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ABSTRACT
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—C15 segment is reported. Suitable C1 —C7 and C8—C15 segments were prepared, coupled, converted to

| and the C3-hydroxy variant, and then cyclized. Key findings include the stereoselective conversion of the allene to the corresponding

spirodiepoxide, oxidative cleavage of the

p-methoxybenzyl ether, and cyclization of the spirodiepoxide to spiroketal 1.

Here we report studies that culminated in the preparation of drofurans of PTX-4 flanked by oxygenated substituents and

a C1-C15 segment of pectenotoxin 4 (PTX-4) using the
spirodiepoxide (SDE) functional group. Nucleophilic addition

to SDEs gives vicinal triads composed of hydroxyl, ketone,

and a syn-substituted substituent (e7, Figure 1B)!
Although addition of carbon nucleophiles to SDEs would
give densely functionalized-hydroxy ketone motifs related
to polyketides (e.qg., erythromy¢id), intramolecular addition
of oxygen nucleophiles would give highly functionalized

thereby facilitate the synthesis of this and related targets.
Among the potential strategies for accessing the-C15
portion of PTX-4, we were intrigued by the possibility of
forming the A-B spiroketal ring system by way of an
intramolecular ketone addition to a SDE followed by trapping
the oxocarbenium ion with the resident alcoh®t-@—7,
Figure 1B). Alternatively, the AB spiroketal could form
by lactol-initiated SDE openin(-5—7).” The stereochem-

cyclic ethers and related ring systems present in a myriad ofical outcome of each potential pathway notwithstanding, for
biomedically relevant substances, including the pectenotoxinthis study we were aware that isomerization to the more

class of natural products.

The pectenotoxins (PTXs) have recently been the focus

of intense researchand one total synthesis has appea&d.

PTX-4 (Figure 1A) is a 34-membered macrolide that houses ¢.
seven oxygen-containing ring systems and 19 stereocentersgloer, J.
This target represents a challenging problem to synthesis. {(9) Yas

(3) (a) Friedrich, D.; Paquette, L. Nat. Prod.2002 65, 126. (b) Sheu,
J.; Wang, G.; Duh, C.; Soong, K. Nat. Prod.2003 66, 662. (c) Sakabe,
N.; Goto, T ; leata YTetrahedronl977 33, 3077. (d) Badder, A.; Garre,
Corresp Bl. Schweiz. Aerzt#887 17, 385. 1232. (e) Reategw R.F,;

; Campbell, J.; Shearer, C. A.Nat. Prod.2005 68, 701. (f)
K erght J. L. C Yasumoto, J. Org. Chem1998 63, 2475.
umoto, T.; Murata, M Oshima, Y.; Sano, M.; Matsumoto, G. K;

Sasaki,

In principle, SDEs can provide access to the three tetrahy- Clardy, J. Tetrahedron1985 41, 1019.
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Chem., Int. Ed2002 41, 4569. (b) Evans, D. A.; Rajapakse, H. A.; Chiu,
A.; Stenkamp, DAngew. Chem., Int. ER002 41, 4573.
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See: ref 5b and references therein.
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Scheme 1. Synthesis of the C2C7 Fragment
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Weinreb amidel7 was synthesized from commercially
available 5-hydroxy esterl6 by TBS protection and then

Scheme 2. Synthesis of the C8C15 Fragment
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stable spiroketal, which matches the structure of PTX-4, 83% (2 steps)
would be readily achieved by the action of Brgnsted &&fd. rBuLi, THF o Rl cat. ef. 14
Although the data presented do not allow one to discernthe 5 thent7.20°¢ QUG /O ProfLrt
operative pathway, the preparation of suitable target systems 80 % S 9%
and their oxidative cyclization is summarized in Schemes 18 OR'
1-4. i. MsCl, EtaN

The C1-C7 fragment was prepared as shown in Scheme oH ek . o
1. Known synaldol product8® was reduced with lithium TBso/\/WOFU ELO,-78°Clort /_/’=.=<_,<0R1
borohydride followed by PMP acetal formation, DIBAL ; B%  1psq el R’
reduction, and then TBDPS protection to afford alkédr2e >955 ee oR
in 58% yield over four steps. Rigorous purification®f11 1 20

was hampered by the presence of inseparable byproducts. R'=Te0PS

However, 12 was readily purified and obtained in good
overall yield (87% average per step). Although ozonolysis
of related systems is documentéd,.emieux—Johnsof'
oxidation of12 proved to be superior for this substrate and
furnished13 (88%).

The synthesis of the G8C15 fragment 20, Scheme 2)
began with silyl protection of known alkyne didl4.'?

application of the Merck conditioh (83%, two steps).

