4258 J. Org. Chem. 1981, 46, 4258-4262

2-(8-Naphthyl)benzoxazole (3g), mp 112 °C (lit."® mp
113-115 °C).

2-(9-Anthryl)benzoxazole (3h): dark yellow crystals after
recrystallization from 2-propanol; mp 169-172 °C. Anal. Calcd
for CoiH,3;NO: C, 85.42; H, 4.41; N, 4.75. Found: C, 85.38; H,
4.38; N, 4.64.

trans-2-Styrylbenzoxazole (4), mp 84 °C (lit."* mp 81 °C).

cis-2-Styrylbenzoxazole (4). Into a solution of 20 g of
trans-2-strylylbenzoxazole in 2 L of methanol was immersed a
125-W medium-pressure Hg lamp, and the solution was illumi-
nated through Pyrex until the photostationary state was reached
(control by UV spectra of aliquots). After evaporation of the
solvent, the trans—cis mixture was fractionated by distillation.
The first fraction [bp 140 °C (1 mm)] was the cis form: yield about
30% (6g); light yellow, almost colorless crystals; mp 35 °C; mol
wt caled 221, found 231. Anal. Caled for C;sH NO: C, 81.45;
H, 4.98; N, 6.33; O, 7.14. Found: C, 81.79; H, 4.93; N, 6.23; O,
6.95,

2-(2-Furanyl)benzoxazole (3k), mp 89-90 °C (lit. mp 82-84
°Cl 86-86.5 °C1%).

2-(2-Thiophenyl)benzoxazole (31), mp 107 °C (lit."” mp 104.5
°C).
2-Ferrocenylbenzoxazole (3m): orange crystals after re-
crystallization from ethanol and vacuum sublimation; mp 150 °C.
Anal. Caled for C7H,3FeNO: C, 67.33; H, 4.29; N, 4.62. Found:
C, 67.34; H, 4.41; N, 4.67.

2-tert-Butylbenzoxazole (3n) was prepared by the procedure
of Skraup!® from o-aminophenol and pivalic acid (2,2-di-
methylpropanoic acid): colorless liquid; bp 222-226 °C (lit.!® bp
226 °C).

2-0-Tolylbenzoxazole (24), mp 69 °C (lit.22 mp 69 °C).

1,3-Diphenyl-2,4-bis(2-benzoxazolyl)cyclobutane (5). A
10-g sample of trans-2-styrylbenzoxazole (4) was horizontally and
evenly distributed in Pyrex tubing of 100-mm i.d., and 500-mm
length and in a horizontally located Rayonet-Reactor under slow
rotation (4 turns/min) and illuminated with 300-nm light for 6
days. The unreacted styrylbenzoxazole was removed with 100

(17) Royer, R.; Colin, G.; Demerseman, P.; Combrisson, S.; Cheutin,
A. Bull. Soc. Chim. Fr. 1969, 8, 2785-2792.
(18) Skraup, S. Justus Liebigs Ann. Chem. 1919, 419, 1-92.

mL of ethanol and the residue recrystallized from acetone: yield
2.2 g (22%); colorless crystals; mp 248 °C; mol wt (CHCl;) caled
442, found 454; mass spectrum, main mass m/e 221 (styryl-
benzoxazole), parent peak (m/e 442) only traces, no signal at m/e
180 (stilbene), no signal at m/e 262 (1,2-dibenzozazolylethylene).
Anal. Caled for C40Hg,N,0,: C, 81.45; H, 4.98; N, 6.33; O, 7.24.
Found: C, 81.52; H, 4.88; N, 6.28; O, 7.12.

The main mass (styrylbenzoxazole) indicates that 5 has the
structure of a truxillic acid because it is highly improbable that
a compound with a truxinic acid structure would cleave only into
styrylbenzoxazole and not into stilbene plus 1,2-dibenz-
oxazolylethylene.

Furthermore, if 5 is hydrolyzed for 2 h with boiling diluted
H,S0, (10%), epitruxillic acid (mp 285 °C) is formed. Since either
the a- or the e-truxillic acid derivative is the most probable
configuration of the photodimer derived from 4 in its trans form
and since a-truxillic acid but not e-truxillic acid yields epi-truxillic
acid in boiling H;SO,!® we conclude that 5 has the structure of
an a-truxillic acid derivative.

