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The combination of highly stereoselective non-aldol aldol and aldol processes allows the preparation of the completely protected C 1—Cr2

fragment 2 of the novel macrocyclic cytotoxic agent tedanolide 1.

Tedanolidel was isolated by Schmitz and co-workers in lactone moiety and scission at the;€C,3 bond to generate

1984 from the Caribbean spongbBedania ignis. The the precursor2 and3 (Scheme 1). Recently, we published

macrolide demonstrates high cytotoxicity, displayingsE®

of 250 pg/mL against human nasopharynx carcinoma and | R EIENEGQGEGEGEGEGEGEGEEEEEE

16 pg/mL against in vitro lymphocytic leukemia. Due to its Scheme 1

powerful antitumor activity and structural features (an 18- OH Me Me

membered macrocyclic lactone with a polypropionate skel- o A i i OH

eton, an internal trisubstitutdtlolefin, and 13 stereocenters), :

tedanolide has generated considerable synthetic inferest,

including that of our group, which has used the non-aldol

aldol processin our approach to this molecule.
Disconnecting the tedanolide backbone in a retrosynthetic

analysis is straightforward, beginning with cleavage at the

(1) Schmitz, F. J.; Gunasekera, S. P.; Yalamanchili, G.; Hossain, M. B.;
van der Helm, DJ. Am. Chem. S0d.984,106, 7251.

(2) (a) Total synthesis of tedanolide: Ehrlich, G.; Hassfeld, J.; Eggert,
U.; Kalesse, MJ. Am. Chem. So@006,128, 14038. (b) Synthetic study
of tedanolide: Iwata, Y.; Tanino, K.; Miyashita, MDrg. Lett. 2005, 7,
2341. Ehrlich, G.; Kalesse, Meynlett2005, 655. Hassfeld, J.; Kalesse, M.
Synlett2002, 2007. Roush, W. R.; Newcom, J.CBg. Lett.2002,4, 4739.
Taylor, R. E.; Hearn, B. R.; Ciavarri, J. Prg. Lett.2002,4, 2953. Loh,
T.-P.; Feng, L.-CTetrahedron Lett2001,42, 6001. Loh, T.-P.; Feng, L.-

C. Tetrahedron Lett2001,42, 3223. Smith, A. B.; Lodise, S. rg. Lett. i i i
1999,1. 1249, Roush, W. R.. Lane, G. Qrg, Lett.1099.1. 95, a synthe3|s.0f the fully functionalized protectgd—@ll

(3) (@) Jung, M. E.; Lee, C. POrg. Lett.2001,3, 333. (b) Jung, M. E.; fragment using sequential non-aldol aldol reacti®hw-

Lee, C. PTetrahedron Lett2000,41, 9719. (c) Jung, M. E.; Marquez, R.  ever, several additional steps were necessary to prevent some

%gé'fét‘gggg_’z(é)lgggé(?&_g?gkxérﬁ; “ﬂ?rﬁgéuistsgrggoghﬁﬁ problem$ in the non-aldol aldol reaction. Therefore, we

1999,64, 663. wanted to develop an approach that would construct this key
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intermediate2 via a much more convergent route. Herein,
we report an efficient approach to the fragméant

The synthesis a2 began with the commercially available
optically pure esterd. We prepared the optically pure
aldehydeés in 13 steps by a method that we have described
previously (Scheme Z}.The aldehyd& has all the required
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chiral centers from €to C;; of tedanolide. To synthesize
the top fragmen? efficiently, we decided to use the ketone
8 as a chiral equivalent of the;€C, fragment of tedanolide.
The ester6 was prepared from commercially available
L-ascorbic acid in more than 80% yield via the known three-
step process, namely first diol protection with 2,2-dimethoxy-

propane, cleavage of the alkene with agqueous hydrogen

peroxide, and final esterification with ethyl iodifleifter
hydride reduction of the ethyl ester (82% yield), the resulting
3,4-O-isopropylidene-threitol was treated witlp-TsCI to
furnish in 83% yield the monotosylate, which on treatment
with carbonate in methanol gave the epoxiién 75% yield
(Scheme 3).
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Regioselective opening of the epoxide with methylmag-
nesium bromide in the presence of cuprous iodide provided
the secondary alcohol in 82% yield from which the desired
ketone8 was obtained via TPAPNMO oxidation in 85%
yield.

