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A Photochemical Approach to the Taxanes

W.F. Berkowitz*, J. Perumattam, and A. Amarasekara
Chemistry Department, City University of New York at Queens College
Flushing, New York 11367

Summary: The de Mayo sequence has been applied to the inter- and intramolecular
photocycloaddition of various cycloalkenes with homocamphorquinone derivatives
to generate a model for the A,B, and C rings of the Taxanes.

The recent publication of two photochemical (de Mayo) approaches1 to
the Taxanes (_1)2 has prompted us to report our own progress in this area.
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Photoaddition of various cycloalkenes to homocamphorquinone derivatives
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Whereas cyclopentene gave only the cis-anti-cis adducts 4a and A4b,
cyclohexene gave a ca. 1/1 mixture of two adducts, 6 and 7 (a,k). Apparently,
the gem dimethyl group overwhelmingly forces photoaddition from the epdo side
of the enone, but the cyclohexane residue is flexible enough to close in a
trapns fashion as well.”? Structures 43, 6a, and Za have been confirmed by
X-Ray analysis, most graciously performed by Dr. J.F. Blount of Hoffman La
Roche (Nutley, N.J.).

Various ring opening reactions of the adducts have been investigated, with

the following results:
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Both acidic and basic conditions served to open the cyclobutane ring in a
retro-aldol fashion. The yields with base were higher, and adequate for
synthetic purposes even though elimination was a competing process1. It is
quite likely that the ring of the ftrans isomer 7b opened faster than that of
the ¢cis isomer 6b, whereas the latter was the major source of the elimination
product. This is supported by our results with trimethylsilyl iodide: the
traps methyl ether Ta gave a 90% yield of ring opened product 10 (identical to
that produced from 6b,7b and base) in 10 minutes at room temperature, whereas
cis- methyl ether 6a gave only 10% of 10 in 3 hours. We impute the difference
to the additional strain in the Lrans fused rings of 7g, as the geometry of the
methoxy (acetoxy), carbonyl and the fractile cyclobutane bond are virtually
identical in the two isomers. The fact that the cyclobutane bond is in the
plane of the carbonyl group rather than in the preferential pi-bond plane must
mitigate the ring opening reaction and allow elimination to compete, even
though the new double bond is endocyclic to a four membered ring.

The photoadduct 13 of ketal 12 and 2b was not isolated, but was converted
to 14 and 15. We assume that the stereochemistry of photoaddition parallels
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that of the previous examples, and that the regiochemistry (head to head
addition) is consistent with de Mayo's results in a similar system6.

l l (v] (o]
L 5%KOH 4 HO/\
c-hex. EtOH
60° ]
12 14 (40%) 15 (15%)

We have also examined the intramolecular photoaddition and ring opening
sequence of 16. Again we assume that the photoaddition occurred from the endo
side. Only one photoadduct was formed, probably the cis-anti-cis isomer.
Oxidation of the tetrahydrofuran ring to a lactone with the Sharpless

variation7 of the Rylander oxidation occurred in good yield, allowing

convenient ring fragmentation by base.
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Enol ether 16 was prepared from 228, as shown. Hydrogenation resulted
in some isomerization to an aldehyde, which was further reduced in situ to 21

by borhydride. Bromination (phenyltrimethyl ammonium perbromide) gave a mixture

of epimers which were dehydrohalogenated, after coupling to the diketone, with

pBUY.,
l l 0 1 o__O Br o/\
H = 0 psu
Pd/c PTAB 2(R=H) 16
93°/o 80% 55%
H (o]

o
N
o



3668

References and Nofes:

[1]

[2]

31

[4]

[5]

(61

{71

[81]
(91

a) Neh, H.; Blechert, S.; Schnick, W.; Jansen, M.; Angew. Chem. Int. Ed.
Engl. (1984), 23, 905. b) Swindell, C.S.; de Solms, S.J.; Springer, J.P.;
Tet. Letters (1984), 25, 3797. <¢) Swindell, C.S.; de Solms, S.J.; ibid.
3801,

a) Lythgoe, B.; "The Taxus Alkaloids", in Manske, R.F.H., ed., "The
Alkaloids, Chemistry and Physiology" (Academic Press , N.Y., 1968).

b) Wani, M.C.; Taylor, H.L.; Wall, M.E.; Coggon, P.; McPhail, A.T.M.; J.
Amer. Chem. Soc. (1971), 93, 2325. «c¢) Miller, R.W.; Powell, R.G.;
Smith,Jr., C.R.; Arnold, E.; Clardy, J.; J. Org. Chem. (1981), 46,1469.

d) Miller, R.W.J.; J. Nat Prod. (1980), 43, 425.

a) Eistert, B.; Greiber, D.; Caspari, J.; Liebigs Ann. Chem. (1962), 04,
659; b) Baker, K.M.; Davis, B.R.; Tet. (1968), 24 1655,

All compounds isolated gave a correct elemental analysis, and all spectra
are consistent with the structures presented. Compounds 16, 21, and 23
were not analysed.

Weedon, A.C., "Enone Photochemical Cycloaddition in Organic Synthesis," in
Horspool, W.M., "Synthetic Organic Photochemistry," (Plenum, N.Y., 1984),
Challand, B.D.; de Mayo, P.; J. Chem. Soc., Chem. Commun, (1968), 982; de
Mayo, P.; Accts. Chem. Res. (1971), 4, 41,

Carlsen, P.H.J.; Katsuki, T.; Martin, V.S.; Sharpless, K.B.; J. Org. Chem.
(1981), 46, 3936.

Ito, H.; Isobe, M.; Kawai, T.; Goto, T.; Tet. (1979), 35, 9u41.

Dailey, 0.D.; Fuchs, P.L.; J. Org. Chem. (1980), 45, 206.

Acknowledgements: We express our deep appreciation to Dr. J. Blount (Hoffman La
Roche) for the kind services he has so generously performed on our behalf. We

also

appreciate the informative discussions we had with Dr. S. Choudhry (also

of Hoffman La Roche) concerning the Sharpless oxidation of ether 17. This work

was supported in part by a grant from the CUNY.

(Received in USA 23 April 1985)



