected by solvent (salt-free case) or solvent and salt (salt-containing
case) were proposed. These models were confirmed by a solvation analysis, whereby the number of solvent
molecules attached to the aggregates was determined by a weighted average study. On the basis of these
structure models, the number of repetition units (length index) was determined to be between 1.3 and 5.2,
with the general trends in aggregation independent of the structure model used. A combined analysis of
the determined length indices and known relative reactivities led for the first time to a correlation between
higher aggregation and reactivity of dimethylcuprates in the addition reaction with enones: aggregates
higher than dimers reduce the reactivity. Consequently, despite their consistent homodimeric core structures,
for the first time the remaining reactivity differences between iodo- and cyanodimethylcuprates in Et,O are
explained by the difference in their aggregation.

Introduction and homodimeric structures were proposed for salt-containing
Organocuprates are one of the most frequently applied and salt-fr_ee dialkylcuprates in (_1iethyl eth_erzqi), respectively
transition metal reagents for the formation of-C bonds in (for overview, see references in Gschwind ef)aliowever,

the synthetic community3 Despite their wide application, the ~ OUr recent investigations based on NOE studies ofGdei
structures of these reagents in solution are not fully determined (1) @nd MeCuLi-LICN (1-LiCN) in Et;O showed that also salt-
yet45Especially, reports of different reactivities for cyano- and containing dimethylcuprates prefer homodimeric core units in
iodocuprates led to a long-standing scientific discussion about E2O-° In contrast to this uniform homodimeric core structure,
the structural reasons for these observatigng The discussion comparisons of relative reactivities from logarithmic reactivity
about “lower order” or “higher order” cuprates has been decided Profiles (LRPs) ofl-LICN and 1-Lil in Et,O show differences

in favor of the “lower order” cuprates, thus determining the for these two compound8.This led to the question of whether
monomeric units of dialkylcuprates to be Gilman cuprétes. there exists any structural explanation for these reactivity

In the course of these structural investigations, heterodimeric differences. One clue was given by NOE investigations of
dimethylcuprates, where negatilte, 'H NOEs were observed.
T Philipps-Universita Marburg.

* Rheinische Friedrichs-Wilhelms-UniverditBonn. This negative sign mdlca_tes aggregates h_|gher th.a.n dimers
(1) Lipshutz, B. H.Organometallics in SynthesiSchlosser, M., Ed.; Wiley: (hereafter referred to as higher aggregates) #EtAddition-
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Figure 1. Crystal structures of (a) [kCu(CH,SiMes)4(Et,0)3]13 and (b) [LbCux(CH,SiMes)4(SMey);] ;14 structure schemes of (d)Z-(MesNCH,)CeHa} o
CULix(CN)(THF )] 1% and (d) -BUCU(CN)LI(OEB)s].16

indications for higher aggregates. In the meanwhile, also crystal aggregates were determined and the influence of salt, steric
structures of dialkylcuprates had been determined, showinghindrance, and concentration on the aggregation was investi-
dimers as well as polymeric chains (Figure 1at3Y.Examples gated. Furthermore, for the first time a correlation between
for polymeric chain structures were also revealed in a diaryl- reactivity and aggregation state of dimethylcuprates pOHES$
cyanocuprate and a heteroleptic cuprate (Figure 1,8 hus, presented.
the different aggregation of homodimeric core units in solution
seemed to be a possible explanation for the differences in
reactivities and therefore a promising starting point for further ~ Analysis of Diffusion Coefficients.In general, the signal
structure investigations. attenuation in PFG NMR diffusion experiments can be described

Pulsed field gradient (PFG) diffusion NMR experiméfés by the Stejskat Tanner equation and is presented as Stejskal
offer a powerful tool to investigate the molecular size of these Tanner plotg!2324In these plots, the slope of the signal
aggregates in solution. Some recent publications verified that attenuation represents the diffusion coefficiéhthe less the
diffusion measurements by PFG NMR are also applicable to attenuation, the lower the diffusion coefficient, the larger the
organometallic compound&:22 Keresztes and Williard even ~ molecular size. For the diffusion studies presented, two model
showed that, in the case of organolithium compounds, directly systems with different steric hindrances were used:;@déi
attached solvent molecules have to be included in the calculation(1) and (MeSiCH,).CuLi (2); the salt effect on aggregation
of the diffusion coefficient! was investigated by using salt-freg, @) and salt-containing

