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Abstract—exa-5-Aminomethylende5-methylbicyclo[2.2.1]hept-2-ene and its 2,3-epoxy derivative were
synthesized, and their geometric parameters and conformational properties, in particular the barriers to rotation
of the aminomethyl fragment about the exocycli€-G bond, were studied by the molecular-mechanics
method (MMX) and compared with those found for structuraéiatedexo5-aminomethylbicyclo[2.2.1]hept-

2-ene. The title compounds were brought into reactions with electrophilic reagents: arenesulfonyl chlorides,
isocyanates, and isothiocyanates.

Increased interest in the chemistry of amineswe synthesized derivatives oéxa5-aminomethyl-
sulfonamides, carboxamides, and urea derivativesnde5-methylbicyclo[2.2.1]hept-2-enell() (which
containing polycyclic fragments is explained bywas described previously [7]) and its 2,3-epoxy analog
a wide spectrum of valuable pharmacological prodll which are structurally related to aminia.
perties intrinsic to these compounds [1]. New efficient  The stereoselective Dielslder reaction of cyclo-
antidiabetic drugs [2] and thromboxane antagonists [3)entadiene with methacrylonitrile [8] gave nitril/
were found among derivatives of bicyclic amines.as a single sterecisomer. Its properties coincided with
Arenesulfonamides derived from stereoisomesi®  those of a sample described previously. The IR spec-
and ende5-aminomethylbicyclo[2.2.1]hept-2-enda  trum of IV contained absorption bands at 2224 and
andllb were shown to exhibit neurotropic and anti-1564 cm?, corresponding to stretching vibrations of
phlogistic activity [4, 5]. The kind and magnitude of the cyano group and €C bond of the norbornene
biological effect strongly depend on both orientationfragment [9]. By reduction oflV with lithium
of substituent ¢xo or endq in the bicyclic fragment aluminum hydride in dry ether we obtained amie
and nature of substituent in the benzene ring [6](Scheme 1) which showed in the IR spectrum bands
Taking into account that the contributions of substittypical of stretching vibrations of NH bond (3348
uents in different positions of the norbornene fragmenind 3274 cm') and stretching (3042 cm and
to biological activity were not studied up to now, bending vibrations (726 Cfﬁ) of =C—H bond [4, 5].

CompoundIll was synthesized by oxidation of

nitrile 1V with peroxyphthalic acid, followed by
/ CH,NH, ] reduction of epoxy nitrileV with lithium aluminum
hydride under the same conditions as in the synthesis
CH,NH, of Il. The IR spectra of epoxy derivativdd and
Ia Ib V contained strong absorption bands in the region
850-848 cn?, corresponding to vibrations of the
0 C-0 bonds in molecules of epoxynorbornanes, and in
7 CH,NH, CH,NH, the region 30303020 cm?, due to G-H bonds in the
three-membered rings [4, 9]. The cyano and amino-
CH; CH, methyl groups in compoundldl andV give rise to
1 1 IR bands at 2227 and 3308200 cm?, respectively.
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Scheme 1.
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The 'H NMR spectral parameters of indicate the group to C and that conformeB is the most favor-
presence of an oxirane ring 8.15 ppm) and methyl able for all the examined amines.
group ¢ 1.45 ppm). We compared the strain energies and geometric
The structure of amined andlll was not studied parameters of the most stable conformers of amines
previously. Structurally relatecexcamine la was 1a, I, andlll (Table 2). The presence of a methyl
examined in [10] by the molecular-mechanics metho@roup on € strongly increases the strain energy due
(MMX) [11]; these results were used for comparisonmainly to the contributions of torsion strain and van
with those obtained in the present work for aminegler Waals interactions. According to the calcula-
Il and lll . Amines|-lIl possess a conformationally tions, the cyclohexane ring (which is a base fragment
labile aminomethyl moiety which suffers an influence©f the bicyclic skeleton) becomes more flattened
of the bulky carbon skeleton. Conformation of thewhen the methyl group occupies tfendeposition
molecule can strongly affect the chemical and pharmgthe C'C*C® angle increases, and the’@C’ angle
cological properties of the amines. Figure shows thdecreases. Decrease of théCBC® angle under the
change in the total steric energy (TSE) on variatiorinfluence of the methyl group should also be noted.
of the torsion angle tC°C®N due to rotation of the ~ The transformation of the %&C2 bond into oxirane
aminomethyl fragment about the bond linking thering (compoundlll ) is accompanied by considerable
carbon atoms of the aminomethyl group and bicyclicchange of the carbon skeleton structure, as compared
skeleton. There are three minima on the plots, whictto aminell . In particular, additional flattening of the
correspond to favorable conformations of moleculesarbon skeleton occurs (the’C*C® angle increases),
la and Il. The energy parameters of different con-and the meth)/Iene bridge declines from the oxirane
formations of moleculeta, Il , andlll and the corre- ring (the CC*C’ angle increases, and the’@cC’
sponding rotation barriers are given in Table 1. It isangle decreases).
seen that the barrier to rotation about the-C® bond The reactivity of amines toward electrophiles is
considerably increases on introduction of a methytletermined by their nucleophilicity. The nucleophilic

