Accepted Manuscript

Efficient and Stereoselective Synthesis of a-Hydrazino Tetrazoles through a Pseudo
Five-component Domino Reaction

Ali Nikbakht, Sorour Ramezanpour, Saeed Balalaie, Frank Rominger

PII: S0040-4020(15)01074-1
DOI: 10.1016/j.tet.2015.07.037
Reference: TET 26982

To appearin:  Tetrahedron

Received Date: 25 April 2015
Revised Date: 24 June 2015
Accepted Date: 13 July 2015

Please cite this article as: Nikbakht A, Ramezanpour S, Balalaie S, Rominger F, Efficient and
Stereoselective Synthesis of a-Hydrazino Tetrazoles through a Pseudo Five-component Domino
Reaction, Tetrahedron (2015), doi: 10.1016/j.tet.2015.07.037.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2015.07.037

Efficient and Stereoselective Synthesis of a-Hydrazino Tetrazoles through a Pseudo

Five-component Domino Reaction

Ali Nikbakht, ? Sorour RamezanpodrSaeed Balalaie*” Frank Rominget

®Peptide Chemistry Research Center, K. N. Toosi &hsity of Technology, P.O. Box
15875-4416 Tehran, Iran balalaie@kntu.ac.ir

PMedical Biology Research Center, Kermanshah MediGtience University,
Kermanshah, Iran

“Organisch-Chemisches Institut der Universitaet Elbierg, Im Neuenheimer Feld 270,
69120 Heidelberg, Germany

Abstract:

A concise and efficient route for the diastereasele synthesis of new and interesting
a-hydrazino tetrazoles has been developed througkeado five-component domino
reaction using the isocyanide-based one-pot mutipmment reaction. The products were
obtained by a facile Ugi-azide pseudo five-componegaction of cyclic ketones,

hydrazine hydrate, trimethylsilyl azide, and cop@sding isocyanides without any

catalyst in good yields and with high bond formefficiency at room temperature.

Keywords. Ugi-azide pseudo five-component reaction;hydrazino tetrazoles,
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I ntroduction

Tetrazoles represent an important class of heteliocygitrogen compound with a wide
range of biological properties such as antimicrpl@atibacterial, antifungal, analgestic,
anti-inflammatory, antiviral, and anti-cancer aitias® In recent years, considerable
attention has been drawn to 1,5-disubstituted Zeles, the more common tetrazole
derivatives, due to their biological importance dnrctional propertie8.As such, they
are important in biology and medicine as NADPH asie inhibitors, glucokinase
activators, hepatitis C virus (HCV) serine prote&$®3 inhibitors, calcitonin gene-
related peptide receptor antagonists and antinmigragents.They have also attracted a
great deal of attention in the field of peptide roi&ry as conformational mimics ofs-
amide bond$.Prescribed agents featuring the 1,5-disubstittegdzole scaffold include
the anti-inflammatory cilostazol, the anti-micrdbilatamoxef, the circulatory and

respiratory stimulant pentylenetetrazol and thé-diabetic nojiritetrazolé.
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Figure. 1 1,5-Disubstituted tetrazoles as conformational iwsnof cis-amide bonds, and
as medicinally important compounds.

There has been considerable interest in the sysatlsl,5-disubstituted tetrazoles
owning to their diversgoharmacological activities and numerous approacbethis
scaffold have been disclosed in the literature.dvliaynthetic strategies utilized for the
preparation of 1,5-disubstituted tetrazoles areinti@molecular cycloaddition reactions,
and isocyanide-based multicomponent reactfoAsiong the various pathways toward
1,5-disubstituted tetrazole derivatives, the isooyabased multicomponent reactions
(IMCRs) are most relevant by virtue of their syitb potential, inherent atom

efficiency, convergent nature, ease of implemenatand the generation of molecular
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diversity! Recently, we have developed a non-catalytic eiasselective approath
these important heterocyclic nitrogen compound®ubin a facile Ugi-azide four-
component reactioh. As part of our continuing efforts to improve theeparation of
biologically important 1,5-disubstituted tetrazoldsy means of isocyanide-based
multicomponent reactions, herein we describe a isenand efficient route for the
diastereoselective synthesis of new and interestihgdrazino tetrazoles via a facile
Ugi-azide pseudo five-component reaction of two iegents of cyclic ketones,
hydrazine hydrate, isocyanides and trimethylsiitla (Scheme 1).

. N=N
RzzN _N
NH, . 5 5 EtOH, rt N
H2N . + R NC + TMSN3 24 h 3 N/ \v\\
1 1 H
R R R
1 2a-f 3a-b 4 5a-h

Scheme 1. Stereoselective synthesiswehydrazino tetrazoleSa-h through a facile Ugi-

azide pseudo five-component reaction

Results and discussion

The Ugi-azide pseudo five-component reaction ofragmhe hydratel, 2 equivalents of
4-tert-butyl cyclohexanonea, tert-butyl isocyanide3a and trimethylsilyl azide4 in
ethanol was selected as the model reaction. Téetioe mixture was stirred at room
temperature to produce the correspondifttydrazino tetrazolesg) in 89% vyield (Table
1). At the outset of this study, our efforts weoeudsed on finding appropriate reaction
conditions to perform the proposed reaction. Counsetly, the model reaction was
carried out in various solvents. The results amarsarized in Table 1. The use of
acetonitrile, tetrahydrofuran, and dichloromethameplace of ethanol/methanol as the
reaction solvent decreased the yield of the desmexiuct (entries 1-3). Therefore,

ethanol was used as the reaction solvent.
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Scheme 2. The model reaction for the synthesisbafthrough the Ugi-azide pseudo five-

component reaction

Table 1. Optimization of the solvent reaction

Entry Solvent Yield (%Y
1 THF 17
2 CH.Cl, 23
3 CH,CN 35
4 CH;OH 89
5 CH;CH,OH 89

[a] Isolated yields

Furthermore, when TMS-Nn the reaction was replaced by NaMe could isolate only
37% of5a. In another attempt, the ratio of isocyanides alsd trimethylsilyl azide was
raised to 2.5 equivalents in the model reactioroldtain the product containing two
tetrazole ring moieties. However, the sole produas5a: the desired product could not
form possibly due to stereoelectronic effects. Viéihimized reaction conditions in hand
for the preparation 0%a, we decided to check the scope of the reactioh watrious
cyclic ketones and isocyanides. The results obtlaare summarized in Table 2. In our
initial studies, the formation of single atropisamewere determined byH NMR
spectroscopic data on the crude reaction prodaatsigh the single -NH signal and the
single CH-N signal of the corresponding produatspnating aé 4.30-4.60 an@ 5.00-
5.20 respectively (Table 2).



Table 2. The facile Ugi-azide pseudo five-component reacfor the diastereoselective

synthesis of hydrazino tetrazolesh

N=N N=N N=N
tBu’N N tBu’N N Bu-NyN
_N N N
fBuﬁiN X tBu EtﬁiN X Et MG\QN/ X M
NTIe— I NS Me
5a (89%) 5b (54%) 5c¢ (62%)
N=N N=N N=N
Cy’N N Cy’N Y Cy’N N
Bu-. /X; ;N S Bu EtﬁiN’N\ Et MeﬁiN S Me
w B w ﬁ/
5d (92%) 5e (71%) 5f (85%)
N=N N=Q
oy NN ey NN
mIN/N\ %IN NS
AN R AN
5g (48%) 5h (75%)

The structures of the produda-h were deduced from their B4 NMR, **C NMR and
ESI-HRMS spectra. For example, th¢ NMR spectrum oba consisted of a singlet for
the distinguished -NH peak &#.36 ppm, two singlets for twert-butyl groups aé 0.82
and 0.86 and a singlet &t1.78 ppm for the —Nert-butyl group. The proton decoupled
3¢ NMR spectrum oba showed 24 distinct resonances in agreement wittptbposed
structure. The distinguished peaks resonatedl @8.2 and 64.4 ppm related to —C-N
groups. The C=N tetrazole and imine group resonatied 152.7 and 157.7 ppm,
respectively.

Meanwhile, the structures 6& and5d were subsequently confirmed by single-crystal X-
ray crystallographic data (Fig. 2). As shown in.Righe orientation of tetrazole scaffold
is axial, and the hydrazine group is in the equalt@osition.



Fig 2 The ORTEP structure & and5d
The C=N bond lengths ifa and5d (1.277 A, 1.266 A, respectively) could confirm the

existence of imine bonds in the desired structures.

A mechanistic rationalization for this reactionpsovided in Scheme 3. The first step
seems to be the formation of the diimines, follovegdhucleophilic attack of isocyanide
and trimethylsilyl azide leading to the formatiohtbe intermediatewhich undergoes
cyclization to afford the corresponding products.
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Scheme 3. Proposed mechanism for the synthesie-bfdrazino tetrazolesa-h through pseudo-

five-component reaction



To confirm the formation of the diimines, the reactof two equivalents of fert-butyl
cyclohexanone and 1 equivalent of hydrazine hydveds investigated leading to the

formation of diimire 6 in theanti-configuration, the most stable conformation.
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Scheme 4. Synthesis of diiminé through the reaction of #rt-butyl cyclohexanone and
hydrazine hydrate

In the next step, there are two possibilities fer hucleophilic addition of isocyanide and
trimethylsilyl azide to the diimine intermediaterahgh an axial or equatorial approach.
In our previous report regarding the synthesis-bfydrazido tetrazoles through the Ugi-
azide one-pot four-component reaction, the tramsisitate for axial attack of isocyanide
suffered from steric clashes between the 1,3 &idtogens and the incoming isocyanide
reagent and the addition occurred via equatoriaickf In contrast to our previously
reported article, here, thaldition of isocyanide through equatorial attackas suitable
due to the a) torsional strain due to eclipsingriattions between the hydrazonyl group
and alsg C-H hydrogens; b) less stability of the producitas not the thermodynamic
product (Fig.3); c) based on the Cieplack model @x&al nucleophilic addition of
isocyanide is more preferable due to effective ibtatg orbitals interaction (the C-H

bond has more donation character compared to CA@)b(rig.4).
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Fig 3. Proposed addition reaction of isocyaniddi&mnine
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Fig4. The Cieplak model for the effective stabilgiinteraction for axial nucleophilic additibn

In conclusion, we have developed a convenient, Ieirapd efficient diastereoselective
synthesis of thermodynamically stabdehydrazino tetrazoles via a facile Ugi-azide
pseudo five-component reaction. The present methggooffers several advantages,
such as simple procedure with an easy work-up, kighis, high atom-economy, high
bond forming efficiency and carrying out the reatin one-pot reaction conditions at

room temperature.

Experimental Section:

Commercially available materials were used witHatther purification. Melting points
were determined on an Electrothermal 9100 appaeatdsvere uncorrected. IR spectra
were obtained on an ABB FT-IR FTLA 2000 spectromété NMR and*C NMR
spectra were run on Bruker DRX-300 AVANCE spectrareat 300 MHz fotH NMR,
75 MHz for**C NMR. DMSO4ds; and CDCiwas used as solvent. High resolution mass

spectra were recorded on Mass-ESI-POS (Apex Qd@EHinstrument) spectrometer.
General procedurefor the synthesis of a-hydrazino tetrazoles 5a-h:

To a solution of hydrazine hydratg(1 mmol), cyclic keton@a-f (2 mmol) in ethanol (5
mL) was added. The mixture was stirred for 30 rhentisocyanid&a-b (1.2 mmol) and
trimethylsilyl azide4 (1 mmol) was added to the mixture. The mixture wtsed for
24h at ambient temperature. After completion ofreection, as indicated by TLC (ethyl

acetatat-hexane, 1:3), the precipitate was filtered off #meh washed with methanol.

Spectroscopic data for compourtdsh:

1-(tert-Butyl)-5- ((1r,4S)-4- tert-butyl)-1-(2 -((SE)-4 -(tert-butyl)cyclohexylidene) hydrazinyl)
cyclohexyl)-H-tetrazole $a): Colorless powder; 383 mg (89%), mp: 209-Z11IR [ iax
(KBr, cm™): 3258, 1639'H NMR (300 MHz, CDC}): 0.82 6, 9H, 3CH, t-Bu), 0.86 §,
9H, 3CH;, t-Bu), 1.07-1.721f, 8H, 4CH, Hcyciohexy), 1.78 6, 9H, 3CH, t-Bu), 1.82-
2.01 g, 4H, Heyciohexy), 2.28-2.501(, 2H, Heyciohexy), 2.60-2.81 1), 4H, Heyciohexy), 4.36



(s, 1H, NH); **C NMR (75 MHz, CDCJ): 23.9, 24.2, 25.1, 26.3, 27.4, 27.5, 27.7, 31.2,
32.3, 32.4, 34.8, 37.9, 38.5, 47.4, 47.6, 59.34,61452.6, 157.8; HR-MS (ESI): calc. for
CasH47Ng [M+H] ™ 431.3857, found 431.3857; calc. fossB4eNeNa [M+Na] 453.3677,
found 453.3676; calc. forgHisNeK [M+K] ™ 469.3416, found 469.3415.

colourless crystal (plate), dimensions 0.370 x 0.28 0.030 mn, crystal system
monoclinic, space group F8, Z=4, a=6.2048(7) A, b=29.336(3) A, c=14.4809(A7
alpha=90 deg, beta=98.484(4) deg, gamma=90 deg6®/=Q(5) &, rho=1.097 g/crh
T=200(2) K, Thetas= 26.022 deg, radiation Mo Kalpha, lambda=0.710730A deg
omega-scans with CCD area detector, covering thmmagtric unit in reciprocal space
with a mean redundancy of 3.15 and a completerfes8000% to a resolution of 0.81A,
16371 reflections measured, 5139 unique (R(int)8@6), 3027 observed (I >LZ)),
intensities were corrected for Lorentz and polaiiraeffects, an empirical absorption
correction was applied using SADABS based on theeLsymmetry of the reciprocal
space, mu=0.07mM Tmin=0.90, Tna=0.96, structure solved by direct methods and
refined against £with a Full-matrix least-squares algorithm usirtge tSHELXTL
(Version 2013/3) software package, 285 paramegdirsed, hydrogen atoms were treated
using appropriate riding models, except H21 at N&fich was refined isotropically,
goodness of fit 0.99 for observed reflections, Ifimasidual values R1(F)=0.057,
wWR(F)=0.109 for observed reflections, residual electd®nsity -0.22 to 0.21 €A
CCDC 103930 contains the supplementary crystalfigcadata for this paper. These
data can be obtained free of charge from The CalgérCrystallographic Data Centre

via www.ccdc.cam.ac.uk/data_request/cif.

1-(tert-Butyl)-5-((1r,4S)-4-ethyl-1-(2- ((E)-4-ethyl cyclohexylidene)
hydrazinyl) cyclohexyl) -H-tetrazole §b): Waxy liquid; 202 mg (54%), IR max (KBT,
cm?): 3362, 1713'H NMR (300 MHz, CDGJ): 0.85 ¢, J = 7.0 Hz, 3H, Chj), 0.91 ¢, J

= 7.0 Hz, 3H, CH), 0.94-1.03 1fh, 2H, Hcyciohexy), 1.22-1.37 1), 7H, Heyciohexy), 1.61-
1.88 (m, 8H, Hcyciohexy), 1.78 6, 9H, 3CH;, t-Bu), 2.00-2.23f, 2H, Heyciohexy), 2.53-2.67
(m, 3H, Heyciohexy), 4.54 brs, 1H, NH); *C NMR (75 MHz, CDCJ): 11.4, 11.6, 11.7,
24.4, 28.1, 28.2, 28.9, 31.2, 31.3, 31.5, 32.84,385.6, 35.9, 37.5, 38.6, 59.4, 64.3,
152.7, 158.4; HR-MS (ESI): calc. for{E39Ne [M+H] ™ 375.3360, found 375.3357; calc.
for CoiHsgNeNa [M+Na]  397.3038, found 397.3035; calc. foniB3gNeK [M+K]™
413.2787, found 413.2785.



1-(tert-Butyl)-5-((1r,4S)- 4-methyl-1- (2 -((SE)-4-methylcyclohexylidene) hydrazinyl)
cyclohexyl)-H-tetrazole §c): Colorless solid; 215 mg (62%), mp: 120-123 IR [Jmax
(KBr, cm): 3255, 1632]H NMR (300 MHz, CDC}): 0.89 ¢, 6H, J = 6.3 Hz, 2CH)),
0.92-1.70 {n, 10H, Hyciohexy), 1.74 6, 9H, t-Bu), 1.76-2.66 1, 8H, Hyciohexy), 4.62 6,
1H, NH); *C NMR (75 MHz, CDCJ): 20.9, 21.6, 24.3, 30.3, 30.5, 30.6, 31.0, 33220,
33.8, 34.5, 35.2, 35.6, 59.1, 64.3, 76.6, 152.8,3FHR-MS (ESI): HR-MS (ESI): calc.
for CigHasNg [M+H] ™ 347.2428, found 347.2428.

5-((1r,4S)-4-(ert-Butyl)-1-(2-((SE)-4-(tert-Butyl)cyclohexylidene)hydrazinyl)
cyclohexyl)-1-cyclohexyl-H-tetrazole $d): Colorless solid; 420 mg (92%), mp: 239-
241°C, IR [max (KBr, cm®): 3253, 1642 'H NMR (300 MHz, CDGJ): 0.77 &, 9H,
3CH;, t-Bu), 0.84 §, 9H, 3CH;, t-Bu), 0.88-1.501f, 10H, Heyciohexy), 1.53-1.82 1fn, 6H,
Hcyclohexy), 1.83-2.24 10, 9H, Heyciohexy), 2.28-2.79 (n, 3H, Heyciohexy), 4.49 6, 1H, NH),
4.90-5.11 K, 1H, CNH);**C NMR (75 MHz, CDCJ): 21.6, 22.0, 24.8, 25.0, 25.7, 26.5,
27.3,27.7,32.3, 32.5, 33.1, 33.2, 34.2, 34.8,46(.4, 56.8, 58.9, 153.4, 158.5; HR-MS
(ESI): calc. for G/Ha9Ng [M+H]™ 457.40144, found 457.40132; calc. fos/id4NeNa
[M+Na]* 479.3834, found 479.3833; calc. fon/B48KNe [M+K]" 495.3573, found
495.3572.

Colourless crystal (needle), dimensions 0.420 »6@.8 0.030 mm crystal system
monoclinic, space group BFR, Z=4, a=6.345(2) A, b=31.355(11) A, c=14.286£)
alpha=90 deg, beta=99.872(11) deg, gamma=90 de®798:8(17) A, rho=1.083
glent, T=200(2) K, Thetaa= 21.260 deg, radiation Mo Kalpha, lambda=0.71078 A
deg omega-scans with CCD area detector, coveriagaiymmetric unit in reciprocal
space with a mean redundancy of 3.63and a compketenf 61.5% to a resolution of
0.98A, 11459 reflections measured, 3120 uniquen(R(®.1049), 1898 observed (I >
201(1)), intensities were corrected for Lorentz andapaation effects, an empirical
absorption correction was applied using SADABS Hase the Laue symmetry of the
reciprocal space, mu=0.06rm Tin=0.82, Tna=0.96, structure solved by direct
methods and refined against With a Full-matrix least-squares algorithm usithg t
SHELXTL (Version 2013/3) software package, 302 paeters refined, hydrogen atoms
were treated using appropriate riding models, exé&® at N10, which was refined
isotropically, goodness of fit 1.01 for observedleeions, final residual values
R1(F)=0.074, wR(H=0.159 for observed reflections, residual electiensity -0.33 to
0.32 eA3. CCDC 103931 contains the supplementary crystallsitic data for this paper.
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These data can be obtained free of charge fromCdrabridge Crystallographic Data

Centre via www.ccdc.cam.ac.uk/data_request/cif.