In this paper, we present a detailed study of molecular size Samples T-Lil, 1-LICN, 2-Lil, and 2-LiCN).
and possible aggregation structures of dialkylcuprates 4@ Et

Results and Discussion

by PFG NMR diffusion experiments. Several structure models ¢ cy—cpyp Li* [Me3s}iz\C_Cu_CﬁflMe3 I
for dialkylcuprates with and without salt were proposed and .
confirmed by solvation analysis. With these structure models 1 2

as well as a spherical model-free approach, the sizes of the Me;Si _SiMe;

] Li*eLiX

[H;C—Cu—CH;]” Li*®LiX [ H,C—Cu—CH,
(12) Lipshutz, B. H.; Keith, J.; Buzard, D. @rganometallics1999 18, 1571~
1574

. 1°LiX 2°LiX
(13) John, M.; Auel, C.; Behrens, C.; Marsch, M.; Harms, K.; Bosold, F.;
Gschwind, R. M.; Rajamohanan, P. R.; BocheGBem—Eur. J.200Q 6, (X=CN,]) (X=CN,])
3060-3068.
(14) Olmstead, M. M.; Power, P. Rrganometallics199Q 9, 1720-1722. . . i
(15) Kronenburg, C. M. P.; Jastrzebski, J. T. B. H.; Spek, A. L.; van Koten, G.  The respective Stejskallanner plots obtained biH PFG
J. Am. Chem. S0d.998 120, 9688-9689. e _ ; ;
(16) Boche, G - Bosold, F.. Marsch. M.: Harms, Kngew. Cheml998 110, double-stimulated-echo (DSE) experiméatare shown in
1779-1781;Angew. Chem., Int. Ed. Engl998 1737, 1684-1686.

(17) Tanner, J. EJ. Chem. Phys197Q 52, 2523-2526. (23) Jerschow, A.; Miler, N. J. Magn. Reson1997, 125 372-375.

(18) Johnson, C. S., JProg. Nucl. Magn. Reson. Spectrod€99 34, 203— (24) Stejskat-Tanner equation: Ii(lo) = —[y20°G*(A—d/3)]D, wherel is the
256. signal intensity/o is the signal intensity in the absence of gradieptss

(19) Valentini, M.; Pregosin, P. S.; Ruegger, Brganometallics200Q 19, the magnetogyric ratio of the observed nucleus the gradient duration,
2551-2555. G is the gradient strength, anfl is the diffusion delay. StejskalTanner

(20) Jiang, Q.; Ruegger, H.; Venanzi, L. Mhorg. Chim. Actal999 290, 64— plot: x axis = [y202G3(A—0/3)]; y axis = In(l/lg). Thus, by linear least-
79. squares fitting of the experimental data presented in a Stej3lkainer

(21) Keresztes, I.; Williard, P. Gl. Am. Chem. So200Q 122, 10228-10229. plot to the StejskatTanner equation, the diffusion coefficiebt can be

(22) Schlwer, N. E.; Berger, SOrganometallics2001, 20, 1703-1704. obtained.
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Table 1. Diffusion Coefficients D (10~°m?2 s~1), Molecular Radii r;
(10710 M),2 Length Indices n and nyy, Solvation Indices nsoy, and

Theoretical Solvation Indices nsong of Organocuprates in Et2O at
239 K
Complex 1 D nmfb ne Nsolv nsu\v(l)c

(MesSiCH)-CulLi 539 059 13 17 48 32
(MesSiCHg).CulLi-Lil 6.05 054 11 14 7.5 54
(6.39) (1.3) (7.5)
(MesSiCHp).CuLi-LICN 6,01 035 45 36 6.9 46
(6.35) (3.2) (6.6)
Me,CulLi 4.22 053 44 3.1 2.4 2.6
Me,CulLi-Lil 5.20 051 22 2.3 6.3 49
, ; , (5.64) (1.9) (7.0)
0 5 10 Me,CuLi-LICN 514 033 90 52 51 44
(5.58) (4.5) (6.4)

Y5 (A-6/3) (10" m’s)

ar. = radius of the core units calculated by molecular hard-sphere volume
increments® ny¢ is the aggregation number calculated by a model-free
approach (see text for detail$§)FFor salt-containing complexes, two sets of
values are given: those obtained from model C (without brackets) and from
model D (in brackets).

less hindered dimethyl sulfide (M®8) results in a change from
homodimers to polymeric chains.

