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Experimental procedure

Synthesis of [Zn{MeZn}{HN-NMe,},{O-NEt>}4] (1): MexZn (5.00 mL of a 2.0 M
solution in toluene; 10.0 mmol) was added dropwise via syringe to a stirred solution
of H,NNMe, (0.40 mL, 5.22 mmol) and Et,NOH (0.50 mL, 4.87 mmol) in n-hexane
(20 mL) at 0 °C. The reaction mixture was gradually warmed to room temperature
and stirred for 6 h. The solvents were removed under reduced pressure, the resulting
residue was dissolved in n-hexane and filtered. The clear, colourless filtrate was
stored at —10 °C to afford colourless, platelike crystals.

Mp 164 °C (decomp); '"H NMR (400 MHz, C;Dg, 200 K): 6 =-0.40 [s, 6 H, ZnCHj;],
—0.27 [s, 6 H, ZnCHj3], 0.98 [t, *Jun = 6.9 Hz, 6 H, N(CH,CH3),], 1.16 [t, *Jun = 6.7
Hz, 6 H, N(CH,CH;),], 1.18 [t, *Jun = 6.7 Hz, 6 H, N(CH,CH3),], 1.34 [t, *Juu = 6.7
Hz, 6 H, N(CH,CH;),], 1.61, 1.64 [s, 2 H, N-H], 1.81 [s, 6 H, N(CH3)2], 2.17 [s, 6 H,
N(CH:)2], 2.29 [q, *Jun = 6.7 Hz, 2 H, N(CH,CH3),], 2.65 [q, *Junu = 6.7 Hz, 2 H,
N(CH,CH3),], 2.74 [q, *Jun = 6.9 Hz, 2 H, N(CH,CH3)], 2.83 [q, *Juu = 6.9 Hz, 2
H, N(CH,CHjs),], 2.90 [q, *Jin = 6.9 Hz, 2 H, N(CH,CHjs),], 3.00 [q, *Juu = 6.8 Hz,
2 H, N(CH,CHs),], 3.16 [q, *Juu = 7.2 Hz, 2 H, N(CH,CHs),], 3.86 [q, *Juu = 7.5
Hz, 2 H, N(CH,CH3),] ppm; 'H NMR (400 MHz, C;Ds, 250 K): 6 = -0.51 [s, 6 H,
ZnCHj3], —0.40 [s, 6 H, ZnCH;], 0.96 [t, *Juyu = 6.9 Hz, 6 H, N(CH,CH3),], 1.11 [m,
12 H, N(CH,CH3),], 1.29 [t, *Juu = 7.3 Hz, 6 H, N(CH,CH3),], 1.45 [s, 2 H, N-H],
1.94 [s, 6 H, N(CH3)2], 2.23 [s, 6 H, N(CH3),], 2.32-2.49 [m, 4 H, N(CH>CHj3),], 2.67
[q, *Jiu = 7.0 Hz, 2 H, N(CH,CHs),], 2.74-2.91[m, 6 H, N(CH,CH3)], 3.01 [q, *Jun
= 7.0 Hz, 2 H, N(CH,CH;),], 3.81 [q, *Juu = 7.6 Hz, 2 H, N(CH,CH3),] ppm; 'H
NMR (400 MHz, C;Ds, 300 K): & = -0.60 [s, 6 H, ZnCHj3], —0.50 [s, 6 H, ZnCHj3],
0.95 [t, *Jun = 7.0 Hz, 6 H, N(CH,CH;),], 1.07 [t, *Jun = 7.1 Hz, 12 H,
N(CH,CH3),], 1.26 [t, *Jun = 7.3 Hz, 6 H, N(CH,CH;),], 1.54 [s, 2 H, N-H], 2.04 [s,
6 H, N(CHs),], 2.28 [s, 6 H, N(CH3)2], 2.36 [q, *Juu = 6.8 Hz, 2 H, N(CH,CH3),]
2.65-2.91 [m, 10 H, N(CH,CHj3),], 3.01 [q, *Juu = 7.1 Hz, 2 H, N(CH,CH3),], 3.77
[q, *Jun = 7.6 Hz, 2 H, N(CH,CH3),] ppm; “C{'H} NMR (100.6 MHz, C;Ds, 200 K):
& = -10.59, —-9.32 [ZnCHs;], 12.74, 13.75, 14.05, 14.4 [N(CH,CHj3),], 52.14, 53.50
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[N(CH;),], 55.04, 55.22, 56.67, 62.24 [N(CH,CH3), ppm; “C{'H} NMR (100.6 MHz,
C;Dg, 300 K): 6 =-10.77, —=10.27[ZnCH3], 12.23, 13.02, 13.72 [N(CH2CH3),], 52.61,
53.44 [N(CHs),], 55.49, 55.90, 61.57 [N(CH,CH3), ppm; elemental analysis for
C24HesN3O4Zns (857.78): caled: C 33.60, H 7.76, N 13.06; found: C 33.43, H 7.73, N
12.91; EI-MS [m/z (%)]: 843 (12), [M" — CH3], 674 (100), [M" — ZnONEt, — 2 CHs];
IR [KBr, cm™]: 3184 (br, N-H).

