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1,3-Dipolar cycloaddition reactions of C-acetyl-N-phenylnitrilimine with
furan derivatives are described. 2-Methyl- and 2-ethylfuran afforded in
addition to a byscycloadduct, a monocycloadduct, 1-phenyl-3-acetyl-5-meth-
yl(ethyl)-3a,6a-dihydrofuro[3,2-c]pyrazole. The reaction with furan re-
sulted only in the bisadduct. As by-products, the dimer 3,6-diacetyl-1,4-di-
phenyl-1,4-dihydro-1,2,4,5-tetrazine and the products of decomposition of
nitrilimine were isolated in all cases. The presence of the 1,3-addition product
in the reaction mixture was not proved. The structures of the products were
determined by '"H-n.m.r., u.v., and i.r. spectroscopy as well as by dehydrogena-
tion of the monoadduct with DDQ under the formation of
1-phenyl-3-acetyl-5-methylfuro[3,2-c]pyrazole.

OnuceiBatorcs 1,3-6MnonspHble peakUuH LHKIONpUcoenuHeHus C-ale-
TWiI-N-(eHWIHHTPUWINMHHA C NpPOM3BOAHbIMM ¢ypaHa. K3 2-meTun- u
2-atundypana obpasyeTcsi NPOAYKT MOHOHMKJIONpHCOenUHeHus 1-deHun-
-3-auerun-5-merun(3tun)-3a,6a-guruapodypo(3,2-clmpa3zon moMUMO Mpo-
AyKTa OucuMKiIonpucoequHeHus. Peakiuus ¢ ¢ypaHOM NPHBOOHT TOJNBKO
K 006pa30BaHHIO NPOJYKTa GUCIMKIIONPUCOENHEHHS. Bo Beex ciiy4yasx B Ka-
4ecTBE MOGOYHBIX NMPOJYKTOB ObUI W3OIMPOBaH NMPONYKT PEAKUUHM HUTDHI-
UMUHA: [OuMep 3,6-muanetun-1,4-gudenwn-1,4-purunpo-1,2,4,5-TeTpa3un
¥ NPOAYKThl Pa3yIOXEHUS HUTpwinMHHa. IIpucyrcTBHe npoaykra 1,3-mpm-
COEWHCHHS B PEaKUMOHHOH cMecH He Obu1o 06HapyxeHo. CTpykTypa mpo-
nykToB Gbuta ompeneneHa 'H-AMP, Y® u MK cnekTpoMmeTpuei M Takxe
AECTHAPHPOBAHHEM TMPOAYKTa MOHompucoeguHeHHs ¢ DDQ c¢ o6pa3o-
BaHueM 1-enmnn-3-auetnn-5-metundypo[3,2-c Jnupasona.

* Part CLVI in the series Furan Derivatives.
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In our previous works we dealt with 1,3-dipolar cycloaddition of C-ben-
zoyl-N-phenyl nitrone to furan derivatives [1—4]. In the case of 2-methyl- and
2-ethylfuran we proved besides cycloaddition products also the presence of
1,3-addition product [2]. Interpretation of the perturbation interaction diagram of
1,3-dipolar cycloadditions of nitrones to furan revealed that the reaction was
governed by the dominant frontier interaction LU (nitrone) — HO (furan) [1]
according to the Sustmann classification of cycloadditions [5—7]. Besides nitrones
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[5], also nitrilimines belong to the II type of 1,3-dipoles. Therefore, the aim of the
present work was to investigate the 1,3-dipolar cycloadditions of nitrilimines to
furan derivatives. In the literature there is only one work by Caramella [8] who
obtained monocycloadducts similar to IT (Scheme 1) in 6—34% yield by the
reaction of nitrilimines Ar—C=N — N—(Ar—X) (X=H, 4-Cl, 2,4-diBr) with
furan at 30°C. The formation of bisadducts and other by-products of the reaction
was not described.

