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A&a- Anew mcthodforthesteteoscleaivesynthesisofdihydropyransofvarioussubstitutionpatterns is 
described, involving the Ireland ester enolate Claisen rearrangements of &Ikenyl-l&dioxan-2-ones. The 
method has been applied lo an enantioselective synthesis of the “left-wing” tetrahydropyran portion 2 of the 
ionophore antibiotic indanomycin (1). The synthetic scquena employed for the production of 2 proceeded in 
greater than W/. overall yield in 12 steps from the allylic alcohol 26, thus underscoring the utility of the 
hetaocycle synthesis described. 

The C-pyranoside moiety is an important structural 
component in a variety of natural products of emerging 
chemical and biological significance. Such polysub- 
stituted hydropyran units, wherein the ring carbons 
flanking the heterocycle oxygen have carbon sidechain 
substituents, are found in the ionophore antibiotics 
indanomycin (X-14547A) (1)’ and salinomycin,2 the 
antifungal agent ambruticin,3 and the marine natural 
product palytoxin.4 inter alia. 

This presence has resulted in a number of reports 
describing synthetic approaches to C-pyranosides.s*6 
These efforts can be divided into two classifications: 
those involving modification of a carbohydrate by the 
introduction of a carbon nucleophile at the anomeric 
site of a pyranoside derivative, and those in which the 
hydropyran heterocycle is synthetically derived. In 
general, the first approach enjoys the advantage of 
ready access to highly functionalized, homochiral 
carbohydrate starting materials. The second approach 
has the potential for greater flexibility based upon its 
independence from carbohydrate structure, wherein 
excessive or inappropriate functionality can cause 
problems. In this paper we describe an example of a 
non-carbohydrate approach to structurally diverse C- 
pyranosides in raccmic and optically pure forms, 
including an enantioselective synthesis of the “left- 
wing” tetrahydropyran subunit 2 of indanomycin (l).’ 

others” in a variety of modifications for the stereo- 
controlled synthesis of acyclic and cyclic carbon 
assemblages. In Eq. (1) this reaction is exemplified for 
an acyclic case, wherein the enolate (M = Li) or the 
trialkylsilyl ketene acetal (M = --SiR,) of an allylic 
alcohol ester 3 undergoes a [3,3]-sigmatropic re- 
arrangement to give a y&unsaturated acid derivative 
4. The power inherent in this synthetic procedure is 
derived from the stereoselective formation of a new 
C-Cbondattheexpenseofthemorereadilyaccessible 
C-O bond, labeled “a” in the bracketed intermediate. 
Moreover, the remote carbon centers (*) which 
become the vicinal sp3-stereocenters in 4 have 
readily controlled sp’-carbon geometry, from which 
the relative orientation of the substituents R, and R, 
in the product are derived. Danishefsky et al. have 
reported”’ a cyclic ester analog of this process (Eq. 2), 
by which vinyl lactones of general structure 5 were 
converted to cyclohexenccarboxylic acids 6, wherein 
the stereochemical outcome reflected the bracketed 
boat-like pericyclic transition state. 

Based upon these precedents, it seemed likely that 
substituted heterocycles should be similarly accessible. 
It thus became our initial goal to demonstrate that the 
generalized 6-alkenyl-l&lioxan-tones in Eqs (3) and 
(4) (7 and 9. respectively) could be transformed into 
the corresponding polysubstituted dihydropyrans of 

The Ireland eater enolate Claisen rearrangements diastereomeric types 8 and 10. It should be noted that 
has been widely employed in our laboratories9 and each of the bracketed intermediates incorporates two 

boat-like six-atom arrays. Although both the pre- 
existing heterocycle and the locus of the [3,3]- 

t Rcscarch Fellow ofthe Alfred P.Sloan Foundation(1984 sigmatropic rearrangement would be required to adopt 
86); recipient of an NSF Presidential Young Invest@or boat-like conformations, this was not expected to 
Award (1984-89). prevent the desired reorganization. More troublesome 
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7 

was the apparent projection (Eq. 4) of the CS-isopropyl 
residue into the pericyclic transition state leading to the 
dihydropyran diastereomer of general structure 10. In 
fight of the intended application of this method to the 
production of the ionophore synthon 2, this concern 
bad to be addressed. 

Although a means for selective production of the 
individual diastereomers 7 and 9 was ultimately desired 
and developed (uide in@), our initial preparations of 
theoxapyranones 78-f and !&e proceeded with low to 
moderate diastereosekction. This was tolerable since 
we needed both diastereomeric types for evaluating the 
scope and limitations of the process, and because 
the diastereomeric l&dioxan-2-ones were easily 
separated by column chromatography on silica gel 

t In Schemes I and 2 all chiral substances were produced as 
racemates;asingleenantiomerisshownforsimplicity,andthe 
namesforthesecompoundsin theExperimentasectionmatch 
theisomershown. Yieldscitedinallschemesand tablesarefor 
chromatographically and spectroscopically pure substances. 

$4-Methyl-I-penten-3-1 is commercially available from 
Wiley Organica, Columbus, Ohio, U.S.A. 

§Tbe ctiastereomer ratios were determined by glass 
capillaryGLCusing25mcolumnscoatcdwitheitherSE-S4or 
SUPEROXI. 

14 
R9 

i-Pr 

8 

R, 

!-PI 
(4) 

20 

J 6 

and readily differentiated by ‘H-NMR spectroscopy 
(excluding 7e, f and SC). 

The sequence outlined in Scheme 1 t is representative 
for these initial substituted 1,4-dioxan-Zone prep- 
arations. The ease and versatility of this general 
sequence rest, in large measure, to the fact that the 
carbon-carbon bond-forming reactionsare simple 1.2- 
additions of vinylmetallic nucleophiles to aldehyde 
and/or ketone carbonyls. For example, 0-alkylation of 
4-methyl-l-penten-3-01 (11)t with the sodium salt of 
bromoacetic acid in tetrabydrofuran (THF) gave, after 
aqueous acid quench, the acetic acid derivative 12. 
Cleavage of the vinyl residue in 12 via ozonolysis, 
followed by Kugelrohr distillation, afforded tbe lactol 
13 in 83% yield. This aldehyde equivalent was reacted 
with excess vinylmagnesium bromide in THF at - 78” 
to give a mixture of hydroxy acids which was treated 
directly with camphorsulfonic acid (CSA) in ref3uxing 
benzene to afford the bans- and cis+ethenyl-541- 
methylethyl).M-dioxan-Z-ones 7a and 9a in 70% yield 
andin aratio of 1.53: l.$In analogousfashion,reaction 
of the lactol 13 with 2-propenylmagnesium bromide 
followed by acid-catalyzed lactonization gave the 
dioxanones 7b and 9b (2.54: 1, 58%). Treatment of 
isobutyraldebyde with (a-ethoxyvinyl)lithium as de- 
scribed by Baldwin ii afTorded 2-ethoxy4methyl-l- 
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Scheme 1. (a) NaH, THF, 0 -+ 25’; BrCH,CO,Na. refiux; H,O+ quench. (b) 0,. CH,Cl,, -78”; Me,S. 
(c) H,C=CHMgBr. THF, -78”; H,O+ quench. (d) Camphorsulfonic acid, PhH. retlux. (e) 

HzC=C(CH,)MgBr, THF. -78”; H,O+ quench. 

penten-+ol(14). which provided the keto acid 15 upon 
0-alkylation and aqueous acid hydrolysis as described 
previously. Keto acid 15 exhibited SigniEcantly greater 
selectivity than the lactol 13 in the addition of 
vinylmagnesium bromide, leading to dioxanones 7e 
and 9e in a ratio of 9.6: 1 (56%). Reaction of 15 
with either 2-propenyllithium or the corresponding 
Grignard reagent gave, after lactonization, the di- 
oxanone Claisen substrate 7f in the absena of any 
detectable amount of the diastereomer. 

The preparations ofthe various 6 - alkenyl - 5 - alkyl- 
1,4 - dioxan - 2 - one rearrangement substrates are 
summarized in Table 1.5 It should be noted that entry 3, 
utilizing [trans-~+imethylsilyl)vinyl]lithiuml* as the 
vinylmetallic, has not been optimized. In entries 5 and 6, 
the homogeneous E- and Z-l-propenylmagncsium 

bromide reagents were obtained from the cor- 
responding vinyllithium speciesr3’** by treatment 
with anhydrous MgBr,;13C*d direct formation of the 
Grignard reagents results in a scrambling of oleEn 
geometry, as previously noted.” 

