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Abstract—UV irradiation of transtrans-3,7-bis(arylmethylene)bicyclo[3.3.1]nonane-2,6-diones leads to their
complete or partial transformation into the correspondirgcis isomers. Irradiation ofranstrans-3,7-bis-
(arylmethylene)bicyclo[3.3.1]nonane-2,6-diol in ether in the presence of CuCl results in intramolecular
cyclization involving the exocyclic double bonds and one benzene ring to eed ,ende10-dihydroxy-2-
phenyl-3,4-benzotetracyclo[4.3.8:11.0' 9 tridecane.

Interest in the photochemistry of olefinic systemsr,n*-excitation of one of the double bonds [5]. It is
is explained by the fact that electronically excitedimportant that the reaction can be initiated by unfil-
molecules are capable of undergoing transformatiorntgred light of a mercury lamp. The rate of the reaction
which either cannot occur or are strongly hindered inncreases in the presence GLCI, and the products
the ground state. Many strained structures with threeare formed in nearly quantitative yields (37%) [4].
and four-membered rings incorporated into a poly- |n the present work we studied the behavior of
cyclic system, which are difficult to obtain by other diketonesllia -Illd and alcoholsVa-Vd in photo-
methods, are formed just in photochemical processeghemical reactions. Intramolecular photocyclization at
Intramolecular cycloaddition leading to polycyclic the C=C bonds in ketondll seems to be improbable:
systems becomes possible when an olefinic substrapg.cording to our data, the structure of compoute
has an appropriate steric structure ensuring ready
formation of a conformer with appropriate distanceraple 1. UV spectra of ketonedll, alcoholsV, and
between the double bonds and their mutual arrang%'roducts of photochemica| reactions
ment. Otherwise, the photochemical process will lead

to isomerization or polymerization through inter- nitial
molecular reaction [1]. compound| ~ “max MM Product|  Apge NM
In the series of bicyclo[3.3.1]nonane derivativies
having a double chair conformation the exocyclic lla 207, 225, 282 | Iva |210, 220 sh
double bonds in position3 and7 are almost parallel; b 208 sh, 229, Vb2 [210 sh, 227,
therefore, photochemical reactions as a rule follow the 325 275 w
intramolecular cyclization path with formation of lllc 207, 221, 308 VP |206, 226, 315
a cyclobutane ring (compoundd) [2-4]: ld 213, 245 sh, -
360
X X Va 209, 247 sh, VI 204, 255 w.sh
270
- Vb 211 sh, 222 sh,| VIb2 |211 sh, 228,
258 280, 285 sh
R R Ve 208, 225, 258 | Vic? |212, 220
I I vd 256 sh, 265, vid2 (217, 275 w.sh
285 sh

X = CH, O; R = H, CHOH, CH,.

] - _ & The spectra were measured after UV irradiation and removal
In fact, intramolecular photosensitized cycloaddi- of the solvent.
tion is a stepwise process where the first step i8 Yield 30% (according to theH NMR data).
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Scheme 1.
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R = Ph @), 4-CH,OCH, (b), 4-BrCH, (c), 2-furyl (d).

is unfavorable for cycloaddition [6]. In this case weether; during the reaction compourntla gradually
could expect only isomerization of the more stabladissolved. The structure of produt¥a was proved
transtrans isomer into less stable (due to strongby spectral methods (Table 1; see Experimental).

interaction between the aryl and carbonyl groups) |rradiation of p-bromobenzylidene derivativéic
cis-cis isomer IV (Scheme 1). The UV spectrum of in ether over a period of 8 h gave only 30% of the
the prOdUCt differs from the Sp(_ectrum Of the initial Corresponding:is isomer (according to théH NMR
compound due to change of conjugation in the systemata; chemical shifts of the GHproton in the initial
(Table 1). Similartrans-cis isomerizations of cyclo- compound and the product ase7.43 and 6.43 ppm,
hexanones, cyclopentanones [7], indanones, and teti@spectively). The isomer ratio did not change on
lones [8] with an exocyclica,-double bond were fyrther irradiation. The!H NMR spectra of the reac-
reported previously. tion mixtures obtained from compounti$h andlild

CompoundIVa was isolated in a preparative also contained a signal &t 6.6 ppm, typical of the
amount by irradiation of a suspension Ibfa in dry cis isomers.

