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As a result of research it was established that the reaction of furfural with secondary amines and ethyl cyano-
acetate gave previously unkown diethyl esters of 8-(dialkylamino)-6-oxo-3-(2-furil)-2,4-
dicyanobicyclo[3.2.1]octane-2,4-dicarboxylates. Thus, discovered a radically new approach to constructing
the bicyclo[3.2.1]octane system, which involves a cascade reaction between furfural and ethyl cyanoacetate in
the presence of secondary amines. Structure of all synthesized compounds confirmed by modern physical
methods of analysis. By the method of XRD analysis the stereo orientation of substituents in the bicyclic
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framework is established.
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Introduction Scheme 1

Over the past years a lot of publications A Ry ~
have appeared on the synthesis of functionally 2 QCHO TN T 2 NC™ "COOCpHs —-
substituted bicyclo[3.2.1]octanes [1-7]. The bicy- 02
clo[3.2.1]octane fragment forms the structural /R
basis of a great number of natural terpenes, chooe. N
. . . . AL ~
lignans, and alkaloids. Earlier we discovered a R
radically new approach to constructing the bicy- =
clo[3.2.1]octane system, which involves a cascade \ 6 COOCCNH
reaction between furfural and isopropyl cyanoace- e 2
tate in the presence of secondary amines [8]. -

a R;=Ry=C,Hs; b R™ R’z (CHp)s; ¢ R R%= (CH,),0(CHy),

Results and discussion

Proceeding with our research synthesized
new diethyl esters of 8-(dialkylamino)-6-oxo-3-
(2-furil)-2,4-dicyanobicyclo[3.2.1]octane-2,4-di-
carboxylic acid (I a—c ) (Scheme 1).
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The proposed reaction mechanism in-
volves the initial formation of a deprotonated
Stenhouse salt (2) from the secondary amine
and furfural (Scheme 2).
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It should be noted that when furfural and
cyanoacetic ester are simultaneously introduced
in the reaction medium, the reaction stops at the
stage of the formation expected Knoevenagel
product3-(2-furyl)-2-cyanoacrylate. We suggest
that intermediate (2) further undergoes sponta-
neous 4m-electrocyclization (a Nazarov-type
reaction) to form 2,3-diaminocyclopentenones
(3). The addition of furfural and ethyl cyanoace-
tate to the reaction mixture results in the consec-
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utive formation of 3-(2-furyl)-2-cyanoacrylate
(4) and Michael adduct (5). Compound (5) in the
basic medium undergoes a Michael addition to
cyclopentenone (3) followed by carbocyclization
of the resulting adduct (6), probably, via nucleo-
philic elimination of the secondary amine.The
structure of compounds (1a—c) is confirmed by
the methods IR-, NMR and mass spectrometry
and elemental analysis, as well as the XRD anal-
ysis of compound 1c (Figures 1-3).
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Fig. 1. *H NMR spectrum of diethyl 8-morpholino-6-oxo- 3-(2-furyl)-2,4-dicyanobicyclo [3.2.1]octane-2,4-

dicarboxylate (1c).
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Fig. 2. ®C NMR spectrum of diethyl 8-morpholino-6-oxo-3-(2-furyl)-2,4-dicyano-bicyclo[3.2.1]octane-2,4-

dicarboxylate (1c).
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Spectrum 1A
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Fig. 3. Mass-spektrum of diethyl 8-morpholino-6-oxo-3-(2-furyl)-2,4-dicyano-bicyclo[3.2.1]-octane-

2,4-dicarboxylate (1c).

