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1. Introduction
L L . Vel was the low yields of the resulting products. Theatiiin of 2,5-

Pyridine derivatives, highly developed by greattdbntions  gimethyipyridine with nitric acid in trifluoroacetianhydride led
by Alan Roy Karitzky", have received a great attention, becausgq the formation of 5-methyl-2-(trinitromethyl)pgihe in 10%
this moiety is presented in a great number of dragsl  yi|q* Nitrogen dioxide reacted with 2-ethylpyridine in the
biologically active molecules, naturally occurreddasynthetic presence of ozone in dichloromethane at room temyer with
_compound§. Furthermore _nitro compounds are among theqmation of only 8% —ef 2-(1,1-dinitroethyl)pyridad® The
important groups of chemicals have been provenetauseful  reaiment of 6-methylpyrazino[2@isoquinoline by potassium
building blocks and widely used in biological, phaweutical — pitrate in  concentrated sulfuric acid gave 10-nFo
and advanced materials sciefic@he side-chain nitration of (trinitromethyl)pyrazino[2, 3isoquinoline in 31% yield® Using

alkylpyridines usually gives the products of eleptrilic
substitution, nitropyridine$,which are widely used in organic
synthesis as precursors for pharmaceutical andchgnoical
compound$®® Moreover, the molecules with so-called
“explosophories” groups stimulates the practicaéliest for the
preparation of energetic materials by selectiveratidn of
systems with pyridine fragments.

gem-Dinitroalkyl pyridine derivatives are an unusuahss of
compounds. There are only a few methods for theipamation.
Some examples for insertion of nitro groups in bffgbstitute of
pyridines are already know#!but the methods are givea—enly
for just a few-aumberof substrates and have nat bgstemized.
We were able to find only three publications with trescription
of direct side-chain nitration of 2-alkylpyridineégo gem-di- and
tri-nitroderivatives®’® A significant disadvantage of these
reactions

’ Corresponding author. Tel.: +7 9022883144; fax: 332150279.
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the described methods for the direct insertion igbrgroup in
the alkyl substituent of pyridine, only thrgem-di- or tri-nitro
compounds were obtaineg-eri§’*"

Moreover, there are two methods for the indireatatiin of
2-alkylpyridines thorough thegemtrinitromethyl fragment
insertion into the pyridinium salts by nitrofoff and using the
Ponzio reaction variatiens, under the action afatet or nitrogen
oxides, to 2-pyridinecarbonyl oximé¥?

Many of these methods have one or more disadvassgeh
as long reaction times, low yields, formation of tmgucts,
tedious workup, and the use of explosive reagerddirg to
theserious environmental and safety problems. There the
development of safe and simple methods for ingguirthe nitro
group into thea-alkyl substituent of the pyridine ring is a
significant problem.
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2. Results/Discussion

We suggested that alkylpyridines with electron-wigwing
groups should be easier to nitrate on the alkykstunt in the
second position of the pyridine ring. This assumpis based on
the known fact that electron-withdrawing substitueintsrease
the mobility of hydrogen atoms in the alkyl groupspulling the
electron density and make the compound ready fati@ns.

Therefore, as the starting compounds readily aviaila
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coloration) an excess of hydrogen iodide was addsdl the
reaction mixture was stirred and heated at 50-6fbfQ@-2 hours.
The reaction likely proceeds througk-the intermidfarmation
of 4-oxoalkane-1,1,2,2-tetracarbonitriled, based on the
involvement of compoundé in similar transformation$During
this investigation, tetracyanosubstituted derivegtiv of
cycloheptanonelc (n = 3) and cyclooctanondd (n = 4) were
obtained and described at first time. They were dgiél by
pouring excess of water in the reaction mixture kefthe

pyridines with two cyano groups were chosen, namely 2zqqition of hydrogen iodide.