Structure Models and Determination of Length Indices
-5 4 n. Is it now possible to determine structural details of these
higher aggregates in solution? In principle, from diffusion
measurements only hydrodynamic radii can be obtained.
Therefore, we present as one approach aggregation data based
roure 2. SteiskalT lots fromH PEG DSE diffusi et solely on the experimentally determined number of solvents and
O B ooy o5 e @ spherical shape (nereafter refered to as modielfree approach)
cuprates: (aP (&), 2-Lil (O), and2-LiCN (%) and (b)1 (), 1-Lil (O), Additionally and more interestingly, in the case of dialkyl-
and 1-LiCN (%). The solid lines represent linear least-squares fits to the cuprates we can combine several independent sources of
experimental data. The theoretical attenuation ranges for dimers are showninformation for the construction of structure models for higher
in gray. aggregates. These comprise NOE stubligrgstal structure$3-16
Figure 2. The theoretical attenuation ranges of the respectiveas well as the salt dependence of the aggregates and involvement
dimeric structures are indicated in gi®Figure 2 shows that  of solvent molecules in aggregation presented in this study. On
all compounds exhibit a signal attenuation clearly less than that the basis of these models, a second refined set of aggregation
expected for dimers. This indicates higher aggregates of thesedata is presented.
organocuprates in solution. Additionally, salt effects are ob-  First, we discuss the structure model for higher aggregates
served: (1) LICN causes larger molecular sizes than Lil for of salt-free dialkylcuprates. In this case, homodimeric core
both types of cuprate4;LiX, and 2-LiX; (2) 2-Lil shows larger structures have been verified by various theoretical as well as
aggregates thad. experimental resulfs?13.1427.2§yrthermore, recently we showed

For a quantitative analysis of molecular size, the diffusion by H, 6Li HOE studies the analogy between the homodimeric
coefficients obtained from the diffusion NMR experiments have core structures in the solid state and those in solitiénhey
to be corrected by the intrinsic viscosity of each saniplEhe are connected through solvent molecules, these homodimers can
viscosity-corrected values @ in Et,O at 239 K are listed in ~ form higher aggregates, a straightforward model, which is sup-
Table 1 (see Experimental Section for details of viscosity ported by the crystal structure of fGu(CH,SiMes)s(SMey)2]*
correction). For2, 2-Lil, and 2-LiCN, the D values are 0.59, (Figure 1b). Thus, our model for salt-free dialkylcuprates
0.54, and 0.35«x 1072 m2 s™%, which indicate a trend in the  comprises a polymeric chain with homodimeric core structures

-6 . T T
0 5 10
Ye'8(A-6/3) (10" m’s)

molecular size:2 < 2-Lil < 2-LiCN. For 1, 1-Lil, and 1-LiCN, bridged by solvent molecules: model A (Figure 3a).

the D values are 0.53, 0.51, and 0.3310° m? s 1, showing For salt-containing dialkylcuprates, the situation is more
a similar trend in molecular size. Despite the smaller monomeric complicated because of the additional structural possibilities to
unit of 1, the D values ofl and 1-LiX (X =1, CN) are even array Li—X (X = I7, CN"). One probable arrangement
smaller than the corresponding values2énd 2-LiX. This comprising heterodimeric core structures is shown in Figure 3b,

denotes larger aggregates foand1-LiX and can be interpreted ~ where heterodimers are linked by solvent molecules: model
as an effect of less steric hindrance in dimethylcuprates. A B. However, a heterodimeric model is not in agreement with
similar trend was already found in crystal structures (Figure the dependence of the diffusion coefficients on the kind of salt
1a, b), where a replacement of the solvent frorsCEto the discussed previously. If heterodimeric core structures existed,
the salt molecules would be part of the heterodimer and only

(25) Theoretical ranges of signal attenuation for dimeric structures were ggolyent molecules would remain as bridging units. Then, the
calculated by using the Stejskalanner equation, with diffusion coef-

ficients determined according to the Stokésnstein theoryD = (KT)/

(67r): rmax = radius of homodimertmi, = radius of heterodimer (see (27) Bthme, M.; Frenking, G.; Reetz, M. Drganometallics1994 13, 4237

