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Abstract—Preparation is described of stereoisomerjenitrobenzoyl)-5-aminomethylbicyclo[2.2.1]-
hept-2-enes and their epoxidation by peracati. A possibility ofselective reduction of separated
fragments in the polyfunctional compound using sulfur in alkatmedium, hydrazine hydrate in the
presence of a nickel catalyst, and lithium aluminum hydride was demonstrated by an example of one
of amides. By reaction with electrophilic reagents from #mines synthesizedp{aminobenzoyl)-
endce5-aminomethylbicyclo[2.2.1]hept-2-ene  and p-gminobenzoyllende2-aminomethylbicyclo-
[2.2.1]hept-2-ene, newicyclic compounds containing alongside the amide group also sulfonamide,
carboxamide,urea, andthiourea moieties were obtained. The structure of compounds obtained
was confirmed by'H and 3C NMR spectroscopy, by two-dimensional spectra measured along
COSY and NOESY procedures.

Norbornene and norbornane derivatives are th@resent. Howeveindividual exa and endeforms of
most extensively studied among all bicyclic andamides with bicyclic skeleton hardly were investigat-
polycyclic systems. Formerly theompounds of this ed [1]. The majority ofknown data was obtained by
group were prepared from natural substances, latehe study of acyl derivatives originatirigom saturat-
from the products ofliene synthesis with the available ed amines with amino group adjacent to the skeleton
cyclopentadiene and various dienophiles [1, 2]. Thda-e.

fixed spatial orientation of substituents in the mole- Compoundsla-e possess antarrhythmic activity:
cules of norbornene (norbornane) derivatives providg;mijar in structure bornane derivatives lack it, but

ed new opportunities for the study of relations e engoforms show pronounced hypnotic properties
between thestructure and biological activity oéxc [3]. A number of bol?rnanamine agﬁ deriv%ti\f)dﬂ

and endoeisomers fromthese series. and those of 7,7-dimethylbicyclo[2.2. 1]heptane-1-
In the structure of the known bicyclic biologically amine possesantiviral, hypnosedative, anspasmo-
active compounds a carboxamide group is ofterytic activity [5]. In compounds with the second bi-
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cyclic fragment [e, R = COCH,, CONHAr) antar- exo and ende5-aminomethylbicyclo[2.2.1]hept-2-
rhythmic activity is accompanied by hypoglycomic enes (lla, b) [12], but nodata was reported on the
and hypotensive functiof6]. The substituted amino- amides properties besides melting points and
norbornanes were successfully used as analogs éfemental analyses.

sympathomimetic catecholamingg]. We applied to the synthesis of amingk, b the

The derivatives of aminomethylnorbornanes wer epeatedly described method consisting in reduction

a lot less investigated. They were shown to act a2y lithium aluminum hydride of individual carboxy-
antihystaminics and topical anesthetics [8] an d!trlles prgparedl by qllene Zynthestrsm dcytg:lo?enta— I
, : iene and acrylonitrile and separated by fractiona
spasmolytics of papaverine typ@]. distillation [13]. During reductionabout 59% of
Inasmuch as there were no data on biologicagndoeisomer Illb  suffers epimerization whereas
activity of amides related to 5-aminomethylbicyclo- exeisomerlila forms as an individual compound in

[2.2.1]hept-2-ene we carried out the synthesis an@dreement with the published dafa4].

pharmacological trials of stereoisomerip-nitro- StereoisomericN-(p-nitrobenzoyl)-5-aminomethyl-
benzoylamines and of the corresponding epoxidesicyclo[2.2.1]hept-2-enesl\(a, b) were prepared in
studies of the spectra and certain reactions of amideshigh yields from aminedlla, b by treating them with
p-nitrobenzoyl chloride in anhydrous chloroform in

