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Abstract: The 2-oxonia Cope rearrangement is shown to play an important role in Lewis acid-induced x-c .pon 
reactions of a variety of methyl 2-acetoxy-2-(3-alken-l-oxy)z~etate=s to S- and Bmembe.red ring ethers. The I IIUU of 
this [3,31-sigmatmpic rearrangement on the regiu and stereochemical outcome of the cycliration is evalmted by 
studying three types of substrates, namely (1) four chain-substituted precursors, (2) three silii-substituted v 
(allyl- and vinylsilanes) and (3) two enantiopure pnmnsors. Controlling factors am the nature of the x-nuckophk and 
the substitution pattern of the oxycarbenium Ion intermediate. The absolute stereochemistry is retained in lhe 
cyclization of the enantiopurc substrates. 

INTRODUCTION 

The a-methoxycarbonyl oxycarbenium ion (A, Scheme I) is a highly electrophilic carbocation. Its 
synthetic utility is apparent from the ease of cyclization onto a CC double or triple bond to give a S- or 6- 
membered oxygen heterocycle. 1 To determine the possible role of the cationic oxa-Cope rearrangement of A to 
B (see Scheme I; a Z-oxonia [3,31-sigmatropic rearrangement) in this type of x-cyclization a detailed study of 
the process was carried out and is described herein. In the presence of an acidic mediator the precursor leads to 
the incipient oxycarbenium ion A. If the equilibration to B is fast compared to cyclization, the ratio of A and B 
depends on their relative stability, which is determined by the nature of the substituents R1, R2 and R3. 

C02Me 

) 

acid 

Scheme I 

cationic oxa-Cope 
* 

rcarrangcment 

Nu 
R2 

* 
R3 0 

Both sigmatropisomers A and B can cyclize in a 5-exo and a 6endo fashion. The mode of r-cyclization 
will strongly depend on the electronic bias of the olefinic double bond, Le. the nature of the substituents R1 and 
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R2.The6endocyclizationmodeleadstothesametteahydropyranstruchnefranbothAandB.Theeventual 
ratio of products will he demrmined by the relative concentration of A and B and the relative rates dcyclixadon. 
The product C&o) will thus provide important information on the mechanistic details of the chemisay of 
SchaneI.Inthispapathe~~~desgib#loftheLewisacid-mdiuadcyclizationofoevaal~lasas 
with difkent substituents R1, R2 and R3. Maoover, the subtle stereochanical details will be &irewed by 
using enanriopure substrates. 
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Itiswell-knownthatthei~uctionofachagedotanleadstoalage kease. of the rate of a [3,3]- 
sigmatropic ~gement.z Typical examples pn the anionic oxy-C!cipe reerrpngemn+ and the 2-azonia-Cope 
rearmngeme~&~J The latter type of don has been extensively investigated in combination with a Mannich 
cyclization by Overnw and co~orkers.~ The so-called aza-Cope-Mannich nztion (Scheane II) constitutes sn 
elegant synthesis of 3-acylpyrrolidines which has proven highly useful in alkaloid total synthesis. The oxygen 
analog of this reaction sequence (Scheme II) leading to 3-acyltetrahydrofurans has also been studied in detail by 
the Overman gro~p.~ Interestingly, the mechanism of the oxygen variant is believed to be different from the 
nitrogen case on the basis of stereochemical arguments.’ Thus, the oxycarbenium cyclixation is assumed to 
proceed via a FYins cyclization-pinacol rearrangement mechanism and not via a 2-oxonia-Cope akiol cyclimtion 
pathway. In this paper we present clear evidence that the 2-oxonia-Cope does proceed in certain cases and may 
drastically influence the outcome of the intended oxycarbenium ion cyclization process. 

RESULTS AND DISCUSSION 

The precursors for the cyclizations were prepared from the appropriate 3-alken-1-01s in a two-step 
procedure as described before.’ The alkenol was first treated with methyl glyoxylate and the resulting crude 
hemiacetal immediately acylated with acetic anhydride. The cyclization precursors (see Tables I, RI and IV) were 
purified by using flash chromatography. 

Cyclizations of chain-substitutedprecursors 
The influence of substituents R2 and R3 on the chain (see Scheme I) was studied first. The results of the 

cyclizations of four different chain-substituted precursors are shown in Table I. Cyclixation of substrate l* 
containing two allylic methyl groups gave tetrahydrofuran S as the only product and as a single isomer. The 
regiochemistry of this cyclization can be explained by assuming a fast oxa-Cope equilibrium between C and D. 
the latter being the more stable sigmatropisomer. Moreover, the 5-exo s-cyclixation of D onto the more 
nucleophilic trisubstituted oletin is expected to be much faster than the 6-endo ring closure of C.4 However, the 
alternative mechanism involving cyclization of C to D’ followed by Wagner-Meenvein ring contraction cannot 
be excluded.’ Formation of the cis-compound as a single stereoisomer is best understood assuming a chair-like 
transition state conformation. 
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Table I Cyclization of Chain-Substituted Precursors 

precunux(yfeld? reactioncmrditions products(yielb) 

Me I 

-r+ sna (2 equiv) 
Me 

Me 
OAc 

O--&Me 

-78T+rt,3h 
% 

0- 

1(43%) S (60%) 

R2 (2) SncL (4 cquiv) 
Cl 

RQC 
r- 

o_<oAc 
w?m 

2: RI= Et, Rz-;H (49%) 
3: R’= Me, Rs= Pr (45%) 

SnC& (3 a+) 
-78T+rt,16h 

4 (46%) Ma 8 (61%) 

a) Isolated yield of purified product. b) Overall yield from the ComspondinB alcohol, see ref. 1. 

Compound 29 was prepared to investigate the outcome of the x-cyclization in the case of an (almost) 
degenerate catiooic oxa-Cope rearrangement and to probe the influence of the ester function in the presence of a 
second ester group. Substrate 3 lo with a pmpyl-substituted double bond served as a reference compound for the 
net cis- or nanr-addition to the carbon-carbon double bond. The low overall yields of pmcumom 2and3arenot 
surprising in view of the low nucleophilicity of the hydroxyl function due to the proximity of the electron- 
withdrawing ester group. 

Table II Selected ‘H NMR Data @pm, J in Hz, CDCls) 

compound 

5 
6c 
6t 
3 

GW 

:3 
17a 
17c 
17t 
18 

0-Uf-COaMe 

4.50 (I 7.9) 
4.66 (dd, 8.8.4.1) 
4.60 (dd, 11.4.2.3) 
4.20 3.78 (d, (dd, 10.2) 12.0.2.4) 

4.49 4.73 (d, 7.7) (quintes 2.7) 
4.55 @.I, 5.3) 
3.94 (dd, 11.8.2.1) 
4.50 kid, 11 A, 2.4) 
4.54 (dd, 11.4.2.4) 

HC-Cl HC6-0 

4.2 (tt, 8.6.4.2) 4.86 5.0) (t, 
4.68 (quintet. 3.0) 4.60 (dd, 11.4.2.3) 
3.7 3.60 (m) (tt. 