2,2’-Bibenzoxazole (7), mp 262 °C (lit.2 mp 256 °C).
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The photochemical behavior of various benzo[b]thiophene sulfoxides (3-methyl, 3-phenyl, 2-methyl, 2-phenyl,
2,3-dimethyl, 2-chloro, 2-bromo, 3-chloro, 3-bromo) has been studied in benzene as solvent. The bromo and chloro
derivatives gave no identifiable products. The 3-methyl and 3-phenyl compounds gave three head to head anti
photodimers which differ only by the stereochemistry of the S-O bond. The kinetics of the photodimerization
of 3-MeBTO was studied as a function of the concentration of substrate, triplet quencher, and triplet sensitizer.
A monomeric excited triplet is the proposed precursor of the hth dimer. The 2-methyl derivative led to a
photoreduction giving the corresponding sulfide probably through an excited triplet. The 2-phenyl derivative
gave a mixture of the photodimer hth and the corresponding sulfide. The behavior of the sulfoxides in these
series is different from that of the corresponding sulfones which lead to a mixture of hth and htt dimers for the
2-substituted compounds and to the hth dimer for the 3-substituted ones.

The photochemical behavior of sulfoxides can be clas-
sified in different categories according to the type of
chemical reaction observed: epimerization of the sulfoxide
group;'~ ring contraction with loss of oxygen as in case of

(1) K. Mislow, M. Axelrod, D. R. Rayner, M. Gotthardt, L. M. Coyne,
and G. S. Hammond, J. Am. Chem. Soc., 87, 4958 (1965).
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2,2-dimethylthiachroman 1-oxide* and of analogous cyclic
sulfoxides;® loss of a f-hydrogen atom leading to a ring

(2) N. Furukawa, M, Fukumura, T. Nishio, and S. Oae, Phosphorus
Sulfur, 5, 191 (1978).

(3) R. A. Archer and P. V. de Marco, J. Am. Chem. Soc., 91, 1530
(1969).
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Table I. Photodimerization and Photoreduction of Benzothiophene Oxides and Derivatives in Solution
wavelength, % dimerization reduction
monomer solvent nm (hth anti) product (% yield)

3-MeBTO (1) C.H, 313 50 (1a-c)
CH, + PhC(O)Ph 366 80 (1la-c)

3-PhBTO (2) C,H, + PhC(O)Ph 366 40 (2a-c)

2-MeBTO (3) C,H, + PhC(O)Ph 366 3d (10)
C.H, 313

2-PhBTO (4) C.H, + PhC(O)Ph 366 60 (4a or 4c) 4d (5)

2,3-Me,BTO (5) C,H; + PhC(O)Ph 366 5d (35)
C.H, 313

2-C1,2-BrBTO (6) and 3-C1,3-BrBTO (6) C,H, + PhC(O)Ph 366

Table II. 'H NMR Assignment of Dimer Structures
dimer chemical shift®
3-MeBTO (1) la 4,73 (s, 2 H), 1.17 (s,
6 H), 7.4-8 (m, 8 H)
1b 4.47 (d, 1 H, ABJ = 6),
3.67(d, 1 H, ABJ='6),
1.03 (s, 3 H), 1.40 (s,
3 H), 7.4-8 (m)
1c 3.24 (s, 2 H), 1.35 (s,
6 H), 7.3-8.15 (m,
8 H)
3-PhBTO (2) 2a 5.50 (s, 2 H)
2b 415( 1H,ABJ=9),
5.17(d, 1 H, ABJ="9)
2-PhBTO (4) 4a or 4c¢ 6.05 (s, 2 H)

¢ Chemical shifts are given in parts per million and J
values in hertz.

contraction or to the rearrangement into cyclic sulfenates
as in the case of cis- and trans-1,3-dihydro-2-thiaphenalene
2-oxides and analogues,®’ of substituted thiochromanone
sulfoxides,®1 and of aliphatic sulfoxides;!1"1% deoxygena-
tion with reduction to sulfide in the case of diphenyl
sulfoxides.!* In the course of our studies on the reactivity
of sulfoxides in the benzo[b]thiophene series with respect
to the hydrodesulfuration reaction!® and cycloaddition
processes!® we have explored the photoreactivity of these
compounds.’” As in this series, the benzo[b]thiophene
S-oxide is not isolable;!® it is only possible to examine the
influence of the substituent in the 2- or 3-position. A
reaction mechanism consistent with the experimental data
will be presented.