Table 2. 13C and 'H NMR spectra of compound/I (for atom numbering, see Fig. ®)

3¢ NMR 'H NMR (CDCl;, 400 MHz)
atom d¢c, ppm atom 3, ppm Jyn Hz
ct 43.0 1-H 1.95 br.d 1-H-8-Hg 3.2
c? 85.89 2-H,y 3.92 s 1-H-8-H,, 0
(o 58.56 - - 1-H-syn9-H 2.8
ct 43.65 4-H,, 1.22 d 1-H-anti-9-H 2.8
4-Hg 2.22 d.t 4-Hg-5-H 3.2
(o 43.21 5-H 2.08 br.d 4-Hg-anti-9-H 3.2
cb 85.01 6-Heg 3.95 s 5-H-4-H,, 0
c’ 54.67 - - 5-H-syn9-H 3.0
c8 42.39 8-H,, 1.47 d 5-H-anti-9-H 2.8
8-Heq 1.81 d.t 8-Hay-8-Heg 12.2
c® 33.81 syn9-H 1.51 d.q 8-He-syn9-H 2.8
anti-9-H 1.63 d.q syn9-H-anti-9-H 13.3
clo 54.60 10-H 373 s
clt 141.38 - -
cl2 132.06 12-H 8.09 d 12-H-13-H 7.2
cl3 129.96 13-H 7.16 t
cl4 129.17 14-H 7.106 t
cls 128.64 15-H 6.93 d 15-H-14-H 7.6
c16 137.73 - -
ct7 32.01 17-H 2.56 d 17-H-17"-H 14.3
17"-H 322 d 17"-H-17-H 14.3

2 For ®C and *H chemical shifts of atoms in the 2-phenyl group, see text and Fig. 1.
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anti-9-H
8-H
5-H 1-n - 8He syn-9-Hj © 4
2.2 2.0 1.8 1.6 1.4 3, ppm
(a)
6-H,,
10-H
17'-H
17"-H 4_Hax
2-H,,
~ OH
'MJI \t 1 Lk,\( U£ 1 1 1
4.0 3.4 2.5 2.0 1.5 5, ppm
(b)
20-H
22-H 19-H
23-H
J=7.2Hz
J=72H J=75Hz J=7.5Hz
= fehz 13-H 15-H
12-H 14-H
8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 5, ppm

Fig. 1. 'H NMR spectrum (CDGl 400 MHz) of photocyclization producVl: (a) protons at the skeletal carbon atoms
and (b) aromatic fragment.

After irradiation of a solution of diketonélla in  jugated carbonyl groups (1740, 1735, and 1725%m
ethanol for 20 h, the isolated oily product was a mix-The ArCH= signals almost disappeared from
ture of at least five compounds. By chromatographfNMR spectra, whereas new signals appeared &t
on silica gel we isolated 3 enriched fractions whichto 4.2 ppm. We can conclude that the photolysis is
showed in the IR spectra absorption bands belongingensitized by &O groups and that it involves €C
to hydroxy groups (35068400 cm') and uncon- bonds and the alcohol taken as solvent [9]. Changes
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2:1) we isolated a producR( 0.62) which showed

in the IR spectrum no EC absorption (1658 cmh

for Va). The mass spectrum of this product contained
the molecular ion peakM™] with nmvz 332 (35%);

the base peak wasM[-H,O]", m/z 314 (100%). The
presence of ion peaks witiwz 296 ([314-H,0],
26%) and 255 (f1-Ph], 46%) indicates that the
molecule contains two hydroxy groups and a phenyl
group gfor the other ion peaks, see Experimental).
In the 3C NMR spectrum signals from 23 carbon
atoms were present; this means that the molecule has
no symmetry elements. In addition, signals from three
quaternary aromatic carbon atoms were observed at
8¢ 141.38, 137.73, and 138.50 ppm. These data led
us to presume that the photochemical cyclization
involves one phenyl ring in a way similar to the
known photochemical transformation of styrene into
phenanthrene [10].

