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Supplementary Information:

Experimental

All reactions were performed under an atmosphere of dry, oxygen-free nitrogen using
Schlenk techniques or in a nitrogen-filled MBraun 150 G1 glovebox. Pentane was dried
over Na sand and distilled under nitrogen. Toluene-d8 was purchased from Cambridge
Isotopes, dried over Na/benzophenone, distilled prior to use and stored in the glovebox.
ID-NMR spectra [1H (300.1 MHz), 13C (75.5 MHz) and 7Li (116.6 MHz)] were
recorded on a Varian INova 300 spectrometer and 2D-NMR spectra (1H-1H COSY, 1H-
13C HETCOR) were recorded on a Varian INova 500 spectrometer. All NMR spectra
were obtained in toluene-d§8. Chemical shift values are reported in ppm (8) and
referenced internally to residual solvent signals (1H, 13C) or externally (7Li, 1.0 M LiCl
in D20, 6 = 0.00). All reagents were purchased from Acros Chemicals and used as
received.  1,3-bis(dimethylaminomethyl)benzene and 1,3-bis(diethylaminomethyl)
benzene were synthesized via a modified literature procedure (D. Y. Curtin and E. W.
Flynn, J. Am. Chem. Soc., 1959, 81, 4714) employing benzene as a solvent. The
temperature of the NMR spectrometer was calibrated using 100% proteo-ethanol.
Elemental analyses were performed by Dornis & Kolbe Microanalysis Laboratories,

Miilheim a/d Ruhr, Germany.

Alternate  Synthesis  of [MeNCNLi]z (32): To a solution of 1,3-
bis(dimethylaminomethyl)benzene [V*NCN(H)] (1.62 g, 8.4 mmol) in dry pentane (100
ml) at -78°C was added nBuLi (5.3 ml, 8.4 mmol, 1.6 M in hexanes) dropwise via syringe
over 5 minutes. The reaction was allowed to stir at low temperature for 20 minutes and
was subsequently slowly warmed to room temperature over three hours to give a yellow
solution. The solvent was removed in vacuo, fresh dry pentane (120 ml) was added to the
orange solid and then the solution was re-cooled to -78°C for one hour without stirring.
The resulting suspension was cold filtered and the collected solid was washed once with
cold, dry pentane (10 ml). The solvent was removed in vacuo and the white solid dried in

vacuo to give 3, as a white, air sensitive powder. Yield: 1.31 g, 78%. NMR data are
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consistent with those previously reported.” "H NMR (25°C): § 7.13 (t, 2H, *Jun = 7.2 Hz,
ArH), 6.99 (d, 4H, *Juy = 7.1 Hz, ArH), 4.6-2.8 (br, 8H, benzylic CH,), 1.92 (s, 24H,
N(CHs),). BC{'H} NMR (25°C): & 188.5 (septet, 'Jer; = 21 Hz, ArCLi), 151.7
(ArCCH,), 1243 (p-ArC), 123.6 (m-ArC), 72.8 (benzylic CH,), 44.9 (br, N(CH3),).
"Li{'H} NMR (25°C): § 0.96 (s). "H NMR (-50°C): & 7.27 (t, 2H, *Juu = 7.2 Hz, ArH),
7.11 (d, 4H, 3Jqu = 7.2 Hz, ArH), 4.06 (d, 4H, Jgem = 10.8 Hz, benzylic CHH), 2.89 (d,
4H, Jgem = 11.4 Hz, benzylic CHH), 1.94 (s, 12H, NCH3), 1.79 (s, 12H, NCH3). “C{'H}
NMR (-50°C): & 188.9 (septet, 'Jeri = 21Hz, ArCLi), 152.2 (ArCCH,), 124.7 (p-ArC),
123.9 (m-ArC), 73.0 (benzylic CH,), 47.5 (N(CHs),), 43.5 (N(CH3),). "Li{'H} NMR (-
50°C): & 0.99 (s).

