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Abstract: Nucleophilic substitution reactions of C-4 sulfur-substituted tetrahydropyran acetals revealed that
neighboring-group participation does not control product formation. Spectroscopic evidence for the formation
of an intermediate sulfonium ion is provided, as are data from nucleophilic substitution reactions
demonstrating that products are formed from oxocarbenium ion intermediates. The selectivity was not
sensitive to solvent or to which Lewis acid was employed. The identity of the heteroatom at the C-4 position
also did not significantly impact diastereoselectivity. Consequently, neighboring-group participation was
not responsible for the formation of either the major or the minor products. These studies implicate a Curtin—
Hammett kinetic scenario in which the formation of a low-energy intermediate does not necessitate its
involvement in the product-forming pathway.

The use of neighboring-group participation to control stere- Scheme 1. Sn2 Pathway Postulated to Account for Trans Product

ochemistry has proven to be an effective strategy for a number 7ormation

of transformations$-® Carbohydrate chemistry, in particular, has e N o e
benefited from the application of anchimeric assistance in ﬁ&ﬂ) m
glycosylation reactions8 Sulfur->1%iodine-!112and acetoxy- ®X o\/(O@
substitute®'3 glycosyl donors undergo highly trans-selective 1

reactions, which have been postulated to involve nucleophilic X=8R,I

ring-opening reactions (8) of onium ion intermediates (Scheme

1).14 For example, Boons and co-workers recently demonstrated In this paper, we provide spectroscopic evidence for the
the utility of neighboring-group participation in their elegant formation of an analogous sulfonium ion intermediate in a
method for the synthesis of-glycosidest® A protecting group tetrahydropyran system and demonstrate that the products are
containing a sulfur moiety was installed at the C-2 hydroxyl notformed by an & pathway. Instead, selectivity is the result
group, and upon activation, the derived sulfonium ion interme- of a Curtin—Hammett kinetic scenartéin which nucleophilic
diate was observed spectroscopicaflyThe stereochemical  additions to high-energy oxocarbenium ion intermediates occur
outcome of subsequent nucleophilic substitution reactions wasthrough overall lower energy pathwalfs.This analysis is

consistent with an & pathway involving this intermedia#é 16 consistent with previous experimentaf! and computationét-24
studies demonstrating that the reactions of acetals bearing
(1) Rajender, A.; Gais, H.-Drg. Lett.2007, 9, 579-582. heteroatoms capable of neighboring-group participation might
2) Liu, L.-X.; Huang, P.-QTetrahedron: Asymmeti3006 17, 3265-3272. i
233 Judd, W. R; Bgn, S.; Adbel. J. Am. Chem. s%?zooe 128 13736~ react through open _catlon's. As was clearly qemonstrated.by
13741, Halpern’s mechanistic studies of the asymmetric hydrogenation

(4) Smoot, J. T.; Pornsuriyasak, P.; Demchenko, A Avigew. Chem., Int
Ed. 2005 44, 7123-7126.