halogenocycloalkdpyridine-3,4-dicarbonitriles  1-3.  This
choice is influenced by the fact that these compsuwontain an
important pyridinecarboxylic acid structural moietgpecifically
nicotinic (nicotinonitrile) and isonicotinic (isarvtinonitrile)
acids. Moreover, readily replaceable halogen atoi) (
commonly used for the directed synthesis are foumdhe
products®®®

For the synthesis of starting compounds a multipoment
coupling reactions strategy (MCRs) was used.
Halogenocycloalkdf]pyridine-3,4-dicarbonitriles  1-3  were
prepared according to the earlier described méthod three-
component reaction: cycloalkanone — tetracyanoettey{ TCNE)
— hydrogen halide. The reaction was carried at 60n°Q,4-
dioxane using equimolar amounts of cycloalkanong 86GNE
and an excess of hydrogen halide. During this ingason seven
previously unknown halopyridinedc, 2a-d, 3c, 3d were
obtained to expand the range of examples for dpeelcside-
chain nitration method and to prove the univergdliable 1).

Table 1.
Three-component synthesis of 2-halogencycloalksfidine-
3,4-dicarbonitriles-3

CN CN
CN
G Tl
0 CN N7 X
1-3
Entry n X Product Y('((;I’;’a é';lg:ng/ol)
1 1 Cl la 80
2 2 Cl 1b 97
3 3 Cl 1c 93
4 4 Cl 1d 94
5 1 Br 2a 82
6 2 Br 2b 77
7 3 Br 2c 67
8 4 Br 2d 66 -
9 1 | 3a 7 84
10 2 | 3b 12 81
11 3 | 3c 5 79
12 4 | 3d 2 76

#lsolated yield.

It is important to note that this approach workslweéien HCI
and HBr were used (table 1, entries 1-8). Howeversyhéhesis
of iodine derivatives3 did not proceed well under these
conditions (table 1, entries 9-12). Probably, itdkted with the
reducing properties of hydrogen iodide, which is atde of
converting  TCNE into  ethane-1,1,2,2-tetracarbdsitri
Correspondingly a two-step one-pot synthesis of
iodocycloalkap]pyridine-3,4-dicarbonitriles3 was developed to
improve the yield by excluding the interaction &ENE and HI.
TCNE was treated at room temperature with equimateouant
of cycloalkanone in 1,4-dioxane in the presencecafalytic
amount of hydrochloric acid. After the reaction coéatipn
(hydroquinone test — presence of unreacted TCNEsgvblue

2-

Scheme 1. One-pot synthesis of 2-iodocycloalk§jyridine-
3,4-dicarbonitrilesS
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Pyridine 3 formation proceeds through the hyrogen halide
addition to the terminal cyano group of compourdsring
closure and aromatization by dehydration and dejoydmation.
Pyridine structuresl-3 were confirmed by IR-'H NMR-
spectroscopy and mass-spectrometry.

Studies have shown that for side-chain nitratiorprpared
nicotinonitriles 1-3 concentrated nitric acid can be used without
any additional=erhaneing nitrating reagents. It ko found,
that the reaction proceeds rapidly with heating4iéy min with
good yields and leads to the regiospecific formmatad gem-

dinitro  derivatives  of o-alkyl substituents in @ 2-
halogenocycloalkdpyridine-3,4-dicarbonitrile&-7.
Table?2.

Side-chain nitration oR-halogencycloalkdfpyridine-3,4-
dicarbonitriless-7.

CN CN
CN HNO, CN
G I — 1
§Z §Z
N X O,N NO2N X
Entry n X Product Yield (%)
1 1 Cl 5a 74
2 2 Cl 5b i
3 3 Cl 5c 73
4 4 Cl 5d 78
5 1 Br 6a 77
6 2 Br 6b 68
7 3 Br 6c 63
8 4 Br 6d 61
9 1 | Ta 83
10 2 | 7b 86
11 3 | 7c 84
12 4 [ 7d 82

#lsolated yield.