Alternate  Synthesis of [“NCNLi], (4;): To a solution of 1,3-
bis(diethylaminomethyl)benzene [*NCN(H)] (3.92 g, 15.8 mmol) in dry pentane (100
ml) at -78°C was added #BuLi (9.9 ml, 15.8 mmol, 1.6 M in hexanes) dropwise via
syringe over 5 minutes. The reaction was allowed to stir at low temperature for 20
minutes and was subsequently slowly warmed to room temperature over three hours to
give a yellow solution. The solvent was removed in vacuo, fresh dry pentane (120 ml)
was added to the orange solid and then the solution was re-cooled to -78°C for one hour
without stirring. The resulting suspension was cold filtered and the collected solid was
washed once with cold, dry pentane (10 ml). The solvent was removed in vacuo and the
white solid dried in vacuo to give 4, as a white, air sensitive powder. Yield: 2.57 g, 64%.
NMR data are consistent with those previously reported.'® The coalescence temperatures
for the benzylic CH, and the terminal methyl groups of the NEt, were 11°C and -26°C,
respectively. "H NMR (25°C): § 7.15 (t, 2H, *Jun = 6.9 Hz, ArH), 7.02 (d, 4H, *Juy = 7.0
Hz, ArH), 3.71 (br, 8H, benzylic CH,), 2.46 (br m, 16H, NCH,), 0.80 (t, 24H, S = 7.2
Hz, NCH,CHs). “C{'H} NMR (25°C): & 189.9 (ArCLi, J not resolved), 151.5
(ArCCHy), 124.5 (p-ArC), 124.1 (m-ArC), 62.0 (benzylic CH,), 46.5 (br, NCH>), 9.0 (br,
NCH,CH3). "Li{'H} NMR (25°C): 8 0.58 (s). "H NMR (-50°C): § 7.28 (t, 2H, *Juy = 7.3
Hz, ArH), 7.14 (d, 4H, *Jun = 7.2 Hz ArH), 4.12 (d, 4H, Jeem = 11.4 Hz, benzylic CHH),
3.22 (d, 4H, Jgem = 11.7 Hz, benzylic CHH), 2.53 (d of q, 4H, Jun = 6.8, Jgem 14 Hz,
NCHH), 2.31 (m, 4H, NCHH), 2.17 (m, 8H, 2 x NCHH), 0.89 (t, 12H, *Juy = 6.8 Hz,
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NCH,CH3), 0.79 (t, 12H, *Juyy = 6.9 Hz, NCH,CH;). “C{'H} NMR (-50°C): & 190.0
(ArCL1, J not resolved), 151.4 (ArCCH,), 124.4 (p-ArC), 123.9 (m-ArC), 60.1 (benzylic
CH,), 48.2 (NCHy,), 44.6 (NCH,), 13.0 (NCH,CH3), 4.6 (NCH,CH;). 'Li{'H} NMR (-
50°C): & 0.59 (s).

