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3-Ethoxy-2,2-bis(methoxy- NNO-azoxy)propan-1-ol.
Synthesis and X-ray diffraction analysis
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Reaction of bis(methoxy-NNO-azoxy)methane with formaldehyde in ethanol gives
3-ethoxy-2,2-bis(methoxy- NNO-azoxy)propan-1-ol as a minor product along with target
2,2-bis(methoxy- NNO-azoxy)ethanol. The structure of the former was confirmed by the counter

synthesis and X-ray diffraction analysis.
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Alkoxy-NNO-azoxy compounds (AAC) are known
from the end of the XIX century,2 however before the
1980s they were the poorly studied class of compounds. In
recent years, the interest to AAC is greatly increased (see
reviews3—5). Several AAC have been considered as the
components for the gas generating compositions® and bi-
ologically active compounds (NO donors, antitumor phar-
maceuticals).578

One of the fields in the AAC chemistry is the synthesis
and study of the reactions of unsaturated AAC.9~16 Thus,
recently synthesized 1,1-bis(methoxy- NNO-azoxy)ethene
(1)1 turned out to be useful for the introduction of the
2,2-bis(methoxy- NNO-azoxy)ethyl group into various
compounds by the Michael reaction.16—19

The key intermediate for the synthesis of 1,1-bis-
(methoxy-NNO-azoxy)ethene (1) is 2,2-bis(methoxy-
NNO-azoxy)ethanol (2),1¢ which is widely used in the
other transformations.16-18,20—22

Alcohol 2 could be prepared!6:20 by oxymethylation of
bis(methoxy- NNO-azoxy)methane (3) (Scheme 1). Our
modification of the published synthetic procedure?? for
alcohol 2 serves to the considerable improvement in the
purity of the target product.1® However, a more detailed
investigation of this reaction is necessary, namely, identi-
fication of the side products and study of the mechanisms
of their formation.
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Oxymethylation of compound 3 resembles nitroaldol
condensation (the Henry reaction),23—28 since the effect
of two geminal MeON=N(O) groups is similar to that of
one NO, group.!%2? However, compound 3 is a weaker
CH acid in respect of nitromethane taking into account
reactivity of the former toward electrophiles.?16,20,30,31

Similar to oxymethylation of nitromethane,3233 the
reaction of compound 3 with formaldehyde proceeds non-
selectively. Analysis of the reaction mixture by TLC re-
vealed the presence of target compound 2 (41%), unreact-
ed starting compound 3 (~15%), and expected side prod-
uct 2,2-bis(methoxy- NNO-azoxy)propan-1,3-diol (4)16:20
(21%) as well as small amounts of two other side products,
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2-ethoxy-1,1-bis(methoxy- NNO-azoxy)ethane (5)*2 and
hitherto unknown 3-ethoxy-2,2-bis(methoxy-NNO-az-
oxy)propan-1-ol (6) (see Scheme 1).

Compound 6 was synthesized in sufficient amount by
treatment with formaldehyde and alkali in EtOH of the
combined mother liquors obtained after isolation of com-
pounds 2 and 4; according to TLC data, these mother
solutions contained a mixture of compounds 2—6. Treat-
ment of compounds 2 and 3 with formaldehyde resulted in
easily isolable compound 4, while compound 5 furnished
compound 6 (see Scheme 1 and Experimental). The total
yield of thus synthesized compound 6 is 2.6%.

Formation of compound 6 upon oxymethylation of
compound 5 was confirmed by counter syntheses (Scheme 2).
Compound 6 was prepared by oxymethylation of ether 5
in 72% yield and by a tree-step one-pot synthesis from
2,2-bis(methoxy- NNO-azoxy)ethyl methanesulfonate (7)
in 30% total yield (see Experimental, procedures B and C,
respectively). The completion of the reactions on each
step and formation of intermediates 1 and 5 were moni-
tored by TLC using authentic reference samples.

Scheme 2
O
<, .,~OMe
MsQ ~ N= EtPri,N EtOH CH,0
< 1 6
N=N._
O/ OMe

Transformation 1—5 (see Scheme 2) allows one to
suggest that the most probable mechanism of formation of
compound 5 involved the Michael addition of the EtOH
molecule to activated olefin 1 (Scheme 3).