Photoproducts, Solutions of sulfoxides were irradiated
at 313 nm or in the presence of benzophenone at 366 nm.
Table I gives a survey of the experiments and indicates

(4) R. A, Archer and B. S. Kitchell, J. Am. Chem. Soc., 88, 3462 (1966).
( (5))A. G. Schultz and R. H. Schlessinger, Tetrahedron Lett., 4787
1973).

(6) A. G. Schultz, C. D. de Boer, and K. H. Schlessinger, J. Am. Chem.
Soc., 90, 5314, (1968).

(7) A. G. Schultz and K. H. Schlessinger, Chem. Commun., 1483

(1969).

(8) I. W. J. Still and M. T. Thomas, Tetrahedron Lett., 4225 (1970).

9) I. W., J. Still, M. S. Chauhan, and M. T. Thomas, Tetrahedron
Lett., 1311 (1973).

(10) I. W. J. Still, P. C. Arora, M. S. Chauhan, M. H. Kwan, and M.
T. Thomas, Can. J. Chem., 54, 455 (1976).

(11) T. Sato, Y. Goto, T. Tohyama, S. Hayashi, and K. Hata, Bull.
Chem. Soc. Jpn., 40, 2975 (1967).

(12) T. Sato, E. Yamada, T. Akiyama, H. Inoue, and K. Hata, Bull.
Chem. Soc. Jpn., 38, 1225 (1965).

(13) R. G. Petrova and R. K. H. Friedlina, Bull. Acad. Sci. USSR, Div.
Chem. Sci. (Engl. Transl.), 1797, (1966).

(14) N. Kharasch and A. I. A. Khodair, Chem. Commun., 98, (1967).

(15) P. Geneste, P. Amblard, M. Bonnet, and P. Graffin, J. Catal., 61,
115 (1980).
(197 (16) R. Durand, P. Geneste, and D. Pioch, Tetrahedron Lett., 4845

(17) M. S. El Faghi El Amoudi, P. Geneste, and J. L. Olivé, Tetrahe-
dron Lett., 999 (1978).

(18) P. Geneste, J.-L. Olivé, and S. N. Ung, J. Heterocycl. Chem., 14,
953, (1977).

the product distribution for each compound as determined
after irradiation by 'H NMR analysis (Table II).

The stereochemistry of the dimers is determined by
oxidation? of the sulfoxides to the corresponding sulfones,
which were previously identified.}®® All the photodimers
are anti head to head (hth) without any trace of the head
to tail (htt) dimer. 3-CH;BTO (1) gives the three dimers
la—c previously described!” which differ only by the
stereochemistry of the S=0 sulfoxide bonds. According
to the literature?® there is no significant solvent polarity
effect on the product distribution of the dimers,

H lH . :
0
1,R=CH, a
2, R= C,H,
E H oW ‘
0
b c

For 3-PhBTO (2) the yield of photodimerization is low,
leading to the unstable compounds 2a-¢. The photo-
reactivities of 3-Br- and 3-CIBTO were not studied because
of formation of tars during the irradiation procedure.

For the 2-substituted compounds the results are dif-
ferent. 2-MeBTO (3) led to the deoxygenated compound
3d (2-MeBT) and to tars with no trace of dimerization. We
checked that this formation was not due to the unstability
of the dimers by synthesizing the corresponding sulfide
dimers hth and htt by reduction of the corresponding
sulfones? and reoxidation to the 3a—c and 3’a~c sulfoxides.
All these compounds were perfectly stable and isolable.

The irradiation of 3 gives essentially a photoreduction
with no dimerization.