It was found, that the applying of nitric acid inxtuire with
sulfuric acid (nitrating mixture) is complicated ye formation

2of cyano group hydrolysis byproducts. Among the coumuls

mixture, the product ofa-alkylpyridine gem-dinitration was
indicated by TLC. A similar is observed for othertiops
mixtures used for nitration. Thus, when acetic asidacetic
anhydride were used as a co-solvent the decompogitiducts
of 5-7 were found in the reaction mass, similar to thecdlesd
for dinitrobarbituric acid? It was found, that the best method is



the use of nitric acid with a concentration in agaf 50-60%.
Moreover, it is the easiest and cheapest way, bedhis is the
industrially available concentration of acid. It iisteresting to
note, that in this case the hydrolysis of cyanougsodoes not
occur, even in trace amounts, despite the boiling medium of
strong acid.

The structure of the pyridinéc established by the X-ray
diffraction method (Fig. 1)" Structures of compounds7 are
considered with IR-, '"H NMR-spectroscopy and mass-
spectrometry. The IR spectra of compourtdg characterized
with the intensive absorption bands of valent vibret of
conjugatedC=N in the area of 2235-2246 €mNGQ, in the area
of 1536-1592 cril. A characteristic distinction of théid NMR
spectra of compounds-7 from corresponding starting pyridine
1-3 is the absence of signals efmethylene protons. For the

mass spectra of compoun8g the presence of the fragment ion

with weight equal to the difference of molecular weighd the

3

formation of dinitro- and the difficulty of makinmononitro-
derivatives under the same reaction conditions.

3. Conclusion

A simple and effective method to prepagem-dinitro
derivatives of 2-halogenocycloallkdpyridine-3,4-dicarbonitriles
was investigated. This method includes the seledigle-chain
nitration of 2-halogenocycloalka]pyridine-3,4-dicarbonitriles
with 60% nitric acid into thex-alkyl substitute of pyridine ring.
The reaction proceeds rapidly (about 5 min) with djg@elds,
making the method convenient for modification ofrigiyne
derivatives.

4, Experimental Section

4.1. General information

nitro group M — 46(NQ)]"is usual. In the mass spectra of some

2-iododerivatives dinitro- compounds the fragment ion with
weight equal to the difference of molecular weighd &no nitro
groups M — 92(2NQ)]" is presented.

Figure 1. The molecular structure of 2-bromo-9,9-dinitro;8,9-
tetrahydro-$i-cycloheptap]pyridine-3,4-dicarbonitrile c) with the atom-
numbering scheme. Displacement ellipsoids are divihe 50% probability
level and H atoms are drawn as small spheres dfaspbradii.

For the side-chain nitration of 2-
halogenocycloalkd&pyridine-3,4-dicarbonitriles 1-3 by nitric
acid with concentration in the range of 50-60%, ezitta radical
or an electrophilic mechanism can be proposed. fabe that
only one product is formed and the absence of iswiceric
byproducts of the reaction, partially indicates tlectrophilic
nature of substitution.
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Scheme 2. Proposed mechanism side-chain nitration

Probably, acid-catalyzed tautomerization of the-
alkylpyridine fragment occurs-at first. Furthertranium cation
undergoes the electrophilic addition to the doubtend and
proton eliminates then. Substitution of the secdmndirogen
occurs in a similar way, even being much easierabse the
acidity of the proton increases. This hypothesiplars the

The progress of reactions and the purity of thedpets
were monitored by TLC on Sorbfil plates (spots wasialized
under UV light, by treatment with iodine vapor, or lgating).
The IR spectra were recorded on an FSM-1202 speetsy with
Fourier transform from samples dispersed in mineikl The
NMR spectra were measured in DM$©on a Bruker DRX-500
spectrometer using tetramethylsilane as an inteefatence. The
elemental compositions were determined on a CHN-aaaly
vario Micro cube. The mass spectra (electron imp@6t eV)
were obtained on a Finnigan MAT INCOS-50 spectrometer.
XRD study of a single crystal of compouBdwas carried out on
a diffractometer Cad-4 (CudKemission,A 1.54087A, w-scan).
Correction for absorption was not used. The strectuas solved
and refined with SHELX® program. The non-hydrogen atoms
were refined by using the anisotropic full matrixadesquare
procedure. The hydrogen atoms were located fronffareice
Fourier map and refined freely. Molecular geometaiculations
were performed with the SHELX program, and the molecula
graphics were prepared by using DIAMONPsoftware.