. . ; ; ) the presence of triethylamine at room teenature. In
phenylamides since the substituent in the amide grou e IR spectra of the amides are present absorption

possessed special pharmacological characteristics. finds, virtually indistinguishable for both isomers
also planned to compare the biological activity of the(3440 3430, 3290-3280, 1640,1555-1550, 1525-
amides with that of analogous sulfonamides, on€ 520, 1350-1345 cm') and belonging respectively
among which, endo-isomer “nitrosulfan€ (Il),  to vibrations of N-H bond, amidecarbonyl, ad nitro
demonstrated a considerable analgetic, antlconvulsargroup (Table 1)[15]. The unsaturated fragment has
and tranquilizing activity{10]. The above pharmaco- the bands in the region 3088070 and 726710 cm™.
logical activity, also antihypoxic and antiphlogistic The latter bands&( =C-H) for the excamide are
functions are characteristic of a large sulfonamidenearer to the lower part of the region, and for the
group from the norbornene and norbornane seriesndeisomer to the highepart; this difference is also
[11]. The stereoisomeri@-nitrophenylamides were characteristic of the other stereoisomeric substituted
synthesized previously to characterize sterecisomerigorbornenes [16].

{j 02N60001 {j
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We selected as objects of this study thaitro-

In Table 2 are presented tHél NMR spectra of in succession appear the proton sigrfedsn the extro-
amideslVa, b that are very similar to those of the cyclic fragment I-%’ﬁ)’ of bridgehead protons Hand
corresponding sulfonamides of the norbornened®), of protons H, H®* H’Sand H?2 the proton K"
series [17, 18]. The signals were assigned after gives the most downfieldignal. Thepeaks of protons
comparing with the'lH NMR spectrum of the initial from NH groups are registered &40 and 6.36 ppm,
amide lllb whose two-dimensional spectrum COSY the protons ofbenzenering give rise to doublet
we had measured. The protons at theuble bond signals in the regions respective8y23 and 7.90 ppm
(H?, H) resonate in the regiof.00-6.20 ppm,then  (IVa), 8.24 and 7.89 ppmi{b). The signals of dia-
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Table 1. Yields, melting points, IRspectra, anglemental analyses of compound&, b, V-IX, XI -XllI, XIVa, b

Compd. Yield, mp, IR spectrum, cmt Found, % Calculated, %
no. % °C Formula ——
N N

IVa 81 164-165 |3286, 1640, 1554, 1522, 1347 10.21 C,H16N,O; 10.29
1302, 712

IVb 95 142-143 3292, 3079, 1640, 1522, 1521, 1346, 10.34 C,H16N,O; 10.29
721

Y, 75 115-117 |3343, 1605, 1542, 1507, 1290, 1184, 11.62 C,HgN,O 11.57
727

VI 71 204-205 |3323, 1630, 1604, 1550, 1528, 1321, 9.95 C,H,;N,O:.S 9.84
1169, 1082

Vi 75 189-190 |3340, 1644, 1538, 1514, 1354, 1328, 10.71 C,,H,:N;0, 10.74
1270, 720

VI 68 159-160 |3286, 3043, 1620, 1589, 1523, 1324, 11.05 C,,H,:N,0S 11.14
1249, 1174

IX 74 75-77 3300, 3200, 1636, 1596, 1286, 1174, 11.34 C,H,N,O 11.47
833

Xl 65 267-268 |3336, 1657, 1626, 1526, 1510, 1344, 10.79 C,,H,:N;0, 10.69
1325, 1264

Xl 70 247-248.5 (3364, 3310, 1627, 1596, 1548, 1526, 13.63 C,,H.,.N,O, 13.72
1323, 1249

Xl 72 3320, 3040, 1568, 1445, 845, 124 12.30 CsoHseN, 12.39

XlVa 94 |159.5160.5|3431, 3268, 1643, 1558, 1522, 1346, 9.61 C,H:N,0O, 9.72
850

XIVb 95 150-151 |3344, 3072, 1661, 1544, 1514, 1342, 9.68 C,H:N,0O, 9.72
1320, 848

& Qily substance.

