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Hexane, purchased from Sigma Aldrich was distilled from sodium-benzophenone. All
synthetic work was carried out under a protective inert argon atmosphere using standard
Schlenk techniques. Data for X-ray crystal structure determination were obtained with an
Oxford Diffraction Gemini S Diffractometer with Mo Ka radiation (A = 0.71073A) at 123(2)
K. The 'H NMR spectroscopic experiments were performed on a Bruker DPX400
spectrometer with an operating frequency of 400.13 MHz. The C NMR spectra were
recorded on the same instrument at an operating frequency of 100.62 MHz. All chemical
shifts are quoted relative to TMS standard at 0.00 parts per million.
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Crystal data for 2: CogHg N4NaOZn , M, = 558.17, monoclinic, space group C2/c, a =
17.3607(4), b= 13.0692(4), c= 28.9589(8) A, # =98.010(1)°, V= 6506.4(3) A*, Z=8, A=
0.71073 A, n=10.793 mm'l, T=123 K; 121087 reflections, 9475 unique, Riy 0.112; final
refinement to convergence on F~ gave R = 0.0382 (F, 6834 obs. data only) and R,, = 0.0809
(F?, all data), GOF = 1.008. Butyl modeled as disordered over two sites.

Crystal data for 4: CesH 10N¢Na;O2Zn, , M, = 1220.34, triclinic, space group P T, a=
11.9774(7), b= 15.1883(13), c= 20.8913(16) A, a = 102.420(7), f = 105.102(6), y =
91.831(6) °, V' =13567.7(5) A’>, Z=2, 2 =0.71073 A,p = 0.728 mm "', T = 123 K; 31018
reflections, 12537 unique, Ri: 0.0917; final refinement to convergence on F* gave R =0.0575
(F, 4451 obs. data only) and R,, = 0.1323 (F*, all data), GOF = 0.725. One TMP and one
TMEDA group were modeled as disordered. Trace solvent was removed using PLATON
SQUEEZE.

Computational Details

DFT calculations were carried out using the Gaussian GO3 computational package.' The
B3LYP density functionals® were used along with the 6-311G(d,p) basis set. After the
geometry optimisation of each molecule, a frequency analysis was carried out. The resulting
calculated zeropoint energy was added to the electronic energy and this is the energy value

quoted below.
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[(TMEDA)-Na(p-TMP)(n-TEMPO)Zn('Bu)] (A)

Principal Bond Lengths (A) and Angles (°)

Zn-Cie;
Zn-N
N-O
O-Zn
O-Na
Na-Nimeda
Na-Nnp
N-Na-N
N-O-Zn
N-O-Na
Zn-O-Na
N-Na-O
0O-Zn-N
Na-N-Zn

2.023 A

2.024 A

1.431 A

2.020 A

2.220 A

2.668 A 2.830 A
2492 °

70.2°

114.6 °

148.8 ©

95.4°
79.7 °
96.9 °
87.4°
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[(TMEDA)-Na(p-TEMPO)(p-"Bu)Zn(‘Bu)] (B)

Principal Bond Lengths (A) and Angles (°)

Zn-Cier
Zn-Cyy
N-O
O-Zn
O-Na
Na-N
Na-Cyy
N-O-Zn
N-O-Na
Zn-O-Na
N-Na-N
O-Zn-Cy,

2.027 A

2.071 A

1.429 A

2.053 A

2.141 A
2.505A 2510 A
2.754°

116.8 °

139.4°
103.8°
76.1°

107.7 ©

[(TMEDA)-Na(p-TMP)(p-"Bu)Zn(TEMPO)] (C)

Principal Bond Lengths (A) and Angles (°)

Zn-0O
Zn-Cyy
N-O
N-Zn
N-Na
Na-N
Na....Cy;
N-Zn-O
N-O-Zn
N-Na-C

Zn-N-Na

1.923A
2.037 A
1.433 A
2.051 A
2374 A
2.569 A 2.564 A
2.926 A
105.8°
119.2°

93.8°
98.3°
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N-Na-N 74.7 °
0-Zn-Cy 129.8 °
N-Zn-Cy; 124.5°

Energies/au
[(TMEDA)-Na(u-TMP)(u-TEMPO)Zn(‘Bu)] (A) -3339.100295
[(TMEDA) -Na(u-TEMPO)(u-Bu)Zn(‘Bu)] (B) -3088.445789
[(TMEDA)-Na(u-TMP)(u-"Bu)Zn(TEMPO)] (C) -3339.082490