After we had demonstrated the viability of the 
sigmatropic reorganization of the 6-alkenyl-1,4- 
dioxanone derivatives (Eqs 3 and 4 and the subse- 
quent discussion), it became desirable to develop a 
stereocontrolled route for the selective production of 
either of the diaatereomeric substances generalized as 7 
and 9. Such a sequence is illustrated in Scheme 2. It was 
clear that increased selectivity could be garnered by 
attenuating the reactivity of either the nucleophile or 
the carbonyl substrate, as exempliEed by entries 2 and 
7-10 in Table 1. Conversion of the acid 12 to the 

Table 1. Preparation of Calkenyl-S-alky1-1,4dioxan-2-ones 

Entry 
Carboayl 
substrate Nucleophile 

Product.9 after lactonixation Yield 
(major/minor) (%) Ratio 

1 13 

2 13 

3 13 

4 13 

5 13 

6 13 

7 15 

8 15 

9 15 

10 15 

11 16b 

12 18 

13 27C 

14 2% 

78/‘9a, R, = R, = R, = H 

7b/‘Pb,R,=R,=H;R,=Mc 

7c/!k,R,=R,=H;R,=SiMe, 

7d/%, R, = R, = H; R, = Me 

7d/!Id,R,=R,=H;R,=Me 

20/21 

7e/Tk,R,=Me;R,=R,=H 

7e/9e, R, = Me; R, = R, = H 

7f,R,=R2=Mc;R,=H 

7f,R,=R,=Me;R,=H 

7dPd 

wnd 

t&m 

2Bc/z& 

70 1.53 

58 2.54 

17 1.90 

63 1.00 

62 1.31 

61 1.30 

56 9.60 

61 2.30 

34 - 

50 - 

61 > 100 

87 52 

76 24 

88 > loo 
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12 l ,b 
73% 

l 

O,t-Bu 

:t’b. x” =y2 
= 

d 7d (>lOO:l) 
95% 

18 f@ (52:l) 

Schcme2(a)t-BuOH,DCC,DMAP.2S”.(b)0,.CH,CI,, -78“; Mc,S.(c)hons-(MeCH~H),CuLi E1,0, 
- 35”. (d) CF,CO,H, CH2Cl,, 25”. (e) PDC, DMF, 0”. (I) Zn(BH,),, Et,O. 0”. 

corresponding t-butyl ester 16 by the method of 
Hassner [t-BuOH, dicyclohexylcarbodiimide (DCC), 
4-dimethylaminopyridinc (DMAP), methylene chlor- 
ide, 25”]” (88%) was followed by unmasking the 
latent aldehyde via ozonolysis as before to give 16b 
(83%). Addition of the cuprate derived from nuns-l- 
propenyllithiuml”** to 16b gave the Cram-cyclic 
product 17 (64%) in very high diastereomeric purity.16 
Lactonization was induced by trifluoroacetic acid 
in methylene chloride to provide the tram-5,6- 
disubstituted dioxanone 7d in greater than 100: 1 
diastereomeric ratio. It was reasoned that ifld resulted 
from the addition of the vinylmetallic to the aldehyde 
carbonyl. then W should be selectively accessible by the 
addition of a hydride nucleophile to the enone 18. To 
effect the reversal in the order of introduction of C6- 
substituents, the allylic alcohol 17 was oxidized to the 
enone 18 with pyridinium dichromate (PDC) in 
dimethylformamide (DMF) at 0” in 89% yield.” 
Reduction proceeded cleanly (92%) with zinc boro- 
hydride in ether’s at 0” to give the hydroxy ester 
19 (major) and the epimer 17 in a ratio of 52: 1. Tri- 
fluoroacetic acid-induced cyclization as before gave 
the lactone W in 95% yield. 

It is worth noting that the 5.6-trans-substituted 
dioxanones 7 invariably had higher R, values in TLC 
analysis than the 5,6-&-substituted counterparts 9, 
with the ready separations by llash chromatography” 
following the elution order of first 7, then 9. 

Another characteristic feature distinguishing the 
diastercomeric ~mns- and cis-5.6-disubstituted-1,4- 
dioxan-2-ones is the vicinal HS, H, coupling in the 
‘H-NMR spectra. As shown in Table 2, the trans- 
disubstituted isomers showed larger couplings (_ 9 
Hz) than the corresponding cis isomers (- 2.5 Hz), as 
expected. 

With the dioxanonts 7 and 9 in hand, we sys- 
tematically investigated the enolate Claisen sequence 
advanced in Eqs (3) and (4). The substrate lactones 
were subjected to deprotonation, 0-silylation and 
thermolysis procedures similar to the precedents of 
Ireland8 and Danishefsky et al.‘- Typically, deproto- 
nation with lithium diisopropylamide (LDA) in THF at 
- 78” was followed by the addition ofchlorotrimethyl- 
silane in Et,N (-78 -+ 25”). The volatiles were 

removed in uoc1u) and the trimethylsilyl ketene acetal 
was dissolved, without isolation, in dry toluene and 
heated at 105-I 10” (bath temperature) for 3-4 h. After 
aqueous acid hydrolysis and treatment with ethereal 
diazomethane, the desired dihydropyran products 
were isolated by chromatography on silica gel in yields 
ranging from 52 to 91x, as summarized in Table 3. The 
energetic requirements imposed by the “double boat” 
transition states (Eqs 3 and 4) for the pericyclic 
reorganizations are reflected in the temperature and 
duration necessary for complete reaction. Whereas the 
typical acyclic Ireland enolate Claisen process occurs at 
or below ambient temperature in the silyl ketene 
acetals, rearrangement in the cases detailed herein did 
not occuratanyappreciablerateinrefluxingTHF.Our 
observations in this area mirror those of Danishefsky et 
al. in their related studies.‘O’ 

Significantly, the projection of the isopropyl residue 
into the presumed pericyclic transition state leading 
from 9 to 10 seems to offer no impediment to 
rearrangement. However, a limitation was discovered 
in the attempted rearrangements ofsubstrates with cis- 
terminal substitution on the alkenyl residue. For 
example, the substrates 20 and 21 were recovered 
unchanged after subjection to the rearrangement 
conditions and subsequent work-up as described. 

Table 2. Diagnostic ‘H-NMR couplings in cis- and tram-S,& 
disubstitutcd l+dioxsn-2-ones 

J H,,H6 in Hz. stereochemistry 
Entry Compound (determined at 400 MHz in CDCI,) 

1 7a 
2 7b 
3 7c 
4 7d 
5 20 
6 33 
7 % 
8 9b 
9 !k 

10 w 
11 21 
12 29 

8.96, tram 
9.22, tram 
8.97, tram 
9.03. tram 
9.37, tram 
9.34. tmN 

228, cis 
3.09, cis 
273. cis 
2.34, cis 
2.38, ifs 
2.46, cis 
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Table 3. bAlkenyl-1,4dioxan-2-one cnolatc Claisen rearrangcmcnts to 
dihydropyrans’ 

Entry substrate Dihydropyran product 
Yield 
(%) 

1 &R, = R, = R, = H 67 
2 ; 8b,R,=R,=H;R,=Me 75 
3 7c 8c. R, = R, = H; R, = SiMc, 52 
4 7d 8d,R,=R,=H;R>=Me 70 
5 7c &R,=Mc;R,=R,=H 90 
6 7f LU,R,=R,=Mc;R,=H 80 
7 9a lOa, R, = R, = R, = H 69 
8 5% lOb,R,=R,=H;R,=Mc 78 
9 9c lOc,R,=R,=H;R,=SiMe, 61 

10 9d lOd,R,=R,=H;R,=Me 81 
11 9e 1% R, = Me; R, = R, = H 91 
12 29 30 80 
13 33 34 55 

‘Racemic substrates were used for entries l-l 1. Enantiomcrically 
homogeneous substrates were employed for entries 12 and 13. The 
stereochemical assignments for the products were derived from the 
known structures of the substrate dioxanoncs and the geometrical 
constraints in the rearrangement mechanism. The correlation of 
dihydropyran 30 with the known substance 2 providal corroboration. 

’ ir i -Pr “Y-,Jx:: M. 
1 

21 

With the scope and limitations thus defined for this 
method of synthesis of polysubstituted dihydropyrans, 
we turned our attention to the intended application. 
The keto ester 2 is a degradation product7e*k of 
the ionophore antibiotic indanomycin (X-14547A) 
(1) and has served as an intermediate in the labora- 
tory synthesis of 1. M’ t During the course of this 
investigation, independent strategies for the synthesis 
of 2 or its equivalent were revealed by Nicolaou et 
c1.,7d*k Ho.” Ley and co-workers,” none of which are 
related to our work. The importance of 2 as a subunit 
of indanomycin (1) and its structural similarity to 
subunits of other ionophore antibiotics led us to 

develop an efficient, enantioselective route to the 
indanomycin “left-wing” synthon, tetrahydropyran 2. 

Dihydropyran 22 was considered to be an 
appropriate precursor to the “left-wing” synthon 2 in 
that it possesses all four of the necessary centers of 
asymmetry and has functionality consistent witb 2 by 
way of adjustment of oxidation state. In light of the 
preceding discussion, it is apparent that the yJ- 
unsaturated ester 22 should be accessible via an ester 
enolate Claisen rearrangement ofa suitable 6 - alkenyl- 
5 - alkyl - I,4 - dioxan - 2 - one, analogous to the 
conversion 9 +lO (Eq. 4). It was thus our intention to 
form the G--C7 bond (arrow) in the [3.3]-sigmatropic 
reorganization, transforming remote sj?-carbon 
geometries into vicinal $-carbon stereocenters. 
Control ofrelative and absolute stereochemistry at C3, 
C6 and C7 on the heterocycle 22 (and ultimately 2) 
was to be derived from the use of the known 
(S)-3-benzyloxy-2-metbylpropionaldehyde (23, P = 
-CH,Ph)” as starting material. Again, the use of 
chelation-controlled 1,2-additions16 of vinylmetallic 
reagents was expected to allow the transfer of chirality 
from the preexisting center (asterisk in 22) to the 
remaining three stereogenic sites. Finally, it should be 
noted that the lack of substitution at C4 and C5 in the 
target 2 renders harmless the unnecessary unsaturation 
at these sites in 22. In fact, it was anticipated that benxyl 
protection of the Cl oxygen functionality in 23 would 
be most desirable in that deprotection would occur in 
the course of catalytic hydrogenation of the G&-C5 
olefinic residue. 
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The catalytic hydrogenations of the model dihydro- 
pyrans 1Od and &I proceeded readily as shown below to 
give the tetrahydropyrans %I and 25, respectively, in 
good yield. Therefore we did not anticipate any 
problems with the corresponding hydrogenation in the 
intended application. 

As detailed in Scheme 3, the enantioselective 
synthesis of the indanomycin precursor 2 proceeded in 
close analogy to the model studies already described. 
The aflylic alcohol 26 was readily available via the 
chelationcontrolled 1,2-addition of lithium divinyl- 
cuprate to (S)-3-benzyloxy-2-methyfpropionalde- 
hyde by the Still protocoLi 0-Alkylation (NaH, 
BrCH,CO,Na,THF, reflux) proceeded in 97% yield to 
provide the acid 278, which was converted to the 
corresponding t-butyl ester 27b by Hassner’s method” 
(88%). Ozonolysisoftbe vinyl residuegave the aldehyde 

ester 27c in 87% yield. Treatment of 27c with the 
cuprate derived from rrans-l-propenyllithium’3’~b and 
CuI * PBu, (Et,O. - 78”) gave in 76% yield a 24: 1 
mixture of allylic alcohol 28a and its epirner. 