Table 1. Torsion angles @C°C8N (deg) in stable conformers, B, and C of aminesla, I, andlll and their energy
parameters and rotation barriers (kJ/mol)

Compound| -~ tormer | cAcSCEN angle| Total steric energy | Heat of formation Rotation barrier
no. A-B-C-A
la A 62.4 114.68 82.59 17.30

B -178.3 114.06 81.92 23.07
C -58.1 120.29 88.16 13.95
] A 63.1 124.93 56.36 22.18
B -176.6 124.68 56.15 24.27
C -54.1 129.82 61.29 18.03
1] A 60.8 161.08 -54.68 21.51
B -175.5 161.46 -54.31 22.97
C -56.2 167.67 -48.07 15.94
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_ Scheme 2.
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Some ureas and thioureas derived from amline
were described in [7]. These include products of reac-
tions with m-chlorophenyl isocyanate, cyclohexyl

isocyanate, phenyl isothiocyanate, anehaphthyl

grsgtliorﬁglteez Ogrs\:?(')'lg‘?y Ogythge;?é?ﬁg?ﬂeg; Ziréistumﬁgothiocyanate. In the present work we examined the
chemical calculations [7]. The proton affinities of reactions ofll with phenyl isocyanate, methyl iso-

compoundsla, 11, and Il are 691.15, 702.16, and cyanate, and benzyl isothiocyanate (Scheme 3). Epoxy

684.84 kJimol, respectively [7]. Variation of this 2Minelll was converted into sulfonylurexIV by
parameter corresponds to change of electron densiE action with p-tolylsulfonyl isocyanate in benzene
on the amino group nitrogen atom due to electrontoChéMe 4). Table 3 contains the yields, melting

donor effect of the methyl group and electron-acceptoP©iNts: Ry values, IR spectra, and elemental analyses
effect of the oxirane o&y%enpatom. P of compoundsVI-XIV . In the IR spectra of sulfon-

: . . ... amidesVI-X andXIV we observed absorption bands
Aminesll andlll were brought into reactions with . : ~1
some electrophilic reagents: arenesulfonyl chloride In the regions 1351310 and 11801160 cm due

. . . . stretching vibrations of the SGyroup. Stretching
isocyanates, and isothiocyanates. The reactions %9 . .
amine Il with a number of arenesulfonyl chlorides vibration bands of the NH bond appeared in the

: : region 33703300 cm®. The IR spectra of ureas
gave sulfonamided/I-X (Scheme 2). The reactions ,
were carried out with equimolar amounts of the react-cOntaln bands at 1640620, 15651555, and 1245