12.0.4.6) 
4.55 - (dd, 9.1.2.5) 

- 4.03 (m) 
4.00 (th 12.0.4.3) 3.43 11.5.6.0, (ddd, 1.8) 
4.01 (tt, 11.8,4.5) 3.06(dd4 11.26.8.1.7) 
4.65 (quintet 3.0) 3.60 (ddd, 10.8.7.3.2.1) 
4.66 Qllbltet 3.0) ObSCUd 

Cyclization of 2 (followed by transesterifkation to a dirnethyl ester) gave two tetrahydropyran isomers. 
The determination of the structures followed from the coupling constants in the *H NMR spectra which are 
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shown in Table II. The major isomer (6t) appeared to be symmetric acaading to NMR, having hvo eqm 
ester functions and an axial chlorine atom The minor isomer (6~) had the ester functions in a nnas-relationship 
and the chlorine in an equatorial orientation. Cyclimtion of 3 proceeded in a similar fashion as 2 and gave 
product 7 as a single isomer. The propyl group adopts an equatorial position (Table II), indicating a net cis- 
addition of carbocation and chloride to the carbon-carbon double bond. 

Scheme III 
R 

Jd Ma+0 OMS 

F R 

Jd 6 
Me0 o+oMe 

Assuming a mechanism involving equatorial attack of chloride1 both ester groups of 2 need to adopt a 
quasi axial orientation in the transition state of formation of products 6t and 7. Moreover, the n-pmpyl gmup of 
3 must also assume an axial position in order to provide 7. The participation of both ester functions1 may be the 
reason for these surprising transition state geometries (Scheme III). The cyclic carbenium ion at C4 can be 
trapped by one of the ester functions to form dioxycarbenium ion E. The second ester function may then also 
participate to form the tricyclic intermediates F and/or G from E. In the mechanism of formation of 6c the 
second ester function probably adopts an equatorial orientation. It must be &led hem that the details of the 
mechanism of cyclixation as shown in Scheme III remain speculative and require further scrutiny. 

Me H Me H Me H 
H I J 

Cyclixation of the alternative dimethyl precursor 4 1 1 showed a remarkable result. Tetrahydropyran 8 was 
isolated as the only product and as a single isomer. In contrast to all previous cyclixationst the product had an 
equatorial chlorine substituent (Table II). The explanation for this result probably lies in a steric effect of the two 
methyl functions. The incipient oxycarbenium ion H may easily undergo the oxa-Cope rearrangement to fotm 
the much mom stable sigmatropisomer I. The chair-chair interconversion of either I or J is unlikely, because the 
alternative chair would show an unfavourable 1,3-d&&l interaction between the ester and a methyl group. 
Thus, the ester function is forced to adopt the quasi equatorial orientation in this particular cyclixation. Equatorial 
attack of chloride results in the formation of product 8. The stemochemical outcome of this cyclixation supports 
the idea that the ester participation is responsible for the formation of 2,4-peas-products (i.e. net cis-addition). 

Cyclization of silicon-substituted precursors 

The role of the oxa-Cope marrangement in the x-cyclization of u-ester oxycarbenium ions was further 
studied by using vinyl- and allylsilanes as x-nucleophiles. The results of the cyclixations of precursors 9-l 1 am 
summarized in Table III. Allylsilane 912 gave tetrahydrofuran 12 as a single isomer.t3 The structure of 12 was 
proved to be the cis-compound by irradiation of H2, which gave an nOe on H3. It is obvious that this 
cyclization onto the activated double bond suggests a direct ring closure of the incipient oxycarbenium ion K. A 



The 2-oxonia Cope rearrangement 7133 

chair-like transition state (K) explains the cis-stereochemistry. The oxa-Cope rearrangement would lead to L. If 
present, L would cyclize much more slowly than K because of its less nucleophiic double bond. 

Table III Cyclizatkm of Silicon-Conmimnz Recursum 

products (yiel8) 

BF,.OEh (2 equiv) 
-78OC+rt,17h 

10: EZ= 1:6 (51%) 13 (59%) 

BF,O& (2 cquiv) 
-7E”C+rt,17h 

11(40%) - 14 (67%) 
a) Isolated yield of purifti product. b) Overall yield from the conaspondi alcahol, see ref. 1. 

Cyclization of vinylsilane 10 l4 gave a good yield of dihydropyran 13 upon treatment with boron 
trifluoride etherate. This 5.6~dihydro-(W)-pyran appeared to be somewhat unstable on a silica gel column, due 
to a facile shift of the double bond to form the conjugated system. A reasonable mechanism for the cyclization of 
10 involves the oxa-Cope rearrangement of the incipient cation M to sigmatropisomer N which contains a mote 
reactive allylsilane a-nucleophile. This allylsilane is most reactive if the trimethylsilyl function is in the pseudo 
axial orientation, so that cyclization is expected to occur after chair-chair interconversion. However, direct 
cyclization of vinylsilane M is expected to lead to the same product. 

H H 

-+ 

rilH 
H 

N 0 
Sik& 

Viny&lane precursor 1 115 showed entirely different behaviour. Treatment of 11 with 2 equiv of boron 
trifluoride etherate gave methyl pentadienoate (14) as the only isolated product. Ptesumably, the 2-oxonia-Cope 
rearrangement now favours the rearranged ion Q, which contains a tertiary oxycarbenium ion. Not surprisingly, 
this relatively stable intermediate is rather slow to cyclize onto the olefin, so that the ~-elimination of NuSiMe3 
and acetone can successfully compete. In this case the oxa-Cope rearrangement clearly plays a decisive role in 
the outcome of the attempted cyclization. Comparison of the khaviour of 10 and 11 nicely indicates the 
influence of the presence of the gem-dimethyl function. Furthermore, comparison of substrates 4 and 11 
illustrates the dramatic effect of the presence of silicon. 
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P Q 
+NuSm +acetone 

CyclizationQeMnriolpuresubstrates 
Tostudytheinfluenceofthcoxa-Coperearrangemntonasmcogrtnicccnhein~detailwepreprsd 

the cnantiopure pmmsors 15 and 16. Cyclization of 151a (Table IV) with 2 cquiv of tin tctmcNai& gave a 
mixtmofttmcizmzric tctlahydmpymns in cxcellcnt total yield. llle SW-try of 17r, 17c and 17t 
followed fmm the lH NMR spectra The coupling pattems for H2, H4 and H6 were most diagnoh (Table II). 
AU three products showed optical activity, indicating that no (coaqlufz) raccmizadon hadaccumd.Todceamine 
w~~orrotpertialrruxtnization~oocun#(,wemeaslrndthelHNMR~oCtheproductsinthe 
prese~e of the cbiral shitI eagent Eu(hfc)3. Tmtmcnt of the rpcanicproducts~fromracanic15with 
Eu(bfc)3 led to a doubling of the amhyl ester singlet in each case. Tlmtmalt of the rcactbn pmduct (+)-17r 
with Eu(hfc)3 ah gave two signals for the methyl ester singlet, but now with very different intensities. Fmar 
integrationofthesesignalstheeewasdeoerminedtobe83%.Stattingwithoncefortheplcoholoflessthtn 
87%,17itisclearthatindremachanisticpathwayoffamaa’onof17alittlecwnolossof~~~inte%rity 
occurs.Thesameappeared~hddfwthepioducts17cand17t.Inthesecasesthemethylsignalsafthetwo 
enantiomasoverlappaiwitho~signrals,sothatthece’scouldnatbtpreciselydetermincd,butwaeestimated 
to be higher than 75% in both cases. These results show that the cyckation of 22 occurs with retention of 
configuration at the s&zeocentne (or with complete inversion). 