(5) Kim, J.-H.; Yang, H.; Boons, G.-Angew. Chem., Int. EQ005 44, 947— (17) Seeman, J. IChem. Re. 1983 83, 83—134.
949. (18) Substitution reactions with inversion of stereochemistry at anomeric centers
(6) Converso, A.; Saaidi, P.-L.; Sharpless, K. B.; Finn, M.JGOrg. Chem. have transition-state structures with significant oxocarbenium ion charac-
2004 69, 7336-7339. ter: (a) Crich, D.; Chandrasekera, N.Ahgew. Chem., Int. E2004 43,
(7) Marzabadi, C. H.; Franck, R. WLetrahedron200Q 56, 8385-8417. 5386-5389. (b) El-Badri, M. H.; Willenbring, D.; Tantillo, D. J.; Gervay-
(8) Toshima, K.; Tatsuta, KChem. Re. 1993 93, 1503-1531. Hague, JJ. Org. Chem2007, 72, 4663-4672.
(9) Roush, W. R.; Sebesta, D. P.; Bennett, CT&rahedronl997, 53, 8825~ (19) White, J. M.; Lambert, J. B.; Spiniello, M.; Jones, S. A.; Gable, R. W.
8836. Chem. Eur. J2002 8, 2799-2811.
(10) Nicolaou, K. C.; Rodguez, R. M.; Mitchell, H. J.; Suzuki, H.; Fylaktakidou, (20) Billings, S. B.; Woerpel, K. AJ. Org. Chem2006 71, 5171-5178.
K. C.; Baudoin, O.; van Delft, F. LChem. Eur. J200Q 6, 3095-3115. (21) Lazareva, M. L.; Kryschenko, Y. K.; Caple, R.; Wakefield, D.; Hayford,
(11) Roush, W. R.; Bennett, C. H. Am. Chem. Sod.999 121, 3541-3542. A.; Smit, W. A.; Shashkov, A. STetrahedron Lett1998 39, 8787-8790.
(12) Chong, P. Y.; Roush, W. ROrg. Lett.2002 4, 4523-4526. (22) Dudley, T. J.; Smoliakova, I. P.; Hoffmann, M. R. Org. Chem1999
(13) Fan, E.; Shi, W.; Lowary, T. LJ. Org. Chem2007, 72, 2917-2928. 64, 12471253.
(14) Smoliakova, I. PCurr. Org. Chem200Q 4, 589-608. (23) (a) Bravo, F.; Viso, A.; Alcaar, E.; Molas, P.; Bo, C.; Castillp S.J.
(15) Kim, J.-H.; Yang, H.; Park, J.; Boons, G.dJ.Am. Chem. So@005 127, Org. Chem2003 68, 686-691. (b) For related experimental studies, see:
12090-12097. Boutureira, O.; Rodguez, M. A.; Benito, D.; Matheu, M. |.; Bz, Y.;
(16) Exogenous sulfide additives also formed observable sulfonium ion inter- Castillon, S.Eur. J. Org. Chem2007, 3564-3572.
mediates that led to products consistent with a2 Bathway: Park, J.; (24) Nukada, T.; Berces, A.; Zgierski, M. Z.; Whitfield, D. M. Am. Chem.
Kawatkar, S.; Kim, J.-H.; Boons, G.-@rg. Lett.2007, 9, 1959-1962. So0c.1998 120, 13291-13295.

2082 = J. AM. CHEM. SOC. 2008, 130, 2082—2086 10.1021/ja0767783 CCC: $40.75 © 2008 American Chemical Society
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Scheme 2. Model System to Determine Mode of Stereocontrol allyltrimethylsilane in the presence of BPE®L provided 1,4-
o] OAcLewis el O1 Nu O1 ~Nu cisproductslO preferentially (eq 1). The moderate cis-selectivity
ﬁ —d’Nu U * ,Qj is consistent with previously published data on 4-iodine-
x X 1 acis x1 i substituted acetals, which indicated that iodonium&afX =
3 "4 "5 I, Scheme 2) was not a reactive conforrf&fhe formation of
Nu® cis productslO demonstrated that sulfonium io8gX = SR)

x& ®X could not be the reactive conformers in these reacfibinstead,
2% vg 5'? the major p'rodu_cts arose from addition to equatorially substituted
He o oxocarbenium ion$ (X = SR).

u Nu

+
M
X BF3OEt, x7 e

of olefins2® the fact that a low-energy intermediate can be ChuCly

o

structurally characterized does not establish that the intermediate o 78°Cto45°C  ge" 14 drans

is involved in product formation. FdZ-glycosylation reactions,

it is clear that onium ion intermediates can be formed, but they compound X cis:trans yield (%)

need not be responsible for product formation. 9a SEt 84:16 75
To understand the role of neighboring-group participation 3226 ISPh 772312282 9%7

involving sulfur-substituted glycosyl donors, a model system

was designed to differentiate between stereoselective addition

to an oxocarbenium ion and stereospecific ring-opening of a  The reactions of acetal9ab could lead to erroneous
bridged intermediate. Nucleophilic substitution reactions of the conclusions regarding the plausibility of nucleophilic substitution
4-heteroatom-substituted ace@would illuminate which of ~ reactions via bridged intermediates. The proposed sulfonium

