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Abstract

The reactivity of some novel�-conjugated bis-propargylic sulfides, sulfoxides and sulfones under basic
conditions has been investigated. These compounds undergo isomerization to the corresponding diallenes, followed
by a tandem cyclization and aromatization of the latter via a diradical intermediate. Surprisingly, we have found
that the rate of the cyclization step was independent of the nature of the bridging functionality. © 2000 Elsevier
Science Ltd. All rights reserved.
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The [2,3]-sigmatropic rearrangements of propargylic sulfenates1a and sulfinates1b discovered by us
three decades ago have found extensive application in organic synthesis since their publication.2 In
one such application from our own laboratory, a combination of these two rearrangements was used to
prepare bis-,-dimethylallenyl sulfone.3 Furthermore, this sulfone was found to undergo a quantitative
cyclization on heating via a 2,20-bis-allyl diradical intermediate to the thiophene-1,1-dioxide derivative
shown in Scheme 1. Subsequently, this reaction has been used by us as a model for the cycloaromatization
of various� and heteroatom bridged diallenic systems.4 Interestingly, some 15 years later, the same
diradical cyclization was used by Nicolaou5 as a model for the design of a new class of DNA-cleaving
molecules that could mimic the activity of the naturally occurring enediynes.6

Scheme 1. Preparation and cyclization of bis-,-dimethylallyl sulfone

The key to the biological activity of the latter postulates a diradical cyclization. However, subsequent
mechanistic studies by Nicolaou7 and others8 have led to the conclusion that an alternative mechanism,
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the Maxam–Gilbert9 mechanism, involving nucleophilic addition of DNA to the diallenic sulfones was
responsible for their biological activity. This conclusion is hardly surprising in view of the relatively high
temperature required for their cyclization.3 Consequently, we decided to investigate the effect of tandem
cyclization and aromatization on the reactivity of appropriately substituted diallenic sulfones. In addition,
we decided to compare the reactivity of such diallenic sulfones with the corresponding sulfides and
sulfoxides. The latter have never been investigated before. A study of the behavior of the�-conjugated
bis-propargylic systems1–3 under basic conditions has been carried out, and some of the results obtained
are presented below.

All starting materials have been prepared by standard procedures.10 We have found that reaction of bis-
-phenylpropargyl sulfone (1c), a nice crystalline solid, with DBU in CDCl3 at room temperature results
in practically spontaneous and quantitative tandem cyclization and aromatization affording the tricyclic
naphthalene derivative16c. This result may be explained by a series of reactions, as shown in Scheme 2.
Interestingly, under the same conditions, the reaction of the corresponding sulfoxide1b was considerably
slower, but still completed within 1 h, while the corresponding sulfide1a remained unchanged even
after one day. However, using a more polar solvent such as DMSO led to formation of the expected
product13awithin 24 h. At first glance, these results are rather surprising in view of the greater stability
of the thiophene diradical10a, comparable to10b and10c, which are nonaromatic. Our surprise was
further enhanced by our finding that no other intermediate except4b could be detected.11 This result has
raised the question of cyclization of4b via an alternative mechanism involving IMDA of the acetylenic
triple bond to the conjugated ene-allene, followed by appropriate fast prototropic shifts to yield16b
directly. Such a mechanism was initially suggested by Iwai12 for the base catalyzed cyclization of bis-
-phenylpropargyl sulfide to the corresponding naphthalene derivative16a, but subsequently rejected by
Garratt,4d who succeeded in isolating intermediate13a.

Scheme 2. Tandem isomerization, cyclization and aromatization of bridged dipropargylic systems

In order to prove that the reaction proceeds via a bridged diallenyl sulfoxide7b as shown in Scheme 2,
the rates of reaction of1b with DBU were monitored by NMR: the concentration of1b, 4b and16bwere
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measured as a function of time and numerically fitted to the rate constants shown in Table 1.13 According
to this mechanism, one would expect that both prototropic steps involving conversion of1b to 7b would
be sensitive to the base concentration, whereas according to the alternative mechanism involving an
internal [4+2]-cycloaddition of4b, only the first step would be affected. Consequently, by following the
maximal concentration of4b, we may distinguish between the two mechanistic alternatives. We have
thus found that the maximal concentration of4b remained unchanged (Table 1). Furthermore, inspection
of the data presented in Table 1 indicates that the two rate constants k1 and k2 show the same dependence
on base concentration, and that the first step is about three times slower than the second one. Our results
can also explain the surprising difference in the rate of reaction of the dipropargyl sulfide1a, relative
to the corresponding sulfoxide and sulfone, since the rate determining step of all three cyclizations is
the prototropic shift from acetylene to allene, which in turn is dependent on the relative acidities of the
�-hydrogens of the three systems and slowest in the case of the sulfide1a. The cyclization step is thus
proceeding at a high rate regardless of the nature of the bridging functionality, nor of the nature of the
biradical intermediate10a–c. These results may also explain the detection of4b but not of 7b. One
should add, that in view of the relative instability of thiophene monoxides in general,14 the facile and
quantitative tandem cyclization and cycloaromatization of1b is rather remarkable.

Table 1
Rate constants for the rearrangement of bis--phenypropargyl sulfoxide

Finally, in order to test the generality of the reactions reported above, we have examined the reactivity
of the other dipropargylic compounds mentioned in Scheme 2. We have found that while the reactivities
of 3a–c closely resemble those observed with1a–c, the cyclization of2b and2c proceed in moderate
yields, and the cyclization of2a could not be achieved under various conditions. These results may
be explained by the steric hindrance introduced by the bulky cyclohexenyl group. Interestingly, the1H
NMR spectrum of17b, unlike16bor 18b, exhibited structural chirality as a result of the presence of two
diastereoisomers which are easily distinguishable by the appearance of two singlets, resulting from the
orientation of the cyclohexenyl double bond with respect to the sulfinyl oxygen.15 The biological activity
of the various new compounds is now under examination.

