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Abstract—A number of 9-acetonyl-1,5-dinitro-3-azabicg8.3.1Jnon-6-en-8-one derivatives were syn-
thesized by Mannich condensation of 3-acetonyl-2,4duisfitro)cyclohex-5-en-1-one disodium salt with
formaldehyde and primary amines.

Heteroanalogs of bicyclo[3.3.1]Jnonanes attracamine component in the second stage, which opens
interest primarily as biologically active substancegshe way to a series of 3-substituted azabicyclo[3.3.1]-
[2] and also as convenient models for conformationahonanes. The present communication reports on the
analysis [3]. In continuation of our studies on 3-azatesults of our study of the Mannich condensation of
bicyclo[3.3.1]Jnonane derivatives [1, 4] we havesalt | with a number of primary amines.
examined the condensation of 5-acetonyl-4,6é&mis( 5-Acetonyl-4,6-biséci-nitro)-2-cyclohexenone di-
nitro)-2-cyclohexenone disodium salt) (with form-  sodium salt () was synthesized according to the
aldehyde and primary amines (Scheme 1). Severin angtocedure described in [6], by reaction of sodium
Temme [5] described the synthesis of compouled ethoxide with 2,4-dinitrophenol in acetone. The struc-
by this scheme which attracted our attention due teure of saltl follows from its *H NMR spectrum in
the possibility of introducing acetonyl group into DMSO-dg in which signals from the olefinic 2-H and
position 9 of the bicyclononane system. The acetonyB-H protons appear as doublef§ € 9.5 Hz) at 7.28
group is very promising from the viewpoint of further and 5.08 ppm, respectively. The 5-H proton and
finctionalization. An obvious advantage of the deve-5-CH, methylene protons give a triplet and a doublet
loped procedure is the possibility for variation of theat 4.91 and 2.44 ppm, respectivel§d (= 5.6 Hz).

Scheme 1.
oH 0 0
NO2  Me,CO, EtONa NOy CH,0, RNH,, H*
CH,COMe O,N NO,
H  2Na' 1T'CHZCOMe
NO, NO; R

I II

R = CH; (@), CHs (b), CHy (c), CH,CiHs (d), (CH,),Br (e), (CH,),OH (f), CH,COOH (@), (CH,),COOH ().

* . .
For communication I, see [1].
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Table 1. Yields, melting pointsR; values, and elemental analyses of 3-substituted 9-acetonyl-1,5-dinitro-3-azabicyclo-
[3.3.1]non-6-en-8-onegla-lli

Comp. vield Found, % Calculated, %
no % ’ mp, °C R Formula
' C H N (Br) C H N (Br)
lla 64 177-178 0.57 | 48.37 | 5.07 | 14.20 | C;,H{5N3Og 48.48 | 5.08 | 14.14
(decomp.) 48.21 | 5.05 | 13.87
14.22
IIb 30 144-146 0.63 | 50.76 | 5.63 | 13.12 | C;3H;/N3Oq 50.16 | 5.50 | 13.50
(decomp.) 50.89 | 5.54 | 13.27
llc 39 103-105 0.73 | 53.05 | 6.22 | 12.09 | C;5H,{N3Oq 53.09 | 6.23 | 12.38
53.28 | 6.23 | 12.26
lid 28 169-171 0.68 | 58.16 | 5.30 | 10.90 | C;gH;gN3Og 57.90 | 5.09 | 11.25
(decomp.) 58.18 | 5.42 | 10.76
lle 26 118-120 0.65 | 40.23 | 4.23 | 10.70 | Cy3H gBrN3Og5 | 40.02 | 4.13 | 10.77
(18.73) (20.51)
40.03 | 4.17 | 11.12
(18.66)
IIf 32 127-129 0.27 | 47.71 | 5.37 | 13.16 | Ci3H; /N3O, 47.7 5.23 | 12.83
(decomp.) 48.02 | 5.08 | 13.06
llg 172-174 0.69 | 45.68 | 4.42 | 12.27 | Cy3H{5N3Og 45.75 | 4.43 | 12.31
38 (decomp.) 4544 | 4.40 | 11.99
Ith 37 181-183 0.50 | 4758 | 491 | 11.70 | Cy4H;/N3Og 47.30 | 4.82 | 11.82
(decomp.) 47.78 | 5.05 | 11.98
I 8 184-186 0.58
(decomp.)