For the 2-phenylbenzothiophene sulfoxide 4 there was
essentially formation of one dimer (4a or 4¢, 60%, only
one singlet for H; and Hy in the 'H NMR spectrum) along

(19) M. J. Hopkinson, W. W. Schloman, Jr., B. F. Plummer, E. Wen-
kert, and M. Raju, J. Am. Chem. Soc., 101, 2157 (1979).

(20) P. Geneste, J. L. Olivé, and M. S. El Faghi El Amoudi, Nouv. J.
Chim., 5, 251 (1981).

(21) P. Geneste, J. Grimaud, J.-L. Olivé and S. N. Ung, Buil. Soc.
Chim, Fr., 271 (1977).

(22) D. N. Harpp and C. Heitner, J. Am. Chem. Soc., 94, 8179 (1972).

(23) W. W. Schloman, Jr., and B. F, Plummer, J. Am. Chem. Soc., 98,
3254 (1976).
(24) D. N. Harpp and C. Heitner, J. Org. Chem., 35, 3256 (1970).
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with the formation of small amounts (~10%) of the cor-
responding sulfide. The anti stereochemistry of the hth
dimer was determined by oxidation to the corresponding
sulfone.?® It was impossible by all means, acidic or pho-
tochemical,'’ to epimerize the S=0 bond. This absence
of reactivity was probably due to the steric effect of the
phenyl groups « to the S=0.

The irradiation of 2,3-Me,BTO (5) led only to the cor-
responding sulfide with a significant amount of tars.

As previously mentioned for the 3-Br or 3-Cl com-
pounds, the corresponding 2-compounds 6 were unstable
under the photochemical conditions, with immediate
formation of tars.

The lack of solubility for dimers of 2-Ph- and 3-PhBTO
precluded any further study of the process. For this reason
and only kinetic photochemical study we attempted was
on the photodimerization of the 3- and 2-methylbenzo-
[b]thiophene sulfoxides 1 and 3.

Photochemical Deoxygenation of 2-Methylbenzo-
[b]thiophene 1-Oxide (3). The photodeoxygenation of
3 at 313 nm was studied as a function of the substrate
concentration in benzene as solvent. The data conformed
to a linear relationship between 1/¢ and 1/C. The cor-
relation coefficient, the intercept, and the slope are given
in Table III. The mixture analysis has been determined
by 'H NMR with dioxane as an internal reference.

The increase of ¢ with the concentration of 3 is in ac-
cordance with a mechanism in which two molecules of
sulfoxide lead to the sulfide and one molecule of oxygen.
This mechanism has been proposed in the case of the
photochemical deoxygenation of the sulfoxide of the di-
benzothiophene.?

El Amoudi, Geneste, and Olivé

Table III. Concentration Dependence for
Quantum Yield of the Photodeoxygenation of
3 at 313 nm in Benzene Solution?

10*(conen),

M @? 1/C 1/¢
2.24 0.028 44.64 35.71
4.13 0.055 24.21 18.18
5.76 0.068 17.36 14.71
7.48 0.076 13.37 13.16
9.00 0.082 1111 12.20

% For 1/¢ = f(1/C), r = 0.9899, slope s = 0.7, and inter-
cepti= 3. For each concentration the ¢ value is at
least the mean of four determinations.

Table IV. Concentration Dependence for
Quantum Yield®? of the Photodimerization of
1 at 318 nm in Benzene Solution

10%(concn),

M o¢ 1/C 1/pgm = 2/¢
1.84 0.108 54.35 18.52
2.39 0.136 41.84 14.71
3.98 0.206 256,13 9.71
5.63 0.290 17.76 6.85
8.68 0.380 11.52 5.26

@ For 1/¢gim = f(1/C), r= 0.9993, s = 0.31 ¢ 0.02, and
i=16%0.6. °¢gm=(3-Me-BTO)?. ¢ For each con-
centration, four measurements were performed.