1-Cyclohexyl-5- ((1,4S)-4-ethyl-1 -(2 -((%5)-4-ethylcyclohexylidene)hydrazinyl)
cyclohexyl)-1H-tetrazole5g): Colorless solid; 216 mg (71%)p: 129-13¢F°C, IR [Jax
(KBr, cm): 3244, 1739, 1635H NMR (300 MHz, CDGJ): 0.84 , 3H,J = 7.2 Hz,
CHs), 0.87 ¢, 3H,J = 7.2 Hz, CH), 0.97-1.02 ifh, 3H, Hcyciohexy), 1.78-1.38 ifh, 10H,
Hcyclohexy), 1.63-2.24 10, 16H, Heyciohexy), 2.53-2.701(, 3H, Heyclohexy), 4.59 6,1H, NH),
5.07-5.14 f, 1H, CNH);**C NMR (75 MHz, CDC}): 11.5, 11.6, 24.3, 25.0, 25.6, 28.5,
28.6, 28.8, 31.3, 32.6, 33.2, 34.4, 35.3, 35.75,388.3, 59.1, 153.6.2; HR-MS (ESI):
calc. for GsHaiNg [M+H]" 401.3388, found 401.3387; calc. forsBaNe [M+Na]”
423.3197, found 432.3193; calc. foFaB40KNe [M+K] * 439.2947, found 439.2946

1-Cyclohexyl-5 -((1,4S)-4-methyl-1-(2 -((SE)-4-methylcyclohexylidene) hydrazinyl)
cyclohexyl)-H-tetrazole %f) Colorless solid; 291 mg (78%pnp: 167-169C, IR [
(KBr, cm™): 3240, 1739, 163TH NMR (300 MHz, CDCJ): 0.85 @, 3H,J = 6.4 Hz,
CHg), 0.88 €I, 3H,J = 6.5 Hz, CH), 0.93-1.56 1fn, 10H, Hycionexy), 1.58-1.78 ifn, 8H,
Hcyclohexy), 1.79-2.20 ifn, 8H, Heyciohexy), 2.45-2.66 1), 2H, Heyciohexy), 4.6 6, 1H, NH),
5.10 n, 1H, NCH);*C NMR (75 MHz, CDCJ): 21.4, 21.6, 24.3, 25.0, 25.6, 30.8, 30.9,
31.7,31.8, 33.1, 33.2, 33.7, 34.5, 35.1, 35.38,36.9, 58.0, 59.1, 153.3, 156.2, HR-MS
(ESI): calc. for GiHzNg [M+H]" 373.3074, found 373.3074; calc. fopiBssNsNa
[M+Na]® 395.2894, found 395.2894; calc. foriB3KNe [M+K]" 411.2633, found
411.2633.

1-Cyclohexyl-5- ((1R, 3R)-3-methyl-1- (2-((Z)-3-methylcyclohexylidene)hydrazinyl)
cyclohexyl)-H-tetrazole(5g): Colorless solid; 231 mg (65%)p: 145-147°C, IR [ ux
(KBr, cm®): 3238, 1740, 1632*H NMR (300 MHz, CDC}) 0.85-0.95 i, 6H, CH),
1.00-1.55 fn, 10H, Heyciohexy), 1.63-1.79 1), 6H, Heyciohexy), 1.87-2.21 iy, 9H,
Heyciohexy)s 2.48-2.65 1, 3H, Heycionexy), 4.56 6 1H, NH), 5.05-5.13r¢, 1H, CHN);**C
NMR (75 MHz, CDC}): 22.2, 22.4, 22.5, 25.0, 25.6, 25.7, 29.0, 3232, 33.3, 34.1,
34.4, 34.7, 35.9, 44.4, 58.9, 59.1, 59.2, 153.8.115156.1; HR-MS (ESI): calc. for
C,1H37Ng [M+H]" 373.3074, found 373.3074; calc. fog:83NsNa [M+Na] 395.2894,
found 395.2894; calc. fordgHssKNg [M+K] * 411.2633, found 411.2633.
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1-Cyclohexyl-5-(1-(2-cyclohexylidenehydrazinyl)cgblexyl)-1H-tetrazolegh):

Colorless powder; 258 mg (75%hyp: 147-15FC, IR [Imax (KBr, cm™): 3239, 1631H
NMR (300 MHz, CDCY): 1.27-1.63 ffy, 15H, CH, Hcyciohexy), 1.67-2.25 11, 15H, CH,
Heyclohexy), 4.96 6 1H, NH), 5.11 ifh, 1H, CNH); °C NMR (75 MHz, CDCI3): 21.6,
24.9, 25.0, 25.1, 25.1, 25.4, 25.7, 25.8, 25.90,233.2, 34.4, 35.2, 57.6, 59.0, 153.4,
157.8; HR-MS (ESI): calc. for fgHzaNg[M+1]" 345.2762, found 345.2761; calc. for
CioH33NgNa[M+Na]" 367.2581, found 367.2581; calc. forg8s3KNg[M+1]" 383.23207,
found 383.23200.
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General information
Experimental Section:

Commercially available materials were used without further purification. Melting points were
determined on an Electrothermal 9100 apparatus and were uncorrected. IR spectra were obtained
on an ABB FT-IR FTLA 2000 spectrometer. ‘H NMR and **C NMR spectra were run on Bruker
DRX-300 AVANCE spectrometers at 300 MHz for *H NMR, 75 MHz for **C NMR. DMSO-ds
and CDCl3 was used as solvent. High resolution mass spectra were recorded on Mass-ESI-POS

(Apex Qe-FT- ICR instrument) spectrometer.

General procedure for the synthesis of a-hydrazino tetrazoles 5a-h:

To a solution of hydrazine hydrate 1 (1 mmol), cyclic ketone 2a-f (2 mmol) in 5 mL ethanol was
added. The mixture was stirred for 30 min then isocyanide 3a-b (1.2 mmol) and trimethylsilyl
azide 4 (1 mmol) was added to the mixture. The mixture was stirred for 24h at ambient
temperature. After completion of the reaction, as indicated by TLC (ethyl acetate/n-hexane, 1:3),

the precipitate was filtered off and then washed with methanol.

Spectroscopic data for compounds 5a-h:

5a (89%)

1-(tert-Butyl)-5- ((1r,4S)-4- (tert-butyl)-1-(2 -((S,E)-4 -(tert-butyl)cyclohexylidene) hydrazinyl) cyclohexyl)-
1H-tetrazole (5a): Colorless powder; 383 mg (89%), mp: 209-211°C, IR vmax (KBr, cm™): 3258,
1639; *H NMR (300 MHz, CDCl3): 0.82 (s, 9H, 3CHs, t-Bu), 0.86 (s, 9H, 3CHs, t-Bu), 1.07-
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1.72 (m, 8H, 4CHa, Heyciohexy), 1.78 (s, 9H, 3CHs, t-Bu), 1.82-2.01 (m, 4H, Heyclohexy), 2.28-2.50
(M, 2H, Heyetohexyt), 2.60-2.81 (M, 4H, Heyclohexyl), 4.36 (5, 1H, NH); **C NMR (75 MHz, CDCls):
23.9,24.2, 25.1, 26.3, 27.4, 27.5, 27.7, 31.2, 32.3, 32.4, 34.8, 37.9, 38.5, 47.4, 47.6, 59.3, 64.4,
152.6, 157.8; HR-MS (ESI): calc. for CosHs7Ng [M+H]" 431.3857, found 431.3857; calc. for
CasHasNsNa [M+Na]* 453.3677, found 453.3676; calc. for CosHasNgK [M+K]™ 469.3416, found
469.3415.

colourless crystal (plate), dimensions 0.370 x 0.230 x 0.030 mm?, crystal system monoclinic,
space group P2:/n, Z=4, a=6.2048(7) A, b=29.336(3) A, ¢=14.4809(17) A, alpha=90 deg,
beta=98.484(4) deg, gamma=90 deg, V=2607.0(5) A%, rho=1.097 g/cm® T=200(2) K, Thetamax=
26.022 deg, radiation Mo Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD area
detector, covering the asymmetric unit in reciprocal space with a mean redundancy of 3.15and a
completeness of 100.0% to a resolution of 0.81A, 16371 reflections measured, 5139 unique
(R(int)=0.0805), 3027 observed (I > 2s(l)), intensities were corrected for Lorentz and
polarization effects, an empirical absorption correction was applied using SADABS based on the
Laue symmetry of the reciprocal space, mu=0.07mm™, Tpin=0.90, Tma=0.96, structure solved by
direct methods and refined against F? with a Full-matrix least-squares algorithm using the
SHELXTL (Version 2013/3) software package, 285 parameters refined, hydrogen atoms were
treated using appropriate riding models, except H21 at N21, which was refined isotropically,
goodness of fit 0.99 for observed reflections, final residual values R1(F)=0.057, wR(F?)=0.109
for observed reflections, residual electron density -0.22 to 0.21 eA™. CCDC 103930 contains the
supplementary crystallographic data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

1-(tert-Butyl)-5-((1r,4S)-4-ethyl-1-(2- ((S,E)-4-ethyl cyclohexylidene) hydrazinyl)
cyclohexyl) -1H-tetrazole (5b): Waxy liquid; 202 mg (54%), IR vmax (KBr, cm™): 3362, 1713; *H

NMR (300 MHz, CDCls): 0.85 (t, J = 7.0 Hz, 3H, CH3), 0.91 (t, J = 7.0 Hz, 3H, CHj3), 0.94-1.03
S3



(m, 2H, Heyciohexyr), 1.22-1.37 (m, 7H, Hcyelohexyr), 1.61-1.88 (m, 8H, Hcyciohexyt), 1.78 (s, 9H,
3CHj, t-Bu), 2.00-2.23(m, 2H, Heyetohexyt), 2.53-2.67 (M, 3H, Heyelohexyl), 4.54 (brs, 1H, NH); °C
NMR (75 MHz, CDCls): 11.4, 11.6, 11.7, 24.4, 28.1, 28.2, 28.9, 31.2, 31.3, 31.5, 32.8, 34.4,
35.6, 35.9, 37.5, 38.6, 59.4, 64.3, 152.7, 158.4; HR-MS (ESI): calc. for CyHsNg [M+H]
375.3360, found 375.3357; calc. for CyHagNgNa [M+Na]* 397.3038, found 397.3035; calc. for
C21HasNgK [M+K]" 413.2787, found 413.2785.

5¢ (62%)

1-(tert-Butyl)-5-((1r,4S)- 4-methyl-1- (2 -((S, E)-4-methylcyclohexylidene) hydrazinyl)
cyclohexyl)-1H-tetrazole (5c): Colorless solid; 215 mg (62%), mp: 120-123 °C, IR vmax (KBT,
cm™): 3255, 1632; *H NMR (300 MHz, CDCls): 0.89 (d, 6H, J = 6.3 Hz, 2CH3), 0.92-1.70 (m,
10H, Heyclonexyt), 1.74 (s, 9H, t-Bu), 1.76-2.66 (M, 8H, Heycionexy), 4.62 (s, 1H, NH); *C NMR (75
MHz, CDCls): 20.9, 21.6, 24.3, 30.3, 30.5, 30.6, 31.0, 31.2, 32.0, 33.8, 34.5, 35.2, 35.6, 59.1,
64.3, 76.6, 152.2, 158.5; HR-MS (ESI): HR-MS (ESI): calc. for CigHasNg [M+H]" 347.2428,
found 347.2428.

5-((1r,4S)-4-(tert-Butyl)-1-(2-((S,E)-4-(tert-Butyl)cyclohexylidene)hydrazinyl)  cyclohexyl)-1-
cyclohexyl-1H-tetrazole (5d): Colorless solid; 420 mg (92%), mp: 239-241 °C, IR vmax (KBT,
cm™): 3253, 1642; *H NMR (300 MHz, CDCls): 0.77 (s, 9H, 3CHs, t-Bu), 0.84 (s, 9H, 3CHs, t-

Bu), 0.88-1.50 (m, 10H, Hcyciohexyr), 1.53-1.82 (m, 6H, Hcyciohexyr), 1.83-2.24 (m, 9H, Hcyciohexyt),
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2.28-2.79 ('m, 3H, Heyclohexyl), 4.49 (s, 1H, NH), 4.90-5.11 (m, 1H, CNH); "*C NMR (75 MHz,
CDClj): 21.6, 22.0, 24.8, 25.0, 25.7, 26.5, 27.3, 27.7, 32.3, 32.5, 33.1, 33.2, 34.2, 34.8, 46.4,
47.4, 56.8, 58.9, 153.4, 158.5; HR-MS (ESI): calc. for Cy;HagNg [M+H]" 457.40144, found
457.40132; calc. for Cy;HagNgNa [M+Na]* 479.3834, found 479.3833; calc. for Co7HsKNg
[M+K]" 495.3573, found 495.3572.

colourless crystal (needle), dimensions 0.420 x 0.050 x 0.030 mm?, crystal system monoclinic,
space group P2:/n, Z=4, a=6.345(2) A, b=31.355(11) A, ¢=14.286(5) A, alpha=90 deg,
beta=99.872(11) deg, gamma=90 deg, V=2799.8(17) A3 rho=1.083 g/cm®, T=200(2) K,
Thetama= 21.260 deg, radiation Mo Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD
area detector, covering the asymmetric unit in reciprocal space with a mean redundancy of
3.63and a completeness of 61.5% to a resolution of 0.98A, 11459 reflections measured, 3120
unique (R(int)=0.1049), 1898 observed (I > 26(l)), intensities were corrected for Lorentz and
polarization effects, an empirical absorption correction was applied using SADABS* based on
the Laue symmetry of the reciprocal space, mu=0.06mm™, Tnin=0.82, Tmax=0.96, structure
solved by direct methods and refined against F> with a Full-matrix least-squares algorithm using
the SHELXTL (Version 2013/3) software package®, 302 parameters refined, hydrogen atoms
were treated using appropriate riding models, except H10 at N10, which was refined
isotropically, goodness of fit 1.01 for observed reflections, final residual values R1(F)=0.074,
WR(F?)=0.159 for observed reflections, residual electron density -0.33 to 0.32 eA®. CCDC
103931 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

5e (71%)

1-Cyclohexyl-5- ((1r,4S)-4-ethyl-1 -(2 -((S,E)-4-ethylcyclohexylidene)hydrazinyl) cyclohexyl)-
1H-tetrazole (5e): Colorless solid; 216 mg (71%), mp: 129-130 °C, IR vmax (KBr, cm™): 3244,
1739, 1635; *H NMR (300 MHz, CDCls): 0.84 (t, 3H, J = 7.2 Hz, CH3), 0.87 (t, 3H, J = 7.2 Hz,
CH3), 0.97-1.02 (m, 3H, Hcyciohexyt), 1.78-1.38 (m, 10H, Hcyciohexyr), 1.63-2.24 (m, 16H,
Heyclohexyl), 2.53-2.70 (M, 3H, Heyclohexyl), 4.59 (s,1H, NH), 5.07-5.14 (m, 1H, CNH); *C NMR
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(75 MHz, CDClg): 11.5, 11.6, 24.3, 25.0, 25.6, 28.5, 28.6, 28.8, 31.3, 32.6, 33.2, 34.4, 35.3,
35.7, 38.5, 58.3, 59.1, 153.6.2; HR-MS (ESI): calc. for Co3HsiNg [M+H]" 401.3388, found
401.3387; calc. for CysHaoNg [M+Na]™ 423.3197, found 432.3193; calc. for Ca3HioKNg [M+K]"
439.2947, found 439.2946.

5f (78%)

1-Cyclohexyl-5  -((1r,4S)-4-methyl-1-(2 -((S, E)-4-methylcyclohexylidene) hydrazinyl)
cyclohexyl)-1H-tetrazole (5f) Colorless solid; 291 mg (78%), mp: 167-169 °C, IR vmax (KBr, cm’
1): 3240, 1739, 1631; *H NMR (300 MHz, CDCls): 0.85 (d, 3H, J = 6.4 Hz, CH3), 0.88 (d, 3H, J
= 6.5 Hz, CH3), 0.93-1.56 (m, 10H, Hcyciohexyt), 1.58-1.78 (m, 8H, Hcyclohexyt), 1.79-2.20 (m, 8H,
Heyclohexyl), 2.45-2.66 (M, 2H, Heyelohexyl), 4.6 (S, 1H, NH), 5.10 (m, 1H, NCH); **C NMR (75
MHz, CDCls): 21.4, 21.6, 24.3, 25.0, 25.6, 30.8, 30.9, 31.7, 31.8, 33.1, 33.2, 33.7, 34.5, 35.1,
35.3, 35.8, 56.9, 58.0, 59.1, 153.3, 156.2, HR-MS (ESI): calc. for C;H37Ng [M+H]" 373.3074,
found 373.3074; calc. for Cy1H3sNgNa [M+Na]™ 395.2894, found 395.2894; calc. for Co1H3sKNg
[M+K]" 411.2633, found 411.2633.

59 (65%)

1-Cyclohexyl-5- ((1R, 3R)-3-methyl-1- (2-((S, Z)-3-methylcyclohexylidene)hydrazinyl)
cyclohexyl)-1H-tetrazole (5g): Colorless solid; 231 mg (65%), mp: 145-147 °C, IR vpmax (KBT,
cm™): 3238, 1740, 1632; 'H NMR (300 MHz, CDCl3) 0.85-0.95 (m, 6H, CHs), 1.00-1.55 (m,
10H, Hcyelohexyt), 1.63-1.79 (m, 6H, Hcyciohexy), 1.87-2.21 (M, 9H, Heyeiohexyt), 2.48-2.65 (m, 3H,

Hcyclohexyl), 4.56 (s, 1H, NH), 5.05-5.13 (m, 1H, CHN); *C NMR (75 MHz, CDCl3): 22.2, 22.4,
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22.5, 25.0, 25.6, 25.7, 29.0, 32.3, 33.2, 33.3, 34.1, 34.4, 34.7, 35.9, 44.4, 58.9, 59.1, 59.2, 153.3,
156.1; 156.1; HR-MS (ESI): calc. for C,;Hs;Ng [M+H]" 373.3074, found 373.3074; calc. for
C21H3sNgNa [M+Na]* 395.2894, found 395.2894; calc. for C,;H3sKNg [M+K]" 411.2633, found
411.2633.

