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Abstract—Hydroamination of tricyclo[7.3.1.G°/Jtridec-2(7)-en-13-one according to Leukart reaction
furnished(tricyclo[7.3.1.G Jtridec-2(7)-en-13-yl)methanamides stereoisomeric ‘dta®m. Thecorrespond-

ing epoxideswere prepared therefrom. Thmsaturated and epoxidized methanamides were hydrolyzed into
amines that were converted inBzhiff bases.The configurations of substansese established.

Compounds from thericyclo[7.3.1.G'/tridecane The IR spectra of amineb/a, b, Vla, b lack the
series were first obtained about fifty years ad9g.  absorption bands of amidgroups, and theresence
They attracted interest when it was established thatf amino groups is confirmed by twaveak bands in
their skeleton was a key fragment in limonoid the regions 43168385 and 335@330 cm®. In the
molecules[2]. In this connection we studied hydro-
amination of compound by Leukart procedure in
more detail [3].

From thereaction products of enon¢)(and form-
amide we separated two stereoisomeric methanamide
lla, b that were present in the reaction mixture in
3:2 ratio, and asmall amount of secondary amine
[Il . The hydrolysis of formyl derivativela, b with
alcoholic alkali yielded amineB/a, b. The reactivity
of the tetrasubstituted double bond in methanamides
lla, b was tested by reaction with monoperphthalic
acid that provided the corresponding epoxymethan-
amides Va, b. The latter on hydrolysis afforded
epoxyaminesVla, b. Amine IVa with furfural,
p-nitrobenzaldehyde, and p-dimethylaminobenz-
aldehyde gaveise to well crystallizableSchiff bases
VIl -X whereas its isomeiVb formed crystalline
azomethineXl only in reaction with salicylaldehyde.
EpoxyamineVla formed crystalline azomethinxil|
with p-nitrobenzaldehyde; we failed to obtain Schiff
basesfrom its isomerVib.

The structure of compounds obtained wesn-
firmed by spectral data (Table 1); the spatial structure
of azomethine¥/1ll andX| was established by X-ray
diffraction study (see thdigure).

IR spectra of amide#ia, b, Va, b contain the set
of absorption bands characteristic of amigeups.

T Deceased. Structure of Schiffbases: (a)VIll ; (b), IX.
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Table 1. ®C NMR spectra,chemical shift valuesd ppm) of methine and unsaturated carbon atoms (cherskhiéts
of less intensive signals are given in parentheses)

Compd. no. ct c? c’ c’ c* c*
lla 37.83 129.90 129.08 30.85 47.97 160.58
(40.14) (130.09) (129.0) (32.57) (51.86) (164.06)
llb 40.00 130.85 127.18 31.75 49.38 160.39
(41.1) (131.08) (127.0) (34.29) (56.74) (163.42)
Va 36.84 65.24 61.82 29.41 43.56 160.57
(39.23) (65.68) (62.18) (31.47) (47.43) (164.49)
Vb 37.65 66.20 63.11 31.01 49.30 160.03
(40.07) ) ) (31.82) (49.40) (160.4)
VIl 41.46 130.05 129.30 34.24 69.15 162.63
XI 41.87 130.41 126.64 34.56 70.61 161.92
HCONH,
@i;go @i;[qNHCHO @i;}UH ’ @i;q NH
H NHCHO 2
I Ta TIb I
COH .
H,0, OH> ©[C03H ; H,0, OH
COOH COOH
COMNNC o
--NH, /4--NHCHO /i-H H
H H NHCHO NH,
v Va Vb Vb
CHO
RCHO H,0, OH H,0, OH @[
OH
cCoC e
“N-CHR /F-NH, [H “H
H H NH, N=CH
VII-X Via Vb

XI HO\©

‘n-OZNC6H4CHO

N:CHC6H4N02-n

H
X1

R = o-furyl (VIl), 0-CsH,OH (VIII ), p-CeH,NO, (IX), p-CoH.N(CH.), (X).

