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Experimental Procedures

General Remarks:

Decane (Aldrich, anhydrous 99+%), n-butyllithium (Sigma-Aldrich, 2.5M in hexanes)
and 2-cyclohexene-1-one (Sigma-Aldrich 95+%) were used without further
purification. CuMes was prepared according to literature procedures.! THF and
diethylether were dried by distillation over sodium/benzophenone. Toluene was
distilled from over sodium. Unless otherwise stated, all manipulations were carried
out under nitrogen using either a glove box or double-manifold vacuum line. Dry ice
2-propanol baths were used for reactions at -78 °C. GC analyses were performed with
an HP GC 5890 gas chromatograph equipped with FID detector and a 25m SGE BP1
capillary column (0.22 mm i.d., 0.25 micron film, dimethyl polysiloxane). The GC
was calibrated with authentic product (3-butylcyclohexan-1-one, 1-butyl-cyclohexan-
1-0l) and decane (Aldrich 99+%) as an internal standard. NMR spectra were recorded
on a Bruker AV-400 spectrometer. External standards used were TMS (IH) and
LiCl/D,0 ('Li).

Synthesis of [Cu,Li;Mes;(N(CH,Ph),),] (3):

s-BuLi in hexanes (1.3 M, 1.53 ml, 2 mmol) was added to a solution of dibenzylamine
(340 mg, 2 mmol) in 5 ml toluene at 0 °C. The solution was allowed to warm to room
temperature and stirred for 1 h to give a light red precipitate. A solution of CuMes
(365 mg, 2 mmol) in 5 ml toluene was added drop wise to give a clear red solution
which was filtered through celite and reduced under vacuum to approximately 2 ml.
Storage at 4 °C for two days yielded colourless crystals (431 mg, 56%). M.p. 89 °C
(decomp). 'Li NMR — see Figure 1. See ref [2] for full spectroscopic analysis.

(a)
C E
A B D
J
T T T T T T T T
2 0 -2 -4 -6 -8 -10 -12 ppm
(b)
CuTRz @}Cuw RN—Cu—hR;
\ .
L‘ic e = Lk LiA s Le
RQNCU%} {%C _—Cu—NR; —< éLCu% D
3 4 5
@D Cu%@ RoN—Cu—NR,
—_ | ! 1 ‘ ‘
= 2 L‘|D Lip + 'y Lia Lia
| \
C é RoN-—Cu—NR
Q' ! 2 2 R=CHyPh
6 7

Fig. S1. (a) 'Li NMR spectrum of 3 in [Dg]toluene (298K); (b) Assignment of peaks
to structural isomers — see ref [2] for full details
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Fig. S2. The influence of thf on the solution-state structures of 3: 'Li NMR in
[Ds]toluene + specified thf equivs (298K).

Synthesis of [MesCuN(Et)(CH,Ph)Li(thf);] (9):

A solution of 2 mmol N-benzylethylamide (271 mg) in 3 ml toluene was treated at
0 °C with 2 mmol sBuLi (1.4 ml, 1.4 M solution in cyclohexane). The resultant light
pink solution was warmed to room temperature and stirred for 1h. A solution of 2
mmol (365 mg) CuMes in 5 ml toluene was added slowly and the reaction mixture
stirred for 15 min. The mixture was reduced in volume under vacuum to yield 1 ml of
a viscous solution to which 0.5 ml of thf was added. After one week at -20 °C, light
pink crystals of 9 suitable for X-ray crystal structure analysis were formed. Yield =
113 mg (22 %). Collection of elemental analysis data on 9 was precluded by its high
air and temperature sensitivity. 'H NMR (500.1 MHz, [Ds]thf, 298 K): & = 8.03-6.60
(m, 7H, NCH,C¢Hs and C¢H>(CHj3)3), 4.24-3.91 (m, 2H, NCH,CgHs), 3.43 (s, 12H,
thf), 2.91-2.70 (m, 9H, 0-CH3, p-CHs), 2.24-1.81(m, 5H, CH,CH3), 1.39 (s, 12H, thf)
— note that solution decomposition to give [CuMes], and [PhCH,(Et)NLi(thf)], (see
manuscript) results in more than one peak for each assignment. 'Li NMR (194.37
MHz, [Ds]thf, 298 K): ¢ = 2.00 ([PhCH(Et)NLi(thf)],"), -0.59 (9).