5h (75%)

1-Cyclohexyl-5-(1-(2-cyclohexylidenehydrazinyl)cyclohexyl)-1H-tetrazole(5h): Colorless
powder; 258 mg (75%), mp: 147-150 °C, IR vma (KBr, cm™): 3239, 1631; *H NMR (300 MHz,
CDCl3): 1.27-1.63 (m, 15H, CHy, Hcyclonexyt), 1.67-2.25 (m, 15H, CHy, Heyclohexyl), 4.96 (S, 1H,
NH), 5.11 (m, 1H, CNH); **C NMR (75 MHz, CDCI3): 21.6, 24.9, 25.0, 25.1, 25.1, 25.4, 25.7,
25.8, 25.9, 27.0, 33.2, 34.4, 352, 57.6, 59.0, 153.4, 157.8; HR-MS (ESI): calc. for
Ci9H33Ng[M+1]" 345.2762, found 345.2761; calc. for Ci9H33sNgNa[M+Na]*® 367.2581, found
367.2581; calc. for C1gH33KNg[M+1]" 383.23207, found 383.23200.
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375.33717 C22H41N5 375.33565 -1.5 -4.1 1519 5.0 ok odd
C24H43N20 375.33699 -0.2 -0.5 1583 45 ok even
376.34054 C19H44N403 376.34079 0.3 07 na. 0.0 ok odd
C17H42N702 376.33945 -1.1 -2.9 na. 05 ok even
C21H46NO4 376.34214 1.6 4.2 na. -05 ok even
397.30519 C18H37N80O2 397.30340 -1.8 -4.5 1330 45 ok even
C20H42N2NaO4 397.30368 -1.5 -38 1333 05 ok even
C20H39IN503 397.30474 -0.4 -1.1 1395 40 ok odd
C22H41N204 397.30608 09 22 146.0 35 ok even
C21H38N6Na 397.30502 -0.2 -0.4 1475 55 ok even
C23H40N3NaO 397.30636 2 29 1539 5.0 ok odd
C23H37N6 397.30742 2.2 5.6 160.2 85 ok even
41327910 C23H35N502 413.27853 -0.6 -1.4 377 9.0 ok odd
C25H37N203 413.27987 0.8 19 444 85 ok even
C21H38KNG®6 413.27895 -0.1 -0.4 55.1 55 ok even
C23H40KN3 O 413.28030 1.2 29 583 5.0 ok odd
C20H42KN204 413.27762 0.3 07 4759 05 ok even
C21H33N8O 413.27718 -0.2 -0.4 5314 95 ok even
C22H39NO®6 413.27719 -0.2 -0.4 5383 4.0 ok odd
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34724403 C19H31N40O2 347.24415 0.1 04 na. 65 ok even
C18H3506 347.24282 -1.2 -35 na. 15 ok even
C17H29N70 347.24281 1.2 35 na. 70 ok odd
C21H33NO3 347.24550 15 42 na. 6.0 ok odd
34925983 C18H3706 349.25847 -14 -3.9 1162 05 ok even
C17H31N70 349.25846 14 -3.9 1238 6.0 ok odd
C19H33N402 349.25980 -0.0 -0.1 1304 55 ok even
C21H35NO03 349.26115 13 338 1369 5.0 ok odd
35127548 C18H3906 351.27412 14 -39 1164 -05 ok even
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C21H39N6 375.32307 0.0 0.1 1476 55 ok even
C23H44NaO2 375.32335 03 0.8 1479 15 ok even
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Meas. m/z  Formula m/z err[mDa] err[ppm] mSigma rdb N-Rule e Conf
457.40185 C27H49N6 457.40132 -0.5 -1.2 239 65 ok even
C29H51N30 457.40266 0.8 1.8 296 6.0 ok odd
C24H51N503 457.39864 0.2 0.5 166.0 2.0 ok odd
C31H5302 457.40401 -0.1 -0.2 4924 55 ok even
C26H53N204 457.39998 0.1 0.3 5475 1.5 ok even
479.38388 C 27 H48N 6 Na 479.38327 -0.6 -1.3 324 65 ok even
C26H49N503 479.38299 -0.9 -1.9 335 5.0 ok odd
C28H51N204 479.38433 0.5 0.9 343 45 ok even
C29H50N3NaO 479.38461 0.7 1.5 374 6.0 ok odd
C23H51N406 479.38031 -1.2 -25 1579 05 ok even
C22H45N 110 479.38031 -1.2 -2.6 1653 6.0 ok odd
C24H50N5Na0O3 479.38059 -0.9 -2.0 1659 2.0 ok odd
C31H49N30 479.38701 0.8 17 4773 9.0 ok odd
C29H47N6 479.38567 -0.5 -1.1 4808 95 ok even
C31H52Na02 479.38595 -0.2 -0.5 481.0 55 ok even
C25H53NO7 479.38165 0.1 0.3 4839 0.0 ok odd
C24H47N80O2 479.38165 0.1 0.2 5524 55 ok even
C26H52N2NaO4 479.38193 0.4 0.8 5525 1.5 ok even
49535791 C18H45N 1105 495.35997 2.1 4.1 283 20 ok odd
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Meas. m/z Formula m/z err[mDa] errfppm] mSigma rdb N-Rule e Conf
401.33886 C20H43N503 401.33604 0.2 -0.5 1398 20 ok odd
C27H4502 401.34141 0.0 0.0 6118 65 ok oven
C23H41N6 401.33872 -0.1 -04 6488 65 ok even
C22H45N204 401.33738 11 28 8583 15 ok even
C25H43N30 401.34006 0.0 0.0 7096 60 ok odd
42332095 C20H39N8O2 423.319056 -1.9 -45 204 55 ok aven
C22H44N2NaO4 42331933 -1.6 -3.8 229 15 ok even
C21H45NO7 423.31905 -1.9 -4.5 238 00 ok odd
C22H41N503 423.32039 -0.6 13 265 650 ok odd
C23H40N6 Na 423.32067 -0.3 -07 204 65 ok even
C24H43N204 42332173 0.8 18 313 45 ok even
C25H42N3Na 0 423.32201 11 25 35.1 6.0 ok odd
C27H44NaO2 423.32335 24 57 370 S5 ok even
C25H39NE 423.32307 21 5.0 410 095 ok oven
C20H42N5Na0O3 42331799 -3.0 70 1397 20 ok odd
ESI-HRMS (5e)
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37330744 C21H37NEB 373.30742 0.0 -0.14 260 65 ok even
C23H39N30 373.30876 02 -05 5750 6.0 ok odd
C20H41N204 373.30608 09 24 6754 15 ok even
39528844 C20H37N503 395.28909 04 -08 222 50 ok odd
C21H36NENa 395.28037 0.1 -0.2 263 65 ok even
C23H38N3NaO 395.29071 04 -11 5795 6.0 ok odd
C22H39N204 395.29043 07 -18 5857 45 ok even
C18H35NBO2 395.28775 0.1 -0.2 608.0 55 ok even
C20H40N2NaO4 395.28803 0.2 0.5 608.0 15 ok even
C19H4INO7 39528775 0.1 -02 6142 00 ok odd
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37330753 C20H41N204 373.30608 14 -39 223 15 ok even
C21H37NE6 373.30742 0.1 03 315 65 ok even
G23H33N30 373.30876 02 -07 5743 60 ok odd
39528048 C20H37N503 395.28909 04 -10 217 50 ok odd
C21H36NENa 305 28937 01 03 255 65 ok even
C23H38N3NaO 39529071 05 12 5855 6.0 ok odd
C18H35N802 395.28775 01 02 5904 55 ok even
C20H40N2NaO4 395.28803 02 05 5005 15 ok even
C22H39N204 395.29043 07 19 5917 45 ok even
C18H41NO7 395.28775 0.1 -02 5968 0.0 ok odd
41126345 C21H38KN& 411.26330 0.1 -04 221 65 ok even
C23H33N502 411.26288 08 14 347 100 ok odd
C25H35N203 411.26422 08 19 414 95 ok even
C23H38KN3O 411.26465 086 -15 507.6 6.0 ok odd
C20H40KN204  411.26197 02 0.4 5284 15 ok even
C21H31N8O 411.26153 03 -06 5849 105 ok even
C22H37NOS6 411.26154 03 -06 5912 50 ok odd
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X-Ray Crystallographic Data 5a

Prob
Temp

nu

50
200

68 Y

PLATON-Aug 8 15:44:49 2013 - (100812)

N
~

sbal00 P 21/n R = 0.06 RES= 0 -11 X

Table 1:  Crystal data and structure refinement for 5a.

Identification code 5a

Empirical formula CosHagNg

Formula weight 430.68

Temperature 200(2) K

Wavelength 0.71073 A

Crystal system monoclinic

Space group P2:/n

VA 4

Unit cell dimensions a= 6.2048(7) A o = 90 deg.
b =29.336(3) A B = 98.484(4) deg.
c=14.4809(17) A  y= 90 deg.

Volume 2607.0(5) A°

Density (calculated) 1.10 glem®

Absorption coefficient 0.07 mm™

Crystal shape plate

Crystal size 0.370 x 0.230 x 0.030 mm®

Crystal colour colourless

Theta range for data collection 1.4 to 26.0 deg.

Index ranges -7<h<7, -35<k<36, -17<I<17

Reflections collected 16371

Independent reflections 5139 (R(int) = 0.0805)

Observed reflections 3027 (I > 25(1))

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.96 and 0.90

Refinement method Full-matrix least-squares on =

Data/restraints/parameters 5139/0/ 285

Goodness-of-fit on F* 0.99

Final R indices (I>2sigma(l)) R1 =0.057, wR2 = 0.109
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Largest diff. peak and hole 0.21 and -0.22 eA*

Tabelle 2: Atomkoordinaten und aquivalente isotrope
Auslenkungsparameter (A%) fiir sba100. Ueq wird berechnet
als ein Drittel der Spur des orthogonalen U; Tensors.
(Atomic coordinates and equivalent isotropic displacement
parameters (A% for sbal100. Ueq is defined as one third of the
trace of the orthogonalized Uj tensor.)

Atom X y z Ueq

C1 0.2043(3) 0.2416(1) 0.6006(1) 0.0278(5)
N2 0.3606(3) 0.2677(1) 0.6441(1) 0.0404(5)
N3 0.4119(4) 0.2508(1) 0.7314(1) 0.0545(6)
N4 0.2930(4) 0.2156(1) 0.7426(1) 0.0491(6)
N5 0.1569(3) 0.2088(1) 0.6616(1) 0.0329(4)
C6 0.0236(4) 0.1658(1) 0.6594(2) 0.0375(6)
C7 -0.0138(5) 0.1549(1) 0.7584(2) 0.0667(9)
H7A 0.1270 0.1513 0.7984 0.100
H7B -0.0973 0.1265 0.7585 0.100
H7C -0.0952 0.1798 0.7823 0.100

C8 0.1563(5) 0.1283(1) 0.6224(2) 0.0685(9)
H8A 0.1782 0.1355 0.5584 0.103
H8B 0.0783 0.0992 0.6229 0.103
H8C 0.2981 0.1258 0.6621 0.103

C9 -0.1968(4) 0.1711(1) 0.6005(2) 0.0622(8)
H9A -0.1778 0.1777 0.5359 0.093
H9B -0.2758 0.1962 0.6250 0.093
H9C -0.2799 0.1428 0.6025 0.093
Cl1 0.1001(3) 0.2529(1) 0.5019(1) 0.0256(5)
C12 0.2422(3) 0.2866(1) 0.4557(1) 0.0295(5)
H12A 0.3949 0.2759 0.4677 0.035
H12B 0.1955 0.2855 0.3873 0.035
C13 0.2374(3) 0.3362(1) 0.4869(1) 0.0306(5)
H13A 0.3181 0.3551 0.4469 0.037
H13B 0.3126 0.3388 0.5519 0.037
Cil14 0.0055(3) 0.3547(1) 0.4818(1) 0.0290(5)
H14 -0.0647 0.3510 0.4155 0.035
C15 -0.1175(3) 0.3230(1) 0.5401(2) 0.0304(5)
H15A -0.0442 0.3229 0.6056 0.036
H15B -0.2677 0.3345 0.5394 0.036
C1l6 -0.1264(3) 0.2744(1) 0.5023(1) 0.0286(5)
H16A -0.2054 0.2745 0.4377 0.034
H16B -0.2100 0.2552 0.5407 0.034
C18 -0.0064(4) 0.4060(1) 0.5045(2) 0.0349(5)
N21 0.0689(3) 0.2105(1) 0.4468(1) 0.0284(4)
H21 -0.009(3) 0.2172(6) 0.3891(15) 0.033(6)
N22 0.2709(3) 0.1910(1) 0.4354(1) 0.0314(4)
C23 0.2688(3) 0.1611(1) 0.3711(1) 0.0333(5)
C24 0.4784(4) 0.1373(1) 0.3624(2) 0.0464(7)
H24A 0.5961 0.1496 0.4094 0.056
H24B 0.5182 0.1431 0.2997 0.056
C25 0.4573(4) 0.0860(1) 0.3768(2) 0.0437(6)
H25A 0.4361 0.0802 0.4422 0.052
H25B 0.5942 0.0709 0.3663 0.052
C26 0.2665(3) 0.0654(1) 0.3108(2) 0.0347(6)
H26 0.2962 0.0717 0.2460 0.042
Cc27 0.0595(3) 0.0917(1) 0.3220(2) 0.0385(6)
H27A -0.0626 0.0796 0.2769 0.046
H27B 0.0242 0.0863 0.3856 0.046
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c28 0.0776(4)0.1427(1) - 0.3067(2) 0.0387(6)

H28A 0.0964 0.1488 0.2411 0.046
H28B  -0.0575 0.1581 0.3190 0.046
C29 0.2449(4) 0.0131(1) 0.3182(2) 0.0395(6)
C181  -0.2429(4) 0.4208(1) 0.5047(2) 0.0540(7)
H18A  -0.3049 0.4039 0.5528 0.081
H18B  -0.3279 0.4146 0.4434 0.081
H18C  -0.2473 0.4536 0.5179 0.081
C182 0.1255(4) 0.4177(1) 0.5989(2) 0.0473(7)
H18D 0.0702 0.4002 0.6480 0.071
H18E 0.1120 0.4504 0.6111 0.071
H18F 0.2790 0.4101 0.5981 0.071
c183 0.0836(4) 0.4334(1) 0.4290(2) 0.0566(8)
H18G 0.0000 0.4263 0.3679 0.085
H18H 0.2370 0.4254 0.4289 0.085
H18l 0.0716 0.4660 0.4417 0.085
C291 0.4614(4) -0.0099(1) 0.3094(2) 0.0582(8)
H29A 0.4452  -0.0431 0.3141 0.087
H29B 0.5734 0.0007 0.3596 0.087
H29C 0.5045  -0.0023 0.2488 0.087
C292 0.0766(4) -0.0042(1) 0.2376(2) 0.0537(7)
H29D 0.0617  -0.0373 0.2425 0.081
H29E 0.1249 0.0034 0.1780 0.081
H29F  -0.0644 0.0103 0.2407 0.081
C293 0.1740(5) -0.0013(1) 0.4105(2) 0.0675(8)
H29G 0.1606  -0.0346 0.4121 0.101
H29H 0.0329 0.0126 0.4161 0.101
H29I 0.2829 0.0088 0.4625 0.101

Tabelle 3: H-Atomkoordinaten und isotrope Auslenkungsparameter (AZ)
fur sbal00.
(H;/drogen coordinates and isotropic displacement parameters
(A%) for sba100.)

Atom X y z Ueq
H7A 0.1270 0.1513 0.7984 0.100
H7B -0.0973 0.1265 0.7585 0.100
H7C -0.0952 0.1798 0.7823 0.100
H8A 0.1782 0.1355 0.5584 0.103
H8B 0.0783 0.0992 0.6229 0.103
H8C 0.2981 0.1258 0.6621 0.103
H9A -0.1778 0.1777 0.5359 0.093
H9B -0.2758 0.1962 0.6250 0.093
H9C -0.2799 0.1428 0.6025 0.093
H12A 0.3949 0.2759 0.4677 0.035
H12B 0.1955 0.2855 0.3873 0.035
H13A 0.3181 0.3551 0.4469 0.037
H13B 0.3126 0.3388 0.5519 0.037
H14 -0.0647 0.3510 0.4155 0.035
H15A -0.0442 0.3229 0.6056 0.036
H15B -0.2677 0.3345 0.5394 0.036
H16A -0.2054 0.2745 0.4377 0.034
H16B -0.2100 0.2552 0.5407 0.034
H21 -0.009(3) 0.2172(6) 0.3891(15) 0.033(6)
H24A 0.5961 0.1496 0.4094 0.056
H24B 0.5182 0.1431 0.2997 0.056
H25A 0.4361 0.0802 0.4422 0.052
H25B 0.5942 0.0709 0.3663 0.052
H26 0.2962 0.0717 0.2460 0.042
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H27A -0.0626 0.0796 0.2769 0.046
H27B 0.0242 0.0863 0.3856 0.046
H28A 0.0964 0.1488 0.2411 0.046
H28B -0.0575 0.1581 0.3190 0.046
H18A -0.3049 0.4039 0.5528 0.081
H18B -0.3279 0.4146 0.4434 0.081
H18C -0.2473 0.4536 0.5179 0.081
H18D 0.0702 0.4002 0.6480 0.071
H18E 0.1120 0.4504 0.6111 0.071
H18F 0.2790 0.4101 0.5981 0.071
H18G 0.0000 0.4263 0.3679 0.085
H18H 0.2370 0.4254 0.4289 0.085
H18lI 0.0716 0.4660 0.4417 0.085
H29A 0.4452 -0.0431 0.3141 0.087
H29B 0.5734 0.0007 0.3596 0.087
H29C 0.5045 -0.0023 0.2488 0.087
H29D 0.0617 -0.0373 0.2425 0.081
H29E 0.1249 0.0034 0.1780 0.081
H29F -0.0644 0.0103 0.2407 0.081
H29G 0.1606 -0.0346 0.4121 0.101
H29H 0.0329 0.0126 0.4161 0.101
H29I 0.2829 0.0088 0.4625 0.101
Tabelle 4: Anisotrope Auslenkungsparameter (AZ) fr sbal00. Der Exzponent fur den
anisotropen Auslenkungsparameter hat die Form: -2 pi2 (h a‘Upy+..+2hk
ab Up)
(Anisotropic displacement parameters (Az) for sbal00. The anisotropic
displacement factor exponent takes the form: -2 pi® (h"? a? Uy +...+2hka b’
U1,))
Atom Ui Uz Uss Uss Uiz Ui
C1 0.0299(12) 0.0303(12) 0.0224(11) -0.0031(9) 0.0011(9) 0.0017(10)
N2 0.0469(12) 0.0390(11) 0.0300(11) -0.0004(9) -0.0119(9) -0.0051(10)
N3 0.0758(16) 0.0453(13) 0.0337(12) 0.0014(10) -0.0204(11) -0.0093(12)
N4 0.0687(15) 0.0470(13) 0.0255(11) 0.0006(10) -0.0134(10) -0.0057(12)
N5 0.0423(11) 0.0356(11) 0.0186(9) -0.0012(8) -0.0030(8) -0.0014(9)
C6 0.0479(15) 0.0359(13) 0.0293(12) 0.0056(10) 0.0081(11) -0.0071(12)
c7 0.090(2) 0.075(2) 0.0375(16) 0.0127(14) 0.0172(15) -0.0160(17)
C8 0.082(2) 0.0387(16) 0.093(2) -0.0031(15) 0.0388(19) -0.0057(15)
C9 0.0566(18) 0.0673(19) 0.0587(18) 0.0218(15) -0.0053(14) -0.0262(15)
Cl11 0.0256(11) 0.0316(12) 0.0191(11) -0.0034(9) 0.0018(8) -0.0013(10)
C12 0.0251(12) 0.0385(13) 0.0257(11) -0.0006(10) 0.0061(9) 0.0009(10)
C13 0.0324(13) 0.0346(13) 0.0259(12) 0.0008(9) 0.0077(9) -0.0035(10)
C14 0.0306(12) 0.0325(12) 0.0234(11) 0.0001(9) 0.0020(9) 0.0006(10)
C15 0.0270(12) 0.0348(13) 0.0299(12) 0.0001(10) 0.0063(9) 0.0038(10)
C16 0.0233(12) 0.0346(13) 0.0271(12) 0.0014(9) 0.0018(9) -0.0009(10)
C18 0.0364(13) 0.0338(13) 0.0342(13) -0.0019(10) 0.0040(10) 0.0007(11)
N21 0.0277(10) 0.0346(11) 0.0215(10) -0.0058(8) -0.0009(8) 0.0021(8)
N22 0.0279(10) 0.0394(11) 0.0273(10) -0.0050(8) 0.0058(8) 0.0006(9)
C23 0.0330(13) 0.0422(14) 0.0257(12) -0.0088(10) 0.0077(10) -0.0015(11)
Cc24 0.0323(14) 0.0578(17) 0.0508(16) -0.0251(13) 0.0122(12) -0.0086(13)
C25 0.0270(13) 0.0552(16) 0.0481(15) -0.0164(12) 0.0029(11) 0.0060(12)
C26 0.0323(13) 0.0437(14) 0.0294(12) -0.0077(10) 0.0086(10) -0.0017(11)
Cc27 0.0307(13) 0.0462(15) 0.0370(13) -0.0097(11) -0.0003(10) -0.0029(11)
c28 0.0394(14) 0.0438(14) 0.0307(13) -0.0097(11) -0.0023(10) 0.0003(12)
C29 0.0437(15) 0.0413(15) 0.0342(13) -0.0005(11) 0.0076(11) 0.0027(12)
Cci181 0.0453(16) 0.0416(15) 0.0728(19) -0.0075(14) 0.0011(14) 0.0101(13)
C182 0.0506(16) 0.0454(15) 0.0455(15) -0.0126(12) 0.0054(12) -0.0046(12)
C183 0.082(2) 0.0344(15) 0.0569(18) 0.0092(13) 0.0200(15) -0.0005(14)
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C291
C292
C293

0.0597(18)0.0535(17)--0.0604(18) -0.0085(14)0.0057(14) - 0.0115(14)
0.0577(17) 0.0443(16) 0.0571(18) -0.0078(13) 0.0017(14) -0.0049(13)
0.0489(18) 0.0122(15) 0.0196(16) -0.0068(17)

0.089(2)

0.067(2)

Tabelle 5: Bindungslangen (A) und -winkel (°) fiir sba100.
(Bond lengths (A) and angles (deg) for sba100.)

