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Abstract—Reactions of stereochemically pure bicyclo[2.2.1]hept-5-en-exo- and endo-2-ylmethylamines with
bicyclo[2.2.1]hept-2-ene-5-carbonyl chlorides gave the corresponding carboxamides having two norbornene
fragments. Their conformations and steric strains were studied by the MM2 molecular mechanics method, and
electron density distribution in their molecules was determined by PM3 quantum-chemical calculations. The
results of calculation of the energy of activation for epoxidation of the dienes in the gas phase and in solution
(COSMO) showed that chemoselective oxidation of only one double bond therein is impossible. The
corresponding diepoxy derivatives were synthesized by oxidation of the dienes with peroxyacetic acid; the
oxidation of amides with endo orientation of the carbonyl group was accompanied by heterocyclization with
formation of exo-2-hydroxy-4-oxatricyclo[4.2.1.0*"Jnonan-5-one. Reduction of the amides and their epoxy
derivatives with lithium tetrahydridoaluminate afforded the corresponding secondary amines possessing two
cage-like fragments; the reduction products were functionalized at the nitrogen atom by treatment with
p-nitrobenzenesulfonyl chloride and p-toluenesulfonyl isocyanate. The structure of the prepared compounds
was confirmed by the IR and *H and **C NMR spectra.

Among al bi- and polycyclic compounds, amides
of the norbornene and norbornane series have been
studied most thoroughly [1]. Despite vast experimental
data accumulated in this field, a considerable part of
them was obtained by studying mixtures of stereoiso-
meric compounds. Amides having cage-like fragments
are synthesized from both norbornenecarboxylic acids,
in particular compounds la and Ib and their saturated
analogs, and cage-like amines, e.g., Ilaand |1 b.
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N-Aryl- and N-alkyl-substituted amides derived
from bicyclic acids la and Ib were described pre-

viously [2], and their reduction [3], hydrolysis [4], and
epoxidation with peroxy acids [5] were studied.
N-Acy! derivatives of bicyclic aminesllaand |1b were
synthesized by the action of acyl chlorides [6, 7] and
anhydrides [8]; in addition, their stereochemical
behavior [9], akylation [10], reduction [6, 7], and
epoxidation [9] were reported.

Various amides were tested for biologica activity
[1]; unsaturated amides in which the amino group is
attached directly to the bicyclic skeleton were studied
most extensively. Compounds I11a (n =1, 2; R*, R* =
H, lower akyl groups, R'R?N = 1-pyrrolidinyl) and
their analogs with a double bond in the bicyclic
skeleton or substituents in positions 1 and 7 were
found to exhibit antiarrhythmic activity [11]. Nor-
bornane derivatives I11b showed no antiarrhythmic
acitivity but exhibited pronounced hypnotic properties
[12]. Antiarrhythmic, hypoglycemic, and hypotensive
activity was found for amide |llc possessing two
bicyclic fragments [13].

Unlike N-acyl derivatives of cage-like amines, nor-
bornene- and norbornanecarboxamides exhibit anticon-
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vulsant effect [1]. Comparison of biological activity of
exo and endo isomers of amides by pentetrazole test
revealed a persistent favorable therapeutic index for
the endo stereoisomers which turned out to be less
active [14]. Taking into account high biological
activity of both groups of cage-like amides and indis-
putable importance of the stereochemical factor for
biological activity, we have synthesized amides Va—Vd
from stereochemically pure bicyclo[2.2.1] hept-5-ene-
exo- and -endo-2-carboxylic acids la and Ib and
bicyclo[2.2.1]hept-5-en-exo- and -endo-2-ylmethyl-
aminesllaandI1b.

C "NHCO(CH,),NRR?

llla b
CIJOMe
N

lllc

NHCOCH,NR,

Initial acids la and Ib and amines I1a and I 1b were
prepared from the corresponding individua stereoiso-
mers of bicyclo[2.2.1]hept-5-ene-2-carbonitrile which
is a Diels-Alder adduct of cyclopentadiene and acrylo-
nitrile. The stereoisomers were separated by fractional
distillation [15]. Amines |1a and I1b were synthesized
by reduction of bicyclic nitriles with lithium tetra-
hydridoaluminate [16], and mild hydrolysis of the
same nitriles afforded acids la and Ib. For the syn-
thesis of acyl chlorides IVa and Vb we selected con-
ditions which prevented isomerization of the products
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[17]. Cross reactions of stereoisomeric carbonyl
chlorides IVa and Vb with amines I1a and I1b were
carried out in chloroform in the presence of triethyl-
amine under standard conditions for preparation of
amides|[6, 7, 9].

The structure and conformational behavior of
amides Va—Vd were studied by the MM2 molecular
mechanics method [18]. Molecules Va—Vd contain
conformationally labile groups which undergo steric
effect of two bulky rigid bicyclic fragments. The
optimal conformations of molecules Va—Vd were
determined by analysis of the tota steric energy upon
variation of the torsion angle C*C°C®N (for atom num-
bering, see structure Va) via rotation of the amino-
methyl fragment about the C>—C? bond. In addition,
rotation about the NH-CO and C(O)-C° bonds was
examined. The results of MM2 calculations revealed
syn orientation of the two methylene bridges in mole-
cules Vb and Vd (with endo-carbonyl group) and anti
orientation of the CH, bridgesin isomers Va and Vc.

