Tetrahedron Letters,Vol.23,No.44,pp 4555-4558,1982 0040-4039/82/444555-04%03.00/0
Printed in Great Britain © 1982 Pergamon Press Ltd.

REGIOSPECIFIC TOTAL SYNTHESIS OF JUNCUSOL

Dale L. Boger*'? and Michael D. Mullican®

Department of Medicinal Chemistry, The University of Kansas
Lawrence, Kansas 66045

Abstract: A regiospecific total synthesis of juncusol (1) based on the use of two consecutive
phenol annulations is detailed.

A recent search for the antileukemic constituents in the extracts of needle rush, Juncus
roemerianus, resulted in the isolation and identification of juncusol (1), a highly substituted
9,10—d1’hydrophenanthrene2 possessing modest antitumor and antimicrobial properties. The un-
usual structure of juncusol (1}, its confirmed cytotoxic properties, and the notable lack of
synthetic methodology capable of easily accommodating the aromatic substitution patterns found
in this and related dihydrophenanthrenes have provided the incentive for much synthetic work in
the interval since its initial identification.3' %>

In recent communications we described the development of two different phenol annulations:
the first based on the Robinson annulation of R-keto sulfoxides, equation 1, and the second
based on the inverse electron demand Diels-Alder reaction of 3-carbomethoxy a-pyrones with
1,1-dimethoxyethylene, equation 2.6 Herein we would 1ike to disclose our efforts on the develop-
ment of a conceptually simple and regiospecific total synthesis of juncusol (1) based on the use
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of two such phenol annulations, Scheme I. Implicit in the design of this approach is the ease

with which the substitution pattern of either phenol may be introduced or altered.
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Scheme I

CH,

Conversion of 4-benzyloxy-cyclohexanone (g)7 to the B-keto-sulfoxide 4 (80%)8f0110wed by
application of the first phenol annulation® (1.4 equiv. ethyl vinyl ketone; 0.1 equiv.
t-BuOK/t-BuOH in THF, 0°C, 22.5 h; 1.2 equiv. t-BuOK/t-BuOH in THF, 25°C, 23 h) and immediate
methylation of the crude, free phenol 6 (3.0 equiv. Me2804, 3.0 equiv. K2C03, refluxing acetone
72 h) afforded 7 (60%). The simplicity of this sequence allows multigram quantitites of 7, and
related compounds, to be prepared with ease. The removal of the benzyl protecting group (H2,
10% Pd/C cat., 98%) followed by Oppenhauer oxidation gave tetralone 210 and preceded applica-
tion of the second phenol annulation. Treatment of tetralone 9 with dimethyl methoxymethylene-
malonate (19)11 in the presence of sodium hydride afforded the 3-carbomethoxy o-pyrone 11
(81%)°
ethylene (12, 140°C, 21h, toluene) afforded cleanly the dihydrophenanthrene 13 (75%).6 Con-

and subsequent inverse electron demand Diels-Alder reaction of 11 with 1,1-dimethoxy-

version of 13 to juncusel (1) required introduction of the C-4 vinyl substituent and was com-
pleted as follows: 1ithium aluminum hydride reduction, 13 = 14; anhydrous HBr, benzene,

14 > 15; PhSCH NMe ,'%732 acetonitrile, 15 » 16; t-BuOK, dimethoxyethane, 16 > 1723
13
8

and

aqueous hydrolysis of 17 gave aldehyde which was converted to juncusol (1) as previously

described. > 13

Thus, the successful implementation of two consecutive and regiospecific phenol annulations
provided the basis for a simple preparation of juncusol (1) and minor modification of this
approach, in principle, allows the preparation of related dihydrophenanthrenes. Additional ap-
plications of these phenol annulations to problems of synthetic and medicinal interest are cur-

rently in progress.
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Scheme II
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3 R = SCH3 CHy 7 Rl = CHg, RS = ChaPh ¢
4 R = SOCH, 8 Rl = CH3, R® = H “0,,CH
CH,
10

3
17 R, = CH,, RZ = CH(SPh)NMe 13 R = CO,CH
8 Rl = cu3, RZ = CHO 213 = cHdoH’ 11
19 R, = CH3, RS = CH=CHy 15 R = CHoBr 4
T R = H,R? = CH=CH, 16 R = PhSCHaN(Meo)CHo
Br

(a) 2.2 equiv. LDA, -78° to 30°C, 1.5 h, THF; 2.2 equiv. CH3SSCH3, THF-HMPA,
-30° to 25°C, 4.5 h. 75%. (b) 1.0 equiv. NaIO4, MeOH-HZO, 27 h, 0 - 25°C, 88%
(c) 1.4 equiv. ethyl vinyl ketone, 0.1 equiv. t-BuOK/t-BuOH - THF, 22.5 h, 0°C;
1.2 equiv. t-BuOK/t-BuOH-THF, 23 h, 25°C; 3.0 equiv. Me2504, 3.0 equiv. K2C03,
acetone, 56°C, 72 h, 60% {(d) 1 atm H2, 10% Pd/C cat., THF, 24 h, 25°C, 98%.