Figure 3a, b withn = 1); k is the Boltzmann constant, is the absolute 4245,

temperature, ang is the viscosity of the corresponding salt-free sample. (28) Bertz, S. H.; Vellekoop, A. S.; Smith, R. A. J.; Snyder, ORyanometallics
(26) Cabrita, E. J.; Berger, $1agn. Reson. Chen2001, 39, 142-148. 1995 14, 1213-1220.
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a) theory?® for spherical molecules was used to determine the
RH,C— o ~CHR [REC— . ~CHR molecular size. The volumes and the radii _of the repetitiqn units
~/ \L./S i \L./S were calculated by hard-sphere volume increniétsusing

s” Cu l\s Cu \s the stoichiometric composition. The numbers of solvent mol-
RH,C™ "7 =CHR [RHCT "=CHR | | ecules attached were determined by solvation analysis (see later

text). Thus, the calculated numbers of repetition units, defined

b) as model-free aggregation numbexg, are listed in Table I.

RH,C — cu— CHR

s /NEC\ s | | s In the case of nonspherical molecules, such as our model
>Li Li < Li Li< systems, the Stoke<instein theory has to be modified by a
s” | | s \NEC/ $1.. shape factof? As a first approximation, all of our structure

RH,C— Cu—CHR models were considered to be cylinders composed of spherical

repetition units. The radiir() of these repetition units (Figure

©) 3 with n = 1) represent the radii of the cylinders. The volumes
RH,C—,~GHR REC—  ~GHR and the radii of the respective repetition units were calculated
S/ Xd s S/ \ _s ; 1
_Li LiZ_ Li\S>Li\ _Li Lil_ by hard-sphere volume incremedfs! The lengths of the
s” 1\ S X”\ [ X polymeric chains (the cylinders) reflect the individual aggregate
RE,C™ CU~CHR RE,C— U ~CHR )
? z 2 2 el of each sample and can therefore be determined from the
measured diffusion coefficients. The chain lengths and thus the
d) length indices were calculated by an iterative procedure, details

S s
S\L|i/5 s\L|_/s of which are described in the Supporting Information. The

1 . .
RH,C— ., ~CHR | RHLC— ., ~CHR | calculatedr. andn are also listed in Table 1.
N xdl T Yl x

S\L’i L o Li For the model-free approach, the aggregation nunmger

s” Cu N Cu \x obtained for the salt-free complexésand2 are 4.4 and 1.3,
RELCT=CHR | [RE,CTTCHR| | while, for the chain structure of the salt-free model A, the length
s/LII\S S/L|‘\S indicesn obtained are 3.1 and 1.7, respectively. The reduction

S S in the chain length o compared withl can be explained by

the less steric hindrance ity a trend that has already been
discussed in the analysis of the diffusion coefficients. For the
_ _ _ salt-containing complexes, the results of the model-free approach
Figure 3. Structure models of aggregates higher than dimers: (a) salt-free 4 the structure models C and D have to be considered. First,
homodimeric chain (model A), (b) salt-containing heterodimeric chain h | . | h |

(model B), (c) and (d) salt-containing homodimeric chains (models C and the two models are discussed. For model C, the calculated

values are 1.4, 3.6, 2.3, and 5.2 @i.il, 2-LiCN, 1-Lil, and

length of the chain would be almost independent of the kind of 1-LICN, while, for structure model D, the corresponding values

salt. This runs contrary to the strong salt dependence observed'® 1.3,3.2,1.9, and 4.5. ?I'hre_e trends can be recognized in
(Figure 2), and therefore, a heterodimeric model (model B) can these values: (1) the length indexs generally larger for model
be excluded C than for model D, which is caused by the smaller repetition

The homodimeric models are in agreement with recent unit of model C (C, four solvent molecules; D, six solvent
experimental results, which show that also salt-containing Molecules); (2) then values of 1-LiX are larger than the
dialkylcuprates prefer homodimeric core structures igOEt  corresponding ones GFLiX, which is similar to the salt-free
Additionally, the salt dependence of the aggregation indicates cgsle and_ can be explained py the_less steric hindrande of
an involvement of the salt in the structure of the higher LiX; (3) d|alkylcup_ra-tes co_nta|n|_ng IT'C_N show Iargervalyes
aggregates. On the basis of the homodimeric cores, the salt carﬁhan those .cor.1ta|n|n.g. Lil, W,h'Ch ,'s |n. a.ngreement ,W'th the
contribute only to the bridging units. Furthermore, fréf expected bridging ability of LICNLi > LilLi *, according to
NMR studies of ByCuLi-LiCN in Et,O it was proposed that the HSAB principle.