Similar side reactions giving 2-nitroalkyl ethers in
the Henry reaction are known,25 although the examples
are limited by carbonyl compounds bearing bulky substit-
uents. Thus, nearly in all cases, the Henry reaction of
aromatic aldehydes are accompanied by dehydration of
nitro alcohols,2526:34 which is used for the synthesis of
nitroolefins34 and products of their subsequent transfor-
mations by the Michael reaction often in one-pot synthe-
ses.28:35:36 Formation of a-nitro ethers by oxymethylation

of nitro compounds under conditions of the Mannich re-
action (1,1, 1-trifluoro-2-nitroethane, paraformaldehyde,
primary alcohol, diethylamine hydrochloride, 100 °C,
10 h) was documented.3” However, the side processes of
base-catalyzed oxymethylation under the Henry reaction
conditions to give a-nitro ethers are unknown; usually
there takes place the reverse reaction of the formaldehyde
molecule removal from the nitro alcohol anion.38

Since the OH™ anion is a very poor leaving group, the
carbanion generated from compound 2 reacts mainly with
the second molecule of CH,O (see Scheme 3) to give bis-
hydroxymethylated compound 4 in the yield of 45% and
does not produce the olefin 1 (the total yield of 6 is 2.6%).
In contrary, treatment of alcohol 2 with KOH in EtOH
without formaldehyde resulted mainly in compound 5
(via olefin 1); this fact was confirmed by special experi-
ment (see Experimental). At the same time, resinification
of the reaction mixture occurred probably due to both the
Michael addition of the carbanions to olefin 1 and decom-
position of these anions.

The structure of compound 6 was unambiguously es-
tablished by X-ray diffraction analysis and confirmed by
the data from 'H NMR spectroscopy and elemental anal-
ysis.2? Molecules of compound 6 occupy the general posi-
tion in the unit cell of a monoclinic crystal (Fig. 1).
Geometry of the (C)N(O)=NO(C) group is very stable
and nearly independent from the environment.!5:1631
Distances and angles in the N(O)=NO fragment
(Table 1) are virtually the same as those in the other
geminal alkoxy- NNO-azoxy compounds.16-22:39—43 Both
oxydiazene oxide fragments, C(1)N(3)O(4)N(2)O(1) and
C(1)N(1)O(3)N(4)O(5), have the Z-configuration. These
fragments are nearly planar (a mean deviation of the at-
oms from the plane for both fragments is 0.010 A) with an
angle between the planes of 93.9° and twisted in opposite
directions relative to the N(1)C(1)N(3) plane by 58.3 and
120.5°, respectively. The angle between the planes of the
CN(O)=NO fragments is the most variable structural
parameter in the molecules of this type (Table 2, ¢f. with
the similar parameters for the described previously ana-
logs RIR?C[N(0)=NOAIk|, 7—15). In the molecule of
6, as well as in the molecules of 8, 10, 11, and 13—16, the
interplanar angles between the CN(O)=NO fragments are
close to 90°, moreover the planes of these fragments are
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Fig. 1. Geometry of compound 6 with atomic thermal displace-
ment ellipsoids (30% probability).

twisted in opposite directions relative to the N—C—N
plane. In the molecules of 9 and 10, the planes of the
CN(O)=NO fragments twisted in the same direction rela-
tive to the N—C—N plane, the angles between them are
much larger and close to the bond angle N—C—N (106.6°
for compound 9).