4.2. General procedure for the preparation of 2-
halogenocycloalka[b]pyridine-3,4-dicar bonitriles (1-2)

To the solution of 0.006 mol appropriate ketonel@hmL
of 1,4-dioxane 0.64 g (0.005 mol) of TCNE and 3 mL o
hydrohalic acid were added. Reaction mixture stieefi0-70 °C
for 1-2 h (indicated by TLC). Then mixture dilutedth water,
precipitated crystals filtered, washed with water prapan-2-ol.
Recrystallized from propan-2-ol.

The analytical properties of compouridsd were identical
to the previously reported literature dta.

4.2.1. 2-Chloro-6,7-dihydro-5H-cyclopenta[ b] pyridine-3,4-
dicarbonitrile (1a). Yield: 0.81 g (80%); mp 77-79 °®.IR
(KBr): 2233 cm'. 'H NMR (500.13 MHz, DMSQd6): & = 2.18
(q,J=7.7 Hz, 2H, CH), 3.14-3.21 (m, 4H, 2C)l MS m/z (%):
203 ([M'], 68), 204 ([M], 6), 205 ([M], 21). Anal. Calcd for
CiHeCIN3: C, 58.98; H, 2.97; N, 20.64. Found: C, 59.10; H,
2.98; N, 20.59.

4.2.2. 2-Chloro-6,7-dihydro-5H-cyclohepta[ b] pyridine-3,4-
dicarbonitrile (1c). Yield: 1.15 g (93%); mp 90-92 °C. IR (KBr):
2235 cnt. '*H NMR (500.13 MHz, DMSQd6): & = 1.62-1.71
(m, 4H, 2CH), 1.83-1.88 (m, 2H, C}), 3.04-3.07 (m, 2H, C}),
3.10-3.13 (m, 2H, CH. MS m/z (%): 231 ([M], 64), 232 ([M],
5), 233 ([M], 22). Anal. Calcd for GH;,CIN;: C, 62.21; H,
4.35; N, 18.14. Found: C, 62.35; H, 4.37; N, 18.10.
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4.2.3. 2-Bromo-6,7-dihydro-5H-cyclopenta[ b] pyridine-
3,4-dicarbonitrile (2a). Yield: 1.02 g (82%); mp 91-93 °C. IR
(KBr): 2233 cm'. 'H NMR (500.13 MHz, DMSGd6): & = 2.19
(q,J=7.7 Hz, 2H, CH), 3.07-3.14 (m, 4H, 2C)l MS m/z (%):
247 ([M7], 28), 249 ([M], 25),. Anal. Calcd for GH¢BrN;: C,
48.42; H, 2.44; N, 16.94. Found: C, 48.47; H, 2.4616!90.

4.2.4. 2-Bromo-5,6,7,8-tetrahydroquinoline-3,4-
dicarbonitrile (2b). Yield: 1.01 g (77%); mp 99-101 °C. IR
(KBr): 2231 cni. '"H NMR (500.13 MHz, DMSQd6): 8 = 1.79-
1.85 (m, 4H, 2CH), 2.87-2.90 (m, 2H, C}), 2.94-2.97 (m, 2H,
CH,). MS m/z (%): 261 ([M], 47), 263 ([M], 45). Anal. Calcd

Tetrahedron

Anal. Calcd for GHi0IN3: C, 44.60; H, 3.12; N, 13.00. Found:
C, 44.69; H, 3.13; N, 12.98.