A comparison of the stereochemistry of this 
predominant product and that required for the 
ultimate production of 2 (see Eq. 4) reveals that 
the carbinol stereocenter required inversion before 
lactonization and rearrangement. It should be noted 
that attempted Mitsunobu-type lactonizationszl 
on the corresponding hydroxy acid were unsuccessful. 
The oxidation/reduction protocol of Scheme 2 was 
therefore administered to 2& with good effect. 
Oxidation with pyridinium dichromate in DMF 
(- lo”, 12 h)” gave the enone 28b in 93% yield. Highly 
stereoselective reduction with ethereal zinc boro- 
hydride“’ gave the allylic alcohol 2Ik in greater than 
100: 1 diastereomeric ratio. Again, this is the expected 
result of a Cram-cyclic 1,2-addition. 

The Claisen rearrangement substrate 29 was formed 
in near quantitative yield by lactonization of 2Ik with 
30 mol% trifluoroacetic acid in refluxing benzene. The 
characteristic cis vi&al coupling of 2.46 Hz for the 
indicated hydrogens confirmed the desired stereo- 
chemistry for the S,&iisubstituted-l+dioxan-2-one 
29. Conversion to the trimethylsilyl ketene acetal 
and thermolysis as previously described gave, after 
hydrolysis and esterification with ethereal diazo- 
methane, the dihydropyran 30 (80%) and recovered 29 
(10.5%). 

At this stage, ah four sp’-carbon stereocenters had 
been established in iheir correct relative and absolute 
configurations. It remained to manipulate the 

PhCH,O’ PhCd PhCHJf PhCH,d 

26 na;x=CH~.R=H &kX=H.Y=OH 28 

88% 
b 

c 93% . c 

87% c c 

27b; X=CH,. R=l-Bu stIb;X.Y=O 

88% f 
27c:X=O.R=r_Bu 

c 
lkX=OH.Y=H 

93% 
alb;X.Y=O 

Scheme 3. (a) 3 cquiv NaH, 1.1 cquiv BrCH2COIH, THF, reflux. (b) t-BuOH, DMAP (0.1 c+v), DCC, 25”. 
(c)0,.CH$12. -78”; Mc,S, -78 + 25”.(d)trrmf-(MeCH%H),CuLi. Et,O, -78”.(e) PDC,DMF, - lo”, 
12 h. (0 Zn(BHJI, Et,O, 0”. 1.5 h. (g) CF,CO?H (30 mol%). PttH. reflux, 3 h. (II) LDA, THF, -78”; 
Me,SiQ Et,N. -78 -D 25”; remove THF in uacuo. add WCH,. 110”. 4 It; CHIN,, Et,O. (i) i-Bu,AlH (1.2 
equiv), Et,O. -78”; EtMgBr (3 equiv). -78 + 25”. (j) H,Cr,O,, aq aatone, 25”. 15 min.(k) H,, 5% W/C. 

EtOH, 25”. 2 h. (I) H,Cr,O,. aq acetone, 25”. 20 mitt; CH2NI, Et,O, 0”. 
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functionality in 30 to afford 2. SpecificaIIy. the C7- 
carbomethoxy residue had to be converted to the ethyl 
ketone, the Cl-C5 olelin had to be reduced, and the 
oxidation state at Cl had to be raised to the carboxylic 
acid level. 

The 6rst of these requirements was met by a one-pot 
procedureinwhich theester3OwastreatedBrstwith 1.2 
equiv of diisobutylaluminum hydride in ether at - 78”. 
followed by 3 equiv of ethylmagnesium bromide (- 78 
+ 25”). This afforded a single secondary alcohol 318 
(configuration unknown) in 96% yield. It has been our 
experience that a-alkoxyaldehydes are generally quite 
labile and prone to epimerixation, if possible. These 
complications arose in the aIdehyde derived from 
30, thus the development of the one-pot reduction/ 
Grignard additioo procedure. The scope and stereo- 
chemical implications of this method are under in- 
vestigation and will be described elsewhere.z2 Jones 
oxidation of 318 proceeded quickly at ambient 
temperature to give the ethyl ketone 31b in 93% yield 
after chromatographic purification. 

Catalytic hydrogenation of 31b over 5% Pd/C 
effected the removal of the Cl-C5 unsaturation and the 
cleavage of the henxyl ether protecting group at Cl to 
provide the saturated primary alcohol 32 in 99% yield. 
Finally, Jones oxidation and esterification with 
ethereal diaxomethane gave the targeted ionophore 
synthon 2, [ali = -23.18” (c 0.91, CHC13) pit.7ecs 
[a]&’ = -21.96“ (c 0.85. CHCI,); -22.20” (c 1.6, 
CHCI,)], in 91% yield. This substance was identical by 
high-field ‘H-NMR, IR, and ‘%-NMR to the material 
reported by Nicolaou et ~1.“‘~~ 

The transformation of 26 + 2 detailed in Scheme 3 
proceeded in nearly 30”/, overall yield. This level of 
efficiency through twelve synthetic steps was possible in 
that the poorest step proceeded in 76% yield, while ten 
of the steps proceeded in 87% yield or better. 

The last entry for Table 3 is shown below, wherein 
the hydroxy ester uh was directly lactonixed with 
triguoroacetic acid to give the fransdisubstituted 1.4 
dioxan-2-one 33, which was subjected to the enolate 
Claisen in the usual manner. The all-cb-trisubstituted 
dihydropyran 34 was thus formed in an unoptimized 
yield of 55%. 

In summary, a versatile and stereospecific synthesis 
of polysubstituted C-pyranosidic oxygen heterocycles 
has been developed. The method, based upon the 
Ireland ester enolate Claisen rearrangement of 6- 
alkenyl - 5 - aIkyl - 1.4 - dioxan - 2 - ones, gives good to 
excellent yields of dihydropyrans of two diastereomeric 
types, generahxed in E!qs (3) and (4). The production of 
racemic and optically pure hydropyrans of diverse 
structure has been demonstrated, and an application 
to the synthesis of an ionophore synthon proceeded 
in high overah yield. Future reports from these 
laboratories will detail further applications of these 

concepts to the synthesis of C-pyranosidic natural 
products and densely functionah& acyclic arrays. 

EXPERlMENTAL 
IR spectra were recorded on a Perkin-Elmer Model 682 or 

727B or a Beckman IR 4210 spectrometer. ‘H-NMR~spbctrs 
were recorded at 90 (Varian EM 390) or 400 MHz (Brukcr 
WH-400) ss indicated. “C-NMR spectra were recorded at 20 
MHz on an IBM NR-80 spectrometer. Chemical shifts for 
proton and carbon resonancesare reported in ppm (6) relative 
to Me,Si(60.0).0ptical rotations were measured on a Perkin- 
Elmer 243B digital polarimeter. Analytical HPLC was 
performed on an IBM 9533 liquid chromatograph, and 
analytical glass capillary gas chromatographic analyses 
were done on a Hewlett-Packard 579OA ~,~utilizing 23 m 
caoillarvcolumnscoatedwithSE-S4orSUPEROX4(Alltech 
A&o&a, Deertield, IL). 

TLC ~89 done on Analtech TLC plater precoated with 
silica gel GHLF (250 m layer thickness). Gravity column 
chromatography was done on E. Merck silica gel 60 (W-230 
mesh) ASTM. Flash chromatography was pcrfonnal as 
dcscrihed by Still et 01.‘~ 

THF and diethyl ether (Et,O) were distilled From sodium 
bcnzophenone ketyl immediately hefore use. C,H, was 
distilled from CaH, and stored over sodium ribbon. CHxCl, 
was distilled from PxOs and passed through a column of 
alumina. Diisopropylamine was distilled from CaH, and 
stored over KOH pellets. 

Moisture-sensitive reactions were performed in Eamcdried 
glassware under a positive pressure of argon. 

Elemental analyses were performed by Robertson 
Laboratory, Florham Park, NJ. 

(I( I-Melhy/efhy~2-propeny[)oxy~ceficacid(l2) 

. ‘To a slurry of 8.88 g (0.2%mol) of 80”/, NaH dispersion in 
1OOmlofTHFat25”wasadded10.Oa(0.O988molloflIina 
dropwise fashion as a soln in 100 ml o&HF. The mixture was 
allowed to stir at reflux for 12 h and was then cooled to 0”. 
Bromoacetic acid. IS. I g (0.104 mol), was then introduced as a 
soln in 100 ml ofTHF and the mixture was stirred at retlux for 
35 h. The soln was cooled to 0” and H,O was added. The aq 
layer was extracted with Et,0 and the Et,0 extracts were 
discarded. The aq layer was then acidified to pH 4 with cone 
HCl and was then extracted repeatedly with EtxO. The Et,0 
extracts weredried (MgSOd and concentrated to afford 14.7 g 
(940/,)of 12 asan oil: R,0.35(1:4 EtxO-hexanes, 1% HOAc); 
1R(film)2960.2550.1720.1460.1420.1380,137S.1240.1110, 

PhCH,O / 

a4 

995.970.930,890.840 cm - ’ ; ‘H-NMR 1400 MHz. CDCl,) 6 
5665.59 (m. IH), 5.31 (d, 1H. J = 11.63 Hz), S.i9 (d. iH, 
J = 17.26 Hz). 4.07 (ABo. 2H. J.. = 17.02 Hz Au.. = 44.93 
Hz),3.45(dd,lH.J = 8.34,6.69~~1.861.81(tn,1H).O.%(d, 
3I.I. J = 6.79 Hz), 0.87 (d, 3H. J = 6.79 Hz); “C-NMR 
(CIXl,) d 175.35. 135.73, 119.75, 87.96. 65.22, 32.39, 18.62, 
18.ll;MS(70eV)basepeak57. 