LICNLi* units exist in solutiort! Examples of possible ar- For the model-free approach, the calculatgd values are
rangements of Li and CN™ units can be taken from the few 1.1, 4.5, 2.2, and 9.0 fa2-Lil, 2-LiCN, 1-Lil, and 1-LiCN.
existing crystal structures (Figure 1c, d). In these structures, The model independent trends 2 and 3 are again valid, with the
two types of coordination for the CN unit exist: in the crystal Salt dependence of aggregation even amplified. The deviations
structure of { 2-(MeNCH,)CgHa} 2CuLix(CN)(THF )] (Figure in the absolute values compared with models C and D are caused
1c) 5 a LICNLI* unit is realized, while a trigonal arrangement Py two parameters: the shape fadtaand the number of solvent

of the CN group with two Li coordinated to the nitrogen is molecules attached. For smallthe shape factor is close to 1;
found in f-BuCu(CN)Li(OE$)s]. (Figure 1d)® Thus, two thus, mainly the number of solvent molecules causes the
different conjunction arrangements were proposed: model C deviations. With an increasing valuemfthe shape factor gains
(Figure 3c) and model D (Figure 3d). They represent two influence and the deviation in the absolute values increases. A
possible salt-bridging arrangements and were both used in theconspicuous example is the high value of 9.0 fekriCN in
following calculations.

In all cases, by using the model-free approach without (ggg Eg‘r’]"j{%o{-z%g%cm’i’;- Edlé%%% ;"57' gﬁér_n%gé o7 7736-7742
structural assumptions as well as the structure models presentecfsl) Bondi, A.J. Phys. Cheml964 68, 441451 ' '
higher aggregation was calculated from the diffusion coef- (32) Bloomfield, V. A. InOn-Line Biophysics Textbop&chuster, T. M., Ed.;

Y : X Separation and Hydrodynamics; Biophysical Society: Bethesda, MD, 2000;
ficients. In the model-free approach, the StokEfstein pp 1-5. http://www.biophysics.org/biophys/society/btol.

R =H, Me,Si
S = solvent molecule
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9 — Me,CuLi Lil 2THF 47% dimer
8- ' /
74 Me,CuLi Lil —_— 2%
6- N
5 .2 A ® 1 LiCN
Q§ 4
7 . Me,CuLi LiCN =5% /
3 0% higher aggregate
24 ! Figure 5. Correlation between aggregation and reactivity of dimethyl-
cuprates in BEO. The numbers given are the yields4as out of known
14 o LRP datal®which are used as an approximation for the different reactivities
0 - of the respective dimethylcuprates.
T T T T T T T T

n is lower. Most of the data points f@&and2-LiX are above the

solv(t)
Figure 4. Correlation between the experimentaks,) and theoretical diagonal line, with a preference @LiX for model D. This

(Neony) Solvation number of bis[(trimethylsilyl)methyl]2(@nd2-LiX) and means that model D fits better 83LiX than model C. Most of
dimethylcuprates]( and 1:LiX) in Et>O for model A @), model D @), the data points foll and 1-LiX are below the diagonal line
and the average of models C and K)( with a preference of-LiX for the average of models C and D.