C1-N2
C1-N5
Cl-C11
N2-N3
N3-N4
N4-N5
N5-C6
C6-C9
C6-C8
Co6-C7
C7-H7A
C7-H7B
C7-H7C
C8-H8A
C8-H8B
C8-H8C
C9-H9A
C9-H9B
C9-HOC
C11-N21
C11-C16
Cl1-C12
C12-C13
C12-H12A
Cl12-H12B
C13-C14
C13-H13A
C13-H13B
C14-C15
C14-C18
Cl4-H14
C15-C16
C15-H15A
C15-H15B
C16-H16A
Cl6-H16B
C18-C182
C18-C183
C18-C181
N21-N22
N21-H21
N22-C23
C23-C28
C23-C24
C24-C25
C24-H24A
C24-H24B
C25-C26
C25-H25A
C25-H25B
C26-C27
C26-C29
C26-H26
C27-C28

1.320(2)
1.366(3)
1.516(3)
1.352(2)
1.292(3)
1.356(2)
1.507(3)
1.508(3)
1.519(3)
1.521(3)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.475(2)
1.541(3)
1.543(3)
1.525(3)
0.9900
0.9900
1.529(3)
0.9900
0.9900
1.533(3)
1.544(3)
1.0000
1.524(3)
0.9900
0.9900
0.9900
0.9900
1.525(3)
1.528(3)
1.531(3)
1.410(2)
0.92(2)
1.277(2)
1.497(3)
1.498(3)
1.527(3)
0.9900
0.9900
1.532(3)
0.9900
0.9900
1.527(3)
1.545(3)
1.0000
1.521(3)
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C27-H27A
C27-H27B
C28-H28A
C28-H28B
C29-C291
C29-C293
C29-C292
C181-H18A
C181-H18B
C181-H18C
C182-H18D
C182-H18E
C182-H18F
C183-H18G
C183-H18H
C183-H18l
C291-H29A
C291-H29B
C291-H29C
C292-H29D
C292-H29E
C292-H29F
C293-H29G
C293-H29H
C293-H29I
N2-C1-N5
N2-C1-Cl1
N5-C1-C11
C1-N2-N3
N4-N3-N2
N3-N4-N5
N4-N5-C1
N4-N5-C6
C1-N5-C6
N5-C6-C9
N5-C6-C8
C9-C6-C8
N5-C6-C7
C9-C6-C7
C8-C6-C7
C6-C7-H7A
C6-C7-H7B
H7A-C7-H7B
C6-C7-H7C

H7A-C7-H7C
H7B-C7-H7C

C6-C8-H8A
C6-C8-H8B
H8A-C8-H8B
C6-C8-H8C

H8A-C8-H8C
H8B-C8-H8C

C6-C9-H9A
C6-C9-H9B

0.9900
0.9900
0.9900
0.9900
1.526(3)
1.527(3)
1.534(3)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

108.24(18)

120.22(19)

131.37(18)

106.74(18)

110.49(18)

107.69(17)

106.82(17)

114.35(17)

138.18(17)

112.02(18)

106.87(18)

111.7(2)

108.40(19)

107.6(2)

110.2(2)

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5



H9A-C9-H9B
C6-C9-H9C
H9A-C9-HOC
H9B-C9-HOC
N21-C11-C1
N21-C11-C16
C1-C11-C16
N21-C11-C12
C1-C11-C12
C16-C11-C12
C13-C12-C11
C13-C12-H12A
C11-C12-H12A
C13-C12-H12B
Cl1-C12-H12B
H12A-C12-H12B
C12-C13-C14
C12-C13-H13A
C14-C13-H13A
C12-C13-H13B
C14-C13-H13B
H13A-C13-H13B
C13-C14-C15
C13-C14-C18
C15-C14-C18
C13-C14-H14
C15-C14-H14
C18-C14-H14
C16-C15-C14
C16-C15-H15A
C14-C15-H15A
C16-C15-H15B
C14-C15-H15B
H15A-C15-H15B
C15-Cl6-C11
C15-C16-H16A
C11-C16-H16A
C15-Cl6-H16B
Cl11-Cl6-H1leB
H16A-C16-H16B
C182-C18-C183
C182-C18-C181
C183-C18-C181
C182-C18-C14
C183-C18-C14
C181-C18-C14
N22-N21-C11
N22-N21-H21
C11-N21-H21
C23-N22-N21
N22-C23-C28
N22-C23-C24
C28-C23-C24
C23-C24-C25
C23-C24-H24A
C25-C24-H24A
C23-C24-H24B
C25-C24-H24B
H24A-C24-H24B
C24-C25-C26
C24-C25-H25A
C26-C25-H25A
C24-C25-H25B
C26-C25-H25B

109.5
109.5
109.5
109.5
109.20(17)
107.43(16)
110.44(16)
110.09(16)
111.02(16)
108.59(16)
116.45(17)
108.2
108.2
108.2
108.2
107.3
112.55(17)
109.1
109.1
109.1
109.1
107.8
107.43(16)
114.18(17)
115.58(17)
106.3
106.3
106.3
111.39(17)
109.3
109.3
109.3
109.3
108.0
113.52(16)
108.9
108.9
108.9
108.9
107.7
108.6(2)
108.80(19)
107.6(2)
111.97(18)
109.05(18)
110.70(18)
110.98(15)
109.5(13)
108.7(12)
116.76(17)
128.6(2)
117.73(19)
113.43(18)
110.76(19)
109.5
109.5
109.5
109.5
108.1
112.2(2)
109.2
109.2
109.2
109.2
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H25A-C25-H25B
C27-C26-C25
C27-C26-C29
C25-C26-C29
C27-C26-H26
C25-C26-H26
C29-C26-H26
C28-C27-C26
C28-C27-H27A
C26-C27-H27A
C28-C27-H27B
C26-C27-H27B
H27A-C27-H27B
C23-C28-C27
C23-C28-H28A
C27-C28-H28A
C23-C28-H28B
C27-C28-H28B
H28A-C28-H28B
C291-C29-C293
C291-C29-C292
C293-C29-C292
C291-C29-C26
C293-C29-C26
C292-C29-C26
C18-C181-H18A
C18-C181-H18B
H18A-C181-H18B
C18-C181-H18C
H18A-C181-H18C
H18B-C181-H18C
C18-C182-H18D
C18-C182-H18E
H18D-C182-H18E
C18-C182-H18F
H18D-C182-H18F
H18E-C182-H18F
C18-C183-H18G
C18-C183-H18H
H18G-C183-H18H
C18-C183-H18lI
H18G-C183-H18lI
H18H-C183-H18I
C29-C291-H29A
C29-C291-H29B
H29A-C291-H29B
C29-C291-H29C
H29A-C291-H29C
H29B-C291-H29C
C29-C292-H29D
C29-C292-H29E
H29D-C292-H29E
C29-C292-H29F
H29D-C292-H29F
H29E-C292-H29F
C29-C293-H29G
C29-C293-H29H
H29G-C293-H29H
C29-C293-H29I
H29G-C293-H29I
H29H-C293-H29I

107.9
108.62(17)
114.28(18)
114.57(19)
106.2
106.2
106.2
113.61(19)
108.8
108.8
108.8
108.8
107.7
109.44(18)
109.8
109.8
109.8
109.8
108.2
108.8(2)
107.4(2)
108.8(2)
110.4(2)
112.0(2)
109.37(19)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5




5a: colourless crystal (plate), dimensions 0.370 x 0.230 x 0.030 mm?®, crystal system monoclinic, space
group P2,/n, Z=4, a=6.2048(7) A, b=29.336(3) A, ¢=14.4809(17) A, alpha=90 deg, beta=98.484(4) deg,
gamma=90 deg, V=2607.0(5) A%, rho=1.097 g/cm3, T=200(2) K, Thetay,= 26.022 deg, radiation Mo
Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD area detector, covering the asymmetric unit
in reciprocal space with a mean redundancy of 3.15and a completeness of 100.0% to a resolution of
0.81A, 16371 reflections measured, 5139 unique (R(int)=0.0805), 3027 observed (I > 2o(l)), intensities
were corrected for Lorentz and polarization effects, an empirical absorption correction was applied using
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SADABS' based on the Laue symmetry of the reciprocal space, mu=0.07mm >, T1in=0:90; Tmax=0:96;
structure solved by direct methods and refined against F2 with a Full-matrix least-squares algorithm using
the SHELXTL (Version 2013/3) software package®, 285 parameters refined, hydrogen atoms were treated
using appropriate riding models, except H21 at N21, which was refined isotropically, goodness of fit 0.99
for observed reflections, final residual values R1(F)=0.057, wR(F?=0.109 for observed reflections,
residual electron density -0.22 to 0.21 eA®. CCDC 1030930 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Lit. 1: (program SADABS 2012/1 for absorption correction) G. M. Sheldrick, Bruker Analytical X-ray-
Division, Madison, Wisconsin 2012

Lit. 2: (software package SHELXTL 2013/3 for structure solution and refinement) Sheldrick, G.M. (2008).
Acta Cryst. A64, 112-122.

Lit. APEX, APEX2, SMART, SAINT, SAINT-Plus: Bruker (2007). "Program name(s)". Bruker AXS Inc.,
Madison, Wisconsin, USA.
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Table 1:  Crystal data and structure refinement for sba105.
Identification code sbal05
Empirical formula Co7H4sNg
Formula weight 456.71
Temperature 200(2) K
Wavelength 0.71073 A
Crystal system monoclinic
Space group P2./n

z 4

Unit cell dimensions a= 6.345(2) A a = 90 deg.
b =31.355(11) A B = 99.872(11) deg.
c = 14.286(5) A y= 90 deg.

Volume

Density (calculated)
Absorption coefficient
Crystal shape

Crystal size

Crystal colour

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F

Final R indices (I>2sigma(l))
Largest diff. peak and hole

2799.8(17) A

1.08 g/cm

0.06 mm™

needle

0.420 x 0.050 x 0.030 mm®
colourless

1.9 to 21.3 deg.

-6<h<5, -31<k<31, -14<I<14
11459

3120 (R(int) = 0.1049)

1898 (I > 25(1))

Semi-empirical from equivalents
0.96 and 0.82

Full-matrix least-squares on =
3120/ 270/ 302

1.01

R1=0.074, wR2 = 0.159

0.32 and -0.33 eA*
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Tabelle 2: Atomkoordinaten und aquivalente isotrope
Auslenkungsparameter (A%) fiir sba105. Ueq wird berechnet
als ein Drittel der Spur des orthogonalen U; Tensors.
(Atomic coordinates and equivalent isotropic displacement
parameters (Az) for sbal05. Uq is defined as one third of the
trace of the orthogonalized U; tensor.)

Atom X y z Ueq

C1 0.6738(7) 0.2531(1) 0.5585(3) 0.0265(11)
N2 0.6256(5) 0.2216(1) 0.6149(2) 0.0302(10)
N3 0.7585(6) 0.2247(1) 0.7003(3) 0.0376(11)
N4 0.8814(6) 0.2574(1) 0.6937(3) 0.0429(11)
N5 0.8334(6) 0.2759(1) 0.6057(3) 0.0367(10)
N10 0.5385(6) 0.2208(1) 0.4084(3) 0.0310(10)
H10 0.457(6) 0.2240(11) 0.357(3) 0.015(12)
Ci11 0.5596(7) 0.2621(1) 0.4580(3) 0.0254(11)
C12 0.6842(7) 0.2943(1) 0.4083(3) 0.0300(12)
H12A 0.8359 0.2853 0.4178 0.036
H12B 0.6285 0.2933 0.3392 0.036

C13 0.6753(7) 0.3404(1) 0.4412(3) 0.0347(12)
H13A 0.7440 0.3589 0.3991 0.042
H13B 0.7579 0.3430 0.5064 0.042

Cl14 0.4456(7) 0.3560(1) 0.4407(3) 0.0331(12)
H14 0.3696 0.3532 0.3737 0.040

Ci15 0.3355(7) 0.3244(1) 0.4995(3) 0.0331(12)
H15A 0.4099 0.3249 0.5663 0.040
H15B 0.1857 0.3336 0.4984 0.040

C16 0.3372(6) 0.2794(1) 0.4614(3) 0.0298(12)
H16A 0.2523 0.2788 0.3964 0.036
H16B 0.2660 0.2604 0.5017 0.036
Cc18 0.4303(8) 0.4035(2) 0.4673(4) 0.0474(14)
N20 0.7403(6) 0.2032(1) 0.4028(3) 0.0318(10)
c21 0.7457(7) 0.1723(2) 0.3461(3) 0.0321(12)
Cc22 0.5600(7) 0.1506(1) 0.2836(3) 0.0410(13)
H22A 0.5718 0.1547 0.2160 0.049
H22B 0.4238 0.1636 0.2944 0.049

Cc23 0.5606(7) 0.1034(2) 0.3064(4) 0.0454(14)
H23A 0.5280 0.0998 0.3713 0.054
H23B 0.4447 0.0894 0.2617 0.054
C24 0.7692(7) 0.0808(1) 0.3010(4) 0.0386(13)
H24 0.7949 0.0849 0.2344 0.046

C25 0.9511(7) 0.1044(2) 0.3647(4) 0.0430(13)
H25A 0.9348 0.1005 0.4319 0.052
H25B 1.0892 0.0914 0.3567 0.052

C26 0.9571(7) 0.1516(2) 0.3433(4) 0.0418(13)
H26A 1.0686 0.1654 0.3905 0.050
H26B 0.9955 0.1557 0.2796 0.050

Cc28 0.7668(8) 0.0319(2) 0.3169(4) 0.0476(14)
C31 0.4686(7) 0.1869(1) 0.6014(3) 0.0309(11)
H31 0.3768 0.1908 0.5378 0.037

C32 0.3247(7) 0.1890(2) 0.6757(3) 0.0403(13)
H32A 0.2532 0.2172 0.6728 0.048
H32B 0.4114 0.1856 0.7398 0.048

C33 0.1570(8) 0.1538(2) 0.6579(4) 0.0497(14)
H33A 0.0683 0.1545 0.7086 0.060
H33B 0.0619 0.1590 0.5964 0.060

C34 0.2598(8) 0.1105(2) 0.6562(4) 0.0542(15)
H34A 0.1467 0.0887 0.6400 0.065
H34B 0.3397 0.1039 0.7203 0.065
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C35

H35A
H35B
C36

H36A
H36B
Ci81
H18A
H18B
H18C
C182
H18D
H18E
H18F
C183
H18G
H18H
H18lI

Cc281
H28A
H28B
H28C
C282
H28D
H28E
H28F
C283
H28G
H28H
H28lI

0.4113(8)
0.3287
0.4850
0.5770(7)
0.6717
0.6664
0.5675(9)
0.5553
0.7174
0.5172
0.1983(8)
0.1921
0.1455
0.1089
0.5104(10)
0.5037
0.4198
0.6585
0.7092(10)
0.7093 -
0.5667
0.8145
0.9865(8)
0.9837 -
1.0963
1.0195
0.6047(9)
0.6001 -
0.6489
0.4623

0.1082(2)0.5850(4)
0.1106 0.5198
0.0803 0.5906
0.1438(1) 0.6018(3)
0.1394 0.6637
0.1431 0.5514
0.4136(2) 0.5646(4)
0.4440 0.5787
0.4066 0.5629
0.3966 0.6139
0.4157(2) 0.4721(5)
0.4458 0.4899
0.3979 0.5196
0.4111 0.4098
0.4317(2)  0.3922(5)
0.4618 0.4104
0.4272 0.3302
0.4242 0.3883
0.0202(2) 0.4128(4)
0.0109 0.4197
0.0314 0.4168
0.0327 0.4637
0.0126(2) 0.3101(4)
0.0182 0.3218
0.0259 0.3578
0.0178 0.2466
0.0111(2) 0.2366(4)
0.0197 0.2473
0.0166 0.1752
0.0233 0.2363

0.0513(15)
0.062
0.062
0.0396(13)
0.048
0.048
0.0614(16)
0.092
0.092
0.092
0.0743(19)
0.111
0.111
0.111
0.078(2)
0.117
0.117
0.117
0.0759(19)
0.114
0.114
0.114
0.0673(18)
0.101
0.101
0.101
0.0719(19)
0.108
0.108
0.108

Tabelle 3: H-Atomkoordinaten und isotrope Auslenkungsparameter (A?)

fir sbal05.

(H;/drogen coordinates and isotropic displacement parameters

(A%) for sba105.)