Tabk IV Cyckatiim of Enantiopuc Recursus. 

precursor (yield’? reaction conditions products (yield? 

\ 

6 

OAC %a4 0 epw 

404 
CO#e 

-78T-tn.3h & + AWe* 

179 (31%) we 17c (44%) 
15 (69%) [alZOD = +16.6 

[U]aoD = -1.0 (c 1.04. CHqj) (cO.97.CHCl.J + 

17t (18%) 
[almD= -6.9 (c 0.53. CHQ) 

Sncl, (2.5 equiv) 
-78 ‘C --f -20 ‘C!. 5 h; 

18 (32%) 
[alBn = +22.3 (c 1.51. CHCl$ [alZOD= +15.4 (c 0.68, CHCld 

a) Isolated yield of purified product. b) Ovemll yield from the corresponding alcohol. see nf- 1. 

With respect to the mechanism of cyclization of 15, let us assume aquatoxkd attack of chloride for all 
three products. Isomet 17c must then have arisen via a transition state with both the ester and the cyclohexyl 
function in a quasi equatorial position, isomer 178 via a transition state with the ester group in a quasi axial 
position and the minor isomer 17t via a transition state with both the ester and the cyclohexyl group in a quasi 
axial position. The experimental result of retention of configuration in this particular cyciization reaction is an 
important observation of synthetic relevance. However, from this result no indication for the occurrence of an 
oxa-Cope rearrangement during the cyclization is obtaimA5 
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Ring closure of 1616.1* was not as straightforward as the cyclizations -bed before, because the 
process was thwarted by the loss of the acid labile acetonide ~IWZ&~ group. This problem was solved by 
quenching the don at low temperature with dimethoxyn~0~~ to in sine protact the diol system again. In this 
way, 15% of a diacetal was isolated characterized as 19, the oxa-Cope retmanged oxycarbenium ion trapped 
withmethanol.Themainproductwas~y~~18obtainedinayieldof32%ba~~ 
isomer (mp 61-62 qc) with [a& +15.4 (c 0.68, CHCl$. Acanding to the coupling paae.ms in the lH NMR 
specnum~a~eII),theesterfunctionin18isinantquatorialpositionandthechlorineatominanaxial 
position. The signal for H6 overlapped with other signals so that the coupling constants could not be 
determined. To prove the structme of 18 beyond doubt an X-ray crystal saucture dekrmkdon was carried out. 
The X-ray analysis of 18 confirmed that the absolute configuration for C6 remained unchsnged (Fip 1). 
Thus, the cyclization of 16 proceeded without epimerization and two new S~~IWLWI terswerefonnedina 
diastMeoselective way, albeit in a low chemicsl yield. The occurrence of an oxa-Cope Wgement was pawed 
through the isolation of 19, although it is not certain that 18 is formed via such a pathway. 

Figure 1. CSC Chem3DTM representation of 
the crystal smlctuIe of 18. 

In conclusion, we have shown that the cationic oxa-Cupe rearrangement may play a important role in x- 
cyclization reactions of a-methoxycarbonyl oxycarbenium ions. The preference of the ester function for the 
quasi axial orientation in the transition state is probably the main reason for the surprising formation of the 2,4- 
transdisubstituted products. In the cyclization of two enantiopure precursors, the stereochemical integrity was 
preserved. 
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EXPERIMENTAL 

General information. See reference 1. Optical rotations were measured with a Perkin Elmer 241 polarimeter. 

Combustion analyses were performed by Domis u. Kolbe. Miilheim a. d. Ruhr, Germany. 

General procedure for the synthesis of the precursors. Method A: Methyl glyoxylste hydrate1*19 (ca. 2 equiv) 

was added IO a 0.14.2 M solution of the akohol in benzene. ‘Ike reaction mixture was retluxed far 16 h in the preset of a Dean- 
Stark trap. The reaction mixture was concentrated in vmw and the residue was dissolved in pydine (OS-I.0 M) and mated with 
acetic anhydride. (1.5 equiv calcd for both alcohol and glyoxylate) and DMAP (0.2 equiv). After being stirred for 16 h at rt, the 

reaction mixture was evapurated with benzene (3 x) and CH2Cl2 (3 x). The residue was chmmamhed. Method B: Anhydrous 

methyl glyoxylate1*20 (ca. 2 equiv) was added to a 1.5 M solution of the alcohul in dry CH2Cl~ Afta being stirred overnight at tt, 
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Mttbyl 2~~c~oxy-2-(2~2-dlacthyl-3-butca-l-oxy)scetatc (1). Method B: 2,2-Dlmethyl-3-bums-14 (415 mg, 
4.2 mmol) in 5 mL of dry cH2cl2m uoB&d With anby&mu methyl @yOayke (O-85 mL, il.6 mttU$. The ende ht!ttthEsrpl Was 
~vedin5mtdWridSaeradtratedwarceDieenhyQide(2~0,21,711111101)andaCPtPlYtiCslll0~101~toIivel 
(407 mg. 1.8 mmol. 43%) as a colourless oil. Rfo.19 (EtOA&exams - ~7). IR 1755 (c-o). 1~ NMR (zoo MHZ) 1.01 (s, 6 

H. CH$, 2.16 (s. 3 H. CH3). 3.46 (m. 2 H, CHZ). 3.81 (s. 3 H. OCH3), 580 (dd, I - 10.9.1.2 Hz. 1 H, sCHZ). 5.82 (dd, I = 
17.3, 1.2 Hz, 1 H, =Cl-$), 5.78 (dd,/= 17.5,lO.S l-lx, 1 H, CH=). 5.% (a, 1 H. OCH). 

Mctgl 2-acetoxy-2-(1-crrboetboxy.3-butea-l-oxy)acetate (2). Method B: Ethyl Zby&xy~9 (455 
mg, 3.2 mmol) in 5 mL of dry CH2Cl2 was treated with snhydmus methyl glyoxylete (0.6 mf.. 82 mmd). Tlte au& hunk& 

w~dissolvedinf~ofpyridineandarrtcdwitbaceticanhydridc(1.8mL.l9.lmmd)sndacaPlyPicrnouatofDMAPpgivc2 
(429 mg. 1.6 mmol, 49%) as a colourless oil. Rio.38 (EtOAckxamu = 1:3). IR 1750 (GO). 1~ NMR (zoo lbm. mixm of 
two diastereoiaomers) 1.27 (t. J = 7.1 Hz. 3 H. CH3). 2.13 and 2.16 (s. 3 H. CH3). 2.54 (m. 2 H, CHZ). 3.80 and 3.83 (a. 3 H, 
m3). 4.17 (m, 2 H. OCH2). 4.36 (m, 1 H. CHCQ2Et). 5.12 (m, 2 H. =CHz), 5.80 (m, 1 H, CH=), 6.03 and 6.05 (8, 1 H, 
CHOAc). 13C NMR (62.9 MHZ) 14.07 (CH2CH3). 20.58 (CH3). 36.54 (CH2). 52.68 (OCH3). 61.26 (OCHZ). 77.09 
(CHCO2Et). 91.36 (CHOAc), 118.16 (=CHz), 132.22 (CH=). 165.79 (GO), 169.73 and 170.44 (CO2MeandCO2Et). 