The methyl group signal is a singlet &t2.14 ppm. keeping with the results of X-ray diffraction study
The IR spectrum of the 2,4-dinitrophenol adduct withof analogous 3-azabicyclo[3.3ridnane derivatives
acetonide ion contains strong absorption bands froifi, 4, 7] and molecular-mechanics simulation of the
the aci-nitro groups at 1476 cm (vasNO,) and 1250, structure of moleculella (Fig. 2). The downfield
1279, and 1322 cm (v¢NO,) and a doublet peak region of the'H NMR spectra § 7.5-7.6 ppm) con-
from the carbonyl group at 1689/1701 Tm tains the 8-H proton signal as a doublet of doublets
Salt | was then brought into reaction with form- due to coupling with 7-H J = 10.6 Hz) and 9-H
aldehyde and primary amines. As a result, a numbdd = 2.5 Hz). The 7-H signal is a doublet in the region
of 3-substituted 9-acetonyl-1,5-dinitro-3-azabicyclo-6.4-6.6 ppm. The narrow range of chemical shifts of
[3.3.1]non-6-en-8-one derivatived were obtained. the olefinic protons indicates that in all compourids
The structure of produdt was proved by the IR and the substituent on the nitrogen atom is oriente@
'H NMR spectra and elemental analyses (Table®)1 with respect to the double bond plane. The acetonyl
In the IR spectra of Mannich baséls (Table 2) we residue occupies axial position in the piperidine ring,
observed absorption bands in the regions 33380 and the carbonyl group is coplanar to the plane
and 15401555 cm, which belong to symmetric and formed by the €, C2, C* and C atoms. The latter
antisymmetric stretching vibrations of the nitro conclusion follows from the fact that the- and
groups, and a double band at 162820 cn1* due to  B-methylene protons are nonequivalent owing to
carbonyl stretching vibrations. their asymmetric arangement relative to the equatorial
The 'H NMR data (Table 3, Fig. 1) are consistentplane. Signals from these protons are split into
with the proposed structures; they suggesdtair doublets due to coupling with each oth@r<18.7 Hz)
conformation of the piperidine fragment i, in and are additionally split into doublets of doublets
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Table 2. IR spectra of 3-substituted 9-acetonyl-1,5-dinitro-3-azabicyclo[3.3.1]non-6-en-8-b@eHi , cnT

3-AZABICYCLOJ3.3.1]NONANE DERIVATIVES: Ill.

1

397

Compound no. | v,cNO, v¢NO, v CHyjiph 3CHyjipn | vC=C vC=0 Other bands
lla 1552 1356 2828, 2871, 1419 1615 1701
2908, 2936, 1452 1695
1373 2961, 3069 1467 1717
llb 2845, 2875, 1424 1699
1539 1339 2900, 2915, 1457 1624
1550 1376 2938, 2972, 1472 1717
3070
llc 1335 2827, 2869, 1422 1696
1546 1350 2933, 2957, 1457 1619
1369 3078 1467 1720
ld 1545 1320 - - 1605 1708
1699
lle 1539 1332 2830, 2930, 1419 1716
1340 2950, 3065 1450 1616
1550 1350 1463 1700
If 1333 2790, 2880, 1422 1690
1548 1352 2926, 2960, 1452 1615 3234 (¢ OH)
1374 3074 1465 1711
llg 1326 2880, 2910, 1415 1700
1548 1348 2960, 3070 1605 1710 30006-2500 ¢ OH)
1380 1470 1740
llh 1325 2843 1424
1529 1345 2940 1617 1702
1373 3067 1463
1 1 J4I 1 1 1 1 1 1 MWWJ L"")I 1 1
8.0 7.0 6.0 5.0 4.0 3.0 2.0 8, ppm

Fig. 1. '"H NMR spectrum of 9-acetonyl-3-methyl-1,5-dinitro-3-azabicyclo[3.3.1]non-6-en-8-tag. (
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Table 3. IH NMR spectra of 3-substituted 9-acetonyl-1,5-dinitro-3-azabicyclo[3.3.1]non-6-en-8-bmeth