Crystallographic data. Crystals for X-
ray diffraction study were obtained by slow
evaporation of saturated ethanol solution. The
crystals of Cy4H27N30O7 are monoclinic. At 293
K a=8.5867(6), b = 32.281(2), c = 8.7824(6) A,
B = 105.9240(10)°, V = 2341.0(3) A% Mr =
469.49, Z = 4, space group P2i/n, dcy.= 1.332
g/lem®, (MoK ,-radiation) = 0.099 mm™, F(000)
= 992. Intensity of 26806 reflection (5796 inde-
pendent, R;j;=0.052) were measured on the
Brucker SMART APEXII CCD diffractometer
(graphite monochromated MoK, radiation, CCD
detector, ®-scaning, 20max = 57°). The structure
was solved by direct method using SHELXTL
package [9].

Positions of the hydrogen atoms were
located from electron density difference maps
and refined by "riding” model with Ui, =
1.2U¢q of the carrier atom. Full-matrix least-
squares refinement against F? in anisotropic
approximation for non-hydrogen atoms (309
parameters) using 5796 reflections was con-
verged to wR2 = 0.179 (R1 = 0.066 for 3866
reflections with F>4c(F), S = 1.049). The final
atomic coordinates, and crystallographic data
for molecule 1c have been deposited to with
the Cambridge Crystallographic Data Centre
and are available on request quoting the depo-
sition numbers CCDC 1023258 (Figure 4).

Results of X-ray diffraction study
demonstrated that bicyclic framework of mole-
cule adopt typical chair-envelope confor-
mation. The deviation of the C5 and C8 atoms

Fig. 4. Molecular structure of (1S,2S,3S,4R,5R,

8S)diethyl 2,4-dicyano-3-(furan-2-yl)-8-morpholino-6-

oxobicyclo[3.2.1]octane-2,4-dicarboxylate  according

to X-ray diffraction data.

of cyclohexane ring and the C5 atom of cyclo-
pentanone ring from remaining atoms of rings
are —-0.88 A, 0.57 A and —0.71 A, respectively.
The morpholine ring has chair conformation
(deviation of the N1 and O1 atoms from mean
plane of carbon atoms of ring are —0.68 A and
0.62 A, respectively) are oriented towards cy-
clopentanone ring of bicyclic fragment and it is
located almost symmetrically with respect to
the C5 methylene bridged group (the C6-C5-
N1-C2 and C10-C5-N1-C3 torsion angles are
67.9(2)° and -62.1(2)°, respectively). All bulky
substituents in cyclohexane ring of bicyclic
fragment adopt an equatorial orientation while
smaller cyano groups gave axial orientation.
Values of relevanet torsion angles are: C7-C8-
C9-C18 -163.4(2)°, C9-C8-C7-C15 161.6(2)°,
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C10-C9-C8-C21 -175.0(2)°, C7-C8-C9-Cl14
77.5(2)°, C9-C8-C7-C13 —76.9(2)°. Both car-
bethoxy substituents have antiperiplanar con-
formation (the C15-06-C16-C17 and C18-O4-
C19-C20 torsion angles are 162.2(3)° and
174.8(3)°, respectively. The furan ring is almost
co-planar to the C8-H bond (the H-C8-C21-O7
torsion angle is 10°) [10].

Thus, we discovered a new cascade reac-
tion which allow a one-pot synthesis of diethyl
8-(dialkylamino)-6-oxo0-3-(2-furyl)-2,4-dicyano-
bicyclo-[3.2.1]octane-2,4-dicarboxylates ~ from
accessible reagents.

Experimental part

Allcommercially available chemicals
were obtained from Merc and Sigma-Aldrich
companies without further purification. The IR
spectra were run on a Varian 3600 FT-IR Ex-
calibur Series FTIR spectrometer in KBr pel-
lets. The *H and **C NMR spectra were meas-
ured on a Bruker Avance-300 MHs spec-
trometer at 300 and 75 MHs, respectively.
Elemental analysis for C, H, and N was per-
formed on a Carlo Erba 1106 analyzer. The
melting points were measured on a Kofler hot
stage. The purity of the synthesized com-
pounds was checked by TLC on Silufol UV-
254 plates, eluent-acetone—hexane (1:1), de-
velopment in iodine vapor, UV detector.