Synthesis of [M*NCNLi],[#BuLi], (32¢[nBulLi],): To a solution of 3 (0.251 g, 1.27
mmol) in dry pentane (20 ml) at 0°C was added »BuLi (0.79 ml, 1.27 mmol, 1.6 M in
hexanes) dropwise via syringe. The reaction was allowed to warm to room temperature
for 2 hours. The solvent was removed in vacuo and the white solid obtained was dried in
vacuo to yield a solid with composition [MesNCNLi]|[#BuLi] by elemental analysis.
Yield 0.333g, 100%. Crystals for X-ray diffraction were obtained by cooling of a pentane
solution to -35°C for several weeks. Anal. Caled: C 73.27, H 10.76, N 10.68. Found: C
73.10, H 10.71, N 10.73. Room temperature spectra of equilibrium mixture: "H NMR
(25°C): § 7.13 (t, *Jun = 6.9 Hz, 3,), 7.05 (t, 2H, *Juu = 7.6 Hz, ArH), 6.97 (d, *Jun = 7.1
Hz, 3,), 6.88 (d, 4H, *Juu = 7.4 Hz, ArH), 3.45 (br, 8H, benzylic CH) 1.92 (s, 24H,
N(CHs3),) 1.58 (quintet, 4H, *Juy = 6.8 Hz, nBuCH,), 1.46 (br, 4H, nBuCH,), 1.07 (t, 6H,
3Jun = 7.0 Hz, nBuCHs), -0.82 (br, 4H, LiCH,). “C{'H} NMR (25°C): § 188.7 (J not
resolved, 3;), 179.5 (br, ArCLi), 151.7 (ArCCH,, 35), 151.5 (ArCCH,), 127.1 (m- and p-
ArC), 124.3 (p-ArC, 33), 123.6 (m-ArC, 3,), 72.8 benzylic CH,, 3,), 70.0 (benzylic CH»),
45.1 (br, NCH3), 44.6 (v. br, NCHj3, 3,), 32.8, (br, nBuCH,), 32.5 (v. br, nBuCH,), 14.0
(nBuCH3), 9.9 (v. br, LiCH,). "Li{'H} NMR (25°C): & 1.07 (s, 3;), 0.38 (v. br). LT NMR
data given for signals corresponding to 3¢[nBuLil, only. '"H NMR (-50°C): § 7.14 (m,
2H, ArH), 6.95 (d, 2H, *Juu = 7.1 Hz, AtH), 6.93 (d, 2H, *Juy = 7.1 Hz, ArH), 4.44 (d,
2H, Jgem = 11.7 Hz, benzylic CHH), 3.89 (d, 2H, Jeem = 12.6 Hz, benzylic CHH), 2.87 (d,
2H, Jgem = 11.1 Hz, benzylic CHH), 2.56 (d, 2H, Jgem = 12.9 Hz, benzylic CHH), 2.30 (s,
6H, NCHs3), 1.82 (s, 12H, 2 x NCHs;), 1.74 (s, 6H, NCHs3), 1.49 (br, 8H, 2 x nBuCH,),
1.18 (t, 6H, *Juy = 7.0 Hz, nBuCH3), -0.30 (br m, 2H, LiCHH), -0.54 (br m, 2H, LiCHH).
BC{'H} NMR (-50°C): & 178.8 (ArCLi, J not resolved), 152.1 (ArCCH,), 150.5
(ArCCHy), 127.0-126.8 (m- and p-ArC), 70.3 (benzylic CH,), 68.7 (benzylic CH,), 46.6
(NCH3), 45.0 (NCH3), 43.1 (NCH3), 42.5 (NCH3), 33.8 (nBuCH,), 33.2 (nBuCH,), 14.4
(nBuCH3), 10.9 (v. br, LiCH,). "Li{'H} NMR (-50°C): 8 0.87 (s, 2Li), 0.44 (s, 2Li).