Chemical shiftsd, ppm (coupling constantd, Hz)

Compound

no. 6-H 7-H 9-H 2-Heq 2-Hg, 4-Heq 4-H,,

lla 7.55 d.d 6.47 d 3.85 d.d.d 329 d 312 d 3.08 d 298 d
(10.59, 2.49) | (10.59) | (8.09, 2.49,1.86) (10.59) (10.59) (11.22) (11.22)

b 7.54 d.d 6.43 d 3.86 d.d.d 338 d 313 d 313 d 3.03 d
(10.59, 2.49) | (10.59) | (8.09, 2.49, 1.89) (10.59) (10.59) (10.59) (10.59)

lic 7.54 d.d 6.46 d 3.86 d.d.d 333 d 3.12 d 3.10 d 3.02 d
(10.59, 2.49) | (10.59) | (8.09, 2.49, 1.80) (10.59) (10.59) (11.21) (11.21)

Ild 7.56 d.d 6.56 d 3.89 d.d.d 3.33 d 3.17 d 3.09 d 3.13 d
(10.58, 2.49) | (10.58) | (8.10, 2.49, 1.86) (10.59) (10.59) (11.22) (11.22)

lle 7.53 d.d 6.47 d 3.89 d.d.d 3.44 d 3.38 d 3.28 d 321 d
(10.59, 2.49) | (10.59) | (8.10, 2.49, 1.86) (10.59) (10.59) (11.22) (11.21)

IIf 7.53 d.d 6.46 d 3.84 d.d.d 3.44 d 3.34 d 3.25 d 3.18 d
(10.59, 2.49) | (10.59) | (8.10, 2.49, 1.86) (10.59) (10.59) (11.21) (11.21)

llg 7.55 d.d 6.48 d 3.82 d.dd 357 d 347 d 3.50 d 3.19d
(10.58, 2.49) | (10.58) | (8.10,2.49,1.86) (10.59) (10.59) (11.21) (11.21)

Ith 7.50 dd 6.43 d 3.86 d.d.d 3.36 d 3.25 d 3.12 d 3.16 d
(10.59, 2.49) | (10.59) | (8.10,2.49,1.86) (10.59) (10.59) (11.21) (11.21)

Compounc Chemical shiftsd, ppm (coupling constantd, Hz)
no.
o-H B-H v-H R

lla 3.11 d.d 2.37 dd 2.05 s 2.38 s (CH)
(18.68, 8.09) | (18.68, 1.86)

lIb 3.11 dd 240 dd 2.05 2.62 q (7.22, €G,CH;), 0.98 t (7.22, CHCH,)
(19.30, 8.09) | (19.30, 1.89)

lic 3.07 d.d 2.40 d.d 2.05 253 t (6.85 @&,CH,CH,CH,), 1.35 q (6.85,
(19.31, 8.09) | (19.31, 1.80) CH,CH,CH,CHj), 1.19 sext (7.48, CKCH,CH,CHy,),

0.85 t (7.48, CHCH,CH,CH,)

Iid 3.12 d.d 2.39 d.d 2.05 7.22.7.31 m (3H,mH, p-H), 7.14 m (2H,0-H), 3.75 s
(19.30, 8.10) | (19.30, 1.86) (CH,)

lle 3.11 dd 2.36 d.d 2.05 3.42 1 (6.85, CHCH,Br),2.99 t (6.85, G&,CH,Br)
(18.68, 8.10) | (18.68, 1.86)

IIf 3.10 d.d 2.35 d.d 2.05 4.34 br.s (OH), 3.46 br.s (C}€H,OH), 2.67 t (5.60,
(18.68, 8.10) | (18.68, 1.86) CH,CH,OH)

llg 3.12 d.d 2.37 dd 2.05 11.95 br.s (COCH), 3.44 d and 3.58 d (GEDOH,
(18.68, 8.10) | (18.68, 1.86) J = 17.44)

Ilh 3.09 d.d 2.35 d.d 2.04 11.94 br.s (COOH), 2.83 t (6.85, HGCH,COOH),
(19.30, 8.10) | (19.30, 1.86) 3.00 t (6.85, CHCH,COOH)
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due to coupling with 9-HJg, = 8.1 Hz,Jgg = 1.9 H2).