Through a &In oi 6.od g (6.0377 mol) of Ii in 300 ml of 
CHXI, at - 78” was passed a stream of 0, until a blue color 
per&ted. A stream oi Nx was then passed through the soln 
until the blue color disappeared. Mea (50 ml) was then intro- 
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duced and the soln was allowed to warm to 25’ and stir for 
12 h. The soln was poured into HrO and sat NaHCO, aq was 
added until pH 8 was achieved. The aq layer was extracted with 
Et,0 and the Et,0 extracts were discarded. The aa laver was 
then acidified with cone HCl and extracted repeaiadly with 
Et,O.TheEt,Oextractsweredrisd(MgS03andconantrated 
to afford the crude hydroxy acid. Kugelrohr distillation 
afforded 5.14 8 (83%) of the lactol 13: R, 0.14 (3: 2 hcxanes- 
Et,O, 1% HOAc); IR(lIlm) 3200,2960,1730,1470.1430,1390, 
1370,1230,1120.1020,970,880,810ut-’;’H-NMR(9OMb 
CDCl,)69.80(brs,lH),8.8O(brs,1H),4.25(s,2H),3.55(m,1H), 
2.20(m,1H),1.12(d,3YJ =6.8Hx).1.05(d,3H,6.8Hx);MS(70 
eV) base peak 55. 

ttans-and&s-6-ErhenyI-5-(I -methylerhy[)- IA-dfoxun-2- 
ofas (71, A) 

Toasolnof3.13g(19.54mmol)of13in6OmlofdryTHFat 
-78” was added 15.0 ml (19.5 mmol) of a 1 M soln in THF of 
vinylmagnesium bromide. The mixture was allowed to stir at 
- 78” for 0.5 h whereupon an additional 18.07 ml (23.49 mmol) 
of vinylmagnesium bromide was introduced. The resulting 
cloudy mixture was stirred at - 78” for 1.5 h then acidified to pH 
2 with 5% HCl aq. The mixture was allowed to warm to 25” and 
to stir overnight. The mixture wax then poured into H,O and 
the aq layer was extraed with Et,0 twice. The combined 
organic extracts were then concentrated and the residue was 
taken up in 40 ml of C6H6 with _ 30 mg of camphorsulfonic 
acid. This mixture. was heated at reflux for 2 h under a Dean- 
Stark trap. After removal of the solvent the mixture of lactones 
was chromatographed on 60-200 mesh silica 8el (elution with 
4: 1 hexanes-EtsO) to afford 2.29 g (70”/ of 7a and ck The 
diastereomer ratio 7a/9a was found to be 1.53: 1 by glass 
capillary GLC. Flash chromatoftraphy employing 230-400 
mesh silica gel (elution with 7: 1 hexane+Et,O) afforded wre 
7a and 9a. - 

_ I 

Datajor7a R,0.45(2: I hexanea-Et,0);1R(8lm)2980,2940, 
2890,1755.1655,1475.1435,1390.1375.1350,1340.1310.1270. 
1235,1160,1120,1010,990,~45,850,8~cm~’;’H-NMR(400 
MHq CDCl,) d 5.82-5.73 (m, HI), 5.48 (d, lH, J = 17.11 Hz), 
5.39(d, 1H.J = 10.44Hx),4.85(dd, lH,J = 8.%,8.23Hx),4.36 
(ABq, 2H. Jm = 17.67, Au, = 106.10 Hz), 3.26 (dd IH. J 
= 8.96.274 Hzl 1.94-1.87 (m. H-B. 1.03 Id. 3H. J = 6.91 Hzl. 
0.92(&-3H, J = 6.91 Hz); is&NMR(CDCi,)b 167.05, 131.76; 
120.64,82.16.79.68,65.75,27.74.19.83.14.83;MS(70eV)parcnt 
peak 170, base peak 43. 

Datafor %. R, 0.43 (2: 1 hexanes-Et,O); IR (CHCls) 2950, 
2860,1755,1640,1476.1415,1395,1356,1320,1280,1240,1130, 
1%0,1020,990,950,8%cn- ‘; ‘H-NMR (400 MHz, CDCl,) d 
6.Os5.96 (m, lH), 5.45 (d, IH, J = 1292 Hz), 5.44 (d, 1H. J 
= 15.OOHz),4.88(dd,lH.J = 7.65,2.28Hx),4.38(ABq,2H,JU 
= 17.86 Hz, Au.” = 68.92 Hz). 3.34(dd. 1H. J = 9.83.228 Hxl 
1.69-1.6O(m. 1Hx l.Ol(43H.J = 6.63H&0.89(d.3H,J = 6.63 
Hz): 13C-NMR (CDCl,) 6 166.97.130.76.121.34.81.84.80.24. 
66.hk,29.00,19.33.17.74-~MS(70ei’)pare&eak i7O,ba&& 
43.(Found:C,63.47;H.8.2l.CalcforC,H,,O,:C,63.5l;H, 
8.29”/,.) 

trans-rmdds-6-(1-Methy&rhenyI)-5-(l-methylethyl)-1,4- 
dioxM-2-one(7h.9b) 

To a soln of 3.93 8 (24.51 mmol) of 13 in 60 ml of THF 
at -78” was added 40.0 ml (24.52 mmol) of 0.613 M 
isopropenylmagnesium bromide in THF. The mixture was 
allowed to stir at - 78” for 0.5 h whereupon an additional 48.0 
ml (29.42 mmol) of isopropenylmagnesium bromide was 
introduced. The resulting mixture was stirred at - 78” for 1 h 
thenquenched with 5% HCl aq and allowed to warm to 25” and 
tostirfor2h.ThemixturewaapouredintoHs0andthcaqlayer 
was extracted several times with EtxO. The combined Et,0 
extracts were concentrated and the residue was taken up in 40 
ml of C6Hb with 50 m8 of camphonulfonic acid. This mixture 
was heated at retlux for 1 h under a Dean-Stark trap. After the 
solvent was removed the mixture was chromato- 
graphed on 60-200 meah silica gel (elution with 4: 1 hexan- 
EtrO) to afford 252 g (58%) of 7h and 9b. The diaatereomer 
ratio 7h/sb was found to be 254: 1 by @ass capillary GLC. 

Flash chromatography employing 230+00 mesh silica 8el 
(elution with 7: 1 hexanesEtx0) afforded pure 7b and 9b. 

Data for 7b. R, 0.66 (50: SO: I hexanes-Et,GHOAc): IR 
(fXm)30%.2990,i960,2920,2895,2850.1875, i840,175o,ib55, 
1475,1455.1435.1390.1370.1340.1300.1270.1235.1190.1160. 
1110; 1014 975;965.%0.925,865, 835, 74. 695’cm-i; iH- 
NMR (400 MHz, CD&) 8 5.12-5.09 (m, 2H), 4.85 (d, III, J 
= 9.22 Hz), 4.36 (ABq, ZH, J, = 17.68 Hz. Au, = 101.96 Hz), 
3.41(dd, 1H.J = 9.22,2.57Hx), 1.861.78(m, HI), 1.77(dd, lH,J 
= 1.33.0.87Hx). l.O3(43H,J = 6.9OHx),O.92(d,2H,J = 6.90 
Hz); “C-NMR (CDCl,) d 167.34, 139.27.117.83,85.51,77.83, 
65.86.2276.20.05, 16.91. 14.64; MS (70 cV) parent peak 184, 
basepeak56.(Found:C,64.98;H,9.01.CalcforC,~isO,:C, 
65.19; H, 8.75x.) 

Data for !Jb. R, 0.64 (50: 50: 1 hcxanes-EtxGHOAc); IR 
(lilm) 30%. 2960.2920. 2870. 2830. 1755. 1680. 1470. 1450. 
i43d, 1390,.1350, i325, i265,lizo, i i85, i i20,1065,ldioI965~ 
955,980,875,790,730 cm - ’ ; ‘H-NMR (400 MHz, CD&) 8 
5.13-5.07(m,ZH),4.89(d,lH,J = 3.09Hz),4.38(AIIq,2H.JcJ 
= 17.73Hz,Ao,. = 77.42Hz).3.37(dd,lH.J = 9.81.3.07Hxl. 
1.85(dd,3H.J ~-l.45,0.85Hz),1.67~1.62(m.lH), l.O2(d,3H,J 
= 6.60 Hz). 0.92 Id. 2H. J = 6.60 Hz): W-NMR (CDCl.16 
167.25, 13994, li8.47,84.67,80.39,6&34.29.04, 16.14. 18:84, 
18.72; MS (70 eV) parent peak 184, base peak 56. 

[S/Wu~EjJ- and [S/I,S/J - (E)] - 5 - (1 - Mnhykthyl) - 6 - [2 - 
(nimechylsilyl)ethenyI - 1,4 - dioxan - 2 - one (7c, 9c) 

Toaslurryof0.4128(0.0138mol)of80% NaHdispemionin 
15mlofTHFat0”wasadded2.OOg(0.0125mol)ofl3in10mI 
of THF. The mixture was allowed to stir at 0” for 0.5 h then at 
25” for 0.5 h. The mixture was then cooled to - 78” and 0.0138 
mol of [rrans-/&@rimethylsilyl)vinyl] lithium was introduced. 
The [try-~+rimethytiyljvinyl] lithium reagent was pro- 
duced by treatment of 5.53 g (0.0142 mol) of frraas-S 
(trimcthylsilyl)vinyl] tributyltinimlOml ofTHEat --78” vvi’ti 
8.60 ml (0.138 mol) of 1.6 M n-BuLi in hexanes followed by 
stiningoftheresultingsolnat -78”for 1 hthenat -3O“for30 
min.” After addition of the [non.+)?+imcthylsilyl)vinyl] 
litbiumtothecarboxylatethereaultingmixturewa.sallowed to 
stir at - 78” for 1.3 h whereupon it was quenched with 5% HCl 
aqandallowed to warm to25°.Afterstirringat250for0.5h,thc 
mixture was poured into H,O and the aq layer was extracted 
with EtsO. The combined extracts were concentrated and the 
residue was taken up in 50 ml of C,H, with 50 mg of 
camphorsulfonic acid. This mixture was heated at reflux for 
1.5 h under a Dean-Stark trap. After removal of the solvent 
the mixture was chromatographed on 60-200 mesh silica @ 
(elution with 4: 1 hcxane-Et,O) to afford 527 mg (1%) of 7c 
and !k. The diastereomer ratio 7cj% was determined to be 
1.9: 1.0 by glass capillary GLC. Flash chromatography 
employing 230-400 mesh silica gel (elution with 5 : I hcxane- 
EtrO) afforded pure 7c and !k. 