Nitrilimines are known only in situ and therefore no values for ionization
potentials (IP) and electron affinities (EA) are available. The values of frontier
orbitals for the basic hypothetical nitrilimine H—C=N — NH (éuomo= —9.2 €V
and £.umo = 0.1 €V) as well as for C,N-diphenylnitrilimine (&uomo = —7.5 €V and
eLumo = — 0.5 eV) have been determined [9, 10]. In [4] we determined the values
of frontier orbitals for C,N-diphenyl nitrone (€womo= —7.5€eV and €rumo=
—0.35eV) and C-benzoyl-N-phenyl nitrone (€uomo= —8.8eV and éeLumo=
—0.9 eV) from linear correlations IP~ A,... On the basis of the almost identical
Hammett o, constants for CH,CO (0.5) and CcHsCO (0.43) groups, respectively,
and the approximately identical values of £4omo and £ umo for diphenyl substituted
nitrone and nitrilimine we can assign the same values also to C-acetyl-N-phenyl-
nitrilimine I. The £uomo (—8.8 €V) and erumo (—0.9 eV) values are in good
agreement with the above-mentioned Houk values for C,N-diphenylnitrilimine.
From the values obtained in this manner we constructed the perturbation interac-
tion diagram for 1,3-dipolar cycloadditions of nitrilimines to furan derivatives
(Fig. 1). The IP and EA values of furan derivatives were determined in [4].

For 1,3-dipolar cycloadditions of nitrilimines to substituted furan derivatives
(R=H, CH,, C,Hs), similarly as for nitrones, the LU (nitrilimine) — HO (furan)
interaction is dominant. This leads to the formation of the regioisomer
“head—tail” IT (Scheme 1) as it is evident from the presented values of atomic
orbital coefficients (interaction diagram, the values of atomic orbital coefficients
for HCNNH [9], for furan [11]). The HO (nitrilimine) — LU (furan) interaction,
the result of which would be the regioisomer ‘“head—head” III, cannot be
considered because the difference between both frontier interactions is higher than
1 eV. Also with alkyl substituted furan derivatives the LU (I) — HO (furan
derivative) interaction takes place because the alkyl group increases not only £xomo
but also £.umo. According to the perturbation interaction diagram, electron-donat-
ing substituents on furan ring increase the reaction rate by decreasing its IP value.
Electron-accepting substituents in nitrilimine act similarly by increasing its EA
value. Therefore, as a model nitrilimine for cycloaddition to furan derivatives we
chose C-acetyl-N-phenylnitrilimine (the acetyl group in comparison to the phenyl
group decreases the energy of LUMO and thus speeds up the reaction) and as
a model furan derivative we chose 2-methylfuran which was more reactive than
furan.
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Fig. 1. Interaction diagram of cycloaddition of nitrilimines to furan derivatives.