Both nitro groups occupy equatorial positions but

form different angles with the equatorial plane. The

oxygen atom in the 1-NOgroup appears as close as

possible to the 2-f}, proton, whose signal is displaced

downfield. The oxygen atom in the 5-NQ@roup is

located at a long distance from 45 for the ONO

plane is turned apart due to repulsion between lone

electron pairs on the carbonyl and nitro group oxygen

atoms. Therefore, the equatorial and axial positions

at G and C' become nonequivalent: thdoublet

signals from 2-H, and 2-H, (Jo ¢q = 10.6 Hz) are

located in a weaker field than those from 45+and

4-Hay (Jax, eq= 10.6-11.2 Hz). The substituent on the

nitrogen atom has no appreciable effect on the

chemical shifts of piperidine ring protons. An excep-

tion is compoundlg in which oxygen atoms of the

carboxy group are located in front of?Gand .

The result is that the corresponding proton signals

shift downfield. Also, methylene protons of the Fig. 2. Structure of 9-acetonyl-3-methyl-1,5-dinitro-3-aza-
N—QHZCOOH group are nonequivalent duf to asym- bi(g:]yclo[3.3.1]non-6-en-8-onell)él) accor?j/ing to the MM2
metric arrangement with respect to théNC* plane: calculations.
their signals are split into doublefd = 17.4 Hz.

Following the above procedure and using 1,4-dixpongding free base, 1®mol, was dissolved in 10 ml
aminobutane as amine component, we obtained doublg water. The solution was cooled with ice, and 5 ml
condensation producti . of 30% formaldehyde solution (52 mmol) was added.
5-acetonyl-4,6-bisci-nitro)-2-cyclohexenone di-
sodium salt was dissolved in the resulting mixture,
and 10 ml of 50% acetic acid was added. After several
minutes, the precipitate was extracted into dichloro-
Hz% Y ethane. The organic phase was repeatedly washed with

NO, . . .
MeCO water, dried over calcium chloride, and evaporated
under reduced pressure. The residue was subjected to
column chromatography on ASKG silica gel using
toluene (compounddla-Ile and Ili), toluene
acetone (10: 1, by volume; compouhfl), or toluene
acetone (2:1;llg, llh) as eluent. CompoundHa
and lic were precipitated from the toluene solution
with hexane. Compoundff —Ili were dissolved in
EXPERIMENTAL toluene on _heating, and the solution was treated with
charcoal, filtered, and evaporated. Compouritis

The IR spectra of crystalline products were ob-2nd lle were precipitated from acetone (5 ml) with
tained on a Specord 75IR spectrophotometer. e ethanol. I_Droducllld was precipitated from acetone
NMR spectra were recorded on a Bruker AC-300(5 ml) with water.
instrument (300.13 MHz) in Cgl Silufol UV-254 1,4-Bis(9-acetonyl-1,5-dinitro-8-oxo0-3-azabi-
plates were used for thin-layer chromatography; eluerdyclo[3.3.1]non-6-en-3-yl)butane (lli) was obtained
acetonetoluene-hexane (1:4:1), detection underin a similar way from 5 mmol of 1,4-diaminobutane
UV irradiation. The melting points were determinedand 5 ml of 30% aqueous formaldehyde (52 mmol).
on a Koefler heating device (Boetius). After chromatographic treatment, the residue was

3-Substituted 9-acetonyl-1,5-dinitro-3-azabi- dissolved in toluene on heating, and the solution was
cyclo[3.3.1]non-6-en-8-ones llallh (general proce- treated with charcoal, filtered, and evaporated under
dure). Appropriate amine hydrochloride or the corre-reduced pressure.

0,N NO,
CH,COMe

\
N—(CHp);—N
0 0,N

ITi

Thus, the Mannich condensation of 5-acetonyl-4,6
bis(aci-nitro)-2-cyclohexenone provides a synthetic
route to polyfunctional 3-azabicyclo[3.3.1]nonene
derivatives.
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