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Abstract

Onirradiation of 4-aryl-4-methyl-2,6-diphenyl-4H-thiopyrates-4fin methanol solutions with a low-pressure mercury lamp under mild
conditions for short time, only aryl groups rearrange selectively to form 2H-thiopyran is@aeésthrough their 6-aryl-5-methyl-1,3-
diphenyl-2-thiabicyclo[3.1.0]hex-3-ene intermedigbes-5fin quantitative yields. The intermediatea—5fwere separated by HPLC from
the mixtures of unreacteth—4fand photoproduct8a—6f Both steps of unimolecular photoisomerizatioaf-4fare investigated from
a kinetic point of view using HPLC. The relative rate constants reveal that the formation of intermediate is the rate-determining step ir
photoisomerization of 4H-thiopyrads—4fto the corresponding 2H-thiopyrafa—6fin methanol-d solution. Moreover, comparison of
the relative rate constants for the faster step show that the electron withdrawing groups on the para position of the migratory 4-aryl grou
unlike those of the electron donating, decrease the conversion relative rates of intermediates to their 2H-thiopyran isomers. © 2001 Elsev
Science B.V. All rights reserved.
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1. Introduction high-pressure mercury lamp in identical conditions [3], the
formation of 5-alkyl-1,3,6-triphenyl-2-thiabicyclo [3.1.0]
The possibility of formation of bicyclic intermediates hex-3-ene 2c—-d and 5a intermediates were studied
in photoisomerization of 4H-thiopyrans to the correspond- by IH-NMR spectroscopy in photoisomerization of
ing 2H-thiopyrans was first proposed by Gravel and his 4-alkyl-2,4,6-triphenyl-4H-thiopyran analogueis—d and
co-workers in 1982 [1]. Upon irradiation of a solution of 4a to 3c—d and 6a with low-pressure mercury lamp
4,4-diphenyl-4H-thiopyraria, they could isolate an unsta- under mild conditions [5]. Recently we reported the
ble mixture, the resemblance éH-NMR spectrum with selective photoisomerization of tetrasubstituted 4-aryl-4-
that of the photoisomerization of 4,4-diphenyl-4H-pyran methyl-  2,6-diphenyl-4H-thiopyrans 4a—4f to their
analogue led them to anticipate the existence of inter- thermodynamically more stable isomers 2-aryl-4-methyl-
mediate, 5,6-diphenyl-2-thiabicyclo[3.1.0]hex-3-en2a, 3,6-diphenyl-2H-thiopyransa—6f from a kinetic point
along with 2,4-diphenyl-2H-thiopyrar8a in the mix- of view by H-NMR spectroscopy in the solution [6]
ture [2]. The formation of tetrasubstituted intermediate, along with the effect of electron donating or elec-
1,3,5,6-tetraphenyl-2-thiabicyclo[3.1.0]hex-3-en2b, in tron withdrawing groups on para position of the mi-
photoisomerization of 2,4,4,6-tetraphenyl-4H-thiopyran gratory 4-aryl group on the overall relative rate of the
1b—3b was studied with'H-NMR spectroscopy in the  photoisomerization.
reaction mixture by Mori and his co-workers [3] which The stereochemistry of intermediates involved in the
was then separated and identified by Sebek et al. [4]. photoisomerization is unspecified and the question is open
Despite unsuccessful previous attempts to identify the to experiments, however, considering that the photorear-
methyl analogue intermediate in the photoisomeriza- rangements of constrained six-membered dienes [7] and
tion of 4-methyl-2,4,6-triphenyl-4H-thiopyrana—6a with the 4H-pyran analogue [2] proceed only via a regiospe-
cific phenyl-vinyl di-r-methane pathway to the corre-
sponding trans-endebicyclic primary photoproducts, the
* Corresponding author. Fax:98-21-6405141. photoisomerization of 4H-thiopyrans should also lead to
E-mail addresspirelahi@khayam.ut.ac.ir (H. Pirelahi). formations of the predominant stereoisomers as shown.
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Ph then degassed and sealed under argon atmosphere. Irradi-