C-Acetyl-N-phenylnitrilimine I was generated in situ from a-chloro-a-
-(N-phenylhydrazono)acetone XI by treatment with triethylamine in absolute
tetrahydrofuran in the presence of 2-methylfuran. The use of XI for 1,3-di-
polar cycloadditions of heterocycles is described in several cases, for example with
indole derivatives [12, 13], pyrrole derivatives [14—16], and 1-methyl-1H-
-indazole [17]. With the furan derivatives used in this work, staying at laboratory
temperature for a longer time proved to be the most advantageous way. After
working up and chromatographic separation (SiO., chloroform—n-heptane 8:2),
the isolated products could be classified into two groups. In the first one, there were
the products of mutual reaction of nitrilimine I with 2-methylfuran and in the
second one the decomposition products of 1,3-dipole. The primary identification of
the products has been carried out by mass spectrometry because the formed
monoadducts ITb were thermostable, contrary to the monoadducts of nitrones to
furan derivatives XII which on heating easily cycloreversed. The difference in
thermostability can be explained by the effect of the C= N bond on stability of the
heterocycle. The reaction of I with 2-methylfuran resulted in the compounds IIb
(22%), IVb (32%), and IVd (6%). We assigned the structure of 1-phenyl-3-ace-
tyl-5-methyl-3a,6a-dihydrofuro[3,2-c]pyrazole IIb to the product of m.p.
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141--142°C with the molecular peak M"®, m/z 242 in the mass spectrum on the
basis of interpretation of the perturbation inieraction diagram and spectral
analysis. In the mass spectrum, contrary io that of Xi7 [3], fragments of cyclorever-
sion were not detected. Mass spectroscopy is not a sufficient metirod for distin-
guishing the products of substitution (1,3-addition) and cycloaddition, respectively.
The value of the last absorption maximum in the u v. spectrum A, 380 nm as well
as the biue-green fluorescence is typical foi the condensation 2-pyrazoline de-
rivatives. Absorption bands beionging to the vibration of NH groaps, which would
indicuic the formation of the substitution product VI, were not present at
35003300 cm™' in the ir. specirum. Interpretation of the 'H-n.m.r. spectrum
proved unambiguously that the isolated compound was the regioisomer I1b and not
IIl. The 'H-n.m.r. spectrum revealed a significant doubiet of 8 6.10 p.p.m. for the
brigge proton 3a—H with the coupling copstant J=10 Hz (typical for cis
arrangement of bridge protons) proving ihe ois sterecspecificity of 1,3-dipolar
cycloaddition of nitrilimines to furan derivatives. The other bridge proton 6a—H
appeared at higher resolution as a muitiplet in consequence of the coupling
constant J,.. s.= 10 Hz, coupling constant with the proton of the doubie bond of
the dihydrofuran ring Js.. = 2.5 Hz (typical for dihydrofuran derivatives [1]), and
the ‘“long-range” coupling constant with thc methyl group attached to the
dihydrofuran part Jew,—s.=1 Hz. The regioisomer III should contain in the
'H-n.m.r. spectrum a significant doublet with high & value in consequence of
deshielding by two hetercatoms (nitrogen and oxygen). The structure of
IIb was proved alsa by chemical dehydrogenation with 2,3-dichloro-
-5,6-dicyano-1,4-benzoquinone (DDQ) in benzene during 4 h at the
boiling point of the solvent. A heterocyclic system of furo[3,2-c|pyrazole, i.e.
1-phenyl-3-acetyl-5-methylfuro[3,2-c]pyrazole VIIb was obtained. The 2-pyra-
zoline system vanished by dehydrogenation as indicated by disappearance of
the absorption band belonging to 2-pyrazoline (for !Ib A...= 380 nm, for VIIb
Amic= 248 nm) in the u.v. spectrum. The last value is typical for the u.v. spectra of
py:iazole derivatives [18]. Signals of bridge protons were not obscrved in the
'H-n.m.r. spectrum and the values of chemical shifts of the other protons were
affected by the reappearance of the heterccyclic system (“‘ring current effect’”). For
the methyl group on the furan ring A8=0.28 p.p.m., for CH,CO Ad=
0.11 p.p.m., and for 6-H of the furopyrazole skeleton A =1.80 p.p.m. Similarly,
the aromatic multiplet was shifted to higher 6 values. The obtained spectral data
are in good agreement with those given for VIla in the literature [19]. Dehydroge-
nation of IIb with DDQ is a second preparation of the heterocyclic system VII'; the
first one was accomplished by ‘Yoshina [19] by oxidation of hydrazones with
lead(IV) acetate and subsequent cyclizatipn with BF;. The appropriate hydrazones
were prepared by condensation of 5-methyl-2-furancarbaldehyde with phenylhy-
drazine. :