stereotopic protons $ and H® located close to the models for investigation of chemoselectikeactions.
chiral center at the Tatom are distinguished both by The possibility of selective reduction of separate
position and by the values of vicinal coupling con-groups by treating with various reductants (sulfur in
stants with the proton attached to @tom. Besides alkaline medium,hydrazine hydrate in the presence of
these signals are different in the spectra of stereoisa nickel catalyst, and lithium aluminum hydride) was
mersiVa, b, namely, the protons at%dn the spec- demonstrated by an example of amidéb.
trum of theendoaminelVb give signals upfield from .\ o4\ ction of amidévb with sulfur in alkaline
those of the corresponding protons in teepamine medium [20] occurred chemoselectively at thiéro
IVa (3.23 and 3.16 ppm; 3.52 and 3.45 ppm L ely ¢ :
: group and resulted in its conversion into amino

respectively). o L

13 . group. It isevidenced by the conservation in the IR
~ “C NMR spectra of amidetVa, b are presented spectrum of reduction product V of the absorption
in Table 3. The spectra confirm the presence of théands of amide moietyl605, 1542, and290 cm?)
norbornene  skeleton, carbonylgroups, and and the lack of absorption bands belongingnitro
demonstrate the difference in the spectral patteriyroup (Table 1). In théH NMR spectrum appears a
performed basing on the spectra of the other SUbS“tubroup NH at6.07 ppmremains intact. A very inform-
ed norbornenes V\ggere had ‘beemgistered two-  4iive ypfield shift undergo the doublets of the benzene
dimensional spectra“C{H} and ““C{™C} [19]. ring protons: due to electron-donor characteristics of

Polyfunctional unsaturated amidBéa, b contain- the new substituent in the ring the signals appear at
ing several groups fit to be reduced are convenient.60 and 6.60 ppm. As to tharotons attached to the
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Table 2. 'H NMR spectra of substituted norborner®a, b, V, VI, XlIl , 8, ppm,coupling constants, Hz

Compd. H* H? H? H* | H° He* Hen H™ H™ [ A = NH, H arom
no.
IVa 2.85 [6.07, 6.05[/2.65 |1.68 1.38 1.21, 2.36,,,GX 1.30, 1.38[3.52, 3.45, |6.40 (NH), 8.23
%35 5.7 11.6, °J5ns  |%Jss7a 86 |?Laee 13.5, |(H arom), 7.90
7.6, “Jgn7s *Jgns 7.0, (H arom)
3.9 Jsgs 8.5
IVb 2.86 |6.20, 5.99/2.86 (2.38 |1.90, Z.J6n,GX 0.63, 3J6n,5 1.46,1.26 (3.23, 3.16, |6.36 (NH), 8.25
%),, 5.7, 11.5, Joes 4.3, “Jsnrs |rs7a 8.0 |Zgags 13.3, |(H arom), 7.89
%, 3.1, 8.7, o |27 *Jeas 6.0, |(H arom)
%, 2.9 3.7 Jgss 5.7
\Y 2.86 |6.18, 6.00/2.81 [2.34 |1.87, %6 |0.62, %J.s |1.44,1.24 [3.18, 3.10, [6.07 (NH), 3.97
%5 5.7, 11.7, 35 |4.3, “Jon,7s |Jreza 8:2 |“pnss 13.3, |(NH,), 7.57
%, 3.1, 9.1, %3, 2.6 Jgas 7.0, (H arom), 6.64
%34 2.9 3.9 %Jgss 8.1 (H arom)
VI 2.81 |6.18, 6.03[2.77 |2.33 |1.80, *Jy, 0.53 1.37,0.89 |3.03, 2.90, |8.51 (H arom),
%5 5.7, 11.3, g U570 9.0 |2Jgaes 13.4, [8.11 (H arom),
), 2.9, 9.1, %54 *Jgns 6.9, 7.91 (H arom),
)4 2.6 3.8 *Jgss 8.6 7.24 (H arom)
Xl 2.88 [6.20, 6.02/2.83 |2.39 (1.89, 2.36,,,GX 0.65 1.46, 1.27(3.22, 3.12, |4.77 (NH), 7.89
*),5 5.6 11.6 ?Jss7a 8.0 |*Jgaes 13.6  |(H arom), 7.49
(H arom), 7.24
(H arom), 3.58
(CH,Ph)
Table 3. ®C NMR spectra of compound#va, b, V, XIVa, b, &, ppm
Compd. ct c? (o ct c’ c’ c’ c? C=0, C arom
no.
IVa 39.2 137.0 | 136.1 | 444 | 41.8 | 30.9 | 45.1 | 45.6 [165.2, 149.5, 140.4, 128.1123.8
IVb 38.8 138.1 | 1319 | 444 | 424 | 30.1 | 45.1 | 49.6 [165.4, 149.5, 140.5, 128.0123.8
\% 39.9 138.8 | 133.2 | 453 | 434 | 449 | 31.0 | 50.5 [168.3, 150.6, 129.7, 125.6115.2
XIVa 36.9 51.6 51.1 | 39.7 | 38.3 | 31.2 | 23.2 | 43.9 |165.7,149.7,140.2, 128.21.23.9
XIVb 38.2 49.9 52.1 | 42.2 | 39.4 | 30.7 | 28.2 | 42.7 |165.6, 149.7, 140.2, 128.1123.9