Darafor 7c. RIO.76 (5O:SO: I hexanes-Et,C&HOAc); IR 
(lilm) 2960, 2890. 2870, 1754 1625, 1460, 1425, 1380, 1360, 
1340.1310,1270,1240,1230,1140.1110,1080,1040,980,935, 
860, 835. 790, 770, 720, 690 cm- ’ ; ‘H-NMR (400 MHz, 
CDCl,) d 6.15 (dd. lH, J = 18.68, 1.03 Hz), 5.88 (dd, 1H. J 
= 18.68.6.73 Hz),4.82(ddd, 1H.J = 8.97,6.73,0.%Hz),4.34 
(ABq, ZH, J,, = 17.64 Hz, An,, = 106.06 Hz), 3.23 (dd, IH. 
J = 8.97, 2.85 Hz). 1.89-1.84 (m, IH). 1.02 (d, 3H, J = 6.91 
Hz),0.92(d,3H.J = 6.91 Hz),O.O8(q9H);“C-NMR(CDCl,) 
6 167.19.138.23,137.24,83.55,79.76,65.75,27.92,19.88.15.16 
- 1.72; MS (70 eV) parent peak 242, base peak 73. 

Data for A. R, 0.66 (50: 50: 1 hexan-EtxGHOAc); IR 
(film) 2950, 2875, 1750, 1620. 1470, 1430, 1385, 1340. 1240, 
1220,1140.1125.1050.1030,1000,970.940.860,840.770.760, 
735,700,63-Ocm-‘;‘H-NMR(4OOMHz,CDCl,)d6.116.10 
(m, ZH), 4.85 (dd. lH, J = 5.95.273 Hz). 4.39 (ABq, 2H. J,. 
= 17.82 Hz, Au4g = 73.54 Hz), 3.34 (dd, J = 9.76.273 Hz), 
l.Wl.60 (m, III), 1.03 (d, 3H, J = 6.62 Hz), 0.90 (d, 3H. J 
= 6.62 Hz),O.lO(s, 9H); “C-NMR (CDCl,) d 167.03.138.39, 
137.05, 83.54, 80.30, 66.39, 29.03, 19.33, 17.75, -1.64; MS 
(70 eV) parent peak 242, base peak 73. (Found : C, 59.62; H, 
9.17. Calc for C,,H,,SiO,: C. 59.46; H, 9.14x.) 
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[5/I,6a~E)]- and [Sb,6/J - (E)] - 5 - (1 - Methylethyl) - 6 - (1 - 
propenyl) - 1,4 - dioxan - 2 - one (76 !W) 

Toaslurryof130mg(5.21 mmol)of960/.NaHsuspcnsionin 
10mlofTHFat0°waaaddd835mg(5.21mmol)of13in20ml 
ofTHF. The mixture was allowed to stir at 0” for 10 min, then 
allowcdtowarm to25”and tostirfor20min.Afterthcsolnhad 
been cooled to - 78”. 3.96 ml (6.25 mmol) of a 1.58 M soln of 
trans-propenyllithium in Et,0 was introduozd dropwise and 
the soln was allowed to stir for I .5 h whereupon it was quenchal 
with 5% HCl aq and allowed to warm to 25” and to stir 
overnight. The mixture was poured into H,O and the aq layer 
was extracted several times with Et,O. The combined Et,0 
extracts wereconcentrated, and the raiduc was taken up in 25 
ml of C,H, with 30 mg of camphorsulfonic acid. The soln was 
stirred at nllux for 2.5 h. After removal of the solvent the 
mixture was chromatographed on 60-200 mesh silica gel 
(elution with 4: 1 hcxancs-cthcr) to alTord 600 mg (63%) of 7d 
and W. The diastcreomcr ratio 7d/!M was found to be 1: 1 by 
glass capillary GLC. Flash chromatography employing 230- 
400 mesh silica gel (elation with 7 : 1 hexanes-Et,O) afforded 
pure 7d and W. 

Data for 7d. R,O.72 (I : I hexansEt,O); IR (CHCI,) 3030. 
2970. 2940.2850, 2840, 1754 1675, 1474 1450, 1430, 1380. 
1374 1330,13X), 1290,125O. 1150,1120,1070,1000,980,970, 
940, 925. 914 850, 690. 640 cm-‘; ‘H-NMR (400 MHz. 
CDCl,) d 5.92 (dq, 1H. J = 15.24.6.58 Hz), 5.37 (ddd, IH, J 
= 15.24, 8.59, 1.53 Hz), 4.78 (dd, lH, J = 9.03.8.59 Hz), 4.33 
(Ai& 2H. Ja = 17.62 Hz, AoM = 105.81 Hz), 3.23 (dd, lH, J 
= 9.03,2.57Hz),1.90-1.83(m,lH),1.75(dd,3H,J = 6.58.1.53 
Hz), 1.01 (d.3H.J = 6.91 Hz),0.88(d,3H,J = 6.91); “C-NMR 
(CDCI,) 6 167.39, 133.45, 125.16, 82.64, 79.78, 65.87, 27.91, 
19.94,17.75,14.82; MS (70eV)parcnt peaL 184, base peak 69. 

Datafor W. R,0.65(1: 1 hexanes-Et,O); IR (CHCl,) 3010, 
2%5. 2940. 2920, 2880, 1740, 1645, 1480, 1450, 1430, 1385, 
1350,1310,1280,1250,1230,1165,1120,1035,990,974930, 
920.890,830 cm-‘; ‘H-NMR (400 Mm CDCl,) d 5.91 (dq, 
lH,J = 15.25,6.44Hx),5.69(ddd,lH.J = 15.25,8.66.1.53Hz), 
4.83(dd, lH,J = 8.66,2.34H~),4.38(ABq,2H,J~ = 17.81 Hz, 
Av.~ = 72.04Hz),3.3O(dd. lH.J = 9.80.2.34Hz). 1.78(dd.3H, .._ 
J = 6.44.1.53 Hz), 1.7<1.58(m, lH), l.O2(d,3H;J = 6.63Hx). 
0.861d.3H.J = 6.63Hzl:“C-NMRICDCl.lG 167.18.133.75. 
123.82; 82:12, 80.31, 6b:41. 29.01, i9.21, ii.85. 17.a8; MS 
(70 eV) parent peak 184, base peak 69. (Found: C, 65.00; H, 
8.87. Calc for (&H,,O,: C. 65.19; H, 8.75%.) 

(I-Acetyl-2-methylpropoxy)ocetic acid (15) 
Toa slurry of 12.5g(0.416mmol)ofW~NaH dispersion in 

100mlofTHFat0”wasaddcd20.0g(0.139mmo1)of14ina 
dropwise fashion as a soln in 100 ml of THF. The mixture was 
stirred at reflux for 24 h then coolal to 0” and bromoacetic acid 
(21.2 g. 0.153 mmol) was introduced dropwise as a soln in 100 
ml ofTHF. The mixture was stirred at rcflux for 37 h and was 
then cooled to 0” and Hz0 ~a.9 added. The aq layer was 
extracted with Et,0 and the Et,0 extracts were discarded. 
The aq layer was then acid&d to pH 4 with cone HCl and 
extractal repeatedly with Et,O. The combined Et,0 extracts 
were then concentrated and the residue was dilutal with THF 
and stirred at 25” with 5% HCl aq for 2 h. The aq layer was then 
extracted with Et20 and the Et,0 extracts were dried 
(MgSO,) and con&rated to afford 19.0 g (78Q of the kcto 
acid 15: R, 0.24 (3:2 hexancs-Et,O, 1% HOAc); IR (lilm) 
3500, 3140, 2970. 2940,288O. 1730, 1460, 1434 1390, 1370, 
1355,1240,1130,1040,960,940,870,800,680cm-’:’H-NMR 
(400 MHz, CDCI,) d 4.13 (ABq, 2H, JU = 16.85 Hz AoU 
=45.92Hz),3.64(d,1H,J=5.10Hz),2.19(s,3H),2.13-2.10 
(m. 1H). 0.99 (d, 3H, J = 6.82 Hz), 0.92 (d, 3H, J = 6.82 Hz); 
1’C-NMR(CDCl,)6210.24, 173.53.91.97,68.75,30.85,26.10, 
18.97, 16.83 ; MS (70 cV) parent peak 174. base peak 55. 

trans-and&- 6- E&enyl-6-methyl- 5 -(l -methyle~hyl)- 1.4- 
dioxan - 2 - one (Ie, SC) 

To a soln of 330 mg (1.89 mmol) of 15 in 30 ml of THF at 0” 
was added 1.9 ml (1.9 mmol) of a 1 M soln of vinylmagnesium 
bromide in THF. The mixture was allowed to stir at 0” 

for 0.5 h whereupon an additional 2.44 ml (2.44 mmol) of 
vinylmagnesium bromide was introduced. The resulting 
cloudy mixture was allowed to stir at 0” for 1.5 h then acidified 
with 5% HCl aq and warmed to 25”. The mixture was then 
poural into H,O and the aq layer was extracted with Et,O. 
The combined organic extracts were then conomtratti and 
the residue was taken up in 30 ml of C,H, with 10 mg of 
camphorsulfonicadd.Thismixturcwashcatcdatrcfluxfor2h 
under a Dean-Stark trap. After removal of the solvent the 
mixture was chromatographcd on 60-200 mesh silica gel 
(elution with 4: 1 hexanwEt,O) to atiord 195 mg (56%) of 7e 
and 9c The diastercomcr ratio of 7ej% was found to be 9.6: 1 
by glass capillary GLC. Flash chromatography on 230-400 
mesh silica gel (elution with 5 : 1 hexancs-Et,O) alTordcd pure 
7c and 9e. 