Logarithmic Reactivity Profiles: Cuprate preparation and reaction

The procedure used was an adaptation of that reported by Bertz, Ogle and Rastogi for
1,4-addition of N-silylamidocuprates to Chalcone [3]. 4 mmol of #-BuLi (1.6 ml, 2.5
M in hexanes) was added to a solution of 4 mmol dibenzylamine (0.77 ml) in Et,O or
thf (40 ml) at -78 °C. The solution was warmed to room temperature and stirred for
0.5 h to give a solution of lithium dibenzylamide. Meanwhile a suspension of Cul (4
mmol, 0.76 g) in the same solvent (40 ml) was cooled to -78 °C and 4 mmol n-BuLi
(1.6 ml, 2.5 M in hexane) was added. The reaction mixture was stirred at -78 °C for 6
min, annealed at 0 °C for 3 min and cooled to -78 °C for 6 mins to give a suspension
of nBuCu. The chilled solution of lithium dibenzylamide was transferred via cannula
to the nBuCu suspension and the reaction mixture was stirred at -78 °C for 6 min, 0 °C
for 6 min, and -78 °C for 6 min. The resultant solution was divided in 4 equal parts.
Each one of the four portions was treated with 1 mmol of 2-cyclohexen-1-one (0.11
ml) at -78 °C. The reactions were quenched with the 6 ml of a saturated solution of
NH4CI after 4, 36, 360 and 3600 seconds respectively. The organic layer was then
separated and the aqueous layer was washed with Et;0 (2 x 5 ml). The combined
organic layers were dried over anhydrous MgSQO,. After filtration, I mmol of decane
(0.2 ml) was added and the solutions were analysed via GC.
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Theoretical Calculations

All calculations were carried out with a Gaussian 03 package.!! The density
functional theory method was employed using the B3LYP hybrid functional.l”!
Structures were optimised with a basis set consisting of the all electron SVP basis set
by Horn and Ahlrichs® for copper and 6-31G(d) for the other atoms in neutral
species, 6-31+G(d)™ in anionic species. The method and basis set used here (denoted
as B3LYP/631AS) have been applied to the optimisation of other lithium cuprates and
are known to give reliable results.”) Natural charges were calculated by natural
population analysis at the same level used for geometry optimization.!” Frequency
analysis was carried out after geometry optimization to confirm the models were true
energy minima with no imaginary frequencies.
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Figure S3. 3D optimised structure of CH3;CuNH,Li(OMe,); (orange = Cu; purple =
Li; grey = carbon; blue = nitrogen; hydrogen atoms not shown for clarity). C;-
symmetry. E = -2208.91355846 au. Cu-C = 1.934 A; Cu-N 1.942 A; Cu-Li =2.879 A;
Li-N = 1.945 A; Li-O = 2.047, 2.035, 2.037 A; C-Cu-N = 177.00°; Cu-N-Li = 95.57°
Natural charges: Li +0.844, Cu +0.490, C -1.209, N -1.479, O -0.621, -0.626, -0.633.
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Figure S4. 3D optimised structure of (Me,0);LiCH3;CuNH; (orange = Cu; purple =
Li; grey = carbon; blue = nitrogen; hydrogen atoms not shown for clarity). C;-
symmetry. E =-2208.89105273 au. Cu-C = 1.963 A; Cu-N 1.887 A; Cu-Li =2.455 A;
Li-C =2.370 A; Li-O = 2.015, 2.046, 2.037A; C-Cu-N = 171.75°; Cu-C-Li = 68.28°

Natural charges: Li +0.823, Cu +0.519, C -1.303, N -1.386, O -0.630, -0.637, -0.644
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Figure S5. 3D optimised structure of [CH3;CuNH;] (orange = Cu; grey = carbon; blue
= nitrogen; white = hydrogen). C;-symmetry. E =-1736.23457680 au. Cu-C = 1.960
A; Cu-N 1.914 A; C-Cu-N = 176.28°; Natural charges: Cu +0.544, C -1.293, N -1.504
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X-Ray Crystallography Supporting Information

Indexing of the diffraction images, and indeed observation of the images themselves,
revealed the crystal of 9 used for the experiment to suffer from some minor twinning.
Various different approaches to the handling of this twinning were attempted, with the
best results coming from the simplest approach of just using the diffraction peaks
from the major component. It is the presence of this twinning in the crystal studied
that we believe is responsible for the residual electron density peaks around the
copper centre.

Table S1. Selected bond lengths (A) and angles (°) for 9.

Cu-N(1) 1.912(3) Cu-C(11) 1.907(4)
Li-N(1) 2.041(8) Li-0(20) 1.992(8)
Li-0(25) 1.962(8) Li-O(30) 1.972(8)
Cu-Li 3.170(7)

N(1)-Cu-C(11) 171.98(16)  N(1)-Li-0(20) 116.2(4)
N(1)-Li-O(25) 113.1(4) N(1)-Li-O(30) 119.2(4)
0(20)-Li-0(25) 100.2(3) 0(20)-Li-0(30) 103.2(4)
0(25)-Li-0(30) 102.4(4)
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Fig. S6 The molecular structure of 9 (50% probability ellipsoids)