The calculated tota steric energies of amides Va—
Vd were 205.86, 199.00, 199.81, and 198.58 kJ/mol,
respectively, and the corresponding strain energies
were 191.3, 184.2, 185.1, and 183.8 kJ/moal. It is seen
that the strain energy dlightly decreases in the series
Va > Vc = Vb > Vd; this means insignificant energy
preference of the amides with endo orientation of the
carbonyl group, presumably due to smaller contribu-
tion of the torsion strain to the total strain energy of
amides Vb and Vd. The main contribution is that
originating from distortion of bond angles (143.59-
148.56 kJ/mol).

The IR spectra of amides Va—\Vd contain absorption
bands in the regions 1661-1628 (vC=0, amide I) and
1570-1553 cm™ (8N—H, amide 1) [19]. Stretching
vibrations of the N-H bond give rise to absorption at
3278-3267 cm™, and unsaturated bicyclic fragments
are characterized by absorption bands at 3060—3030
(vC—H) and 720-705 cm* (3C—H). The band corre-
sponding to stretching vibrations of the double C=C
bond is overlapped by weak bands belonging to
bending vibrations of the N-H bond; The vC=C fre-
quency changes to 1575-1550 cmi ™ due to steric strain
in the norbornene fragment [20].

The different steric structures of amides Va—Vd are
reflected in their '"H NMR spectra (Table 1). For each
compound, signals from protons in the acid and amine
moieties are given. The spectral patterns are fairly
complex, for the chemical shifts of the corresponding
protons in the two norbornene fragments are very
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AMIDES CONTAINING TWO NORBORNENE FRAGMENTS.

Table 1. *H NMR spectra of compounds |1a, I1b, Va-Vd, Vla, and VIb

1417

Chemical shifts 3, ppm, and coupling constants J, Hz
C?]E,np' Fragment Syn-7-H, NH,
- 1-H,4-H | 2-H,3-H | 5-H exo-6-H endo-6-H anti-7-H 8-Hp, 8-Hg (NH)
lla | Amine |2.73,259]|5.96,6.03| 1.35 1.14 1.04 1.14,1.22 2.65 1.13
%J23=6.0, 2Jeo6.en006 = 11.3, | *endos,5 = 3.6
3),,=28, 361 = 8.0
33:,=28
b | Amine |2.81,2.72]|5.86,6.07| 2.03 1.75 0.42 1.37,1.18 237,229 121
232,3 =58, ZJ%o.e,endo.e =114, *Jendoss =41, |[Ignaniz = 7.9 ZgSA,SB =122,
Jzyl = 28, J@(o—6,5 = 92, Jendo-G,syn-7 =26 JgAy5 = 73,
%3:4=30 3eos1=39 3Jep5=8.2
Va | Amine |2.84,261| 6.07 1.93 1.36 117 1.36 3.30 5.62
2J@<o—6, endo-6 = 1201
eooes=7.8
Acid 2.92 6.15 2.00 1.55 1.27 1.36, 1.73 -
2Jero-6,endo6 = 12.0 2Jynt,ani-7 = 8.1
Vb | Amine |292,283| 6.14 1.93 1.35 1.15 1.23,1.44 3.25 5.56
2J@<o—6, endo-6 — 120 2‘-]syn—7, anti-7 = 85
Acid 2.92,258(6.24,5.96| 1.98 154 1.35 1.35, 1.74 -
Zaego.e, endos = 11.8, 2Jsn,ani-7 = 8.9
SJexo-G,S =8.6,
\]exo-B,l =43
Vc | Amine 281 |[6.16,5.96| 2.20 1.84 0.54 1.42,1.27 2.95,3.03 |561
232,3 =3.0, 2J@3<0—6,endo—6 =12.6,| *Jemdoss = 3.0, 2szn-7,anti-7 =81 zgSA,SB =135,
Jzyl = 24, J@(O—G,S = 90, Jendo-G,syn-7 =22 JgAy5 = 72,
3334=27 *Jeos1= 3.9 3Jeg5= 5.7
Acid 288 |[6.14,6.11| 1.99 1.89 1.33 1.30, 1.69 -
2‘-]syn—7, anti-7 = 8.3
vd | Amine |2.84,2.74(6.09,5.91 | 2.15 1.78 0.49 1.66, 1.24 3.17 5.55
2Jexo-6, endo6 = 11.3
Acid 3.07,2.85(6.17,5.87 | 1.90 1.90 1.08 1.28,1.17 -
2Jex0-6, endo-6 — 11-51 2‘-]syn—7, anti-7 = 82
o065 =39
Vla | Acid 2.88,2.85|6.06,6.01| 1.95 1.27 1.88 1.32, 1.68 4.39,4.34% | 5.79
jaz,s =55, Zaego.e,endo.e =111, 43de0.6,5 =37, [Yynrani7 =84
\]2’1 = 30, Jexo-G,S = 85, Jendo-G,S/n-7 =37
33:4,=30 ew61=25
Vib | Acid 2.92,3.16 6.23,5.98| 2.91 1.93 1.41 1.46, 1.29 4.43,4.35% | 6.02
2J@<o—6, endo-6 — 1281 3‘-]endo-G,S = 4-01 2‘-]syn—7, anti-7 = 79
:;‘JB(O-G,S = 9-41 Jendo—G,syn-7 = 27
Jexo-ﬁ,l =38

& Benzyl CH, group.