Methyl 2-scctoxy-2-(l-carbometboxy-3-(B)-beptca-l-oxy)acetate (3). Method 8: Methyl 2.hythuxy4(E)- 

octenoate*” (3.44 g, 20.0 mmol) in 20 mL of dry CH2Cl2 was treated with anhydrous methyl glyoxyhue (3.2 mL. 43.6 mmol). 
The crude hemiacetal was dissolved in 25 mL of pyrldine and Mated with tuetlc anhydride (5.9 mL. 62.6 mmol) and a catalytic 
amount of DMAP to give 3 (2.72 g. 9.0 mmol, 45%) as a colourless oil. Rf 0.49 (EtOAc:hexatus I 1:3). IR 1750 (GO). lH 
NMR (200 MHz, mixture of two diastereoisomcrs ) 0.85 (t J = 7.3 Hz. 3 H. CH$H$1.33 (sextet. I = 7.3 Hx. 2 H. C/f2CH3), 

1.94 (q, J = 7.2 Hz. 2 H, CH2Et), 2.0 and 2.11 (s, 3 H, CH3), 2.48 (t, J = 6.6 Hz. 2 H, CH2), 3.67 and 3.69 (s. 3 H. 0CH3). 
3.74 and 3.78 (s. 3 H. OCH3), 4.28-4.38 (m. I H. CHCf@fe). 5.36-5.49 (m. 2 H, CH=CH), 5.98 and 5.99 (s. 1 H, CHOAc). 

Methyl 2-acetoxy-2-(l,l-dimetbyl-3-buten-l-oxy)acetate (4). Method B: 2&lethyl~-penten-2o11* (1.83 g. 
18.3 mmol) in 6 mL of dry CH2Cl2 was ueated with anhydrous methyl glyoxylate (2.42 g. 27.5 mmol). The crude bcmiaceml was 
dissolved in 20 mL of pyridine and treated with acetic anhydride (7.5 mL. 67 mmol) and a catalytic amount of DEAR to give 4 
(1.58 g. 8.42 mmol, 46%) as a coloorless oil. RfO.50 (EtOAc:hexaoes = 1: 3.5). ‘H NMR (200 MHZ) 1.25 (s, 6 H. CH3). 2.12 
(s, 3 H, CH3), 2.31 (d, J = 7.2 Hz, 2 H, CH2). 3.78 (s, 3 H, OCH3). 5.Ol3 (m. 2 H, =CH2), 5.82 (m, 1 H. CH=), 6.10 (s, 1 H. 
CHOAc). 

cis-2-Carbomethoxy-4-(l-chloro-l-methyl)ethyltetrabydrofuran (5). To a solution of precursor 1 (4&l mg. 1.8 
mmol) in 15 mL of dry CH2Cl2 at -78 r was added a 1.2 M solution of SnCl4 in CH2C12 (2.9 mL, 3.5 mmol). The reaction 
mixauewasallowedcwarmuptortandstirredatnfor3h.Thenthe macticomixturewaspoumdintoicewaterandanexcessof 
NaHCO3 was added. The resulting mixture was stirred for 30 min at rt and then filtered over celite. ‘lbe residue was rinsed with 200 
mL of CH2C12 After the layers were sepamud, the water layer was extracted (3 x) with CH2C12 (35 t&J. Tbe combined organic 
layers were dried @4@04) and cammted in vmw. The residue was chromatographed to give 5 (222 mg. 1.1 mmol, 60%) as a 
coloerless oil. i?f 0.20 (EtOAc:hexanes = 1:3). IR 1740 (GO). lH NMR (200 MHz) 1.53 (s, 3 H, CH3). 1.56 (s. 3 H, CH3). 
2.06 (m, 1 H, H3), 2.40 (m, 1 H, H3), 2.60 (quintet, J = 8.6 Hz, 1 H, H4), 3.75 (s, 3 H, OCH3). 3.92 (t, J I 8.7 Hz. 1 H. l-D). 
4.04 (t, J= 8.2 Hz, 1 H, H5), 4.50 (t, J= 7.9 Hz, 1 H, H2). 13C NMR (50.3 MHz) 31.12 and 3123 (CH3). 32.28 (C3). 51.61 
and 51X4 (C4 and OCH3). 69.71 and 70.07 (C5 and Ccl), 77.00 (C2). 174 (GO). MS @I, 70 eV) 207 (M++H, 2). 147/149 
(A@-CO2Me. 100/41), 111 (M+-Cq?Me-HCI, 57), 83 (54). 

2,6-Dicarbomethoxy-4-chlorotetrahydropyran (6). To a solution of precursor 2 (1.27 g. 4.6 mmol) in 40 mL of 
dry CH2Cl2 at -78 “c was added a 1.2 M solution of SnCl4 in CH2Cl2 (14.6 mL, 17.5 mmol). The raectlott mixttu’e was allowed 
towarmuptonandstirredatnfor3h.~~Ihereactionmix~was~intoicewaterandanexcessofNaHC03wsPadded 
The resulting mixture was stirred for 30 mitt at rt and then filtered over celite. The residue was rinsed wilh 250 mL of CH2Cl2 
After the layers were separated, the water layer was extracted (3 x) with CH2Cl2 (40 ml.). The combined organic layers wae dried 
(MgS04) and concentrated ix WCW. The residue was dissolved in 50 mL of methanol and treated with a catalytic enuemt of HCL 



The 2-oxonia Cope rearrangement 7137 

Afterbeingstimdatrtfor2rlh,tbereactionmixlurewasneu~@H_7)witha~solutionofNPHC03inwrrarPd 
concentratedinHIIcIU).Theresiducwasvigorouslystimdwi(h50mLofEDOActodissolvetheproductAftafilmtioa,chetilcmoe 
wasconcenwtedinvocru,andthcresiduewasc~~togivehw,fractiaP.Thefnstfractiol3cof(t (7O7mg.3.0 
mmol, 65%. colourless oil). Rf 0.19 @tOk:hexanm = 1:3). IR 1750 (GO). ‘H NMR (24X-l MHZ) 2.0-2.4O (in. 4 H, H3 and 
H5). 3.78 (8.6 H. CH3). 4M (dd. / = 11.4.2.3 Ha, 2 f-f. H2 and H6), 4.68 (quhuet, J = 3.0 Ha. 1 H, H4). 13C NMR (50.3 
MHZ) 35.42 (C3 and CS). 52.45 (CH3). 54.52 (C4). 71.23 (C2 and C6). 170.30 (Co), The aeumd fncbho con&ted d 6c (98 
mg, 0.4 mmol. 9%. colourless oil). Rf 0.10 (BtOkhexanas = 1:3). ‘H NMR (Zoo MHZ) 2.01-2.59 (m. 4 H. H3 rad H5). 3.79 
(s. 6 H. CH3). 4.2 (tt. J = 8.6.4.2 Ha. 1 H, H4). 4.66 (dd. J = 8.8.4.1 Ha, 1 H, H2). 4.86 (t. I = 5.0 Ha. 1 H. H6). MS (BI, 70 
eV, ethyl m&y1 cstcc of6t) 191/193 (M+_coZMe, 67/24), 177/179 (M+CqEt, lOC@3). 

