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Abstract—A number of 7-polyfluoroalkoxy-1,5-dinitro-3-azabicyclo[3.3.1]non-6-enes were synthesized by
reduction of 3,5-dinitrophenyl polydloroalkyl ethers with sodium tetrahydridoborate, followed by the
Mannich reaction with formaldehyde and primary amines.

Heteroanalogs of bicyclo[3.3.1]Jnonane are valuableeported in [6, 8], but it was not applied to synthesis
intermediate products in organic synthesis and coref fluorinated compounds of this series.
venient models for conformational analysis; they Shevelevet al. [9] recently developed a procedure
constitute structural fragments of natural terpenoidor preparation of initial 3,5-dinitrophenyl polyfluoro-
alkaloids and exhibit biological activity [2, 3]. It is alkyl ethersl by replacement of the nitro group in
known that in some cases introduction of fluoroalkyl1,3,5-trinitrobenzene by the action of polyfluorinated
groups into heterocyclic compounds strongly enhancesicohols [9]. The reduction of etheitswith sodium
their biological activity [4]. Direct fluorination of tetrahydridoborate gave disodium sdltswhich were
heterocycles is characterized by low efficiencybrought (without isolation) into the Mannich reaction
because of the lack of regio- and stereoselectivity andith formaldehyde and primary amines. As a result,
poor yields of the target products. Therefore, fluorinethe corresponding 3-substituted 1,5-dinitro-7-poly-
containing synthons are used for this purpose [5]. Th#iuoroalkoxy-3-azabicyclo[3.3.1]non-6-end$l were
goal of the present work was to synthesize 3-azabibbtained (Scheme 1). The structure of produltts
cyclo[3.3.1]nonane derivatives having a fluorinatedvas proved by the data of IR arfti and 1>F NMR
fragment. The procedure for preparation of bicyclo-spectroscopy (Tables 1, 2) and elemental analysis
nonanes from 1,3-dinitrobenzene derivatives wag¢Table 3). Their IR spectra (Table 1) contained bands

Scheme 1.
OR! OR!
(1) CH,0, R?NH,
NaBH, 2) HY
- " . 2Na”*
OzN NOZ _OZN NOE
I II IIIa—IIIj

R' = CH,CF;,, R? = Me (a), Et (b), PhCH (c), CH,CH,Br (d), CH,CH,OH (e), CH,COOH f{), CH,CH,COOH (g);
R' = CH,CF,CFH, R? = Me (h), PhCH (i); R® = CH,(CF,),CF,H, R?Z = Me ().

¥ For communication 1V, see [1].
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Table 1. IR spectra of 3-substituted 7-polyfluoroalkoxy-1,5-dinitro-3-azabicyclo[3.3.1]non-6-dihes11j

1
Comp. IR spectrum,v, cnT
no- NO, (s) | NO, (as) C-F c-0 C—H (aliph.) other bands
lla 1363 1553 1080 1137, 1177 2821, 2953
b | 1353, 1380| 1555 1075 | 1176, 1233 ,1293 2832, 2975
llc | 1349, 1383| 1563 1087 | 1176, 1231, 1289 2816, 2920, 2949 3027, 3060, 3080
(C—Harom
lld | 1339, 1357| 1532 1072 | 1153, 1213, 1271 2814, 2877, 2945
lle 1385 1559 1001 | 1177, 1241, 129§ 2840, 2892, 2959 3433 (O-H)
mf | 1355, 1373| 1551 1085 | 1167, 1223, 128§ 2847, 2887, 2947 1731 (C-0),
2500-3400 (O-H)
lg | 1349, 1370| 1550 1099 | 1155, 1185, 122( 2837, 2880, 2933 1713 (G-0),
2500-3400 (O-H)
liih 1361 1527 1087 | 1137, 1200, 1257 2847, 2876, 2943
mi | 1357, 1387| 1560 1124 1164, 1225 | 2820, 2889, 29171 3028, 3064, 3084
) (C_Haron')
Wj | 1345, 1369| 1540 1073 | 1172, 1250, 128§ 2809, 2853, 2957

at 28302990 p(C—Hyjpr)], 1340-1380 and 1540 quartet due to coupling with difluoromethyl or tri-