Energies of the Reactions
(A) [(TMEDA)-Na(p-TMP)(u-Bu)Zn(‘Bu)] + TEMPO —>

[(TMEDA)-Na(u-TMP)(u-TEMPO)Zn(‘Bu)] + ‘Bu
AE = -13.86 kcal mol™
[(TMEDA)-Na(u-TMP)(p-"Bu)Zn(‘Bu)] + 2 TEMPO —>

[(TMEDA)-Na(u-TMP)(u-TEMPO)Zn(‘Bu)] + ‘BuTEMPO
AE = -39.38 kcal mol™

[(TMEDA)-Na(u-TMP)(u-Bu)Zn('Bu)] + TEMPO —>
[(TMEDA)-Na(u-TMP)(u-TEMPO)Zn(‘Bu)] + ¥ [tBuH + Me,C=CH, ]

AE = -40.27 kcal mol™

(B) [(TMEDA)-Na(u-TMP)(1-Bu)Zn(‘Bu)] + TEMPO —>

[(TMEDA)-Na(u-TEMPO)(p-"Bu)Zn(‘Bu)] + T™MP

AE = +1.51 kcal mol™
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[(TMEDA)-Na(u-TMP)(u-Bu)Zn('Bu)] + 2 TEMPO —>
[(TMEDA)-Na(u-TEMPO)(pi-tBu)Zn(‘Bu)] + TEMPO-TMP
AE = +14.66 kcal mol™

[(TMEDA)-Na(u-TMP)(p-"Bu)Zn(‘Bu)] + TEMPO —>
[(TMEDA)-Na(u-TEMPO)(p-Bu)Zn(‘Bu)] + TMP-TMP

AE = 421.77 kcal mol™
(C) [(TMEDA)-Na(u-TMP)(p-"Bu)Zn(‘Bu)] + TEMPO —>

[(TMEDA)-Na(u-TMP)(p-"Bu)Zn(TEMPO)] + tBu.

AE = +3.31 kcal mol™

[(TMEDA)-Na(u-TMP)(u-Bu)Zn('Bu)] + 2 TEMPO —>
[(TMEDA)-Na(p-TMP)(u-Bu)Zn(TEMPO)] + ‘BuTEMPO

AE = -28.21 kcal mol™

[(TMEDA)-Na(u-TMP)(p-"Bu)Zn(‘Bu)] + TEMPO —>
[(TMEDA)-Na(u-TMP)(u-"Bu)Zn(TEMPO)] + Y% ['BuH + Me,C=CH, ]
AE = -29.10 kcal mol™

NMR Spectroscopic Analysis of [ TMEDA)-Na(u-TMP)(u-TEMPO)Zn(‘Bu)] 2.

'H NMR (400.13 MHz, 300 K, ds-THF): § 2.30 [4H, s, CH,-TMEDA], 2.15 [12H, s, CH3-
TMEDA], 1.71 [2H, m, y-TMP (overlap with solvent)], 1.44 [8H, m, y and B-TEMPO & j-
TMP], 1.22 [2H, m, B-TMP], 1.16 [12H, s, CH3-TMP & CH;-TEMPO], 1.09 [6H, s, CH3-
TEMPO], 1.08 [9H, s, CH;-Bu], 0.96 [6H, br, CH3-TMP].

13C NMR (100.62 MHz, 300 K, ds-THF): § 58.9 [CH,-TMEDA], 58.3 [a-TEMPO], 52.5 [o-
TMP], 46.2 [CH;-TMEDA], 41.3 [B-TEMPO], 40.9 [B-TMP], 36.5 [CH;-TMP/TEMPO],
35.9 [CH;-'Bu], 35.8 [CH;-TEMPO], 34.1 [CH;-TMP/TEMPO], 20.6 [y-TMP], 20.3 [Cq-
‘Bu], 19.3 [CH3-TMP], 18.9 [y-TEMPO].
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Spectrum 2. Aliphatic region of the *H NMR spectrum of 2 in dg-THF solution, showing four
chemically distinct TMP and TEMPO methyl groups.

