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ABSTRACT
/\)cf\ 2 steps Bno
Bn0 : 65% yield
18 1  OTIPS

A concise and stereoselective synthesis of the tetrasubstituted tetrahydropyran core of polycavernoside A was achieved in 55% overall yield
from 3-benzyloxypropanal. A stereoselective allyl transfer reaction was used in the synthesis of enol ether 18 followed by a TFA-mediated
cyclization to create the three new asymmetric centers in the tetrahydropyran with complete stereocontrol in a single-pot process.

Substituted tetrahydropyrans (THPs) are common structuralcyclization of an oxycarbenium ion generated in situ, for
features in an array of biologically active natural products, example, from reaction of a homoallylic alcohol with an
a large number of which incorporate a hydroxyl group (or aldehyde or from a homoallylic acetal aracetoxy ethe?.
glycoside linkage) at C-4. One such compound is polycav- A number of reaction conditions have been employed to
ernoside A, a toxin isolated from the red algalycavernosa prepare C-4-oxygenated THPdn this paper, we present
tsudai (Figure 1)' It is an unusual 13-membered ring results of our investigations leading to an efficient, stereo-
macrolactone disaccharide assembled on a tetrahydropyrarcontrolled synthesis of the tetrasubstituted tetrahydropyran
core bearing four substituents each in an equatorial position.core of polycavernoside A using Prins cyclizations.
Three total syntheses of polycavernoside A have been Tetrahydropyranl was used as a key intermediate in
achieved which utilize either a 6-exo cyclization of protected White's total synthesis of polycavernoside® And was
trihydroxy-a,5-unsaturated esters or manipulation of a
o-lactone to construct the THP cdte. _

A further valuable approach for the preparation of vari-
ously substituted THPs is the acid-promoted Prins-type
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selected as our target. Retrosynthetic analysisgifes two
strategies involving an aldehyde and a homoallylic alcohol
(Scheme 1). The first, pathway A, involves reaction of the

Scheme 1. Retrosynthetic Analysis of Tetrahydropyran
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substituted homoallylic alcohd with protected 3-hydrox-
ypropanal. 3tert-Butyldiphenylsilyloxypropanal was readily

Scheme 2. Synthesis of Homoallylic Alcohob
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example, oxonia-Cope rearrangements are favored in the
reaction of aldehydes with benzylic homoallylic alcohols
possessing an electron- rich aromatic ring due to the inherent
stabilization via conjugation with the aromatic ritig-How-
ever, as shown in Scheme 2, neither substituent would give
this extra stabilizisation to promote an oxonia-Cope rear-
rangement, and so the driving force must be the substitution
of the alkene as it is converted from a terminal position to
a 1,2-disubstituted double bond.

prepared in 94% yield from propane-1,3-diol (by a standard 1 ipyestigate the effect of alkene substitution on the

monoprotection followed by oxidation under Swern condi-
tions), and then crotonylation employing Brown’s condi-
tions® gave the known alcohal in 89% vyield (Scheme 2).
Interestingly, reaction of with aldehydes, e.g., dihydrocin-

reaction, alcohobb (with a 1,2-disubstituted alkene) was
treated with propanal and TFA. In this case, the reaction
proceeded cleanly to give tetrahydropyi@in 84% vyield
with the creation of three new asymmetric centers with

namaldehyde in the presence of TFA, gave, as the majorcomplete stereocontrol (Scheme 3). It was evident that all

product, homoallylic alcohadb, [a]p +13.6 € 1.7, CHC})
[lit.1© +15.2 € 1.0, CHC})]. Formation of 5 can be
rationalized by an oxonia-Cope rearrangement of the initially
formed oxycarbenium iof to 7 followed by fragmentation.
The mechanism of the Prins cyclizations is not simple,
and there is good evidence for the participation of oxonia-
Cope rearrangementsand allyl transfer processésFor

(5) Examples of Prins cyclizations include: (a) Cloninger, M. J.;
Overman, L. EJ. Am. Chem. Sod.999 121, 1092. (b) Rychnovsky, S.
D.; Hu, Y.; Ellsworth, B.Tetrahedron Lett1998 39, 7271. (c) Al-Mutairi,