similar. The signals were assigned using the *H NMR
data for initia amines Ila and I1b. Two-dimensiona
"H—{*H} NMR spectra were recorded for endo isomer
Ilb and related N-arylamides [6, 7]. As models of
the carbonyl-containing fragments we used specially
synthesized amides Vla and VIb for which two-

dimensional *H—-{'H} and *C—{'H} NMR spectra
were recorded. As follows from the datain Table 1, the
amides with exo-oriented substituents in both amine
and acid fragment are characterized by more similar
chemical shifts of protons at the double bonds (2-H
and 3-H), while endo orientation of the substituents
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differentiates these protons, the greater difference
being observed for protons in the acid fragment. The
isomers can be identified by the position of the 5-H
signal: the exo-5-H protons (endo isomers) resonate in
a weaker fidd (A3 = 0.5 ppm) than endo-5-H (exo
isomers). This difference originates from magnetically
anisotropic effect of the carbon—carbon bonds in the
bicyclic moieties. endo Orientation of the amine frag-
ment unambiguously follows from the position and
multiplicity of the endo-6-H signal which appears in
the spectrum of amide V¢ as an octet at 5 0.54 ppm
[ZJendo—G,exo—G = 12-61 3~]endo—6,5 = 3-0; 4~]end0—6,s.yn—7 =22Hz
(W-coupling)]; an analogous pattern is observed in
the spectra of I11b and Vd. Undoubtedly, the upfield
position of the above signa is determined by mag-
netically anisotropic effect on the C>~C® bond in the
endo-amine and its derivatives. No such effect is
observed for the carbonyl-containing fragments of
the amides (cf. *H NMR spectral data for compounds
Vb and Vd).

Amides Va-Vd are polyfunctional compounds in
which the double bonds are influenced by electron-
acceptor carbonyl group and weakly electron-donor
aminomethyl group. In order to elucidate the pos-
sibility for chemoselective epoxidation of only one
of the double bonds we performed [21] quantum-
chemical calculations of the energies of occupied

KASYAN et al.

molecular orbitals (OMO) of amides Va-Vd and
contributions of atomic orbitals to the OMO using
the PM3 semiempirical method. The results are sum-
marized in Table 2. It is seen that in al cases the
HOMO is localized mainly on the amide nitrogen and
oxygen atoms. The olefinic C* and C® atoms contribute
mainly to the 11-OMO and 111-OMO whose energies
are very similar. The small contribution of these atoms
in the acid fragment of Vd is explained by distribution
of the corresponding atomic orbitals over IV-OMO—
VII-OMO. According to the obtained results, the reac-
tivities of the double bonds do not differ appreciably.

Table 2 also contains the calculated (COSMO [23])
energies of activation (AH”) for epoxidation of amides
Va-Vd at both double bonds in the gas phase and in
solution. The activation barriers were calculated rela-
tive to the sum of the enthalpies of formation of the
initial reactants; vibration frequencies were calcul ated
for each stationary point. Transition states were charac-
terized by a single imaginary frequency, while fre-
quencies for the initial reactants and products (minima
on the potential energy surface) were positive. The
structures of the trangition states are smilar to those
determined previoudy for epoxidation of substituted
norbornenes [24]. As follows from the datain Table 2,
the energies of activation for reactions at both olefinic
fragments are similar; therefore, their chemoselective
transformation seems to be impossible. Taking into
account these results, epoxidation of dienes Va—Vd
was performed with excess oxidant to obtain com-
pounds containing two epoxy rings. The reactions were
carried out with peroxyacetic acid which was prepared
in situ from acetic anhydride and 70% hydrogen
peroxide; the amide—acetic anhydride—hydrogen per-

Table 2. Calculated energies of occupied molecular orbitals (Eomwo, €V), contributions of particular atomic orbitals to OMOs,
and energies of activation (AH?, AHZ,., €V) for epoxidation of amides Va-Vd

Comp. no.| Fragment | Epomo, €V Eomo, €V Contributions to OMO, % AH? AHZLy
Va Amine -9.53 [11-OMO, —10.04 C? 39.73; C°,40.84 14.71 11.30
Acid 11-OMO, —9.97 C?, 41.15; C3, 40.66 15.83 11.42
Vb Amine -955 [1-OMO, —9.94 I, C? 3227, C3, 32.34 14.42 11.35
11, C? 7.03; C3 7.26

Acid 111-OMO, —-9.99 I1: C? 8.21; S, 8.38 15.74 12.39

I1: C? 33.13; %, 33.13
Ve Amine -954 [1-OMO, —9.91 C?,39.82; C°, 40.11 14.79 10.69
Acid [11-OMO, =10.05 | C? 43.37; C3, 40.93 14.58 11.14
vd Amine -9.41 111-OMO, —9.95 C?,40.11; C3, 40.16 14.71 11.38
Acid [1-OMO, —9.86 C? 3.93; C3 3.27 14.22 11.75
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oxide molar ratio was 1: 3: 3, and chloroform was used
as solvent.

Unlike the data of [5], the only or major oxidation
products were bis-epoxy derivatives VIla-VIId. Com-
pounds Vlla and VIlc were isolated as crystalline
substances, and their isomers VI1b and VI1d were oily
liquids. The latter were subjected to chromatographic
purification on silica gel; as a result, from amide Vb
we obtained 60.5% of epoxide VIIb and 10% of
lactone VIII, and from amide Vd, 57.4% of epoxide
VIId and 7.3% of lactone VI11. The *H NMR spectra
of the crude products obtained by oxidation of amides
Vb and Vd also showed the presence of lactone VII1.