S7



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

A TR " e Ll —— IR RNy AR
i A it Vo " oA JLln el

T T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5

ppm
13 . .
Spectrum 3. ~°C NMR (100.62 MHz, 300 K) spectrum of 2 in dg-THF solution.
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Spectrum 4. Aliphatic region (part 1) of the **C NMR spectrum of 2 in dg-THF solution.
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Spectrum 5. Aliphatic region (part 2) of the 3¢ NMR spectrum of 2 in dg-THF solution
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Spectrum 6. Aliphatic region of the *H-'H COSY spectrum of 2 in dg-THF solution.
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Spectrum 7. Aliphatic region of the 'H-13c HsQC spectrum of 2 in dg-THF solution.

NMR Spectroscopic Analysis of [ TMEDA)-Na(u-TEMPO),Zn(‘Bu)] 3.

'"H NMR (400.13 MHz, 300 K, ds-THF): § 2.30 [4H, s, CH,-TMEDA], 2.14 [12H, s, CH;-
TMEDA], 1.44 [8H, br, B-TEMPO], 1.39 [4H, m, y-TEMPO], 1.10 [9H, s, CH;-'Bu], 1.08
[24H, br, CH3-TEMPO].

C NMR (100.62 MHz, 300 K, ds-THF): & 58.9 [CH,-TMEDA], 58.5 [o-TEMPO], 46.2
[CH3-TMEDA], 41.2 [B-TEMPO], 35.3 [CH3-'Bu], 21.7 [Cq-'Bu], 18.7 [y-TEMPO].

* No resonances could be observed for the TEMPO methyl groups. Extremely broad "*C
signals have previously been noted for the methyl groups of alkali-metal TEMPO
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Spectrum 8. 'H NMR (400.13 MHz, 300 K) spectrum of 3 in dg-THF solution.
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Spectrum 9. Aliphatic region of the *H NMR spectrum of 3 in ds-THF solution.
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Spectrum 10. **C NMR (100.62 MHz, 300 K) spectrum of 3 in ds-THF solution
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Spectrum 11. Aliphatic region (part 1) of the **C NMR spectrum of 3 in dg-THF solution.
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Spectrum 12. Aliphatic region (part 2) of the 3C NMR spectrum of 3 in dg-THF solution.
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Spectrum 13. Aliphatic region of the *H-3C HSQC spectrum of 3 in dg-THF solution.
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Spectrum 14. Collated *C NMR spectra of 2 (blue), the mother liquor following isolation of 2
(red), 3 (green) and the mother liquor following the isolation of 3 (orange) in dg-THF
solution, illustrating how an equimolar quantity of TEMPO is required for formation of 3.

NMR Spectroscopic Analysis of [{ (TMEDA): Na(un-TMP)Zn(‘Bu)},(p-
OCPhCH=CHPhCHPhCH=CPh-pu-0)] 4.
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Spectrum 15. *H NMR (400.13 MHz, 300 K) spectrum of 4 in dg-THF solution
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"H NMR (400.13 MHz, ds-THF, 300K): & (ppm) = 7.74 (d, 4H, ortho), 7.33 (d, 4H, ortho),
7.13 (t, 8H, meta), 6.99 (m, 4H, para), 4.96 (d, 2H, allylic), 3.82 (d, 2H, benzylic), 2.30 (s,
8H, TMEDA CH,), 2.15 (s, 24H, TMEDA CH3), 1.63 (m, 4H, TMP-¥) | 1.29 (t, 8H, TMP-
£),1.06 (5 24H, TMP-CH3), 0.94 (s, 18H, 'Bu).
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Spectrum 16.*C NMR (100.62 MHz, 300 K) spectrum of 4 in ds-THF solution

>C NMR (100.62 MHz, ds-THF, 300K): & (ppm) = 130.9 (CH, ortho), 127.7 (CH, meta),
126.1 (CH, ortho), 125.4 (CH, para), 91.4 (CH, allylic), 58.9 (CH,, TMEDA), 53.9 (CH,
benzylic), 46.2 (CHs, TMEDA), 32.3 (CH3, TMP), 30.6 (B-CH,, TMP), 29.0 (CH3, ‘Bu),
19.3 (y-CH,, TMP).
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Spectrum 17. *H-'H COSY spectrum of compound 4 in dg-THF solution
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Spectrum 18. 'H-Bc HsQC spectrum of compound 4 in dg-THF solution
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