1 - . . -
ants under vigorous stirting in a two-phase systenf22> ST . belonging to stretching vibrations of the
(etherwater) in the presence of alkali. carbonyl group, bending vibrations of the-id bond,

and stretching vibrations of the-N bond. It was

iUl . 1 X !
Table 2. Calculated energy and structure parameters oglc)écéi;otgo agﬁﬁno\?vli)r?grego?hgag?:selrs]c';heofrigdgn

Plots of the total steric energy of conformers of compounds
(1) 1a and @) Il versus the torsional angle’CC®N.

compoundsla, I, and il unsaturated fragments, strained double bond and
aromatic ring. Informative absorption bands are those
Parameter la ! . observed at 72510 cm; they were assigned to
Strain energyE 98.63 | 106.36 | 210.33 bending vibrations of theC—H bonds in the norpor-_
k3/mol S nene fragment. The IR spectrum of epoxy derivative
C2—C3 bond length, A 1338 | 1338 | 1.514 XIV lacks absorptloln at 3040 ¢h but bands at 3020
Bond angle, deg and 308063060 cm~ are present. The flrst of t_hese
c3cAch 1062 | 1079 | 1090 Pelongs to the €H bonds of the oxirane ring.
c2clce 1022 | 1026 | 101.0 However, the most characteristic band is that corre-
c5cAc? 08.5 078 | 1041  sponding to stretching vibrations of the oxirane-G
c3cAc? 107.8 | 1082 | 107.7 bond, which appears at 857 tmAlso, bands at 3380,
c4c5ch 1025 | 1015 | 101.1  Were present, which belong to vibrations of the urea
C4C5C8 112.8 110.4 110.7 and Sulfonyl fragments.
Torsion angle, deg Table 4 gives théH NMR spectral parameters of
c*cocsct 31| -21| -09 sulfonamideVl; the data for knownN-(m-chloro-
cicicct 05| -1.0| -2.6 phenylcarbamoylpxo5-aminomethylende5-methyl-

bicyclo[2.2.1]hept-2-ene XV) [7] and the closest
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Scheme 3.
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analog ofVI containing no methyl groug\-(p-nitro-  effect of the exocycli@ndeC®~CH, bond. The same
phenylsulfonyl)exo-2-aminomethylbicyclo[2.2.1]- factor is likely to be responsible for increased non-
hept-2-eneXVI) [4], are also given for comparison. equivalence of 2-H and 3-H in molecWld, as com-
pared to sulfonamidexVl.

H We also examined pharmacological properties of
< § exo-5-(p-nitrophenylsulbnylaminomethyl)ende5-
2 CHNHCONH methylbicyclo[2.2.1]hept-2-ené/() and compared its
CH, activity with that of analogXVI [4] which has no

5-methyl group. The results suggest similar mecha-
nisms of the neurotropic activity of these compounds.

Ab/CHZNHsof@fNOZ EXPERIMENTAL

XVI The IR spectra were recorded on a Specord 75IR
spectrometer in the range from 4000 to 4007tm

CompoundsVI and XV showed in the'H NMR  samples were prepared as KBr pellets. 'F‘thMR
spectra resonance signals from protons at the doubf®ectra were obtained on a Varian VXR-300 instru-
bond ¢ 6.00-6.13 ppm) and methyl proton$ 0.98 ment from solutions in CDGl or DMSO-g using
and 0.84 ppm). The signals from protons &t &e HMDS or TMS as mte_rnal reference. The progress of
anisochronous, for the atoms neighboring to the chirdleactions and the purity of products were monitored
C® center are diastereotopic. A considerable differencBy TLC on Silufol UV-254 plates with ether as eluent;
in the chemical shifts of 1-H and 4-H is likely to chromatograms were developed with iodine vapor.
result from the magnetically anisotropic effect of the endo5-Methylbicyclo[2.2.1]hept-2-enexo-5-
exocyclic &—C8® bond, which leads to shielding of carbonitrile (V) was synthesized by the procedure
4-H (the C'—H bond is parallel to &-C8, and these reported in [8]. Yield 54%, bp 9%6°C (22 mm),
bonds are spatially close to each other). The signalmp 55-56°C; published data [8]: mp 449°C. IR
corresponding to protons of the methylene bridgespectrum,v, cmt: 2224, 1564.