(e) 1.0 equiv. A](i—OPr)3, 23 equiv. cyclohexanone, toluene, 110°C, 1.5 h, 72%.
(f) 2.2 equiv. NaH, THF; 1.2 equiv. dimethyl methoxymethylenemalonate, O -
25°C, 2.5 h, 81%. (g) 10.0 equiv. 1,1-dimethoxyethylene, toluene, 140°C, 22 h,
75%. (h) LiAlH,, THF, 0°C, 1 h, 99%. (i) HBr(g), benzene, 25°C, 5 min.;
Me,NCH,SPh, CH,CN, 25°C, 14 h. (j) 3.0 equiv. t-BuOK, DME, -20° to 25°C, 4.5 h;
H,0-HOAc-THF (1:3:3), 15 h, 25°C, 25% from 14. (k) Ph3PCH2, THF, 16 h,

2 3a
25°C, PhSLi3; HMPA, 2 h, 160°C,”° 65%.

4557



4558

References and Notes.

1.

(a) Chicago Community Trust Co./Searle Scholar Recipient 1981-1984; (b) National Institutes
of Health predoctoral trainee, NIH Trainee Grant No. GM 07775.

. {a) Miles, D. H.; Bhattacharyya, J.; Mody, N. V.; Atwood, J. L.; Black, S.; Hedin, P. A. J.

Am. Chem. Soc. 1977, 99, 618; {(b) Miles, D. H.; Pelletier, S. W.; Bhattacharyya, J.; Mody,
N. V.; Hedin, P. A. J. Org. Chem. 1978, 43, 4371; (c) Pelletier, S. W.; Mody, N. V.;
Bhattacharyya, J.; Miles, D. H. Tetrahedron Lett. 1978, 425.

. Total synthesis of juncusol, see: (a) Kende, A. S.; Curran, D. P. Tetrahedron Lett. 1978,

3003; Kende, A. S.; Curran, . D. P. J. Am. Chem. Soc. 1979, 101, 1857; (b) McDonald, E.;

Martin, R. T. Tetrahedron Lett. 1978, 4723; (c) Schultz, A. G.; Shen, M. ibid., 1981, 1775.

. For additional studies on juncusol, see: (a) Chan, T.-H.; Brownbridge, P. J. Am. Chem. Soc.

1980, 102, 3534; (b) Leed, A. R.; Boettger, S. D.; Ganem, B. J. Org. Chem. 1980, 45, 1098.

. Bhattacharyya, J.; Miles, D. H. Tetrahedron Lett. 1977, 2749; Cossey, A. L.; Gunter, M. J.;

Mander, L. N. ibid., 1980, 21, 3309.
(a) Boger, D. L.; Mullican, M. D. J. Org. Chem. 1980, 45, 5002; Idem, Tetrahedron Lett.,
preceding communication; for related and recent methodology see: (b) Takaki, K.; Okada, M.;
Yamada, M.; Negoro, K. J. Chem. Soc. Chem. Commun. 1980, 1183; Idem, J. Org. Chem. 1982,
47, 1200; (c) Meyer, W. L.; Manning, R. A.; Schindler, E.; Schroeder, R. S.; Shen, D. C. J.
Org. Chem. 1977, 47, 1005; (d) Cohen, N.; Lopresti, R. J.; Saucy, G. J. Am. Chem. Soc.
1979, 101, 6710; Prelog, V.; Metzler, 0.; Jeger, 0. Helv. Chim. Acta 1947, 30. 675; (e)
Tius, M. A. Tetrahedron Lett. 1981, 22, 3335; (f) Schuliz, A. G.; Shen, M. Tetrahedron
Lett. 1981, 22, 3347; (g) Shusherina, N. P. Russian Chem. Rev. 1974, 43, 851; (h} Kraus,

G. A.; Pezzanite, J. 0. J. Org. Chem. 1979, 44, 2480; (i) Tius, M. A. Thurkauf, A.;
Truescell, J. . Tetrahedron tett. 1982, 23, 2819. 2823.

7. Prins, D. A. Helv. Chim. Acta 1957, 40, 1621.

11.
12.
13.

AL S L A i Ae i A A g

. Trost, B. M.; Salzmann, T. N.; Hiroi, K. J. Am. Chem. Soc. 1976, 98, 4887.
. Teranish, R.; Eastham, J. F. Org. Syn. 1963, 4. 192.
. B-Tetralone 9 has served as the key intermediate in a previous and related synthesis of

juncusol and the prior difficulties associated with its preparation by conventional means
has been noted, see reference 3c.

Fuson, R. C.; Parham, W. E.; Reed, L. J. J. Org. Chem. 1946, 11, 194.

Michelot, D.; Lorne, R.; Huynh, C.; Julia, S. Bull. Soc. Chim. Fr. 1976, 43, 1482.

A11 intermediates exhibited the expected or reported IR, TH-NMR, ]3C—NMR and mass spectral
data and satisfactory elemental analysis (+ 0.40%) or high resolution mass spectra were ob-

tained for all isolated intermediates: 3, 4, 7-9, 11, 12, 14-16, 18, 1. Spectra of synthetic

aldehyde 18 was identical in all respects to spectra of authentic aldehyde 18 kindly
provided by Professor A. S. Kende.

(Received in USA 3 Aungust 1982)