these pathways was preferédActivation of acetal3 with a ion arising from acetad in the presence of a Lewis acid may
Lewis acid would give rise to a cation that could adopt three be destabilized by the ring strain inherent to the [2.2.1] bridged
forms: the equatorial half-chair oxocarbenium @rthe axial bicyclic ring systen?? Computational studies (B3LYP/6-31G*),
half-chair conformef, and the bridged intermedia8aesulting however, indicate that sulfonium idtis > 5.5 kcal/mol lower
from heteroatom assistance. Nucleophilic addition to the ste- in energy than oxocarbenium iof& and13 (Figure 1)33 This
reoelectronically preferred fa€eof equatorial conforme6 result is consistent with data regarding the greater stability of
would afford the cis product. Alternatively, addition to axial ~ Sulfonium ion intermediates as compared to their corresponding
conformer7 or ring-opening of sulfonium ioB with inversion oxonium ions, although ring strain appears to attenuate this

would provide the trans producds (Scheme 2). Selective Preferencé®3¢ The calculated energies of the oxocarbenium
formation of the cis produet, therefore, would provide evidence ~ ion intermediatesl2 and13), however, are not consistent with
against heteroatom assistance in the Stereochemistry_determiningqe diastereoselectivities observed in the reactions invoIving the
step. Formation of the trans producwould require additional addition of allyltrimethylsilane (eq 1). Either the sulfonium ion
experiments to differentiate between the remaining two reaction 14 was not formed, or it was not a direct precursor to the
pathways. products.
Details of the experimental design deserve mention prior to

discussing the results of nucleophilic substitution reactions. In ® o ); o lﬁ
all cases, anomeric acetates were employed as oxocarbenium QZSMe e LLO
ion precursorg® Although the methyl acetals provided com-
parable diastereomeric ratios upon nucleophilic substitution, their
reactions did not proceed to completion. Unless otherwise noted,
allyltrimethylsilane was employed as the nucleophile to mini-
mize steric destabilization upon nucleophile approach and
because nucleophilic attack is irreversiBl& Diastereomer Relieving the ring strain of the [2.2.1] ring system should
ratios were obtained from unpurified reaction mixtures, and Provide access to a lower energy sulfonium ion intermediate,
product stereochemistry was determined by analysis of Both (31) Attempts to characterize an intermediate [2.2.1]-bridged bicyclic sulfonium

NMR coupling constant data and NOE measurements of the ion 8 (X = SEt) by NMR spectroscopy were inconclusive.

purified products, 2] T4 oalimol. Wiborg, K. BAngow’ Chem ot 4. Encloga 25, <
Initial studies demonstrated that the major products of 312-322. ' o ' T ’

12 13 14
AH(rel): +5.7 kcal/mol +5.5 kcal/mol 0.0 kcal/mol

Figure 1. Calculated (B3LYP/6-31G*) enthalpies of 4-SMe-substituted
oxocarbenium ion conformers.

nucleophilic addition reactions to sulfur-substituted acealb (33) Both stereoisomers of the bridged sulfonium iédand17 were found to
. . . . be minima, but only the lowest energy structure is shown. The details of
(3, X = SEt, SPh) did not arise from an&pathway involving computational studies are provided as Supporting Information.

(34) Smith, B. J.J. Phys. Chem. A998 102, 4728-4733.
(35) Smith (ref 34) demonstrated in a 1-SMe substituted pyran ring system that
the protonated sulfonium ion form is favored enthalpicalyHC) by 22