Diethyl 8-(dialkylamino)-6-oxo-3-(2-fu-
ryl)2,4-dicyanobicyclo-[3.2.1]octane-2,4-di-
carboxylates (1a-c).

A mixture of 0.01 mol of furfural and
0.02 mol of a secondary amine (Et,NH, piper-
idine or morpholine) was stirred in 15 mL of
96% ethanol for 1 h. A mixture of 0.01 mol of
furfural and 0.02 mol of ethyl cyanoacetate
was added to the resulting solution, and the
reaction mixture was allowed to stand for 24 h.
The precipitate was filtered off and dried.

Diethyl  8-diethylamino-6-0x0-3-(2-fu-
ryl)-2,4-dicyanobicyclo[3.2.1]octane-2,4-dicar-
boxylate (1a), yield — 42 %, ivory crystals,
m.p. — 147°C (EtOH).

IR spectrum, v, cm *: 2240 (C=N), 1750
(C=0), 1654 (COO0).

'H NMR spectrum (300 MHz, CDCls),
3, ppm: 0.68-0.73 (t, 3H, CH3), 0.89-0.93 (t,
3H, CHj), 2.55-2.58 (m, 2H, CH,), 2.69-2.73

(9, 4H, N-CH,), 2.97 (br.s, 1H, CH), 3.17-
3.20 (d, 1H, CH), 4.01 (s, 1H, CH), 4.27-4.35
(m, 5H, 20CH,, CH), 6.34 (d., 1Huril), 6.67
(d, 1H, H3furyl), 7.35-7.36 (d, 1H, H° furyl).

B3C NMR spectrum (75 MHz, CDCl5),
o, ppm: 6.52, 9.26, 31.19, 33.46, 37.57, 37.99,
45.60, 47.03, 50.00, 58.60, 59.65, 106.30,
106.39, 110.79, 111.72, 138.57, 141.92,
159.32, 161.05, 202.43.

Found, %: C 63.32, H 6.57, N 9.30.
Co4H29N306. Calculated, %: C 63.28, H 6.42,
N 9.22

Diethyl 8-(piperidin-1-yl)-6-0xo-3-(2-fu-
ryl)-2,4-dicyanobicyclo[3.2.1]octane-2,4-dicar-
boxylate (1b), yield — 49 %, ivory crystals,
m.p. — 161°C (EtOH).

IR spectrum, v, cm*: 2240 (C=N), 1750
(C=0), 1654 (COO).

'H NMR spectrum (300 MHz, CDCls),
d, ppm: 1.26-1.34 (t, 6H, 2CHj3), 1.49-1.55 (m,
6H, CHy), 2.52-2.57 (m, 6H, 2N-CH, CH,),
3.05 (s, 1 H, CH), 3.28-3.30 (d, 1H, CH), 3.66
(s, 1H, CH), 4.24-4.32 (m, 5H, 20CH,, CH),
6.33-6.34 (d, 1H, H% uryl), 6.65(d, 1H,
H3furyl), 7.35-7.36 (d, 1H, H>furyl).

BC NMR spectrum (75 MHz, CDCls),
o0C, ppm: 9.26, 19.58, 21.08, 31.07, 33.42,
37.60, 46.12, 47.19, 49.43, 59.77, 62.72, 106.39,
110.79, 111.74, 138.55, 141.93, 159.24, 160.99,
202.25.

Found, %: C 64.39, H 6.37, N 9.11.
CosH29N306. Calculated, %: C 64.23, H 6.25,
N 8.99.

Diethyl 8-morpholino-6-oxo-3-(2-furyl)-
2,4-dicyanobicyclo[3.2.1]octane-2,4-dicarbo-
xylate (1c), yield 45 %, ivory crystals, m.p.
216°C (EtOH).

IR spectrum, v, cm™: 2240 (C=N), 1750
(C=0), 1654 (COO).