Alkynylation of 17 with 15 (90%) gave the expected
alkynone, which upon reductidhgave the corresponding
alkynol 19 (99%, >95:5 ee by Mosher ester analysis).

(12) 14 was prepared on a multigram scale following the known two-
- - step procedure. See: Findeis, R. A.; Gade, LJHChem. Soc., Dalton
(8) (a) Pihko, P. M.; Aho, J. EOrg. Lett.2004 6, 3849. (b) Miles, C. Trans.2002 21, 3952.

O.; Wilkins, A. L.; Munday, R.; Dines, M. H.; Hawkes, A. D.; Briggs, L. (13) Williams, J. M.; Jobson, R. B.; Yasuda, N.; Marchesini, G.; Dolling,
R.; Sandvik, M.; Jensen, D. J.; Cooney, J. M.; Holland, P. T.; Quilliam, M.y, H.;" Grabowski, E. J. JTetrahedron Lett1995 36, 5461.
A.; MacKenzie, A. L.; Beuzenberg, V.; Towers, N. Roxicon2004 43, (14) Matsumura, K.; Hashiguchi, S.; Ikariya, T.; Noyori,RAm. Chem.
1. See also ref 4a. ) ) ) S0c.1997 119 8738. Reaction employed 5 mol % of Ru(ll) catalyst
(9) 8 was prepared on a multigram scale in two steps from commercially
available 5-hexenol according to ref 5a. © Ts O
(10) (a) Nakatsuka, M.; Ragan, J. A.; Sammakia, T.; Smith, D. B.; - N‘m-
Uehling, D. E.; Schreiber, S. L1. Am. Chem. Sod.990Q 112 5583. (b) 4
Maurer, K. W.: Armstrong, R. WJ. Org. Chem1996 61, 3106. N

(11) Pappo, R.; Alen, D. S., Jr.; Lemieux, R. U.; Johnson, W. ®rg. H:C” "Ch
Chem.1956 21, 478. 1
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Conversion of the propargyl alcohol to the mesylate and then ||| A

to allene20 proceeded in excellent yield (96%). Scheme 4. Assembly of CEC15 and Cyclization
At this stage, we turned our attention to the critical issue HO
of allene oxidation (Scheme 3). F20, we expected the first gfu/;yl; \—3= CHs 1
20 —_— . OR

94 % H

OR

Scheme 3. Stereoselectivity of Allen@0 Oxidation
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oxidation to take place on the more highly substituted double 201 de i DM'a:)c;HCHCIs
bond. The diastereoselectivity of this oxidation was expected X CHs o 40°Ctort 1h
to be high for steric reason2@—21). The increased 1 WOR1 il TSOH (25 mol %)
reactivity of the allene oxide relative to that of an allene RO S WL 8%
may render the second oxidation less selective than the first. 2 ©

Consequently, we enlisted a bulky substituent at C-14 to R'=TBDPS
control the facial selectivity of allene oxide oxidati&nwe
reasoned that the allene oxide would avoid the destabilizing
synpentane interactions expected in conformers closely

related to21 and would prefer to populate conformers . i
approximated by structur22. The oxidant should prefer an lt:'ﬁ bnis'hsal(;f aer:ege(:\rt];spgrtc;g fgﬂzmgzjdida";cdoﬁ.'gglﬁf
approach from the top face of the double bond because theelxldlgh de13 gnderr)'( or0 gsl drv and (‘;V en)ifree cI:cI)nd't'ons
neopentyl group would disfavor attack from the bott@8, y u Igorously dry xyg t

. -hydroxy allene 26 in 52% vyield. DessMartin
see arrows). In the event, exposure2@fto a solution of gave y )
dimethyldio)xirane (DMDO) in Ehloroforﬁﬁ gave predomi- oxidation (85%) and subsequent PMB removal with DDQ

. N ) . . (81%) gave28!
ggrztlysglf;)ngle spirodiepoxide to which we assign structure Upon DMDO oxidation in CHG) 28 gave a product

With routes to fragment$3 and20 secured and with the g1i|xtu|re tha\;[vulpl)on (i:ar(ra:ulriexanr:nau?]r(lj miuded trhf de;'re:ij
supportive evidence that allenes of typ@ would oxidize cycle as well as ISomeric compounds. A separate expe

selectively, we proceeded with the synthesis and study of (r)r:cen;t(:t_ibehFed;h:t ?;(:jdoﬁpngﬁﬁ f(::]lgv(v:(e)?r:y 2‘;‘;'.?” diol
allene 28 (Scheme 4). The primary TBS group 20 was W ! gave p ! y sponding di

removed {-24, 94%), and the resultant hydroxyl was (not shown). Treatment of th_e diol With. TsOH gax?é
converted to iodide25 (91%)18 Although anions derived (68%). Upon further evaluation, we arrived at a single-

flask procedure for the conversion @B to 29, wherein
(15) Of course, if the general strategy explored here was to be applied addition of MeOH to the DMDO oxidation, followed by

in a total synthesis of PTX-4, this group, or its functional equivalent, would addition of acid at room temperature, smoothly converted
B?c\)lc?ug also serve as a precursor to the keto group at C14 of the naturala”enezs to splroketaI29 (89%, dr 7:1)_