IR spectra of Schiff basegll -XIl appears absorption In the H NMR spectra of stereoisomeric methan-
around 1630 cnt typical for iminogroup. Thetetra- amides lla, b appear signals of amideformyl,
substituted double bond does not show up in any IRnethine, and methylene protons. The protons
spectrum of the compounds under consideration. attached to the bridging atom'€give signals in the
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relatively weakfield, at & 4.14 (la) and 4.08 ppm C’ may be characteristicAs 0.9 (la), 3.85 (lb),
(Ilb). 0.8 (VIll ), 3.8 ppm KI).

In the 'H NMR spectra of compoundsa, b solu- According to currentconcepts [5] the mechanism
tions in CDCl; additional proton signals are observedof Leukart reaction includegrimary formation of
indicating that the molecules are present in the soluN-formylimine A that is subsequently reduced by
tion in two conformational states in 3 ratio. Similar ~ formic acid to methanamidéla or llb.

pattern is observed also in tthéi NMR spectra of  \ypen the reduction of intermediate A takesitea
epoxymethanamidega, b (conformers ratio 2:1).  jsomerlla arises with the double bond and the amide
The analysis of chemical shift values and couplingdroup anti-located with respect to thmidge. The
constants of the characteristic protons shows that theéduction along route results in the syn-isoméb .
double set of signals may be ascribed to the presendds shows the ratio ofla and Ilb isomers in the
in solution of pairs of stable amide conformationsréaction mixture the reduction of imino group occurs
(lla, b andVla, b); the coupling constant of 0.9 Hz along both ways with comparabkates. Thestereo-
between the aldehydproton and the proton at the chemistry of double bond epoxidation in compounds

bridging carbon &% is due to W-coupling. lla, b was suggested basing on the results of [6]
13 _ where it had been proved féridging alcohols.
C NMR spectra of methanamidéis, b, epoxy-

methanamidesVa, b, azomethinesVIll, XI are EXPERIMENTAL
consistent with the assumedtructures. Inthese

spectra also appear additional signals (for compounds |R spectra were measured on spectrometer Perkin-
lla, b, Va, b), same as in the protospectra. The Elmer Spectrum BX 2 from thin films or solutions of
analysis of the chemical shift values for the charactercompounds inchloroform.*H and **C NMR spectra
istic carbon atoms (Table 1) showed that the doublgvere registered on spectrometer Bruker WM-250
set of signals might be attributed to the existence ifrom solutions in CDCl; with TMS as internal
the solutions of pairs of stable amides conformationseference. In identification and assignment pefaks
that differed fromeachother as C1 and C2 conforma- was used procedures of-modulation. GC-MS
tions. analysis was carried out on HP 597SD/HP
instrument. Them/z values of molecular ions for all
compounds synthesized were in agreement with the

R :
\II\I’H R\II\I’H calculated moleculaweights.
H/Céo oﬁC‘H Physical constants and analytical data are presented
cl 2 in Table 2. X-ray diffraction analysis was carried out

by A.V.Gerasimenko at the Institute @hemistry,
Far-Eastern DivisionRussian Academy of Sciences.
The less intensive peak should be assigneasidoe  The study was performed on an edged single crystal
spatially strained conformation. A similar pattern inwith the use of diffractometer SMART 1000 CCD
the NMR spectra of methanamides obtained byMoK -radiation, graphite monochromator). Data
Leukart reaction already was describ@d. It should collection was performed by sets 806, 660, and
be noted that in thé®C NMR spectra of stereoiso- 345 exposures at angle valugs 0, 90, and 180
mers the differenceetween chemical shifts of<and  respectively. Thes-scanning was done with a step of

HCOOH H._ _NHCHO
0 <§CH0 —— C&
/ HCONH, // Ila
% -H,0 % HCONH
1 A (b C&
1)
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Table 2. Yields, melting points, and elementahalyses ofricyclo[7.3.1.G'Jtridecane derivative -XI