4.3.4. 2-lodo-5,6,7,8,9,10-hexahydrocycl oocta[ b] pyridine-
3,4-dicarbonitrile (3d). Yield: 1.28 g (76%); mp 96-98 °C. IR
(KBr): 2232 cm'. 'H NMR (500.13 MHz, DMSQ46): & = 1.30-
1.38 (m, 4H, 2Ch), 1.81-1.86 (m, 2H, C}), 2.95-2.98 (m, 2H,
CH,), 3.00-3.03 (m, 4H, 2CHL MS m/z (%): 337 ([M], 88).
Anal. Calcd for GHi.INa: C, 46.31; H, 3.59; N, 12.46. Found:
C, 46.37; H, 3.61; N, 12.42.

4.4, General procedure for the preparation of 4-

for C;;HgBrNa: C, 50.41; H, 3.08; N, 16.03. Found: C, 50.48; H, oxoalcane-1,1,2,2-tetr acar bonitriles (4)

3.09; N, 15.99.

4.25. 2-Bromo-6,7,8,9-tetrahydro-5H-
cyclohepta[ b] pyridine-3,4-dicarbonitrile (2c). Yield: 0.92 g
(67%); mp 112-114 °C. IR (KBr): 2234 ém'H NMR (500.13
MHz, DMSO6): & = 1.63-1.70 (m, 4H, 2CHi 1.82-1.87 (m,
2H, CH,), 3.01-3.04 (m, 2H, C}), 3.10-3.13 (m, 2H, CjJ. MS
m/z (%): 275 ([M], 73), 277 ([M], 70). Anal. Calcd for

1.28 g (0.01 mol) of TCNE was dissolved in a minimal
amount of 1,4-dioxane (10 mL), then 0.015 mol of th
appropriate ketone was added and mixture stirredl dm
complete dissolution then 1-2 drop of concentrétgdirochloric
acid was added (d = 1.17-1.19). After the disappearaof
TCNE (hydroquinone test) the mixture was poured @6 mL
of ice-cold water. The obtained oil crystallized wititensive

CioHigBrNs: C, 52.20; H, 3.65; N, 15.22. Found: C, 52.26; H,stirring. The precipitated crystals were filtered, sivad with

3.66; N, 15.19.

4.2.6. 2-Bromo-5,6,7,8,9,10-
hexahydrocycloocta[ b] pyridine-3,4-dicarbonitrile (2d). Yield:
0.96 g (66%); mp 84-86 °C. IR (KBr): 2232 ¢m'H NMR
(500.13 MHz, DMSQCd6): 6 = 1.31-1.38 (m, 4H, 2CH 1.69-
1.77 (m, 4H, 2Ck), 2.98-3.01 (m, 2H, C}), 3.02-3.05 (m, 2H,
CH,). MS m/z (%): 289 ([M], 21), 291 ([M], 20). Anal. Calcd

water and ice-cold propan-2-ol. If it was neededrysallized
from propan-2-ol.

4.4.1. 1-(2-Oxocycloheptyl)ethane-1,1,2,2-tetracarbonitrile
(4c).Yield: 2.23 g (93%); mp 104-106 °C. IR (KBr): 2250701
cm®. 'H NMR (500.13 MHz, acetoneé): & = 1.47-1.55 (m, 1H,
CH,), 1.75-2.07 (m, 5H, (Ch)), 2.35-2.40 (m, 1H, CH), 2.59-
2.66 (m, 1H, CH), 2.81-2.87 (m, 1H, COCH 3.16-3.21 (m,

for C;aH1.BrNs: C, 53.81; H, 4.17; N, 14.48. Found: C, 53.88; H,1H, CH,CO), 3.98-4.02 (m, 1H, CHCO), 5.93 (s, 1H, CHCN).

4.19; N, 14.44.

4.3. General procedure for the preparation of 2-
iodocycloalka[b]pyridine-3,4-dicar bonitriles (3)

To the solution of 0.006 mol of the appropriateoket in 10
mL of 1,4-dioxane 0.64 g (0.005 mol) of TCNE and éL of
hydrochloric acid were added. The reaction mixtuiges at

MS m/z (%): 240 ([M], 8). Anal. Calcd for @H,N,O: C,
64.99; H, 5.03; N, 23.32. Found: C, 64.89; H, 5.0523!36.