(16) Gibert, M.; Ferrer, M.; Sanchez-Baeza, F.; Messegueileira-
hedron1997, 53, 8643. See also ref 1b. (19) Crandall, J. K.; Ayers, T. AJ. Org. Chem1992 57, 2993.

(17) (a) The'H NMR signals for the diastereomeric spirodiepoxides were (20) Brummond, K. M.; Lu, JJ. Am. Chem. Sod 999 121, 5087. See
not baseline resolved. However, the signals that correspond to the erstwhilealso ref 9.
allenic methyl groups approached baseline resolution. We conservatively  (21) Compound28 exists as thej-hydroxy ketone in CDG| and no
estimate spirodiepoxid@3 to be >5:1 dr. (b) The observation of two evidence for the lactol isomer was observéd. NMR analysis shows a
isomers, instead of the four theoretically possible, is a strong indication multiplet at 2.5 ppm corresponding to four protons, indicative of two
that the first oxidation is very highly selective-20:1). See also refs 1 methylenes flanking a keton&C shows no signals in the 16010 ppm

from f-allenyl iodides are known to undergo cyclizatitin,
their potential addition to aldehydes seemed reasonable on

and: Crandall, J. K.; Batal, D. J.; Sebesta, D. P.; LingJ.FOrg. Chem region otherwise expected for a quaternary lactol carbon. Instead, a peak
1991 56, 1153. at 210 ppm, indicative of a ketone, is observed.
(18) Appel, R.Angew. Chem., Int. EA.975 14, 801. (22) Two isomers were apparent in a ratio of 7:1.
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The product ratio is consistent with our earlier observations 29 and found that treament &7 under the conditions shown
for the oxidation of allen@0to 23. Thus, the first oxidation  effected its conversion to the targeted spiroketal in 72% yield,
at the more substituted double bond of the allene is highly which, as before, was obtained as a mixture of two isomers
selective £20:1) and the oxidation of the second bond is, (7:1). Thus, in an excellent overall yield, the following
in this case, 7:17°23 Acid-induced isomerization is known occurred: the PMB group was removed, the allene was
to give the doubly anomeric spiroketal corresponding?o  selectively converted to a SDE (and thereby two stereocenters
in acyclic PTX-type system®:® Comparison of key signals  were introduced), the SDE was opened to give the C12
in the3C NMR with the PTXs and similar systems supports tertiary hydroxyl and the C11 carbonyl, and the-B

this assignment? spiroketal was assembled.
Whereas the ability to control allene epoxidation and to ) .
predict SDE cyclization has enabled a short synthes9of Acknowledgment. Financial support from Merck & Co.,

our final experiment constitutes an even more direct route J°hnson & Johnson (Discovery Award), donors of the
to the target. We noted previously the rapid cleavage of PMB American Chemical Society Petroleum Research Fund, and
ethers in the presence of DMDO, particularly in chlorofgem. ~ RUtgers, The State University of New Jersey, is gratefully

We therefore sought to effect the direct conversiodfo acknowledged. We thank Kaneka America LLC for the
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(23) Trace quantities of a third compound were also observed. Hig A . . . . .
spiroketal shown corresponds to the spiroketal of PTX-4 and related Supportlng Information Available: Synthetlc methods

compounds (see refs 5b, 9, and 24) which readily forms selectively under and characterization data (PDF). This material is available
acidic conditions. That the minor isomer is not the diastereomeri®A ; .

spiroketal cannot be ruled out. Hence, we conservatively estimate the free of charge via the Internet at http'//pUbS'aCS'org'
selectivity at this center as10:1.

(24) Thel3C chemical shifts of C3 (72.3 ppm) and C7 (107.2 ppm) in OL063087N
29 correlate well with PTX-4 and other reported PTX spiroketals with this
configuration A6 = 0.2—1.2 ppm), whereas PTX-1 and related compounds (25) For related substituted benzyl cleavage with DMDO, see: (a)
with the alternative spiroketal configuration do ni = 2.3—3.9 ppm); Marples, B. A.; Muxworthy, J. P.; Baggaley, K. I3ynlett1992 646. (b)
see refs 3f, 5b, and 8. Csuk, R.; Dar, P. Tetrahedron1994 50, 9983.
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