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Preparation and photolysis of isoxazolines fused with oxabicyclic heterocyclic
" ring have been described. The title compounds VIb—VIi were prepared by
1,3-dipolar cycloaddition of substituted benzenenitrile oxides. When X was
4-OCH;, 4-CH;, 4-F, 4-Cl, and 3-Cl, irradiation at A =253.7 nm brought
about a selective photo-rearrangement under the formation of 3-aryl-4-for-
myl-8-oxa-2-azabicyclo[3,2,1]-3-octene derivatives in good yields. The bro-
mo substituted derivatives gave on irradiation polymeric materials only, the
nitro derivative was photostable. Quantum yields in photoreactions varied
from 0.005 to 0.081, the values obtained with p-derivatives were higher than
those obtained with m-derivatives. The benzo derivative VIII (@ =0.58)
afforded polymeric materials only.

Onucano nonydeHde u HOTONM3 HU3OKCA30JHHOB, KOHJICHCHPOBAHHBIX
C OKCaOMIMKIIMYECKAM TETEPOUMKIOM, 3arnasHble coeauHenus VIb—VIi
OBLIH MONTYYEHBI TOCPEACTBOM 1,3-IHNoNSpHOrc HAKJIONPHCOSHHEHHS 3aMe-
ieHHbIX GeH3onuTpuiokcugoB. Ilpu X =4-OCH,, 4-CH,, 4-F, 4-Cl u 3-Ci
abnydenne npy A =253,7 HM BbI3BIBAIIO CEIEKTHBHYIO (POTO-IIEPErpynIHPOB-
Ky ¢ oOpasoBaHMEM TNIPOM3BOAHBIX 3-apwi-4-dpopMun-8-oxca-2-a3abuipK-
10[3,2,1]-3-0KTeHa ¢ XOpOUIMMHE BLIXOaMi. BpoM3aMenieHHbIE HPOU3BOIHEIE
npH OONYYCHHH JaBany TONLKO OJIUMEPHBIE IPOTYKThI, 4 HHTPOIIPOH3BOAHOE
6b110 hoTOY . oNYNBO. KBaHTOBLIA BLIXON B PeaKIMAX BAPbUPOBa.izf ot 0,005
no 0,081, nmpudeM BeNWYMHBI, TONY4YdaeMble C Napa-TPOUW3BOJAHLIMH OLLTH
BBILIE, YEM BEIWUHHBI, IOCTHraeMble ¢ MeT4-TPOU3BORHBIMU. benzomnpous-
sognoe VIIT (P =0,58) gaBano TOJIHKO MONHMEPHBIE MPONYKTDI.

Recently, increased attention has been devoted to photochemistry of isoxazoline
derivatives [1—14]. The biradical, formed by fission of the N—O bond in the
primary photochemical step, is further stabilized in dependence on the structure of
the skeleton [6]. Owing to this, several products are formed nonselectively, e.g.