a sulfonium ion intermediate. Treatment of acetllswith

(25) Halpern, JSciencel982 217, 401-407. kcal/mol as compared to the dissociated oxocarbenium ion and methanethiol.
(26) Avyala, L.; Lucero, C. G.; Romero, J. A. C.; Tabacco, S. A.; Woerpel, K. Taking into account 14 kcal/mol ring strain for the [2.2.1] bicyclic system,
A. J. Am. Chem. So2003 125 15521-15528. the sulfonium ionl4 should be favored by 8 kcal/mol, in good agreement
(27) Deslongchamps, Btereoelectronic Effects in Organic Chemisterga- with computational results (Figure 1).
mon: New York, 1983; pp 209221. (36) Other strained sulfonium ions have previously been observed. See, for
(28) Acetals9, 18, and 24 were prepared from 3,4-dihydro-2-methoxypyran. example: (a) Aggarwal, V. K.; Charmant, J.; Dudin, L.; Porcelloni, M.;
Details of these syntheses are provided as Supporting Information. Richardson, JProc. Natl. Acad. Sci. U.S.2004 101, 5467-5471. (b)
(29) Bear, T. J.; Shaw, J. T.; Woerpel, K. A. Org. Chem2002 67, 2056~ Huang, X.; Batchelor, R. J.; Einstein, F. W. B.; Bennet, Al.1Org. Chem.
2064. 1994 59, 7108-7116. (c) Wilder, P., Jr.; Feliu-Otero, L. A. Org. Chem.
(30) Hagen, G.; Mayr, HJ. Am. Chem. So0d.991, 113 4954-4961. 1966 31, 4264-4265.
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CHSR o AR
\ZCHZSR e T ~~d
16 17
Compound R AH (kcal/mol)
a Me  +12.4 +14.4 0.0
b Ph +12.6 +13.5 0.0

Figure 2. Calculated (B3LYP/6-31G*) enthalpies of 4-G&R-substituted
oxocarbenium ion conformers.

and, consequently, more product derived from this intermediate
should be obtained. Extension of the sulfonium ion bridge of
14 by one methylene unit should alleviate ring strain. On the
basis of the analysis of ring strain values of analogous
carbocyclic systems, the [2.2.2]-bridged bicyclic sulfonium ion
17ashould be less strained by 7 kcal/mol as compared to the
[2.2.1] systen?? Calculations (B3LYP/6-31G*) support this
hypothesis: the [2.2.2] bridged sulfonium ibAawas calculated
to be 12.4 kcal/mol lower in energy than the equatorially
substituted oxocarbenium ion half-chair conforr&a (Figure
2), and thus approximately 7 kcal/mol less strained than the
[2.2.1]-bridged bicyclic sulfonium io4 (Figure 1)32 Data for
the thiophenyl-substituted cation show a similar preference for
the bridged sulfonium iorl7b.

Nucleophilic substitution reactions of aceta&indicate that
the [2.2.2]-bicyclic sulfonium ion analogous &Y is not the
reactive conformer. Treatment of 4-GBEt-substituted acetate
18 with allyltrimethylsilane and BE-OEt provided 1,4eis
product19 as the major diastereomer upon warming to room
temperature (eq 2). The cis produt® could not arise from
stereospecific ring-opening of sulfonium idd. Instead, addi-
tion to the equatorially substituted oxocarbenium ion half-chair
conformer15 (R = Et) would provide the observed product.

O OAC/\/SIMe3 O = O. _‘\\\/
4 * s @
T BF,OEG
CHxClz et SEt
~78°Ctort 1,4-cis 1,4-trans
18 19 20

89:11 diastereoselectivity

The higher temperature required to effect substitution of the
4-CH,SEt-substituted acetat#8 as compared to the 4-SR
substituted acetaBa,b (eq 1) provides insight into the stability
of sulfonium ion21. Allylation of acetatel8 did not proceed
under the standard conditions employed for acé@als (—45
°C); only hydrolysis products were isolated upon low-temper-

Scheme 3. Spectroscopic Evidence for the Formation of
Sulfonium lon 21

oMoac
SnBry
EtS CD,Clp, —40 °C

18

H1
1 cHoel,

4 3

6 5 4 3

. 80

C1', HT'

)
' LI

85

L I e (L e e e e |

€ 5 4 3

Key: (a) "H NMR spectrum of acetate 18 (b) 'H
NMR spectrum of sulfonium ion 21 at —40 °C (c)
HMBC spectrum of sulfonium ion 21.