Darafiw 7e. R, 0.65 (50 : 50 : I hexanes-Et,@HOAc); IR 
(film) 3220. 2960, 2840, 1750, 1480, 1440, 1430, 1414 1360, 
1285, 1190, 1130, 1080. 1050, 1030, 990, 890, 850. 795, 720 
cm-‘;‘H-NMR(4OOMH&CDCl,)b5.86(dd,lH.J = 17.28, 
10.83 Hz), 5.45 (dd. lH, J = 17.28, 0.52 Hz), 5.32 (dd, 1H. 
J = 10.83, 0.52 Hz), 4.35 (ABq, 2H, J,s = 17.70 Hs Au,,a 
= 106.73Hz),3.18(d, 1H.J = 5.25Hz), 1.85-1.61(m,3H), 1.53 
(~,3H),0.99(d,3H.J = 6.77Hz),0.98(d.3H.J = 6.77Hz);‘“C- 
NMR (CDCl,) b 167.07. 137.70, 116.87. 85.79, 83.60, 65.99, 
28.21, 21.69, 19.12, 17.85; MS (70 eV) parent peak 184, base 
peak 55. (Found: C, 65.24; H, 8.77. Calc for C,oH,,O,: C, 
65.19; H, 8.75x.) 

Dafafor 9c. R, 0.63 (50:50: 1 hexanes-Et,&HOAc); IR 
(film) 3070, 2960, 2850, 1750. 1650, 1470. 1430, 1420, 1390, 
1380,1340,1300,1270,1160,1140,1080.1030,1OOQ980.950, 
940,860,820,780,710 cm - ’ ; ‘H-NMR (400 MHz. CDCl,) 6 
6.07 (dd. lH, J = 17.32, 10.90 Hz), 5.35 (d, 1H. J = 17.32 Hz)), 
5.32 (d, lH, J = 10.90 Hz), 4.36 (ABq. 2H. J- = 17.85 Hz, 
AuAs = 95.30Hz),3.27(d,lH,J = 4.43Hz), 1.87-1.83(m, 1H). 
1.49(s,3H),1.05(d.3H.J =6.8lHz),0.95(d,3H.J =6.81Hz); 
“C-NMR (CDCI,) d 167.87, 136.11. 116.98, 85.97, 84.97, 
66.47.28.57.23.43.2215, 17.79; MS (70eV) parent peak 184, 
base peak 55. 

trans - 6 - Methyl - 6 - (1 - merhylethenyl) - 5 - (1 - n~kylelhyl) - 
1.4 - dioxan - 2 - one (70 

To a soln of 407 mg (233 mmol) of 15 in 50 ml of THF 
at -78” was added 21 ml (231 mmol) of 1.10 M iso- 
propcnylmagnesium bromide in THF. Tbc mixture was 
allowed to stir at - 78” for 0.5 h whercuoon an additional 3.2 1 
ml (3.53 mmol) of isopropcnylmag&sium bromide was 
introducad. The resulting mixture was stirred at - 78” for 1 h 
then qucnchal with 5% HCl aq and allowed to warm to 25” 
andtostirfor 1 h.TbemixturewaspourcdintoHtOandtheaq 
layer was extracted with Et,O. The combined Et,0 extracts 
were conantratal and the residue was taken up in 20 ml of 
C,H, with 20 mg of camphorsulfonic acid. The mixture was 
heated at reflux for 1.5 h under a Dean-Stark trap. After the 
solvent was removed the mixture was chromatograohcd on 
60-200 mesh silica gel (elution with 4: 1 hexan&&O) to 
afford 225 mg (so”/,) of 7f exclusively. R, 0.63 (50: 50: 1 
hexansEt,tXHOAc): IR (lilm) 3085,2950,2870.1750,1650, 
1480,1390,1360,1290,1215,1145,1070,1035.1020,975.920, 
890,820,790,73Ocm- ‘;‘H-NMR(4OOMH~CDC1,)65.12@, 
lH),5.07(s, lH),4.31(ABq,2H.J, = 17.75Hz,Au, = 92.33 
Hz). 3.42 (d, 1H. J = 5.09 Hz), 1.81 (s, 3H), 1.78-1.70 (III, lH), 
1.56(~,3H).0.95(d,3H.J = 6.48Hz),0.93(d.3H.J = 6.48Hz); 
“C-tiMi (CD&) d 167.86, 14j:95, 1‘15.72 88.67, 80.9;. 
66.29,28.48. 21.72. 19.30. 19.03. 17.97: MS (70 cW base ucak 
56.(F~und:C,66.~8;H,~.15.C&for~~,H;,O,:~.66.~;H. 
9.15X.) 

([l~l-Methylethy~Z-propenyCJoxy)acelic acid l.l-dimethyl- 
ethyl ester (1C) 

A mixtureof5.0g(34.41 mmol)of 12.7.12g(34.51 mmol)of 
1.3dicyclohcxylcarbodiimidc, 3.0 ml (99.20 mmol) of t-butyl 
alcohol and 384 mg (3.14 mmol) of 4-dimcthylaminopyride 
in 75 ml of anhydrous CHICI, wps allowed to stir at room 
tcmp for 10 h. Concentration of the reaction mixture in DM(O 
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and purification by flash chromatography (elution with 1: 6 conamtratcd. Flash chromatography(elution with 1: 7 Et+ 
Et+hexancs) aRordcd 5.9 g (88%) of Hia, homogeneous by hexancs) gave 132 mg (890/,) of lS, homogeneous by TLC and 
TLCandspcctroscopicanalysis:R,0.77(1: 1 Et+hexanu); spectroscopic criteria: R, 0.54 (1:2 Et,O-hexancs); IR 
IR (CHCI,) 3090, 3010,2980, 2942, 2879, 2117, 1943, 1795, (CHCl,) 2935,2889,1732,1691,1614 1432,1389,1382,1300. 
1686, 1478, 1460, 1433. 1397, 1374 1311, 1239, 1164, 1121, 1238.1220, 1160,1131, 1069,1032,980,939,851 cm-‘; ‘H- 
1030, 1000,974,936,891,800 cm-‘; ‘H-NMR (400 MHz, NMR (400 MHz, CDCl,) d 7.04 (dq, lH, J = 15.54.6.87 Hz), 
CDCl,)65.615.59(m, 5H),5.25(dd, lH,J = 10.31,1.94Hz), 6.51 (dd. lH, J = 15.54, 1.72 Hz), 3.93 (ABq, 2H, J- = 16.36 
5.16(dd, lH, J = 17.40, 1.88 Hz), 3.91 (ABq, 2H, Jti = 16.34 Hz, Au, = 92.21 Hz), 3.64(d, lH, J = 6.41 Hz), 204-1.99 (m, 
Hz, Au, = 34.21 Hz), 3.44 (dd, lH, J = 7.97, 6.97 Hz), 1.86- lH), 1.91 (dd, J = 6.87, 1.72 Hz), 1.45 (s, 9H), 1.43 (d, 3H, J 
1.79(m. lH), 1.46(~,9H),0.97(d. 3H. J = 6.78Hz),0.87(d,3H, = 6.79 Hz), 0.94 (d, 3H. J = 6.79 Hz); “C-NMR (CDCI,) 6 
J = 6.78 Hz); “C-NMR (CDCI,) d 169.83, 136.39. 118.65, 200.18,168.95,144.03,127.0290.27.81.64,68.06,31.17,u1.04. 
87.06.80.85.65.99.32.34. 27.98. 18.49. 17.99: MS (I5 eV) base 18.67, 18.39, 17.96; MS (15 eV) base peak 57. 
peak’57, pa’rent p& 2lb. (Fobnd: 6, 67.26; H,‘10.37: Calc 
for C,,H??O,: C. 67.26; H. 10.35%.) 

(I-Fonnyl-2-methylpropoxy)aceticacid l,l-dimethyk~hylesrer 
(W 

A soln of 1.48 g (6.91 mmol) of 160 in 60 ml of dry CH,Cl, 
was cooled to - 78” and ozone was bubbled through until a 
distinct blue color persisted. After the mixture had stirred at 
- 78” for 5 min. argon was bubbled through the sola for 5 min 
to dissipate the excess 03. The mixture was then treated 
with 1.0 ml (13.82 mmol) of MeaS and allowed to warm to 
room tcmp and to stir overnight. Concmtration and flash 
chromatography (elution with 1: 3 Et@-hexancs)gave 1.24g 
(83%) of 16b as a colorless oil, homogeneous by TLC and 
spectroscopic criteria: R, 0.52 (1: 1 Et,O-hexanes); IR 
(CHCI,) 3022,2979,2942,2880,1741,1472,1434,1395,1376, 
1310,1235, 1124,845 cm- ‘; ‘H-NMR (400 MHz, CDCI,) d 
9.64 (d, lH, J = 2.55 Hz), 4.03 (s, ZH), 3.45 (dd. IH, J = 5.44, 
2.55 Hz), 2.08-2.03 (m, lH), lAO(s, 9H), 0.96 (d, 3H, J = 6.84 
Hz), 0.95 (d, 3H, J = 6.84 Hz); 13C-NMR (CDCI,) d 203.47, 
169.28, 89.51. 8200, 68.87, 30.34. 28.03. 18.27. 17.30; MS 
(15 ev) base peak 57. 