4.4.2. 1-(2-Oxocyclooctyl)ethane-1,1,2,2-tetracarbonitrile
(4d). Yield: 2.41 g (95%); mp 134-136 °C. IR (KBr): 225,03
cm'. '"H NMR (500.13 MHz, acetoneé): & = 1.12-1.20 (m, 1H,
CH,), 1.57-2.21 (m, 8H, (Chl), 2.48-2.54 (m, 1H, C}), 2.76-
2.83 (m, 1H, CHCO), 2.89-2.99 (m, 1H, C}0O), 3.92-3.99 (m,

room temperature and after the disappearance of TCNEH, CHCO), 5.88 (s, 1H, CHCN). MS m/z (%): 254 {JM3).

(hydroquinone test) 3 mL of concentrated hydriodad was
added. Mixture heated to 60-70 °C and continuedrggi for 1-2
h (indicated by TLC). Precipitated crystals fili#ravashed with
water and propan-2-ol. Recrystallized from propawi-2-

4.3.1. 2-lodo-6,7-dihydro-5H-cyclopental b] pyridine-3,4-
dicarbonitrile (3a). Yield: 1.24 g (84%); mp 102-103 “€.IR
(KBr): 2235 cm'. 'H NMR (500.13 MHz, DMSQd6): & = 2.15
(quin,J = 7.7 Hz, 2H, CH), 3.06 (t,J = 7.7 Hz, 2H, CH), 3.10
(t, J = 7.7 Hz, 2H, CH). MS m/z (%): 295 ([M], 21). Anal.
Caled for GgHgIN3: C, 40.70; H, 2.05; N, 14.24. Found: C,
40.78; H, 2.06; N, 14.21.

4.3.2.2-lodo-5,6,7,8-tetrahydroquinoline-3,4-dicarbonitrile
(3b). Yield: 1.25 g (81%); mp 103-104 “€.IR (KBr): 2225 cm
' 'H NMR (500.13 MHz, DMSQd6): & = 1.77-1.84 (m, 4H,
2CH,), 2.84-2.87 (m, 2H, C}), 2.92-2.95 (m, 2H, Cjl. MS m/z
(%): 309 ([MT], 12). Anal. Calcd for GHgIN4: C, 42.74; H, 2.61;
N, 13.59. Found: C, 42.80; H, 2.61; N, 13.56.

4.3.3 2-lodo-6,7,8,9-tetrahydro-5H-cyclohepta[ b] pyridine-
3,4-dicarbonitrile (3c). Yield: 1.28 g (79%); mp 124-126 °C. IR
(KBr): 2231 cni. "H NMR (500.13 MHz, DMSGd6): & = 1.62-
1.69 (m, 4H, 2CH), 1.81-1.86 (m, 2H, C), 2.97-3.00 (m, 2H,
CH,), 3.08-3.11 (m, 4H, 2CHl MS m/z (%): 323 ([M], 97).

Anal. Calcd for GH,N,O: C, 66.13; H, 5.55; N, 22.03. Found:
C, 66.11; H, 5.54; N, 22.05.

45, General procedure for the preparation of gem-
dinitro  derivatives  2-halogenocycloalka[b]pyridine-3,4-
dicarbonitriles

To the 0.005 mol of 2-halogenocycloalkidyridine-3,4-
dicarbonitriles {-3) 5 mL of 60% nitric acid was added. Mixture
refluxed for 4-5 min then allowed to cool and dilliteith water.
Precipitated crystals were filtered and then washeldl wéter.

45.1. 2-Chloro-7,7-dinitro-6,7-dihydro-5H-
cyclopenta[ b] pyridine-3,4-dicarbonitrile (5a). Yield: 1.08 g
(74%); mp 104-105 °C. IR (KBr): 2243, 1575 ¢nfH NMR
(500.13 MHz, DMSQd6): & = 3.46-3.49 (m, 2H, C})l, 3.60-3.63
(m, 2H, CH). MS m/z (%): 247 ([M-46], 10), 249 ([M-46], 3).
Anal. Calcd for GH,CINsO,: C, 40.91; H, 1.37; N, 23.85.
Found: C, 41.00; H, 1.37; N, 23.81.