Atom X y z Ueq
H10 0.457(6) 0.2240(11) 0.357(3) 0.015(12)
H12A 0.8359 0.2853 0.4178 0.036
H12B 0.6285 0.2933 0.3392 0.036
H13A 0.7440 0.3589 0.3991 0.042
H13B 0.7579 0.3430 0.5064 0.042
H14 0.3696 0.3532 0.3737 0.040
H15A 0.4099 0.3249 0.5663 0.040
H15B 0.1857 0.3336 0.4984 0.040
H16A 0.2523 0.2788 0.3964 0.036
H16B 0.2660 0.2604 0.5017 0.036
H22A 0.5718 0.1547 0.2160 0.049
H22B 0.4238 0.1636 0.2944 0.049
H23A 0.5280 0.0998 0.3713 0.054
H23B 0.4447 0.0894 0.2617 0.054
H24 0.7949 0.0849 0.2344 0.046
H25A 0.9348 0.1005 0.4319 0.052
H25B 1.0892 0.0914 0.3567 0.052
H26A 1.0686 0.1654 0.3905 0.050
H26B 0.9955 0.1557 0.2796 0.050
H31 0.3768 0.1908 0.5378 0.037
H32A 0.2532 0.2172 0.6728 0.048
H32B 0.4114 0.1856 0.7398 0.048
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H33A 0.0683 0.1545 0.7086 0.060

H33B 0.0619 0.1590 0.5964 0.060

H34A 0.1467 0.0887 0.6400 0.065

H34B 0.3397 0.1039 0.7203 0.065

H35A 0.3287 0.1106 0.5198 0.062

H35B 0.4850 0.0803 0.5906 0.062

H36A 0.6717 0.1394 0.6637 0.048

H36B 0.6664 0.1431 0.5514 0.048

H18A 0.5553 0.4440 0.5787 0.092

H18B 0.7174 0.4066 0.5629 0.092

H18C 0.5172 0.3966 0.6139 0.092

H18D 0.1921 0.4458 0.4899 0.111

H18E 0.1455 0.3979 0.5196 0.111

H18F 0.1089 0.4111 0.4098 0.111

H18G 0.5037 0.4618 0.4104 0.117

H18H 0.4198 0.4272 0.3302 0.117

H18lI 0.6585 0.4242 0.3883 0.117

H28A 0.7093 -0.0109 0.4197 0.114

H28B 0.5667 0.0314 0.4168 0.114

H28C 0.8145 0.0327 0.4637 0.114

H28D 0.9837 -0.0182 0.3218 0.101

H28E 1.0963 0.0259 0.3578 0.101

H28F 1.0195 0.0178 0.2466 0.101

H28G 0.6001 -0.0197 0.2473 0.108

H28H 0.6489 0.0166 0.1752 0.108

H28lI 0.4623 0.0233 0.2363 0.108

Tabelle 4: Anisotrope Auslenkungsparameter (Az) fir sbal05. Der Exponent fir den

anisotropen Auslenkungsparameter hat die Form: -2 pi® (h” @ Uy, + ... + 2 h k
ab Up)
(Anisotropic displacement parameters (AZ) for sbal05. The anisotropic
displacement factor exponent takes the form: -2 pi* (W’ a? Uy + ... +2hka b’
P))

Atom Uiy Uz, Uss Uzs Uis Ui,

c1 0.020(3)  0.043(3)  0.013(2) -0.003(2) -0.0052(19) -0.001(2)

N2 0.029(2) 0.048(2) 0.010(2)  0.0003(18) -0.0068(17) -0.0038(18)

N3 0.041(3) 0.051(3) 0.014(2) 0.0009(19) -0.0152(19) -0.004(2)

N4 0.049(3) 0.050(3) 0.021(2) 0.005(2) -0.019(2) -0.009(2)

N5 0.035(2) 0.048(2) 0.019(2) 0.0013(19) -0.0165(19) -0.0037(19)

N10 0.022(2) 0.049(2) 0.018(2) -0.003(2) -0.009(2) 0.0021(18)

Cl11 0.024(2) 0.040(2) 0.009(2) -0.0004(19) -0.0065(19) -0.0010(19)

C12 0.023(3) 0.050(3) 0.014(3) 0.003(2) -0.004(2) -0.001(2)

C13 0.031(3) 0.045(3) 0.026(3) -0.001(2) -0.002(2) -0.004(2)

Cl4 0.034(3)  0.047(3) 0.016(3) 0.000(2) -0.002(2)  0.001(2)

c15 0.026(3) 0.049(3) 0.024(3) -0.002(2) 0.002(2)  0.003(2)

C16 0.021(2) 0.050(3) 0.017(3) 0.000(2) -0.003(2)  0.002(2)

C18 0.046(3)  0.048(3) 0.049(3) -0.002(2) 0.010(3)  0.005(2)

N20 0.026(2)  0.044(2) 0.024(2) -0.0013(19) -0.0026(19) 0.0004(18)

c21 0.030(3) 0.043(3) 0.023(3) -0.004(2) 0.001(2) -0.001(2)

Cc22 0.038(3) 0.048(3) 0.031(3) -0.010(2) -0.009(2) 0.002(2)

C23 0.033(3) 0.051(3) 0.046(4) -0.009(3) -0.011(3) -0.001(2)

Cc24 0.037(3) 0.047(3) 0.029(3) -0.005(2) -0.001(2) 0.003(2)

C25 0.027(3) 0.055(3) 0.045(3) -0.009(3) -0.001(2) 0.003(2)

C26 0.030(3) 0.056(3) 0.040(3) -0.012(3) 0.005(2)  0.000(2)

C28 0.050(3) 0.047(3) 0.045(3) -0.005(2) 0.006(3)  0.004(2)

c31 0.028(3) 0.046(3) 0.016(3) 0.001(2) -0.005(2) -0.006(2)

C32 0.035(3) 0.062(3) 0.025(3) 0.001(2) 0.005(2) -0.001(2)

C33 0.038(3)  0.074(4) 0.039(3) -0.002(3)  0.009(3) -0.010(3)
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C34 0.052(3)0.067(3)0.044(4) - 0.003(3)-0.008(3)-0.014(3)
C35 0.042(3)  0.059(3)  0.052(4) ' -0.003(3)  0.006(3) -0.008(3)
C36 0.036(3) 0.051(3) 0.031(3) -0.002(2) 0.001(3) -0.003(2)
C181 0.068(4) 0.056(4) 0.060(4) -0.017(3) 0.010(3) -0.006(3)
C182 0.061(4)  0.059(4) 0.105(5) -0.005(4)  0.019(3)  0.017(3)
C183 0.107(5)  0.056(4) 0.077(5) 0.009(3)  0.033(4)  0.002(3)
c281 0.113(5)  0.060(4) 0.061(4) 0.009(3)  0.034(4)  0.001(3)
C282 0.072(4)  0.059(4) 0.072(5) -0.003(3)  0.014(3)  0.013(3)
C283 0.075(4)  0.054(4) 0.079(4) -0.011(3) -0.009(3) -0.003(3)

Tabelle 5: Bindungslangen (A) und -winkel (°) fiir shal105.
(Bond lengths (A) and angles (deg) for sba105.)

C1-N5 1.325(5) C28-C283 1.548(7)
C1-N2 1.342(5) C31-C36 1.515(6)
c1-c11 1.519(6) C31-C32 1.515(6)
N2-N3 1.362(5) C31-H31 1.0000
N2-C31 1.466(5) C32-C33 1.524(6)
N3-N4 1.301(5) C32-H32A 0.9900
N4-N5 1.372(5) C32-H32B 0.9900
N10-N20 1.409(5) C33-C34 1.508(6)
N10-C11 1.473(6) C33-H33A 0.9900
N10-H10 0.83(4) C33-H33B 0.9900
C11-C16 1.521(5) C34-C35 1.516(6)
C11-C12 1.531(6) C34-H34A 0.9900
C12-C13 1.522(6) C34-H34B 0.9900
C12-H12A 0.9900 C35-C36 1.525(6)
C12-H12B 0.9900 C35-H35A 0.9900
C13-C14 1.536(6) C35-H35B 0.9900
C13-H13A 0.9900 C36-H36A 0.9900
C13-H13B 0.9900 C36-H36B 0.9900
C14-C15 1.539(6) C181-H18A 0.9800
C14-C18 1.544(6) C181-H18B 0.9800
C14-H14 1.0000 C181-H18C 0.9800
C15-C16 1.513(6) C182-H18D 0.9800
C15-H15A 0.9900 C182-H18E 0.9800
C15-H15B 0.9900 C182-H18F 0.9800
C16-H16A 0.9900 C183-H18G 0.9800
C16-H16B 0.9900 C183-H18H 0.9800
C18-C182 1.534(7) C183-H18I 0.9800
C18-C181 1.541(7) C281-H28A 0.9800
C18-C183 1.543(7) C281-H28B 0.9800
N20-C21 1.266(5) C281-H28C 0.9800
C21-C26 1.496(6) C282-H28D 0.9800
C21-C22 1.511(6) C282-H28E 0.9800
C22-C23 1.517(6) C282-H28F 0.9800
C22-H22A 0.9900 C283-H28G 0.9800
C22-H22B 0.9900 C283-H28H 0.9800
C23-C24 1.515(6) C283-H28I 0.9800
C23-H23A 0.9900 N5-C1-N2 108.9(4)
C23-H23B 0.9900 N5-C1-C11 125.4(4)
C24-C25 1.532(6) N2-C1-C11 125.7(4)
C24-C28 1.550(6) C1-N2-N3 108.4(3)
C24-H24 1.0000 C1-N2-C31 133.4(4)
C25-C26 1.514(6) N3-N2-C31 118.2(4)
C25-H25A 0.9900 N4-N3-N2 106.2(3)
C25-H25B 0.9900 N3-N4-N5 111.0(3)
C26-H26A 0.9900 C1-N5-N4 105.6(4)
C26-H26B 0.9900 N20-N10-C11 111.3(3)
C28-C281 1.522(7) N20-N10-H10 115(3)
C28-C282 1.537(6) C11-N10-H10 108(3)
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N10-C11-C1
N10-C11-C16
C1-C11-C16
N10-C11-C12
C1-C11-C12
C16-C11-C12
C13-C12-C11
C13-C12-H12A
C11-C12-H12A
C13-C12-H12B
Cl11-C12-H12B
H12A-C12-H12B
C12-C13-C14
C12-C13-H13A
C14-C13-H13A
C12-C13-H13B
C14-C13-H13B
H13A-C13-H13B
C13-C14-C15
C13-C14-C18
C15-C14-C18
C13-C14-H14
C15-C14-H14
C18-C14-H14
Cl16-C15-C14
C16-C15-H15A
C14-C15-H15A
C16-C15-H15B
C14-C15-H15B
H15A-C15-H15B
C15-C16-C11
C15-C16-H16A
C11-C16-H16A
C15-Cl6-H1eB
Cl1-Cle6-H1leB
H16A-C16-H16B
C182-C18-C181
C182-C18-C183
C181-C18-C183
C182-C18-C14
C181-C18-C14
C183-C18-C14
C21-N20-N10
N20-C21-C26
N20-C21-C22
C26-C21-C22
C21-C22-C23
C21-C22-H22A
C23-C22-H22A
C21-C22-H22B
C23-C22-H22B
H22A-C22-H22B
C24-C23-C22
C24-C23-H23A
C22-C23-H23A
C24-C23-H23B
C22-C23-H23B
H23A-C23-H23B
C23-C24-C25
C23-C24-C28
C25-C24-C28
C23-C24-H24
C25-C24-H24
C28-C24-H24

106.3(4)
108.7(3)
109.3(4)
111.7(4)
111.1(3)
109.5(4)
115.7(4)
108.4
108.4
108.4
108.4
107.4
112.7(4)
109.1
109.1
109.1
109.1
107.8
108.2(4)
113.9(4)
115.6(4)
106.1
106.1
106.1
111.7(4)
109.3
109.3
109.3
109.3
107.9
114.1(4)
108.7
108.7
108.7
108.7
107.6
107.8(5)
108.7(5)
107.8(5)
110.7(4)
111.8(4)
110.0(4)
117.4(4)
118.1(4)
128.1(4)
113.6(4)
109.8(4)
109.7
109.7
109.7
109.7
108.2
114.6(4)
108.6
108.6
108.6
108.6
107.6
108.6(4)
115.1(4)
114.6(4)
105.9
105.9
105.9
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C26-C25-C24
C26-C25-H25A
C24-C25-H25A
C26-C25-H25B
C24-C25-H25B
H25A-C25-H25B
C21-C26-C25
C21-C26-H26A
C25-C26-H26A
C21-C26-H26B
C25-C26-H26B
H26A-C26-H26B
C281-C28-C282
C281-C28-C283
C282-C28-C283
C281-C28-C24
C282-C28-C24
C283-C28-C24
N2-C31-C36
N2-C31-C32
C36-C31-C32
N2-C31-H31
C36-C31-H31
C32-C31-H31
C31-C32-C33
C31-C32-H32A
C33-C32-H32A
C31-C32-H32B
C33-C32-H32B
H32A-C32-H32B
C34-C33-C32
C34-C33-H33A
C32-C33-H33A
C34-C33-H33B
C32-C33-H33B
H33A-C33-H33B
C33-C34-C35
C33-C34-H34A
C35-C34-H34A
C33-C34-H34B
C35-C34-H34B
H34A-C34-H34B
C34-C35-C36
C34-C35-H35A
C36-C35-H35A
C34-C35-H35B
C36-C35-H35B
H35A-C35-H35B
C31-C36-C35
C31-C36-H36A
C35-C36-H36A
C31-C36-H36B
C35-C36-H36B
H36A-C36-H36B
C18-C181-H18A
C18-C181-H18B
H18A-C181-H18B
C18-C181-H18C
H18A-C181-H18C
H18B-C181-H18C
C18-C182-H18D
C18-C182-H18E
H18D-C182-H18E
C18-C182-H18F

113.2(4)
108.9
108.9
108.9
108.9
107.7
111.4(4)
109.3
109.3
109.3
109.3
108.0
108.8(5)
109.6(5)
106.4(4)
112.3(4)
110.3(4)
109.3(4)
111.3(3)
110.7(4)
111.4(4)
107.8
107.8
107.8
109.8(4)
109.7
109.7
109.7
109.7
108.2
111.3(4)
109.4
109.4
109.4
109.4
108.0
112.3(4)
109.1
109.1
109.1
109.1
107.9
111.0(4)
109.4
109.4
109.4
109.4
108.0
110.6(4)
109.5
109.5
109.5
109.5
108.1
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5



H18D-C182-H18F
H18E-C182-H18F
C18-C183-H18G
C18-C183-H18H
H18G-C183-H18H
C18-C183-H18lI
H18G-C183-H18lI
H18H-C183-H18lI
C28-C281-H28A
C28-C281-H28B
H28A-C281-H28B
C28-C281-H28C
H28A-C281-H28C
H28B-C281-H28C
C28-C282-H28D
C28-C282-H28E
H28D-C282-H28E
C28-C282-H28F
H28D-C282-H28F
H28E-C282-H28F
C28-C283-H28G
C28-C283-H28H
H28G-C283-H28H
C28-C283-H28I
H28G-C283-H28I
H28H-C283-H28lI

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5

S41



S42



5d: colourless crystal (needle), dimensions 0.420 x 0.050 x 0.030 mm?, crystal system monoclinic, space
group P2:/n, Z=4, a=6.345(2) A, b=31.355(11) A, c=14.286(5) A, alpha=90 deg, beta=99.872(11) deg,
gamma=90 deg, V=2799.8(17) A®, rho=1.083 g/cm® T=200(2) K, Thetama= 21.260 deg, radiation Mo
Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD area detector, covering the asymmetric unit
in reciprocal space with a mean redundancy of 3.63and a completeness of 61.5% to a resolution of
0.98A, 11459 reflections measured, 3120 unique (R(int)=0.1049), 1898 observed (I > 2o(l)), intensities
were corrected for Lorentz and polarization effects, an empirical absorption correction was applied using
SADABS" based on the Laue symmetry of the reciprocal space, mu=0.06mm~, Tmin=0.82, T12=0.96,
structure solved by direct methods and refined against F* with a Full-matrix least-squares algorithm using
the SHELXTL (Version 2013/3) software package?, 302 parameters refined, hydrogen atoms were treated
using appropriate riding models, except H10 at N10, which was refined isotropically, goodness of fit 1.01
for observed reflections, final residual values R1(F)=0.074, wR(F?)=0.159 for observed reflections,
residual electron density -0.33 to 0.32 eA™. cCDC 1030931 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Lit. 1: (program SADABS 2012/1 for absorption correction) G. M. Sheldrick, Bruker Analytical X-ray-
Division, Madison, Wisconsin 2012

Lit. 2: (software package SHELXTL 2013/4 for structure solution and refinement) Sheldrick, G.M. (2008).
Acta Cryst. A64, 112-122.

Lit. APEX, APEX2, SMART, SAINT, SAINT-Plus: Bruker (2007). "Program name(s)". Bruker AXS Inc.,
Madison, Wisconsin, USA.
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General information

High resolution mass spectra were recorded on Mass-ESI-POS (FT-ICR) spectrometer.

General procedure for the synthesis of a-hydrazino tetrazoles 5a-h:

To a solution of hydrazine hydrate 1 (1 mmol), cyclic ketone 2a-f (2 mmol) in 5 mL ethanol was
added. The mixture was stirred for 30 min then isocyanide 3a-b (1.2 mmol) and trimethylsilyl
azide 4 (1 mmol) was added to the mixture. The mixture was stirred for 24h at ambient
temperature. After completion of the reaction, as indicated by TLC (ethyl acetate/n-hexane, 1:3),

the precipitate was filtered off and then washed with methanol.

Spectroscopic data for compounds 5a-h:

5a (89%)

1-(tert-butyl)-5- ((1r, 4S)-4- (tert-butyl)-1-(2 -((S,E)-4 -(tert-butyl)cyclohexylidene) hydrazinyl) cyclohexyl)-
1H-tetrazole (5a): Colorless powder; 383 mg(89%), mp: 209-211°C, IR vmax (KBr, cm™): 3258,
1639; 'H NMR (300 MHz, CDCls): 0.82 (s, 9H, 3CHg, t-bu), 0.86(s, 9H, 3CHs, t-bu), 1.07-1.72
(m, 8H, 4CHy, Hcyciohexyt), 1.78 (s, 9H, 3CHj, t-bu), 1.82-2.01 (M, 4H, Hcyciohexyr), 2.28-2.50 (m,
2H, Heyclohexyl), 2.60-2.81 (M, 4H, Heycionexyt), 4.36(s, 1H, NH); *C NMR (75 MHz, CDCly):
23.9, 24.2, 25.1, 26.3, 27.4, 27.5, 27.7, 31.2, 32.3, 32.4, 34.8, 37.9, 38.5, 47.4, 47.6, 59.3, 64.4,
152.6, 157.8; HR-MS (ESI): calc. for CosHa7Ng [M+H]" 431.38567, found 431.38567; calc. for
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CasHasNgNa [M+Na]* 453.36767, found 453.36762; calc. for CaosHasNgK [M+K]™ 469.34161,
found 469.34155.

colourless crystal (plate), dimensions 0.370 x 0.230 x 0.030 mm?, crystal system monoclinic,
space group P2:/n, Z=4, a=6.2048(7) A, b=29.336(3) A, c=14.4809(17) A, alpha=90 deg,
beta=98.484(4) deg, gamma=90 deg, V=2607.0(5) A3, rho=1.097 g/cm?, T=200(2) K, Thetama=
26.022 deg, radiation Mo Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD area
detector, covering the asymmetric unit in reciprocal space with a mean redundancy of 3.15and a
completeness of 100.0% to a resolution of 0.81A, 16371 reflections measured, 5139 unique
(R(int)=0.0805), 3027 observed (I > 26(l)), intensities were corrected for Lorentz and
polarization effects, an empirical absorption correction was applied using SADABS based on the
Laue symmetry of the reciprocal space, mu=0.07mm™, Tpin=0.90, Tma=0.96, structure solved by
direct methods and refined against F> with a Full-matrix least-squares algorithm using the
SHELXTL (Version 2013/3) software package, 285 parameters refined, hydrogen atoms were
treated using appropriate riding models, except H21 at N21, which was refined isotropically,
goodness of fit 0.99 for observed reflections, final residual values R1(F)=0.057, wR(F?)=0.109
for observed reflections, residual electron density -0.22 to 0.21 eA™. CCDC 103930 contains the
supplementary crystallographic data for this paper. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

5b (54%)

1-(tert-butyl)-5-((1r,4S)-4-ethyl-1-(2- ((S,E)-4-ethyl cyclohexylidene) hydrazinyl)
cyclohexyl) -1H-tetrazole (5b): Waxy liquid; 202 mg(54%), IR vmax (KBr, cm™): 3362, 1713; *H
NMR (300 MHz, CDCly): 0.85 (t, J= 7.0 Hz, 3H, CH3), 0.91 (t, J=7.0 Hz, 3H, CH3), 0.94-1.03
(m, 2H, Heyelohexyt), 1.22-1.37 (m, 7H, Heyelohexyt), 1.61-1.88 (m, 8H, HCyclohexyl), 1.78 (s, 9H,
3CHs, t-bu), 2.00-2.23(M, 2H, Heyelohexyt), 2.53-2.67 (M, 3H, Heyclonexyl), 4.54 (brs, 1H, NH); ©°C
NMR (75 MHz, CDCl): 11.4, 11.6, 11.7, 24.4, 28.1, 28.2, 28.9, 31.2, 31.3, 31.5, 32.8, 34.4,

35.6, 35.9, 37.5, 38.6, 59.4, 64.3, 152.7, 158.4; HR-MS (ESI): calc. for CpHasNg [M+H]*
S3



375.33606, found 375.33565; calc. for C1H3sNgNa [M+Na]* 397.30385, found 397.30340; calc.
for Cy1H3sNgK [M+K]+ 413.27867, found 413.27853.