* For Part VIII see Collect. Czechoslov. Cherm. Commun. 50, 1982 (1985).
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}, [2+2] wcibddd cts on the C=N bond {8, 9], and
ﬂw-f*ucts of 9%}52;‘3&:&(};‘; with hydrogen donors [8]. In our previous works [10—14],
dealing with the effect of the hetero atom on fragmentation of the primarily formed
biradical, we found that by introduction of an oxyg geﬁ atom into the f-position with
regard to the isoxazoline oxygen an unambiguous photo-rearrangement proceeded,
eg I-—=1I {E{E Iljand TV— ¥V [12, 13] *’éaheﬁ*ﬂe i}. With the derivative I we
found an unexpected effect both of the bound substituent and the solvent on the
selectivity of photo-rearrangement [14]. The aim of the present work was to study
ihe subsitituent effect on photochemical reactions of further fused isoxazolines
(VIb—VT).
Isoxazolines were synthesized by 1,3-dipolar ¢ ciaadmnan of substituted benze-
nenttrile oxides to 5,6-dinme hﬁxycarbeﬂyén” oxabicyclo{2,2,1]-2-heptene (XII)
both by classical method {15] ﬁmugh hy 53‘0%"{30?* chiorides (method A, Scheme
1, derivatives VId—VIi} and by the method generating nitrile oxides by treatment
Gf the substituted benzaié&xa_,=_,rs3 with sodium hvpochlorite under catalysis of
tricthylamine [16] (method B, derivatives VIb, VIc}. The corresponding cycload-
ducts, 3,4-dimethoxycarbonyl-7-(X-phenyli)-9,10-dioxa-8-azatricyclo[4,3,0,1%*°]-
-7-decenes (VIb—VIi), were formed in very good yields (56—91 %). All cyclo-
adducts were assigned the exo structure (with regard to the oxygen bridge) on
the basis of zero values of coupling constants J,_, and Js_,. Both bridged protons
2-H and 5-H absorbed as singlets at different fields due to bent structure of the
tricyclic system, c.g. for the compound VIb (4-OCH,)} 6 =4.93 ppm (2-H) and
0 =4.83 ppm (5-H). The higher chemical shift was assigned to 2-H proton in all
cases due to the effect of the adjacent isoxazoline oxygen. In the case of
endo-1,3-dipolar cycloaddition the protons mentioned above should have ap-
peared in the 'H NMR spectrum as doublets with coupling constants J= ~
5 Hz.The isoxazoline protons 1-H and 6-H appeared in the spectrum as doublets at
5=~5.00 ppm and &= ~3.90 ppm, respectively, with the coupling constant
Ji—6=9.0 Hz confirming thus the cis-stereospecificity of 1,3-dipolar cycloaddition.
The chemical shift for tne C( =N} atom & =153.09—154.41 ppm in the *C NMR
spectrum was characteristic of the isoxazoline derivatives [11] and depended
negligibly on the bound substituent X. The chemical shift values in the *C NMR
spectra were for the bridged carbon atoms different due to the bent structure
mentioned already, e.g. with VIb the doublets for C-2 and C-5 appeared at
8 =84.27 ppm and 6=79.72 ppm, for C-1 and C-6 at § =85.56 ppm and 8 =
58.41 ppm, and for C-3 and C-4 at 6 =50.15 ppm and & =46.45 ppm. All spectral
data obtained with the derivatives VI5— VIj were in accordance with those of the
unsubstituted derivative VIa, the properties of which were described in [11].
As follows from the UV spectra of the prepared adducts, it is reasonable to have
the radiation wavelength below 3060 nm. The source of the mentioned radiation
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was a low-pressure lamp with radiation wavelength A =253.7 nm. The reaction was
conducted in a reactor with quartz finger until the starting derivative VI was not
provable anymore by thin-layer chromatography. Photolysis of the acetonitrile
solution of Vle afforded the compound VIle in 74 % yield. The mass spectrum
of this product indicated that it was a rearrangement derivative. On the basis of
accordance of the following spectral data with those of the unsubstituted compound
VIla [11] it was assigned the structure of the cyclic enamine aldehyde, i.e.
3-(4-chlorophenyl)-4-formyl-6,7-dimethoxycarbonyl-8-oxa-2-azabicyclo[3,2,1]}-3-
-octene (VIle). Inthe "H NMR spectrum of VIle a distinct singlet appeared at low
field 6=8.97 ppm. The position and intensity of this signal did not change with
temperature or addition of heavy water. This signal belonged to aldehyde proton as
indicated also by the presence of a doublet at  =185.88 ppm in the *C NMR
spectrum assigned to the aldehyde carbon. The structure of the cyclic enamine
aldehyde was proved by bathochromic shift of the long-wave maximum at
A =269 nm for Vie and A =312 nm for VIle in the UV spectra, caused by the
presence of the chromophores NH—C=C—CHO and CH,—C=C—CHO,
respectively. The 'H NMR spectrum revealed further doublets at § =6.27 ppm
(NH) and 6 =5.91 ppm (1-H) as well as a singlet 8 =5.49 ppm of the bridge 5-H
proton. The structure suggested for the cyclic enamine aldehyde VIIe was perfectly
proved by the presence of the singlets at § =155.80 ppm and 6 =116.69 ppm
belonging to C-4 and C-3 of the C=C bond. The doublets of the bridged. carbon
atoms C-1 and C-5 were observed at 6'=84.92 ppm and 6 =76.27 ppm. By
irradiation of the derivatives VIb, VIc, VId, and VIf analogous rearrangement
derivatives were obtained as single products, i.e. VIIb (4-OCH,) in 34 %, VIIc
(4-CHs) 67 %, VIId (4-F) 59 %, and VIIf (3-Cl) in 24 % yield. Their structures
were proved similarly as in the case of VIle. The compound VIIf was obtained as
a colourless oil with increased amount of polymeric materials. Irradiation of
p-bromo (VIg) and m-bromo (VIh) derivatives resulted in polymeric materials
only. In these cases probably photochemical substitution Br— H occurred and the
leaking hydrogen bromide brought about polymerization of the forming photopro-
ducts. The increasing facility of photosubstitution of halogens with hydrogen in th>
sequence F, Cl, Br and p, m, o, known from the literature [17], is in agreement
with our results. The m-nitro derivative (VIi) was under the given conditions
photostable in accordance with the literature data [8]. The same results were
obtained about the substitution effect on photo-rearrangement in the series IV —» V
[13].