7 7
O\Zzb\ wo kb\ I
2 N 4 N

3 5 H 5 3 H

o}
Vila Vilb
O, O
N N
H H
(0]
Vlilc Vild
HO
O
(0]
Vil

In the recent years, numerous examples of forma-
tion of heterocyclic systems from epoxy derivatives
attract researchers' attention [22, 23]. It is known that
orientation of substituents in the bicyclic skeleton is
the main factor determining the possibility for hetero-
cyclization in reactions of substituted norbornenes with
peroxy acids. Compounds having exo-oriented substit-
uents (such as carboxy, methoxycarbonyl, carbamoyl,
acylamino, sulfonylamino, and other groups) react
with peroxy acids to afford only the corresponding
epoxy derivatives, while their endo isomers could give
rise to heterocyclization, depending on the substituent
nature. Epoxidation of carbamoyl-substituted norbor-

1419

nenes | Xa (R = H, akyl, benzyl, aryl) led to formation
of lactone VIII as the only product [5], while acyl
derivatives 1 Xb (R = akyl, aryl) of amine I1b were
converted exclusively into epoxides I Xc under the
same conditions. Heterocyclization to azabrendane
structures like 1 Xd occurred only after subsequent
reduction of epoxy derivatives | Xc with lithium tetra-
hydridoaluminate [9].

HO,

/ R'COSH
e, VT
CONHR o .
N—R
/
L H _
IXa
o)
/ R'CO4H
>
CH,NHCOR CH,NHCOR
IXb IXc
HO
LiAlH,
_ =
N
/
RCH,
IXd

Amides Va-Vd are especidly interesting from the
viewpoint of their oxidation with peroxy acids, for
their molecules include both carbamoyl and acyl-
aminomethyl groups which are oriented differently
with respect to the conformationally rigid bicyclic
fragments. On the basis of published data, we expected
formation of diepoxy derivatives from amides Va and
Vc and of lactone VIII from amides Vb and Vd. The
formation of bis-epoxides as major products in the
oxidation of amides Vb and Vd indicates strong steric
hindrances to location of one cage-like fragment at the
rear (endo) area of the other; such arrangement is
necessary for intramolecular attack by the nucleophilic
carbonyl oxygen atom at the electrophilic carbon atom
of the activated epoxy ring [25].

In the IR spectra of the oxidation products, the most
characteristic are absorption bands in the region 850—
840 cm™, which belong to stretching vibrations of
the C-O bonds. The absorption typical of carboxamide
groups is retained, whereas bands at 730700 cm™
(6C—H) due to olefinic fragments in substituted nor-
bornenes disappear from the spectra.
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Table 3. *H NMR spectra of compounds V1la, VIlc, Xa, and Xb obtained by epoxidation of the corresponding amides

KASYAN et al.

Comp Chemical shifts 8, ppm, and coupling constants J, Hz
no. | e L A | 2-H, 3H | 5 ex0-6-H endo-6-H 31 rt‘|77'|: 8-Hp, 8-Hg (NNHHZ)
Vila| Amine |2.57,2.25{3.00-3.10| 1.60 1.36 1.05 1.25,0.81 3.00-3.10 | 5.72
2Jex0-6, endo-6 — 11-51 2szn-?, anti-7 — 102
33J9<0—6,5 = 8-41
J@(o-G,l =24
Acid |2.47,2.41|3.00-3.10| 2.08 1.64 1.20 1.39,1.18 - -
2J@<o—6, endo-6 — 124 2szn-?, anti-7 — 83
Viic | Amine |2.51,2.48(3.28,3.09| 1.50 1.73 0.81 1.37,0.76 3.20-3.32 | 559
%323=30 oos,endos = 12.7, | *Jendos,s = 4.9, |Jgn7,ani-7 = 10.0|2Jgags = 13.6,
?gexo.e,g, =107, |“Jendosgn7 = 2.3 Jeps=78
Jexo-G,l =43
Acid |2.60,2.40|3.14,3.11| 2.11 1.94 1.24 1.26, 1.18 - -
2J@<o—6, endo-6 — 86 2szn-?, anti-7 — 100
Xa | Amine |2.47,2.36(3.09,3.05| 1.82 152 1.17 1.28,0.88 3.37,331 | 6.48
3,3=35 Joosentos =126, | endoss =41 |gnranir =104 “Janes =
$Jeo65 = 8.4, 13.4,
o061 = 2.4 3Jeas=7.1,
3\]33,5 =8.3
Xb | Amine |2.55,2.51(3.22,3.27| 2.27 1.83 0.93 1.43,0.82 357,342 | 6.29
%3,3=38 Jeosendos = 125, | endoss =48, | Tgnrani7=9.9 | “Janes =
Jew065=99, |Jendosgn7=2.7 137,
Jove1 = 4.3 3Jans = 9.0,
3\]33,5 =7.6

The *H NMR spectra of epoxy derivatives Vlla and
Vllc contained signals at & 3.10-3.30 ppm (Table 3),
which are typical of epoxynorbornanes. The stereo-
chemistry of epoxidation (Alder’'s exo-attack rule [26])
follows from the presence of a doublet signal in the
region & 0.80—-1.20 ppm, which belongs to the anti-7-H
proton. The latter is located directly above the oxirane

O\Zb\ 1
N
NO,
Xa
O
(o]
H»\Q\ NO,
Xb
O; % o
NM92

Xl

ring plane in the molecules of exo-epoxynorbornanes,
so that it appears in the area of anisotropic effect of
the oxirane ring. Compounds VIla and VlIc differing
by the orientation of the amine fragments are charac-
terized by different chemical shifts of protons in those
fragments; the observed spectral patterns are consistent
with our previous data for N-acyl derivatives of stereo-
isomeric amines Ila and |1b [9]. These differences
include primarily resonances of protons in the oxirane
ring (2-H, 3-H), protons in the bridgehead positions
(1-H, 4-H), methylene protons in the substituent, and
proton on C° [9, 27]. For comparison, Table 3 contains
the 'H NMR spectral parameters of stereoisomeric
epoxides Xa and Xb for which two-dimensional
spectrawere also measured [7].