5c (62%)

1-(tert-butyl)-5-((1r,4S)- 4-methyl-1- (2 -((S, E)-4-methylcyclohexylidene) hydrazinyl)
cyclohexyl)-1H-tetrazole (5¢): Colorless solid; 215 mg(62%), mp: 120-123 °C, IR vmax (KBr, cm’
1): 3255, 1632; *H NMR (300 MHz, CDCls): 0.89 (d, 6H, J = 6.3 Hz, 2CH3), 0.92-1.70 (m, 10H,
Heyclonexyt), 1.74 (s, 9H, t-bu), 1.76-2.66 (M, 8H, Heycionexyt), 4.62 (s,1H, NH); *C NMR (75 MHz,
CDCl3): 20.9, 21.6, 24.3, 30.3, 30.5, 30.6, 31.0, 31.2, 32.0, 33.8, 34.5, 35.2, 35.6, 59.1, 64.3,
76.6, 152.2, 158.5; HR-MS (ESI): HR-MS (ESI): calc. for C1gH3sNg [M+H]" 347.24282, found
347.24282.

N

— \/N
NH
RGN

tBu

5d (92%)

5-((1r,4S)-4-(tert-butyl)-1-(2-((S,E)-4-(tert-butyl)cyclohexylidene)hydrazinyl)  cyclohexyl)-1-
cyclohexyl-1H-tetrazole (5d): Colorless solid; 420 mg(92%), mp: 239-241 °C, IR vmax (KBr, cm’
1): 3253, 1642; *H NMR (300 MHz, CDCls): 0.77 (s, 9H, 3CHs, t-bu), 0.84(s, 9H, 3CHS3, t-bu),
0.88-1.50 ( m, 10H, Hcyclohexyt), 1.53-1.82 (M, 6H, Hcyclohexyt), 1.83-2.24 (m, 9H, Heyclohexyt), 2.28-
2.79 ('m, 3H, Heyclohexyl), 4.49 (s, 1H, NH), 5.11 (m, 1H, CNH); *C NMR (75 MHz, CDCly):
21.6, 22.0, 24.8, 25.0, 25.7, 26.5, 27.3, 27.7, 32.3, 32.5, 33.1, 33.2, 34.2, 34.8, 46.4, 47.4, 56.8,
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58.9, 153.4, 158.5; HR-MS (ESI): calc for C7HagNg [M+H]" 457.40144, found 457.40132; calc
for Co7H49NsNa [M+Na]" 479.38340, found 479.38327; calc. for Co;HasKNg [M+K]™ 495.35734,
found 495.35720.

colourless crystal (needle), dimensions 0.420 x 0.050 x 0.030 mm?, crystal system monoclinic,
space group P2:/n, Z=4, a=6.345(2) A, b=31.355(11) A, c=14.286(5) A, alpha=90 deg,
beta=99.872(11) deg, gamma=90 deg, V=2799.8(17) A3 rho=1.083 g/cm®, T=200(2) K,
Thetama= 21.260 deg, radiation Mo Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD
area detector, covering the asymmetric unit in reciprocal space with a mean redundancy of
3.63and a completeness of 61.5% to a resolution of 0.98A, 11459 reflections measured, 3120
unique (R(int)=0.1049), 1898 observed (I > 26(l)), intensities were corrected for Lorentz and
polarization effects, an empirical absorption correction was applied using SADABS' based on
the Laue symmetry of the reciprocal space, mu=0.06mm™, Tmin=0.82, Tm»=0.96, structure
solved by direct methods and refined against F* with a Full-matrix least-squares algorithm using
the SHELXTL (Version 2013/3) software package®, 302 parameters refined, hydrogen atoms
were treated using appropriate riding models, except H10 at N10, which was refined
isotropically, goodness of fit 1.01 for observed reflections, final residual values R1(F)=0.074,
WR(F?)=0.159 for observed reflections, residual electron density -0.33 to 0.32 eA™. CCDC
103931 contains the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

5e (71%)

1-cyclohexyl-5- ((1r,4S)-4-ethyl-1 -(2 -((S,E)-4-ethylcyclohexylidene)hydrazinyl) cyclohexyl)-
1H-tetrazole (5e): Colorless solid; 216 mg(71%), mp: 129-130 °C, IR vmax (KBr, cm™): 3244,
1739, 1635; 'H NMR (300 MHz, CDCls): 0.84 (t, 3H, J = 7.2 Hz, CHj3), 0.97-1.02 (m, 3H,
Hcyclohexyt), 1.78-1.38 (m, 10H, Hcyciohexyt), 1.63-2.24 (m, 16H, Hcyclohexy), 2.53-2.70 (m, 3H,
Heyclohexyl), 4.59 (s,1H, NH), 5.07-5.14 (m, 1H, CNH); *C NMR (75 MHz, CDCls): 11.5, 11.6,
24.3, 25.0, 25.6, 28.5, 28.6, 28.8, 31.3, 32.6, 33.2, 34.4, 35.3, 35.7, 38.5, 58.3, 59.1, 153.6.2;
HR-MS (ESI): calc. for C23H41N6 [M+H]" 401.33876, found 401.33872; calc. for Cy3HaoNs
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[M+Na]® 423.31971, found 432.31933; calc. for CaxHiKNs [M+K]™ 439.29467, found
439.29460

5f (78%)

1-cyclohexyl-5  -((1r,4S)-4-methyl-1-(2 -((S, E)-4-methylcyclohexylidene) hydrazinyl)
cyclohexyl)-1H-tetrazole (5f) Colorless solid; 291 mg(78%), mp: 167-169 °C, IR vmax (KBr, cm’
1): 3240, 1739, 1631; *H NMR (300 MHz, CDCls): 0.85 (d, 3H, J = 6.4Hz, CH3), 0.88(d, 3H, J
= 6.5 Hz, CHg), 0.93-1.56 (m, 10H, Hcyciohexyt), 1.58-1.78 (m, 8H, Hcyclohexyt), 1.79-2.20 (m, 8H,
Heyclohexyl), 2.45-2.66 (M, 2H, Heyelohexyl), 4.6 (5, 1H, NH), 5.10 (m, 1H, NCH); **C NMR (75
MHz, CDCls): 21.4, 21.6, 24.3, 25.0, 25.6, 30.8, 30.9, 31.7, 31.8, 33.1, 33.2, 33.7, 34.5, 35.1,
35.3, 35.8, 56.9, 58.0, 59.1, 153.3, 156.2, HR-MS (ESI): calc. for C,;Hz7Ng [M+H]" 373.30743,
found 373.30742; calc. for CoiHssNe¢Na [M+Na]® 395.28939, found 395.28937; calc. for
C21H3sKNg [M+K]" 411.26332, found 411.26330.

59 (65%)

1-cyclohexyl-5- ((1R, 3R)-3-methyl-1- (2-((S, Z)-3-methylcyclohexylidene)hydrazinyl)

cyclohexyl)-1H-tetrazole (5g): Colorless solid; 231 mg(65%), mp: 145-147 °C, IR vmax (KBT,

cm™): 3238, 1740, 1632; *H NMR (300 MHz, CDCl3) 0.85-0.95 (m, 6H, CHs), 1.00-1.55 (m,

10H, Hcyclohexyt), 1.63-1.79 (m, 6H, Heyciohexyr), 1.87-2.21 (m, 9H, Hcyciohexyt), 2.48-2.65 (m,3H,
S6



Heyclohexyl), 4.56(s, 1H, NH), 5.05-5.13 (m,1H, CHN); "*C NMR (75 MHz, CDCl3): 22.2, 22.4,
225, 25.0, 25.6, 25.7, 29.0, 32.3, 33.2, 33.3, 34.1, 34.4, 34.7, 35.9, 44.4, 58.9, 59.1, 59.2, 153.3,
156.1; 156.1; HR-MS (ESI): calc. for C1Hs;Ng [M+H]" 373.30745, found 373.30742; calc. for
CaHssNeNa [M+Na]* 395.28940, found 395.28937; calc. for C,iHssKNg [M+K]" 411.26334,
found 411.26330.

5h (75%)

1-cyclohexyl-5-(1-(2-cyclohexylidenehydrazinyl)cyclohexyl)-1H-tetrazole(5h): Colorless solid;
258 mg(75%), mp: 147-150 °C, IR vmax (KBr, cm™): 3239, 1631; 'H NMR (300 MHz, CDCly):
1.29-1.50 (m, 5H, Hcyciohexyt), 1.50-1.63 (M, 9H, Heyelohexyt), 1.67-1.95 (M, 7H, Hcyciohexyt), 1.97-
2.19 (m, 8H, 4CHy, Heyelohexyl), 4.96 (s, 1H, NH), 5.11(m, 1H, CNH); *C NMR (75 MHz,
CDCI3): 21.6, 24.9, 25.0, 25.1, 25.1, 25.4, 25.7, 25.8, 25.9, 27.0, 33.2, 34.4, 35.2, 57.6, 59.0,
153.4, 157.8; HR-MS (ESI): calc. for CioH3sNg[M+1]" 345.27618, found 345.27613; calc. for
C19H33N6Na[M+Na]" 367.25813, found 367.25807; calc. for CioHs3sKNg[M+1]" 383.23207,
found 383.23200.
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X-Ray Crystallographic Data 5a

Prob
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nu

50
200

68 Y

PLATON-Aug 8 15:44:49 2013 - (100812)

N
~

sbal00 P 21/n R = 0.06 RES= 0 -11 X

Table 1:  Crystal data and structure refinement for 5a.

Identification code 5a

Empirical formula CosHagNg

Formula weight 430.68

Temperature 200(2) K

Wavelength 0.71073 A

Crystal system monoclinic

Space group P2:/n

Z 4

Unit cell dimensions a= 6.2048(7) A o = 90 deg.
b =29.336(3) A B = 98.484(4) deg.
c=14.4809(17) A y= 90 deg.

Volume 2607.0(5) A°

Density (calculated) 1.10 g/cm®

Absorption coefficient 0.07 mm™

Crystal shape plate

Crystal size 0.370 x 0.230 x 0.030 mm®

Crystal colour colourless

Theta range for data collection 1.4 to 26.0 deg.

Index ranges -7<h<7, -35<k<36, -17<I<17

Reflections collected 16371

Independent reflections 5139 (R(int) = 0.0805)

Observed reflections 3027 (I > 25(1))

Absorption correction Semi-empirical from equivalents

Max. and min. transmission 0.96 and 0.90

Refinement method Full-matrix least-squares on F

Data/restraints/parameters 5139/0/ 285

Goodness-of-fit on F? 0.99

Final R indices (I>2sigma(l)) R1 =0.057, wR2 = 0.109
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Largest diff. peak and hole 0.21 and -0.22 eA*

Tabelle 2: Atomkoordinaten und aquivalente isotrope
Auslenkungsparameter (A%) fiir sba100. Ueq wird berechnet
als ein Drittel der Spur des orthogonalen U; Tensors.
(Atomic coordinates and equivalent isotropic displacement
parameters (A% for sbal100. Ueq is defined as one third of the
trace of the orthogonalized Uj tensor.)

Atom X y z Ueq

C1 0.2043(3) 0.2416(1) 0.6006(1) 0.0278(5)
N2 0.3606(3) 0.2677(1) 0.6441(1) 0.0404(5)
N3 0.4119(4) 0.2508(1) 0.7314(1) 0.0545(6)
N4 0.2930(4) 0.2156(1) 0.7426(1) 0.0491(6)
N5 0.1569(3) 0.2088(1) 0.6616(1) 0.0329(4)
C6 0.0236(4) 0.1658(1) 0.6594(2) 0.0375(6)
C7 -0.0138(5) 0.1549(1) 0.7584(2) 0.0667(9)
H7A 0.1270 0.1513 0.7984 0.100
H7B -0.0973 0.1265 0.7585 0.100
H7C -0.0952 0.1798 0.7823 0.100

C8 0.1563(5) 0.1283(1) 0.6224(2) 0.0685(9)
H8A 0.1782 0.1355 0.5584 0.103
H8B 0.0783 0.0992 0.6229 0.103
H8C 0.2981 0.1258 0.6621 0.103

C9 -0.1968(4) 0.1711(1) 0.6005(2) 0.0622(8)
H9A -0.1778 0.1777 0.5359 0.093
H9B -0.2758 0.1962 0.6250 0.093
HO9C -0.2799 0.1428 0.6025 0.093
Cl1 0.1001(3) 0.2529(1) 0.5019(1) 0.0256(5)
C12 0.2422(3) 0.2866(1) 0.4557(1) 0.0295(5)
H12A 0.3949 0.2759 0.4677 0.035
H12B 0.1955 0.2855 0.3873 0.035
C13 0.2374(3) 0.3362(1) 0.4869(1) 0.0306(5)
H13A 0.3181 0.3551 0.4469 0.037
H13B 0.3126 0.3388 0.5519 0.037
Cil14 0.0055(3) 0.3547(1) 0.4818(1) 0.0290(5)
H14 -0.0647 0.3510 0.4155 0.035
C15 -0.1175(3) 0.3230(1) 0.5401(2) 0.0304(5)
H15A -0.0442 0.3229 0.6056 0.036
H15B -0.2677 0.3345 0.5394 0.036
C1l6 -0.1264(3) 0.2744(1) 0.5023(1) 0.0286(5)
H16A -0.2054 0.2745 0.4377 0.034
H16B -0.2100 0.2552 0.5407 0.034
C18 -0.0064(4) 0.4060(1) 0.5045(2) 0.0349(5)
N21 0.0689(3) 0.2105(1) 0.4468(1) 0.0284(4)
H21 -0.009(3) 0.2172(6) 0.3891(15) 0.033(6)
N22 0.2709(3) 0.1910(1) 0.4354(1) 0.0314(4)
C23 0.2688(3) 0.1611(1) 0.3711(1) 0.0333(5)
C24 0.4784(4) 0.1373(1) 0.3624(2) 0.0464(7)
H24A 0.5961 0.1496 0.4094 0.056
H24B 0.5182 0.1431 0.2997 0.056
C25 0.4573(4) 0.0860(1) 0.3768(2) 0.0437(6)
H25A 0.4361 0.0802 0.4422 0.052
H25B 0.5942 0.0709 0.3663 0.052
C26 0.2665(3) 0.0654(1) 0.3108(2) 0.0347(6)
H26 0.2962 0.0717 0.2460 0.042
Cc27 0.0595(3) 0.0917(1) 0.3220(2) 0.0385(6)
H27A -0.0626 0.0796 0.2769 0.046
H27B 0.0242 0.0863 0.3856 0.046
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c28 0.0776(4)0.1427(1) - 0.3067(2) 0.0387(6)

H28A 0.0964 0.1488 0.2411 0.046
H28B  -0.0575 0.1581 0.3190 0.046
C29 0.2449(4) 0.0131(1) 0.3182(2) 0.0395(6)
C181  -0.2429(4) 0.4208(1) 0.5047(2) 0.0540(7)
H18A  -0.3049 0.4039 0.5528 0.081
H18B  -0.3279 0.4146 0.4434 0.081
H18C  -0.2473 0.4536 0.5179 0.081
C182 0.1255(4) 0.4177(1) 0.5989(2) 0.0473(7)
H18D 0.0702 0.4002 0.6480 0.071
H18E 0.1120 0.4504 0.6111 0.071
H18F 0.2790 0.4101 0.5981 0.071
c183 0.0836(4) 0.4334(1) 0.4290(2) 0.0566(8)
H18G 0.0000 0.4263 0.3679 0.085
H18H 0.2370 0.4254 0.4289 0.085
H18l 0.0716 0.4660 0.4417 0.085
C291 0.4614(4) -0.0099(1) 0.3094(2) 0.0582(8)
H29A 0.4452  -0.0431 0.3141 0.087
H29B 0.5734 0.0007 0.3596 0.087
H29C 0.5045  -0.0023 0.2488 0.087
C292 0.0766(4) -0.0042(1) 0.2376(2) 0.0537(7)
H29D 0.0617  -0.0373 0.2425 0.081
H29E 0.1249 0.0034 0.1780 0.081
H29F  -0.0644 0.0103 0.2407 0.081
C293 0.1740(5) -0.0013(1) 0.4105(2) 0.0675(8)
H29G 0.1606  -0.0346 0.4121 0.101
H29H 0.0329 0.0126 0.4161 0.101
H29I 0.2829 0.0088 0.4625 0.101

Tabelle 3: H-Atomkoordinaten und isotrope Auslenkungsparameter (AZ)
fuir sbal00.
(Hg/drogen coordinates and isotropic displacement parameters
(A%) for sba100.)