We initially tried to combine the two fragmenfsand 8
using either lithium hexamethyldisilazide (LHMDS) ar-(
Bu),BOTf/TEA’ to generate the lithium and boron enolates
of 8 respectively. Unfortunately, the aldol coupling of the
boron enolate did not work at all and the ketoBewvas

(4) Although the simple non-aldol aldol reaction can be easily accomp-
lished, the presence of an ethereal oxygen (including a silyl ether) five or
six atoms away from the electrophilic tertiary site of the epoxide allows
for attack of the oxygen atom before the internal hydride shift takes place.

(5) André, C.; Bolte, J.; Demuynck, Getrahedron: AsymmetriQ98,

9, 1359.

(6) Sharma, G. V. M.; Cherukupalli, G. Retrahedron: Asymmetry

2006,17, 1081.
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recovered completely while the aldehy@&decomposed
under those conditions. With LHMDS, less than 10% of the
desired produc® was obtained. One possible reason for this
low yield might be the rapid self-condensation&éuring

the formation of the lithium enolate. Quenching the reaction
gave only the recovered aldehy8lsvith the ketone3 being
completely destroyed. The titanium enolate generated by
treatment of8 with TiCl, and Hunig’'s base in dichlo-
romethane provided the best aldol coupling (Scheme 4). The
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chlorotitanium enolate generated was quenched Wvifier
3 min since longer reaction times led to a low yield 3f
which is in line with Roush’s repottin this manner, a 60%
yield of the single aldol produ@ was isolated. Protection
of the alcohol as the TES ether followed by L-Selectride
reduction of the ketone gave compouttahaving all of the
required chiral centers. The selectivities of both the aldol
coupling and the reducti@rnwere complete and only one
diastereomer was obtained in good yield.

To determine the stereochemistry of the two newly
generated chiral centers from the aldol reaction, we carried
out NMR experiments on several derivatives (Schemes 5 and
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6). First, the acetonide derivativEl was synthesized by
treatment of9 with mild acid (PPTS) to deprotect the

(7) (a) Diaz-Oltra, S.; Murga, J.; Falomir, E.; Carda, M.; Peris, G.; Marco,
J. A.J. Org. Chem2005,70, 8130. (b) Carda, M.; Murga, J.; Falomir, E.;
Gonzélez, F.; Marco, J. AlTetrahedron: Asymmetr000,11, 3211. (c)
Mukaiyama, T.; Inoue, TBull. Chem. Soc. Jprl980,53, 174.

(8) Julian, L. D.; Newcom, J. S.; Roush, W.R.Am. Chem. So2005,
127, 6186.

(9) Cuperly, D.; Crévisy, C.; Ge R.J. Org. Chem2003,68, 6392.
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Scheme 6 Scheme 7
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trimethylsilyl group (since treatment with TBAF gave a
mixture of epimerized an@-eliminated products presumably
due to the basicity of the reagent). The diol was then
converted to the acetonidel. The stereochemistry was
confirmed via coupling constant analysis (smhjlandJy)
and NOE analysis as shown. Thus, thes€@reocenter could
be assigned. Likewise, the selectivity at both ftbm the

aldol and at G from the L-Selectride reduction was  eoueto” Ve

confirmed via a stereochemical analysis of the acetob&le Me;/'i Me—{ 6 Me Me Moot Ve
prepared in three steps frof® (desilylation, followed by g Qjé MeH . O i i B
complete resilylation, and selective formation of the less 'R HO  OTESOTMS

hindered acetonide). NOE and coupling constant analysis was
used to assign the structure 18 as that shown. Thus both
the aldol condensation and the reduction proceeded as
expected to givelO.

The closest analogy to this aldol reaction is from the work
of Gree? who reported that the corresponding iron enolate
or more likely the free endf generated by rearrangement
of the allylic alcohol (prepared by addition of vinylmagne-

sium bromide to glyceraldehyde acetonide), gave a poorly merman—Traxler-type transition state. Thus, b®®il and

selectllvte 3:2 rcrjl_lxtltjre of alld?[! e[roductshm coq_tr:ast to thte TS1 are expected to be much higher in energy and therefore
compiete syn diastereoselectivity seen here. 1here aré Woy;qrayored. Molecular mechanics calculations show that the
reports of high anti diastereoselectivity in similar systems, nonchelated enolatE2 prefers the conformation in which

