TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 41 (2000) 2643—-2647

Facile synthesis and desulfurization of 5-(phenylthio)pyrano-
[3,2-C][1]benzopyrans starting from 5-phenylthio-4-penten-1-ols
and salicylaldehyde via in situ intramolecular cycloaddition of

substituted-quinonemethides

Hidekazu Miyazaki, Yoshinari Honda, Kiyoshi Honda and Seiichi Inoue

Department of Chemistry and Biotechnology, Faculty of Engineering, Yokohama National University, 79-5 Tokiwadai,
Hodogayaku, Yokohama 240-8501, Japan

Received 12 January 2000; revised 3 February 2000; accepted 4 February 2000

Abstract

5-(Phenylthio)pyrano[3,2}[1]benzopyrans §) were successfully synthesized in high yield by the reaction of
5-phenylthio-4-penten-1-obf and salicylaldehydelj in benzene in the presence ptoluenesulfonic acid and
trimethyl orthoformatetranstranslsomer6a andcis,cis-isomer6d were produced as major products froE)-
5 and @)-5, respectively. Treatment dda with lithium 4,4-di-tert-butylbiphenyl or Raney Ni (W-4) lead to
trans-pyrano[3,2¢€][1]benzopyrardb which is very difficult to make by direct cycloaddition using unsubstituted
4-penten-1-0lZb). © 2000 Elsevier Science Ltd. All rights reserved.

Keywords:cycloaddition; intramolecular Diels—Alder reactianguinonemethide; 5-(phenylthio)pyrano[3B1]benzopyran;
pyrano[3,2€][1]benzopyran.

We have been investigating the generation and reactiangeiinonemethides under mild conditions
in order to widen their application in organic synthesBreviously, we reported that salicylaldehyde
(1) reacted with alcoho2a in benzene in the presence @iTsOH and trimethyl orthoformate at room
temperature to giveans-4ain high yield as a single stereoisomer (Schemé 1).
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In general, the cycloaddition between various salicylaldehydes and 5-methyl-4-alken-1-ols proceeds
very efficiently; however, the reaction betwetand 4-penten-1-o2p) does not take place at all, even
in refluxing benzene for 5 daysThe failure of the reaction witBb may be attributed to the low electron
density at the olefinic moiety, as can be predicted from the mechanistic character of inverse electron
demanded [4+2] cycloadditiohWe then anticipated that unsubstituted pyranobenzop§bamay be
obtained by employing phenylthisubstituted olefinic alcoh&instead oRb followed by desulfurization
of the primary cyclization product. Furthermore, we were interested in the reactivity and stereochemical
nature of the cycloaddition of disubstituted olefins.

Simple radical addition of thiophenol to 4-pentyn-1-ol afforded 5-phenylthio-4-pentensla ca.
1:1 mixture of E)- and ¢)-isomers? The individual stereoisomers were prepared by the stereoselective
hydrogenation of 5-(phenylthio)-4-pentyn-1-ol or its THP ether.

The cycloaddition reactions were carried out by stirring a solution of alc®ibl0 mmol), aldehyde
1 (1.2 mmol), trimethyl orthoformate (1.2 mmol), apdTsOH (0.2 mmol) in benzene. The reaction
proceeded smoothly and the produgssd were isolated by silica gel column chromatography and were
characterized by spectroscopic data. The pro@actvas easily isolated by silica gel column chroma-
tography; however, the others were difficult to separate from each other. The results are summarized in
Table 1°

Table 1
Reaction of salicylaldehydd) with alcohol5

HO CH(OMe)s, p-TsOH
1 + | - +
PhS CeHe
5 6a:R'=SPh,R’=H 6c:R'=SPh R?=H
6b:R'=H,R?>=SPh 6d:R'=H, R?= SPh
alcohol 5 conditions combined isomer ratio of product 6

entry E/Z temp time yield (%) 6a 6b 6¢c 6d
1 52 . 48 rt 5h 80 67 5 3 25
2 52 : 48 t 15h 86 69 4 5 22
3 52 . 48 reflux 15 min 83 74 6 4 16
4 8 : 14 rt 23 h 93 91 6 0 3
5 86 : 14 reflux 15 min 89 87 2 2 9
6 0 :100 rt 25h 65 31 4 3 62
7 0 :100 reflux 15 min 85 31 14 5 50

Reaction of salicylaldehyde with a 52:48 mixture &) and @)-alcohols5 afforded a mixture of
tricyclic stereoisomer$a—d in 80% combined yield at room temperature, the isomeric rati6é nbt
being correlated with that & (entry 1). A long reaction period (entry 2), or high reaction temperature
(entry 3), did not greatly affect the diastereomer ratio of the products. Reactlonitif a 86:14 mixture
of (E)- and @)-5 afforded tricyclic compound8a as a major product at room temperature (entry 4) and
similar behavior was observed in refluxing benzene (entry 5). Interestingly, reactlomitsf pure ¢)-5
afforded a considerable amount@# as well a$sd at both temperatures (entries 6 and 7).