Synthesis of [Zn{EtZn}{HN-N(CH>)s},{O-NEt,}4] (2): The experimental procedure was
the same as for compound 1, but Et,Zn (5.0 mL of a 2.0 M solution in n-hexane; 10.0
mmol) was used instead of Me,Zn and 1-aminopiperidine (0.54 mL, 5.00 mmol) was
used instead of N,N-dimethylhydrazine. An n-hexane solution of compound 2 was stored
at -10 °C for several days to afford colourless platelike crystals.

Mp 195 °C (decomp); 'H NMR (200.1 MHz, C¢Ds, 300K): & = 0.32-0.54 [m, 8 H,
ZnCH>CH3], 1.02-3.70 [m, 74 H, ZnCH,CH;, N(CH:CH;),, N(CH,)s, NH.
N(CH,CHj3),] ppm; C {'H} NMR (50.3 MHz, C¢Ds, 300K): & = 2.54, 3.20, 3.73
[ZnCH,CHj3], 11.88, 12.31, 12.83, 13.12 [ZnCH,CHs], 13.79, 13.89, 14.09, 14.43,
14.70, 15.28 [N(CH2CH3),], 22.83, 22.95, 23.12, 23.38, 23.97,24.16, 24.34, 24.97,
26.44, 26.75, 61.15 [N(CHz)s], 53.42, 55.79, 55.89 [N(CHs),], 63.25, 63.89, 64.64,
65.31, 65.66 [N(CH,CHj3),] ppm; elemental analysis for C;4Hg,NgO4Zns: caled: C
41.08, H 8.31, N 11.27; found: C 40.79, H 8.04, N 11.60; IR [KBr, cm™]: 3177 (br,
N-H).
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Computational Details

All calculations were carried out using the Turbomole (Version 5.7) [1] program
package. The four isomeric species 3, 4a, 4b and 4¢ were optimized at the DFT level of
theory, employing Turbomoles RIDFT [2-4] program deck, which is making use of the
"RI two-electron-integral" routine [5] for the approximate evaluation of two-electron
integrals. All-electron SV(P) basis sets [6] for all elements including Zn were employed,
since relativistic effects are expected to be small. The calculations were done with a
standard grid of m3 size [7].

Both the comparison of the solid state structure of 1 and extensive test
calculations up to the RI-CC2(fc)/TZVPP level of theory on the ZnONH2+ cation
suggest that, DFT/SV(P) with the Becke-Perdew local density functional [8] is both
sufficient and efficient in the reproduction of structural features of the considered
compounds.

As a starting point for the calculations on the twofold dimethylhydrazine
substituted species 4a, 4b and 4¢ one molecular subunit from the solid state structure of 1
was chosen, and two Me,NO groups were replaced by two Me,NNH groups. For the
generation of the different steric orientations of the hydrazine group substituents 4a, 4b
and 4c¢, the N-N bonds were rotated from one starting geometry by 180°. All starting

geometries lead to converging optimisations.
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Coordinates in Bohr units
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Compound 4a
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Compound 4b

AAWWhwo

.06860800339239
.25628113568806
.83028320595088
.08379055701863
.18657277231694
.39784014220770
.08839048606298
.29073099807717
.88086999985823
.72724227777506
.81539006696118
.42768615421965
.61143968911940
.22317137773018
.46288502202851
.98847466246198
.14640830030338
.07212301502730
.17889976848925
.02492668129917
.26769407897911
.68910066418682
.60249863976332
.72844321782251
.09363267698267
.43456051062480
.54095761499639
.12778539896720
.44915360366262
.64966928746798
.13102826742767
.65359310443194
.98438228767788
.65076047689092
.42905572761806
.89258086168106
.56193503231455
.72794892886810
.12271999004512
.00177054155077
.77133089473473
.56808672329753
.42836315673376
.66629910728140
.30701837627836
.47281363607170
.12586121494614
.26415934980362
.09844155121313
.34872814943184
.21656012629398
.92267524856526
.49859762389113
.55412888356484
.19801419846285
.68223762711148
.87062746686047
.54984721205472
.50460889220686
.14840939457195
.65734820057413
.50015605530732

.24968211465072
.88505032059133
.06246480288414
.90753944300672
.91326132403935
.85346647909844
.10538935963756
.73100495047300
.90388303421528
.81342578382714
.44338915513501
.01020584127553
.57655994399588
.93185487456135
.83903284938967
.01121149689761
.19821156993647
.76969245157029
.30223267067436
.96242614230141
.70561366373263
.93507378566508
.13775668949623
.40961685564674
.70588795373944
.80778080023736
.65831763565281
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-2.
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.04454192717244
.39672864461247
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.90772621534460
.06777901401919
.70302464311749
.53502795042148
.37561636227063
.77806215498591
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.14346541517048
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71759367280460
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.95585343513505
.07933558479709
.99190129839954
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.56951308830512
.54161463233963
.76773260047975
.75457796695817
.34328670047323
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-0.
.97605828362859
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.19517786214542
.75565010787458
.04570480266688
.30565767245579
.59150640781288
.00013671280638
.19527052576635
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.88626180427843
.45104779364767
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.59567820869996
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.66050890581549
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.79327712512090
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.86955703304115
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.80211752726789
.34246329674206
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.80135741592865
.34159970527952
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01432868968623
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-5.
-4,
-6.
-2.
-4,
.56510691333751
.64921395049730
.56941836299891
.20662471218286
.92422052715151
0.00166376475804
2.26140534277033
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