Formation of the substituted VII can be explained by analogous mechanism as
in the case of the unsubstituted derivative VIIa (Scheme 2). The biradical X,
formed by primary fission of the N—O bond, is further fragmented to the bira-
dical XTI which affords 3-aryl-4-formyl-6,7-dimethoxycarbonyl-8-oxa-2-azabicy-
clo[3,2,1}-3-octene (XII). The derivative XII on subsequent 1,3-sigmatropic re-

786 Chem. Papers 39 (6) 783—794 (1985)




PHOTOCHEMISTRY OF HETERQCYCLES. IX

3Ty

XIr
Scheme 2
A i f
1.0 — —
\
\\..g ! A ‘{
200 250 300

Fig. 1. Photoreaction of VId in acetonitrile brought about by iiradiation wiik monochromatic radiation

of A=253.7 nm; ¢ =107 mol dm 3, cell thickness 0.001 m, volume 15 cm®,
Curves 15 are for t/min: 0, 4, 8, 12, and 16.

arrangement gives the derivative VII. The UV spectra, recorded during photolysis
of VIb—VIf at low concentration (¢ =5 x 10~ mol dm~?} with radiation of 4 =
253.7 nm [18], revealed the presence of isosbestic points (for Vid at A =244 nm
and 4 =277 nm, Fig. 1) indicating a photochemical reaction of the A~ B type; the
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ED diagrams were found to be linear as well. The photoreactions proceeded
similarly both in the presence and absence of oxygen and in benzene. Therefore, we
assumed in agreement with the literature [1—14] that a singlet mechanism was
igvolved. With p- and m-bromo derivatives the same mechanism was suggested,
however, in this case the above-mentioned successive photoreactions proceeded.
Photolysis of these derivatives at low concentrations {¢=5x107°mol dm™),
monitored by the UV spectra, revealed the formation of absorption bands at
4 =310 nm (p-Br) and A =305 nm (m-Br) which pointed to the rearrangement
product VII. However, on further irradiation these bands vanished. In the presence
of diazabicyclooctane as a trap for hydrogen bromide distinct absorption bands
with Aoae = 310 nm for Vilg and A, =305 nm for VIik were observed, which on
further irradiation vanished as well.

Guantitative measurement of the VI— VII rearrangement was performed
spectrophotometrically. Assuming that at monochromatic radiation A =253.7 nm
VT is totally converted into VII, which is highly probable as evidenced by the
presence of isosbestic points, the quantum yields can be easily established from the
concentration decrease of VI [18]. The quantum yield obtained from the increase
of the rearrangement product (up to 20 %, conversion) is the same as @ obtained
by the method mentioned above. The quantum yields of photolysis @ varied from
0.005 to 0.13 (Table 1). The highest value was obtained with the unsubstituted
derivative Via, in the case of the derivatives substituted with halogens @ decreased
in the order @(F)> @(Cl)> &(Br) and @(p-halogen) > & (m-halogen). In agree-
ment with the literature, the results obtained could not be correlated with any
known constant of the substituent. Mukai et al. correlated @ with excitation
energies F, of isoxazolines [8]. The same substituent effect on the quantum yield @
was observed in the series IV— V [13] and I— II [14].