Compound 6 exhibited the O(6)—H...O(4) hydrogen
bond, the O(6)...0(4) distance is 2.823(4) A. This hydro-
gen bond is significantly shorter compared with similar
contacts in compounds 10 (2.897 A) and 14 (2.851 A),

Table 1. Bond lengths (d) and bond angles (o) in the crystal
structure of compound 6

Bond d/A Angle w/deg
O(1)—N(2) 1.370(5) N(2)—0(1)—C(2) 108.2(3)
0(1)—C(Q2)  1.437(6) 0B3)—N(1)—N@4)  126.7(4)
0(6)—C(3)  1.425(5) 03)—N(I)—C(1)  117.4(3)
0B3)—N(1)  1.254(5) N@)—N()—C(1)  115.9(4)
0(4)—N@3) 1.261(4) N@3)—C(1)—N(1) 103.8(3)
N(1)—N(4) 1.268(5) N@3)—C(1)—C(5) 107.8(4)
N(1)—C(1) 1.504(6) N(1)—C(1)—C(5) 111.0(3)
C()—N@3)  1.486(6) NG)—C(1)—C(3)  112.7(3)
C()—CG5)  1.529(7) N()—C(1)—C(3)  107.3(3)
C(H—C3)  1.544(8) C(5)—C(1)—C(3)  113.8(4)
N(2)—N(3) 1.272(5) N(@3)—N(@2)—0(1) 108.2(3)
O(5)—N(4) 1.357(5) O(4)—N(3)—N(2) 126.8(4)
0O(5)—C(6) 1.443(7) 0(4)—N@3)—C(1) 117.9(3)
0Q2)—C(7)  1.401(9) NQ)—NG)—C(1)  115.3(3)
0Q2)—C(5)  1.413(6) N(@#)—0(5)—C(6)  109(3)
C(H—C(4)  1.434(10)  N()—N@#—0(5)  108.8(4)
0(6)—C(3)—C(1) 107.7(3)
C(7)—0(2)—C(5) 114.6(5)
0(2)—C(5)—C(1) 105.5(4)
0Q2)—C(7)—C(4)  113.1(6)

Table 2. Angle between the planes of the CN(O)=NO frag-
ments (¢) in geminal bis(alkoxy-NNO-azoxy) compounds
R'R2C[N(0)=NOAIK],

Com- Alk R! R2 ¢/deg
pound

6 Me CH,0H CH,OMe 93.9
8 Me H H 84.940
9 Me H Me 106.831
10 Me H CH,0H 94,241
11 Me H CH,0Me 90.522
12 Me H CH,N(NO,)Me 108.942
13 Me Me Me 86.331
14 Me Me CH,0H 90.741
15 Me CH,OH CH,OH 86.240
16 Et CH,0H CH,0H 90.041

which also contain one CH,OH group per molecule,*!
and is comparable with similar hydrogen bonds in diols
1540 (2.80 and 2.84 A) and 164! (2.793 and 2.830 A). In all
structures of compounds 6, 10, and 14—16, an electron
donor for the proton of the CH,OH group is the oxygen
atom of the N-oxide fragment of a neighboring molecule,
which suggested the highest basicity of this atom in the
N(O)=NOMe moiety. Among other intermolecular con-
tacts in structure of 6, a short intermolecular C(6)...0(6)
distance of 3.012(5) A is should be noted.

In summary, in the present work hitherto unknown
3-ethoxy-2,2-bis(methoxy- NNO-azoxy)propan-1-ol (6)
was synthesized employing three independent methods,
the mechanisms of formation of this compound were pro-
posed; the crystalline structure of 6 was established by
X-ray diffraction analysis. The obtained results may be
useful for the optimization of the synthesis of 2 and for the
fundamental study in the chemistry of aliphatic azoxy
compounds.

Experimental

'H NMR spectrum (500.13 MHz) was recorded on a Bruker
DRX 500 instrument. The signals for the protons were attributed
according to the published data.!6:22:29 EtOH (rectificate) and
KOH (pure per analysis, 90% pure) were used. Bis(methoxy-
NNO-azoxy)methane (3)% and 2,2-bis(methoxy- NNO-azoxy)-
ethyl methanesulfonate (7)16 were synthesized according to the
known procedures.