bicyclic skeleton, they virtually conserve theame
positions as in the initial amiddVb (Table 2).

The conversion of nitro group into amino group
was also proved by chemicakactions, namely, by
. . . transformation of aminé/ into sulfonamideVIl and

As seenfrom Table 3, the position of signals in giamide VIl on treating it respectively witip-nitro-
the “C NMR spectra of compound$Vb and V. phenylsulfonyl chloride ang-nitrobenzoy! chloride,
mostly remains unchanged after reduction oftfiteo  and also by reaction with phenyl isothiocyanate
group, in particular, thesignal from the carbonyl providing thioureideVIIl .
carbon is still at168.3 ppm. Theonly difference In the IR spectra of compound¥I-VIll are

observed is the notable upfield shift of the carbon, osent the absorption bands of the double bond from
atoms of the benzeneng due to the replacement of e norpornene fragment (3068040 and 7290
an electron-donor for electron-withdrawing substitu-71 cm?), of N-H bonds (33263280 cm?), and of
ent. Thesignal of the quaternary carbon atom linkedcarbonyl groups (163620 cm?) in the amide
to nitrogen shifts after reduction fron140.5 to moieties. In the spectrum of compouMi are also
125.6 ppm (Table 3). observed the absorption bands of sulfonyl and nitro
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groups (1550, 1528, 1354,169 cm?), and in the amide moiety remainitact. This course of the reac-
spectrum of compound/lll a band in the region tion is evidenced by the IR spectrum of produkt

1324 cm? belonging to vibrations of the thiocarbonyl where are lacking the characteristic bands in the-720
group [15] (Table 1). 710 cm? region, but argresent the absorption band

_ of amide moiety and amino groy3300, 3200, 1636,
The analysis of thetH NMR spectrum of com- 1550, 1286 le) (Table 1).

poundVI confirms the structure of the transformation i off _
product. The spectrum contains two pairs of doublet The analysis ofH NMR spectrum confirms the
signals corresponding to twe-substitutes benzene Structure of amindX as also its comparison with the
rings. The newsignals in a weak field8.51 and corresponding spectrum of sulfonamide described

. 1
8.11 ppm),downfield shift of the signals correspond- IN [22] (Table 4). In the'H NMR spectrum of com-
ing to the benzeneing originating from amine V poundIX are observed the signals from the protons

(7.91 and 7.24 ppm), analso the downfield shift of Of the amineV present as an impurity (up 5%);
the protons attachéd to 8Cneighboring to the the latter shows that the reductant interacts more

aromatic system (Table 2) are compelling evidence O?ffluently with nitro group than with doubléond. It
formation ofp-substituted nitrosulfonamidél should be noted that amin®X as amineV was
‘ isolated in a glassytate, andthat we characterized
The reaction of amidéVb with excess hydrazine its derivatives at the amingroup.
hydrate in the presence of nickel catalyst [21] results From amine IX were prepared amid&X| and
in reduction of both nitro group and doutend; the ureide Xl . Both polyfunctional compounds unlike

Table 4.'H NMR spectra of compound¥, X, XII, 3, ppm,coupling constants, Hz

Compd. H* | H? H> H3" H* H™, H™ | H®% H*® NH, H arom
no.