Table V. Quantum Yields of Dimerization of 1 in the
Presence of Cyclooctatetraene (COT) at
313 nm in Benzene Solution®9

103[COT],
M atim” ¢°qim® /9dim
1.99 0.051 1.33
410 0.043 1.68
8.65 0.033 2.06
18.97 0.022 3.09
41.22 0.013 5.23

¢ For ¢°gim /ogim = 7{@}, r = 0.9998, slope s = 99 = 4,
and intercepti= 1.2 + 0.1. b For each concentration in
COT the ¢ value corresponds to the mean value of at
least four determinations. € ¢°q;, = 0.068 in every case.
d [Sulfoxide] = 2.39 x 10°2 M in every case.

Different experiments performed in order to trap the
liberated oxygen for determining its nature were unsuc-
cessful.

In the presence of cyclooctatetraene (COT) as quencher
it was not possible to establish any relationship between
the quantum yield and the sulfoxide concentration, due
to the effect of the liberated oxygen which reacts with the
cyclooctatetraene. With benzophenone as sensitizer the
reaction was faster, but here again no relationship has been
found. These two partial results seem, however, to be in
favor of passage through an excited triplet state.

Photodimerization of 3-MeBTO (1). Concentration
Dependence. The photodimerization of 1 at 313 nm was
studied as a function of substrate concentration in benzene
solution. The data (Table IV) conformed to a linear re-
lationship between 1/¢4, and 1/C. The correlation
coefficient, the intercept, and the slope of the line are
indicated. The mixture analysis has been determined by
1H NMR, with dioxane as an internal reference, and U.V.
spectra at 320nm.

Quenching of Photodimerization. Investigation of
cyclooctatetraene (COT) quenching of the dimerization of
1 in benzene gave data (Table V) that produced a Stern—

(25) G. M. Gurria and G. H. Possner, J. Org. Chem., 38, 2419 (1973).
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Volmer relationship (eq 1) according to Scheme 1.2

) ky[COT]
¢ dim/¢dim-1+m 1)

Scheme I
M N M
ky
M—M
M fa M
kq
‘M—M
ki
M + COT — M + 3COT

ke
M + M — T-T etc. ... (Scheme II)

The quantum yields have been obtained by using the
'H NMR method with dioxane as an internal reference for
the mixture analysis.

As in the case of the corresponding sulfone,? the very
efficient quenching implies that the dimers arise from a
triplet state.

Sensitized Dimerization. The 866-nm irradiation of
1 and benzophenone in benzene solution was explored.
The quantum yield of the sensitized dimerization was
studied as a function of the concentration of 3-Me-BTO
(1)5 The results conformed to a linear relationship (Table
VI).

Discussion

The very efficient quenching by COT of the unique hth
anti dimer implies that as in the case of the corresponding
sulfone, 3-MeBTO,,? the photodimerization proceeds from
a triplet state precursor according to general Scheme I1,22

Scheme II
S A 1S (rate = I,)
18 38 (rate = k,[1S])
1S % (ate = ky[1S])
35 2% S (rate = ky[*S))
M + 38 =% SM + S (rate = &, [M][*S])
M Ko, M (rate = k4[*M])
3M + M — TT (rate = k,[*M][M])
ToT —% OM (rate = ks[T--T1)

k
TewT —> hth dimer (rate = kg[T-T])

where S, 1S, and 38 refer to the ground, singlet, and triplet
excited states of the sensitizer, M and 3M refer to the
ground and triplet states of the reactant, and T-~T the
metastable intermediate precursor of the unique dimer.%

Applying the steady-state approximations to the ap-
propriate intermediates, the kinetic relationship in the
absence or in presence of the sensitizer is given by eq 2,

1/¢du:n = 1/a¢isc + kd/kra¢isc[M] (2)

( (26)) P. J. Wagner and D. J. Buchek, J. Am. Chem. Soc., 91, 5090
1969).
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Table VI. Concentration Dependence of
Quantum Yield of Sensitized 3-MeBTO
Dimer Formation in Benzene Solution at 366 nm

10?2 [sulfoxide],®
M

¢ 1/C 1/bgim = 2/¢
2.29 0.292 43.67 6.84
3.82 0.449 26.18 4.45
6.12 0.614 16.34 3.26
8.67 0.764 11.58 2.62