The *C NMR spectra of compounds Vlla-Vllc
are given in Table 4. In particular, the carbonyl carbon
atoms resonate at ¢ 174-175 ppm, and signals from
carbon atoms involved in the oxirane ring appear at
8¢ 51-53 ppm. In most cases the chemical shifts of C?
and C® are almost similar, and only the corresponding
signals from the amine fragment of Vllc differ by
2.8 ppm. The *C signals were assigned on the basis of
the two-dimensional spectra of compounds Xa and Xb,
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Ao

Xllc

as well as of epoxy amide XI described in [28]; the
3C NMR spectrum of the latter was solved using the
sel ective double **C—{ H} resonance technique.

The amide group in compounds Va and V¢ can be
reduced to obtain previously unknown and difficultly
accessible amines Xlla and XI1b which possess two
norbornene fragments. The reduction of epoxy derivar
tives Vlla and VIlc under analogous conditions was
strictly chemoselective; as a result, we obtained epoxy
amines Xllc and X11d in which the oxirane fragments
remained intact. The observed reaction path is typical
of epoxynorbornanes in neutral and akaline media. It
indicates the crucia role of steric factor which hinders
intermolecular attack by bulky nucleophilic reagent on
the electrophilic oxirane carbon atoms from the rear
side of the bicyclic carbon skeleton (in keeping with
the known relations holding in bimolecular nucleo-
philic substitution mechanism [29]).

The IR spectra of oily amines Xlla—XIld lack
absorption bands due to carboxamide fragment but
vNH bands are present at 3360-3310 cm™. In addition,

1421
ﬁb
N
H
Xllb

Kb\
N
H

(0]
Xid

compounds Xlla and XIlb showed in the IR spectra
absorption bands at 3066 and 3068 cm™ due to
stretching vibrations of the C—H bonds contiguous to
the strained double C=C bond; epoxy amines XlIc
and X11d were characterized by absorption at 855 and
860 cm* due to C-O stretching vibrations and at 3040
and 3035 cm™” due to vibrations of the C-H bonds in
the three-membered ring [19].

Amines Xlla—XlId were converted into the corre-
sponding hydrochlorides Xl 11a=XII1d. In the IR spe-
ctraof XIl1a=XI11d we observed ammonium bands in
the region 2768-2740 cm™ [va("NH,) and vs("NH,)],
which were not overlapped by C—H stretching vibra-
tion bands [19]. The absorption patterns due to cyclic
fragments were almost the same as in the spectra of the
corresponding free bases.

We previously found that p-nitrobenzenesulfon-
amides derived from amines I1a and | 1b exhibit a high
and versatile neurotropic activity [30]. Taking these
data into account, we synthesized sulfonamides XI|Va—
X1Vd by treatment of amines XlIla—Xlld with equi-

Table 4. *C NMR spectra of epoxy derivatives VIla-VIlc and compounds Xa, Xb, and XI, 8, ppm

Coﬂgound Fragment | C%C* c2 C cs ct c’ c? =0

Vila Amine | 36.6,422 | 512,511 38.4 30.2 232 432 _
Acid 36.9,46.7 | 51.8,517 39.6 311 23.9 - 174.1

VIib Amine | 365,434 | 517,511 382 316 231 432 -
Acid 36.9,435 | 51.9,513 395 337 239 - 174.3

Vilc Amine | 37.6,44.7 | 528,500 423 305 28.1 41.8 -
Acid 282,432 | 521,521 39.3 311 24.9 - 175.1

Xa Amine | 369,397 | 516,511 38.3 31.2 23.2 43.9 -

Xb Amine | 382,422 | 521,499 39.4 30.7 28.2 427 -
XI Acid 367,401 | 515,504 411 306 23.9 - 173.1
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p-OZNCGH4SOZC|
Et,0, H,0, NaOH
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Sy

Xlla
/ N,

I

SOchH4N02-p

XIVb XIVe
p-MeCgH,4SO,NCO
CeHe

Xllb

SOchH4N02-p

molar amounts of p-nitrobenzenesulfonyl chloride and
sodium hydroxide in a two-phase system (water—di-
ethyl ether). Amine XlIb was aso brought into reac-
tion with p-toluenesulfonyl isocyanate, which afforded
sulfonylurea XV.

In the IR spectra of sulfonamides XIVa-XIVd we
observed no N-H stretching vibration bands in the
region 3300-3200 cm™, but absorption bands belong-
ing to vibrations of the sulfonyl (1338-1310 and 1168—
1165 cm™) and nitro groups (15401530 and 1355
1335 cmi™?) were present. The amide fragment in sul-
fonylurea XV gave rise to amide absorption at 1640
(vC=0) and 1270 cm™ (vC-N) and N-H absorption
at 3370 cm™. Table 5 contains the *H NMR spectral
parameters of compounds XIVa, XIVc¢, and XIVd, as
well as of previously described sulfonamides XVla
and XVIb [31].