In the aromatic region of théH NMR spectrum
(8 6-8 ppm) we observed two doublet and two triplet
signals with an intensity ratio of 1:1:1:1. This
pattern obviously corresponds to artho-phenylene
group. Also, there were three tiplet signals at

in the UV spectra of the reaction mixtures obtained by 7-2-7-5 ppm with an intensity ratio of 2:2:1,
irradiation of compound¥/a-Vd in ether are typical Which are typical of a monosubstituted benzene ring
of intramolecular photochemical cyclizations with (Fig- 1b). A broadened upfield signal & 1.12-
participation of double bonds [1] (Table 1). 1.19 ppm (Fig. 1a) was assigned to hydroxy proton.
The photolysis of compoun¥a was carried out The latter dlsappea[)s on treatment with( and at
on a preparative scale. A solution W& in dry ether OW témperature {35°C, sample temperatures0°C)
was irradiated for 22 h in the presence of a catalytiﬁ is split into two broadened singlets with1.16 and
amount of CuCl in an inert atmosphere. We observed-19 PPm. These findings indicate different orienta-
disappearance of the initial compound and formatiofONS @xoandendq of the hydroxy groups in mole-
of several products (see Experimental). By columreule VI. Table 2 contains®C and'H chemical shifts
chromatography on silica gel (benzeathyl acetate, and '"H-'H coupling constants of produdtl. The
phenyl group gives signals in tHéC NMR spectrum
at 6 138.50, 128.54, 126.67, 126.86, 126.31, and

Fig. 2. Structure of productVl with atom numbering;
some results of the NOE experiment are also shown.

3¢, ppm

C17 9
30 - L\ A 125.37 ppm (¢8-C% Fig. 2). Signals of the other
o5l oS aromatic carbon atoms are given in Table 2.
40T NAT Taking into account the above data, the isolated
i product can be assigned the structure of eittes
0 r clo 7.endo10-dihydroxy-2-phenyl-3,4-benzotetracyclo-
ol [4.3.3.P L0 ltridecane Y1) or its ende7,exc10-di-
hydroxy isomerVIl [6] (Scheme 2). The choice of
structure VI was made on the basis of NOE DIF
0r experiments (Fig. 2). Signals in tHdC NMR spec-
trum were assigned using APT sequence, calculations
01 by the ACD Lab.*3C program, and'H-13C hetero-
e nuclear correlation technique (Fig. 3). The signals

45 40 35 30 25 20 15 & ppm were assigned by the double resonance technique with
selective irradiation of 1-H, 5-H, 4-l4 8-H, anti-
Fig. 3. 'H-'*C heteronuclear correlation spectrum of 9-H, and 17-H. In the latter case we observed only
compound V1. transformation of the 17H doublet ats 2.56 ppm
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1.85 1.80 1.75 1.70 1.65 1.60 1.55 1.50 1.45 o, ppm

4.0 3.5 3.0 2.5 2.0 1.5 5, ppm

Fig. 4. Double resonancéH NMR spectrum of compound/| with irradiation of the 5-H proton.

82 80 7.8 7.6 7.4{17.2] 7.0 5, ppm

Fig. 5. '"H NOE spectrum of compoun®!| with irradiation of the 10-H proton.

into a singlet, while the other proton signals remained\n analogous pattern is typical of irradiation of §;
unchanged. On irradiation of 1-H (1.95 ppm) the (5 1.82 ppm): the doublets from 1-H amd 8;Hare
following responses were obtained: the gsksignal converted to singlets, and the doublet of quartets from
(doublet of triplets) was converted into a doublet ofsyn9-H (6 1.51 ppm) becomes a doublet of triplets.
doublets, and theanti-9-H and syn9-H signals The largest number of responses of protons in the
(doublets of quartets) were converted into doublets gpicyclononane fragment is produced by irradiation at
triplets. Likewise, irradiation of 5-H& 2.08 ppm; @ frequency corresponding to thenti-9-H signal
Fig. 4) resulted in transformation of the 4gtsignal (6 1.63 ppm). In this case, signals from the 4;H
from doublet of triplets to doublet of doublets, and1-H. 5-H, 8-H, and syn9-H protons change their
of the anti-9-H and syn9-H signals, to doublets of multiplicity (collapse).

triplets. Irradiation of 4-H, (8 2.22 ppm) changed The NOE responses at 8i{and 8-H, (5 1.47
the 5-H signal from broadened doublet to a broadeneand 1.82 ppm, respectively) on irradiation of -H
singlet (the enhanced signal looks like a triplet), andd 2.56 ppm) indicate that the 1 proton is oriented
the anti-9-H signal (doublet of quartets) was convertedoward C. The response at 19-H with the same
into a doublet of triplets. A response at 4;Hwvas sign may be the result of double secondary polariza-
also observed: it changed from doublet to singlettion through 17-H (strongly polarized) and 10-H;
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Scheme 2.