S3



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2008

Synthesis of ["'NCNLi],[nBuLi], (4,*[nBuLi];): To a solution of 4 (0.380 g, 0.75
mmol) in dry pentane (15 ml) at 0°C was added »BuLi (0.47 ml, 0.75 mmol, 1.6 M in
hexanes) dropwise via syringe. The reaction was allowed to warm to room temperature
for 2 hours. The solvent was removed in vacuo and the white solid obtained was dried in
vacuo to yield a solid with composition [Et4qNCNLi],[#BuLi], by elemental analysis.
Yield 0.468g, 98.5%. Crystals for X-ray diffraction were obtained by cooling of a
pentane solution to -35°C for several days. Anal. Calcd: C 75.68, H 11.12, N 8.83. Found:
C 75.53, H 11.02, N 8.65. Room temperature spectra of equilibrium mixture: "H NMR
(25°C): § 7.13 (t, *Juy = 6.6 Hz, ArH, 4,), 7.10 (t, 2H, *Juy = 6.7 Hz, ArH), 7.02 (d, *Jun
=7.2 Hz, ArH, 4,), 6.95 (d, 4H, 3Jqu = 7.1 Hz, ArH), 3.68 (br, 8H, benzylic CH,), 2.49-
2.43 (br m, 16H, NCH,CHjs), 1.61 (br, 8H, 2 x nBuCH>), 1.11 (t, 6H, *Juu = 7.1 Hz,
nBuCHs), 0.80 (t, 24H, *Juu = 7.2 Hz, NCH,CHs), -0.67 (br, 4H, LiCH,). “C{'H} NMR
(25°C): & 189.8 (septet, 'Jeri = 19.8 Hz, 43), 179.7 (br, ArCLi), 151.5 (ArCCH,, 4,),
151.1 (ArCCHy), 126.8 (m- and p-ArC), 124.5 (p-ArC, 4,), 124.0 (m-ArC, 4,), 64.3
(benzylic CH,), 62.0 (benzylic CH,, 4,), 46.5 (br, NCH,CH3, 4,), 43.6 (br, NCH,CH3),
33.1 (nBuCH,), 32.8 (nBuCH,), 14.0 (nBuCHs), 9.8 (br, LiCH;), 8.9 (br, NCH,CHj3).
"Li{'H} NMR (25°C): & 0.59 (s, 45), 0.37 (br). LT NMR data given for signals
corresponding to 42¢[nBulLi]; only. "H NMR (-50°C): & 7.21 (t, 2H *Jyu = 7.2 Hz, AtH),
7.07 (d, 2H, *Jun = 7.4 Hz, AtH), 6.96 (d, 2H, *Jiu = 7.4 Hz, AtH), 4.47 (d, 2H, Jgem =
12.0 Hz, benzylic CHH), 3.93 (d, 2H, Jgem = 12.0 Hz, benzylic CHH), 3.77 (d, 2H, Jeem =
12.0 Hz, benzylic CHH), 3.15 (d, 2H, Jeem = 12.0 Hz, benzylic CHH), 3.03 (m, 2H,
NCH(H)CHs), 2.68-2.52 (m, 10H, 5 x NCH(H)CHs), 2.18 (m, 4H, 2 x NCH(H)CHs),
1.76 (br, 8H, 2 x nBuCH>), 1.28 (t, 6H, *Juu = 6.3 Hz, nBuCH;), 1.12 (t, 6H, *Juy = 6.0
Hz, NCH,CH3), 0.91 (t, 6H, *Juy = 6.0 Hz, NCH,CH;), 0.61 (t, 6H, *Juy = 6.0 Hz,
NCH,CHj), 0.48 (t, 6H, *Juy = 6.0 Hz, NCH,CHs), -0.21 (br, 2H, LiCHH), -0.34 (br, 2H,
LiCHH). *C{'"H} NMR (-50°C): & 180.1 (ArCLi, J not resolved), 151.7 (ArCCH,),
150.0 (ArCCH,), 126.8 (m-ArC), 126.7 (m-ArC), 125.2 (p-ArC), 64.3 (benzylic CH,),
62.5 (benzylic CH,), 45.7 (NCH,), 44.8 (NCH,), 44.6 (NCH,), 39.0 (NCH,), 34.3
(nBuCH,), 33.4 (nBuCH,), 14.4 (nBuCHs), 11.9 (2x NCH,CH3), 9.5 (br, LiCH,) 4.4
(NCH,CHj3), 3.8 (NCH,CH3). "Li{'H} NMR (-50°C): & 0.76 (s, 2Li), 0.10 (s, 2Li).
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In situ generation of [V*NCNLI][#BuLil3 (6): In the glovebox, 3 (25.9 mg, 0.13 mmol)
was weighed into an NMR tube and toluene-ds (~ 0.5 ml) was added. To this was added a
prepared solution of #BuLi (0.073 ml, 0.39 mmol, 5.3 M in toluene-ds) via syringe and
the tube was capped with a septa and shaken. Unlike 7, signals for dimer 3 and
3¢[nBuLi], were readily apparent in the room temperature NMR spectra (see above for
discussion). NMR data for signals corresponding to 6 only: "H NMR (25°C): & 7.05 (t,
1H, *Juy= 7.5 Hz, AtH), 6.88 (d, 2H, *Juy= 7.5 Hz, ArH), 3.47 (v. br, 4H, benzylic CH,),
1.92 (br, 12H, N(CHs),), 1.54-1.42 (m, 12H, 2 x nBuCH,), 1.04 (t, 9H, *Juu= 7.1 Hz,
nBuCHs), -0.86 (br, 6H, LiCH,). *C{'H} NMR (25°C): & 177.9 (ArCLi, J not resolved),
151.7 (ArCCHy), 127.1 (m- and p-ArC), 70.0 (benzylic CH,), 44.5 (br, N(CHs),), 32.5
(br, nBuCH,), 32.0 (br, nBuCHa), 14.0 (br, nBuCHj3), 10.4 (v. br, LiCH,). "Li{'H} NMR
(25°C): & 1.06 (3), 0.05 (v. br). LT NMR data for signals corresponding to 6 only: 'H
NMR (-50°C): § 7.15 (m, 1H, ArH), 6.90 (d, 2H, *Juy= 7.5 Hz, ArH), 4.11 (d, 2H, Jyem =
11.7 Hz, benzylic CHH), 2.74 (d, 2H, Jem = 12.0 Hz, benzylic CHH), 2.17 (s, 6H,
NCH,;), 1.73 (s, 6H, NCHs3), 1.66 (m, 6H, nBuCH>), 1.39 (m, 6H, nBuCH), 1.17 (t, 9H,
Jur= 6.8 Hz, nBuCHs), -0.63 (br, 2H, LiCH>), -0.76 (br, 2H, LiCH,), -1.03 (br, 2H,
LiCH,). C{'H} NMR (-50°C): § 178.2 (ArCLi, J not resolved), 151.7 (ArCCH,), 126.9
(m and p-ArC), 69.5 (benzylic CH;), 46.1 (NCHs), 42.5 (NCH3), 32.9 (2 x nBuCH,), 14.2
(nBuCH3), 9.6 (v. br, 2 x LiCH,), 8.3 (v. br, LiCH,). "Li{'H} NMR (-50°C): § 0.44 (s,
2L1i), 0.07 (s, 1L1), -1.36 (s, 1Li).