1560 P .dNO,)], and 10761100 cm?® [v(C-F)]. fluoromethyl group. The 3-carboxym'ethyl_group in
The carboxy group in compoundsf andlilg gives pompoundllld cannot adopendo configuration, for '
rise to absorption in the regions 25@100 (OH) and its two carbon and two oxygen atoms should occur in
1710-1755 cm?® (C=0). one plane. As a result, the methylene protons therein
When analvzing théH NMR spectra of compounds P€cOme nonequivalent due to asymmetric arrangement
Il (Table Z)y weg assumed thgt the piperi(!loine ringelative to the @N3C? plane; they are coupled through

adopts achair conformation with no eclipsed groups ¢ wa)tamz‘ll of 17.2 Hz. The mg;rllylenedelrlc_)tons of
and that the cyclohexene ring is nearly planar. Sucfﬂe -benzy _gr(I)up |[|1_hcomp0Lgn ‘]f an | ! t;are g
a structure was determined for related 3-azabicycld'SO Nonequivalent. The number of signals observe
[3.3.1]nonanes by the X-ray diffraction data [10]_|n the ~°F NMR spectra is consistent with the number
The methylene protons 8 and 8-H, are non- of nonequivalent fluorine atoms. _
equivalent due to their different arrangement with It is interesting that, unlike reduction of 2,4,6-tri-
respect to the equatorial plane of the piperidine ringz;'tfoaU'SO'e with NaBH [11], in our case the €O

and GNO, group; they are coupled through a constanPond in the substrates is retained. The presence of
2J of 17 to 18 Hz. The presence of a double bond irvarious functional groups in molecules of products
moleculeslll follows from the position of the 6-H Il provides wide possibilities for their chemical
signal,d 5.20-5.28 ppm. The coupling ConstaﬁlL%8 mOdI.flcatlon'Wlth a VleV\! to obtain compounds pos-
are small, and the 6-H signal appears as a slightl§essing desired properties. Assessment of a probable
broadened singlet. The methylene protons in positiongnge of biological activity of 3-azabicyclo[3.3.1]-

2, 4, and 9 of the piperidine ring give rise to three nonane d.erlvatlveﬂl .Showe'd that they are potential
pairs of broadened doublets from equatorial and axigteurotropic and antibacterial substances.

protons EJ = 10-12 Hz). These signals are poorly

resolved, for the coupling constaritd approach the EXPERIMENTAL
performance limit of the NMR spectrometer. The _
doublets ats 3.30-3.40 ppm were assigned to 4; The IR spectra (film, from acetone) were recorded

which suffers the strongest anisotropic effect of the@n a Specord 75IR spectrometer. Thel and *F
double bond. CompoundH are also characterized by NMR spectra were obtained on a Bruker AC-300
nonequivalence of methylene protons in the fluoro-
alkoxy group. The corresponding signals are doublets pAss-C 4.0 program created by V.V. Poroikov and DFAi-
each component of which is split into a triplet or monov (IBMKh RAMN, Moscow).
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Table 2. 1H and °F NMR spectra of 7-polyfluoroalkoxy-1,5-dinitro-3-azabicyclo[3.3.1]non-6-eH&s—lIl;j

Chemical shiftsd and 3¢, ppm (, Hz)