CHPh
HO
CHPh

OH
Va VI

a weak response at the latter is observed with th&00 ml of dry ether was irradiated for several hours
opposite signd 3.73 ppm). An analogous explanationunder stirring with a magnetic stirrer until the precip-
may be given to weak responses with the same sigitate completely dissolved. The solution was filtered
of 12-H and 19-H on irradiation of 2-{ [through through a layer of silica gel, the solvent was distilled
polarization of 4-H, (strong) and 10-H], and a very off under reduced pressure, and the transparent oily
weak response at 4¢H with the opposite sign may residue was analyzed. The Yield of compouivh

be attributed to secondary polarization through 4-H was 67%. IR spectrumy, cni: 1690 (G=0), 1610
On irradiation of 17-H the response of 19-H has (C=C). IH NMR spectrum,s, ppm: 7.22 (5H, Ph),
the opposite sign due to secondary polarization onlg 45 (1H,=CH), 3.3-2.72 m (3H), 2.442.43 m (1H).
through 10-H. An analogous secondary polarizatiofFound, %: C 84.25; H 6.20. gH,,0,. Calculated, %:
of the 17-H signal (with the opposite sign) through ¢ 84.12: H 6.14.

1f7 'E_Igs”gﬂg r5esponse) is observed on irradiation  pp,oochemical cyclization of 3,7-dibenzylidene-

0 (Fig. 5). . bicyclo[3.3.1]Jnonane-2,6-diol (Va). A mixture of
Thus, all NMR experiments support structi® 400 mg (1.2 mmol) of dioMa and 20 mg of CuCl
(Fig. 2) assigned to the product of photochemicaly 300 m| of dry ether was irradiated for 22 h while
cyclization of ende2.exo6-dihydroxy-3,7-dibenzyli- - gtiring on a magnetic stirrer. The mixture was

?heneb'cydo[g"3'}]2‘:0”(‘;"'”‘9%/@% In et2her solution N o anorated to a volume of 280 ml and filtered

e presence of CuCl (Scheme 2). through a layer of aluminum oxide (Brockmann
activity grade 1), the sorbent was washed with 10 ml
of ether, and the solvent was removed under reduced
doressure. According to the TLC data, the residue
on Silufol UV-254 plates with fixed layer of silica (300 Mg) was a mixture of at least five products,
gel; preparative column chromatography was perf 0-84, 0.62, 0.52, 0.41, and 0.21 (benzesiayl
formed on Silpearl silica gel. The IR spectra wereacetate, 2:1). A fraction enriched with a substance
recorded on a UR-20 spectrometer. The UV spectr®ith Ry 0.62 was evaporated under reduced pressure
were measured on a Cary 219 spectrophotometer. T obtain 0.28 g of a colorless solid with mp %5
'H and *C NMR spectra were obtained on a VarianMass spectrumm'z (I, %): 332 M]" (35), 314
VXR-400 instrument from solutions in CDglthe [M—H,O]" (100), 296 (26), 255NI-Ph[" (46), 241
chemical shifts were measured relative to tetramethyk26.8), 215 (19.7), 217 (18.5), 202 (16.3), 179 (16.9),
silane as internal reference. The mass spectra were rlii8 (19.6), 165 (20.1), 115 (15.2), 91 (26). IR spec-
on a HewlettPackard HP-5985 mass spectrometetrum, v, cnm: 3600-3200 (OH), 1600 v.w. ForH
coupled with a gas chromatograph. and 1°C NMR spectral data, see Fig. 1 and Table 2.

For qualitative monitoring of the photochemical Found %: C 82.64; H 7.60. &gH,,0,. Calculated, %:
processes, the UV spectra of ketoridsand alcohols C 83.10; H 7.30.
V were recorded from solutions in alcohol with
a concentration of (6)x10®* M (Table 1). REFERENCES
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