(syn7-H and anti-7-H) were assigned, taking into  exo-2,3-Epoxy-endo5-methylbicyclo[2.2.1]-
account additional splitting of one of these (upfield)heptane-exo-5-carbonitrile (V). To a mixture of
due to coupling withende6-H, J = 2.2 and 2.5 Hz, 2.98 g (0.02 mol) of compountV, 4.5 g of acetic
respectively \V-coupling). anhydride, and 4 g of sodium hydrogen carbonate in

Analysis of the'H NMR spectra of compoundg¢l 10 ml of diethyl ether we added dropwise with stirring
and XVI shows that the presence of the angulad.5 g of 90% hydrogen peroxide, maintaining the
methyl group on € leads to displacement of the temperature at 280°C. When the reaction was
exo6-H and ende6-H signals owing to anisotropic complete (TLC), the mixture was neutralized with

XV
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Table 3. Yields, melting points,R; values, IR spectra, and elemental analyses of compodfidXIV

Found, % Calculated, %
Formula
C H N C H N

Comp/| Yield,
no. %

IR spectrum,
v, Cm_1

mp, °C | R

VI | 75.8| 116-117.4 0.49 |3372, 3040, 1624,56.01 | 5.57 | 8.68 |C;cH,gN,O,S | 55.88 | 5.63| 8.69
1450, 1350, 1187,
852, 724
VIl | 71.8| 111112 | 0.66 |3348, 3029, 1570, 50.05 | 4.75 | 11.50 |C;sH,;/NsOS | 49.04 | 4.67 | 11.44
1348, 1151, 714
VIl | 69.1]101.5-103 | 0.18 |3345, 3030, 1560,57.15 | 6.01 | 8.38 |C;gH,oN,O,S | 57.12| 5.94| 8.33
1345, 1149, 718
IX |60.5| 113-115 | 0.52 [3340, 3029, 155§,62.18 | 6.59 | 4.30 [C;gH,oFNO,S | 62.11 | 6.52| 4.55
1334, 1150, 712
X 84.6 | 146-147 | 0.53 [3350, 3065, 157(,57.79 | 5.90 | 4.53 [C;cH,gCINO,S | 57.77 | 5.82 | 4.49
1320, 1160, 725
Xl | 63.5| 181-182 | 0.90 3300, 3040, 1625,74.90 | 7.95 | 10.73 | C1gH,N,O 74.96 | 7.86 | 10.93
1600, 1560, 1230,
721
XIl | 70.1| 240-242 | 0.48|3310, 3050, 163(,76.49 | 8.65| 9.48 |C;gH.eN,0 76.47 | 8.78 | 9.39
1562, 1241, 719
Xl | 75.9| 160-162 | 0.49 |3298, 3055, 166§,71.28 | 7.71| 9.75 |C;H.N,S 71.31| 7.75| 9.79
1510, 1330, 1230,
712
XIV | 73.6| 98100 | 0.59 3380, 3280, 1650,58.37 | 6.37 | 8.06 |C;;H,N,0,S | 58.29 | 6.29 | 8.00
1600, 1540, 1340,
1230, 1160

a saturated solution of sodium hydrogen carbonatestirring to a mixture of 0.14 g (0.01 mol) of amirig,

the organic layer was separated, the aqueous layer wa8 ml of ether, and 2 ml of 20% aqueous sodium
washed with ether, and the organic phases were corhydroxide. When the reaction was complete (TLC),
bined, dried, and evaporated. Yield 90%, mp 130 the organic layer was separated, dried over calcined
132°C. IR spectrumy, cmt: 3035, 2227, 848. The magnesium sulfate, and evaporated. The products
data were consistent with those given in [12]. were purified by recrystallization (Table 3).