Table 1

Quantum yields ¢ of the conversion VI— VII

Drerivative Via VIb Vic Vid Vie VIf Vig Vih

@ 0.13 0.022 0056 0081 0.04 0.015 0.01  0.005

The highest quantum yield @ = 0.58, found so far in our studies of photochemis-
try of fused isoxazolines, was obtained on photolysis of the benzo derivative VIII,
the preparation of which was described in [19]. The strong blue fluorescence
observed in the first stage of irradiation vanished within some time and polymeric
materials were formed. Changing the reaction conditions, decreasing the conver-
sion, and irradiation in the presence of an inert gas did not result in higher yields. In
each case green polymorphous materials were the only products. Their 'H NMR
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PHOTOCHEMISTRY OF HETEROCYCLES, IX

spectra displayed aromatic protons only and molecular peaks were absent in their
mass spectra. The rearrangement derivative IX probably underwent rapid photo-
chemical decomposition.

Experimental

‘H NMR spectra of the synthesized derivatives were recorded with a Tesla BS 487
C spectrometer at 80 MHz. “C NMR spectra were measured with a Jeol apparatus using
tetramethylsilane as internal standard. UV spectra were measured in acetonitrile solution
with a Perkin—Elmer spectrophotometer, the € values are expressed in m”mo!™’. Mass
spectra of the synthesized derivatives were recorded on an MS 902S spectrometer with
direct inlet system at ionizing energy 70 eV.

Low-pressure lamp Toshiba GL-15 (15 W) in quartz vessel was used for photochemical
reactions. The reactions were conducted in a tempered 300-cm’ reactor [20} with forced
circulation of the irradiated solution at 25 °C. The reaction course was checked by thin-layes
chromatography on silufol plates and by simultaneous spectroscopic measurements of the
photochemical mixtures in the UV region with a Specoid UV VIS (Zeiss, Jena} spectrome-
ter. Melting points were obtained on a Kofler block.

Measurement of quantum-chemical yields: The solvents were purified by standard
methods. The quantum yields at the wavelength of A =253.7 nm were measured with the
equipment described in [18]. Concentrations of the compounds Vib—VIk were foliowed
from the decrease of extinction of the long-wave maximum at A =264 am. Measurements
were performed at ¢ =35 X 107 mol dm™ in acetonitrile up to maximum 20 % conversion;
cell thickness for photolysis was 2 cm.

5,6-Dimethoxycarbonyl-7-oxabicyclo[2,2,1]-2-heptene ( XIIT) was prepared according to
[21].

‘Method A

To the solution of benzenehydroximoyl chloride (10 mmol) and dinotarophile XTI
(10 mmol) in dry ether (40 cm®} triethylamine {13 mmol) in dry ether was added within | h
at cooling and stirring so that the temperature was 0—35 °C. After stirzing at room
temperature overnight, the precipitated triethylammonium chloride was filtercd off, the
supernatant was evaporated in vacuo and worked up by trituration from a suitable solvent or
by chromatographic separation on a column or silica gel plates (20 cm X 20 cm) of 2 mm
thickness.

Method B

To the mixture of the dipolarophile XIII (21 mmol), triethylamine (0.2 g; 1.98 mmol).
11 % sodium hypochlorite (20 cm?® 2.5 g; 34 mmol), and dichloromethane {15 em’) the
solution of substituted benzaldoxime (21 mmol) in dichioromethane (10 ci®), cooled to
0 °C, was added with stirring during 15 min. After stirring for 3 h the layers were separated.
The aqueous layer was extracted with dichlorometharz (3 X 30 cm?), the combined organic

;
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layers were dried (magnesium sulfate), evaporated in vacuo, and worked up similarly as in
the method A.

3.4-Dimethoxycarbonyl-7-(4-methoxyphen yl)-9,10-dioxa-8-aza-
tricyclo{4,3,0,1*°]-7-decene {VIb)

The compound prepared by the method B, obtained in 56 % yield by trituration from
ether, m.p. 156—157 °C. For CisH1oNO; (M. =361.34) wi(calculated): 59.83 % C, 5.30 %
H, 3.88 % N; w(found): 60.01 % C, 5249% H, 406 % N. UV spectrum, Ams/nm
{log {£)): 274 (3.24). 'H NMR, 8(C*HCL)/ppm: 6.86-—6.97 and 7.55—7.65 (m, 4H,
Haoow), 5.05 (d, J1c=9.0 Hz, 1H, 1-H), 4.93 (s, 1H, 2-H), 4.83 (s, 1H, 5-H), 3.95 (d, 1H,
6-H), 3.84 (s, 3H, OCHa), 3.66 and 3.68 (s, s, 6H, 2 x COOCH;), 3.28 (d, J5.= 10 Hz, 1H,
3-H), 3.03 (4, 1H, 4-H). PC NMR, S (CHCL)/ppm = 170.29 (s, C=0), i53.85 (s, C=N),
161.13, 128.32, 120.59, 114.35 (Carom), 85.56 (d, C-1), 84.27 (d,C-2),79.72 (d, C-5), 58.41
(d, C-6), 55.35 (g, OCHa), 52.36 (g, COOCHs), 50.15 (d, C-3), 46.45 (d, C-4).

