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ABSTRACT
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R = OBn, 98% yield, 96 : 4 frans : cis
R = Me, 98% yield, 42 : 58 trans : cis

A remote alkoxy substituent strongly stabilizes one particular conformer of an eight-membered ring oxocarbenium ion by a through-space
electrostatic effect. X-ray crystallographic analysis of a crystalline derivative proves that kinetically controlled nucleophilic substitution favors
the 1,4-trans product. Nucleophilic substitution of the corresponding alkyl-substituted acetate, however, is unselective. A computational model
has been developed and experimentally validated to predict the low-energy conformers of C3-, C4-, or C5-alkyl- or alkoxy-substituted eight-
membered ring oxocarbenium ions.

Many of the methods employed to synthesize the substitutedcommon five- and six-membered ring systehm this
medium-ring ethers contained within cytotoxic natural communication, we provide a systematic study of the
products such as the ladder ether tokiasd Laurencia influence of substituents on the selectivity of nucleophilic
metabolitedrely on establishing stereochemistry prior to or additions to eight-membered ring oxocarbenium ions. We
during cyclization. Selective introduction of a substituent to demonstrate that steric effects alone are insufficient to obtain
a medium-ring oxocarbenium ion represents another powerfulhigh selectivity. In contrast, electronic effects exhibited by
method for preparing this class of compouféisThe remote alkoxy substituents in eight-membered rings can be
stereoselectivities resulting from nucleophilic attack on Powerful forces for the control of ring conformation, and
medium-ring oxocarbenium ions, however, are largely therefore selectivity, mirroring results observed for five- and
undocumented 2 in contrast to reactions of the more Six-membered ring3.

Selective nucleophilic addition to monosubstituted eight-
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2003,61, 8792 and references cited therein. i i istri i

(2) (2) Paguette, L. A Sweeney, T.0.0rg. Chem1990,55, 1703— of these intermediates. Furthermore, the distribution of
1704. (b) Blumenkopf, T. A.; Bratz, M.; Castafieda, A.; Look, G. C,;
Overman, L. E.; Rodriguez, D.; Thompson, A.JI3Am. Chem. Sod990, (3) (a) Ayala, L.; Lucero, C. G.; Romero, J. A. C.; Tabacco, S. A,;
112, 4386-4399. (c) Burton, J. W.; Clark, J. S.; Derrer, S.; Stork, T. C.; Woerpel, K. A.J. Am. Chem. So2003 125 15521-15528 and references
Bendall, J. G.; Holmes, A. BJ. Am. Chem. S0d.997,119, 7483—7498. cited therein. (b) Larsen, C. H.; Ridgway, B. H.; Shaw, J. T.; Woerpel, K.
(d) For an example of nucleophilic addition to a C7-alkyl-substituted eight- A. J. Am. Chem. S0d.999,121, 12208—12209.
membered ring oxocarbenium ion, see: Rychnovsky, S. D.; Dahanukar, (4) Reactions of acetals with carbon nucleophiles likely proceed via
V. H. J. Org. Chem1996,61, 7648—7649. (e) Crimmins, M. T.; Choy, A. oxocarbenium ion intermediates: Sammakia, T.; Smith, R. 8m. Chem.
L. J. Am. Chem. S0d999,121, 5653—5660 and references cited therein. Soc.1994,116, 7915—7916.

10.1021/0l047998d CCC: $27.50  © 2004 American Chemical Society
Published on Web 11/09/2004



conformers cannot be predicted easily. Preference among th
conformers is crucial for achieving highly selective reactions
because nucleophilic attack should be slow relative to
conformer interconversioft:>¢The unsubstituted intermedi-

ate exists as two low-energy conformations, boat-chail}2 (

and boat-chair-3 (2), which are comparable in energy
(Scheme 1J-19When a remote substituent is appended to

Scheme 1
N\ |
o= - Qﬂ
1 2

0.1

E . (kcal/mol) O

the ring, conformational control becomes even more com-
plex. Selectivity upon nucleophilic attack depends not only

on the preferred substituent orientation but also on the relative

contribution of1, 2, and other possible conformers to the
overall energy profilé® Each of these conformers should
undergo attack by nucleophiles from the periphery as
observed for electrophilic approach to medium- and large-
ring olefins!!

To elucidate the influence of remote substitution on
selectivity, we compared nucleophilic substitution reactions

of eight-membered ring oxocarbenium ion precursors bearing

a C3-, C4-, or C5-alkyl or alkoxy substituehit'® Nucleo-
philic addition to a C4-methyl-substituted eight-membered

ring oxocarbenium ion, generated upon treatment of acetate

3a with a Lewis acid, is unselective (Scheme'2)® The
lowest energy conformers of this intermedid&@nd7, bear

a strong resemblance to the unsubstituted cations shown in

Scheme 1. Although the steric preference for a methyl
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astereomeric faces of the oxocarbenium ion are presented
to the nucleophile.