Thus, a possible interpretation fa@rLiX is that a mixture of
models C and D exists in their higher aggregates. The overall
agreement between the experimental and the theoretical values

the spherical approach compared with 5.2 and 4.5 for models
C and D, which means that higher aggregation is overempha-

sized by using a spherical model. A detailed table, which reflects ¢ 1o solvation numbers presented in Figure 4 supports our

the influence of shape factor, is given in the Suppporting n.on6sed structure models of higher aggregates of dialkyl-
Information (Table S1). In general, it can be stated that the cuprates.

absolute values ai, especially for highen values, depend on Concentration Dependence.After the validation of the

the gssfump;]non T; a shaé)_e or medel'. I_-I_owe_ver, the 'm_portantstructure models, the concentration dependence of the aggrega-
trends for the understanding of reactivities in aggregation are i, \yas examined. For this purpose, the diffusion coefficients

independent of the models used. _ and the length indices ofi-Lil and 1-LICN at different
_ Solvation Analysis.As a next step, the solvent involvement  ¢oncentrations were determined. Feil at concentrations of
in aggregation is discussed. Since solvent molecules contrlbute0_76, 0.64, 0.44, and 0.24 M, length indices for model C of
to the investigated aggregates, their diffusion coefficient can 5 3 1 g 1.5 and 1.2 were obtained. AsiriCN at concentra-
be used for the model-free approach and as an independentiqng of 0,78, 0.58, and 0.48 M, length indices for model C of

parameter to confirm our proposed structure models. Becauses_z, 3.9, and 3.7 were derived. As expected, the aggregation of

of the fast exchange of the solvent molecules, their apparent gi5|kyicuprates shows a significant dependence on the sample
diffusion coefficientDovsrepresents a mean value of free solvent  qncentration. This trend is independent from the model used

molecules and those involved in the aggregaffofThus, the 54 can be connected with the dependence of aggregation on
number of solvent molecules directly attached to each repetition giarical hindrance and on the kind of salt. Thus, for larger

unit (Nsoiv) was obtained from this weighted average (details of g hgtituents lower aggregation is expected at similar concentra-
calculation are given in the Supporting Information). The results tions, whereas a change in the salt from Lil to LICN causes
for nsoy are listed in Table 1. The obtained,y are 2.4, 6.3, higher aggregation.

and_ 5.1 forl, ,l'L”’ and 1-LICN and 4.8, 7'5_’ and 6.9 faz, . Aggregation—Reactivity Correlation. The elucidation and
2-Lil, and 2-LICN. To compare these experimental solvation 4 ,andification of higher aggregates of dialkylcuprates isOEt
numbersoy With our structure models, ideal solvation numbers enabled us to tackle the most interesting question: how does

for each mOdelr(SO'V(t)) were also calculated (A, 2+ 2)in; C, higher aggregation influence the reactivity of cuprates? Recently
(4n + 2)/im; D, (6n + 2)/n; n, length index). The obtaineton, we showed that in the addition reaction with enones the

(listed in Table 1) are 2_'6 and 3.2 firand2, respectively. In reactivity of cuprates increases with a change from mainly
the case of salt-containing cupratBs: depends on the model ooy ent separated ion pairs in THF to contact ion pairs ¥#DE?

used. Thus, for model C, the values 4.9, 4.4, 5.4, and 4.6 Werey, ;s jikewise an influence on the reactivity due to a change
obtained forl-Lil, 1-LICN, 2-Lil, and 2:LiCN, while, for model 51 homodimer to oligomer is expected. With the knowledge

D, _the valu_es 7.0, 6:4, 7.5, and 6'_6 were obtginedlfmil,_ of higher aggregation from our diffusion studies and known
L'LICN, 2:Lil, and 2-LICN. For a straightforward interpretation 55y reactivities, a first correlation between reactivity and

of these data, a graphical correlation betwees( arjd Msolv higher aggregation can be established. Kinetic data-iat in

for models A and D and the average of C and D is given in g5 \yere published by Casinius et®IRelative reactivities
Figure 4. The diagonal represgnts an'|deal agreement petweer\}vere presented by Bertz et #.which can be used to show
the two parameters. Correlation points above the diagonal gher aggregation caused by different salts. In this second
indicate a solvation higher tha_m calcu_lat(_ad for the str_ucture publication, relative reactivities from LRPs are presented for
models, and those below the diagonal indicate a solvation thatmany organocuprates with various conditions; among them are

1-Lil -2THF, 1-Lil, and 1-LiCN at 0.1 M in EtO. As acceptable

(33) Béckmann, A.; Guittet, EFEBS Lett.1997 418 127-130.
(34) Price, W. S.; Tsuchiya, F.; Arata, ¥.Am. Chem. So4999 121, 11503~
11512. (35) Canisius, J.; Gerold, A.; Krause, Angew. Chenil999 111, 1727-1730.
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Figure 6. Equilibria between different aggregation states of dimethylcuprates in etheral solvents. The reactive dimer is highlighted by a gray frame.