treatment of acetat&8 with Lewis acid. An anomeric mixture

of acetatel8 was treated with SnBrin CD,Cl, at —40 °C
(Scheme 3§’ As described by Boons for an analogous system,
an upfield shift of the anomeric protons (H1 to 'Mivas
observed, consistent with the formation of sulfonium Rint>

In addition, characteristic downfield shifts were observed for
the protons adjacent to the sulfur atom, indicating the presence
of an electron-withdrawing functionality on sulfur. Furthermore,
irradiation of the bridgehead proton Hfirovided NOE cor-
relations to the protons on the ethyl substituent’(&d H8),
demonstrating the proximity of the SEt group to’HAn HMBC
correlation between bridgehead carbor @id H7 indicated

that the SEt group was connected td.Gdthough the bicyclic
cation21was formed quantitatively at40 °C, it did not appear

to be a reactive intermediate, because nucleophilic substitution
reactions with allyltrimethylsilane did not occur at this temper-

ature quenching and aqueous workup (eq 3). We hypothesizedature (eq 3).

that a stable sulfonium ion such 28was formed upon addition
of BF3OEL to the reaction mixture. It was possible that
sulfonium ion21 would be unreactive toward allyltrimethylsi-
lane?! Instead, nucleophilic addition could occur only upon
opening of the stable sulfonium ion through the high-energy
oxocarbenium ion conformeiks and 16 (R = Et, Figure 2

Xx© aqueous H

© OAC/\/S'Mes @ /1/ t work-up OO
3
BF5-OEt, Qsi7 _45°Ctort )

o
SEt CH,Clp H SEt
-78°Cto-45°C
18 21 22

Low-temperature NMR spectroscopy confirmed that the
[2.2.2]-bridged bicyclic sulfonium ior21l was formed upon

2084 J. AM. CHEM. SOC. = VOL. 130, NO. 6, 2008

NMR spectroscopic data of the thiophenyl-substituted acetal
are also consistent with the formation of a bridged sulfonium
ion (17b, eq 4)38 In contrast to the spectroscopic data obtained
for the thioalkyl-substituted aceta8, a significant and reversible
temperature dependence was observed upon the addition of
SnBr, to chloroacetat@3 at —50 °C.3° While nearly complete

(37) Employing PhSMe as the substrate under identical conditions indicated
that the observed spectroscopic changes were not the result of complexation
to the Lewis acid.

(38) In analogy to the characterization of sulfonium i@, characteristic
chemical shifts and NOE correlations indicated the formation of sulfonium
ion 17b. An HMBC correlation was not obtained in this system, however,
presumably due to the fluctionality of the intermediate.

(39) Chloroacetat®3 was employed in spectroscopic studies because of its
greater ability to ionize under Lewis acidic conditions. The acezdt@so
formed sulfonium ionl7b, but the equilibrium significantly favored the
starting acetate. Both chloroacet@®and acetat@4 afforded comparable
product ratios upon subjection to standard allylation conditions.
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conversion to sulfonium ioft7b was observed at80 °C, only Table 1. Effect of Solvent and Lewis Acid on Allylation
a trgce q_uantity of this s_pecies was _obsgrve(_}ao °C. As o] OAC/\/SiMeB O1 = o1 N
depicted in eq 4, generation of sulfonium ib@b involves the (E/\r 8°C 0450 4 + 4 (%)
formation of an ion paf®#! and the loss of one degree of - - ° $ph Sph
T ) .
rotation; ' these changes Would resqlt in a negative entropy for 1.4-cis 1 a-trans
the reactionAS’ < 0).23 An increase in temperature, therefore, 24 25 26
would force the equilibrium toward the starting acetal. — :
entry Lewis acid solvent 25:267 yield (%)°
o )@ 1 BFs:OEb CH,Cl, 87:13 89
0.0 X 2 BRs-OEL CHCls 86:14 77
ﬁ Yo __sue - o] @ 3 BF»OEt EtO 85:15 —c
PhS o CD,Cly, -50 °C Qsi7 4 BRs-OEL CoHsCHs 84:16 74
o 5 SnBu CH,Cl, 87:13 79
! 6 MesSiOTf CH,Cl, 89:11 75
23 17b 7 EtAICI, CH.Cl, 87:13 80
8 TiCls CH,Cl, 88:12 75