ﬂb\
NHSO,CgH4NO,-p

XVia

Oﬁb
NHSO,CgH4NO,-p

XVIb

Unlike symmetric structures XlVa and XIVc, the
aminomethyl fragments in molecule XIVd differ by
orientation with respect to the bicyclic fragments. The

Ao

502C6H4N02-p
XIVa

|
SOzC6H4N02-p
Xlvd

: z /\Lb
\
CONHSO,CgH Me-p
XV

signals in the *H NMR spectrum of X1Vd were
assigned by comparing with the spectra of epoxy
derivatives XIVc and XVIb. Quite demonstrative is
the position of signa from 5-H in different fragments
of XIVd: & 1.65 and 2.15 ppm for the exo- and endo-
amine, respectively; also, a considerable difference in
the chemical shifts of exo-6-H is observed: & 1.45 and
1.89 ppm, respectively. On the other hand, the pres-
ence in a single molecule of two bicyclic fragments
with different orientations of the substituents levels the
spectral differences which were proposed previously as
criteria for determination of steric structure of sulfon-
amides of the norbornene series [27].

EXPERIMENTAL

The IR spectra were recorded on a Specord 75-IR
spectrometer in the range from 4000 to 400 cm™ from
samples prepared as thin films or KBr pellets. The
'H NMR spectra were obtained on Varian VXR
(300 MH2z) and Varian Gemini-BB (500 MHZz) instru-
ments from solutions in chloroform-d or DM SO-dg
using TMS or HMDS as interna reference. The **C
NMR spectra were measured on a Varian Gemini-BB
spectrometer at 100.7 MHz using COSY and NOESY
techniques. The progress of reactions was monitored,
and the purity of products was checked, by TLC on
Silufol UV-254 plates using diethyl ether as eluent;
spots were visudized by treatment with iodine vapor.
The elemental compositions were determined on
a Carlo Erba analyzer.

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 40 No. 10 2004



AMIDES CONTAINING TWO NORBORNENE FRAGMENTS. 1423
Table 5. *H NMR spectra of sulfonamides X1Va-X1Vd and compounds XVla and XVIb
Chemical shifts 8, ppm, and coupling constants J, Hz
Comp.
|somer syn-7-H
no. 1-H, 4-H | 2-H, 3-H | 5-H exo-6-H endo-6-H nti-7.H | 8Ha 8He | NHz Haon
XIVa| exo |2.79,2.68/ 6.01 |1.62 1.09 0.88 1.23,1.32 | 3.32,3.12 |8.38 (2H, Haom),
2‘-]syn—7, anti-7 = 2J8A, 88 — 804 (ZH, Harom)
10.0 12.9
XIVb| exo |2.80,2.61|5.97,5.94 | 1.68 1.18 1.05 1.26,1.36 | 3.10-3.21 (8.40 (2H, Haom),
8.05 (2H, Haom)
2.79,2.73|6.17, 6.04 | 2.33 1.80 0.55 1.22,1.42 | 2.82-2.90
endo %J23=6.0, 2Jeo6,endo6 = 11.5 2dgn7,anti-7 =
33,,=32, 11.0
33:4,=30
XIVc| exo |2.45,2.31|3.06, 3.02 | 1.65 1.47 1.05 1.24,0.71 | 2.88,2.83 |7.92 (2H, Haom),
%3,3=38 2Jo6,endo6 = 13.4 Wgnram7=| “Jsass = |7.65 (2H, Harom)
10.4 13.6
XIVd| exo |2.45,2.31|3.07,3.01 | 1.65 1.45 1.08 1.20,0.72 | 2.80-2.90 |7.92 (2H, Haom),
3‘-]2,3 = 38 2Jex0-6, endo-6 — 130 2‘-]syn—7, anti-7 = 763 (ZH, Harom)
10.6
endo |2.57,2.44|3.12, 3.00 | 2.15 1.89 1.08 1.44,0.72 | 3.00-3.10
3‘-]2,3 = 31 2Jex0-6, endo-6 — 126 2‘-]syn—7, anti-7 =
9.8
XVla| exo |2.74,2.53|5.99,5.94 | 1.45 1.16 1.01 1.14,1.28 | 3.02,2.90 |4.85 (1H, NH),
%3,3=5.6, 2Joo6,mios = 11.7,| *Jondoss=3.7 |gnramiz=| Jsass= |8.31(2H, Haom),
33,,=33, $Jeo65= 7.8 10.0 12.6, |8.00 (2H, Haom)
33:,=37 %Jgas = 5.9,
3\]33,5 =6.3
XVIb| exo |2.41,2.27|3.04,2.97 | 1.56 1.43 1.01 1.22,0.67 | 2.85,2.82 |4.76 (1H, NH)
%3,3=38 oo s,edos = 12.4,| *Jangoss= 41, | gn,anir = 8.31 (2H, Haom),
*Jew065=82, |*Jendossn7=38| 101 8.00 (2H, Haom)
Joo61= 2.8

Stereoisomeric bicyclo]2.2.1]hept-5-en-2-ylmethyl -
amines Ila and |1b were synthesized by the procedure
reported in [6]. Sterecisomeric acid chlorides IVa and
IVb were prepared from norbornenecarboxylic acids
laand Ib asdescribed in [17].