Single crystals of compound 6 were prepared by crystallization
from diethyl ether. X-ray diffraction data were collected on
a Bruker AXS P4 diffractometer (graphite monochromator,
MMo-Ka) = 0.71073 A, 293 K, ®/26 scan mode). The crystal
structure was solved by the direct method. The positions and
temperature parameters of nonhydrogen atoms were refined first iso-
tropically and then anisotropically using the full-matrix least
square approximation. The positions of hydrogen atoms were de-
fined in difference Fourier synthesis and refined in a riding model.
All calculations were performed using SHELXS-97 software.43
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The main crystallographic data and refinement parameters
for compound 6: C;H (N4O4, M = 252.24, monoclinic, space
group P2, /n,a=8.3820(10) A, 5=11.0610(10) A, c=13.910(2) A,
o = 90°, B = 99.840(10)°, y = 90°, V' = 1270.7(3) A3, Z = 4,
deaic = 1.319(6) gem™3, p = 0.115 cm™!, scan range 24.99°,
number of measured reflections (R;,) 1975, number of reflec-
tions with /> 2c(/) 1086, number of refinement parameters 158,
R, = 0.0593 for the reflections with 7 > 26([/), wR, = 0.1743 (for
all reflections).

2-Ethoxy-1,1-bis(methoxy- NNO-azoxy)ethane (5) was syn-
thesized according to the known procedure?? and purified by
flash column chromatography on silica gel (Sapelko, 40—60 um,
elution with CHCI;—AcOEt from 5:1 to 2:1) followed
by recrystallization from Et,O—Bu'OMe. Yield 40%, m.p.
82.0—82.4 °C, which is by 11—12 °C higher than that docu-
mented (¢f. Ref. 22: 70—71 °C) probably due to impure com-
pound prepared previously.2? Found (%): C, 32.38; H, 5.81;
N, 25.12. CgH 4N,4Oq. Calculated (%): C, 32.43; H, 6.35; N, 25.21.

3-Ethoxy-2,2-bis(methoxy- NNO-azoxy)propan-1-ol (6). A.
To a boiling solution of compound 3 (30 g, 0.183 mol) in EtOH
(100 mL), a solution of paraformaldehyde (6.66 g, 0.222 mol)
and KOH (1.18 g, 0.019 mol) in EtOH (30 mL) was added and
the mixture was refluxed for 30 min. The resulting yellow solu-
tion was cooled and neutralized with concentrated HCI (1.8 mL,
0.02 mmol). The precipitate of KCI that formed was filtered off
and the filtrate was concentrated in vacuo. The residue (38 g)
was heated at reflux in CHCI; (100 mL) for 15 min, the obtained
solution was filtered hot to remove the precipitate of the remain-
ing KCl and insoluble in CHCl; compound 4. The precipitate
was washed with CHCl; (40 mL), dried (10.92 g), and recrystal-
lized from water (10 mL). Yield of 2,2-bis(methoxy-NNO-
azoxy)propan-1,3-diol (4) is 8.60 g (21%), m.p. 192—194 °C
(cf. Ref. 2: 191—192 °C), m.p. after the second recrystallization
from water is 195—196 °C. Evaporation of the chloroform moth-
er solution and successive recrystallization of the residue (27.4 g)
from PriOH (40 mL), CHCIl; (40 mL), and EtOH (2x30 mL)
yielded 2,2-bis(methoxy- NNO-azoxy)ethanol (2) (4.64 g, 41%),
m.p. 115.5—116.1 °C (¢f. Ref. 2: 106—107 °C, Ref. 21: 113 °C,
Ref. 1: 114.5—115.2 °C). According to the TLC data (Silufol,
elution with AcOEt), the combined mother solutions contained
compounds 2—6, R;0.62 for 6, 0.47 for 2, 0.69 for 5, 0.54 for 3,
and 0.34 for 4. The mother solutions were concentrated in vacuo,
paraformaldehyde (4.5 g, 0.15 mol), KOH (0.5 g), and EtOH
(40 mL) were added to the residue (9.6 g) and the mixture was
refluxed for 1.5 h. Diol 4 was isolated as described above to give
additional amount of 9.71 g. Total yield of diol 4 is 18.31 g
(45%). The chloroform solutions were concentrated in vacuo
and the residue (1.5 g) was subjected to column chromato-
graphy on silica gel (Sapelko, 40—60 um, 30 g, elution with
CHCI;—AcOEt from 2:1 to 1:3). The eluates with R 0.62
(Silufol, elution with AcOEt) were recrystallized from Et,0O to
give ethoxy alcohol 6 (1.19 g, 2.6%), m.p. 120.5—121.5 °C.
Found (%): C, 33.40; H, 6.25; N, 22.35. C¢H 4N4Og. Calculat-
ed (%): C, 33.33; H, 6.39; N, 22.21. 'H NMR (DMSO-dy), 8:
1.09 (t, 3 H, OCH,CHj;, J = 7.0 Hz); 3.34 (q, 2 H, OCH,CH3,
J = 7.0 Hz); 4.06 (s, 6 H, MeO); 4.16 (d, 2 H, CH,0H,
J=6.0Hz);4.17 (s, 2 H, CH,0Et); 5.92 (t, | H, OH, /= 6.1 Hz).