NP ot u ations were carried out with a low-pressure mercury lamp
TN ) ~x X under mild conditions using UV light with. = 254 nm
R 2 at 20°C from 30 to 60 min. The intermediaté&s—5f were
Ry S Ry LS Ry separated by semipreparative HPLG4®onded stationary
1a-d 2a-d phase, eluent gradient from methanol-water 64:365fr

and 85:15 folbb-5f) from the mixtures of unreacteth—Af
) R;=H,Ry=Ph; b)R;=Ry=Ph; and the photoproducBa—6fwith no byproducts.
¢ R;=Ph,Ry=Et; d)R;=Ph, Ry=n-Bu;
In the present study we wish to report the isolation of 2.2.1. 5-Methyl-1,3,6-triphenyl-2-thiabicyclo[3.1.0]hex-3-
the previously proposed intermediates 6-aryl-5-methyl-1,3- €neba
diphenyl-2-thiabicyclo[3.1.0]hex-3-enBa-5f and the re- Pale yellow powder, UVAmax (MeOH) 205, 230 (sh),
sults of a kinetic study on their selective photoconversion 304 nm.*H-NMR (CeDg), 8: 1.16 (3H, s, Me-5), 2.55 (1H,
relative rates to the 2H-thiopyran isomeéa—6f using S H-6), 5.75 (1H, s, H-4), 6.49-7.49 (15H, m, ArH).
HPLC. Here, the effects of electron donating or electron
withdrawing groups on para position of the migratory 4-aryl 2.2.2. 5-Methyl-6-(4-bromophenyl)-1,3-diphenyl-2-thiabi-
group on the relative rate constants of formation as well as ¢yclo[3.1.0]hex-3-en&b
the conversion steps of the intermediafies-5f were also Pale yellow powder, UVimax (MeOH) 205, 229, 298 nm.
investigated. IH-NMR (CeDs), 6: 1.12 (3H, s, Me-5), 2.34 (1H, s, H-6),
5.64 (1H, s, H-4), 6.84-7.51 (14H, m, ArH).

-X)CH
Me  CeHy(p-X) (; ol - e oh 2.2.3. 5-Methyl-6-(4-trifluoromethylphenyl)-1,3-diphenyl-
/Ej\ v, — X 2-thiabicyclo[3.1.0]hex-3-enBc
o 57 N py o Me s H Pale yellow powder, UMimax (MeOH) 210, 228, 300 nm.
s Ph ) CeHapX) IH-NMR (CgDg), 8: 1.10 (3H, s, Me-5), 2.35 (1H, s, H-6),
daf st 6acf 5.65 (1H, s, H-4), 6.82-7.51 (14H, m, ArH).
a)X=H; b)X=Br; ¢) X=CFs;
@) X=CHy; X-OCHy; X-NMey; 2.2.4. 5-Methyl-6-(4-methylphenyl)-1,3-diphenyl-2-thiabi-
cyclo[3.1.0]hex-3-en&d
Pale yellow powder, UMimax (MeOH) 205, 222, 300 nm.
1H-NMR (CgDg), 8: 1.18 (3H, s, Me-5), 2.03 (3H, p;Me),
2. Experimental details 2.58 (1H, s, H-6), 5.82 (1H, s, H-4), 6.63-7.32 (14H, m,

ArH).

Nuclear magnetic resonance (NMR) spectra were
recorded on a Bruker AC-80 spectrometer usingy$leas
the internal standard. UV spectra were taken on a Shimadzu
265-FW spectrometer. Fluorescence spectra were taken on Fale yellow powder, UVkmax (MeOH) 209, 229, 305 nm.
a Shimadzu RF5000 spectrofluorophotometer. Photolyses H"NMR (CeDs), 8: 1.17 (3H, s, Me-5), 2.53 (1H, s, H-6),
were performed using a low-pressure mercury lamp. HPLC 3.27 (3H, s, OMe), 5.77 (1H, s, H-4), 6.83-7.72 (14H, m,
analyses were carried out on ag&olumn. ArH).

2.2.5. 5-Methyl-6-(4-methoxyphenyl)-1,3-diphenyl-2-thiabi-
cyclo[3.1.0]hex-3-en&e