Cheni: zvesti 35 (1) 93--104 (1981) 97



“roanhy, J. KOVAC, . LESKO, v, SMAHOVSKY

The turthior compeund ol ted Was ihe, bisadue J¢ of iy 205 208™0 a8
indicated by the molecuiar peak M~ w/2 3005 [he u . spelinumn was characteris-
tic of 2-pyrazoline derivatives, Anw = 350 nai. Further 1,3-aipolar cycloaddition
reaction of the IIb derivative can afford the foilowiﬁg visadducts IV syn and anti,
V syn and anti by arrangement of the bridge protons of ihe tetvahydrofuran
skeleton (Scheme 1). In the 'H-n.m.r. specivurn iwo doublets of & 506 and
5.50 p.p.m. with the coupling constant J = 6.7 Hz were observed in the region of
tetrahydrofuran protons indicating their cis arrangement and one singlet of low &
value (4.18 p.p.m.). As assumed, the disappearance of the dcuble bond was
indicated by the shift of the tetrahydrofuran protons to lower § values in
consequence of the disappearance of the “ring current effect”. The presence of two
doubicts and one singlet points tc anti arrangzement of the bridge proons 6-6a of
the tetrahyidrofuran skeleton, Jes, =0 Hz. it means that the structures of syn
bisadducts can be excluded. Further, comparison of the aromatic multiplets of the
monoadduct 116 (3 6.90—7.45) and of the isolated bisadduct (6 7.05—7.97)
shows that the phenyl group should be on the same side of the heterocycle as the
acetyl group. The shielding effect of the carbonyl group is indicated by the shift of
the aromatic protons to higher 8 values [15]. The above-mentioned interpretation
helped to elucidate the structure of bisadducts formed by the reaction of I with
pyrrole derivatives [14, 15]. Thus, the structure V is excluded. This statement is
supported also by interpretation of the perturbation diagram. The formation of the
bisadduct is also governed by the LU (I) — HO (2-methylfuran) interaction
because the IP’s of the dihydrofuran derivatives are in the range of 7.9—8.5 eV
[4, 11]. Contrary to furan, in 2,3-dihydrofuran the highest atomic orbital coeffi-
cient in HOMO is on C-3 atom (c,=9.455 and ¢;=0.590) [11] and thus, the
reverse regioisomer is formed. Therefore, we assigned the structure IVb to the
isolated bisadduct of m.p. 264—266°C. We have isolated one more bisadduct IVd
of m.p. 190—192°C in 6.5% yield. Its mass spectrum revealed a molecular ion,
M™* m/z 402 with the same fragmentation as I'Vb but different relative intensities
of the fragments. The i.r. spectrum showed significant differences when compared
to the spectrum of IVb in the region of 600—1300 cm™', v (CO) for IVb was 1662
and for IVd 1656 cm™'. The u.v. spectium showed slight differences; IVb
Amax=241 nm (4.33) and 350 nm (4.49), IVd Amnax=240 nm (4.33) and 356 nm
(4.54). The 'H-n.m.1. spectra of both compounds IVb and IVd were identical,
which is very surprising. The exact configuration of the bisadduct I'Vd could not be
determined on the basis of the. obtained spectral data.

From by-products of the reaction a red crystalline compound VIII with the
molecular peak M*®, m/z 320, m.p. 173—176°C was obtained in the highest yield
16%. It was a dimer of nitrilimine I formed in situ during the reaction. Its
"H-n.m.r. spectrum was very simple, had a signal at 6 2.46 p.p.m. corresponding to
the acetyl group and a symmetric multiplet at 6 7.11—7.43 p.p.m. corresponding
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to aromatic protons. The ratio of thg Intensities was 10. 6. [ the ir. spectrum the

ibrations of the NH groups were absent and ciily sie absorption band belonging
to the carbonyl group was present at 1710 cm”" which, wogether with the '"H-n.m.1.
spectrum, indicated a highly syrametric structure. We assign= o this compound
the structure of 3,6-diacetyl-1,4-diphenyl-i,2,4,5-tetrazinc.

The further compound of the mutual reaction of »i.iirein. ¥ and its decomposi-
tion products was a yellow crystalline compound IX with m.». 103—105°C. The i.r.
spectrum revealed the vibrations of the NH groups at 32350 ~m2 ™' and the stretching
vibrations of the carbonyl group at 1678 e ™' Intha '+ 7 m ¢ snectrum the signal
of the methyi protons of acetyl group appeared ar § 2.57 o.p.imi. Contrary to the
dimer VIII, the part of the signals of the aromatic protc::: wzs less symmetric; the
signals appeared in a wider range 8§ 6.57—7.35 p.p.m. The ratio of the intensities
was 12:3, which meant that also two protcas of tie Nii groups were involved. In
the mass spectrum a molecular peak M*¢, m/z 253 of relative intensity 100% was
found. The elemental composition of this compound (C,:H;sN,O) was derived
from the exact measurement of its mass. Of the mosi important fragments (their
composition was also determined by exact mass mea.surements} the following ones
are significant: (m/z 210 (15%), (M)’ —CH,CO, m/z 148 (27%), (M)"®
—CeHsN,, m/z 118 (31%), (CHsN,CH)", m/z 108 (69%), (CsHsNHNH,)",