3,4-Dimethoxycarbonyi-7-(4-methylphen yi)-9,10-dioxa-8-aza-
tricyclof4,3,0,12°]-7-decene ( Vic)

The compound prepared by the method B, obtained in 76 % yield by column chroma-
tography (silica gel), eluent cyclohexane—ethyl acetate (volume ratio=1:3), m.p.
175-~177 °C. For CieH1oNGs (M, = 345.34) wi(calculated): 62.60 % C, 5.55 % H, 4.06 %
W wifound): 62.77 % C, 541 % H, 4.13 9% N. UV spectrum, Au./nm (log {e}): 265
(3.12). 'H NMR, 8(C°HCl;)/ppm: 7 48—7.58 and 7.72—7.82 (m, 4H, Huo), 5.01 (d,
Jio=9.0 Hz, 1H, 1-H), 4.96 (s, 1H, 2-H), 4.83 (s, 1H, 5-H), 3.96 (d, 1H, 6-H), 3.66 and
3.63 (s, s, 6H, 2x COOCHs), 3.21 (d, 7=9.0 Hz, 1H, 3-H), 3.02 (d, 1H, 4-H). "C NMR,
S(CTHCLY/ ppm: 171.91 (5, C=0), 15431 (s, C=N), 140.08, 138.45, 129.62, 125.89
(Carom), 85.69 (d, C-1), 84.59 (d, C-2), 79.91 (d, ©-5), 58.21 (d, C-6), 52.17 (q, COOCHS),
49,63 (d, C-3), 47.36 (d, C-4), 21.37 (g, CHs).

3,4-Dimetioxycarbonyl-7-(4-fluorophen yl)-9,10-dioxa-8-7a-
tricyclof4,3,0,1%%]-7-decene (VId)

The compound prepared by the method A, obtained in 77 % yield by trituration from
dry ether, m.p. 204—205 °C. For C,yHiFNOs (M, = 349.31) wi(calculated): 58.45 % C,
4.67 % H, 4.01 % M; wi(found): 58.36 % C, 4.90 % H, 4.14 % N. UV spectrum, Am./nm
(fog {€}): 264 (3.06). 'H NMR, 8 (C’HCL)/ppm: 7.00—7.76 (m, 4H, Huom), 5.12 (s, 1H,
2-H), 4.98 (s, 1H, 5-H), 4.92 (d, J.s=9.0 Hz, 1H, 1-H), 3.93 (d, 1H, 6-H), 3.70 and 3.67
(s, s, 6H, 2X COOCH.), 3.18 (d, J=9.0 Hz, 1H, 3-H), 3.02 (d, 1H, 4-H). "C NMR,
S(C'HCL) ppm: 170.23 (s, C=0), 153.09 (s, C=N), 129.10, 128.51, 116.95, 115.52
(Curom), 86.02 (d, C-1), 84.33 (d, C-2), 79.59 (d, C-5), 58.28 (d, C-6), 52.49 (g, COOCHS,),
50.28 (d, C-3), 46.58 (d, C-4).
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3,4-Dimethoxycarbonyl-7-(4-chlorophenyl)-9,10-dioxa-8-aza-
tricyclo[4,3,0,1%°]-7-decene (VIe)

