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Total Synthesis of ()-Cylindrocyclophane A via a Scheme 1
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Cylindrocyclophanes AF (1) are naturally occurring, cyto- X § N Me
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Cylindrocyclophanes A-F

Me Me M
from the blue green alg&ylindrospermum licheniformi€iitzing | R R B g
(ATTC 29204)! The cylindrocyclophanes, along with the related ~ Me© OMe ; MeO OMe |, MeO
nostocyclophanes AD, are the only known natural [7,7]- — -
paracyclophaneiThe first synthesis of a member of this family,
R

cylindrocyclophane FIF), was recently described by Smith and OTBDPS OTBDPS OR
co-workers? Here we report the synthesis of cylindrocyclophane R R
A (1A), which includes two stereogenic and potentially reactive 17 ©0:T8S g 14 CHOH— 19 TBOPS 7,
carbinol centers at the benzylic C(1) and C(14) positions. 12 Co?C”MeP“]—il h 15 cHo w 20 L
We envisioned the construction of ti@ symmetric macro- 13 CHOH 16 cri-CHoOMe = 27 H(45-diydro)
cyclic core via head-to-tail dimerization of a bifunctional mono- ;Z %':‘Z}'LCCE()CT:] m
mer 2 (Scheme 1). Macrocyclic dimerization by concurrent TR
coupling of both A—Z units to give4 is inherently more efficient
than stepwise coupling of differentially protected version® of COMe
and subsequent macrocyclization 8ffollowing intervening By _
deprotectiorf:*° MeO. oMe
The synthesis proceeds in four steps (Scheme 2) from the ,, 9 .
known alcohol(5)° to the racemic allylic alcohoB. Kinetic
resolution (Amano P-30 lipase, vinyl acetate, hexane) gRye ( CHO
acetatel0[99.4% ee (chiral HPLC)].The recovered$)-alcohol
9S could be reoxidized to enoreand recycled. 23
The silylketene acetal derived from optically puR®-acetate
10 (KHMDS, —78 °C; TBSCIf smoothly underwent [3,3]- 3 (a) TBDPSCI, EiN, CH,Cl,, 0 °C, 98%. (b) 2 equiw-BuLi, Et;0,
sigmatropic rearrangement at room temperature to give TBS ester—78°C; DMF, —78°C to rt, 92%. (c) (MeOP(O)CHCOCHCH;, LiCl,

11 Th f hl r rran men ml h ri in WI h h | wer DBU, CH3CN, 70%. (d) NaBH, CeCh'7Hzo, EtOH, 0°C, 97%. (e)
e ease of this rearrangement might originate with the lowe Amano P-30 lipase, hexanes, vinyl acetadtd MS, rt, 50% conversion,

(1) (@) Moore, B. S.; Chen, J.-L.; Patterson, G. M. L.; Moore, R. E.; Brinen, 94%. (f) KHMDS, THF,—78 °C; TBSCI,—78 °C to rt, 80%. (g) SiG,

L. S; Kato, Y.; Clardy, JJ. Am. Chem. S0d.99Q 112, 4061. (b) Moore, B. Et,0, (9-(—)-seephenethyl alcohol, DCC, DMAP, Ci€l, 62%. (h)

P(OMe),

;S) ghgn, J--Sg-:CPat,\tfrson, S' hE/lr L., wogrem%}élfgegé%@% 48, 3001. DIBAL, CH.Cl,, —78°C, 95%. (i) H, Pd/C, EtOH, 99%. (j) (COC})

c) Bobzin, S. C.; Moore, R. Eletrahedro , . _anoC- _an° 0, i

(2) (a) Keehn, P. M.; Rosenfeld, S. M., EdSyclophanes Academic DMSO, CHZCIZ’ 60°C; E&N, 600 C to 1t, 90%. (k) (MeO}P(OO)CHz

Press: New York, 1983. (b) Vogtle, Eyclophane Chemistryiley: New COMe, LiCl, DBU, CH,CN, 80%. (I) DIBAL, CH,Cl,, —78 °C. (m)

York, 1993. (c) For a summary of naturally occurring phanes, see Chapter 11 NCS, MeS, CHCl,, —30°C, 89%. (n) (MeO)P(O)CHCOMe, t-BuOK,

inref2b. _ DMSO, 80%. (0) TBAF, THF, C°C, 94%. (p) H, Pt/C, EtOAc, 99%.
(3) (a) Smith, A. B.; Kozmin, S. A.; Paone, D. V. Am. Chem. S04999 (q) PDC, CHCl,, 94%. (r) LiCl, DBU, CHCN, 53%.

121, 7423. (b) A synthesis of cylindrocyclophane A from the Smith laboratory

is described in the accompanying contribution. . o . o
(4) Hoye, T. R; Ye, Z.; Yao, L. J.; North, J. T. Am. Chem. Sod.996 bond dissociation energy of the cinnamyt-O bond. Chirality

118 12074. transfer during this rearrangement was very efficien®9%)?