Comp.
no.
Rl R2 R! R? 2-Heq | 2-Hay | 4-Heq | 4-Hax
llla | CH,*PCF, CH, 4.32 d.q (M), 2.38 s 3.05d| 2.48d| 3.30d| 2.49d
4.24 d.q (H), (10.4) | (10.4) | (10.6) | (10.6)
(op 11.1; 3¢ 8.3)
b |CH,*PCF, CH,CH; 4.34 d.q (M), 1.04 t (CHy), |3.10d|2.57d|3.33d|260d
4.24 d.q (H), 2.64 q (CH, 7.1)| (10.4) | (10.4)| (10.5)| (10.5)
(Uop 12 3¢ 8.5)
lllc  |CH,*PCF, CH,"Ph 4.39 d.q (H), 3.77 d (H) 3.03d| 2.60d| 3.30d| 2.66 d
4.33 d.q (H), 3.70 d (H, 13.8)| (10.2) | (10.2) | (10.2) | (10.2)
Uop 97 3e 95) [7.31 m (Ph)
lld | CH,*PCF, CH,/CH,Br [4.32 d.q (M), 3.00 t (H) 3.11d| 2.87d| 3.38d| 2.81d
4.27 d.q (H), 3.47 t (H, 6.3) | (10.4)| (10.4) | (10.4) | (10.4)
(op 14 3 85)
llle |CH,*PCF, CH,/CH,’0OH |4.35 d.q (M), 275 t (H) 3.14d| 2.75d| 3.39d| 2.77d
4.25 d.q (H), 3.58 q (H, 7) | (10.3)| (10.3)| (10.3)| (10.3)
(Jop 11; %e 85) [2.55 t (OH, 7)
I | CH,*PCF, CH,"COOH [4.33 d.q (M), 3.52 d (H) 3.10d| 3.06 d| 3.37 d| 3.05d
4.25 d.q (H), 3.44 d (M, 17.2)| (10.5)| (10.5) | (10.5) | (10.5)
(Jop 96; 3y 95) [9.50 s (COOH)
lllg |CH,CF, CHYCHBCO,H|4.27 q (8.3), 2.87 t (HY 3.17d| 2.71d| 3.42d| 2.79d
2.46 t (H, 6.1) | (10.6)| (10.6) | (10.5)| (10.5)
10.70 s (COOH)
llh | CH,*PCF,CF,HY |CH; 4.27 d.t (M), 2.39 s 3.06d| 2.48d| 3.29d| 2.49d
4.14 d.t (H), (10.0) | (10.0) | (10.0) | (10.0)
(Joc,ﬁ = JHF = 12),
6.20 t.t (H)
(CIye 52; 334 5.3
i | CH,*BCF,CF,H® |CH,"®Ph 4.37 d.t (H), 3.76 d (H) 3.04d| 2.60d| 3.29d| 2.66 d
4.31 d.t (H), 3.70 d (H, 13.5) (10.6) | (10.6) | (10.8)| (10.8)
(Joc,ﬁ = JHF = 112), 7.31 m (Ph)
6.20 t.t (H)
(BIye 52; 3¢ 5.5
lj | CH$P(CF,);,CF,HY|CH;, 4.43 d.t (1), 2.39 s 3.06d| 2.48d| 3.30d| 2.50d
4.34 d.t (H), (10.4) | (10.4) | (10.4) | (10.4)
Uop = Jue = 13.4),
6.43 t.t (H)
(3Jye 50.8; 334 5.5
Comp.
OTPl eH 8-He,q 8-Hy, 9-Hy,q 9-Hy, 19
llla | 523 s| 2.92 d (17.9)| 2.82 d (17.9) 2.81 d (11.2) 2.68 d (11.2) ~73.27, -73.43
b | 523 s| 2.93 d (17.4)| 2.78 d (17.4) | 2.81 d.t (11.1; 2.0) 2.69 d (11.1) ~73.12, -73.25
lllc | 520 s| 2.92 d (18.0)| 2.76 d (18.0) 2.82 d (11.4) 2.71 d (11.4) ~73.19
lld | 5.21 s| 2.94 d (17.4)| 2.82 d (17.4) 2.80 d (11.0) 2.71 d (11.0) ~73.19, -73.27
llle | 5.24 s| 2.94 d (17.8)| 2.80 d (17.8) 2.82 d (11.0) 2.71 d (11.0) ~73.13, -73.22
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737

Cﬁgf‘” 6-H 8-Heq 8-H,, 9-Heq 9-H,, 19k

Wf | 522 s| 292 d (17.7)| 283 d 17.7)| 282 d (11.3) | 2.71 d (11.3) 7155

llg | 520 s| 2.96 d (17.8)| 2.78 d (17.8)| 285 d (11.2) | 271 d 11.2)| -73.07, -73.13

h | 524 s| 292 d (17.0)| 2.81 d (17.0)| 2.80 d (11.0) | 2.68 d (11.0)| -125.02,-139.5