The compound prepared by the method A, the reaction accomplished in dioxan, obtained
in 68 % yield by trituration from dry ether, m.p. 231—232°C. For C:H:CINO,
(M.=365.76) wi(calculated): 55.82 % C, 4.41 % H, 3.83 % N; wy(found): 55.71 % C,
4.44% H, 3.97 % N. UV spectrum, An/nm (log {€}): 269 (3.18). Mass spectrum,
mlz 365 (M*"), base peak 59 (COOCH;). ‘H NMR, 6(C*H,CN)/ppm: 7.58—7.70 and
7.30—7.41 (m, 4H, Huon), 4.87 (d, J1s=9.0 Hz, 1H, 1-H), 4.86 (s, 1H, 2-H), 4.76
(s, 1H, 5-H), 3.97 (d, 1H, 6-H), 3.53 (s, 6H, 2xX COOCH,), 3.25 (d, J=9.0 Hz,
1H, 3-H), 3.02 (d, 1H, 4-H), “C NMR, §(C*HCL)/ppm: 170.23 (s, C=0), 153.46
(s, C=N), 136.44, 129.36, 128.06, 126.76 (Cuuw), 86.21 (d, C-1), 84.33 (d, C-2),
79.59 (d, C-5), 58.08 (d, C-6), 52.56 (q, COOCH3,), 50.28 (d, C-3), 46.58 (d, C-4).

3,4-Dimethoxycarbonyl-7-(3-chlorophenyl)-9,10-dioxa-8-aza-
tricyclo[4,3,0,1%°|-7-decene (VIf)

The compound prepared by the method A, worked up as in the case of Vle, obtained in
54 % yield, m.p. 218—219 °C. For C,;H,sCINOs (M, = 365.76) wi(calculated): 55.82 % C,
4.41 % H, 3.83 % N; wi(found): 55.99 % C, 4.29 % H, 3.66 % N. UV spectrum, Am./nm
(log {€}): 267 (3.05). Mass spectrum, m/z: 365 (M*"), base peak 59 (COOCH,). 'H NMR,
S(C'H,CN)/ppm: 7.37—7.77 (m, 4H, Huom), 4.96 (d, J.s=9.0 Hz, 1H, 1-H), 4.95 (s, 1H,
2-H), 4.85 (s, 1H, 5-H), 4.05 (d, 1H, 6-H), 3.61 (s, 6H, 2 x COOCHS,), 3.32 (d, J =9.0 Hz,
1H, 3-H), 3.27 (d, 1H, 4-H).

3,4-Dimethoxycarbonyl-7-(4-bromophenyl)-9,10-dioxa-8-aza-
tricyclo[4,3,0,1%°]-7-decene (Vig)

The compound prepared by the method A, the reaction conducted in dioxan, the
obtained solid was sucked, washed with water to remove triethylammonium chloride, yield
86 %, m.p. 234—236 °C. For CyHi:BINOs (M.=410.19) wi(calculated): 49.78 % C,
3.90 % H, 3.41 % N; wi(found): 49.99 % C, 4.12 % H, 3.38 % N. UV spectrum, A.../nm
(Tog {€}): 270 (3.11). 'H NMR, &8/ppm (deuterated dimethyl sulfoxide): 7.73 (s, 4H, Huwon),
5.06 (d, J1s=9.0 Hz, 1H, 1-H), 4.91 (s, 1H, 2-H), 4.78 (s, 1H, 5-H), 4.23 (d, 1H, 6-H),
3.60 (s, 6H, 2 x COOCH.), 3.10—3.87 (m, 2H, 3-H and 4-H).

3,4-Dimethoxycarbonyl-7-(3-bromophenyl)-9,1 0—&ioxa~8 -aza-
tricyclo{4,3,0,1%°]-7-decene (VIh)

The compound prepared by the method A, the reaction carried out similarly as in the case
of Vg, yield 87 %, m.p. 228—229 °C. For C;H\sBINOs (M,=410.19) w;(calculated):
49.78 % C, 3.90 % H, 3.41 % N; wy(found): 49.57 % C, 4.01 % H, 3.69 % N. UV
spectrum, Am.-/nm (log {£}): 267 (3.06). Mass spectrum, m/z: 408,410 (M*"), base peak 59
(COOCH,). 'H NMR, 8/ppm (deuterated dimethyl sulfoxide): 7.47—8.02 (m, 4H, Hurow),
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5.08 (d, J.e=9.0 Hz, 1H, 1-H), 4.92 (s, 1H, 2-H), 4.78 (s, 1H, 5-H), 4.25 (d, 1H, 6-H),
3.58 (s, 3H, COOCH,), 3.47 (s, 3H, COOCH>), 3.15 (d, J =10 Hz, 1H, 3-H), 3.00 (d, 1H,
4-H).