E. H.; Crosby, S. R.; Darzi, J.; Harding, J. R.; Hughes, R. A.; King, C. D;
Simpson, T. J.; Smith, R. W.; Willis, C. IChem. Commur2001, 835. (d)
Dixon, D. J.; Ley, S. V.; Tate, E. WI. Chem. Soc., Perkin Trans2D0Q
1829. (e) Hart, D. J.; Bennet, C. Brg. Lett 2003 5, 1499. (f) Marumoto,
S.; Jaber, J. J.; Vitale, J. P.; Rychnovsky, S.abg. Lett.2002 4, 3919.

(g) Winstead, R.; Simpson, T. H.; Loch, G.; Schiavelli, M. D.; Thompson,
D. W. J. Org Chem1986 51, 275.

(6) For examples of cyclizations to introduce an oxygen-containing
substituent at C-4, see: (a) Zhang, W.-C.; Li, CFétrahedron200Q 56,
2403. (b) Rychnovsky, S. D.; Thomas, C.®rg. Lett.200Q 2, 1217. (c)
Kozmin, S. A.Org. Lett.2001, 3, 755. (d) Nishizawa, M.; Shigaraki, T.;
Takao, H.; Imagawa, H. TTetrahedron Lett1999 40, 1153. (e) Petasis,
N. A.; Lu, S.-P.Tetrahedron Lett1996 37, 141.

(7) (@) Jenmalm, A.; Berts, W.; Li, Y.-L.; Luthman, K.; Csoeregh, I.;
Haksill, U. J. Org. Chem.1994 59, 1139. (b) Omura, K.; Swern, D.
Tetrahedron1978 34, 1651.

(8) (a) Brown, H. C.; Bhat, K. S.; Randad, R. 5.0rg. Chem1989
54, 1570. (b) Brown, H. C.; Bhat]. Am. Chem. Sod.986 108 293 and
5919.

(9) Nicolaou, K. C.; Piscopio, A. D.; Bertinato, P.; Chakraborty, T. K,;
Minowa, N.; Koide, K.Chem. Eur. J1995 1, 318.

2684

Scheme 3. Synthesis of Tetrahydropyrah

Ph Ph O._Et

OH EtCHO, TFA

‘Y,

=

5 O 8 84%

the substituents were located in an equatorial positiod in
from the characteristic vicinal coupling constants in tHe
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NMR spectrum. In this case, an oxonia-Cope rearrangementsingle diastereomer, with no loss of the stereochemical
is not favored as it would lead to an intermediate with a less integrity of the starting alcohol. Protection of the secondary
stable terminal double bond. alcohol of11 as the TBS ether followed by hydroboration/

Thus, on the basis of these results, pathway B was oxidation of 12 gave 13 in 99% vyield from11. Several
preferred for the synthesis of the tardgiScheme 1). twas  methods were investigated for the conversiori8fto the
important that the substraBfor the acid-mediated reaction  required estei6. The best proved to be a stepwise oxidation
was exclusively theE-isomer since cyclization occurs of 13to aldehydel4 with Dess-Martin periodinane followed
through a chair transition state and af¥lkene would give by a further oxidation with pyridinium dichromate in dry
preferentially the unwanted axial methyl group at C-3 of the methanol and DMF. A byproduct, acith, was methylated
tetrahydropyraid? Recently, LoR® and Nokami®'6 have using ethereal diazomethane giving egt&in 64% overall
reported asymmetric crotonylations of aldehydes via allyl yield from alcohol13 (this yield was based on 25% of the
transfer reactions to give exclusively the linear homoallylic recovered aldehyde which was recycled). Finally, hydro-
alcohol in high ee. Nokami's procedure was used to constructgenolysis of the benzyl group gat& with the tetrahyropyran
10. Thus, )-menthol was oxidized to—)-menthone in core of polycavernoside A.
quantitative yield using DesdMartin periodinané’-'® Treat- This approach was pleasing insomuch that the stereocon-
ment of ()-menthone withE-crotylmagnesium chloride  trolled synthesis of the tetrasubstituted tetrahydropyiran
gave the crotonyl transfer reagehtvhich on reaction with was achieved in just two steps and an excellent 84% vyield
3-benzyloxypropanal in the presence of a catalytic amount from 3-benzyloxypropanal. However, it then took several
of p-toluenesulfonic acid furnished the novel homoallylic further transformations to manipulate the side chains, the
alcohol 10 (92% ee) and)-menthone (Scheme 4). PDC oxidation of14 was time-consuming (as recovered
aldehyde needed to be recycled), and on a larger scale, the
chromium byproducts were problematic to remove.