1133

Found, % Calculated, %
Compd. Yield, % mp, °C Formula
no. C H N C H N
lla 57 145146 | 76.65 | 10.27 | 6.44 C.H,,NO 76.66 | 9.65 | 6.39
b 38 126-127 | 76.86 | 9.84 | 6.44 C,.H,,NO 76.66 | 9.65 | 6.39
1l 4 b 86.92 | 11.31 | 4.02 C,eHaoN 85.41 | 10.75 | 3.83
IVa 70 ¢ 81.66 | 11.32 7.40 C,sH,N 81.61 11.06 | 7.33
IVb 70 d 81.25 | 11.56 | 7.28 CysHN 81.61 | 11.06 | 7.33
Va 85 143-144 | 71.73 | 9.35 | 6.06 C.H,,NO, 71.45 | 9.00 | 5.95
Vb 88 104-105 | 71.18 | 8.83 | 6.18 C,.H,NO, 71.45 | 9.00 | 5.95
Via 83 46-47 75.19 9.93 6.71 C,;H,,NO 75.31 10.21 | 6.76
Vib 60 e 75.20 | 10.67 | 6.88 C.H,,NO 75.31 | 10.21 | 6.88
VIl 90 81-82 80.57 8.60 4.96 C,gH,;NO 80.25 8.61 | 5.20
VI 92 86-87 81.31 8.39 5.15 C,H,sNO 81.31 853 | 4.74
IX 95 139-140 | 74.02 | 7.58 | 8.66 C,oH,.N,O, 74.04 | 7.46 | 8.64
X 90 127-128 | 82.33 | 9.64 | 8.60 C,,HzoN, 81.93 | 9.38 | 8.69
X 75 95-96 81.46 | 8.60 | 5.04 C,oH,sNO 81.31 | 8.53 | 4.74
Xl 90 170-171 | 70.79 | 7.13 | 8.82 CyoH2N,0, 70.56 | 7.11 | 8.23
@According to data of chromatography.
Php 222223C (2 mm Hg), nd' 1.5510.
°bp 119-12C°C (0.5 mm Hg), n¥ 1.5360.
dpp 70C (0.1 mm Hg),nZ? 1.5310.
®bp 81-84°C (0.1 mm Hg), nd! 1.5235.
Table 3. Crystallographic parameterspnditions of X-ray Table 3. (Contd.)
diffraction experiment and of refining the structures of
compoundsVIIl  and Xl Parameter (VI ) 0
Parameter (viir) (X1) Data collection range | 1.34-21.08 | 2.14-23.27
of 6, deg.
Formula ] CaHoNO CaHoNO Range of reflections -15<h<15, | -16<h<15,
Molecular weight 29541 29541 indices _5<k<8, ~12<k<9,
Temperature, K 295 (2) 295 (2) -12<1<12 -20<1<21
Wavelength, M&,, A 0.71073 0.71073 Total number of reflections 5568 14485
Crystal system Monoclinic | Rhombic Number of independent 1836 2369
Space group P2/c Pbca reflections (R 0.0518) | (R,,; 0.0430)
a A 15.296 (4) | 15.077 (2) Eegectlons with I; io ) i II1199 _ i II1744 _
b, A 8.687 (2) | 11.517 (2) efinement metho Mquimbatr:i(z I\/|L|J_”-<mbatr||:><2
c, A 12.886 (3) | 19.009 (3) _ y y
B, qgg_ 95.292 (5) (F;if(;rlled parameters 02;);11 12(());‘,3
\z/' A 170540 ® 3300; ®  Reactors for B> 23(F3) | R1 0.0502, | R1 0.0524,
wR2 0.1294 (wR2 0.1506
Goaio 9/,?”‘3 1.151 1.189 R-factors for R1 0.0786,| R1 0.071,
K, MM 0.070 0.072 all reflections WR2 0.1425|wR2 0.1665
F00) 640 1280 Extinction factor 0.005 (2) | 0.0014 (4)
Crystal habit, mm Prism (0.12 "1 Prism (0.28  pogig,a) electron -0.199/0.276 | -0.377/0.354
x0.19:0.36) | x0.30:0.40)  gercin (min/max), eA’
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Table 4. Atom coordinates 10° for H, x10* for the  Table 5. Atom coordinates x10° for H, x10' for the
other atoms) antheir isotropic equivalent thermal factors other atoms) antheir isotropic equivalent thermal factors
for compound VI for compoundXI