approximations of the different reactivities, the yields at 4 s Diffusion coefficients show molecular sizes larger than dimers,

were used, which are 47%, 32%, and 5.3% felil -2THF, and the aggregation extent depends on steric hindrance, salt
1-Lil, and 1-LiCN.19 These numbers show clearly thiadLil - effects, and sample concentration. Steric hindrance as well as
2THF is the most reactive one among these three; the nextlow concentration decreases, whereas salt, especially LICN,
reactive isl-Lil, and far the least reactive i&LICN. A close increases aggregation. For the quantitative analysis, first, a

inspection of the absolute numbers show that the difference spherical model-free approach was used. This approach is based
betweenl-Lil and 1-LiCN is nearly double as large as the solely on the experimentally determined number of solvents and
difference betweend-Lil -2THF and2-Lil. a spherical shape. The number of aggregations was further
To understand the correlation between reactivity and ag- refined by structure models, which were built by a combination
gregation, as the next step, the aggregation states of these threef known NOE studies, crystal structures, as well as results from
organocuprates have to be compared with each othef.-Eiby current diffusion measurements. These models comprise homo-
the results of the concentration dependence investigations cardimeric cores, which are connected by solvent molecules (salt-
be taken, where an aggregate a little bit larger than a dimer ( free cases) or by bridging units comprising salt and solvents
= 1.2) was revealed at 0.24 M. FarLil -2THF, it is known (salt-containing cases). An analysis of the solvation extent of
from the monomerdimer equilibrium in THRE® that THF these aggregates confirmed the proposed structure models. A
molecules induce deaggregation until there are mainly solvent comparison of the different approaches show the general trends
separated ion pairs in pure THF. Sincelthil -:2THF only two being independent of the models used. The absalutalues
THF molecules are available for eachLonly deaggregation ~ for small oligomers agree quite well, whereas for larger
to the pure homodimen(= 1) is expected. Ii1-LiCN, however, oligomers the spherical approach even overemphasizes higher
the higher bridging capability of CNleads to length indices  aggregation. A combination of the presented aggregation
more than double compared witlrLil (see Table 1 and numbers with known relative reactivities shows that for di-
concentration dependence). That means there is a considerablenethylcuprates mainly the dimer is the reactive species and
difference in aggregation betwedr_iCN and 1-Lil, whereas higher aggregation as well as lower aggregation reduces their
the difference between the nearly dimetitil and the dimeric reactivity in the addition reaction to enones. Together with the
1-Lil -2THF is much less. These aggregation differences reflect determined salt and concentration dependence, the aggregation
directly the reactivity pattern found for the three compounds of dimethylcuprates can now be tuned to the conditions required
(see Figure 5), which leads to the conclusion that aggregatesfor the respective syntheses. Therefore, the presented results
higher than dimers reduce the reactivity. can serve as an information source for the manipulation of the
With this aggregationreactivity correlation, we may under-  reaction system and for a reactivity optimization.
stand to some extent the long-standing discussion of whether
LiICN-containing cuprates exhibit higher reactivities or Hot.
Recent HOE studié%36and now the presented diffusion studies ~ Sample Preparation. All samples were prepared according to a
show that in etheral solvents aggregation plays a dominant rolemethod described by John et'alA mixed solvent of 80% EO-dio
in non-Lewis acid catalyzed addition reactions to enones. In and 20% E{O was used for all samples and is denoted as pu® Et
THF, an equilibrium between monomers and dimers was solvent throughout this paper. The new concentrations were determined
found36 whereas, in BED, an equilibrium between dimers and géc"’?pa”n?ht?he i“te%r":‘r'f Oé thke prottondSngtra Otl’ta(i)”idey a Sing'g
- : . : ; ulse with those of the Bruker standard sample 0. urea an
higher aggrggates IS. §hown (see Figure 6). The comparlsoh WlthO.l I\el methanol in deuterated DMSO at 298 K. Sar?mple concentrations
known relative reactivities shows for both solvents that the dimer

is th . . for di hvl in th dditi are 0.72, 0.76, and 0.78 M fdr, 1-Lil, and 1-LiCN and 0.60, 0.56,
is the reactive species for dimethylcuprates in the addition ;.4 0 66 for2, 2-Lil. and 2-LiCN.