Atom X y z Ueq
H7A 0.1270 0.1513 0.7984 0.100
H7B -0.0973 0.1265 0.7585 0.100
H7C -0.0952 0.1798 0.7823 0.100
H8A 0.1782 0.1355 0.5584 0.103
H8B 0.0783 0.0992 0.6229 0.103
H8C 0.2981 0.1258 0.6621 0.103
H9A -0.1778 0.1777 0.5359 0.093
H9B -0.2758 0.1962 0.6250 0.093
H9C -0.2799 0.1428 0.6025 0.093
H12A 0.3949 0.2759 0.4677 0.035
H12B 0.1955 0.2855 0.3873 0.035
H13A 0.3181 0.3551 0.4469 0.037
H13B 0.3126 0.3388 0.5519 0.037
H14 -0.0647 0.3510 0.4155 0.035
H15A -0.0442 0.3229 0.6056 0.036
H15B -0.2677 0.3345 0.5394 0.036
H16A -0.2054 0.2745 0.4377 0.034
H16B -0.2100 0.2552 0.5407 0.034
H21 -0.009(3) 0.2172(6) 0.3891(15) 0.033(6)
H24A 0.5961 0.1496 0.4094 0.056
H24B 0.5182 0.1431 0.2997 0.056
H25A 0.4361 0.0802 0.4422 0.052
H25B 0.5942 0.0709 0.3663 0.052
H26 0.2962 0.0717 0.2460 0.042
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H27A -0.0626 0.0796 0.2769 0.046
H27B 0.0242 0.0863 0.3856 0.046
H28A 0.0964 0.1488 0.2411 0.046
H28B -0.0575 0.1581 0.3190 0.046
H18A -0.3049 0.4039 0.5528 0.081
H18B -0.3279 0.4146 0.4434 0.081
H18C -0.2473 0.4536 0.5179 0.081
H18D 0.0702 0.4002 0.6480 0.071
H18E 0.1120 0.4504 0.6111 0.071
H18F 0.2790 0.4101 0.5981 0.071
H18G 0.0000 0.4263 0.3679 0.085
H18H 0.2370 0.4254 0.4289 0.085
H18lI 0.0716 0.4660 0.4417 0.085
H29A 0.4452 -0.0431 0.3141 0.087
H29B 0.5734 0.0007 0.3596 0.087
H29C 0.5045 -0.0023 0.2488 0.087
H29D 0.0617 -0.0373 0.2425 0.081
H29E 0.1249 0.0034 0.1780 0.081
H29F -0.0644 0.0103 0.2407 0.081
H29G 0.1606 -0.0346 0.4121 0.101
H29H 0.0329 0.0126 0.4161 0.101
H29I 0.2829 0.0088 0.4625 0.101
Tabelle 4: Anisotrope Auslenkungsparameter (AZ) fir sbal00. Der Exzponent fur den
anisotropen Auslenkungsparameter hat die Form: -2 pi2 (h a‘Upy+..+2hk
ab Up)
(Anisotropic displacement parameters (Az) for sbal00. The anisotropic
displacement factor exponent takes the form: -2 pi® (h"? a? Uy +...+2hka b’
U1,))
Atom Ui Uz Uss Uz Uiz Uz
C1 0.0299(12) 0.0303(12) 0.0224(11) -0.0031(9) 0.0011(9) 0.0017(10)
N2 0.0469(12) 0.0390(11) 0.0300(11) -0.0004(9) -0.0119(9) -0.0051(10)
N3 0.0758(16) 0.0453(13) 0.0337(12) 0.0014(10) -0.0204(11) -0.0093(12)
N4 0.0687(15) 0.0470(13) 0.0255(11) 0.0006(10) -0.0134(10) -0.0057(12)
N5 0.0423(11) 0.0356(11) 0.0186(9) -0.0012(8) -0.0030(8) -0.0014(9)
C6 0.0479(15) 0.0359(13) 0.0293(12) 0.0056(10) 0.0081(11) -0.0071(12)
c7 0.090(2) 0.075(2) 0.0375(16) 0.0127(14) 0.0172(15) -0.0160(17)
C8 0.082(2) 0.0387(16) 0.093(2) -0.0031(15) 0.0388(19) -0.0057(15)
C9 0.0566(18) 0.0673(19) 0.0587(18) 0.0218(15) -0.0053(14) -0.0262(15)
Cl11 0.0256(11) 0.0316(12) 0.0191(11) -0.0034(9) 0.0018(8) -0.0013(10)
C12 0.0251(12) 0.0385(13) 0.0257(11) -0.0006(10) 0.0061(9) 0.0009(10)
C13 0.0324(13) 0.0346(13) 0.0259(12) 0.0008(9) 0.0077(9) -0.0035(10)
C14 0.0306(12) 0.0325(12) 0.0234(11) 0.0001(9) 0.0020(9) 0.0006(10)
C15 0.0270(12) 0.0348(13) 0.0299(12) 0.0001(10) 0.0063(9) 0.0038(10)
C16 0.0233(12) 0.0346(13) 0.0271(12) 0.0014(9) 0.0018(9) -0.0009(10)
Cc18 0.0364(13) 0.0338(13) 0.0342(13) -0.0019(10) 0.0040(10) 0.0007(11)
N21 0.0277(10) 0.0346(11) 0.0215(10) -0.0058(8) -0.0009(8) 0.0021(8)
N22 0.0279(10) 0.0394(11) 0.0273(10) -0.0050(8) 0.0058(8) 0.0006(9)
C23 0.0330(13) 0.0422(14) 0.0257(12) -0.0088(10) 0.0077(10) -0.0015(11)
Cc24 0.0323(14) 0.0578(17) 0.0508(16) -0.0251(13) 0.0122(12) -0.0086(13)
C25 0.0270(13) 0.0552(16) 0.0481(15) -0.0164(12) 0.0029(11) 0.0060(12)
C26 0.0323(13) 0.0437(14) 0.0294(12) -0.0077(10) 0.0086(10) -0.0017(11)
Cc27 0.0307(13) 0.0462(15) 0.0370(13) -0.0097(11) -0.0003(10) -0.0029(11)
c28 0.0394(14) 0.0438(14) 0.0307(13) -0.0097(11) -0.0023(10) 0.0003(12)
C29 0.0437(15) 0.0413(15) 0.0342(13) -0.0005(11) 0.0076(11) 0.0027(12)
ci181 0.0453(16) 0.0416(15) 0.0728(19) -0.0075(14) 0.0011(14) 0.0101(13)
C182 0.0506(16) 0.0454(15) 0.0455(15) -0.0126(12) 0.0054(12) -0.0046(12)
C183 0.082(2) 0.0344(15) 0.0569(18) 0.0092(13) 0.0200(15) -0.0005(14)
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C291
C292
C293

0.0597(18)0.0535(17)--0.0604(18) -0.0085(14)0.0057(14) - 0.0115(14)
0.0577(17) 0.0443(16) 0.0571(18) -0.0078(13) 0.0017(14) -0.0049(13)
0.0489(18) 0.0122(15) 0.0196(16) -0.0068(17)

0.089(2)

0.067(2)

Tabelle 5: Bindungslangen (A) und -winkel (°) fiir sba100.
(Bond lengths (A) and angles (deg) for sba100.)

C1-N2
C1-N5
Cl-C11
N2-N3
N3-N4
N4-N5
N5-C6
C6-C9
C6-C8
C6-C7
C7-H7A
C7-H7B
C7-H7C
C8-H8A
C8-H8B
C8-H8C
C9-H9A
C9-H9B
C9-HOC
C11-N21
C11-C16
Cl1-C12
C12-C13
C12-H12A
Cl12-H12B
C13-C14
C13-H13A
C13-H13B
C14-C15
C14-C18
Cl4-H14
C15-C16
C15-H15A
C15-H15B
C16-H16A
Cl6-H16B
C18-C182
C18-C183
C18-C181
N21-N22
N21-H21
N22-C23
C23-C28
C23-C24
C24-C25
C24-H24A
C24-H24B
C25-C26
C25-H25A
C25-H25B
C26-C27
C26-C29
C26-H26
C27-C28

1.320(2)
1.366(3)
1.516(3)
1.352(2)
1.292(3)
1.356(2)
1.507(3)
1.508(3)
1.519(3)
1.521(3)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
1.475(2)
1.541(3)
1.543(3)
1.525(3)
0.9900
0.9900
1.529(3)
0.9900
0.9900
1.533(3)
1.544(3)
1.0000
1.524(3)
0.9900
0.9900
0.9900
0.9900
1.525(3)
1.528(3)
1.531(3)
1.410(2)
0.92(2)
1.277(2)
1.497(3)
1.498(3)
1.527(3)
0.9900
0.9900
1.532(3)
0.9900
0.9900
1.527(3)
1.545(3)
1.0000
1.521(3)
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C27-H27A
C27-H27B
C28-H28A
C28-H28B
C29-C291
C29-C293
C29-C292
C181-H18A
C181-H18B
C181-H18C
C182-H18D
C182-H18E
C182-H18F
C183-H18G
C183-H18H
C183-H18l
C291-H29A
C291-H29B
C291-H29C
C292-H29D
C292-H29E
C292-H29F
C293-H29G
C293-H29H
C293-H29I
N2-C1-N5
N2-C1-C11
N5-C1-C11
C1-N2-N3
N4-N3-N2
N3-N4-N5
N4-N5-C1
N4-N5-C6
C1-N5-C6
N5-C6-C9
N5-C6-C8
C9-C6-C8
N5-C6-C7
C9-C6-C7
C8-C6-C7
C6-C7-H7A
C6-C7-H7B
H7A-C7-H7B
C6-C7-H7C

H7A-C7-H7C
H7B-C7-H7C

C6-C8-H8A
C6-C8-H8B
H8A-C8-H8B
C6-C8-H8C

H8A-C8-H8C
H8B-C8-H8C

C6-C9-H9A
C6-C9-H9B

0.9900
0.9900
0.9900
0.9900
1.526(3)
1.527(3)
1.534(3)
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800
0.9800

108.24(18)

120.22(19)

131.37(18)

106.74(18)

110.49(18)

107.69(17)

106.82(17)

114.35(17)

138.18(17)

112.02(18)

106.87(18)

111.7(2)

108.40(19)

107.6(2)

110.2(2)

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5

109.5



H9A-C9-H9B
C6-C9-H9C
H9A-C9-HOC
H9B-C9-HO9C
N21-C11-C1
N21-C11-C16
C1-C11-C16
N21-C11-C12
C1-C11-C12
C16-C11-C12
C13-C12-C11
C13-C12-H12A
C11-C12-H12A
C13-C12-H12B
Cl1-C12-H12B
H12A-C12-H12B
C12-C13-C14
C12-C13-H13A
C14-C13-H13A
C12-C13-H13B
C14-C13-H13B
H13A-C13-H13B
C13-C14-C15
C13-C14-C18
C15-C14-C18
C13-C14-H14
C15-C14-H14
C18-C14-H14
C16-C15-C14
C16-C15-H15A
C14-C15-H15A
C16-C15-H15B
C14-C15-H15B
H15A-C15-H15B
C15-Cl6-C11
C15-C16-H16A
C11-C16-H16A
C15-Cl6-H16B
Cl11-Cl6-H1leB
H16A-C16-H16B
C182-C18-C183
C182-C18-C181
C183-C18-C181
C182-C18-C14
C183-C18-C14
C181-C18-C14
N22-N21-C11
N22-N21-H21
C11-N21-H21
C23-N22-N21
N22-C23-C28
N22-C23-C24
C28-C23-C24
C23-C24-C25
C23-C24-H24A
C25-C24-H24A
C23-C24-H24B
C25-C24-H24B
H24A-C24-H24B
C24-C25-C26
C24-C25-H25A
C26-C25-H25A
C24-C25-H25B
C26-C25-H25B

109.5
109.5
109.5
109.5
109.20(17)
107.43(16)
110.44(16)
110.09(16)
111.02(16)
108.59(16)
116.45(17)
108.2
108.2
108.2
108.2
107.3
112.55(17)
109.1
109.1
109.1
109.1
107.8
107.43(16)
114.18(17)
115.58(17)
106.3
106.3
106.3
111.39(17)
109.3
109.3
109.3
109.3
108.0
113.52(16)
108.9
108.9
108.9
108.9
107.7
108.6(2)
108.80(19)
107.6(2)
111.97(18)
109.05(18)
110.70(18)
110.98(15)
109.5(13)
108.7(12)
116.76(17)
128.6(2)
117.73(19)
113.43(18)
110.76(19)
109.5
109.5
109.5
109.5
108.1
112.2(2)
109.2
109.2
109.2
109.2
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H25A-C25-H25B
C27-C26-C25
C27-C26-C29
C25-C26-C29
C27-C26-H26
C25-C26-H26
C29-C26-H26
C28-C27-C26
C28-C27-H27A
C26-C27-H27A
C28-C27-H27B
C26-C27-H27B
H27A-C27-H27B
C23-C28-C27
C23-C28-H28A
C27-C28-H28A
C23-C28-H28B
C27-C28-H28B
H28A-C28-H28B
C291-C29-C293
C291-C29-C292
C293-C29-C292
C291-C29-C26
C293-C29-C26
C292-C29-C26
C18-C181-H18A
C18-C181-H18B
H18A-C181-H18B
C18-C181-H18C
H18A-C181-H18C
H18B-C181-H18C
C18-C182-H18D
C18-C182-H18E
H18D-C182-H18E
C18-C182-H18F
H18D-C182-H18F
H18E-C182-H18F
C18-C183-H18G
C18-C183-H18H
H18G-C183-H18H
C18-C183-H18lI
H18G-C183-H18lI
H18H-C183-H18I
C29-C291-H29A
C29-C291-H29B
H29A-C291-H29B
C29-C291-H29C
H29A-C291-H29C
H29B-C291-H29C
C29-C292-H29D
C29-C292-H29E
H29D-C292-H29E
C29-C292-H29F
H29D-C292-H29F
H29E-C292-H29F
C29-C293-H29G
C29-C293-H29H
H29G-C293-H29H
C29-C293-H29I
H29G-C293-H29I
H29H-C293-H29I

107.9
108.62(17)
114.28(18)
114.57(19)
106.2
106.2
106.2
113.61(19)
108.8
108.8
108.8
108.8
107.7
109.44(18)
109.8
109.8
109.8
109.8
108.2
108.8(2)
107.4(2)
108.8(2)
110.4(2)
112.0(2)
109.37(19)
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5




5a: colourless crystal (plate), dimensions 0.370 x 0.230 x 0.030 mm?®, crystal system monoclinic, space
group P2,/n, Z=4, a=6.2048(7) A, b=29.336(3) A, ¢=14.4809(17) A, alpha=90 deg, beta=98.484(4) deg,
gamma=90 deg, V=2607.0(5) A%, rho=1.097 g/cm3, T=200(2) K, Thetayn,= 26.022 deg, radiation Mo
Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD area detector, covering the asymmetric unit
in reciprocal space with a mean redundancy of 3.15and a completeness of 100.0% to a resolution of
0.81A, 16371 reflections measured, 5139 unique (R(int)=0.0805), 3027 observed (I > 2o(l)), intensities
were corrected for Lorentz and polarization effects, an empirical absorption correction was applied using
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SADABS' based on the Laue symmetry of the reciprocal space, mu=0.07mm >, T1in=0:90; Tmax=0:96;
structure solved by direct methods and refined against F2 with a Full-matrix least-squares algorithm using
the SHELXTL (Version 2013/3) software package®, 285 parameters refined, hydrogen atoms were treated
using appropriate riding models, except H21 at N21, which was refined isotropically, goodness of fit 0.99
for observed reflections, final residual values R1(F)=0.057, wR(F?=0.109 for observed reflections,
residual electron density -0.22 to 0.21 eA®. CCDC 1030930 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Lit. 1: (program SADABS 2012/1 for absorption correction) G. M. Sheldrick, Bruker Analytical X-ray-
Division, Madison, Wisconsin 2012

Lit. 2: (software package SHELXTL 2013/3 for structure solution and refinement) Sheldrick, G.M. (2008).
Acta Cryst. A64, 112-122.

Lit. APEX, APEX2, SMART, SAINT, SAINT-Plus: Bruker (2007). "Program name(s)". Bruker AXS Inc.,
Madison, Wisconsin, USA.
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Table 1:  Crystal data and structure refinement for sba105.
Identification code sbal05
Empirical formula Co7H4sNg
Formula weight 456.71
Temperature 200(2) K
Wavelength 0.71073 A
Crystal system monoclinic
Space group P2./n

z 4

Unit cell dimensions a= 6.345(2) A a = 90 deg.
b =31.355(11) A B = 99.872(11) deg.
c = 14.286(5) A y= 90 deg.

Volume

Density (calculated)
Absorption coefficient
Crystal shape

Crystal size

Crystal colour

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Observed reflections
Absorption correction

Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices (I>2sigma(l))
Largest diff. peak and hole

2799.8(17) A

1.08 g/cm

0.06 mm™

needle

0.420 x 0.050 x 0.030 mm*®
colourless

1.9 to 21.3 deg.

-6<h<5, -31<k<31, -14<I<14
11459

3120 (R(int) = 0.1049)

1898 (I > 25(1))

Semi-empirical from equivalents
0.96 and 0.82

Full-matrix least-squares on F
3120/ 270/ 302

1.01

R1=0.074, wR2 = 0.159

0.32 and -0.33 eA*
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Tabelle 2: Atomkoordinaten und aquivalente isotrope
Auslenkungsparameter (A%) fiir sba105. Ueq wird berechnet
als ein Drittel der Spur des orthogonalen U; Tensors.
(Atomic coordinates and equivalent isotropic displacement
parameters (Az) for sbal05. Uq is defined as one third of the
trace of the orthogonalized U; tensor.)

Atom X y z Ueq

C1 0.6738(7) 0.2531(1) 0.5585(3) 0.0265(11)
N2 0.6256(5) 0.2216(1) 0.6149(2) 0.0302(10)
N3 0.7585(6) 0.2247(1) 0.7003(3) 0.0376(11)
N4 0.8814(6) 0.2574(1) 0.6937(3) 0.0429(11)
N5 0.8334(6) 0.2759(1) 0.6057(3) 0.0367(10)
N10 0.5385(6) 0.2208(1) 0.4084(3) 0.0310(10)
H10 0.457(6) 0.2240(11) 0.357(3) 0.015(12)
Cil1 0.5596(7) 0.2621(1) 0.4580(3) 0.0254(11)
C12 0.6842(7) 0.2943(1) 0.4083(3) 0.0300(12)
H12A 0.8359 0.2853 0.4178 0.036
H12B 0.6285 0.2933 0.3392 0.036

C13 0.6753(7) 0.3404(1) 0.4412(3) 0.0347(12)
H13A 0.7440 0.3589 0.3991 0.042
H13B 0.7579 0.3430 0.5064 0.042

Cl14 0.4456(7) 0.3560(1) 0.4407(3) 0.0331(12)
H14 0.3696 0.3532 0.3737 0.040

Ci15 0.3355(7) 0.3244(1) 0.4995(3) 0.0331(12)
H15A 0.4099 0.3249 0.5663 0.040
H15B 0.1857 0.3336 0.4984 0.040

C16 0.3372(6) 0.2794(1) 0.4614(3) 0.0298(12)
H16A 0.2523 0.2788 0.3964 0.036
H16B 0.2660 0.2604 0.5017 0.036

C18 0.4303(8) 0.4035(2) 0.4673(4) 0.0474(14)
N20 0.7403(6) 0.2032(1) 0.4028(3) 0.0318(10)
c21 0.7457(7) 0.1723(2) 0.3461(3) 0.0321(12)
Cc22 0.5600(7) 0.1506(1) 0.2836(3) 0.0410(13)
H22A 0.5718 0.1547 0.2160 0.049
H22B 0.4238 0.1636 0.2944 0.049

Cc23 0.5606(7) 0.1034(2) 0.3064(4) 0.0454(14)
H23A 0.5280 0.0998 0.3713 0.054
H23B 0.4447 0.0894 0.2617 0.054
C24 0.7692(7) 0.0808(1) 0.3010(4) 0.0386(13)
H24 0.7949 0.0849 0.2344 0.046

C25 0.9511(7) 0.1044(2) 0.3647(4) 0.0430(13)
H25A 0.9348 0.1005 0.4319 0.052
H25B 1.0892 0.0914 0.3567 0.052

C26 0.9571(7) 0.1516(2) 0.3433(4) 0.0418(13)
H26A 1.0686 0.1654 0.3905 0.050
H26B 0.9955 0.1557 0.2796 0.050

Cc28 0.7668(8) 0.0319(2) 0.3169(4) 0.0476(14)
C31 0.4686(7) 0.1869(1) 0.6014(3) 0.0309(11)
H31 0.3768 0.1908 0.5378 0.037

C32 0.3247(7) 0.1890(2) 0.6757(3) 0.0403(13)
H32A 0.2532 0.2172 0.6728 0.048
H32B 0.4114 0.1856 0.7398 0.048

C33 0.1570(8) 0.1538(2) 0.6579(4) 0.0497(14)
H33A 0.0683 0.1545 0.7086 0.060
H33B 0.0619 0.1590 0.5964 0.060

C34 0.2598(8) 0.1105(2) 0.6562(4) 0.0542(15)
H34A 0.1467 0.0887 0.6400 0.065
H34B 0.3397 0.1039 0.7203 0.065
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C35

H35A
H35B
C36

H36A
H36B
Ci81
H18A
H18B
H18C
C182
H18D
H18E
H18F
C183
H18G
H18H
H18lI

Cc281
H28A
H28B
H28C
C282
H28D
H28E
H28F
C283
H28G
H28H
H28lI

0.4113(8)
0.3287
0.4850
0.5770(7)
0.6717
0.6664
0.5675(9)
0.5553
0.7174
0.5172
0.1983(8)
0.1921
0.1455
0.1089
0.5104(10)
0.5037
0.4198
0.6585
0.7092(10)
0.7093 -
0.5667
0.8145
0.9865(8)
0.9837 -
1.0963
1.0195
0.6047(9)
0.6001 -
0.6489
0.4623

0.1082(2)0.5850(4)
0.1106 0.5198
0.0803 0.5906
0.1438(1) 0.6018(3)
0.1394 0.6637
0.1431 0.5514
0.4136(2) 0.5646(4)
0.4440 0.5787
0.4066 0.5629
0.3966 0.6139
0.4157(2) 0.4721(5)
0.4458 0.4899
0.3979 0.5196
0.4111 0.4098
0.4317(2)  0.3922(5)
0.4618 0.4104
0.4272 0.3302
0.4242 0.3883
0.0202(2) 0.4128(4)
0.0109 0.4197
0.0314 0.4168
0.0327 0.4637
0.0126(2) 0.3101(4)
0.0182 0.3218
0.0259 0.3578
0.0178 0.2466
0.0111(2) 0.2366(4)
0.0197 0.2473
0.0166 0.1752
0.0233 0.2363

0.0513(15)
0.062
0.062
0.0396(13)
0.048
0.048
0.0614(16)
0.092
0.092
0.092
0.0743(19)
0.111
0.111
0.111
0.078(2)
0.117
0.117
0.117
0.0759(19)
0.114
0.114
0.114
0.0673(18)
0.101
0.101
0.101
0.0719(19)
0.108
0.108
0.108

Tabelle 3: H-Atomkoordinaten und isotrope Auslenkungsparameter (A?)

fir sbal05.