rcl-(2R,3S,4R,6S)-2,6-Dicsrbomcthoxy-4-cbloro-3-propyltetrahydropyr8~ (7). To a solutiaa ofprecumnr3 
(1.00 g. 3.3 mmol) in 20 mL of dry CH2Cl2 at -78 Oc was added a 1.2 M solution of SnCl4 in CH2Cl2 (11.0 mL. 13.2 mmol). 

anexcessofNaHC03wsssdded.?heresulringmixtlnewasstirradforU)minatrtandmcnfd~o~celire.‘Ihensiduemr 
rinsed~thu)omLofcH2Cl~Afterthclnyaw~seperaredthtvptaLeyerwpswtrwed~x)withCH~~(4omL).Thc 
combii organic layas were dried (MgS04) and conc-cnw in wciw. ‘fhe residue was -togive (561 mg.2.0 
mmol, 61%) as a colourlcss oil. Rf0.37 (BtOkhexanes = 1:3). IR 1745 (GO). lIi NMR (2O0 MHZ) 0.84-2.25 (m. 9 H, H3. 
CH2CH2CH3 and Hs), 2.38 (dt, J = 14.4.2.8 Ha, 1 H, HS), 3.60-3.75 (m, 1 H, H4). 3.76 (s. 3 H. OCH3). 3.77 (s, 3 H. OCH3). 
4.20 (d,J = 10.2 Ha, 1 H. H2). 4.55 (dd. J = 9.1.2.5 Hz. 1 H, H6). t3C NMR (50.3 MHz) 13.59 (CH3). 18.39 (CH2Me). 29.03 
(CH2Bt). 36.29 (CS). 41.54 (C3). 51.99 and 52.14 (OCH3). 58.19 (C4). 70.55 and 76.77 (C2 and C6). 16951 mul 170.08 (GO). 
MS (EL 70 eV) 279/281 (M++H, 7/2), 219I221 (M+-CO2Me, 100/33), 183 (M+_coZMe -HCl. 35). Acuuate mass 278.O941 
(calcd forC,2H190535Cl 278.0921). 

cis-2-Carbomethoxy-4-chloro-6,6-dimetbyltetrabydr~pyran (8). To a solution of precursor 4 (144 mg, 0.63 
mmol) in 6 mL of dry CH2Cl2 at -78 ‘c WBS added a 2 M solurion of SnC14 in CH2C12 (1.0 mL, 2.0 mmol). Tba d mixture 
wasallowedtowamruptoRandstirredatrtforl6h.ThenIherepctionmixucwaspouedintoiawataandmexceadNPHC03 
wasadded.Theresultingmixturewasstirredfor30minatdandthenfdtcredovcrcclitc.Thcrcsiduemsrinsedwith200mLof 
CH2C12 After the layers were sc+makd. the water laycr was extrectcd wilh CH2Cl2 (3 x 25 mL). llm combined organic laycm vclc 
dried (Mgsoq) and cimccnaaced in vacua The residue was chmmamgmphcd to give 8 (80 mg. 0.39 mmol, 61%) as a wbite aolii 
RccrysWkadon (ed&pentane) gave 8 as white crystals, mp 74-74.5 ‘C. Rf 0.50 (EtOAchcxanea = 1:4). IR 1750 (C-O). ttt 
NMR (300 MHz) 1.24 (s, 3 H, CH3). 1.37 (s, 3 H, CH3), 1.72 (1. J = 12.6 Hz. 1 H. Hsax). 1.76 (q. J P 12.3 Hz. 1 I-I, H3ax), 
2.07 (ddd,J = 13.0.4.4.1.9 Hz. 1 H, HSeq), 2.48 (dquintet, J = 12.7.2.1 Hz. 1 H. H3cq), 3.77 (s, 3 H, OCH3). 4.2 (m. 1 H, H4), 
4.23 (dd,J = 12.0.2.5 Hz, 1 H, HZ). ‘H NMR (200 MHz, C6D6) 0.66 (s. 3 H, CH3), 1.03 (s. 3 H. CH3). 1.46 (t, I = 12.4 Hz. 
1 H, HSax), 1.61 (ddd, J = 12.8.4.8, 1.7 Hz, 1 H, HScq). 1.75 (q, J = 12.3 Hz, 1 H, H3ax), 2.18 (dquintu, J = 12.6. 2.1 Hz. 1 H, 
Hfc4-1). 3.27 (s, 3 H, 0CH3). 3.60 (tt, J = 12.0.4.6 Hz, 1 H, H4). 3.78 (dd. J = 12.0.2.4 Hz, 1 H. Hz). 13C NMR (50.3 MHZ) 
22.00 and 31.06 (CH3). 38.97 and 46.38 (C3 and CS), 52.33 and 52.71 (C4 and OCH3). 70.08 (Cz), 74.46 (C6). 170.80 (GO). 
MS (El, 70 eV) 206/208 (M+, 4/2), 171 (M+-Cl, 59). 147/149 (M+-CO2Me, 60/18). Accurate mass 206.0712 (calcd for 
C9H)50335Cl 206.0710). Combustion analysis C. 52.30: H, 7.46 (calcd for C9H1503Cl C. 52.31; H. 7.32). 

Methyl 2-acetoxy-2-~5-trimethylsilyl-3-(Z)-penten-l-oxy]acetate (9). M&od A: 5-TrimcthylsiJyl-3-pmten-l- 
01~~ (1.20 g, 7.06 mmol) was treated with methyl glyoxylate hydrate (1.50 g. 14.12 mmol) in 70 mL of benzene. The crude 
hemiaeetal was Ircatcd with acetic anhydride (1.22 g. 11.97 mmol) and DMAP (0.19 g. 1.60 mmol) in 18 mL of pyridk to give 9 
(1.48 g, 4.93 mmol, 70%) as a yellowish oil. RfO.50 (BtOAc:hexanes = 1:1.8). IR 1750 (GO). tH NMR (2OO MHz) 0.02 (s. 9 
H, Si(CH3)-3), 1.46 (d, J = 8.6 Hz, 2 H, CH2Si). 2.14 (s. 3 H, CH3). 2.33 (m, 2 H. CH2CH=). 3.66 (m. 2 H, OCH2). 3.79 (s. 3 
H. OCH3), 5.2 (m, 1 H, CH=). 5.5 (m, 1 H, CR). 5.97 (s, 1 H, OCH). f3C NMR (62.9 MHz) 1.09 (Si(CH3)3. 18.67 
(CH2Si). 20.73 (CH3). 27.39 (CH2CH=), 52.65 (OCH3). 69.84 (OCH2). 92.55 (OCH), 121.57 (=CHCH2Si), 128.38 (CH=), 
166.21 (GO), 169.88 (C02Me). 

