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SELENOL-MEDIATED RADICAL CYCLIZATION OF ENYNES

AKIYA OGAWA,* HIROSHI YOKOYAMA, TERUYUKI MASAWAKI,

KAZUYUKI YOKOYAMA, and NOBORU SONODA*
Department of Applied Chemistry, Faculty of Engineering, Osaka University,
Suita, Osaka 565, Japan

Abstract Intramolecular cyclization of enynes induced by organic seleno radicals
has been investigated. Alkaneselenols serve as excellent mediators even under the
conditions of fairly high concentration of the substrates, whereas the dilution
conditions are essential for the radical cyclization using areneselenols.

INTRODUCTION

Intramolecular radical cyclization of carbon-carbon unsaturated compounds has proven
to be an efficient means for the synthesis of cyclic compounds.! For this purpose, a
variety of compounds bearing heteroatom-hydrogen bond have been employed as
mediators, e.g., tin hydrides,? silyl hydrides,3 and thiols.* Although the hydrogen
abstraction reaction from organic selenols is accepted as a clean source of seleno
radicals,’ there is no report up to date of selenol-mediated radical cyclization.® In this
paper, we wish to report the first example of selenol-mediated intramolecular cyclization

of enynes.
_ SeR SeR
= / RSeH 7
+ RSes — 'J _-R_Se-_-»
N N
Y
RESULTS AND DISCUSSION

The radical cyclization of an enyne was performed under several reaction conditions,
and the results are summarized in Table I. When the reaction of diethyl propargylallyl-
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TABLE | Radical cyclization of an enyne with PhSeH.
Et0,C_ CO,Et EtO,C_ CO,Et EtO,C_ CO,Et EtO,C_ CO,Et
//ql + PhSeH —» N _ SoPh * m/sﬂ:h + PhSe N _ SePh
1a
run initiator temp./°C time/h soilvent yield/%
3a 4a Sa
1 0, (alr) 70 48 - 6 63 6
2 hv (sunlight) 15 3 - 7 89 4
3% 0, (alr) 110 24 toluene 0 ] o
4° 0, (air) 110 24 toluene 33 33 33

®In the absence of solvent. "Diphenyl diselenide and enyne 1a were recovered quantitatively.
°PhSeH was added dropwise over 5 h.

malonate (1a) with 4 equivalents of benzeneselenol (2a) without solvent was conducted
in the presence of oxygen’ as the radical initiator, 1,2-addition product 4a and two
types of cyclic products 3a and Sa were formed in the ratio of 63/6/6 (run 1). The
photo-initiated reaction of enyne 1a with selenol 2a in the absence of O, resulted in the
selective formation of 1,2-adduct 4a (run 2). These results indicate that, under the
condition of high initial concentration of the substrates, the hydrogen abstraction by B-
(phenylseleno)alkenyl radical intermediate 7 (R = Ph) from benzeneselenol is much
faster than the intramolecular cyclization (see: Scheme I).

0,
RSeH ————» RSe-
6
Et0,C_ CO,Et Et0,C_ CO,Et Et0,C_ CO,Et
RSe. RSeH
/”-—>/,\Sen":-;;§;—>/ X SeR
7
Et0,C_ CO,Et Et0,C_,CO,Et
2 2 RSeH 2 2
D e
A _SeR - RSe: ) SeR
8
SCHEME | A possible reaction path.

Indeed, it was reported that the rate constants of the hydrogen abstraction from
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benzeneselenol and the unimolecular cyclization rate constant for 5-hexenyl radical are
1.7x 109 M1 571 (20 °C)8 and 1 x 105 571 (25 °C)9, respectively. Thus, in order to
suppress the formation of the 1,2-adduct 4a, the dilution condition is conceivably
required. However, the reaction of enyne 1a (0.5 mmol) with PhSeH (2 mmol) in
toluene (2 mL) gave only diphenyl diselenide, and 1a was recovered almost
quantitatively (run 3). This means that, in such dilution conditions, the coupling
reaction of PhSee to give diphenyl diselenide is much faster than the attack of PhSes to
enyne 1a. So then, the drop-to-drop addition of benzeneselenol to enyne 1a (ca. 3M)
in toluene at 110°C over 20 h was performed, and the cyclization products 3a and 5a
were successfully produced (run 4). The formation of Sa is explained by the reaction of
cyclopentylmethyl radical 8 (R = Ph) with diphenyl diselenide®? formed in situ from
PhSeH in the presence of O,.

Table II indicates the results of the radical cyclization of diethyl propargyl-
prenylmalonate (1b) using benzeneselenol (2a) and n-butaneselenol (2b). When
adding excess PhSeH dropwise to the toluene solution of 1b at 110°C over 20 h, the
cyclization product 3b was formed in 16 % yield, and 60 % of 1b was recovered (run
2). The two methyl groups of 1b may interfere with the attack of PhSes at the carbon-
carbon triple bond. It is expected that the cyclization of enyne 1b with n-butaneselenol
proceeds smoothly, because n-BuSeH has less hydrogen donating ability toward
carbon radicals than PhSeH, and in addition, n-butaneseleno radical is more reactive
than PhSe« toward carbon-carbon multiple bonds. Gratifyingly, the reaction by just
mixing the starting materials (1b and n-BuSeH) at the initial stage provided the desired
cyclic product 3c in 68 % yield (run 4).