Atom X y ‘ Ueq Atom X y z Ueg
o) 9076 (1) 3190 (2) 4072 (1) 0.0799 (5) ~
I e e v L B a
ct | 7203 (1) -277 (2)| 2251 (2) 0.0517 (6) C | 1635 (1) 3936 (2 5849 (1) 50 (1)
c® | 6711 (1) -1057 (2) 1391 (2) 0.0475 (6) | 1 (1) non (2) B (1) 6 (1
c® | 6231 (2) -2485 (3) 1688 (2) 0.0710 (8) C 055 (1) 4946 (2) 6072 (1) 46 (1)
C* | 5545 (2) -3013 (3) 851 (2)| 0.1050 (1) C | 905 () 5873 (2) 5531 (1) 56 (1)
C° | 5794 (2) -2850 (3) -186 (2)| 0.101 (1) c 326 (2)| 6833 (2) 5774 (1) 117 (1)
C® | 6080 (1) -1263 (3) -454 (2)| 0.0643 (7) C | -147(2) 6740 (3) 6373 (1) 160 (1)
c’ 6629 (1) -483 (2)| 435 (2)| 0.0491 (6) c 110 (1)] 15968 (2) 6947 (1) 67 (1)
ct 7097 (1) 953 (2)| 139 (2)| 0.0599 (7) c’ 721 (1)) 4999 (2) 6722 (1) 52 (1)
c | 7632 (1) 1779 (3) 1034 (2) 0.0565 (7) ct 896 (1) 4087 (2) 7266 (1) 64 (1)
c | 7088 (1) 2912 (3) 1620 (2) 0.0670 (8) c® | 1532 (1) 3119 (2) 7047 (1) 60 (1)
c | 6390 (1) 2146 (3) 2201 (2) 0.0648 (7) c | 2511 (1) 3400 (2) 7181 (1) 72 (1)
C? | 6769 (1) 833 (3)| 2885 (2) 0.0628 (7) C™ | 2845 (1) 4399 (2) 6725 (1) 71 (1)
C° | 8044 (1) 553 (2) 1779 (2) 0.0528 (6) C? | 2620 (1) 4212 (2) 5955 (1) 63 (1)
C22 9860 (1) 2451 (2)| 4239 (2) 0.0530 (6) cL 1406 (1) 2845 (2) 6270 (1) 53 (1)
el mgumgone o)l m fyd o
C* | 11463 (2] 997 (3) 4588 (2) 0.0960 (1) gzz _ggg EB 1(1322 ((g 2338 8 gf EB
c® | 11265 (2) 2228 (3) 5192 (2) 0.0772 (8) | o B
2 c* | -1600 (2) -570 (2) 5764 (1) 74 (1)
C* | 10465 (1) 2941 (3) 5022 (2) 0.0670 (8) -
c? | 9412 (1| 640 (3)| 2800 (2) 0.0568 (7) C" | -2301 (2) 138 (2) 5946 (1) 75 (1)
H 872 (1)) 266 (3) 355 (2)| 0.0950 (8) C™ | -2158 (1) 1280 (2) 6114 (1) 72 (1)
C 315 (1) 1448 (2) 5987((1) 50 (1)
H | -551 (15) 2951 (18) 6239 (10) 80

0.2° and 10 s for a singlexposure,distancefrom

detector to the crystal 50 mm. The absorption of

X-rays in the sample was accounted for by equivalenmixture was heated to 16%280°C for 5.5 h, cooled,
reflections. The structure was solved by the direcfrom the crystalline solid the formamide wasshed
method and refined by the least-squares procedure igith water, and theresidue was dried irair. Thus

anisotropic approximation for nonhydrogeatoms.
The H hydrogen atom was localizébm difference
synthesis of the electron density and refined in iso
tropic approximation. The positions of the other
hydrogens were calculated geometrically and wer
included into refining in the“rider” model.