Nucleophilic additions to 4-CyBPh-substituted acetagat
also afforded the major diastereomer arising from addition to _aDetebrrlninled téy GCIdacng-ic NMRI Spect;0i00py of t_ff1_e (ljmpuriﬁ_ed reaction
: H H F mixture.® Isolate yiela. analysis o the unpurire; reaction mixture
the equatorially supsntuted oxocar'benlum .[tb'sb. Tre.atme.nt indicated minimal conversion to product.
of 4-CH,SPh-substituted aceta?d with allyltrimethylsilane in
the presence of BFOE®L at —45 °C provided 1,4eis 25 as the Table 2. Effect of Heteroatom on Allylation

major product (eq 5). The selectivity of this reaction was not O OAC__SiMe; O1 F O1 RN
sensitive to solvent or to which Lewis acid was employed (Table T BF.omL m H/{J 6)
1). In all cases, the major product arose from nucleophilic Cﬁ, cl :
o . X 2-72 X
addition to the stereoelectronically preferred face of the equa- —78°Cto-45°C  1,4-cis 1,4-trans
torially substituted oxocarbenium ion half-chair conforrigb, 13,24 19,25 20,26
not the labile bicyclic catiorl7b that was observed spectro- entry compound X cisitrans® yield (%)°
scopically (eq 4). 1 18 SEt 89:11 87
The difference in stability and reactivity between the 4-€H 2 24a SPh 87:13 91
SEt- and 4-CHSPh-substituted cations is informative. Low- 3 24b SePh 91:9 92
temperature NMR spectroscopy indicated that the thioalkyl- 4 24c OPh 91:9 89
. . . 5 24d cl 92:8 90
bridged sulfonium ion21 was stable at all temperatures 6 240 Br 92-8 85
examined. Allylation, however, did not occur-a#t5 °C; instead, 7 24f I 93:7 66
reactivity only occurred when the higher energy oxocarbenium 8 24¢ Bn 93:7 7

ion conformers were formed rapidly upon warming to room ) o .
- . aDetermined by GC antH NMR spectroscopy of the unpurified reaction
temperature. In contrast, the thiophenyl-substituted a@4tal  iytyre. b Isolated yield< See ref 26.

formed the more labile sulfonium ioh7b, as confirmed by
variable-temperature NMR spectroscopy. Allylation occurred and iodine-substituted acetals should provide the highest levels
readily at—45°C, albeit not through the intermediate sulfonium of 1,44rans product 26, while substrates containing more
ion. These results suggest that the sulfonium ions observed ine|ectr0negative heteroatoms (bromine’ Ch|o|’ine, or oxygen)
these systems are not reactive intermediates, but rather restingyould be less likely to form onium ions and should provide
states that are transformed into oxocarbenium ion conformersjess trans produ@6.’
ano_l subsequently trapped by allyltrimethylsilane to afford the  proqucts arising from neighboring-group participation were
major products. o _ not the major products for any of the heteroatom-substituted
While the bicyclic sulfonium iorl7b does not contribute to  5.etals examined (eq 6, Table 2). Regardless of the type of
formation of the majgr product, an experiment was'designed t0 heteroatom present, the allylated product digl25 predomi-
explore whether this intermediate was responsible for the pated (eq 6, Table 2). The selectivities for strong donors (entries
formation of the minor product. The 1wansproduct26could 13, 7) were comparable to those in which no heteroatom was
be formed either by addition to the axially substituted oxocar- present (entry 83¢ Because no consistent correlation connects
benium ion conformet6b or by ring-opening of sulfoniumion  gonor ability and diastereoselectivity, it can be concluded that
17b (Figure 2). To determine which of these processes was peighboring-group participation does not significantly, if at all,
occurring, heteroatoms of varying donor ability were incorpo- ¢ontripute to formation of the minor product. Therefore, the
rated at the C-4 position. If the minor product arose from ring- produyct ratios obtained upon addition of allyltrimethylsilane are

opening of sulfonium iori7b, heteroatoms with gr7eater donor - ¢onsistent with a scenario in which product formation arose from
ability would provide more of the 1,#ansproduct26.”Because  nycleophilic addition to the oxocarbenium ion half-chair
donor ability increases with nucleophilicit§ selenium-, sulfur-, conformers.