A C4-alkoxy substituent, however, does control the
conformation of the charged intermediadt&he C4-benzyl-
oxy-substituted acetat@b afforded high 1,4-trans di-
astereoselectivity upon nucleophilic substitution (Scheme
2).1-16 This selectivity can be explained by a through-space
electrostatic attractidfi’®between the remote electronegative
substituent and C9 that stabilizes conforme8 (Scheme

substituent to adopt a pseudoequatorial orientation Seems t0 (14 mixtures of diastereomeric acetates (the syntheses of acetates are

dominate, conformer8 and7 should be similar in energ).
As a consequence, selectivity is low because both di-
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(18) The border between anchimeric assistance and electrostatics is not
a clear one. On the basis of B3LYP/6-31G* calculations, the oxygen of the
benzyloxy group and the carbocationic carbon are approximately 2.6 A apart
in the optimized geometry d. Although this separation is less than the
van der Waals contact distance (3.2 A, as found in: BondiJAPhys.

914-917), was chosen to minimize steric effects in the transition state that Chem. 1964, 68, 441—451), it is considerably greater than a standard

might perturb the inherent conformational preferences of the charged
intermediates. Lewis acid-mediated nucleophilic substitutiorl @4 and

15a with another small nucleophile, diethyl-2-phenylethynylalane, gave
selectivities comparable to those reactions using trimethylsilyl cyanide as
the nucleophile.

4740

carbor-oxygen bond (1.4 A) and longer than the bond distance in a trivalent
oxonium ion such as the 8 cation (1.5 A, as found in: Watkins, M. |.;

Ip, W. M.; Olah, G. A,; Bau, RJ. Am. Chem. Sod 982,104, 2365—
2372). In addition, the C40Bn bond and the GXO* bond are of standard
lengths (1.4 and 1.27 A, respectively, ref 9b).
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2).1920 This counterintuitive interaction occurs despite the

inherent preference for substituents at this position to reside Scheme 4

outside the ring, avoiding transannular stréil€onformer ACO NG NG

9is higher in energy tha@ because the benzyloxy substituent 1% o i) =) 1%
is too far away from the cationic carb¥ro stabilize this O Me SICN N O
conformer effectively. It is likely that nucleophilic addition R¥% Lewis acid R RY

to 9 provides the minor 1,4-cis produbb.

The conformational preferences with substitution at C-5 15 . 3-1?/6'ans 1;-7;;‘5
resemble those observed when a C-4 substituent is present. sommoumd R Lowis aoid ’trans e ('%)
For example, nucleophilic substitution of acetbaafforded Py Me  Ticl, 18 80 o4
a nearly equal ratio of diastereomeric producisiand12a b OBn FEtAIC, 77:23 89

(Scheme 3). The presence of two low-energy confornied;s (

HoOINL |+ 19
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Scheme 3 Me DB Y

TiCl, 70:30

18 : 19
OAc CN CN
1—0 1P—0 1—0
Me,SICN
O Lowis acid O * O distribution of conformers with alkyl substitution at C-3. The
£5 £5 L5 1,3-cis isomerl7a is the major product of nucleophilic
10R 11 R 12R substitution of acetat&b5a, arising primarily from addition
1,5-trans 1.5-cis to low-energy conformet8 (Scheme 4). While a pseudoaxial
compound R [ewis acid trans: cis vield (%) benzyloxy substituent at the 3-position likely stabilizes the
a Me ELL%] gg : gg 8 carbocation in conformerk9 and the pseudoaxial C3-alkoxy
b OBn EtA[Cé 8020 39 analogue of conformeR, the electrostatic attraction is
u i attenuated by the less than optimal geometry of the inter-
L@ @ action® Nucleophilic addition to these conformers affords
128 -— y - &/~ — 11b the major 1,3-trans isomé6b. Other low-energy conformers
Ve ! o of the charged intermediate contain a pseudoequatorial C-3
13 : 14 alkoxy substituent and provide the minor 1,3-cis isothidy

upon nucleophilic addition.

] ] In conclusion, the strong electrostatic (alkoxy) or more
and the C5-pseudoequatorial analogu&pégain leads to  gptie steric (alkyl) effects exerted by remote substituents
an unselective nucleophilic substitution reactidt*’A C5- in monosubstituted eight-membered ring oxocarbenium ions
alkoxy-substituted eight-membered ring oxocarbenium ion govern the distributions of conformers in solution. These
also exists as a mixture of conformers in which the remote gjstriputions were predicted on the basis of a computaidnal
alkoxy group stabilizes the charged intermediate. Nucleo- 55sessment of the low-energy conformers of these intermedi-
philic substitution reactions of C5-benzyloxy acetdth ates. Nucleophilic addition to these oxocarbenium ions
mainly provided 1,5-trans produtib (Scheme 3). Because  affords disubstituted oxocanes. Highly selective reactions
the energy difference among the three low-energy conformers,ccyr when a remote electronegative substituent can stabilize

of the intermediate (only the lowest4, is shown) leading  one oxocarbenium ion conformer over all others prior to
to 11b or 12b is less than that betweed and 9,%° the nucleophilic attack.

trans:cis selectivity is reduced.
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similar gauche—gauche interactions with the riiét Be-
cause each conformer can react to give one of two diaster-
eomeric products, the overall selectivities for nucleophilic
substitution reactions of acetat&@5a and 15b are modest
(Scheme 4). As before, steric preferences likely govern the
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