The collection and processing dhta, refining of

104 g of a mixture of compound$, b was obtained

in 3: 2 ratio with a small admixture of amirlé . The
‘mixture was treated with 200 ml of cold petroleum
gther (extract no. 1), and then it was boiled in
Succession with 200 and 500 ml of petroleum ether
(extractno.2). Theinsoluble residue was compound
lla, mp 147149.5C (publ. bp 145146.5C [2]).

the unit cell parameters were carried out by SMART,p spectrum, crit: 3439 (NH), 1687,1502 (amide).

and SAINT Plus softwarg7]. All calculations for
solving and refining of the structure were performed
by programpackageSHELXTL/PC [8]. The main

'H NMR spectrum,8, ppm @, Hz): 4.14 (C%H, J
3.1, 3.1, 8.2, 0.9)6.19 (NH), 8.21 (CHO,J 0.9,

crystallographic parameters and results of the strch(-:?g- Signals of lower intensity§, ppm {, Hz): 3.64

ture refining are presented in Table 3. The ato
coordinates are listed in Tables 4 and 5.

N-[(13-anti)-Tricyclo[7.3.1.0% Jtridec-2(7)-en-13-
yllmethanamide (lla) and N-[(13-syn)tricyclo-
[7.3.1.G (tridec-2(7)-en-13-yllmethanamide “(lIb).
To 270 g (9 mol) of formamideheated to 168, was
added within 2.5 h a mixture of 95 (0.5 mol) of
ketonel with 95 ml of 85% formicacid. The reaction

H, J 3.4, 3.4, 9.1),6.48 (NH), 8.14 (CHO).
3C NMR spectrum,5, ppm: 17.27, 22.03, 22.75,
22.88, 27.66, 28.51, 29.07, 38.18CH,); 30.85,
37.83, 47.97(3CH); 129.08, 129.9¢C=C); 160.58
(CHO). Signals of lower intensityp, ppm: 17.17,
21.65, 22.80, 22.88, 27.89, 28.47, 29.01, 38.04
(CH,); 32.57, 40.14, 51.86 (CH); 129.01.30.09
(C=C); 164.06 (CHO).
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After cooling extracino.2 30.5 g of thenixture of &, ppm: 17.24, 19.98, 20.04, 21.95, 26.75, 27.62,
compoundslla, b precipitated. The filtrate after 30.6,36.56 (CH); 31.47, 39.23, 47.43 (CH); 62.18,
removing the precipitate was evaporated to 30 mig5.68 (G-O-C); 164.49 (CHO).

and on cooling it the crystals of compoutidh pre- N-[(14-syr)-13-oxatetracyclo[6.4.1.1 0% Fjtetra-

cipitated (1.7 g). IR spectrum, cih 3420 (NH), : . ;
1683,1499 (amide). *H NMR spectrum3, ppm {, dec-14-yllmethanamide (Vb) was obtained in a

Hz): 4.08 (G°H, J 2.8, 2.8, 9.1)5.88 (NH), 8.11 Similar way. IR spectrum, cff 3425 (NH), 1682,
(CI)—|O, ] 2_(0)_ Signals of lower in)tensity(é, p?om o, 1498 (amide), 865 (epoxide}’C NMR spectrums,
Hz): 3.47 (CBH, J3.1, 3.1, 9.6),6.05 (NH), 8.11 ppm: 17.63, 20.11, 20.89, 27.25, 29.20, 31.19,
(CHO). 13c NMR spectrumg, ppm: 17.15, 23.07, 33.31; 34.26(8CH,); 31.01, 37.65, 49.3(:(3CH);
23.19, 28.31, 29.13, 29.52, 32.77, 33.(&CH,); 0311, 66.20 (CO-C); 160.03 (CHO) Signals of
31.75, 40.00, 49.383CH): 127.18, 130.84C=C): lower |nten§|ty,6, ppm:17.17, 23.1, 2.8.33, 29.55,
160.39 (CHO).Signals of lower intensityp, ppm: <o-14 (Ch); 31.82,40.07, 49.40 (CH); 160.4 (CHO).
16.90, 22.92, 28.39, 29.06, 29.44, 33.08, 33.32 Schiff basesVIl -XII were prepared by mixing in
(CH,); 34.29, 41.10, 53.74 (CH); 127.00,31.03 the cold of alcoholic solutions of the corresponding
(C=C); 163.42 (CHO). amines and aldehydes. The crystals of reaction pro-
ucts precipitated at standing. Compoundll .