Hence, to refine the route it was desirable to install the
methyl ester at an earlier stage in the synthesis, and an acid-

Scheme 4. Synthesis of Tetrahydropyrati’

BnO promoted cyclization of a homoallylic enol ether was
BnO . H TSOH.H,0, DCM OH investigated to create the oxygen heterocycle. Nussbaumer
_ _ and Fraer*® were the first to report the synthesis of
B A 96% 0 tetrahydropyrans using homoallylic enol ethers, and recently
| ou i) Acrolein. both Hart® and Ffaer’! have conducted more extensive
9 68% TFA, DCM investigations into the scope of these reactions.
) 2COs, First, the novel homoallylic enol ethd was prepared
6o B0 by reaction of alcohal O with methyl propiolate and catalytic

i) 9-BBN, THF

N-methylmorpholine (Scheme 5). The pivotal cyclization was
II) H202, NaOH

achieved by treatment ol8 with TFA, giving, after

99% hydrolysis of the resultant trifluoroacetate, the required ester

OTBS

19 as a single diastereomer. Some ester hydrolysis occurred,
Dess-Martin [ 13 R = CH20H TBSCl, imid. [~ 11R=H
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14R = CHO 100% ;
81% Scheme 5. Synthesis of Tetrahydropyrah
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Treatment of 10 with acrolein and TFA gave, after
hydrolysis of the resultant trifluoroacetate, the required Hy, Pd-C 19 R=Me + 20 R=H

62% 28%

EtOH, 99% l
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4-hydroxytetrahydropyrail in 88% vyield (92% ee) as a
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but acid20 was readily remethylated to giviS. This new (Scheme 2), whereas we have shown that when substrates
approach enabled the methyl ester to be installed early in(5, 10, and 18) with a 1,2 disubstituted alkene are used
the synthesis giving tetrahydropyragin 88% overall yield cyclization occurs to give the tetrasubstituted tetrahydropyran
from 18 with the creation of three new asymmetric centers (8, 11, or 19, respectively) in excellent yield (Schemes 3, 4,
with complete stereocontrol. and 5).

Interestingly, Hart and Bennett have reported that on To complete the synthesis of tetrahydropyran the
treatment of homoallylic enol eth&2 with TFA tetrahy- secondary alcohol df9 was protected as the TIPS ettgdr
dropyran23 was isolated in only 11% vyield and the major and the benzyl ether cleaved in excellent yields (Scheme 5).
product was dioxabicyclo[3.3.0]octar#2 (Scheme 6); an  The optical rotationd]p +15.0 € 1.2 in CHC}) [lit. +13.8
(c 1.1 in CHCE)] and spectroscopic data faragreed well
with the literature®

In conclusion, an efficient strategy has been developed
for the enantioselective synthesis of tetrahydropytama
valuable intermediate in natural product synthesis which we
are using in the synthesis of the clavosolié&she concise
approach relies on two key steps, an allyl transfer reaction
oBn ) TFA to prepare $-homoallylic alcohol10 (96% vyield) from

i 3-benzyloxypropanal and the TFA-mediated cyclization of
100G /\/\o)) ii) KoCO3, MeOH 23 119
X,

Scheme 6. Reaction of22 with TFA20
COOEt

homoallylic enol ethef8to tetrasubstituted tetrahydropyran
19 (58% overall yield from10) with the stereocontrolled

22 EOOC o H preatic_m o_f three new asymmetric cer?ter.s. In_ addition, these
\_<EO investigations have provided further insight into the mech-
—~ anism of Prins cyclizations facilitating the efficient design
” :'W and synthesis of functionalized tetrahydropyrans.
(]
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