(5) Successful relevant macrocyclic dimerization reactions were reported . . L
(a) Hoye, T. R.; Humpal, P. E. Presented at the 212th National Meeting of Saturation of the alkene ib3 gavel4, thereby establishing the

the American Chemical Society, Orlando, FL, August 1996; paper ORGN requisiten-butyl group.
173. (b) Humpal, P. E. Ph.D. Thesis, University of Minnesota, 1996. i
(6) Nichols, D. E.; Dyer, D. CJ. Med. Chem1977, 20, 299. ZOTQE prlm?f(y. aliOh.OMtwas tranSformerh.to pltlw(osphono es.iﬁr
(7) The absolute configuration of carbin®R was inferred from that of y an efiicient six step sequence. 1nis alkene was either
the analogue lacking a substituent at the para position. The latter was deducechydrogenated t@1 (Pt/C° was used to avoid hydrogenolysis of
by *H NMR analysis of the corresponding Mosher esters. Mosher ester

formation from9 itself was complicated by both partial racemization and (9) This was judged byH NMR analysis of theseephenethyl estefl2
elimination, indicative of facile ionization to an allylic carbocation. and confirmed at the stage of primary alcoli@ by analysis of its Mosher

(8) (a) Rathke, M. W.; Sullivan, D. Bynth. Comnil973 3, 67. (b) Ireland, ester. The absolute configuration of the new benzylic stereocenter was assumed
R. E.; Mueller, R. H.; Willard, A. K.J. Am. Chem. Sod.976 98, 2868. to beR based upon a chair-transition state for the Claisen rearrangement.
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1A
(-)-Cylindrocyclophane A

a(q) PDC, CHCly, 96%. (s) NaH, benzene, cat. 15-crown-5, 55%. (t)
DIBAL, CHCl,, 100%. (u) CBi, PPh, CH.Cl,. (v) LiBHEts, THF, rt,
91% overall from26. (w) IpcBH,, THF, —20 °C to rt; H,O,, NaOH,
58%. (x) MeMgl, neat, 160C, 1 h, 60%.

the benzylic alcohol that was observed with Pd/C) and then
oxidized (PDC) to the arylaldehy@? or directly oxidized (PDC)
to the 4,5-dehydro aldehyd23. Each of the phosphonoester
aldehyde®?2 or 23 was a potential candidate to play the role of
the bifunctional monome?.

With monomer synthesis completed, we began macrocyclic
dimerization studies. When aldehy@8, containing theE-4,5-

J. Am. Chem. Soc., Vol. 122, No. 20, 20883

scrutinized by in situlM NMR monitoring in GDs. The
cyclization does not require high dilution; the yield does not suffer
when the monomer concentration is raised from 0.001 to 0.02
M.

With access t&EE-25 secure, we addressed the introduction
of the remaining four stereogenic centers and the completion of
the synthesis oflA. The esters inEE-25 were converted
stereospecifically to thE,E-diene28 (DIBAL-H reduction to26,
CBry/PPh 13to bromide27, and Superhydride reduction 28'4).
Initial hydroboration/oxidation with Mg&-BH3; gave a mixture
of products, suggesting that the level of substrate control of the
crucial hydroboration event was low. We turned to an asymmetric
hydroboration of28 using the hindered monoisopinocampheyl
borané® derived from {+)-a-pinene. Following HO, oxidation
the desiredR,R)-diol 29 was obtained in 58% vyield, along with
a small amount of the unsymmetric&,§-diol (~10—15%). The
identity of 29 was first made by comparison with the reported
IH NMR data for tetramethylcylindrocyclophane &9], which
Moore and co-workers had prepared by treatment of nafukal
with diazomethane. This assignment was secured by a single-
crystal X-ray structure determination.

All four methyl ethers in29 were cleanly removed by fusion
with excess methyl magnesium iodide at P613¢ under vacuum
to provide ()-cylindrocyclophane AXA) in ~60% yield. No
other byproducts were observed in this remarkable demethylation
reaction in which both secondary benzylic alcohols were main-
tained. The structure dfA was confirmed by its melting point
(276-278°C; lit. 276—278°C"), optical rotation {]R"p = —20°;
lit. [o]RTp = —20° 18), HRMS (FAB), and*H NMR (in CD;OD
and in DMSOe %) data.

In conclusion the synthesis of--cylindrocyclophane A1A)
was achieved by the use of an efficient double Horner-Emmons
macrocylic dimerization reaction. It is interesting that this process
did not require high dilution and that it was more stereoselective
when the less rigid saturated monon&was used instead of
the olefinic analogu@3. The clean perdemethylation of the tetra-
O-methyl ether29 by the action of MeMgl at 160C warrants

alkene, was subjected to the Masamune olefination conditions the use of these improbable, yet trivially implemented, conditions

(LiCl, DBU, CHsCN, 0.01 M) macrocyclic diene4 were
obtained in 53% vyield but as a mixture BE-24, EZ-24, ZZ-24
(~2:4:1 ratio). Although the yield was acceptable, the enoate
isomer distribution was unsatisfactory for further manipulations.

for the demethylation of many anisole derivativés.
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