% For each concentration ¢ is the mean of at least four
determinations. For 1/¢gyy, = f(1/[sulfoxide]), r= 0.9997,
s=0.13% 0.008,and i= 1.1 ¢ 0.2.  ? [Benzophenone] =
2.08 X 1072 M in every case.

where « is the fraction of the intermediate T+ T converted
to the dimer and ¢, the yield of the intersystem conver-
sion between the excited singlet and the triplet of the
sulfoxide or the sensitizer. On the assumption that the
sulfoxide 1 should present the same behavior as the cor-
responding sulfone,?? i.e., that the energy transfer from the
triplet of the benzophenone was 100% efficient,?’ it is
possible to calculate from eq 2 an « value of 0.91 (Table
VI). The substitution of this value in 2 and application
to the results in the absence of sensitizer (Table IV) leads
to a value of ¢, for the intersystem conversion ‘M — M
of 0.68.

From eq 2 and from the slope of the Stern—Volmer
equation (eq 1) with a k, value fo 1.2 X 10'° M1 s7L® the
results of the quantum yields in the presence or in the
absence of inhibition (Tables IV and V) led to the values
of kg=108sland k, = 56 X 103 m g1,

The k, value is higher than the value found for the
sulfones.!®®2 This result could be related to the decrease
in the ground state of the aromatic character of the C,Cs
double bond from the sulfoxide to the sulfone.?

On the basis of the previous experimental data and
discussions,'®%22 in the photodimerization of the sulfone
analogues the behavior of the sulfoxides seems to be
identical. The data agree well with the association of a
molecule in the ground state with a molecule in a triplet
state. The so-formed complex would give a tertiary 1,4-
diradical stabilized by the presence of the sulfoxide group
before proceeding to product. Moreover, due to the steric
hindrance of the methyl group in the 3-position this di-
radical could give the preferential formation of the hth
photodimer.

Experimental Section

Instrumentation. UV spectra were recorded on Gilford 250
and Unicam SP-800 spectrophotometers. Infrared spectra were
measured on a Perkin-Elmer 720 instrument. 'H NMR spectra
were obtained at 20 °C from Varian A-60, Varian EM-360, and
Bruker WP-80 spectrophotometers. *C NMR spectra of solutions
were recorded at 20 °C on a Bruker HX-90 NMR instrument
operating at 22.63 MHz and on a Bruker WP-80 operating at
20.115 MHz in the Fourier transform mode. Mass spectral
measurements were made on an CEC 21-110C spectrophotometer.
Melting points were obtained on a Buchi apparatus.

Materials. 2- and 3-substituted benzo[b]thiophene 1-oxides
1-6 were prepared as previously described from corresponding
sulfides.!”?® Bigulfides 7 and 8 were readily obtained by re-
duction with AILiH,? of the corresponding already described
disulfones.?? Head to head bisulfide 7: 'H NMR (CDCly) &
7.43-7.1 (m, 8 H), 4.23 (s, 2 H), 1.37 (s, 6 H). Head to tail bisulfide

(27) N. J. Turro, “Molecular Photochemistry”, W. A. Benjamin, New
York, 1965, p 130.
(28) E. J. Corey, J. D. Bass, R. Le Mahier, and R. B. Mitra, J. Am.
Chem. Soc., 86, 5570 (1964).
(29) P. Geneste, J.-L. Olivé, S. N. Ung, M. S. El Faghi El Amoudi, J.
ng E;?sbon, H. Beierbeck, and J. K. Saunders, J. Org. Chem., 44, 2887
1979).
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8: 'H NMR (CDCl,) 6 7.63-7.1 (m, 8 H), 3.97 (s, 2 H), 1.88 (s,
6 H).
Oxidation of 7 and 8 by m-chloroperbenzoic acid® leads to the
mixture of dimers 3a—c and 3’a-c, respectively. These dimers
can be separated by thin-layer preparative chromatography on
Si0,; they were identified by cyclobutanic hydrogen atoms and
methyl signals in the 'H NMR (CDCl): 3a,4.13 (2H), 1.1 (8
H); 3b, § 4.77 (1 H), 3.70 (1 H), 1.25 (3 H), 1.05 (3 H); 3¢, 6 4.66
(2 H), 1.32 (6 H); 3'a, 5 4.45 (2 H), 2.0 (6 H); 3'b 5 4.23 (1H), 4.10
(1 H), 2.15 (3 H), 1.88 (3 H); 3’¢c, § 4.37 (2 H), 2.07 (6 H).