1H-NMRspectrum (300 MHz, CDCls),
8, ppm: 1.27-1.35 (t, 6H, 2CHs), 2.56 (d, 1H,
CH), 2.63 (t, 4H, 2N-CH,), 3.03 (s, 1H, CH),
3.28 (s, 1H, CH), 3.70 (m, 5H, 20CH,, CH),
4.27-4.32('m, 5H, 20CH,, CH); 6.33-6.34 (d,
1H, H*uryl), 6.65(d , 1H, Hfuryl), 7.35-7.36
(d, 1H, H>furyl).

BC NMR spectrum (75 MHz, CDCls),
o0C, ppm: 9.25, 31.00, 33.50, 37.13, 45.52,
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DIETIL-8-(DIALKILAMINO)-6-OKSO-3-(2-FURIL)-2,4-DiSIANOBITSIKLO[3.2.1]OKTAN-2,4-
DIKARBOKSILATLARIN SINTEZi

A.dismiyev

Aparilan todqgiqatlar nsticesinde miioyyon edilmisdir ki, furfurolun ikili aminlor vo etilsianasetat ilo reaksiyasi
ovvollor molum olmayan 8-(dialkilamin)-6-okso-3-(2-furil)-2,4-disianbitsiklo[3.2.1]oktan-2,4-dikarboksilatlarin
almmasi ilo naticolonir. Beloliklo, furfurolun etilsianasetatla ikili aminlor istirakinda kaskad karbotsikllogsmosinog
osaslanan bitsiklo[3.2.1]oktan sisteminin alinmasi {iglin prinsipco yeni yanasma askar edilmisdir. Biitiin sintez
edilmis maddslorin qurulusu miiasir fiziki todqigat tisullar ilo tosdiq edilmisdir. RQA {isulu ilo bitsiklik karkasda
olan avazedicilarin Stereo istiqgamatliliyi miioyyan olunmusdur.

Acar sozlar: furtural, etilsianasetat, karbotsikllogma, bitsiklo[3.2.1]oktan.

CHUHTE3 JUDTUJI-8-(AUAJTKUNITAMHUHO)-6-OKCO-3-(2-®YPWJI)-2,4-
JUIHUAHOBUIIUKIIO[3.2.1]OKTAH-2,4-TUKAPBOKCHUJIATOB

A.N.UcmueB

B pesynbraTe nmpoBeAEHHBIX HCCIICAOBAHUM yCTAaHOBIEHO, 4TO peakius ¢pypdypona ¢ BTOPHYHBIMH aMHUHAMH U
STUIILMAHALIETATOM TMPUBOAUT K paHEe HEU3BETCTHBIM JAMITHIOBBIM ddupaM 8-(quankuiaMuHo)-6-okco-3-(2-
bypun)-2,4- muimanoourukiio[3.2.1]okrana-2,4- tukapOokcuiaaraMm. ITO 03HAYACT, YTO HAMH OOHAPY)KEH MPHHIIU-
MTHAJIFHO HOBBIK MOJXOM K MOCTPOEHHUIO OMIKKIIO[3.2.1]OKTaHOBOH CHCTEMBI, OCHOBAaHHBIN Ha M3SIIHON KaCKaJIHOU
peakmu Mexay GyphypoIoM M H30NPONHMI-INAHOAIIETATOM B IMPUCYTCTBHM BTOPHYHBIX aMHHOB. CTpoeHHE BCeX
CHHTE3MPOBAaHHBIX COCAMHEHHH J0Ka3aHa COBPEMEHHBIMHU (pH3WyecKMMH MeToaamu aHainm3a. Meromom PCA ycra-
HOBJICHA CTEPEOOPUEHTAIIHS 3aMECTHTENICH B OUITUKIINIECKOM KapKace.

Knroueswie cnosa: pypgdhypan, smunyuanayemam, xapooyuxnuzayus, ouyuxiof3.2.1]oxman.
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