Methyl 2-acetoxy-2-(4-trimethylsilyl-3-buten-l-oxy)acetate (10). Method B: 4-Trimethylsilyl-3-buten-lo114 
(1.50 g, 10.4 mmol) in 15 mL of dry CH2Cl2 was ueatcd with anhydrous methyl glyoxylam (3.9 mL. 532 mmol). The crude 
hemiacctal was dissolved in 15 mL of pyridine and trcatcd with acetic anhydride (9.0 mL, 95.5 mmol) mul a catalytic amount of 
DMAP to give two isomers (E:Z = 1:6) of 10 (1.45 g. 5.3 mmol, 51%) as a colouriess oil. Rf0.25 (BOAche.xarm = 1:5). IR 
1750 (GO). LH NMR (200 MHz. major isomer) 0.1 I (s, 9 H. Si(CH3)3). 2.16 (s, 3 H, CH3), 2.46 (m. 2 H, =CHCHz), 3.72 
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(m. 2 H, CH2O). 3.80 (s. 3 ?I. WH3). 5.62 W. J = 14.1 Hz. 1 l-L =CHSi). 5.97 (s. i H, OCH), 6.25 (dt, J = 14.1.7.1 HZ, 1 H, 
cH=). 

Methyl 2-acetoxy-2-[2-mcthyI-S-trimetbylsllylI-4-(&)-pcoten-2-oxy]ocetate (11). h4akxl B: 2-M&&5- 
himethyk8y-4-(E)-pc~Uak~~~ (157 mg. 0.9 mmoi) in 5 mL of dry CH2C12 wss treated with anhyaaU me&y1 glyoxyl& (0.2 
mL. 2.7 mtnol). The CJU& hemiacctal was dissolved in 5 mL of pyridine and tnetad with AC20 (0.6 a& 6.6 mmol) sixI a catalytic 
amount of DMAP to give ll(110 mg, 0.4 mmol, 40%) as a coloorlom oilRf 0.30 @OAc:bex~a = 1:6). IR 1750 (C-0). l~i 
NMR (200 MHz) O.O4 (8.9 I-L Si(CH3)3), 1.23 (a, 6 H. CH3), 2.12 (s. 3 H. CH3). 236 (d, I = 6.6 Hz. 2 H, C&CH=). 3.78 (s. 
3 H, OCH3), 5.80 (d, J = 18.5 Hz, 1 H, SiCH=). 6.00 (dt, J = 18.5.6.6 Hz. 1 H, =CH), 6.10 (I, 1 H. OCH). 83C NMR (50.3 
MHZ) 0.73 (Si(CH3)3). 20.77 (CH3). 25.29 and 25.82 (CH3). 28.22 (CH2CH=), 52.44 (OCH3). 79.68 (CO), 88.52 (OCH), 
134.50 (SiiH=), 141.10 (=CH). 166.88 (W). 169.77 (C02Me). 

cfs-2-Carbometboxy-3-vinyitetrabydrofurrn (12). To a solution of prccmmr9 (167 q g, 0.56 mmol) in 6 mL of 
dry CH2Cl2 at -78 Oc was added a 1.2 M ~~Iution of SaCQ in CH2Cl2 (0.93m mL. 1.12 mmol). The rurtkm mixtum was allowed 
oDwarmupu,rrand~fa3hThen~hemmixturemspoutdintoiccwPra mldanuceaadr4aHCOjwezrOds&Tbe 
resaking miXU’c was srimd at R for 30 mitt at rt and then Bkacd over cetite. The residue was rinsed with 150 mL of CH2C12. 
Afvzdre~~~sepsrplad.thew~lsyawasurtracted(3x)withCH2Cl2(2DmL).Ihemnbined~L~~drisd 
(MgSO4) and conmtesteri in vacua The nsidue was chromatoxraphad to give 12 (65 mg, 0.42 mmol. 75%) as a cdoukes oil. 
RfO.45 (BQkhexaoes = 1:l). IR 1750 (GO). IIi NMR (200 MHZ) 1.91-2.20 (m. 2 H, H4), 3.12 (quintet, J I 7.8 Hx, 1 H, 
H3). 3.68 (s, 3 H, CH3). 3.69-3.97 (m. 1 H. HS). 4.21 (td. J = 8.1.4.9 Hx, 1 H. HS), 4.49 (d, I = 7.7 Hz, 1 H. Hz). 5.13 (m. 2 H. 
=CH2), 5.65 (ddd, J = 17.1, 10.0.8.5 Hz, 1 H, =CH). 13C NMR (50.3 MHz) 31.10 (C4).46.62 (C3). 51.36 (CH3). 68.72 (CS). 
80.44 (Cz), 117.00 (=CHz), 135.02 (ICH). 

2-Carbometboxy-S,6-dilydro-(2H)-pyran (13). To a s&ion of pmcumor 10 (572 m& 2.1 mmol) in 15 mL of dry 
CH2CI2 at -78 “c was added BFyOEb (0.5 mL. 4.9 mmol). The reaction mixture was allowed to warm up to rt and sdtmd at rt fa 
17h.TherepalonmixrunwaspouredintoicewaterlrndanwccessofNaHCajwasdded.The~~mixtureMs~for30 
minatn.Thelayerswere~PndIhe~ganiclPyerwaswashedwith25mLofasrtuntedsolutionofNPHCOjinwata.The 
water layers wrpe extnmted with CH2Cl2 (3 x 25 mL). The organic layas were dried (MgSO4) and culWmWdfnlWcu0.Tlte 
residue was chromatographbd to 8ive 13 (176 mg. 1.2 mmol. 59%) as a colourless oil. Rf0.23 (EdOAchuanes = 1:5). IR 1740 
(C=O). ‘tI NMR (200 MHz) 2.15 (m. 2 H, H5). 3.77 (s, 3 H. CH3). 3.83 ( m. 1 H. H6). 4.03 (m. 1 H, H6). 4.73 (quint& J = 
2.7 Hz, 1 H, H2), 5.9 (m. 1 H. H4). 6.01 (m, 1 H, H3). 13C NMR (50.3 MHz) 24.35 (CS), 52.04 (CH3), 62.35 (C6). 72.59 
(CZ). 123.80 and 127.12 (C3 and C4). 171.06 (C=O). Accurate mass 142.0633 (calcd for C7HlOO3 1420630). 