2.2.6. 5-Methyl-6-(4-dimethylaminophenyl)-1,3-diphenyl-
2.1. Syntheses 2-thiabicyclo[3.1.0]hex-3-enB f
) ) ] Yellow powder, UV, Amax (MeOH) 206, 231, 343 nm.
The 4H-thiopyransta—4fwere synthesized by reactions 1y NMR (CeDg), 8: 1.22 (3H, s, Me-5), 2.46 (6H, s, NME
of MeMgBr with the Corresponding 4—aryl-2,6-diphenylthi0— 263 (1H, s, H'G), 5.86 (1H, s, H'4), 6.56—7.56 (14H, m,
pyrylium perchlorates according to the reported method ArH).
[8-10].
2.3. General procedure for kinetic study
2.2. General procedure for isolation of intermediates
104M sample solutions were prepared by dissolv-
Due to the quantitative dependence of intermediates to theing 4H-thiopyrans4a—4f, bicyclic intermediatessa—5f or
concentrations of reactants in accordance with steady-state?H-thiopyrans6a—6f in methanol. An amount of 1 ml of
approximation, concentrate solutions used for isolation of these solutions in the pyrex NMR tubes were degassed and
intermediates. .66 x 10~2M solutions of 4H-thiopyrans  sealed under argon atmosphere. Irradiations were carried
4a—-4fin methanol were prepared in the pyrex NMR tubes out by a low-pressure mercury lamp under mild conditions
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with A = 254 nm at 20C. The progress of the photochemi- fluorescence spectra (values computed from integrated ar-
cal reactions were monitored by HPLC using UV detector. eas under the emission curveg)(excitation = 3504 nm,
The variations of 4H-thiopyrarda—4fand bicyclic interme- concentration= 2 x 10-°M in methanol solutions.
diates5a—5fmole fractions during the photolysis procedure
were measured by integration of the characteristic peaks in2.5. Thermal stability
the chromatograms of the reaction mixtures.

The intermediate solutions prepared for kinetic study were
2.4. Quantum yields and fluorescence data also examined for thermal stability. An amount of 1 ml of

these solutions in the pyrex NMR tubes were degassed and
The incident light intensity on the samples was mea- sealed under argon atmosphere, then heated in darkness us-

sured by ferrioxalate actinometry developed by Parker anding a water bath at different temperatures.
Hatchard [11,12]. The preparation of solutions and the ex-
perimental details concerning the use of the chemical acti-
nometer are well described in [13]. Reaction quantum yields 3. Results and discussion
(¢Rr) were determined at less than 5% conversions. Radia-
tive rate constantsk¢) were calculated from the absorp- To study the effects of electron donating and electron
tion spectra, using the quantities of area under the curveswithdrawing groups on the conversion relative rate con-
of the molecular coefficients plotted against wave numbers stants of bicyclic intermediatesa—5fto the corresponding
[14]. Relative fluorescence quantum yields were com- 2H-thiopyrans6a—6f irradiations of degassed 1M so-
puted from the relative intensities at the maximum in the lutions of 6-aryl-5-methyl-1,3-diphenyl-2-thiabicyclo[3.1.0]
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Fig. 1. The plots of In[5)/[5} vs. time obtained from least-squares treatments of the data for conversidizs-5f (a, (#); b, (H); c, (A); d, (-);
e, (@); f, (+)) in methanol at 20C representing the first-order reactions.
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Table 1 Table 2
The yields of5a—5f and 6a—6f during irradiations under identical exper-  The yields of4a—4f 5a—5f and 6a—6f during irradiations under identical
imental condition® experimental conditioris
Compound Yields (%) Compound Yields (%)
Time (min) Time (min)
0.5 1 2 3 4 5 0.5 1 2 3 4 5
b5a 94.5 90.6 82.3 74.1 67.4 60.9 4a 97.0 94.1 88.6 83.5 78.6 74.0
5b 95.7 91.4 83.8 76.3 69.9 64.1 4b 96.3 92.7 86.0 80.1 74.0 68.2
5c 96.9 92.6 84.6 77.5 715 65.7 4c 96.0 92.2 85.0 78.3 72.2 66.3
5d 94.3 89.4 80.2 71.9 64.5 57.5 ad 95.6 91.8 84.2 75.9 69.8 63.4
5e 93.9 88.9 78.6 69.7 61.8 554 4e 94.8 89.9 81.8 72.9 65.6 59.1
5f 90.8 78.8 62.1 48.9 38.6 324 4f 945 87.8 77.6 72.2 60.2 53.8
6a 55 9.4 17.7 25.9 32.6 39.1 5a 3.0 4.8 9.8 13.2 16.7 18.2
6b 4.3 8.6 16.2 237 301 359 b 3.7 6.9 11.8 17.4 21.8 255
6c 3.1 7.4 154 22,5 28.5 343  s5¢ 4.0 7.6 13.1 18.2 22.9 27.7
6d 5.7 10.6 19.8 281 355 425 gq 3.2 5.7 11.4 18.8 23.1 28.4
6e 6.1 11.1 21.4 30.3 38.2 44.6 5e 3.1 5.3 10.9 13.9 15.6 17.7
6f 9.2 21.2 379 51.1 61.4 67.6 5f 2.2 4.7 9.3 11.1 14.7 18.2
aThe values are an average of three different runs measured by thega - 1.1 1.6 3.3 4.7 7.8
corresponding peaks in chromatograms. 6b - 0.4 2.2 2.5 4.2 6.3
6c - 0.2 1.9 3.5 4.9 6.0
. . 6d 1.2 2.5 4.4 5.3 7.1 8.2
hex-3-enda—5fin methanol were performed in sealed pyrex ee 21 4.8 7.3 13.2 18.8 23.2
NMR tubes by a low-pressure mercury lamp with= 6f 3.3 7.5 13.1 16.7 251 28.0
254 nm under argon atmosphere at@0The reactions were aThe values are an average of three different runs measured by the