reaction to enones_' Formation of h'_gher aggregates40 E_S Determination of Diffusion Coeffficients. The diffusion coefficients
well as deaggregation to monomers in THileads to a reduction  yere determined by linear least-squaresite the Stejskat Tanner
in reactivity. Therefore, the tuning of organocuprate reagents piots (Figure 2). The obtained diffusion coefficiébi are 0.42, 0.34,
to the dimeric form should enhance their reactivities. To confirm and 0.18x 100 m? s for 2, 2-Lil, and 2-LiCN and 0.29, 0.28, and
this correlation, diffusion and reactivity studies for various 0.20 x 10°° m? s** for 1, 1-Lil, and 1-LiCN. These are the average

Experimental Section

organocuprates are in preparation. results of 3-5 repetitions of each measurement with the following
] experimental errors: 6%l), 4% (L-Lil), 5% (1-LiCN), 2% (2), 3%
Conclusion (2-Lil), and 6% @-LiCN).

For the first time, aggregates higher than dimers were defined  Internal Viscosity Reference.The viscosity value of nondeuterated
for dialkylcuprates in BO by PFG NMR diffusion measure- Et,O at 239 K was obtained by nonlinear fitting to literature data in
38 . : .
ments. This was demonstrated by salt-free and salt-containingthe temperature range of 17298 K38 The viscosity value of the mixed
samples of dimethyl- and bis[(trimethylsilyl)methyl]cuprates.

(37) Linear least-squares fits were carried out by Origin 6.0, Microcal Software
Inc.: Northampton, MA 01060, USA.

(36) Gschwind, R. M.; Rajamohanan, P. R.; John, M.; Boche O&ano- (38) InHandbook of Chemistry and Physitsodgman, C. D., Ed.; the Chemical
metallics200Q 19, 2868-2873. Rubber Publishing Company: Cleveland, OH, 1963; p 2260.
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solvent (80% EX0-d1o/20% EtO) used in this study was defined to be  broadband triple resonancg-gradient probe (maximum gradient

1.1 times the value of the nondeuteratedCEat the same tempera-  strength 53.5 G/cm). The shape of the gradients was rectangular, with

ture 3940 a length of 2 ms, and the strength was varied in 20 increments (5
Since we noticed a strong dependence of the viscosity on the 95%) of the gradient ramp created by Bruker software DOSY. Thus,

concentration and the kind of cuprates, internal references were usedall diffusion measurements were performed in pseudo 2D mode and

for viscosity correctiong® a trace (2-3 drops) of MeSi for 1 and of processed with Bruker software package t1/t2. For each experiment,

CeHpe for the left. To check influences of the viscosity references on 16 dummy scans and 16 scans were used, with a relaxation delay of 6

the cuprate samples, diffusion measurements were performed befores. All the measurements were carried out at 239 K controlled by a

and after the addition of the internal viscosity reference. The respective Bruker BVT 3000 temperature unit.

Stejskat-Tanner plots showed no attenuation difference and thus

excluded any influence of the viscosity reference. By a comparison of ~ Acknowledgment. We gratefully acknowledge financial

the diffusion coefficients of the reference molecules measured in (1) support from the Deutsche Forschungsgemeinschaft (Sonder-

reference+ EO (7) and (2) referencet cuprate+ E&O (7cup), forschungsbereich 260) and the Fonds der Chemischen Industrie.

viscosity correction factorsye,/n for the cuprate samples were Also we thank Dr. R. Kerssebaum of Bruker Analytik GmbH

determined. The factors are 1.40, 1.60, and 1.922f&-Lil, and 2- . . . . .
LICN and 1.84, 1.82. and 1.67 fdr 1-Lil, and 1-LICN. The diffusion for many useful discussions on PFG diffusion experiments.

coefficients listed in Table 1 were corrected by the respective viscosity
correction factors:D = Dyis(17cup77)-

NMR Data Collection and Processing.The NMR spectra were
recorded on a Bruker DRX500 spectrometer equippett @it mm

Supporting Information Available: Calculation of the length
indicesn and solvation indiceBso, and a table of shape factors
for different structure models. This material is available free of
charge via the Internet at http://pubs.acs.org.
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