B. To asolution of compound 5 (0.222 g, 0.001 mol) in EtOH
(5 mL), a solution of paraformaldehyde (0.120 g, 0.004 mol) and
KOH (0.062 g, 0.001 mol) in EtOH (5 mL) was added and the
mixture was heated at 50—60 °C for 15 min. The obtained color-

less solution was cooled, neutralized with concentrated HCI,
and concentrated in vacuo. The residue was heated up to reflux
in AcOEt (10 mL), the resulting solution was cooled down, fil-
tered through thin layer of silica gel (Sapelko, 40—60 um, 2 g),
and washed with anhydrous AcOEt (10 mL). The solvent was
removed to dryness and the residue was recrystallized from
Bu'OMe to give compound 6 (0.182 g, 72%), m.p. 119.1—120.0 °C.
No depression of the melting point was observed for the mixed
sample with compound 6, obtained by method 4.

C. A solution of 2,2-bis(methoxy- NNO-azoxy)ethyl methane-
sulfonate (7) (0.272 g, 0.001 mol) and N, N-diisopropylethyl-
amine (0.258 g, 0.002 mol) in anhydrous THF (5 mL) was re-
fluxed for 30 min until complete consumption of compound 7
(TLC monitoring, R;0.25, Silufol, elution with AcOEt—C¢Hg,
1:1) and formation of olefin 1. Then anhydrous EtOH (5 mL)
was added and the mixture was refluxed for 3 h until complete
consumption of olefin 1 (TLC monitoring, R; 0.37). Then
a solution of paraformaldehyde (0.09 g, 0.003 mol) and KOH
(0.1g,0.0016 mol) in anhydrous EtOH (5 mL) was added, which
resulted in formation of the precipitate of potassium methane-
sulfonate. The stirred reaction mixture was refluxed for 1 h,
diluted with water (2 mL), concentrated to ~3 mL, neutralized
with 5 M HCI, and the solvent was removed in vacuo to dryness.
The residue was heated up to reflux in AcOEt (10 mL), cooled
down, filtered through a thin layer of silica gel (Sapelko, 40—60 um,
3 g), and washed with anhydrous AcOEt (10 mL). The solvent
was removed in vacuo, the residue was recrystallized twice
from CH,Cl,—Et,0 to give compound 6 (0.075 g, 30%), m.p.
121.1—121.7 °C. No depression of the melting point was obser-
ved for the mixed sample with compound 6, obtained by method 4.

Reaction of 2,2-bis(methoxy- NNO-azoxy)ethanol (2) with
KOH in ethanol. A mixture of compound 2 (0.2 g) and KOH (0.1 g)
in EtOH (4 mL) was refluxed for 1.5 h. The color of the reaction
mixture changed from yellow to light brown. According to the
TLC data (Silufol, elution with AcOEt), the reaction mixture
contained 1,1-bis(methoxy-NNQO-azoxy)-2-ethoxyethane (5)
(main product, R; 0.69) and the starting compound 2 (R; 0.47)
along with the tongue-shaped spot of the resins (on the start).

This work was financially supported in part by the Rus-
sian Foundation for Basic Research (Project No. 06-03-
39006-GFEN _a).
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