followed by HPLC with UV detector and the chromatograms  corresponding peaks in chromatograms.
were recorded at different intervals. The chromatograms
showed gradual decreases in the peaks of bicyclic interme-
diates5a-5fas new peaks appeared for the corresponding
2H-thiopyransba—6f The areas of new peaks increased on

mediatessa—5fat 20°C. The reactions were monitored by
HPLC with UV detector and chromatograms were recorded
at different intervals. In the chromatograms, the characteris-

progress of the reactions. At the end of irradiations only the € ks ofdadfd q v with
corresponding peaks of 2H-thiopyraba-6fwere observed ~ UIC P€aks ola-atdecreased concurrently with appearance
of two new sets of peaks f&ia—5fand6a—6f The variations

in the chromatograms with no signs of byproducts indicat- . ) ; ; :
ing a selective and quantitative photoconversion of bicyclic in molar ratios of the_reactlon mixtures presented in Table 2
intermediateba—5fto 2H-thiopyransba—6f This was fur- show that the fprmaﬂons @‘a—Sffrom 4a—4_1falso prOCEEd
ther highlighted by the stability of 2H-thiopyran solutions through the unimolecular first-order reactions (Fig. 2).

that had been irradiated under similar conditions. Our obser- '.” addition, the progress of conversion and formation re-
vation is consistent with what would be expected for such actions were foIIowgd by UV spectroscopy usBmand4a

a structure, since the anticipated thiodienone photoproductas the rgpresentgtlve model' comppunds. In the UV.spec-
is only stable at 77K and reverses to the 2H-thiopyran sys- trum of ”?te_rme"'a@a* the intensity of new absorption
tem by warming up to room temperature [16]. The varia- charactenst_lc of 2|—_|-th|opyraﬁagradually appeare_d at.: .
tions in molar ratios of bicyclic intermediatéma—5f were 357 nm, while the intensities of absorptions for bicyclic in-

measured by the integration of the corresponding peaks intermediate ah = 304 and 205nm diminished simultane-

chromatograms. The results shown in Table 1 indicate thatgjJUSIy (Fig: 3).bThe L,JV spectzrum ota exhibitedbgradgal
the conversions dba—5fto 6a—6fproceed through the uni- ecrease in absorption at= 236nm as new absorptions

molecular first-order reactions (Fig. 1). appeared at — 304 ar_ld 357nm for the correspondiﬁg

To examine the thermal stability, sample solutions of and6a, respectively (Fig. 4). In both ;pgctra the d|sapp_ear-
intermediatessa—5f were placed in water bath at various ance or appearance of the _characterls'uc broad .absorpuon of
temperatures of 20, 30, 40 and°&for 30 min. Consid- 5a at A = 304 nm are dominated by the more intense and

ering the short period of time required for irradiations of broader abgorptlon @aat ) = 357nm. . .
5a-5f the study revealed that temperatures belowC40 The relative rate c_onstan;s of conversions or formations
are insignificant in the conversions, since the intermediate:smc 5a—5fwerg determined using absorpnon and fluorescence
begin to convert to their 2H-thiopyran isomers at G0 data according to the following equation [15,17]:

In order to compare the formation relative rate constants iy PROpokE
of bicyclic intermediatessa—5f irradiations of degassed P m
104 M solutions of4a—4fwere performed in methanol un- R R F
der identical experimental conditions as those of the inter- wherekg is the rate constant for conversidgj or formation
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Fig. 2. The plots of In[4]/[4} vs. time obtained from least-squares treatments of the data for formatidses-6f from 4a—4f (a, (#); b, (); c, (A);
d, (-); e, @); f, (+)) in methanol at 20C representing the first-order reactions.