3,4-Dimethoxycarbonyl-7-(3-nitrophenyl)-9,10-dioxa-8-aza-
tricyclo[4,3,0,1%°]-7-decene (Vi)

The compound prepared by the method A, the reaction carried out similarly as in the case
of Vg, yield 91 %, m.p. 208—209 °C. For CiHiN-Os (M, =376.18) wi(calculated):
54.28 % C, 4.25 % H, 7.44 % N; wi(found): 54.36 % C, 4.21 % H, 7.61 % N. 'HNMR,
8(C*H,CN)/ppm: 7.56—8.50 (m, 4H, Hawon), 5.03 (d, J.s=8.0 Hz, 1H, 1-H), 4.97 (s, 1H,
2-H), 4.87 (s, 1H, 5-H), 4.16 (d, 1H, 6-H), 3.62 and 3.60 (s, s, 6H, 2 x COOCHs3), 3.36 (d,
J=10.0 Hz, 1H, 3-H), 3.16 (d, 1H, 4-H).

Photochemical reaction of VI

The solution prepared from the respective derivative (3 mmol) in acetonitrile (250 cm’)
was irradiated under the foregoing conditions until the starting compound was identifiable
on TLC plates (silufol, cyclchexane—ethyl acetate at volume ratio = 1:3). Then the reaction
mixture was evaporated in vacuo and worked up by trituration from a suitable solvent or by
chromatographic separation.

3-(4-Methoxyphenyl)-4-formyl-6, 7-dimethoxycarbonyl-8-oxa-2-
-azabicyclo[3,2,1]-3-octene (VIIb)

The compound prepared from VIb, irradiation 6 h, worked up by separation on a column
of silica gel, eluent hexane—ethyl acetate (volume ratio = 1: 3), yield 34 %, m.p. 76—78 °C.
For CisH-NO; (M, = 361.34) wi(calculated): 59.83 % C, 5.30 % H, 3.88 % N; wi(found):
59.67 % C, 5.22 % H, 3.96 % N. UV spectrum, An/nm (log {£}): 245 (2.83), 313 (3.06).
'H NMR, §(C?HCL,)/ppm: 9.16 (s, 1H, CHO), 7.31—7.42 and 6.88—7.00 (m, 4H, Haon),
5.93 (m, 1H, 1-H), 5.57 (s. 1H, 5-H), 3.86 (s, 3H, OCH,), 3.73 (s, 6H, COOCH.,),
3.58—3.83 (m, 2H, 6-H and 7-H). "C NMR, 8(C’HCl:)/ppm: 186.47 (d, CHO), 170.49 (s,
COOCHS), 162.30 (s, C-4), 156.97, 131.24, 123.97, 114.22 (Carom)s 115.91 (s, C-3), 84.98
(d, C-1), 76.53 (d, C-5), 58.47 (d, C-7), 55.48 (d, C-6), 52.36 (q, 9, COOCH; and OCH.).

3-(4-Methylphenyl)-4-formyl-6, 7-dimethoxycarbonyl-8-oxa-2-
-azabicyclo[3,2,1]-3-octene (VIIc)

The compound obtained from Vlc, irradiation 3 h, worked up as in the case of VIIb, yield
67 %, m.p. 154—155 °C. For CisH:sNOs (M, =345.34) wi(calculated): 62.60 % C, 5.55 %
H, 4.06 % N; wfound): 62.83 % C, 5.11 % H, 4.12% N. UV spectrum, Am/nm
(log {€}): 244 (3.07), 312 (3.15). 'H NMR, 6(C*HCL)/ppm: 8.96 (s, 1H, CHO), 7.31
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(s, 4H, Huom), 5.72 (m, 1H, 1-H), 5.40 (s, 1H, 5-H), 3.55—3.75 (m, 2H, 6-H and 7-H), 3.63
(s, 6H, 2x COOCHS,), 2.38 (s, 3H, CHs). *C NMR, 8(C*HCL)/ppm: 186.34 (d, CHO),
170.41 (s, COOCHS), 157.23 (s, C=N), 141.90, 129.62, 129.42 (Cuon), 84.58 (d, C-1),
76.40 (d, C-5), 58.47 (d, C-7), 55.48 (d, C-6), 52.36 (q, COOCH,), 21.37 (q, CH.).