IX [2.16 |2.05 |1.71, 23, |0.63,%,,5.0,] 2.16 |1.31,1.27 | 3.23,3.08 |6.23 (NH), 4.03 (NH),

11.5,%3,,,7.3, | 3375 2.0 7.54 (H arom), 6.58
*Js1 3.0 (H arom)
X 2.15 |1.94 [1.61, %, |0.57,%,,,4.7 | 2.18 [1.30,1.20 {3.02, 2.90 |7.57 (Harom), 6.64 Harom
Xl |2.14 |2.04 1.68 0.68 2.14 |1.30, 1.24/3.33, 3.23 |8.19, 7.80 (H arom),
?Jss72 9.0 7.69,7.52 (H arom)9.52,

9.18 (NH), 3.36 (NH)
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the initial amine contain amidgroups, and in their

IR spectra appear absorption bands in the region

3380-3370, 1630-1620, 1550,1260-1250 cm* and
NH,-H,0 also absorption bands of nitro group (153620,

IVb “NLEOH CHZMCOONHZ 1340-1320 cm?) (Table 1). The structure of com-
| poundXIl was also confirmed byH NMR spectrum.
IX

The ureide moiety does not significantly affect the
signals of protons Ié—/f H3", H'S H'@ but effects a
considerable downfield shift of protons close to the
substituent H, H? and H. As expected, the signals

+ of H¥ atoms appear in the strong fie{@.67, 0.57,
CHZMSOZONOZ and 0.68 ppm in thepectra of compound¥, X, and

XII' respectively; the signal al.11 ppm belongs

X apparently to theendeprotons at & both these

nuclei (H" and H" are the most affected by the

o I

1

3
6 2
CHZMCO@MCO@—NOZ
XI

O,N @— N=C=0

CHZMCO@MCOMONOZ
XI1I

magnetically anisotropic influence of the exocyclicamino group(4.77 ppm) and of a new methylene
C2-C® bond (Table 4). group (3.58 ppm) (Table 2).

The reduction of amidelVb with lithium Besides the reduction we also studied the reaction
aluminum hydride provides the only orange-coloredof the stereoisomeric amidd¥a, b with peracetic
product that was assigned azostructdkl basing

on the spectral data. OH
Although in the IR spectrum of compoundll the / RCO;H
absorption bands of carbonyl and nitro groups are A
lacking, thisfact is not sufficient for establishing its CH,NHSO,Ar r80,—
structure (Table 1). Structur¥Ill is more reliably OH
confirmed by the'H NMR spectrum where alongside RCOH
the proton signals from the unsaturated skeleton an /
aromatic fragment appear signals of a secondary CH,NHCONHAT ANHCO —
LiAIH,
/
CHZNHCHZO N=N @CHZNHCHZ
XIII
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Table 5. 'H NMR spectra of epoxidesom norbornane serieX(Va, b, XV ), 8, ppm,coupling constants, Hz

Compd. H! | H? H® | H* | H® HOx Ho" H'S H@ | H8 H®8 | NH, Harom
no.
XIVa |2.47 | 3.09, 3.05,|2.36 [1.82 [1.52, e |1.17, *Jns |1.28, 0.88,|3.37, 3.31,[6.48 (NH),
%35 3.5 12.6, %1y |41 %3670 10,4 |23gu 45 13.4, [8.24 (H arom),
8.4, %%, *%as 7.1, |7.91 (H arom)
2.4 *%ns 8.3
XIVb |2.55 |3.22, 3.37,|2.51 |2.27 [1.83, 2.6 |0.93, °%.s |1.43, 0.82,[3.57, 3.42,|6.29 (NH), 8.26
%35 3.6 12.5, %Jeys |48, onzs  |rs7a 99 |ZJgass 13.7, |(H arom), 7.90
9.9, %%, 2.7 *%as 9.0, [(H arom)
4.3 gns 7.6
XV |2.41 |3.04, 2.97,|2.27 |1.56 [1.43, %J.e |1.01, %35 |1.22, 0.67,[2.85, 2.82
%3, 3.8 12.4, %35 |41, 5075 |%37s7a 10.1
8.2, %%, 3.8
2.8