(Hg/drogen coordinates and isotropic displacement parameters

(A%) for sba105.)

Atom X y z Ueq
H10 0.457(6) 0.2240(11) 0.357(3) 0.015(12)
H12A 0.8359 0.2853 0.4178 0.036
H12B 0.6285 0.2933 0.3392 0.036
H13A 0.7440 0.3589 0.3991 0.042
H13B 0.7579 0.3430 0.5064 0.042
H14 0.3696 0.3532 0.3737 0.040
H15A 0.4099 0.3249 0.5663 0.040
H15B 0.1857 0.3336 0.4984 0.040
H16A 0.2523 0.2788 0.3964 0.036
H16B 0.2660 0.2604 0.5017 0.036
H22A 0.5718 0.1547 0.2160 0.049
H22B 0.4238 0.1636 0.2944 0.049
H23A 0.5280 0.0998 0.3713 0.054
H23B 0.4447 0.0894 0.2617 0.054
H24 0.7949 0.0849 0.2344 0.046
H25A 0.9348 0.1005 0.4319 0.052
H25B 1.0892 0.0914 0.3567 0.052
H26A 1.0686 0.1654 0.3905 0.050
H26B 0.9955 0.1557 0.2796 0.050
H31 0.3768 0.1908 0.5378 0.037
H32A 0.2532 0.2172 0.6728 0.048
H32B 0.4114 0.1856 0.7398 0.048
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H33A 0.0683 0.1545 0.7086 0.060

H33B 0.0619 0.1590 0.5964 0.060

H34A 0.1467 0.0887 0.6400 0.065

H34B 0.3397 0.1039 0.7203 0.065

H35A 0.3287 0.1106 0.5198 0.062

H35B 0.4850 0.0803 0.5906 0.062

H36A 0.6717 0.1394 0.6637 0.048

H36B 0.6664 0.1431 0.5514 0.048

H18A 0.5553 0.4440 0.5787 0.092

H18B 0.7174 0.4066 0.5629 0.092

H18C 0.5172 0.3966 0.6139 0.092

H18D 0.1921 0.4458 0.4899 0.111

H18E 0.1455 0.3979 0.5196 0.111

H18F 0.1089 0.4111 0.4098 0.111

H18G 0.5037 0.4618 0.4104 0.117

H18H 0.4198 0.4272 0.3302 0.117

H18lI 0.6585 0.4242 0.3883 0.117

H28A 0.7093 -0.0109 0.4197 0.114

H28B 0.5667 0.0314 0.4168 0.114

H28C 0.8145 0.0327 0.4637 0.114

H28D 0.9837 -0.0182 0.3218 0.101

H28E 1.0963 0.0259 0.3578 0.101

H28F 1.0195 0.0178 0.2466 0.101

H28G 0.6001 -0.0197 0.2473 0.108

H28H 0.6489 0.0166 0.1752 0.108

H28lI 0.4623 0.0233 0.2363 0.108

Tabelle 4: Anisotrope Auslenkungsparameter (Az) fir sbal05. Der Exponent fir den

anisotropen Auslenkungsparameter hat die Form: -2 pi® (h” @ Uy, + ... + 2 h k
ab Up)
(Anisotropic displacement parameters (Az) for sbal05. The anisotropic
displacement factor exponent takes the form: -2 pi? (W’ a? Uy + ...+ 2hka b’
U1o))

Atom Uiy Uz, Uss Uzs Uis Ui,

c1 0.020(3)  0.043(3)  0.013(2) -0.003(2) -0.0052(19) -0.001(2)

N2 0.029(2) 0.048(2) 0.010(2)  0.0003(18) -0.0068(17) -0.0038(18)

N3 0.041(3) 0.051(3) 0.014(2) 0.0009(19) -0.0152(19) -0.004(2)

N4 0.049(3) 0.050(3) 0.021(2) 0.005(2) -0.019(2) -0.009(2)

N5 0.035(2) 0.048(2) 0.019(2) 0.0013(19) -0.0165(19) -0.0037(19)

N10 0.022(2) 0.049(2) 0.018(2) -0.003(2) -0.009(2) 0.0021(18)

C11 0.024(2) 0.040(2) 0.009(2) -0.0004(19) -0.0065(19) -0.0010(19)

C12 0.023(3) 0.050(3) 0.014(3) 0.003(2) -0.004(2) -0.001(2)

C13 0.031(3)  0.045(3)  0.026(3) -0.001(2) -0.002(2) -0.004(2)

Cl4 0.034(3)  0.047(3) 0.016(3) 0.000(2) -0.002(2)  0.001(2)

C15 0.026(3)  0.049(3)  0.024(3) -0.002(2) 0.002(2)  0.003(2)

C16 0.021(2) 0.050(3) 0.017(3)  0.000(2) -0.003(2)  0.002(2)

C18 0.046(3)  0.048(3)  0.049(3) -0.002(2) 0.010(3)  0.005(2)

N20 0.026(2)  0.044(2)  0.024(2) -0.0013(19) -0.0026(19) 0.0004(18)

c21 0.030(3) 0.043(3) 0.023(3) -0.004(2) 0.001(2) -0.001(2)

Cc22 0.038(3) 0.048(3) 0.031(3) -0.010(2) -0.009(2) 0.002(2)

C23 0.033(3) 0.051(3) 0.046(4) -0.009(3) -0.011(3) -0.001(2)

Cc24 0.037(3) 0.047(3) 0.029(3) -0.005(2) -0.001(2) 0.003(2)

C25 0.027(3) 0.055(3) 0.045(3) -0.009(3) -0.001(2) 0.003(2)

C26 0.030(3) 0.056(3) 0.040(3) -0.012(3) 0.005(2)  0.000(2)

C28 0.050(3) 0.047(3) 0.045(3) -0.005(2) 0.006(3)  0.004(2)

c31 0.028(3) 0.046(3) 0.016(3) 0.001(2) -0.005(2) -0.006(2)

C32 0.035(3) 0.062(3) 0.025(3) 0.001(2) 0.005(2) -0.001(2)

C33 0.038(3)  0.074(4)  0.039(3) -0.002(3) 0.009(3) -0.010(3)
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C34 0.052(3)0.067(3)0.044(4) - 0.003(3)-0.008(3)-0.014(3)
C35 0.042(3)  0.059(3)  0.052(4) ' -0.003(3)  0.006(3) -0.008(3)
C36 0.036(3) 0.051(3) 0.031(3) -0.002(2) 0.001(3) -0.003(2)
C181 0.068(4) 0.056(4) 0.060(4) -0.017(3) 0.010(3) -0.006(3)
C182 0.061(4)  0.059(4) 0.105(5) -0.005(4)  0.019(3)  0.017(3)
C183 0.107(5)  0.056(4) 0.077(5) 0.009(3) 0.033(4)  0.002(3)
c281 0.113(5)  0.060(4) 0.061(4) 0.009(3)  0.034(4)  0.001(3)
C282 0.072(4)  0.059(4) 0.072(5) -0.003(3)  0.014(3)  0.013(3)
C283 0.075(4)  0.054(4) 0.079(4) -0.011(3) -0.009(3) -0.003(3)

Tabelle 5: Bindungslangen (A) und -winkel (°) fiir shal105.
(Bond lengths (A) and angles (deg) for sba105.)

C1-N5 1.325(5) C28-C283 1.548(7)
C1-N2 1.342(5) C31-C36 1.515(6)
c1-c11 1.519(6) C31-C32 1.515(6)
N2-N3 1.362(5) C31-H31 1.0000
N2-C31 1.466(5) C32-C33 1.524(6)
N3-N4 1.301(5) C32-H32A 0.9900
N4-N5 1.372(5) C32-H32B 0.9900
N10-N20 1.409(5) C33-C34 1.508(6)
N10-C11 1.473(6) C33-H33A 0.9900
N10-H10 0.83(4) C33-H33B 0.9900
C11-C16 1.521(5) C34-C35 1.516(6)
C11-C12 1.531(6) C34-H34A 0.9900
C12-C13 1.522(6) C34-H34B 0.9900
C12-H12A 0.9900 C35-C36 1.525(6)
C12-H12B 0.9900 C35-H35A 0.9900
C13-C14 1.536(6) C35-H35B 0.9900
C13-H13A 0.9900 C36-H36A 0.9900
C13-H13B 0.9900 C36-H36B 0.9900
C14-C15 1.539(6) C181-H18A 0.9800
C14-C18 1.544(6) C181-H18B 0.9800
C14-H14 1.0000 C181-H18C 0.9800
C15-C16 1.513(6) C182-H18D 0.9800
C15-H15A 0.9900 C182-H18E 0.9800
C15-H15B 0.9900 C182-H18F 0.9800
C16-H16A 0.9900 C183-H18G 0.9800
C16-H16B 0.9900 C183-H18H 0.9800
C18-C182 1.534(7) C183-H18I 0.9800
C18-C181 1.541(7) C281-H28A 0.9800
C18-C183 1.543(7) C281-H28B 0.9800
N20-C21 1.266(5) C281-H28C 0.9800
C21-C26 1.496(6) C282-H28D 0.9800
C21-C22 1.511(6) C282-H28E 0.9800
C22-C23 1.517(6) C282-H28F 0.9800
C22-H22A 0.9900 C283-H28G 0.9800
C22-H22B 0.9900 C283-H28H 0.9800
C23-C24 1.515(6) C283-H28I 0.9800
C23-H23A 0.9900 N5-C1-N2 108.9(4)
C23-H23B 0.9900 N5-C1-C11 125.4(4)
C24-C25 1.532(6) N2-C1-C11 125.7(4)
C24-C28 1.550(6) C1-N2-N3 108.4(3)
C24-H24 1.0000 C1-N2-C31 133.4(4)
C25-C26 1.514(6) N3-N2-C31 118.2(4)
C25-H25A 0.9900 N4-N3-N2 106.2(3)
C25-H25B 0.9900 N3-N4-N5 111.0(3)
C26-H26A 0.9900 C1-N5-N4 105.6(4)
C26-H26B 0.9900 N20-N10-C11 111.3(3)
C28-C281 1.522(7) N20-N10-H10 115(3)
C28-C282 1.537(6) C11-N10-H10 108(3)
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N10-C11-C1
N10-C11-C16
C1-C11-C16
N10-C11-C12
C1-C11-C12
C16-C11-C12
C13-C12-C11
C13-C12-H12A
C11-C12-H12A
C13-C12-H12B
Cl11-C12-H12B
H12A-C12-H12B
C12-C13-C14
C12-C13-H13A
C14-C13-H13A
C12-C13-H13B
C14-C13-H13B
H13A-C13-H13B
C13-C14-C15
C13-C14-C18
C15-C14-C18
C13-C14-H14
C15-C14-H14
C18-C14-H14
Cl16-C15-C14
C16-C15-H15A
C14-C15-H15A
C16-C15-H15B
C14-C15-H15B
H15A-C15-H15B
C15-C16-C11
C15-C16-H16A
C11-C16-H16A
C15-Cl6-H1e6B
Cl11-Cl6-H1leB
H16A-C16-H16B
C182-C18-C181
C182-C18-C183
C181-C18-C183
C182-C18-C14
C181-C18-C14
C183-C18-C14
C21-N20-N10
N20-C21-C26
N20-C21-C22
C26-C21-C22
C21-C22-C23
C21-C22-H22A
C23-C22-H22A
C21-C22-H22B
C23-C22-H22B
H22A-C22-H22B
C24-C23-C22
C24-C23-H23A
C22-C23-H23A
C24-C23-H23B
C22-C23-H23B
H23A-C23-H23B
C23-C24-C25
C23-C24-C28
C25-C24-C28
C23-C24-H24
C25-C24-H24
C28-C24-H24

106.3(4)
108.7(3)
109.3(4)
111.7(4)
111.1(3)
109.5(4)
115.7(4)
108.4
108.4
108.4
108.4
107.4
112.7(4)
109.1
109.1
109.1
109.1
107.8
108.2(4)
113.9(4)
115.6(4)
106.1
106.1
106.1
111.7(4)
109.3
109.3
109.3
109.3
107.9
114.1(4)
108.7
108.7
108.7
108.7
107.6
107.8(5)
108.7(5)
107.8(5)
110.7(4)
111.8(4)
110.0(4)
117.4(4)
118.1(4)
128.1(4)
113.6(4)
109.8(4)
109.7
109.7
109.7
109.7
108.2
114.6(4)
108.6
108.6
108.6
108.6
107.6
108.6(4)
115.1(4)
114.6(4)
105.9
105.9
105.9
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C26-C25-C24
C26-C25-H25A
C24-C25-H25A
C26-C25-H25B
C24-C25-H25B
H25A-C25-H25B
C21-C26-C25
C21-C26-H26A
C25-C26-H26A
C21-C26-H26B
C25-C26-H26B
H26A-C26-H26B
C281-C28-C282
C281-C28-C283
C282-C28-C283
C281-C28-C24
C282-C28-C24
C283-C28-C24
N2-C31-C36
N2-C31-C32
C36-C31-C32
N2-C31-H31
C36-C31-H31
C32-C31-H31
C31-C32-C33
C31-C32-H32A
C33-C32-H32A
C31-C32-H32B
C33-C32-H32B
H32A-C32-H32B
C34-C33-C32
C34-C33-H33A
C32-C33-H33A
C34-C33-H33B
C32-C33-H33B
H33A-C33-H33B
C33-C34-C35
C33-C34-H34A
C35-C34-H34A
C33-C34-H34B
C35-C34-H34B
H34A-C34-H34B
C34-C35-C36
C34-C35-H35A
C36-C35-H35A
C34-C35-H35B
C36-C35-H35B
H35A-C35-H35B
C31-C36-C35
C31-C36-H36A
C35-C36-H36A
C31-C36-H36B
C35-C36-H36B
H36A-C36-H36B
C18-C181-H18A
C18-C181-H18B
H18A-C181-H18B
C18-C181-H18C
H18A-C181-H18C
H18B-C181-H18C
C18-C182-H18D
C18-C182-H18E
H18D-C182-H18E
C18-C182-H18F

113.2(4)
108.9
108.9
108.9
108.9
107.7
111.4(4)
109.3
109.3
109.3
109.3
108.0
108.8(5)
109.6(5)
106.4(4)
112.3(4)
110.3(4)
109.3(4)
111.3(3)
110.7(4)
111.4(4)
107.8
107.8
107.8
109.8(4)
109.7
109.7
109.7
109.7
108.2
111.3(4)
109.4
109.4
109.4
109.4
108.0
112.3(4)
109.1
109.1
109.1
109.1
107.9
111.0(4)
109.4
109.4
109.4
109.4
108.0
110.6(4)
109.5
109.5
109.5
109.5
108.1
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5



H18D-C182-H18F
H18E-C182-H18F
C18-C183-H18G
C18-C183-H18H
H18G-C183-H18H
C18-C183-H18lI
H18G-C183-H18lI
H18H-C183-H18lI
C28-C281-H28A
C28-C281-H28B
H28A-C281-H28B
C28-C281-H28C
H28A-C281-H28C
H28B-C281-H28C
C28-C282-H28D
C28-C282-H28E
H28D-C282-H28E
C28-C282-H28F
H28D-C282-H28F
H28E-C282-H28F
C28-C283-H28G
C28-C283-H28H
H28G-C283-H28H
C28-C283-H28I
H28G-C283-H28I
H28H-C283-H28lI

109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
109.5
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5d: colourless crystal (needle), dimensions 0.420 x 0.050 x 0.030 mm?, crystal system monoclinic, space
group P2:/n, Z=4, a=6.345(2) A, b=31.355(11) A, c=14.286(5) A, alpha=90 deg, beta=99.872(11) deg,
gamma=90 deg, V=2799.8(17) A®, rho=1.083 g/cm® T=200(2) K, Thetama= 21.260 deg, radiation Mo
Kalpha, lambda=0.71073 A, 0.5 deg omega-scans with CCD area detector, covering the asymmetric unit
in reciprocal space with a mean redundancy of 3.63and a completeness of 61.5% to a resolution of
0.98A, 11459 reflections measured, 3120 unique (R(int)=0.1049), 1898 observed (I > 2o(l)), intensities
were corrected for Lorentz and polarization effects, an empirical absorption correction was applied using
SADABS" based on the Laue symmetry of the reciprocal space, mu=0.06mm~, Tmin=0.82, T12=0.96,
structure solved by direct methods and refined against F* with a Full-matrix least-squares algorithm using
the SHELXTL (Version 2013/3) software package?®, 302 parameters refined, hydrogen atoms were treated
using appropriate riding models, except H10 at N10, which was refined isotropically, goodness of fit 1.01
for observed reflections, final residual values R1(F)=0.074, wR(F?=0.159 for observed reflections,
residual electron density -0.33 to 0.32 eA™®. CCDC 1030931 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Lit. 1: (program SADABS 2012/1 for absorption correction) G. M. Sheldrick, Bruker Analytical X-ray-
Division, Madison, Wisconsin 2012

Lit. 2: (software package SHELXTL 2013/4 for structure solution and refinement) Sheldrick, G.M. (2008).
Acta Cryst. A64, 112-122.

Lit. APEX, APEX2, SMART, SAINT, SAINT-Plus: Bruker (2007). "Program name(s)". Bruker AXS Inc.,
Madison, Wisconsin, USA.
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