N-(Bicyclo[2.2.1] hept-5-en-exo-2-yImethyl)bicy-
clo[2.2.1]hept-5-ene-exo-2-car boxamide (Va). A so-
lution of 1.38 g (10 mmol) of bicyclo[2.2.1] hept-5-
ene-exo-2-carbonyl chloride (1VVa) in chloroform was
added dropwise under stirring to a mixture of 1.23 g
(20 mmol) of aminellaand 1.01 g (1.40 ml, 10 mmol)
of triethylamine in 20 ml of chloroform. The mixture
was stirred at room temperature until the reaction was
complete (TLC) and treated in succession with water,
20% hydrochloric acid, and water again. The organic
phase was separated, dried over calcined magnesium
sulfate, and evaporated, and the residue was recrys-
tallized from aqueous isopropyl acohol. Yield 80%,

mp 144-146°C, R 0.44. IR spectrum, v, cmt: 3271,
3057, 1640, 1553, 1415, 1241, 709. Found, %: N 5.79.
ClGH21NO. Ca CU|¢':'¢ed, %: N 5.76.
Amides Vb-Vd were synthesized in asimilar way.
N-(Bicyclo[2.2.1]hept-5-en-ex0-2-yImethyl)bi-
cyclo[2.2.1]hept-5-ene-endo-2-car boxamide (Vb).
Yield 3%, mp 146-148°C, R; 0.65. IR spectrum, v,
cm*: 3278, 3049, 1661, 1564, 1421, 1240, 705. Found,
%: N 5.82. C,6H1NO. Caculated, %: N 5.76.
N-(Bicyclo[2.2.1]hept-5-en-endo-2-yImethyl)bi-
cyclo[2.2.1]hept-5-ene-exo-2-car boxamide (Vc).
Yield 84%, mp 159-160°C, R 0.63. IR spectrum, v,
cm ™ 3278, 3038, 1628, 1557, 1529, 1436, 1245, 713.
Found, %: N 5.67. C;5H,:NO. Calculated, %: N 5.76.
N-(Bicyclo[2.2.1]hept-5-en-endo-2-yImethyl)-
bicyclo[2.2.1] hept-5-ene-endo-2-carboxamide (Vd).
Yield 80%, mp 137-139°C, R 0.44. IR spectrum, v,

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 40 No. 10 2004



1424

cm™: 3267, 3031, 1632, 1520, 1427, 1240, 710. Found,
%: N 5.84. C16H2:NO. Calculated, %: N 5.76.

N-(exo0-5,6-Epoxybicyclo[2.2.1]hept-ex0-2-yl-
methyl)-exo-5,6-epoxybicyclo[2.2.1]heptane-exo-2-
carboxamide (VIla). A 70% solution of hydrogen
peroxide, 0.51 g (0.44 ml, 15 mmol), was added drop-
wise under stirring to a mixture of 1.21 g (5 mmol) of
amide Va, 1.53 g (15 mmol) of acetic anhydride, and
0.15 g (2.5 mmol) of urea in 50 ml of chloroform.
The mixture was stirred at room temperature until
the reaction was complete (TLC) and neutralized with
a saturated solution of sodium hydrogen carbonate, the
organic phase was separated and dried over calcined
magnesium sulfate, the solvent was removed, and the
product was purified by recrystallization from aqueous
isopropyl acohol. Yield 71%, mp 110-112°C. IR spec-
trum, v, cm™: 3282, 3020, 1645, 1550, 1373, 1310,
1082, 841. Found, %: N 5.12. C;sH,1NO3. Calculated,
%: N 5.00.

N-(exo0-5,6-Epoxybicyclo[2.2.1]hept-ex0-2-yl-
methyl)-exo-5,6-epoxybicyclo[2.2.1]heptane-endo-2-
carboxamide (VIIb) was synthesized in asimilar way.
The crude product was subjected to column chroma-
tography on silica gel using diethyl ether as eluent. The
first fraction contained compound VIIb; yied 61%,
mp 123-124°C (from ethyl acetate-hexane), R 0.62.
IR spectrum, v, cmi: 3287, 3031, 1655, 1571, 1369,
1308, 1075, 852. Found, %: N 5.14. C;sHNO;. Cal-
culated, %: N 5.09. From the second fraction we
isolated exo-2-hydroxy-4-oxatricyclo[4.2.1.0*"Jnonan-
5-one (VIII), yield 10%, mp 157-158°C, R¢ 0.10.
IR spectrum, v, cm™®: 3300, 1760. Compound VII1 was
identical to an authentic sample described in [5].

N-(exo-5,6-Epoxybicyclo[2.2.1]hept-endo-2-yl-
methyl)-exo-5,6-epoxybicyclo[2.2.1] heptane-exo-2-
carboxamide (VIlc) was synthesized as described
above for Vlla. Yield 66%, mp 135-136°C (from
aqueous isopropy! alcohol). IR spectrum, v, cm™:
3306, 3032, 1641, 1546, 1284, 1120, 847. Found, %:
N 5.02. C16H»1NOs. Calculated, %: N 5.09.

N-(exo-5,6-Epoxybicyclo[2.2.1]hept-endo-2-yl-
methyl)-exo-5,6-epoxybicyclo[2.2.1]heptane-endo-
2-carboxamide (VIId) was synthesized in a similar
way. The crude product was subjected to column
chromatography on silica gel using diethyl ether as
eluent. The first fraction contained compound VIld;
yield 57%, mp 169-171°C (from aqueous isopropyl
alcohol), R; 0.65. IR spectrum, v, cm: 3294, 3015,
1657, 1567, 840. Found, %: N 5.11. C;sH,;NOs. Cal-

KASYAN et al.

culated, %: N 5.09. From the second fraction we
isolated 7% of lactone VIII, mp 157-158°C [5].