exa5-Aminomethylende5-methylbicyclo[2.2.1]- exo-5-(N-Arylureidomethyl)- endo-5-methylbi-
hept-2-ene I{) was synthesized by the procedurecyclo[2.2.1]hept-2-enes XI and Xll andexo5-(N*-
described in [7]. Yield 71%, bp 887°C (30 mm). IR benzylthioureidomethyl)-endo-5-methylbicyclo-
spectrum,v, cmi: 3348, 3274, 3042, 1568, 1252, 2.2 1]hept-2-ene (XIII) (general procedure A solu-
726. The data correspond to those given in [7]. tion of 0.14 g (0.01 mol) of amindl in 5 ml of

exo-5-Aminomethyl-exo-2,3-epoxyendo5- benzene was added to a solution of 0.01 mol of ap-
methylbicyclo[2.2.1]heptane (Ill) was prepared by propriate aryl isocyanate or benzyl isothiocyanate in
analogy to aminél [7], by reduction of epoxy nitrile 5 ml of the same solvent. When the reaction was
V with lithium aluminum hydride in dry ether. Yield complete (TLC), the precipitate was filtered off,
76%, bp 7375°C (4 mm). IR spectrumy, cnl:  washed with benzene on a filter, dried, and recrystal-
3322, 3260, 3058, 1560, 1220, 854, 712. Found, Uized from benzene (Table 3).
N 8.95. GHsNO. Calculated, %: N 9.15. exo-2,3-Epoxy-endo5-methyl-exo-5-(N-p-tolyl-

exo-5-(Arylsulfonylaminomethyl)-ende5-methyl-  sulfonylureidomethyl)bicyclo[2.2.1]heptane (XIV).
bicyclo[2.2.1]hept-2-enes VX (general procedure A solution of 0.2 g (1.31 mmol) of compouridl in
A solution of 0.01 mol of appropriate sulfonyl 3 ml of benzene was added to a solution of 0.22 g
chloride in 10 ml of ether was added dropwise with(1.31 mmol) of p-tolylsulfonyl isocyanate in 3 ml
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Table 4. 'H NMR spectra of compound¥, VI, XV, and XVI

1569

Comp. Chemical shiftsd, ppm, and coupling constant Hz
MO 1 1.4 | 2H, 3H | 4H | exo6-H | endo6-H 7-H | 8-Ha 8-Hg | CHy | NH | Harom
Y% 3.15 2.25, 1.30, - 1.45 -
2Jg6 = 13.0,/43, = 2.3
3Jg1 = 3.8
VI 2.78 (6.13,6.00, | 2.61 1.54, 0.87, |1.26,1.43,(3.20, 3.06| 0.98| 7.79 |8.27, 8.03
3),3=57, J66— 11.8,|%, = 2.2 |23, ,=8.8 |25 = 13.8
J,q1 = 3.2, 3%.1 = 3.8
3334=29
XV |2.74611,602, | 242 1.37, 0.75, |1.37,1.56,|3.33, 3.27,| 0.84| 7.59, |7.35, 7.14
323 = 5.6, J66— 11.8,|%7 = 2.5 |23, ,=7.9 [2Jg5 = 13.0 5.72
%3,, = 3.01, 3J1 = 3.9
83, =301
XVI | 2.74|599,5.94, | 253 | ~1.20 101, |1.28, 1.14,3.02, 2.90, | - - |8.31, 8.00
J23—56 J66—117 2),,=10.0 J88—26
%3,, =33, 35 = 3.7 38A5-59
83, =37 3Jgg5 = 6.3
of benzene. When the reaction was complete (TLC),5. Kasyan, L.l., Sereda, S.V., Potekhin, K.A., and

the precipitate was filtered off, washed with benzene
on a filter, and dried. The product was recrystallized
from isopropyl alcohol (Table 3).
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