Attempt to cyclize 11. To a solution of 11 (1.035 g.3.42 mmol) in 20 mL of dry CH2Cl2 at -78 “c was ad&d 
BF3.0Et2 (0.9 mL, 7.3 mmol). The reaction mixture was allowed to warm up to rt and stirred at rt for 17 h. Ihe reaction mixture 
was pollred into &mated aquews NaHC03. The aqueous layer was extracted with CH2Cl2 (3 x 40 mL). The combined organic 
layers were washed with aqueous NaHCO3, dried (MgSO4) and wncentmtcd in vncuu to give an oil (257 mg. 2.29 mmol, 67%). 
which according to its lH NMR spccaum was virtually pure methyl (E)-2.4.pentadienoate (14). lII NMR (200 MHz) 3.74 
(s, 3 H, 0CH3). 5.48 (d, 1 H, J = 10 Hz), 5.60 (d. 1 H, J = 16.5 Hz), 5.90 (d. 1 H. J = 15.5 Hz), 6.45 (dt, 1 H, J = 16.5, 10.5 fix). 
7.26 (dd. 1 H, J = 15.5.10.5 H@. These NMR data compared well with literature data on the ethyl e&zzl 

(l’R)-Metbyl 2-acetoxy-2-(l-cyclohexyl-3-buten-1-oxy)acetate (15). Method B: (R>lCy&kyl-3-buten-l- 
01’~ (559 mg. 3.63 mmol) in 5 mL of dry CH2CI2 was treated with anhydrous methyl glyoxylate (0.6 mL, 8.18 mmol). The crude 
hemiacetal was dissokd in 7 mL of pyridine and treated with AqO (1.7 mL. 18.03 mmol) and a catalytic amount of DMAP to 

give (t’R)-15 (712 mg, 2.50 mmol, 69%) as a colourless oil. Rf0.32 (EtOAche.xanes = 1:3). [a]8OD = -1.0 (c 1.04. CHC13). 
IR 1745 (C=O), 1630 (C=C). ‘H NMR (200 MHz, mixture of two diastereoisomers) 0.92-1.89 (m, 11 H. (CH2)5CH). 2.13 and 
2.14 (s, 3 H, CH3). 2.32 (m, 2 H, Cff2CH=), 3.49 (m, 1 H, CHO). 3.79 and 3.80 (s, 3 H, OCH3), 5.07 (m. 2 H, =CH2). 5.83 
(m, 1 H, CH=), 5.97 and 6.00 (s, 1 H. OCHOAc). 

(t’R,J’S)-Methyl 2-acetoxy-2-(1,2-0-isopropylidene-S-hexene-l,2-diol-3-oxy)acetate (16). Method B: 
(2R, 3S)-12-OJso-propylidene-5-hexene_12,3-Pio116 (589 mg, 3.4 mmol) in 6 mL of dry CH2Cl2 was treated with anhydrous 
methyl glyoxylate (0.6 mL, 8.2 mmol). The crude hemiacetal was diilved in 8 mL of pyridine and treated with acetic anhydride 
(1.7 mL, 18.03 mmol) and a catalytic amount of DMAP to give two fractions. The first fraction consisted of (2R,3S)-3- 
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acctoxy-1,2-O-iropropylideae-S-bexene-1,2-dial (317 mg. 1.5 mmol. 43%. yellowish oil). RfO.30 (JZtOAczhexm~ = 
1:3). lIi NMR (200 MHz) 1.34 (s. 3 H. CH3). 1.40 (s. 3 H. CH3), 2.05 (s. 3 II. CH3). 2.38 (m, 2 H. =CHUf2). 3.79 (dd, J = 
8.2.6.2 l-Ix. 1 H. OCHZ). 4.02 (dd. I = 8.2.6.5 Hz. 1 H. OCHZ), 4.15 (q, I = 6.0 Hz, 1 ?I, OCH). 4.97-5.14 (m. 3 I-I. CHOAc. and 
=CH2), 5.75 (m. 1 H. CH=). The second fraction consisted of 16 (516 mg. 1.7 mmol, 50%. colourless oil). Rf 0.20 
(EtOAczhexanes = 1:3). [aP” D = +22.3 (c 1.51, CHC13). IR 1750 (C=O). 1630 (C=C). ‘H NMR (200 MHz, mixtuc of 
diasterroisamers) 1.32. 1.37 and 1.39 (s. 6 H, CH3). 2.13 and 2.15 (s, 3 H, CH3). 2.23-2.51 (m. 2 H. =CHC&), 3.78 (s. 3 H. 
OCH3). 3.704.13 (m, 4 H, OCHCHCH20). 5.12 (m, 2 H. =CHZ). 5.84 (m, 1 H, CH=). 6.03 and 6.12 (s, 1 H, CHOAc). 13C 
NMR (62.9 MHz, mixture of diascereoisomen) 20.83 and 20.90 (CHZ). 25.31.25.35.26.25 and 26.71 (C(CH&). 35.79 and 
36.24 (=CHCH& 52.61 and 52.71 (OCH3), 64.80 and 66.66 (CCHZ). 76.05.77.22.79.80 and 80.10 (OCHCHO). 91.81 and 
93.25 (CHOAc). 109.06 and 109.47 (CM+2). 117.81 and 118.70 (=CH2), 132.84 and 13334 (CH=), 166.01 and 166.21 (GO). 
169.87 and 170.04 (CO2Me). MS @I, 70 eV) 287 @4+-Me, 40). 185 (M+-Me-C02Me-Ac. 18). 131 (AdXHCO$k, 11). 101 

(C5H902.70). 43 (AC, 100). 

2-Carbomethoxy-4-cbloro-6-cyclohexyltetrabydropyran (17). To a solution of precmwr (l*R)-15 (185 mg. 