acid. Theepoxidation of amides from the norbornene848 cm?) and G-H bonds (3072 cit) belonging to
series attracted lately a special interest because tiie epoxymoieties. The latter bands are characteristic
recently discovered intramolecular cyclizations ofof the substituted epoxynorbornanes [25] (Table 1).
arylsulfonamides [18] and arylureas [23] treatedin Table 5 are given théH NMR spectra, and in
with peroxyacids to furnish substituted azabrandaneslable 3 the’*C NMR spectra of epoxideXIVa, b.

or the sake of comparison in Table 5 is also
resented the spectrum of previously investigated
N-(p-nitrophenylsulbnyl)-exo5-aminomethyl-ex-2, 3-
epoxybicyclo[2.2.1]heptaneXl{/) [25]. The signals
were identified with the use of two-dimensional
The epoxidation of amide®/a, b was carried out spectra(Figs. 1, 2).

under the most favorable conditions for the epoXy rhe most characteristic in théd NMR spectra of
ring opening, namely, with peracetacid in statu .46, ndsxIVa, b and epoxideXV are the proton
nascendifrom acetic anhydride and 50% hydrogen signals of the epoxying (HE H?) in the region3.05-
peroxide. However in botftases the only reaction 3 37 ppm and oprotons of the bridgeamong which
prodl'Jcts'were epoxides obftalned in ah;ghld_._The one (H® appears in the strong field0.88 and
epoxidation of the endo-amide under thesaditions, 0.82 ppm) for it is strongly shielded by the oxirane

as in [24], was notollowed by heterocyclization. ring. Under these conditions in agreement with the
known published dat§l6, 18, 26]considerably in-
Ac,0,H,0, O creases the nonequivalence of the bridge protor§ (H
a CHZNHCO—@—NOZ H’® as compared to the spectra of the corresponding
unsaturated compounds. The introduction of the
epoxyring is also reflected in the upfleld shift of the

resonances of bridgehead protons,(H*) compared
to those in the spectra of olefinga, b.

The NMR spectra of epoxy derivatives of amines

are especially interesting since they provide a
CHZMCOONOz possibility of criteria development for estimation of
XIVb the isomeric composition in the series of epoxy deriv-
atives of substituted norbornene amines; it cannot be
The epoxides structure was proved by variousione for the series of sulfonamides and ureides due
spectral methods. Their IR specteck the character- to heterocycllzatlon of the endo-isomer at epoxidation.
istic absorption band of = €H bond at 720710cm?,  The comparison of théH NMR spectra of epoxides
and contain absorption bands ofQ bonds (850 and XIVa, XIVb confirms the general sense of the

In contrast to these data we showed that th
epoxidation ofN-benzoylende5-aminomethylbicyclo-
[2.2.1]hept-2-ene with peroxyphthalic acid afforded
epoxy derivative[24].

b Ac,0,H,0, O
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Fig. 1. HH-COSY spectrum oN-(4-nitrobenzoyl)ende5-aminomethylexo2,3-epoxybicyclo[2.2.1]heptanX(Vb ).

criteria we have discloseckarlier in the studies of spectively 0.35 and 0.90 ppm)These differences
isomeric unsaturated sulfonamidefil8], ureides originate from the reciprocahfluence of the substitu-
[16], and in this workwith isomeric amides: similar ent and epoxy (olefin) fragment in tlexoc andende

relations are observed also with the epoxy analogssomers, andalso by the properties of the exocyclic