m/z 104 (49%), CGHSI:ICH, m/z 93 (60%), (CHsNH.)". m/z92 (63%),

(CsHsNH)", m/z 91 (35%), (CsHsN)*, m/z 77 (50%), (CsHs)™ m/z 65 (73%),
(CsHs)*, m/z 43 (70%), (CH,CO)". On the basis of spectral data we assigned to
this compound the structure of IX. Its formation can be explained by the reaction
of the starting a-chloro-c-(N-phenylhydrazono)acetone X with aniline. In sever-
al reactions of nitrilimines, when tetrahydrcfuran is used as reaction medium,
R—CN [20] and R—NH; [21] are formed from the fragments of nitrilimines after
a so far unknown mechanism.

To the further isolated compound of m.p. 182—-184°C with the molecular peak
M™, m/z 413, formed probably by the subsequent reaction of I with IX, we
assigned the structure X on the basis of spectral data {8 2.63 for acetyl group,
6.88—7.36 for aromatic protons, the presence of the NH group vibrations in the i.r.
spectrum and interpretation of its mass spectrum).

When carrying out the reaction with 100-fold excess of 2-methylfuran at 65°C
for 10 h, a good yield (53%) of the monoadduct 7T was obtained ; the yield of the
bisadduct IVb was only 7%. The yield of the dimer VIII was 12%. Thus, to obtain
the monoadduct IIb, large excess of 2-methylfuran is necessary because the
forming monoadduct IIb is much more reactive than 2-methylfuran due to
different conjugation energies which must be overbaianced at cycloaddition. When
only 10-fold excess of 2-methylfuran was used at the above-mentioned reaction
conditions, the yields were the following: IIb 11 %, IVb 26 %, and VIII 20%. The

1351
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reaction of I with 2-ethylfuran gave two products: the monoadduct IIc (10%) and
the bisadduct IVc (24%). Their structure is similar (Scheme 1) as that obtained in
the reaction with 2-methylfuran and was determined in a similar way. At
cycloaddition of I to furan itself at laboratory temperature for 36 days, we isolated
only products of decomposition of nitrilimine I (VIII 8%, IX 6%, and X 6%).
When the reaction mixture with the same excess of furan was refluxed at 50°C for
12 h, the bisadduct IVa was obtained in 8% yield, Anti arrangement of the bridge
tetrahydrofuran protons was proved by the presence of four significant doublets in
the 'H-n.m.r. spectrum. In the case of syn arrangement the protons 6-H and
6a—H should appear as doublets of doublets. The high & value (6.08) of 5-H in
comparison to the bisadducts IVb and I'Vc was due to the shielding effect of twe
heteroatoms, nitrogen and cxygen and proved the regioisomerism of the bisad-
duct I'Va.

With 2-methylfuran 60.9%, 2-ethylfuran 34%, and furan only 8% of ni-
trilimine I reacted by 1,3-dipolar cycloaddition reaction. C-Benzoyl-N-phenyl
nitrone had 88% conversion with 2-methylfuran and 65% with furan proving that
the reactivity of C-acetyl-N-phenylnitrilimine was much lower. The low reactivity
of I towards the furan derivatives is evident also from the amounts of by-products,
mainly of the dimer VIII. Dimerization of nitrilimines is a frequent phenomenocn at
1,3-dipolar cycloadditions in those cases when the 1,3-dipole reacts with the
double bond of low reactivity by cycloaddiiion 3+2 — 5. The formation of
1,4-dihydro-1,2,4,5-tetrazines points to low reactivity of the used dipolarophile, in
our case, the furan derivatives. The residues after the chromatographic separation
were yellow to brown crystalline compounds with the vibrations of NH groups in
the i.r. spectrum and the presence of the signals of acetyl groups and aromatic
protons in the '"H-n.m.r. spectrum. They were probably oligomers of nitrilimine I
and the precursor XI.