Acknowledgements

The financial support of this study by the Israel Science Foundation is gratefully acknowledged.

References

1. (a) Braverman, S.; Stabinsky, Y.Isr. J. Chem. 1967, 5, 125. (b) Braverman, S.; Mechoulam, H.,ibid, 1967, 5, 71;Tetrahedron
1974, 30, 3883.

2. (a) Braverman, S. InChemistry of Sulfones and Sulfoxides; Patai, S.; Rappoport, Z.; Stirling, C. J. M., Eds.; Wiley: New
York, 1988; Chapter 13. (b) Braverman, S.ibid., Chapter 14.

3. Braverman, S.; Segev, D.J. Am. Chem. Soc.1974, 96, 1245.



2678

4. (a) Braverman, S.; Duar, Y.J. Am. Chem. Soc.1990, 112, 5830. (b) Braverman, S.; Duar, Y.Tetrahedron Lett.1978, 1493. (c)
Braverman, S.; Duar, Y.; Segev, D.Tetrahedron Lett.1976, 3181. (d) For related studies on bis-allenic sulfides, see: Garratt,
P. J.; Neoh, S. B.J. Org. Chem.1979, 44, 2667; Cheng, Y. S. P.; Garratt, P. J.; Neoh, S. B.; Rumjamebe, V. M.Isr. J. Chem.
1985, 26, 101.

5. Nicolaou, K. C.; Skokolas, F.; Malogres, P.; Zucuarello, G.; Schweger, E. J.; Toshima, K.; Wenderborn, S.Angew. Chem.,
Int. Ed. Engl.1989, 28, 1272.

6. (a) Nicolaou, K. C.; Smith, A. L. InModern Acetylene Chemistry; Stang, P. J.; Diedrich, F., Eds.; VCH: Weinheim, 1995;
Chapter 7. (b) Wang, K. K.Chem. Rev.1996, 96, 207.

7. Nicolaou, K. C.; Wenderborn, S.; Maligres, P.; Isshiki, K.; Zein, N.; Ellestad, G.Angew. Chem., Int. Ed. Engl.1991, 30, 418.
8. (a) Kerwin, S. M.Tetrahedron Lett.1994, 35, 1023. (b) McPhee, M. M.; Kerwin, S. M.Org. Chem.1996, 61, 9385. (c)

Sakai, Y.; Bando, Y.; Shishido, K.; Shibuya, M.Tetrahedron Lett.1992, 33, 957.
9. Maxam, A. M.; Gilbert, W.Methods Enzymol.1980, 65, 499.
10. All new compounds showed spectral and analytical data in accordance with their structure. Some selected data are as

follows: 1b: mp 99–100°C;1H NMR (300 MHz, CDCl3): � 7.49–7.46 (m, 4H), 7.35–7.32 (m, 6H), ABq system: 4.13 (d,
2H, J=15 Hz), 3.96 (d, 2H, J=15 Hz);13C NMR (200 MHz, CDCl3): � 131.5, 128.7, 128.4, 121.5, 87.7, 77.2, 41.9; IR
(neat): 1066, 1442, 1490 cm�1; MS (CI) m/e115 (100%), 147 (71%), 279 (MH+, 43%); HRMS (elemental composition),
calcd (C18H15OS) 279.084, obsd, 279.086. Compound16b: 1H NMR (300 MHz, CDCl3): � 7.87–7.85 (m, 2H), 7.6–7.26
(m, 8H), ABq system: 4.45 (d, 1H, J=15 Hz), 4.36 (d, 1H, J=15 Hz), 4.17 (d, 1H, J=16 Hz), 4.02 (d, 1H, J=16 Hz);13C NMR
(200 MHz, CDCl3): � 138.4, 137.9, 133.7, 132.9, 132.3, 132.0, 130.0, 129.5, 128.8, 128.6, 127.9, 126.4, 126.2, 126.1, 125.3,
59.2, 58.6; IR (neat): 1041, 1444, 1492 cm�1; MS (CI) m/e230 (65%), 279 (MH+, 100%); HRMS (elemental composition),
calcd (C18H15OS) 279.084, obsd, 279.084.

11. Compound4b major diastereoisomer (59%):1H NMR (600 MHz, CDCl3): � 6.75 (d, 1H, J=6 Hz), 6.64 (d, 1H, J=6 Hz),
ABq system: 4.06 (d, 1H, J=15.5 Hz), 3.99 (d, 1H, J=15.5 Hz);13C NMR (600 MHz, CDCl3): � 102.7, 101.5, 46.2; minor
diastereoisomer (41%);1H NMR (600 MHz, CDCl3): � 6.71 (d, 1H, J=6 Hz), 6.66 (d, 1H, J=6 Hz), ABq system 4.02 (d,
1H, J=16 Hz), 3.99 (d, 1H, J=16 Hz);13C NMR (600 MHz, CDCl3): � 102.8, 102.2, 46.2.

12. Iwai, I. J. Chem. Pharm. Bull. Jpn.1984, 12, 1094.
13. For a description of this technique, see for example: Goldschmidt, Z.; Genizi, E.; Gottlieb, H. E.J. Organomet. Chem. 1999,

81, 587.
14. Kellog, R. M. InComprehensive Heterocyclic Chemistry; Katritzky, A. R.; Rees, C. W.; Bird, C. W.; Cheesman, G. W. H.,

Eds.; Pergamon: Oxford, 1984; Vol. 4, pp. 713–740.
15. Braverman, S.; Zafrani, Y.; Gottlieb, H. E., manuscript in preparation.