Bis(bicyclo[2.2.1]hept-5-en-exo0-2-yImethyl)-
amine (Xlla). A solution of 0.58 g (2.4 mmol) of
amide Va in 10 ml of anhydrous diethyl ether was
added dropwise under stirring to a suspension of 0.20 g
(5.2 mmol) of LiAIH, in 10 ml of anhydrous diethyl
ether. The mixture was stirred for 6-8 h, maintaining it
dightly boiling, until the reaction was complete (TLC).
Excess LiAlH; was decomposed with moist diethyl
ether and ice water, the precipitate was filtered off,
the organic phase was dried over calcined magnesium
sulfate, the solvent was removed, and the residue was
digtilled under reduced pressure. Yield 89%, bp 88—
90°C (28 mm), R; 0.06. IR spectrum, v, cm*: 3340,
3066, 1550, 712. Found, %: N 6.37. CjsH,3N. Calcu-
lated, %: N 6.11. Hydrochloride Xllla: yield 85%,
mp 332-334°C. IR spectrum, v, cm™: 3180, 3070,
2768, 1555, 1450, 720.

N-(Bicyclo[2.2.1] hept-5-en-endo-2-yImethyl)bi-
cyclo[2.2.1]hept-5-en-exo-2-yImethylamine (XI1b)
was synthesized in a similar way. Yield 91%, bp 70—
71°C (32 mm), R; 0.07. IR spectrum, v, cm*: 3310,
3068, 1552, 728, 708. Found, %: N 6.29. CigHx3N.
Calculated, %: N 6.11. Hydrochloride XllIb: yidd
88%, mp 268-270°C. IR spectrum, v, cm™: 3170,
3060, 2740, 1450, 740, 710.

Bis(exo-5,6-epoxybicyclo[2.2.1] hept-exo-2-yl-
methyl)amine (XIlc) was synthesized in a similar
way. Yield 70%, bp 92-94°C (20 mm), R 0.01. IR
spectrum, v, cm ™ 3300, 3041, 1580, 855. Found, %:
N 5.53. CgH23NO,. Calculated, %: N 5.36. Hydro-
chloride Xlllc: yield 56%, mp 316-317°C. IR spec-
trum, v, cm*: 3170, 3038, 2750, 1550, 1450, 858.

N-(exo0-5,6-Epoxybicyclo[2.2.1]hept-endo-2-yl-
methyl)-exo-5,6-epoxybicyclo[2.2.1] hept-exo-2-yl-
methylamine (X11d) was synthesized in asimilar way.
Yield 87%, oily substance, R 0.01. IR spectrum, v,
cm™: 3360, 3035, 1581, 860. Found, %: N 5.51.
CisH23NO,. Calculated, %: N 5.36. Hydrochloride
X1lld: yield 77%, mp 235-237°C. IR spectrum, v,
cm*: 3150, 3035, 2740, 1550, 1450, 855.

N,N-Bis(bicyclo[2.2.1]hept-5-en-exo-2-yImethyl)-
p-nitrobenzenesulfonamide (X1Va). A solution of
0.17 g (0.9 mmol) of p-nitrobenzenesulfonyl chloride
in 10 ml of diethyl ether was added dropwise under
stirring to a mixture of 0.20 g (0.87 mmol) of amine
Xlla, 0.035 g (0.03 ml, 0.87 mmol) of 20% aqueous
sodium hydroxide, and 15 ml of diethyl ether. The
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mixture was stirred at room temperature until the
reaction was complete (TLC), the organic layer was
separated and washed with calcined magnesium sul-
fate, the solvent was removed, and the product was
recrystallized from agueous ethyl alcohal. Yield 65%,
mp 86-88°C, R 0.70. IR spectrum, v, cm™: 3060,
1605, 1536, 1352, 1318, 1168, 705. Found, %: N 6.70.
szH26N204S. Calcul ated, %: N 6.76.
N-(Bicyclo[2.2.1]hept-5-en-endo-2-yImethyl)-
N-(bicyclo[2.2.1] hept-5-en-exo-2-yImethyl)-p-nitro-
benzenesulfonamide (XIVb) was synthesized in
a similar way. Yield 56%, mp 122-123°C, R 0.65.
IR spectrum, v, cm*: 3070, 1602, 1530, 1350, 1310,
1165, 750, 712. Found, %: N 6.81. Cx;H2sN,0,S. Cal-
culated, %: N 6.76.
N,N-Bis(exo-5,6-epoxybicyclo[2.2.1] hept-exo-2-
ylmethyl)-p-nitrobenzenesulfonamide (XIVc) was
synthesized in asimilar way. Yield 51%, mp 72—73°C,
R 0.56. Found, %: N 6.34. szHzeNzOGS. Calculated,
%: N 6.28
N-(exo-5,6-Epoxybicyclo[2.2.1]hept-endo-2-yl-
methyl)-N-(exo-5,6-epoxybicyclo[2.2.1] hept-exo-2-
ylmethyl)-p-nitrobenzenesulfonamide (XIVd) was
synthesized in a similar way. Yield 50%, mp 90-91°C,
R 0.52. Found, %: N 6.44. szHzeNzOGS. Calculated,
%: N 6.28
N-(exo-5,6-Epoxybicyclo[2.2.1]hept-endo-2-yl-
methyl)-N-(exo-5,6-epoxybicyclo[2.2.1] hept-exo-2-
ylmethyl)-N'-p-tolylsulfonylurea (XV). p-Toluene-
sulfonyl isocyanate, 0.15 g (0.76 mmol), was added at
room temperature to a solution of 0.17 g (0.74 mmol)
of amine XIIb in 3 ml of benzene. The precipitate was
filtered off, washed with benzene on afilter, dried, and
purified by recrystallization from isopropyl acohol—
benzene. Yield 71%, mp 186-187°C, R 0.74. IR spec-
trum, v, cm™: 3370, 3071, 1640, 1550, 1378, 1338,
1270, 1168, 725, 710. Found, %: N 6.82. C;4H3oN,OsS.
Calculated, %: N 6.57.
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