Experimental

'"H-n.m.1. spectra of the synthesized derivatives were measured on a Tesla BS 487C 80 Hz
apparatus in deuteriochloroform or deuterated dimethyl sulfoxide. Tetramethylsilane was
used as internal standard. Mass spectra were measured on an MS 902 S spectrometer using
direct inlet probe. The ionization energy was 70 eV, trap current 100 pA, temperature of the
ion chamber 70—110°C according to the volatility of the samples. The u.v. spectra were
recorded on a UV VIS spectrometer in cells at 20 +0.2°C in methanol. The i.r. spectra of
compounds were measured on a UR-20 (Zeiss, Jena) spectrometer in carbon tetrachloride
and KBr technique.

The melting points are uncorrected. The separation of the reaction mixtures was carried
out by column chromatography (SiO,) and thin-layer chromatography on silica gel plates
LSL,,, (Lachema, Brno); 45 g of the mixture was spotted on one 20 X 20 cm plate of 2 mm
thickness. Chloroform—n-heptane (8:2) was used as eluent.
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a-Chloro-a-(N:phenylhydrazono)acetone XI was prepared after [22] (taking special
care because this. compound evokes serious allergy). Furan and 2-methylfuran were
commercial products, freshly distilled with socium before use, 2-ethylfuran was prepared
after {23].

Cytloaddition of C-acetyl-N-phenylnitrilimine (I) to 2-methylfuran

The reaction mixture containing X1 (3 g; 15.25 mmol), 2-methylfuran (30 ml; 0.33 mol),
triethylamine (7.2 ml; 53 mmol), and absolute tetrahydrofuran (10 ml) was allowed to stay
at laboratory temperature for 26 days. The precipitated triethylainmonium chloride (1.9 g;
13.9 mmol) was filtered off and after evaporation under reduced pressure a brown thick oil
(3.5 g) was obtained and analyzed by chromatography. The isolated products are listed
according to their decreasing R, values.

The light-yellow crystailine compound IX of m.p. 103—105°C, yield 0.3 g (12%). For
C,;H,sN,O (253.30) calcuiated: 71.12% C, 5.97% H, 16.59% N; found: 71.33% C,
5.81% H, '16.41% N. IR spectrum (CCL) v(CO) 1678 cm™', v(NH) 3350 cm™'. Mass
spectrum M*®, m/z 253. '"H-NMR (CDCl,) é 2.57 (s, 3H, COCH,), 6.57—7.35 (m, 12 H,
aromatic protons, and 2NH).

The yeHow" crystalline::compound rX¢:.of ~mup. : 182-+184°G,. yield '0.2:¢g i(5%). For
C, H,; N0, \(41348) Tealoulated: 68 T % € i5:60% Hyr 16.93% N ;- found:, 69.86% C,
5.61%HN16.65% N. IR spectrum (CCl,) v (CO) 1681 cm™ and v (NH) 3348 cm™'. In the
mass spectrum the molecular peak M*®, m/z 413 (6%) was present. The base peak in the
spectruri iwas/the dragmentatiopcionowith miz251: "H-NMR .(CDCL,)-«d 2:63- (s, 6H,
2 x COGH)16B84? .36 (m;:1TH; aromatic:protons, and 2NH ).« 1e

The red CoystalRde dither VIR of inip. 173-176°C:(n+heptane), yield: 04 g.(16%). Ref.
[20] giviessiinp- YoRC 1o the grude  WHE: For C,,H,;N,0:+320.18) caleulated::67.52% C,
5.04%H,117:49% N found : 67.78% C, 4.98% H, 17.24% N. IR spectrum (KBr) v(CO)
1710 crth” /1 UV spectium (mdthanoly A, 266 nw (log ¢=3.98), 4,/ 349 (log'& = 3.88).
Mass-spectra M &2 3200 the base paakim/z 251 (M- -=—CH3COCN) *H-NMR
(CD@GY),ié 2.46 (5, 6H, 2 X COCH,), 7.11—7.43 (m, 10H, aromatic protons).