Itis possible that a strong nucleophile is necessary to observe
substitution through the sulfonium ion conformer. In glycosy-
lation reactions where heteroatom assistance is utilized, alcohols

(40) Hayes, P. G.; Piers, W. E.; Parvez, @rganometallic2005 24, 1173—
1183.
(41) Bowyer, P. M.; Ledwith, A.; Sherrington, D. Q. Chem. Soc. B971,

1511-1514.
(42) Péatsgse, M. I.; Jencks, W. IProc. Natl. Acad. Sci. U.S.A971, 68 1678~ are employed as the nucleophiles. According to Mayr’s nucleo-
(43) A van't Hoff plot revealed the following thermodynamic parametexsi®

= —9.5 kcal/mol andAS’ = —43 cal/moltK. (45) Pearson, R. G.; Sobel, H.; Songstadl. Am. Chem. S0d.968 90, 319—
(44) Capon, BQuart. Re. 1964 18, 45-111. 326.
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Table 3. Effects of Nucleophile on Selectivity trend shown in Table 3 can be explained by considering
oxocarbenium ions to be the reactive intermediates, it cannot

O ~OAc N O _Nu O .wNu
H/\;Ir X (Qﬂ' + H/{j @) be readily explained by consideration of stereospecific ring-
BF3-OEt, . . .
opening of sulfonium iorl7b.
SPh SPh

CH20|2 SPh

—78°C1t0-45°C 4 4.gis 1 a-trans The data presented in this paper demonstrate that sulfonium

24a 25, 27 26, 28 ions arising from 4-sulfur substituted acetals can be stable
- intermediates in nucleophilic substitution reactions to simple

nucleophicty Y('f"j tetrahydropyran systems. Spectroscopic evidence confirmed the

entry Nu . product parametert _ cistrans® (%) presence of these intermediates with varying stability depending

1 . SiMe; 25a/26a 18 87:13 89 on the nucleophilicity of the sulfur atom. The reactivity

2 OSiMes 27a/28a  6.22 80:20 82 Q|ﬁ§rence between thloa_lkyl- _and_ thlophenyl-substltuted acet_als
o indicated that the sulfonium ion intermediates are not reactive

3 NC-SiMes 27b/28b  not defined 63:37 87 intermediates, but that these intermediates open to form higher

4 OSiMe; 27¢/28¢c  10.21 48:52 83 energy oxocarbenium ions. Nucleophilic addition to the pre-
ferred equatorially substituted oxocarbenium ion conformer is

On-Bu . L. .
responsible for the stereoselectivity of the reaction.
aSee ref 46 Determined by GC andH NMR spectroscopy of the The characterization of low-energy intermediates is a common
unpurified reaction mixture Isolated yield. practice for determining the source of stereochemical induction

o o in a variety of reactions. The observation of stabilized inter-
philicity parameters? alcohols have a nucleophilicity value of  megiates, however, does not necessitate that the formation of
N~ 6.4 Allyltrimethylsilane (N = 1.8) is less nucleophilic than  the major products occur through these structures. It is important
an alcohol, so it may not be able to react by a2 fathway g consider all possible reactive intermediates before concluding
through the bridged intermediaf. which one must be responsible for product formation. This study

Upon increasing nucleophilicity, selective formation of the affirms the importance of the CurtirHammett principle, which
1,44ransproduct28 was not observed. Instead, stereoselectivity has been used successfully to explain the counterintuitive
diminished as nucleophilicity increased (eq 7, Tablé*¥)nly stereochemical outcomes for a number of reactidns.
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