Irradiations. Preparative irradiations were carried out in a
300-mL-capacity photolysis vessel equipped with a nitrogen inlet
and Pyrex immersion well. The solutions were previously purged
with dry nitrogen for 30 min and then irradiated with a Type
125W Philips HPK mercury arc lamp. Direct irradiations at 313
nm were performed through a K,CrQ,/K,CO; filter solution®
circulating around the immersion well. Irradiations at 366 nm
for sensitization studies were carried out with the lamp emission
filtered by 0.7 M Cu(NO,), solution.®

Direct irradiations for concentration, quenching, and sensiti-
zation studies were carried out with a Hanovia 450-W mercury
arc lamp in a merry-go-round apparatus® with interference filters
allowing the selection of individual bands. Pyrex tubes (10 X 100
mm) were filled with 3.5 mL of the solution to be irradiated; the
samples were then degassed (107 torr) by using several freeze-
thaw cycles before the tubes were sealed. All runs were carried
out under low-conversion conditions. After irradiation the amount
of unreacted monomer was determined simultaneously by
quantitative spectrophotometric UV analysis and by quantitative
'H NMR analysis with dioxane as an internal reference.

Actinometry. The actinometer used was the benzo-
phenone-benzhydrol system according to the described method.®
Actinometer solutions were irradiated in parallel with the reaction
mixtures.

Preparative Dimerization of 3-MeBTO (1). Direct irra-
diation of 1 (6.08 mM) in 280 mL of dry benzene at 313 nm for
15 h gave (50%) of a mixture of the two dimers 1a and 1b with
a la to 1b ratio of 5:3 and a small amount of the third dimer 1c.
After evaporation of the solvent under vacuum, these dimers were
separated by thin-layer preparative chromatography on SiQO,
(eluent ether-methanol, 95:5).

Sensitized irradiation of 1 at 366 nm for 4 h, with benzophenone
as the sensitizer, gave the same isomers in the same amount with
an overall yield of 80%. Anal. Calcd for C;gH;50,S,: C, 65.85;

(30) The measurements have been made in the Laboratoire des
Composés Azotés Polyfonctionnels, Université Paul Sabatier, Toulouse
(Professor A, Lattes and Dr. J. C. Micheau).

( (31)) W. M. Moore and M. Ketchum, J. Am. Chem. Soc., 84, 1368
1962).

H, 7.41. Found: C, 65.7; H, 7.5.

la: F 224-226 °C; IR (CDCly) 1060, 1040, 1025 cm™; mass
spectrum (70 eV), m/e 328, 312, 296, 148; 13C NMR (CDCly); 9
peaks) 622.4 (CH3), 51.5 (Cz, Cgl), 57.0 (C3, Cs!), 125.4 (Cs, Cs!),
128.0 (C,, Cy), 129.8 (Cy, Cy), 132.4 (Cs, Cy), 145.1 and 146.2 (Cs,,
CS'v C’7u! C’I’u)-

1b: F 250 °C dec; IR (CDCly) 1055-1045 cm™; mass spectrum
(70eV), m/e 328, 311 148; 1°C NMR (CDCl,; all the carbons are
different, giving 18 different peaks) § 23.8, 24.2 (CHy), 57.6, 58.1
(Cy, Cy), 56.4, 60.1 (C3, Cy), 126.0, 126.6, (Cq, Cy), 128.2, 128.5
(C;, Cy), 129.7,130.1 (Cy, Cy), 132.3, 132.6 (C;, Cy), 143.9, 144.4,
146.0, and 147.2 (Cg,, Cyay Cra Croa).

le: F 230 °C; IR (CDCly) 1055-1040 cm™.