4.5.2.  2-Chloro-8,8-dinitro-5,6,7,8-tetrahydroquinoline-
3,4-dicarbonitrile (5b). Yield: 1.18 g (77%); mp 148-150 °C. IR
(KBr): 2245, 1561 ci. *H NMR (500.13 MHz, DMSQ6): & =
1.96-2.01 (m, 2H, C}), 3.19 (t,J = 6.4 Hz, 2H, CH), 3.23-3.26
(m, 2H, CH). MS m/z (%): 261 ([M-46], 13), 263 ([M-46], 4).



Anal. Calcd for GHsCINsO,: C, 42.95; H, 1.97; N, 22.76.
Found: C, 43.05; H, 1.98; N, 22.71.

45.3. 2-Chloro-9,9-dinitro-6,7,8,9-tetrahydr o-5H-
cyclohepta[ b] pyridine-3,4-dicarbonitrile (5c¢). Yield: 1.17 g
(73%); mp 185-187 °C. IR (KBr): 2235, 1554 ¢mH NMR
(500.13 MHz, DMSQd6): 6 = 1.78-1.82 (m, 2H, C}), 1.89-1.94
(m, 2H, CH), 2.97-3.00 (m, 2H, C}), 3.08-3.11 (m, 2H, CH\.
MS m/z (%): 275 ([M-46], 11), 277 ([M-46], 3). Anal. Calcd

5
1.92-1.97 (m, 2H, CH, 3.10 (t,J = 6.4 Hz, 2H, CH), 3.20-
3.23 (m, 2H, CH). MS m/z (%): 307 ([M-92] 11). Anal. Calcd
for Ci1HeINsO,: C, 33.10; H, 1.52; N, 17.55. Found: C, 33.17; H,
1.53; N, 17.51.

45.11. 2-1odo-9,9-dinitro-6,7,8,9-tetrahydro-5H-
cyclohepta[ b] pyridine-3,4-dicarbonitrile (7c). Yield: 1.73 g
(84%); mp 194-196 °C. IR (KBr): 2239, 1592 ¢mH NMR
(500.13 MHz, DMSQd6): 4 = 1.76-1.80 (m, 2H, C}), 1.87-1.92

for C,;HgCINsO,: C, 44.81; H, 2.51; N, 21.77. Found: C, 44.91;(m, 2H, CH), 2.88-2.91 (m, 2H, C}), 3.05-3.08 (m, 2H, C}).

H, 2.52; N, 21.72.

454, 2-Chloro-10,10-dinitro-5,6,7,8,9,10-
hexahydrocycloocta[ b] pyridine-3,4-dicarbonitrile (5d). Yield:
1.30 g (78%); mp 197-199 °C. IR (KBr): 2237, 1556 ¢ 'H
NMR (500.13 MHz, DMSQd6): 6 = 1.34-1.38 (m, 2H, C}),
1.81-1.85 (m, 4H, 2C}), 2.98 (t,J = 6.6 Hz, 2H, CH), 3.26-3.28
(m, 2H, CH). MS m/z (%): 289 ([M-46], 5). Anal. Calcd for

MS m/z (%): 321 ([M-92), 14). Anal. Calcd for GHgINsO,: C,
34.89: H, 1.95; N, 16.95. Found: C, 35.06; H, 1.9516!90.

45.12. 2-lodo-10,10-dinitro-5,6,7,8,9,10-
hexahydrocycloocta[ b] pyridine-3,4-dicarbonitrile (7d). Yield:
1.74 g (82%); mp 180-182 °C. IR (KBr): 2235, 1568c 'H
NMR (500.13 MHz, DMSQd6): & = 1.38-1.40 (m, 2H, C}),
1.79-1.85 (m, 4H, 2C}), 2.92 (t,J = 6.5 Hz, 2H, CH), 3.25-3.28

C1aH1CINgO,: C, 46.51; H, 3.00; N, 20.86. Found: C, 46.63; H,(m, 2H, CH). MS m/z (%): 381 ([M-46], 39). Anal. Calcd for

3.01; N, 20.81.

