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PREPARATION OF trans-1,2-DIAMINO-1,2-DIMETHYLCYCLOHEXANE
vie HIGHLY STEREOSELECTIVE OLEFIN OXIDATION BY DINITROGEN TETROXIDE
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Summary: Reaction of N2Oy4 with 1,2-dimethylcyclohexene led to the corresponding dinitro compound
4 with high trans stereoselectivity (>30:1). Catalytic hydrogenation of 4 with Pd(OH) on carbon
afforded a quantitative yield of (d,/)-1,2-diamino-1,2-dimethylcyclohexane, which was resolved to pure
enantiomers with mandelic acid. This approach constitutes a simple and potentially general route to
interesting new chiral auxiliaries.

C3-symmetric 1,2-diamines and their derivatives are emerging as extremely valuable chiral
auxiliaries with broad applications in asymmetric synthesis.!:2 The utility of hindered diamines with
well-defined steric properties has led us to investigate compounds with the general structure of 1 (Figure
1). The parent compound (2, R = H) is available commercially in optically pure form, and it has been
employed successfully as an auxiliary in a variety of asymmetric reactions.2 On the other hand,
disubstituted derivatives where R is an alkyl or aryl group are not known. Axially-locked substituents
on 1 are expected to have a significant steric influence on a chelated metal (e.g. A), leading to highly
dissymmetric reactive sites for certain processes.

o

1 R=alkyl or aryl

1a R=CH, A

2 R=H

Despite the structural simplicity of 1, available methods for amine synthesis do not provide a

straightforward approach to this class of compounds. Neither classical Curtius-type rearrangement
chemistry,3 Ritter reactions, addition reactions,*> nor modern imine coupling methods6 are well-suited
to the preparation of trans-1,2-diamines adjacent to tertiary centers. We report here that addition of
dinitrogen tetroxide to 1,2-dimethylcyclohexene provides a simple and convenient entry to the
corresponding frans-1,2-dinitro product, which can be reduced quantitatively to 1a (R = CH3) by
hydrogenation. The synthesis of 1a has been carried out on multi-gram scale, and it highlights the utility
of N2Qy4 as a practical reagent for the preparation of hindered chiral diamines.
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The requisite alkene precursor to 1a, 1,2-dimethylcyclohexene (3), is available commercially but
it is rather expensive.” Preparation of 3 from o-xylene was accomplished by a Birch reduction/
Wilkinson hydrogenation sequence (Scheme 1),8 leading to a mixture containing predominantly 3, with
o-xylene and 1,6-dimethylcyclohexene as minor contaminants. As a result of the high crystallinity of
dinitro derivative 4 (vide infra), the presence of these impurities does not have an adverse effect on the
subsequent steps and the mixture can be used without further purification.

Scheme 1

Ha 1) Na/NHy/ EtOH
1a
, 2 Hp/ RhCI(PPho)y o Pd(OH)zlc

4
(50% GC, 28% isolated)

Slow addition of 3 to an ethereal solution of N2O4 at 0°C leads to a mixture containing
approximately 50% 4 and several minor products. If the reaction is run under a stream of oxygen, the
yield of 4 is unaffected but its purification is facilitated. Analytically pure 4 can be obtained by
treatment with base and extractive removal of water-soluble impurities and recrystallization of the
remaining mixture. While isolation by this method results in modest product recovery (28% overall
isolated yield based on 3), the procedure is simple and readily adaptable to large scale. Alternatively,
isolation of 4 with nearly complete recovery (i.e. up to 50% yield) is achievable on smaller scale by flash
chromatography.

The enantiomers of 4 elute with baseline separation on an analytical commercial chiral capillary
GC column,? confirming the trans stereochemical disposition of the nitro groups. The extremely high
(>30:1) trans-selectivity of N2O4 addition constitutes a most striking feature of the reaction. Although
dinitration of certain olefins has been reported,10 this is the first case in which the stereochemical
outcome is completely unambiguous, as both nitro groups in 4 are bound to non-epimerizable tertiary
centers. The stereoselectivity may be rationalized within Shechter's!! proposed free-radical mechanism
for NpO4 additions to alkenes, with a free and relatively long-lived tertiary radical B undergoing less
hindered axial attack by *NO to afford 4 (Scheme 2). Mixtures of cis and trans-dinitro products are
obtained in additions to alkenes where the steric bias in the putative radical intermediate is low.11 If
olefin 3 and N20O4 are mixed directly, high molecular weight side-products are formed at the expense of
4, presumably due to oligomerization reactions undergone by B with additional olefin present. Slow
addition oflsubstrate and the presence of excess NoQy are thus crucial to the success of the dinitration
reaction, as these conditions favor capture of the putative intermediate by *NO».