M | 520 s| 293 d (17.0)| 2.75 d (17.0)| 2.83 d (12.0) | 2.72 d (12.0)| -124.9,-139.35

Nj | 528 s| 292 d (17.6)| 2.82 d (17.6)| 2.81 d (11.3) | 2.69 d (11.3)| -119.27,-124.51
~129.64, ~137.84

Table 3. Yields, melting points,R; values, and elemental analyses of 3-substituted 7-polyfluoroalkoxy-1,5-dinitro-

3-azabicyclo[3.3.1]non-6-eneBla —lllj

comp.| Yield Found, % Calculated, %
no. % ’ mp, °C R Formula
C H N C H N

lla 55 107-108 0.68 40.57,| 4.35,| 12.85,| C;i1H;4F3N3Os 40.62 | 434 | 12.92
40.51 | 4.32 | 12.89

b 48 73-74 0.79 42.76 | 4.70 | 12.41 | Cy,H;6F3N3Os 4248 | 475 | 12.39

llic 37 111-112 0.87 50.72,| 4.63,| 10.91 | C;-H;gF3N;Os 50.88 | 452 | 10.47
50.97 | 4.62

lid 27 98-99 0.78 34.61 | 3.56 9.98 | Cy,H;5BrFN3Og 34.47 | 3.62 | 10.05

llle 23 77-78 0.33 40.52 | 451 | 11.78 | Cy,H;4F3N305 40.57 | 454 | 11.83

lnif 25 138-139 0.36 39.06,| 4.01,| 11.40,| C;,H;i4F3N30; 39.03 | 3.82 | 11.38
38.92 | 393 | 11.44

g 26 149-150 0.32 40.80 | 4.19 | 10.35 | C;y3H;gF3N30O; 40.74 | 4.21 | 10.96

lh 59 126-127 0.64 40.23,| 4.32,| 11.84 | Ci,H;5F4N3Os 40.34 | 4.23 | 11.76
40.20 | 4.30

i 30 72-73 0.88 49.87,| 4.34, 9.92 | CygH;gF4N3Og 49.89 | 4.49 9.70
50.01 | 4.46

I1j 52 126-127 0.65 36.83,| 3.32, 9.22 | Cy4H;5FgN3Og 36.77 | 3.31 9.19
36.81 | 3.32

instrument in CRCN using HMDS as internal refer- Cold 30% aqueous formaldehyde, 2.3 ml (24 mmol),
ence. Thin-layer chromatography was performed oand 12 mmol of appropriate amine in 20 ml of water
Silufol UV-254 plates using toluenracetonehexane were added, and the mixture was acidified to pH 6
(4:1:1) as eluent; spots were visualized with UVwith glacial acetic acid and was extracted with toluene
light and iodine vapor. The melting points were deteror dichloroethane. The extract was dried over GaCl
mined on a Koefler device (Boetius). and evaporated under reduced pressure. The residue
3-Substituted 1,5-dinitro-7-polyfluoroalkoxy-3- was subjected to column chromatography on ASKG
azabicyclo[3.3.1]non-6-enes lllalll. A 4-mmol silica gel, using the following solvent systems as
portion of 3,5-dinitrophenyl polyfluoroalkyl ether  eluent: llla -llid , I[llh —Illj , toluene;llle, toluene
was dissolved in 10 ml of tetrahydrofuramater mix- acetone (20:1);lllf , Illg, tolueneacetone (10:1).
ture (1:1, by volume). The mixture was cooled withCompoundsllla —Illd and Illh —Illj were recrystal-
ice water, 0.74 g (20 mmol) of NaBHwas added lized from ethanol. Product$le —Illg were dissolved
over a period of 1615 min under continuous stirring, in ethanol, the solution was treated with charcoal and
and the mixture was stirred for 15 min at-B0°C. filtered, and the product was precipitated with water.
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