45.5. 2-Bromo-7,7-dinitro-6,7-dihydro-5H-
cyclopenta[ b] pyridine-3,4-dicarbonitrile (6a). Yield: 1.29 g
(77%); mp 135-137 °C. IR (KBr): 2246, 1589 ¢nfH NMR
(500.13 MHz, DMSQd6): 6 = 3.42-3.45 (m, 2H, C}), 3.59-3.62
(m, 2H, CH). MS m/z (%): 291 ([M-46], 29), 293 ([M-46],
30). Anal. Calcd for @H,BrNsO,: C, 35.53; H, 1.19; N, 20.72.
Found: C, 35.61; H, 1.20; N, 20.67.

4.5.6.2-Bromo-8,8-dinitro-5,6,7,8-tetrahydroquinoline-3,4-

Ci3H10INsO,: C, 36.55; H, 2.36; N, 16.40. Found: C, 36.62; H,
2.37; N, 16.36.
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(KBr): 2239, 1569 cm. 'H NMR (500.13 MHz, DMSQ46): 6 =
1.95-2.00 (m, 2H, C}), 3.15 (t,J = 6.4 Hz, 2H, CH), 3.23-3.25
(m, 2H, CH). MS m/z (%): 305 ([M-46] 21), 307 ([M-46],
20). Anal. Calcd for GHBrNsO,: C, 37.52; H, 1.72; N, 19.89.
Found: C, 37.61; H, 1.73; N, 19.84.

45.7. 2-Bromo-9,9-dinitro-6,7,8,9-tetrahydro-5H-
cyclohepta[ b] pyridine-3,4-dicarbonitrile (6¢). Yield: 1.15 g
(63%); mp 172-174 °C. IR (KBr): 2241, 1564 ¢nfH NMR
(500.13 MHz, DMSQd6): 5 = 1.77-1.81 (m, 2H, C}), 1.88-1.93
(m, 2H, CH), 2.96-2.99 (m, 2H, C}), 3.07-3.10 (m, 2H, CH.
MS m/z (%): 319 ([M-46], 18), 321 ([M-46], 17). Anal. Calcd

for Ci.HgBIN:O,: C, 39.37; H, 2.20; N, 19.13. Found: C, 39.46; Tetrahedron,

H, 2.21; N, 19.08.

4.5.8. 2-Bromo-10,10-dinitro-5,6,7,8,9,10-
hexahydrocycloocta[ b] pyridine-3,4-dicarbonitrile (6d). Yield:
1.16 g (61%); mp 187-188 °C. IR (KBr): 2238, 1567 'c 'H
NMR (500.13 MHz, DMSQd6): & = 1.36-1.40 (m, 2H, C}),
1.81-1.86 (m, 4H, 2C}), 2.98 (t,J = 6.5 Hz, 2H, CH), 3.27-3.29
(m, 2H, CH). MS m/z (%): 333 ([M-46], 24), 335 ([M-46],
24). Anal. Calcd for gH;BrNsO4: C, 41.07; H, 2.65; N, 18.42.
Found: C, 41.16; H, 2.67; N, 18.37.

45.9. 2-lodo-7,7-dinitro-6,7-dihydro-5H-
cyclopenta[ b] pyridine-3,4-dicarbonitrile (7a). Yield: 1.59 g
(83%); mp 197-198 °C. IR (KBr): 2241, 1589 ¢mH NMR
(500.13 MHz, DMSQd6): 4 = 3.37-3.40 (m, 2H, C}), 3.55-3.58
(m, 2H, CH). MS m/z (%): 339 ([M-46], 23). Anal. Calcd for

University.
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