Scheme 2 axial attack

H, NO:
NOy o&—= 2 ‘NO; — Hy —_— 4

equatorial
attack



Hydrogenation of 4 was catalyzed cleanly by Pd(OH)2 on carbon under 45 psi H, and the
resulting racemic diamine 1a was purified by distillation. Under identical conditions, Pd on carbon was
completely ineffective as a reduction catalyst. The four-step synthesis of 1a from o-xylene was thus
carried out in 14.2% overall yield and required no chromatographic separations. Resolution with (+)-
mandelic acid leads to optically pure (R,R)-(-)-1a.12 The absolute configuration of the diamine was
established from the relative stereochemistry of its mandelate salt, as determined by an X-ray crystal
structure analysis.

Applications of this methodology to the preparation of other chiral 1,2-diamines and the utility of
1a and derived compounds as chiral ligands in asymmetric catalysis are currently under investigation in
our laboratories.
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Preparation of trans-1,2-Dimethyl-1,2-dinitrocyclohexane (4). CAUTION! Dinitrogen tetroxide
(bp 21°C) is toxic and should only be handled in an efficient hood.13 Crude 1,2-
dimethylcyclohexene prepared from o-xylene (see above)8 (43.8 g, 0.306 mol of 3 based on the
composition of the mixture) in 100 mL of dry ether was added dropwise to a stirred solution of
65.0 g of N2O4 (0.706 mol) in 600 mL ether over a period of 6 h at 0°C with a slow stream of O;
bubbling through the reaction mixture. After the addition, the mixture was poured into 1 L of
ice/water and allowed to warm to room temperature overnight. The organic phase was separated
and the solvent was removed. The residue was then dissolved in 500 mL of 1:2 EtgO/hexane and
washed with 8 x 300 mL of H20O (until the washings were neutral), dried over NapSQy4, and
evaporated to give an oil. The oil was dissolved in 100 mL of EtOH and added slowly to 1000 mL
of 2 M NaOH solution, and the mixture was stirred for 10 h at room temperature. The dark brown
mixture was then extracted with 3 x 300 mL of Et20, the combined extracts were dried over
Na2504 and evaporated. The residue was recrystallized twice from hexane to give 17.32 g of pure
4 as large crystals (28%, 14.2% overall from o-xylene), mp 206-208°C. IR (KBr): 1549, 1532,
1441, 1389, 1348, 1097, 887, 864 cm-1. 1H NMR (CDCl3): & 1.77 (s, 6H, 2 x CH3), § 1.50-2.50
(m, 8H) ppm; 13C NMR: § 91.7, 35.0, 21.8, 20.0 ppm. Anal. Calcd for CgH14N204: C, 47.52; H,
6.98; N, 13.85. Found: C, 47.51; H, 6.97; N, 13.84.

Preparation of trans-1,2-Dimethyl-1,2-diaminocyclohexane (1a). The dinitro compound 3 (14.95
g, 73.9 mmol) was dissolved in 100 ml of acetic acid and hydrogenated in the presence of Pd(OH),
on carbon (5.0 g, Aldrich) under 3 atm of H; until the uptake of H ceased. The mixture was then
filtered and the catalyst was washed with 2 x 30 mL of EtOH. The filtrate and washings were
combined, the solvents were removed under vacuum, and the residue was dissolved in 100 mL of
H20 and then treated with 1 N NaOH until the solution pH reached 12. The mixture was then
extracted with 3 x 200 mL of CH,Cly, the combined organic layers were dried over NapSO4, and
solvent was evaporated under vacuum. The crude diamine was then distilled to give 10.23 g of
pure product, bp 100-102°C/3 mm Hg, yield 97%, mp 89-90°C. IR (KBr): 3409, 3318, 2936, 1630,
1586, 1534, 1441, 1379 cm-1. 1H NMR (CDCl3): & 1.09 (s, 6H, 2 x CHz3), 1.35-1.57 (m, 12 H)
ppm; 13C NMR: 5 54.1, 38.2, 23.6, 22.5 ppm. Anal. Calcd for CgHygNa: C, 67.55; H, 12.75; N,
19.70. Found: C, 67.75; H, 12.65; N, 19.34.
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Resolution of (1R,2R)- and (15,25)-1,2-Dimethyl-1,2-cyclohexanediamine. To a solution of 9.25 g

(0.065 mol) of the racemic diamine in 100 mL of EtOH was added a solution of 19.78 g (0.130
mol) of (5)-(+)-mandelic acid in 100 mL of EtOH and the mixture was refluxed for 30 min and
then cooled to room temperature. The crystals thus formed were collected by filtration, and
recrystallized four times from EtOH to give pure (1R,2R)-1,2-dimethyl-1,2-

cyclohexanediammonium bis-(5)-mandelate (5.95 g), [aﬁ = +72.6° (¢ 0.5, H;0). The diamine
was obtained as a white crystalline solid by treatment of the salt with 1 NaOH solution (100 mL),
extraction with CH2Cl2 (3 x 100 mL) and evaporation of the solvent. mp 88-9°C. [cz]lz)3 =-15.8"(c

1.0, IN HCI). The (15,25)-(+)-diamine was similarly obtained by recrystallization of its bis-(R)-
mandelate salt three times from EtOH.
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