(kfR) of bicyclic intermediatespr the quantum yield for con-  enough to be the rate-determining step in photoisomeriza-

version (pg) or formation (bg) of bicyclic intermediateske tion of 4H-thiopyrans to the corresponding 2H-thiopyran
the rate constant for fluorescencesaf-5f (k&) or 4a—4f(k\) isomers. The resulting kinetic order is in agreement with
and¢r is the quantum yield for fluorescence Sd—5f (¢<) the order of slops in Figs. 1 and 2. Here, the increasing ef-

or 4a—af ((p'f:)_ To reduce the experimental errors in quan- fects of electron dpnating or electron_withdrayving groups
titative values, the relative rate constants for conversions ON the rate-determining step are consistent with the effects
and formations are determined under identical experimental ©f these groups on the overall relative rates of photoisomer-
conditions with reference to the unsubstituted model com-

poundsba and4a as shown in Tables 3 and 4, respectively. Table 3

To evalu_ate the kinetic order of photor_earrangement gnd pUtRelative rate constant, quantum yield and fluorescence data for conversions
the relative rate constants for conversions and formations of o¢ 55_5p
intermediates on a quantitative basis, the conversion reIativeComlooum|

) ’ pE(rel) kE(rel) pS(rel) kS (rel)

rate constants ofa—5fwere determined with reference to F F R R

the model compounda too. The resulting unified conver- 52 L 1 1 1
i lative rate constantg°(rel) are shown in Table 5 5b 1114 1.254 0.782 0.879
sion refaliv Wi : _ ' 1.013 1.526 0.563 0.848
Comparison of the unified conversion relat_lve rate con- sq 0.843 1.123 1.036 1.380
stants ofsa—5f kg°(rel), observed in Table 5 with those of  se 0.917 1.175 1.109 1.420
the relative rate constants for their formatiok§(rel), in Sf 0.964 1.833 1672 3.178

Table 4 reveal that the formation of intermediate iS slow  2The values are an average of three different runs.
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Table 4 of intermediate is slow enough to be the rate-determining
Relative rate constant, quantum yield and fluorescence data for formationsstep, where both the electron donating and electron with-
of 5a-5ffrom 4a—4f drawing groups on the para position of the migratory 4-aryl

Compound Pr(re) k- (rel) P (rel ki (red group could increase the relative rate constants of photoiso-
4a 1 1 1 1 merization through transition statésor 8, depending upon

4b 0.889 1.906 1.233 2.644 substituents used, in methanglgblutions. Concerning the

4c 0.885 1747 1.333 2.631 bathochromic shift observed in the UV absorption of inter-
ad 1.300 1.990 1.466 2243 mediate5f with strong electron donating group, it appears
4e 0.876 1.140 1.733 2.252 : X )

4f 1112 2252 1833 3707 that the shift could be due to a through-space interaction

between the filled 2p orbitals of theans-endephenyl ring
on carbon-6 and the empty 3d orbitals of sulfur which could
be the origin of the favorable electronic interactions in the

aThe values are an average of three different runs.

Table 5§ transition states leading &a—6f The fact that the electron
The unified relative rate constant, quantum yield and fluorescence datawithdrawing groups play opposite role in the conversion step
for conversions oba-5f with reference toda? is in accord with a weaker 2p—3d through-space interactions.
Compound dE(rel) kgS(rel) pRi(rel) kp(rel)

5a 0.627 1.065 1.833 3.113 Acknowled

5b 0.698 1.336 1.433 2.743 cknowledgements

5¢ 0.635 1.626 1.033 2.645

5d 0.529 1.196 1.900 4.295 Support of this investigation by the Research Council at
Se 0.575 1.252 2.033 4.426 the University of Tehran through Grant No. 372/1/514 is
5f 0.604 1.953 3.066 9.913

gratefully acknowledged.
4The values are an average of three different runs. The authors wish to thank Prof. H. Ebrahimzadeh, Depart-
ment of Biology, Faculty of Science, University of Tehran,
ization as well as the transition stat@sr 8 reported earlier for the crucial access of HPLC and spectrofluorophotometer

[6], however, thekg (rel) values in Table 3 okp(rel) in Ta- made possible.
ble 5 indicate that the electron withdrawing groups unlike
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