Since the intramolecular cycloaddition by this method usually proceeds througkcgransition
state, such unusual stereoselectivities should be significant enough to attract much attention from both
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synthetic and mechanistic viewpoints. To shed light on the unusual stereoselectivity of this cyclization,
we investigated the isomerization behavioband6.

First, tricyclic compound$a and 6d were heated in benzene at reflux in the presenge-TSOH.
According to'H NMR measurement$aisomerized slowly to give a ca. 1:1 mixture @ and6b after
36 h, whereasd completely changed técin 5 h. According to the molecular orbital calculations (AM1,
kcal/mol),/ 6¢ ( 25.42) has less heat of formation energy tbar( 21.49), and that 06b (—25.67) is
very close to that o6a ( 25.40). These data suggest that bedand6d are the kinetic products of the
cycloaddition reaction. It is worth noting that the above isomerization took place only at the C-5 carrying
the phenylthio group, absolutely not at the B/C ring junction.

Next, we examined the isomerization of alcoBolScheme 2). TheH)- or (2)-5 was isomerized to
a mixture of E)- and @)-isomers at room temperature, and 2-(phenylthio)tetrahytgnran 7 was
obtained from both the alcohols under refluxing conditions.

p-TsOH, CgHg p-TsOH, CgHg Q
5 == 5 >
rt, 45 min reflux, 15 min 0~ > SPh
aElZ=11 a: Zpure ;
b:E/Z=2:1 b:E/Z=98:2
Scheme 2.

The reaction betweeh and the E)- and @)-mixtures of5 was monitored by*H NMR spectra in
benzeneads at room temperature. Compoutd was generated rapidly, where@d was generated in
less than 5% oba at the early stage. It was observed tHa:$ was consumed rapidly, wheread-6
remained until a later stage of the reaction.

Therefore, the stereochemical outcome of the cycloaddition reaction mentioned before could be
rationalized as follows.H)-5 and @)-5 afforded6a and 6d as major products, respectively; however,
6awas also obtained from the reaction of pur®-% with 1, as a result of the isomerization d&)(5 to
(2)-5 under the reaction conditions (Scheme 2).

The characteristic feature of the cycloaddition could be accounted for by assuming four transition
state model3'S-1 (E-ex9, TS-2 (E-endq, TS-3 (Z-ex9, andTS-4 (Z-endq in the concerted mechanism
(Fig. 1). In generalexatype transition state§S-1 and TS-3 may be more favored, and this is the case
for the reactions of alkyl substituted olefin. On the other hand, vinyl sulfaforded6aand6d as major
products througiTS-1 andTS-4. Coefficient values calculated by the AM1 method are shown in Fig. 2.
These results indicate that transition states are stabilized by an interaction between the sulfur atom and
the carbonyl carbon ai-quinonemethide iexotype TS-1 andendotype TS-4, wheread S-2andTS-3
have no orbital interactioh Consequently, vinyl sulfide would pref@S-1 andTS-4 to provide6a and
6d.

TS-1 (E-ex0 ) TS-2 (E-endo)

| !

6a 6c 6b 6d

Fig. 1.
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OMe 1
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C-1: 0.304 Il C-1: 0.408 m C-1: 0.395 3 C-1: 0.147
C-2: -0.045 C-2: 0.368 2 C-2: 0475 2 "8Ph C-2: 0.053
3. 04 8—_3 —81018(3 S-3: -0.528
LUMO R HOMO HOMO HOMO
—-0.951 eV -9.402 eV -10.098 eV -8.356 eV

Fig. 2.

As mentioned earlier, direct cycloaddition bfand2b does not take place at all. Therefore, if the
C-5 thiophenyl group 06 can be removed efficiently, this approach should become a useful method for
producing4b. Phenylthio-substituted compouBd was treated with Raney Ni (W-2)n ethanol at room
temperature to give tricyclic compoudd as a single stereoisomer in high yield (Schem&3)he same
product was also obtained by treatmentsafwith LIDBB 1! prepared from 4 %4di-tert-butylbiphenyl
and lithium metal.

Raney Ni (W4)

EtOH, rt, 30 min, Y. 89%

H,O

trans-4b

THF, -60°C, 1 h o) H”'Li Y. 69%

Scheme 3.

In summary, we have found that the reaction Bf-(and ¢)-alcohols5 with 1 furnished phenylthio-
substituted tricyclic compound®a and 6d, respectively, as major products in high yields, and &tht
can be efficiently isomerized to the more thermodynamically stable isém&y desulfurization oba,
unsubstituted produdtb was easily obtained, which was difficult to make from the reactiahwith 2b.
As phenylthio-substituted compounds can be reductively lithiated, as shown in Scheme 3 for example,
which makes them useful intermediates for a variety of transformations, the present method should be
applicable to the synthesis of substituted pyranobenzopyrans in natural products.
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