. o .
namely Sulikowsié" reported that treatment of an the acetonide and the enolate oxygen atoms are antiperipla-

trija:jlkylsilylfoxy ?(tjh{: Igetone With_ :‘H';]ADS '_COI:nged ?jy nar. Of the two transition structures derived from that enolate,
addition of an aldenyde gave mainly the anti aldol products g jq clearly favored ovelfS2 and thereby leads to the

while Woerpel? described high anti diastereoselectivity in observed produd. A similar argument has been proposed
the reaction of aru’-alkyl-a’-alkoxy tin enolate with an ¢ imilar aldol selectivity using aa-silyloxy ketone!*

aIdEhfdi.’ 2Oth of V\;]h'Ch %rﬁ] n crc:ntrast to tth?j syn d:ja_lstetz- It is important to note that S2 is favored even though there
recselectivity seen here. €rs have reported poor diastesq developing syn-pentane interaction in that transition state.

i i i i i - i - 3 . . .
\r:/oselectlwtyt\r/]wtr; s“|m|I_au sHyIc:}xy ora talkox% e_n(?tlr?teét. In the reduction, a Felkin-Anh model with the alkoxy group
(Ia p{_optosef be t?] (z;/]vmglrdnelc amf_m 0 e>(<jptah|n eds et_reo— controlling the direction of hydride attack vieS3 would
selectivity of bo € aldol reaction an € reauction :count for the stereoselectivity.

(Scheme 7). The aldol transition structures derived from the The final elaboration ofi0 into the target compound

(10) Branchadell, V.; Crevisy, C.; Gee R. Chem. Eur. J.2004, 10, began with methylation using Meerwein's reage(cheme
5795—5803. 8). Reductive ring opening was then effected using our earlier

(11) (&) Wu, B.; Liu, Q.; Jin, B.; Qu, T.; Sulikowski, G. &ur. J. Org. e Wi i i i
Chem.2006, 277. (b) Wu, B.; Liu, Q.; Sulikowski, G. AAngew. Chem., method® with BuLi to give the desire alkenol14. The

Int. Ed.2004,43, 6673.

T83 H™ (L-Selectride) 10

enolateE2 (TS2 and TS2') would be favored over those
derived fromE1 (TS1 and TS1') since the five-membered

' chelate between the acetonide oxygen and the titanium places
the titanium atom too far away from the aldehyde lone pair
to allow for effective intramolecular activation via a Zim-

(12) Peng, Z.-H.; Woerpel, K. AJ. Am. Chem. So@003,125, 6018. (14) Nebot, J.; Figueras, S.; Romea, P.; Urpi, F.; JiT&trahedror2006
(13) (a) Nakata, M.; Ishiyama, T.; Akamatsu, S.; Suzuki, R.; Tatasuta, 62, 11090.
R. Synlett1994, 601. (b) Heathcock, C. H.; White, C. T.; Morrison, J. J.; (15) Treatment oLOwith NaH and Mel afforded an unidentified product
VanDerveer, DJ. Org. Chem1981,46, 1296. as the major product.
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primary alcohol was oxidized to the corresponding aldehyde
using TPAP-NMO.6 Addition of MeMgBr gave the allylic

chemistry of the major isomer was not determined. The
desired ketone fragment having all the required methyl
groups and oxygen atoms with the appropriate stereochem-
istry was prepared via a second TPAP—NMO oxidation.
Since tedanolide has a ketone af the alkoxy group at £
of 15 must eventually be transformed into a ketone.
Consequently, we decided to convert the TMS groupzat C
into a more stable TBS group to allow us to eventually
deprotect the TES group selectively. This final conversion
was achieved via treatment of the TMS ether with a catalytic
amount of citric acid followed by reaction with TBSOTf and
Hunig's base to provide the ketoize

In conclusion, we have developed an efficient method for
the preparation of a fully functionalized protecteg—C;,
fragment for the synthesis of the tedanolide using a combina-
tion of highly stereoselective non-aldol aldol and aldol
reactions. In particular, the highly diastereoselective con-
densation of the enolate 8fwith aldehydes to give the all
syn products is reported. Further developments toward the
total synthesis of tedanolide will be published in due course.
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(16) Griffith, W. P.; Ley, S. V.; Whitcombe, G. P.; White, A. D.Chem.
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