3-(4-Fluorophenyl)-4-formyl-6,7-dimethoxycarbonyl-8-oxa-2-
-azabicyclo[3,2,1]-3-octene (VIId)

The compound prepared from VId, irradiation 1.5 h, obtained after evaporation of the
reaction mixture by trituration from dry ether, yield 59 %, m.p. 60—62 °C. For C;;H,FNOs
(M. =349.31) w(caiculated) 58.45 % C, 4.62 % H, 4.01 % N; wi(found): 58.54 % C,
4.73 % H, 3.96 % N. UV spectrum, Am./nm (log {£}): 239 (3. 21) 307 (3.15). '"H NMR,
8(C'HCL)/ppm: 9.02 (s, 1H, CHO), 7.00—7.50 (m, 4H, Haon), 5.93 (broad singlet, 1H,
1-H), 5.53 (s, 1H, 5-H), 3.70 (s, 6H, 2 Xx COOCH,), 3.60—3.82 (m, 2H, 6-H and 7-H). ?C
NMR, §(C*HCl;)/ppm: 186.21 (d, CHO), 170.35 (s, COOCHS,), 156.13 (s, C=N), 132.08,
131.50, 116.88 (Cuom), 115.45 (s, C-3), 84.98 (d, C-1), 76.40 (d, C-5), 58.47 (d, C-7), 55.42
(d, C-6), 52.49 (g, COOCH.).

3-(4-Chlorophenyi)-4-formyl-6,7-dimethoxycarbonyl-8-oxa-2-
-azabicyclo[3,2,1]-3-octene (Vile)

The compound prepared from Vle, irradiation 3 h, obtained as VIIb, yield 74 %, m.p
199—201 °C. For Ci;H:eCINOs (M,=365.76) wycalculated): 55.82% C, 4.41% H,
3.83 % N; w(found): 55.94 % C, 4.72 % H, 3.89 % N. UV spectrum, A.../nm (log {£}):
246 (3. 11) 312 (3.10). Mass spectrum, m/z: 365 (M*"), base peak 31 (OCH). 'H NMR,
O(C*HCL)/ppm: 8.97 (s, 1H, CHO), 7.37 (s, 4H, Hurom), 6.27 (d, J = 4.0 Hz, 1H, NH), 5.91
(d, 1H, 1-H), 5.49 (s, 1H, 5-H), 3.66 (s, 8H, 2 Xx COOCHs, 6-H and 7-H). 'H NMR, &/ppm
(deuterated acetone): 8.99 (s, 1H, CHO), 7.50 (s, 4H, Huw), 6.12 (d, 1H, NH), 5.82 (d,
1H, 1-H), 5.41 (s, 1H, 5-H), 3.75 (m, 2H, 6-H, 7-H), 3.61 (s, 6H, 2 X COOCH,). *C NMR,
§(C*HCL)/ppm: 185.88 (d, CHO), 170.29 (s, COOCHS,), 155.80 (s, C-4), 137.74, 130.92,
130.26, 129.10 (Cucom), 116.69 (5. C-3), 84.92 (d, C-1), 76.27 {d, C 5),58.47 (d, C-7), 55. 48
(d, C-6), 52.36 (q, COOCHs,).

3-(3-Chlorophenyl)-4-formyl-6,7-dimethoxycarbonyl-8-oxa-2-
-azabicyclo[3,2,1]-3-octene (VIIf)

The compound prepared from VIf, irradiation 8 h, worked up as in the case of VIIb, yield
24 %, colourless oil. For C,7H,CINOs (M, =365.76) wi(calculated): 55.82 % C, 4.41 % H,
3.83 % N; wi(found): 55.74 % C, 4.14 % H, 3.97 % N. UV spectrum, Ann/nm (log {¢}):
243 {3.01), 309 (3.06). 'H NMR, 6(C’H,CN)/ppm: 8.95 (s, 1H, CHO), 7.32—7.51 (m, 4H,

Huom), 5.73 (s, 1H, 1-H), 5.38 (s, 1H, 5-H), 3.63 (s, 6H, 2 X COOCH,), 3.40—3.86 (m, 2H,
6-H and 7-H).

Irradiation of the compounds Vlg, VIih, and VIII resulted in polymeric materials, on
irradiation of VIi for 6 h the unreacted VIi was recovered practically quantitatively.
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