LV,S* - (a!$] - (r-2 - Hydroxy - 1 - (1 - melhylerhy[) - 3 - 
~ruenyQox&c& &d-l,1 - &nethylethyl ester 17 

Toamixtureof418mn(1.O6mmol)ofCuI~Bu,Pin5.0mlof 
dry Et,0 at - 35” waslabdai drop&c 1.62 i of a 1.31 M 
ethereal soln of trans-propenyllithium.‘ti~ The resulting 
yellow soln was allowed to stir at - 35” for 30 min at which 
time 115 mg (0.35 mmol) of 16b was added in 3 ml of Et,O. 
After stirring at - 35” for 3 h, the mixture was quenched with 
excess McOH followed by a 1: 1 soln of3% NH,OH aq and sat 
NH&l. The layers were partitioned, and the aq phase was 
extracted three times with Et,O. The combined organic 
extracts were dried (MgSOd and concentrated. Flash 
chromatography (elution with 1: 7 Et+hexancs) gave 87.3 
mg (64%) of 17 as a single diastercomer (> 100: 1 by capillary 
GLC). homogeneous by TLC and spectroscopic criteria : R , 
0.27 (r : 1 Et,&hexanc& IR (CHCI;) 3440,3&O. 2980,2ti, 
2880. 1860. 1680. 1470. 1460. 1435. 1395. 1370. 1295. 1155. 
i1301i085,~i025,i~5.d70.940,9~0,850~-~;~H-NM~(400 
MHz, CDCI,) 6 5.78 (dq, lH, J = 15.26, 6.25 Hz), 5.36 (ddd, 
lH, J = 15.26.7.83, 1.65 Hz). 4.65-4.58 (br s, lH), 4.12 (ABq, 
2H, JU = 16.86 HEAVY = 169.09Hz),4.06(dd, IH,J = 8.09, 
7.83 Hz), 2.97 (dd, lH, J = 8.09, 2.55 Hz), 1.86-1.78 (m. lH), 
1.69 (dd, 3H. J = 6.52, 1.65 Hz). 1.46 (s, 9H), 0.97 (d. 3H. J 
= 6.91 Hz), 0.86 (d. 3H, J = 6.91 Hz); “C-NMR (CDCI,) d 
171.52, 130.04, 128.92,92.86,82.45,73.47,71.24.29.90,28.04. 
20.56.17.82,15.69;MS(l5eV)bascpcak69.(Found:C,64.87; 
H, 10.22. Calcfor C,.HZe04: C, 65.09; H, 10.14%.) 

Conversion o/l7 to 7d. A mixture of 50 mg (0.193 mmol) of 
17 and 5 pl (0.064 mmol) of tri!Iuoroaatic acid in 2 ml 
of anhydrous CH&l, was stirred at room tcmp for 1 h. 
Concentration under reduced pressure and flash chromatog- 
raphy (clution with I:7 Et@-hcxancs) provided 33.7 mg 
(95%) of 76 which was identical in all rc+cts to the material 
produd previously. 

Conversion of17 ro W. To a soln of 150 mg (0.58 mmol) of 17 
in 4 ml of dry DMF at 0” was added 328 mg (0.87 mmol) of 
pyridinium dichromate. The resulting mixture was allowed to 
stir at 0“ for 5 h and then poured into 15 ml of H1O. The aq 
layer was extracted five timca with Et,O, dried (MgS03 and 

To a soln of 27 mg (0.105 mmol) of 18 in 2 ml of anhydrous 
Et,0 at 0” was addai0.24ml ofa0.145 Methercalsoln ofzinc 
borohydridc.Themixturcwasallowedtostirat~for1.5hattd 
wasthenpourbdintosatNH,CIaq.Theaqlayawasextracted 
three times with Et,0 and the combined Et,0 extracts were 
dried (MgSO,) and concentrated. Flash chromatography 
(elution with 1: 7 Et,O-bcxancs) yielded 24.8 mg (92%) 
of esters 19 (major) and 17 (minor) in a ratio of 52: 1 as 
determined bycapiUaryGLC( 170”,isothermal,25 MSuperox 
4,Row rate 1.5ml min-‘).Analyticaldatafor 19: R,0.42(1: 1 
Et+hexann); IR (CHCI,) 3620, 3540-3300, 3019. 2981. 
2960, 2880, 1731. 1472, 1451. 1430, 1397, 1378, 1371, 1250, 
l160,1131,1048,972cm- ‘; ‘H-NMR (400 MHz, CDCl,) d 
5.73(dq,lH.J = 15.47,6.32Hz),5.69(ddd.lH.J = 15.47.6.72 
1.32 Hz), 4.12 (ABq, 2H, J,a = 17.06 Hz, Ao, = 173.53 Hz), 
4.08 (m, lH), 3.05 (dd. IH, J = 9.14,2.69 Hz), 1.72 (dd, 3H. J 
= 6.32 1.37 Hz). 1.70-1.68(m. 1H). 1.47(s.9H),0.99(d.3H. J 
= 6.73’Hz), 0.87 (d, 3H, J = 6.73 Hz); ‘jC-NMR (CDCI,) 6 
172.22 129.49. 128.49.93.87. 82.69.73.21. 71.23.31.22.28.21. 
19.80,19.09,1~.06;M~(15e\jbase’pcakcak6b.(found:C;65.15i 
H, 10.30. Calcfor C,,H,,O.: C. 65.09; H, 10.14x.) 

Amixtureof30mg(0.116mg)of19and0.04ml(0.58mmol) 
of trifiuoroacetic acid in 2 ml of dry CH,C& was stirred at 
room temp for 6 h. Concentration and flash chromatography 
(elution with 1: 7 Et&hexancs) produced 20 mg(95%) of W. 
identical in all respects to the material produced previously. 

cis - 3.6 - Dihydro - 6 - (1 - methylethyl) - 2H - pyran - 2 - 
carboxylic acid methyl ester (&) 

ToasolnofL76mmolofLDAin l.OmlofTHFat -78”was 
added 150 mg (0.88 mmol) of 7a in 3.0 ml of THF. After the 
mixture had stirred at - 78” for 30 min, there ~89 added 0.780 
ml ofthcsupcmatant from the centrifugation ofa 1: 1 mixture 
of Me,SiCI and Et,N. The mixture was allowed to stir for 
an additional IO min at - 78”. it was then warmed to 25”, and 
stirred for 30 min. The solvent was removed in vocuo and 
replaced with 8 ml of tolucne. The soln was stirred at 1 lo” for 
4 h wercumn the soln was cooled to 25” and the solvent was 
removcd.ihc residue was taken up in 20 ml of Et,0 and 
treated with 5% HCI act. The soln was stirred at 25” for 2 h 
whereupon tlt;aq laycr’was extracted repeatedly with Et,O. 
ThccombinedEt,Oextractswercwncentrataiand thccrude 
carboxylic acid was dissolved in 10 ml of Et,0 at 0” and 
ester&d with an ethereal soln of diazomcthane. Flash 
chromatography employing 230-400 mesh silica gel (elution 
with 10: 1 hexans-Et20)alfordcd 108mg(6T~)of&.R,0.44 
(1: 1 hexancs-Et,0);1R(CHCl,)3010,2925,2905,2850,1745, 
1645. 1460. 1435. 1385. 1360, 1335. 1280. 1230, 1200, 1180, 
1080,1025&0,8i5,750cm- ‘;‘H-tiMR(4OOMHz,CDCl,)6 
5.89-5.85Im.lH15.67(brd.lH.J = 9.18Hz),4.20(dd.lH.J 
= 10.47, i.Oi Hzj; 4.01 im, IH), j.76(s, 3H), 2.3s2.2.1 (fit, 2i$, 
1.91-1.66 (m, lH), 0.95 (d. 3H, J = 7.32 Hz), 0.92 (d. 3H. 
J = 7.32 Hz); “C-NMR (CDCI,) 6 171.77, 128.05, 124.35, 
79.90,7281.51.95.3237,28.22.17.82,17.54;MS(70eV)parcnt 
peak 184, base peak 81. 

cis - 3.6 - Dihydro - 4 - methyl - 6 - (I- methykthyl) - 2H - pymn - 
2-cboxylic~acid methyl e&r (8b) 

Thedioxanonc7b(16Oma.0.87mmol) WM rearran& and 
csterilicd by the pro&lure &cribai for ;hc producti& of &. 
Flash chromatography employing 230-400 mesh silica gel 
(elution with 10: 1 hexancs-Et,O) dordcd 128 mg (74%) of 
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8b: R, 0.54 (4: 1 hexanesEt,O); IR (film) 2910,2870,2X0, 
1745. 1685. 1450, 1430, 1380. 1360, 1350, 1325. 1320, 1270, 
1210,1185,1170,1110,1060.1040,1M0.985,975,930,880,85, 
810,75Ocm- ‘; ‘H-NMR(~~~MHzCDCI,)G~.~~(~~~ IH), 
4.17 (dd. 1H. J = 11.13,3.&l Hz), 3.93 (br <.lHX 3.76 (s, 3Hj, 
2.25-2.22(m.1H).21O-2.CWn.1HL1.87-1.81~mIHL1.72(d. 
3H,J = O.k3Hz~0.93(d,3H,; ir 6.&ix),0.9O~d,jH,~ = 6.84 
Hz); “CNMR(CDCl,)6 171.54,132.07,121.60,79.86,72.97, 
51.87,32.78,32.56,2281,17.83.17.58;MS(70eV)parent peak 
198, base peak 95. 