The residue after evaporating extract no. 1 wa H NMR spectrum,s, ppm 0, Hz): 3.48 (GH, J

distilled in a vacuum to afford 1.5 g of amiri , bp 3.1, 3.1), 8.40 (N=CH), 14.2 (OH). ¥C NMR

222-223C (2 mm Hg). spectrum, 8, ppm: 18.28, 22.71, 23.17, 23.25,
13-anti-Aminotricyclo[7.3.1.0* Jtri-dec-2(7)-ene  28.32, 28.78, 29.46, 38.5@CH,); 34.24, 41.46,
(Iva). In 30 ml of 5% alcoholic solution of sodium 69.15 (3CH); 129.30, 130.10(C=C); 162.63
hydroxide was dissolved 2.2 g (10 mmol) of amide(C=N); 161.75 (GOH); 117.08, 118.25, 119.03,
lla, the solution was boiled for 3 h on a wateath, 131.05, 132.02 (ArC).Compound. XI. *H NMR
then 20 ml of alcohol was evaporated, and the residugpectrum,s, ppm {, Hz): 3.38 (éBH, J 3.0, 3.0,
was diluted with 40 ml ofvater. Theseparated amine 3.0), 8.40(N=CH), 14.0 (OH).**C NMR spectrum,
was extracted inteether, theextract was dried with &, ppm: 17.55, 23.27, 23.42, 27.88, 29.37, 29.60,
magnesium sulfate and evaporated. The residue was.30, 34.12(8CH,); 34.56, 41.87, 70.613CH);
distilled in a vacuum. 126.64, 130.41(C=C); 162.02 (C=N); 161.92

C-OH); 117.24, 117.93, 119.94, 130.91, 131.87
13-syn-Aminotricyclo[7.3.1.0% Jtridec-2(7)- EArC).)

ene (IVb), 14-anti-amino-13-oxatetracyclo-

[6.4.1.2%. 0 9tetradecene (Vla), and 14-syn Crystals of compound¥Ill, XI were grown by
amino-13-oxatetracyclo[6.4.1.4° 0" 8tetradecene  Procedure [10]from alcoholic solutions.

(VIb) were obtainedsimilarly.

N-[(14-anti)-13-Oxatetracyclo[6.4.1.$°.0"9-

tetradec-14-yllmethanamide (Va). Into 340 ml of 1. Tilichenko, M.N., Nauchnyi ezhegodnik Saratov.
0.1 M solution of monoperphthalic acid in chloro- Univ., 1955, pp. 500504; Plesek, J. and Munk, P.

form prepared by procedure [9] from sodium per- Coll. Czech. Chem. Communl957, vol. 22,
borate was dissolved 5.8(g6.5mmol) of amidella. pp. 15961600; Julia, S. and Varech, DBull. Soc.
The solution was kept for a week &t®, then washed Chim., 1959, no. 78, pp. 11271133; Tilichen-
with water solution of sodium carbonate and with ko, M.N., Uchenye zapiski Saratowniv., 1959,
water, driedwith magnesium sulfate, and evaporated. o 71 pp. 153158.

The residue was crystallized frofmexane to obtain o AdesoganE.K., J. Chem. Soc. (C)1968, no. 16,
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