The light-yellow crystalline monoadduct IIb of m.p. 141—142°C with yellow-green
fluorescence, vield 0.8 g (22%). For C, H,,N,(3, (242.27) calculated: 69.40% C, 5.82% H,
1TASEHIM: found: £2.069%:Gr8i85% H, ‘11.82%:N; 'H-NMR :(CDCh)-6n1,821(d,-3H,

T {CH - H0 BizO CHh o 2475 (5 3k i COSH, 502, (m, JH; J(6:0a) ,%T?J:lz

cEhET—H) =4 Hzp o 67501 148 (m, 1H, J;ﬁa—_,—g)a)— 10Hz, 1(6 64) 2,9 Hz
0= 1 4, SeH), b1 \{d‘%ﬂ (R Hz, 310, 6960 43(m 31
~aromatic, pretons).. IR Speqtrum (K;Srf v( LO)\ nq”ﬂ%'f OOV "p'e ctrum
(mf*th 101) 3, 241 nm (IQg §=3 94 ). 4 09) 'Mé]; soectru"“ T:Sv(v’éd

lh;h k( [xlk\

PAFiR iz 342, basbﬂcakum/.z @s(@ﬂ,cwo)ﬂ —

CCRRE KRN eIfoW drystillide bisaddust IV o tidp. 263u~26’4°c, yvield 1'0 g (32 23%Y}.7For
Cz;ﬂf,,ﬂ (0]8 6402 45) Calclateds 68:64% €6 .53% B, n13193% Ny foundui68.25% C,
USR5 Hi G 3.68% Na HHNMR (CDOL, ) 811158 «(8;73HCH5), | 2:54:and>2:56 (s;is;16H,
02 XCOCH,), 4.18.($711H;6:H)« 5.06<(d; 1 HyoF (3are-6a)= 6.7 Hz,:6aH), Sii0.(d,i1H,
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J(3a—6a) = 6.7 Hz, 3a—H), 7.05—7.97 (m, 10H, aromatic protons). IR spectrum (KBr)
v(CO) 1662 cm™ UV spectrum (methanol) 1., 241 nm (log € =4.33), 4, 350 nm

(log £ = 4.49). Mass spectrum showed M*®, m/z 402, base peak m/z 43 (CH,CEé).

The light-yellow crystalline bisadduct I'Vd of m.p. 190—192°C, yield 0.2 g (6.5%). For
C,H,,N,0, (402.45) calculated: 68.64% C, 5.51% H, 13.92% N; found: 68.82% C,
5.35% H, 13.71% N. '"H-NMR (CDCl,) was the same as with the compound IVbh. IR
spectrum (KBr) V(CO) 1656 cm™ UV spectrum (methanol) A,,, 240 nm (log £ =4.33),
Ao 356 nm (Jlog e=4. 54) The mass spectrum showed M*®, m/z 402, base peak m/z 43

(CH,C= O). i
»Cytloadditionof 1 fo 2-ethyifuran:

The ' feaction mixture’ ‘of XT<13-g7"15:25'imiel), 2-ethvifuran (I mi; 0.085 mol),
tnéthylamme (7.2 mE53 m:’nol) ‘#nd dbsolute tetrahydiofiran "Omf) wasPAlowedto Stav
at laboratory- temporaturé Por 29°daysl The'precipitated! wisthylammoniuix: Hydrogen
chloride (2 g, 145 imoly wak filtered off and'afiér évaporatioiinsvaeso it obaiies
brown thick oit(3:4 g) was worked up in the saine way'lis 4t 2:anethyivran. Tbe‘proéedure
vielded 0.2 g:(8%) of IX,"0:2¢ (5% ) of X, snd ‘0.1 g (4%) of WHT: A TGO

The light-yeHlow ceystallitie fiionsaddict I7e’ 6f m.p.: 136--138°C-with 15!61!6“!‘1‘1\56?65“-
cence, yield 04'g (10%). ‘For ‘C,;H:N,0, (256: 30) -edldulated: 70.29% C, 6.29% H,
10.92% N found- 70:04% C.'6.27% H, 11.25% N. ‘H:NMR(CDCL)-$ 1.0t 3H
J=6.0Hz, CH,), 215 {q. 2H: J=6.0Hz, CH:),;"2:50 (s; 3H,"COCH;); S 02 (d, 1H,
J(6:6a)= 2.0 Bz '6-FHY: 581 (d;dTH: J(6-6a)=2:0'He, J(3a-=64) % 105 12 6 1),
6.13 (8 1H, J(3pisé o= OIS HE 36<0H), 7 1L T3T i SHi'ra‘f'c;‘métrc“m’taﬁé)«' ‘
spectrum- (KBr) : (” O 1661 'ém=". WV $pectrlific (methatol) AL, 4¥am (ibge = 4T1r3)
A 380 nim(log €54 31} Massspectrum showed M+®; iz 256)base peak 7222 00 (NEy ¢
_'.C H'ionuh ! th: cophate i f0em voiumetne flask.