Synthesis of [**NCNLi][#BuLi]3 (7): To a solution of 4 (0.207 g, 0.40 mmol) in dry
pentane (30 ml) at 0°C was added »BuLi (2.03 ml, 3.26 mmol, 1.6 M in hexanes, 4
equiv./ Et4NCNLi) dropwise via syringe over 5 minutes. The reaction was warmed to
room temperature over 2 hours and the solvent was removed in vacuo to yield a light
yellow that solidifies on standing. Yield: 0.401 g, 96.9% based on composition
[*NCN]nBusLis + one additional nBuLi, which was confirmed by integration of the 'H
NMR spectrum. Attempts to obtain crystals from concentrated pentane solutions were
unsuccessful. '"H NMR (25°C): § 7.09 (t, 1H, *Juu= 7.5 Hz, AtH), 6.94 (d, 2H, *Juy = 7.2
Hz), 3.66 (br, 4H benzylic CH,), 2.61 (br, 4H, NCH,CH3), 2.40 (virtual quintet, 4H, 3 Jan
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= 6.8 Hz, NCH,CH3), 1.57 (m, 12H, nBuCH,), 1.08 (t, 9H, *Juu = 6.9 Hz, nBuCHjs), 0.82
(br, 12H, NCH,CH3), -0.79 (br s, 6H, LiCH,). "Li{'H} NMR (25°C): § 0.02 (br s). 'H
NMR (-50°C): & 7.17 (t, 1H, *Jun = 7.4 Hz) ArH), 6.97 (d, 2H, *Juy = 7.8Hz), 3.94 (d,
2H, Jyem = 12 Hz, benzylic CHH), 3.36 (d, 2H, Jym = 13 Hz, benzylic CHH), 2.80
(virtual quintet, 2H, *Juy = 7.2, NCHH), 2.50 (m, 2H, NCHH), 2.38 (m, 4H, 2 x NCHH),
1.70 (br, 8H, nBuCH,), 1.51 (br, 4H, nBuCHy), 1.19 (t, 9H, *Juy = 6.8 Hz, nBuCH3), 1.01
(t, 6H, *Jun = 6.9 Hz, NCH,CH3), 0.57 (t, 6H, *Juu = 6.9 Hz, NCH,CH3), -0.56 (br, 2H,
LiCH,), -0.68 (br, 2H, LiCH>), -1.02 (br, 2H, LiCH,). “C{'H} NMR (-50°C): § 179.4
(ArCLi), J not resolved), 151.1 (ArCCH,), 126.8 (m-ArCH), 125.6 (p-ArCH), 63.8
(benzylic CH,), 45.8 (NCH,), 39.1 (NCH,), 33.1 (nBuCH,), 32.9 (nBuCH,), 14.1
(nBuCHs), 11.8 (NCH,CHs), 9.5 (br, LiCH,), 5.2 (NCH,CHs). "Li{'H} NMR (-50°C): &
0.54 (s, 2Li), 0.08 (s, 1Li), -1.29 (s, 1Li).