Preparative Dimerization of 3-PhBTO (2). Irradiation of
2 (1.33 mM in 280 mL of benzene) at 366 nm, with benzophenone
as the sensitizer, led to a mixture of dimers. It was very difficult
to separate the more stable dimers 2a and 2b by SiO, thick-layer
chromatography because of their lack of solubility in all common
organic solvents. 2a and 2b were identified by their 'H NMR
spectra (CF;COOH-CDCly).

Mixture of the dimers 2a-¢: IR (CDCl;) 1060-1040 cm™; mass
spectrum (70eV), m/e 452, 433, 404, 209. Anal. Calcd for
CogHyo0,8,: C, 74.33; H, 4.42. Found: C, 73.9; H, 4.4,

Irradiation of 2-MeBTO (3). Direct irradiation of 3 (2.81
mM) at 313 nm and sensitized irradiation at 366 nm, with ben-
zophenone as the sensitizer, were performed in 280 mL of dry
benzene. After removal of the solvent, the products of the reaction
were separated by chromatography on SiQ,, leading to 10% of
2-methylbenzothiophene (3d) and 50% of unreacted sulfoxide
3.

Irradiation of 2-PhBTO (4). Irradiation of 4 (0.88 mM) in
benzene solution (280 mL) was carried out for 4 h at 366 nm, with
benzophenone as the sensitizer. Evaporation of the solvent under
vacuum and chromatography on SiO, gave the corresponding
sulfide 4d (5%), the head to head dimer 4a (or 4¢; 60%), and the
unreacted sulfoxide 4: IR (KBr) 1070, 1035, 1030 cm™; mass
spectrum (70 eV), m/e 452, 338, 232, 216. Anal. Calcd for
CasH00,8,: C, 74.33; H, 4.42. Found: C, 73.9; H, 4.5.

Irradiation of 2,3-Me,BTO (5). Direct irradiation and sen-
sitized irradiation of 5 (2.8 mM) in benzene solution (280 mL)
were performed at 313 and at 366 nm, respectively. Removal of
the solvent and chromatography on SiO; gave 180 mg (35%) of
the corresponding sulfide 5d.

Registry No. 1, 51500-43-7; 1a, 67282-05-7; 1b, 67336-09-8; lc,
67336-10-1; 2, 70445-87-3; 2a, 78592-67-3; 2b, 78655-25-1; 2¢, 78655-
26-2; 3, 33945-86-7; 3a, 78592-68-4; 3b, 78655-27-3; 3¢, 78655-28-4;
3'a, 78592-69-5; 3’'b, 78655-29-5; 3’c, 78655-30-8; 4, 70445-86-2; 4
HTH dimer, 78592-70-8; 5, 70445-88-4; 6 (2-Cl), 57147-28-1; 6 (2-Br),
57147-27-0; 6 (3-Cl), 63724-95-8; 6 (3-Br), 57147-26-9; 7, 78592-71-9;
8, 78592-72-0.

Mannich Reaction Product of Dihydrocodeinone!
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The Mannich reaction with dihydrocodeinone (1) was previously reported to give the dimeric product 7,7’
methylenebis(dihydrocodeinone) (2). Investigation revealed that this structural assignment was incorrect. The
product formed, dimer 5, [3-methoxy-17-methyl-4,5a-epoxy-6,7-didehydromorphinan[6,7-e]-3,4-dihydropyran-
2-spiro-7'-(3’-methoxy-17'-methyl-4',5’a-epoxymorphinan-6’-one)], results from a Diels—Alder 1,4-cycloaddition
between two molecules of 7-methylenedihydrocodeinone (4).

Rapoport and Small? reported that the Mannich reac-
tion with dihydrocodeinone (1) unexpectedly gave the

(1) Analgesic Narcotic Antagonists. 12. For part 11 see: Leland, D.
L. J. Heterocycl. Chem., in press.

0022-3263/81/1946-4262301.25/0

dimeric product 7,7-methylenebis(dihydrocodeinone) (2).
The isolation of the intermediate Mannich base 3 or the
corresponding eliminated 7-methylene compound 4 (see

(2) Rapoport, H.; Small, L. J. Org. Chem. 1947, 12, 834.
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