TABLE |l Radical cyclization of an enyne with PhSeH and n-BuSeH.
Et0,C_ CO,Et EtO,C_CO,Et EtO,C_ CO,Et
RSeH =2 ' + F \_seRr
-~ + e B —————— et \§
” toluene SeR
1b 2a (R = Ph) 3b (R = Ph) 4b (R = Ph)
2b (R = n-Bu) 3c (R = n-Bu) 4¢ (R = n-Bu)
run __ RSeH/eq. temg./°C time/h yield/%
3b or 3c 4b or 4c
1 PhSeH 3.5 70 20 9 15
2 PhSeH 3.5 110 20 16 18
3 n-BuSeH 2.0 70 10 38 40
4 n-BuSeH 2.0 110 10 68 23
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In conclusion, the radical cyclization of enynes by using benzeneselenol took
place under the condition of relatively low concentration of benzeneselenol. Contrary to
this, n-butaneselenol was found to act as a useful mediator for the intramolecular
radical cyclization even under the condition of high initial concentration of the
substrates. The higher reactivity of n-BuSee (compared with PhSe¢) and the lower
hydrogen-donating ability of n-BuSeH (compared with PhSeH) contribute the
efficiency of this radical cyclization of enynes.

Acknowledgement. This research was supported by Grant in Aid for
Scientific Research from the Ministry of Education, Science and Culture, Japan.
Thanks are due to the Instrumental Analysis Center, Faculty of Engineering, Osaka
University for assistance in obtaining NMR and Mass spectra on a Bruker AM-600 and
a JEOL JMS-DX303.

REFERENCES

1. For reviews, see: (a) B. Giese, Radicals in Organic Synthesis: Formation of
Carbon-Carbon Bonds (Pergamon Press, New York, 1986) pp141-209. (b) T. V.

RajanBabu, Acc. Chem. Res., 24, 139 (1991).

2. For reviews, see: (a) D. P. Curran, in Advances in Free Radical Chemistry, Vol. 1,
edited by D. D. Tanner (JAI Press Inc., London, 1990), Chap. 3, pp. 121-157.
For the tin hydride-promoted radical cyclization of enynes, see: (b) G. Stork, R.
Mook, Jr., Tetrahedron Lett., 27, 4529 (1986). (c¢) G. Stork, R. Mook, Jr., L.
Am. Chem. Soc., 109, 2829 (1987). (d) A. L. J. Beckwith and D. M. O'Shea,
Tetrahedron Lett., 27, 4525 (1986).

3. For example, see: K. J. Kulicke and B. Giese, Synlett., 91 (1990).

4. (a) C. A. Broka and D. E. C. Reichert, Tetrahedron Lett., 28, 1503 (1987). (b) M.
E. Kuehne and W. H. Parsons, J. Org. Chem., 42, 3408 (1977).

5. (a) N. Sonoda and A. Ogawa, in The Chemistry of Organic Selenium and Tellurium
Compounds, Yol. 1, edited by S. Patai and Z. Rappoport (John Wiley & Sons,
New York, 1987), Chap. 16, pp. 619-665. (b) L. Castle and M. J. Perkins, in The
Chemistry of Organic Selenium and Tellurium Compounds, Vol. 2, edited by S.
Patai (John Wiley & Sons, New York, 1986), Chap. 16, pp. 657-673. (¢) T. G.
Back, in Organoselenium Chemistry, edited by D. Liotta (Wiley, New York,
1987), Chap. 7, pp. 325-364.

6. For seleno radical-induced cyclization of enynes, see: (a) A. Ogawa, H.
Yokoyama, K. Yokoyama, T. Masawaki, N. Kambe, and N. Sonoda, J. Org.
Chem., in press. (b) T. Kataoka, M. Yoshimatsu, H. Shimizu, and M. Hori,
Tetrahedron Lett., 31, 5927 (1990).

7. (a) T. Masawaki, Y. Uchida, A. Ogawa, N. Kambe, N. Miyoshi, and N. Sonoda,
L Phys. Org. Chem., 1, 115 (1988). (b) T. Masawaki, A. Ogawa, N. Kambe, S.
Murai, and N. Sonoda, J. Phys, Org. Chem., 1, 119 (1988). (¢) T. Masawaki, A.
Ogawa, N. Kambe, I. Ryu, and N. Sonoda, Chem. Lett., 2407 (1987).

8. M. Newcomb and M. B. Manek, J. Am. Chem. Soc., 112, 9662 (1990).

9. D. Griller and K. U. Ingold, Acc. Chem. Res., 13, 317 (1980).