Actually, in the exoepoxide XIVa and endo fragment C-C® that has a rigid spatial orientation.
epoxideXIVb nonequivalent are proton signals from The magnetic anisotropy of the >aC® bond produces
H? and H (significantly more for theendoeisomer), additional shielding of the protons linked to the
from H! and H' (here more notably for thexciso-  skeleton by bonds parallel to the carboarbon bond
mer), andalso from the protons # and H" (in the  of the above fragment (Hand H* in the exoisomer
spectra under consideration the difference is reand H" in the endoisomer); this effect is less
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Fig. 2. CH-NOESY spectrum oRN-(4-nitrobenzoyl)exa5-aminomethylexo2,3-epoxybicyclo[2.2.1]heptan&X(Va).

pronounced in the spectra of epoxides than in thosl/) using solutions of compounds I€DCl; with
of unsaturated amides. HMDS as internal referencé3C NMR spectra were
The °C NMR spectra of epoxides (Table 2) are measure_d on spectrometer GEMINI-BB (operating
distinguished from the spectra of the initial amides byfrequencyesélOOdSS ag%é$5'7ld MN"géSSOI,;n% spgl_c;ra
the shift of signals from atoms Cand C to the ~WEr€ registered in an ode. 1he
region 5652 ppm, and theignals of carbon atoms in reaction progress was monltor_ed and products purity
the methylene bridge (¢ to 23-28 ppm. Theposi- was controlled by TLC on _SI|L!fO|' UV-255lates,
tion of these signals reliably proves the exo-orientafluent ether, development in iodinevapor. The
tion of the epoxyring. In the 3C NMR spectra of physical characterlstlcs of compounds synthesized are
epoxides were determined the differences depending€Sented in Tables -5.
on the orientation of the substituent with respect to The preparation of stereoisomeric 5-aminomethy|-
the carbon skeleton; they are related to the mutuaicyclo[2.2.1]hept-2-enesli(a, b) was carried out
position of the carbons of the epoxing (C*and ), along procedure described in [17]; the characteristics
and aiso of C and C. of amines obtained were consistent with the data

of [17].
EXPERIMENTAL
Stereoisomeric p-nitrobenzoyl)-5-aminomethyl-
IR spectra were recorded on spectrophotometdpicyclo[2.2.1]hept-2-enes (IVa, b)To a stirred mix-
Specord 75IR from samples as thin films or pelletsture of0.01 mol ofaminellla or lllb and 0.003 mol
with KBr. 'H NMR spectra were registered on of triethylamine in 30 ml of chloroform wasdded
spectrometers Varian VXR-300 and GEMINI-BB dropwise0.013 mol of p-nitrobenzoyl chloride, and
(operating frequencies 300 and 500 MHz respectivethe stirring wascontinued till completion of reaction

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 38 No. 2 2002



174

(TLC monitoring). The producbbtained was thrice
washed withwater,with 20% HCI solution and again

KAS YAN et al.

mixture of 1.2 g(4.4 mmol) of amidelVb, 0.55 g
(11 mmol) of hydrazine hydrate, and 0.05 g

with water. Theorganic layer was separated, dried(0.9 mmol) of a freshly prepared nickel catalyst in

with calcined magnesiunsulfate, the solvent was
removed, and the reaction product wasbjected to
further purification.

N-(p-Aminobenzoyl)-endo-5-aminomethylbi-
cyclo[2.2.1]hept-2-ene (V).A suspension obtained
by mixing of 2.8 g(0.01 mol) of amidelVb, 1.25 g
(0.031mol) of sodium hydroxide, and 1 @.031mol)
of sulfur in 20 ml of waterethanol mixture
(1:2) was boiled till completion of reactio(TLC

20 ml of ethanol. The course of reaction was monitor-
ed by TLC. Oncooling the reaction mixture the
catalyst was filteredoff, the solvent wasremoved,
and the residue was subjected to chromatography on
silica gel, eluent ether.