Dynamic processes involving 3, and 4,:
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Figure S1: Depiction of process for exchange of NEt, groups (AGImethyl)
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Figure S2: Depiction of processes for exchange of benzylic ArCH,N protons (AGIbenth-c)

Representative NMR spectra of aggregates containing IMeNCNI pincers (3-series):
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Figure S4: '"H NMR spectrum of 3, at -50°C.
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Figure S5: °C{'H} NMR spectrum of 3, at RT.

S10



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2008

0LE10T
626€0C
91$9°0C
9206 0¢
0v00'LZ
9920'12
2S11T
81T
969912

L1ZTEr
yeseer
00l5Er
£0.9°€r
989y
0L0L°Er
90ET LY
697 LY
oveT Ly

98287,

£922°€21

1968421
Lovy BCr
£808'821

preezl —

662162}
£0/762}
6v8E6Z}
£307'621
898567}
£rbL 6T}
9618 L)
6046 L€}
£502°261
606225}

og0s88)

Y

20

40

60

80

100

120

140

160

180

PPM

Figure S6: °C{'H} NMR spectrum of 3, at -50°C.

60960

PPM

T
1.0
Figure S7: 'Li{'H} NMR spectrum of 3, at RT.

S11



Electronic Supplementary Information for Dalton Transactions
This journal is © The Royal Society of Chemistry 2008

0.9954

Figure S8: 'Li{'H} NMR spectrum of 3, at -50°C.
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Figure S9: 'H NMR spectrum of 1:2 mixture of 3; and nBuLi at RT.
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Figure $16: '"H NMR spectrum of 1:9 mixture of 3, and nBuLi at RT.
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Figure S17: '"H NMR spectrum of 1:9 mixture of 3, and nBuLi at -50°C.
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Figure S18: °C{'H} NMR spectrum of 1:9 mixture of 3, and nBuLi at RT.
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Figure $20: "Li{'H} NMR spectrum of 1:9 mixture of 3, and nBuLi at RT.
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Figure S22: '"H NMR spectrum of 4, at RT.
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Figure S24: PC{'H} NMR spectrum of 4, at RT.
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Figure S27: 'Li{ H} NMR spectrum of 4, at -60°C.
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Figure S28: '"H NMR spectrum of 1:2 mixture of 4, and nBuLi at RT.
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Figure $29: '"H NMR spectrum of 1:2 mixture of 4, and nBuLi at -60°C.
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Figure S30: 'H-'"H COSY NMR spectrum of 1:2 mixture of 4, and nBuLi at -60°C. Inset:

expansion of benzylic CH; region.
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Figure S31: "C{'H} NMR spectrum of 1:2 mixture of 4, and nBuLi at RT.
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Figure $32: "C{'H} NMR spectrum of 1:2 mixture of 4, and nBuLi at -60°C.
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Figure S33: 'Li NMR spectrum of 1:2 mixture of 4, and nBuLi at RT.
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Figure S34: 'Li NMR spectrum of 1:2 mixture of 4, and nBuLi at -60°C.
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Figure S37: "C{'H} NMR spectrum of 1:8 mixture of 4, and nBuLi at -50°C.
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Figure S38: 7Li{lH} NMR spectrum of 1:8 mixture of 4, and nBuLi at RT.
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Figure S39:

"Li{'"H} NMR spectrum of 1:8 mixture of 4, and nBuLi at -50°C.
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