'”Ihé Yightayellovs er Jstsliine (Gid adduet Ve opr HSHLL25 3T il d 0.8 g (29 %) sPbr
C,H,. N0, {416:48) dalentated: 69.21% C, 5.80% H, 13.45% N ¥ound  69.01% C,
5.88% H, 13:21% H. '‘H:NMR'(CDCL) 6 0.56-(t, 3H, F=7.0Hz!CH,). T 93 (g;'2H,
J=T7.0Hz, CH,. 2 53and2:55 (s/is; 6H; 2% COCH}); 4.22:¢5, 1 6:H),-4.99 (@;'iH,
J(3a-~6ar=6 2 F> LW\ §47 (A 1H; T3a-264)=6:2 Wi F&-—H) 70508 00,
IOH am-rohn ol s’\ch) m :r«w\i‘ur‘vﬁ (‘{nr\“HM\ Meat Pig T_EI’V\ s{;éo(f&j‘r& ﬁ/qﬁ#“\anon
A, 241 nm ﬂno 20TV - 329 g (log <= 4.96) " Mass sHecirum shoWad M 1®,

L * Gipiea ¢ -dinethvl - -acetylphos-
(2,416, base perk 5.2, 43 (CLE= )]

The reaction wmilsture YT ( go 1525 mme!Y furen {IZ .01 O ql‘;7 mo!) and
triethylamine €72 % 54 Tmal) was heated 2 glast Autdclave '?nr 1 Gt 0°C“ Akey
codling - the  précipitatec triethysimmonium hydyoger eHIgHA (195 439 RIABE) Was
removed by filtration. Evaoeration of e supernaizct it vacob advb 4 itk Browiibladk/sil
{(3.8:g) -which was worked the szine way r¢vious cases. The following
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CO

mpounds were obtained: IX 0.4 g (16%), X 0.4 g (10%), and VIII 0.4 g (16%). In

addition, the light-yeliow crystalline bisadduct I'Va (0.2 g) of m.p. 312—-314°C was obtained

in

8% yield. 'H-NMR (CDCI,) & 2.49 and 2.56 (s, s, 6H, 2 x COCH,), 4.32 (d, 1H,

J(5-6)=9.6 Hz, 6-H), 4.96 (d, 1H, J(3a—6a)=9.5Hz, 6a—H), 545 (d, 1H,

J(3a—6a)=9.5 Hz, 3a—H), 6.08 (d, 1H, J(5-6)=9.6 Hz, 5-H), 7.05—7.75 (m, 10H,

aromatic protons). IR spectrum (KBr) v(CO) 1649 cm™, mass spectrum showed M*®,
/z 338, base peak in/z 43 (CH,CQO)*

Dehydrogenation of IIb with DDQ

Monoadduct. IIb (0.15 g; 0.6 mmol), DDQ (@ 25 g; 1.1 mmol), and benzene (20 ml)

were refluxed for 4 h. The cooled solutlon was snrred w1th ether (50 ml) and extracted with
ZM sodium hyéroxude till the alkaline solﬁtlon was colourless. The et‘lereal ;olutlor‘ was
washed: with water, dried (sodium sulfate),#and evaporated in vacuo. The whife crystalline

[$8)

mpound VIIb of m.p. 111—113°C was *obl“mec. in 66° vieid (0.1 g)., For: C’,HHN 0,

(240.26) caiculated 69.98% C, 5. 04% H 11‘ 66% N; found: 70. 11% C #.88% H,

11

90% N. 'H- NMR (CDCL,) 6 2. 1 (s, 3H,, CH,); 2.58 (s, 3H, COCH,), 6. 82 (s, 1H, 6-H),
35—7. 55 (m,; iSH, aromatic pxotms) Iﬁ sbectrum (KBr) v(CO) 1631 and 17‘10 cm“ uv

s caum (methaﬂol) Apex 248 n'n log £ «3 99)
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