NN-[4-(4-Nitrobenzamido)benzoyl]-endo-5-
aminomethylbicyclo[2.2.1]heptane (XI)was prepar-
ed similarly to compoun®/Il from 0.1 g (0.4Immol)
of aminelX and 0.1 g (0.54nmol) of p-nitrobenzoyl

monitoring). On cooling the reaction mixture it was chloride.

filtered from excesssulfur, the filtrate was diluted

with water and thrice extracted witlether. The aminomethylbicyclo[2.2.1]heptane

N-[4-(4-Nitrophenylureido)benzoyl]-endo-5-
(XI)  was

combined extracts were dried with calcined magnesppiained similarly to compound/lll from 0.1 g

ium sulfate, the solvent waemoved, and theeac-

(0.41 mmol) of aminelX and 0.07 g (0.4Inmol) of

tion product was subjected to chromatography o nitrophenyl isocyanate.

silica gel, eluent ether.
N-[4-(4-Nitrobenzenesulfonylamido)benzoyl]-

endo5-aminomethylbicyclo[2.2.1]hept-2-ene  (VI).

To a stirred mixture of 0.5 ¢2.1 mmol) of amineV

4,4'-Bis(bicyclo[2.2.1]hept-2-ene-5-(methyl-
aminomethyl)azobenzene (XIll) was obtained by
boiling a mixture of 1 (3.7 mmol) of amidelVb and
0.63 g (16.6mmol) of lithium aluminum hydride in

and 0.4 g (2.Jmmol) of 20% water solution of NaOH 50 m|"of anhydrous ether till completion of the reac-
in 19 ml of ether was added dropwise a solution Oftion (TLC monitoring). Theexcess lithium aluminum

0.47 g (2.1mmol) of p-nitrobenzenesulfonyl chloride
in 5 ml of ether. The stirring at roontemperature
was continued till the end of the reactiofTLC
monitoring). The solvent wasemoved, the solid
residue was dissolved in 20 ml of chloroformater

hydride was decomposed with coldater, thesolu-
tion was separated from the precipitddemed, dried
with calcined magnesiunsulfate, the solvent was
removed, and the product wasibjected to column
chromatography on silicgel.

mixture (1:1), the organic layer was separated, dried

on calcined magnesiunsulfate, the solvent was
removed, and the reaction product recrystallized.

N-[4-(4-Nitrobenzamido)benzoyl]-endo-5-amino-
methylbicyclo[2.2.1]hept-2-ene (VII). To a stirred
mixture of0.15 g (0.62mmol) of amineV and 0.2 ml
of triethylamine in 10 ml of chloroform waadded
dropwise a solution 00.15 g (0.81mmol) of p-nitro-
benzoyl chloride in 5 ml othloroform, and the stir-
ring was continued till the end of the reactiofiLC

N-(4-Nitrobenzoyl)-exo- and endo-5-amino-
methyl-exo-2,3-epoxybicyclo[2.2.1]heptanes
(XIVa, b). To a stirred mixture of 0.5 §2.2 mmol)
of amideIvVa or IVb, 0.4 g (4.4mmol) of sodium
hydrogen carbonate, arid45 g (4.4mmol) of acetic
anhydride in 10 ml of chloroform waadded drop-
wise 0.3 g(4.4 mmol) of 50% solution of hydrogen
peroxide. Oncompletion of the reactiofTLC) the
reaction mixture was neutralized with a saturated
solution of sodium hydrogen carbonate, the organic

monitoring). After the usual workup the product was|ayer was separated, dried wittalcined magnesium

purified.

N-[4-(Phenylthioureido)benzoyllenda5-amino-
methylbicyclo[2.2.1]hept-2-ene (VIII). To a solution
of 0.3 g (1.24mmol) of amineV in 3 ml of benzene
was added0.17 g (1.24mmol) of phenyl isothio-

cyanate, and the mixture was left standing till 1-

crystals precipitated. The crystals were filtereft,
washed with benzene on thdter, dried, and re-
crystallized.

N-(p-Aminobenzoyl)-endo-5-aminomethylbi-
cyclo[2.2.1]heptane(IX) was prepared by boiling a

sulfate, the solvent wasemoved, and the reaction
product was subjected to purification.
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