0.65 mmol) in 6 mL of dry ClQCl2 al-78 f was added a 1.2 M solutioa of SnC4 in CH2Cl2 (1.1 mL. 1.32 mmol). The reaction 
mixturewspwarmedtoItandstimdatnfor3h.Thenthereactionmixturewaspouedintoicewaterandm~ofNaHC03 
wasadded.Theresultingmixturewasstimdfor30min~Lrtandfd~overcclite.Theresiduewssrin&dwith150mLof 
CH2Cl2. After the layers wete aepam&d. the water layer was extracted with CH2C12 (3 x 30 mL). The comb&d aganic lsyas wac 
drkd (MgSO4) and concentrated in vacw. The residue was chromstographad togive3fractiats.Thefirstfraainncom&edof 
(2R,4R,6R)-l7a (52.0 mg. 0.20 mmol, 31%. colourless oil). RfO.50 (E&khexanes = 1:4). [aqoD I +16.6 (c 0.97, CHC13). 
IR 1735 (GO). ‘H NMR (200 MHz) 0.87-2.16 (m, 14 H, (CH2)5CH. H5 and H3ax). 259 (dquintet, J = 13.1.2.0 Hz. 1 H. 
H3eqJ 3.43 (ddd,J = 11.5.6.0.1.8 Hz. 1 H, H6). 3.75 (s. 3 H. CH3), 4.00 (tt. J = 12.0,4.3 Hz, 1 H. H4). 4.55 (bd. I= 5.3 Hz. 1 
H, HZ). 13C NMR (50.3 MHZ) 25.72.25.80 aod 26.22 (CH2CH2CHZ). 28.02 and 28.33 (CH2CHCHz). 36.79 and 38.75 (C3 
and C5), 42.31 (CH), 51.84 and 53.23 (C4 and CH3), 73.05 and 77.18 (C2 and C6). 171.56 (GO). The second fraction consisted of 
(2S,4R,6R)-17~ (74.0 mg, 0.28 mmol. 44%. colourless oil). RfO.40 (EtOAc:hexanes = 1:4). [a120D = -11.3 (c 0.63. CHC13). 
IR 1745 (GO). ‘H NMR (200 MHz) 0.82-2.05 (m. 13 H, (CH2)5CH. H3ax and HSax), 2.17 (dquintet, J = 12.9, 1.9 HZ, 1 H, 
HSeq), 2.43 @quint&J = 1X7.2.1 l-ix. 1 H, H3eq). 3.06 (ddd. J = 11.2.6.8, 1.7 Hz. 1 H, H6). 3.74 (II, 3 H, CH3), 3.94 (dd, J I 
11.8, 2.1 Hz, 1 H, HZ), 4.01 (tt, J = 11.8.4.5 Hz, 1 H, H4). 13C NMR (50.3 MHZ) 25.63.25.74 and 26.14 (CH2CH2CH2). 
28.14 and 28.88 (CH2CHCH2). 38.63 and 38.91 (C3 and CS), 42.08 (Cl+). 51.99 (CH3). 55.06 (C4), 75.38 (CS), 81.31 (Cz), 170 
(C=O). MS (El. 70 ev) 260 (M+, 2). 224 U@-HCl, 30). 201/203 (t&-CD$ie, 100/32). 183085 (98/32). 141 (80). 113 (61). 
‘Ihe third fraction coGsted of (2S,4S,6R)-17( (31.3 mg. 0.12 mmol, 18% colourless oil). Rf 0.35 (EtOAckxanes = 1:4). 
k.d20~ = -6.9 (c 0.53, CHCl3). IR 1740 (GO). ‘H NMR (200 MHx) 0X4-2.24 (m. 15 H, (CH2)5CH. H3 and l-B). 3.60 (ddd.J 
= 10.8,7.3,2.1 Hz. 1 H, H6), 3.75 (s, 3 H. CH3), 4.50 (dd.J= 11.4,2.4 Hz, 1 H, H2), 4.65 (quintet,J= 3.0 Hz, 1 H, H4). 13C 
NMR (50.3 MHz) 25.63.25.76 and 26.20 (CH2CH2CH2), 28.12 and 28.83 (CH2CHCH2). 35.38 and 36.09 (C3 and C5), 41.84 
(0, 51.87 (CH3). 55.93 (C4). 71.12 and 76.03 (C2 and C6), 171.42 (C=O). 

~~‘R,2R,4R,6S~-2-Carbomethoxy-4-chloro-6-(1,2-~-me~hylene-1,2-dibydroxye~byl)-~etrahydropyran 

(18). To a solution of precursor 16 (430 mg, 1.42 mmol) in 15 mL of dry CH2CI2 at -78 “c WBS added a 1.2 M solution of SnC14 
in CH2Cl2 (3.0 mL, 3.6 mmol). After being stirred at -20 T for 5 h, the reaction mixture was cooled to -40 aC and 
dimethoxymethane (2.0 mL. 23 mmol) was added. The mixture was stirred at -10 ‘c for 15 min and lhen poured into icewater and 
NaHC03 was added. The mixture was filtered over celite and the residue was rinsed with 150 mL of CH2C12. After the layers were 

sepamled, the water layer was extracted with CH2CI2 (3 x 50 mL). The organic layers were dried (Na2S04) and cancenuated in 
vacua. The residue was chromatographed to give two fractions. The fust fraction consisted of 3-(1-carbometboxy-3-batea-l- 

oxy)-l,2-O-methylene-3-methoxy-l,2-propanediol (19, 51 mg, 0.21 mmol. 15%. yellowish oil). Rf 0.20 
(EtOAckxanes = 1:l.Z). ‘H NMR (200 MHz) 2.42 (m, 2 H, =CHCH2), 3.37 (s, 3 H. 0CH3). 3.67 (d,J= 6.0 HZ, 2 H, OCHZ), 
3.79 (s, 3 H, CO2CH3). 3.8 (t. J = 6.6 Hz, 1 H, CHCOZMe), 4.17-4.37 (m. 2 H, OCHCHOMe). 4.65 (s, 2 H, OCH20)). 5.15 (m. 
2 H, =CH2), 5.86 (m, 1 H, CH=). I3 C NMR (50.3 MHz) 32.90 (CH2CH=), 52.25 (C02CH3), 55.16 (OCH3). 65.46 (OCH2), 
77.40 (CHCO$e), 78.57 (OCH2CHO). 96.56 (OCH20). 97.85 (CHOMe), 117.43 (KHZ), 133.47 (CH=). 167.87 (GO). ‘Ihe 
second fraction consisted of 18 (115 mg, 0.46 mmol, 32%. white solid). Recrystallization born ether&mane gave white crystals, 
mp 61.0-62.0 T. Rf 0.10 (EtOAc:hexanes = 1:1.2). [a1201, = +15.4 (c 0.68, CHCl3). IR 1750 (GO). lH NMR (200 MHZ) 
1.73-2.27 (m. 4 H, H3 and H5). 3.75 (s. 3 H, CH3), 3.78-4.03 (m. 4 H, H6, H7 and HS). 4.54 (dd.J = 11.4, 2.4 Hz, 1 H. H2). 
4.66 (quintet, J = 3.0 Hz, 1 H, H4), 4.84 (s. 1 H, OCH20). 5.01 (s, 1 H, 0CH20). 13C NMR (50.3 MHz) 34.88 and 35.82 (C3 
and CS), 51.94 (CH3), 54.64 (C4). 67.47 (CS), 70.80 and 72.42 (C6 and C7), 76.32 (CZ), 95.21 (OCH20), 170.72 (GO). MS 
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@I, 70 eV) 250 (h@. 4). 214 @I+-HCI. 18). 191/193 (R~@_co2Me, M/6), 177/179 (M+C0+-CH2, lOW32). Cao~buntion 
analysis C. 47.90; H. 6.10 (c&d for C~OH~~$~ C, 47.91; H, 6.03). X-Ray crystal structure determiaatloa of (+)-IS. 
Cl0Hl~0Jcl, Iv+ = 250.7, orthorknnbic, P212121, a= 8.4683(5). b - 9.5727(6), c = 14.412(l) A, V = 1168.3(l) As, 2 - 4. D, 
= 1.43 gcm3, A(Co Ka) = 1.5418 A, t.t(Cu Ka) = 29.9 cm-*, F(OO0) = 528. T = 248 K. Final R = W37 fa 1097 obswcd 
reflcctiom. Rehcmcnt of the camntiarolph aader the wne wadiriom coavcqed to R = 0.051. llw crystal stNuueislepweaw 
inFigurel.MondeplilsoftheX-nysrru~tundsMninationhpvebetn~~theCsm~e~~DptsC~ltn. 
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