(2/3.3&68) - 3,6 - Dlhydro - 6 - (1 - methyhhyl) - 3 - 
(trimeth~lsilyf)-2H -pyrm,-2-cmboxyl&acidmrlhyiestrr(&) 

The dioxanone 7~1111 mg 0.457 mmol) was rearranaed and 
ester&d by the pro&hue &scribed for ihc product& of &. 
Flash chromatography employing 2304W mesh silica gel 
(elution with 10: 1 hcxaaa_Et,O)afiorded62ma152”/.)of&: 
i, 0.60(4: I hexancsrEt,O); Ik @II) 3010,292&‘28& 2770, 
2550, 1755, 1730, 1620, 1460, 1430, 1380. 1360. 1280, 1250. 
1200,1190,1150.1100,970,950.850.840,790,760,750,710, 
680,620cm-‘;‘H-NMR(400MHz.CDCl,)d5.89(ddd,1H.J 
= 10.30,5.78,2.11 Hz),UO(dd, lH.J = 10.30, 1.58 H&4.47 
(d, lH, J = 3.68 Hz), 4.01-3.98 (m, lH), 3.73 (s, 3H). 1.92-1.89 
(m, 1H). 1.87-1.82(m, lH),0.98@, 3H, J = 6.81 Hz), 0.93 (d, 
3H. J = 6.81 Hz), 0.03 (9 9H); “C-NMR 6 171.76, 128.12, 
124.97, 81.38, 75.13, 51.36, 3262, 30.93. 18.56, 18.13, -1.57; 
MS (70 eV) parent peak 256, base peak 73. 

(2&38,6B) - 3,6 - Dihydro - 3 - methyl - 6 - (I - methylerhyf) - 2H - 
pyran - 2 - carboxylic acid mezhyl ester (ad) 

The dioxanone 71(108 mg 0.59 mmol) was rearranged and 
ester&d by the procedure described for the production of &. 
Flash chromatography employing 230-4W mesh silica gel 
(elution with 10 : 1 hexane+EtlO) afforded 8 I ma(70”/.) of 8d : 
R/0.53 (3: 1 hexanes-Et,O); rk @III) 3010,293~,‘277~. 1755, 
1650, 1450, 1390, 1370, 1320, 1280, 1200, 1160. 1120, 1080. 
1040,980.935.910,860.840.815.785.715 cm-‘; IH-NMR 
(400 MHz CDCI,) 6 5.96 (ddd, lH, J = 10.22,5.64,2.14 Hz), 
5.66(ddd. lH, J = 10.22 1.21.1.21 Hzl4.36fd. IH. J = 3.23). 
4.12A.g(m, iH).3.83($3k2.55-2.&(m, l.Hj,2.C&l.98(6; 
IH), l.O3(d,3H,J = 6.88Hx),l.O2(d,3H,J = 7.2OHz), l.OZ(d, 
3H,J = 6.88Hz);‘SC-NMR(CDCI,)6171.24.130.93,126.78, 
80.30,76.03,51.63.32.07,31.98. 17.79. 17.57, 14.94; MS(70 
eV)parmtpcakl98,basepeakf27.(Found:C.66.5l :H,9.25. 
CalcforC,,H,,O,:C,66.64:H.9.15%.) 

cis-3.6-Dihydro-5-meti?yl-6-(1-me~hy/ethyl)-2H-pyran- 
2-curboxylic acid methyl ester (8e) 

The dioxanone 7e (109 mg 0.59 mmol) was rearranged and 
estcri6ed by the proceduredescribed for the production of &. 
Rash chromatography employing 230-4@ mesh silica gel 
(elution with 10: 1 hexanwEtlO) afforded 105 mg (WA) of 
8r: R, 0.57 (4: 1 hexanes-Et,O); IR (film) 2930,2870,2830. 
1755, 1620, 1430. 1390, 1370. 1350, 1300, 1230. 1200, 1160, 
1130,108O. 103a.980,940.91~860.840.820.780an-’;’H- 
NMR (400 MHt, CDCI,) 6 5.5!L5.5’7 (m, 1H). 4.07 (dd. IH. J 
= 10.09.4.23 Hz), 3.99(&, lH),3.74(s.‘3H),2&2Ib(m.2l& 
1.99-1.92(m.1H).1.58(s.3HL1.09~d.3H.J = 6.86HA0.79Id. 
3H. J = 6.8iHzjf t’C-iiMd~Cti;)6 17205.135.4;; 12O.ii 
81.7272.27.51.80,29.64,28.25,19.46.18.90,14.33; MS(7OcV) 
parent peak 198, base peak 95. 

cis - 3.6 - Dihydro - 4,5 - dimethyl - 6 - (1 - methylethyl) - 2H - 
pyran - 2 - carboxylic acid methyl ester (8f) 

The dioxanone 7f ( 120 mg, 0.605 mmol) waa rearrangal and 
ester&d by the procedure de&bed for the production of & 
Flash chromatography employing 23&W mesh silica gel 
(elutionwith 10: 1 hexanes-Et,O)afforded 103mg(80”/,)oflW: 
R, 0.53 (4: 1 hexancs-Et,O); IR (CHCI,) 2955, 2915,2875. 
2805. 1750, 1600, 1430, 1385. 1370, 1305, 1230, 1135. 1065, 
lO35,975,915,865cm- ;‘H-NMR(400MHzCDCl,)d4.04 
(dd, 1H.J = 11.17,3.13Hz),3.9O(br~ lH),3.70(~.3H),2.22- 
2.01 (m, 1HA 1.98-1.91 (m, ZH), 1.64 (s, 3H), 1.48 (6 3H. J 
= 0.76 Hz). 1.04 (d, 3H, J = 6.86 Hz). 0.69 (d. 3H. J = 6.86); 

‘“CNMR (CDCI,) 6 172.06, 126.93, 125.02, 82.05, 72.03, 
51.68,33.73,29.90.19.61.18.91,14.30,13.61;M!3(70eV)parent 
peak 212, base peak 109. (Found: C, 67.98; H, 9.65. Calc for 
C,,H,,O,: C, 67.89; H, 9.49%.) 

trans-3,6-Dihydro-6-(l-mezhylcthyf)-2H-pyran-2- 
carboxyiic acid methyl ester (1QI) 

Thedioxanooe9a(103mg,0605mmo1)wasrearrangedand 
esterified by the procedure described for the production of 8a. 
Flash chromatography employing 23&400 mesh silica gel 
(elution with 10: 1 hexaneEt,O)a5orded 77 mg(690/.) of the 
rearrangement product lb: RI 0.42 (4: 1 hexanes-Et,O); IR 
(film) $10, 29%. 2900. 2850.1745, ‘1640, 1460, 1435, i385, 
1365.1335,1290,1230.1200,1180,1110,1080,1030,975.840, 
825,750 cm - ’ ; ‘H-NMR (400 MHq CDCI,) d 5.87-5.82 (m, 
lH), 5.74 (ddd, lH, J = 10.49,4.08. 1.95 Hz), 4.45 (dd, lH, J 
= 5.41.5.41 Hx),4.15+.12(m, lH),3.75(~,3H),2.40-2.37(m, 
2H). 1.88-1.82(m. lH),0.96(d, 3H, J = 6.78 Hz).0.93(d. 3H, J 
= 6.78 Hz); “C-NMR (CDCl,) d 17255. 128.07. 122.96, 
76.66,69.48,51.89,3248,26.85,18.27,18.03;MS(70eV)parent 
peak 184. base peak 81. (Found: C, 65.44; H, 8.94. talc for 
C,,,H,hO): C. 65.19; H. 8.75*/L) 

trans - 3.6 - Dihydro - 4 - methyl - 6 - (1 - melhylethyf) - 2H - 
pyran-2-carboxylic acid methyl ester (1Ob) 

The dioxanone 9b (107 mg, 0.58 mmol) was rcarrangcd and 
esterified by the pr&ure described for the production of &. 
Flash chromatography employing 2W mesh silica gel 
(elutionwith 10: 1 hexan~Et,0)gave89mn(78”/,)offOb:Rr 
0.45 (1: 1 hexanes-Et,O); IR (film) 2900, 1745; 1680. 145j, 
1440.1380.1365.1325.1280.1200.1150.1120.1050.1020.985. 
970,~5.9~.91~,8eo.~~~~I0,7~71~~-i;’H-~NM~(40d 
MHx,CDCl,)d5.42(brs, lH),4.44(d& lH,J = 5.48,5.48Hz), 
4.064.03(m, lH), 3.74(s,3H),227-225@,2H), 1.83-1.75(m. 
IH), 1.72(~,3H),0.93(d,3H, J = 6.77 Hz),0.9O(d,3H. J = 6.77 
Hx);“GNMR(CDC!,)6 172.56.130.78,121.44,76.90,69.76. 
51.84.32.61,31.38,23.11,18.30,18.06;MS(70cV)pareatpeak 
198, base peak 95. (Found: C, 66.54; H, 9.22. Calc for 
C,,H,,O,:C.66.64;H.9.15%.) 

(2u,3c56~) - 3.6 - Dihydro - 6 - (1 - merhylethy[) - 3 - 
Wne~hvlstlvl) - 2H - DYTM - 2 - carboxvlic acid methvl ester 
(Ilk-.- .- 

The dioxanone 9c (127 mg, 0.52 mmol) was rearranged and 
esteritied by the procedure described for the production of &. 
Rash chromatography employing 23WOO mesh silica gel 
(elution with 10: 1 hexanes-Et20) aabrded 81 mg (61%) of 
IOc: Rr 0.64 (4: I hcxanes-Et*O); IR (film) 3025,2950,2880, 
1760. i730, i&O, 1440, 138O;lj65, 1315;1275, 1250, 1200, 
1190.1145.1117.1100.1080.1025.1010.920.870.840.760.720 
cm-‘; ‘H-NMR (ti MI& &Cl,j 6 j.98-(ddd. Iri. J 
= 10.30,5.94.229Hx),5.74(ddd,lH,J = 10.30,257.1.48Hz), 
4.45 (d, IH, J = 3.38 Hz), 3.92 (br d, lH, J = 7.42 Hz), 3.75 (s, 
3HA 1.98-l.%(m, IX), 1.861.78(m, lH).0.98(d,3H.J = 6.72 
Hz). 0.92 (d, 3H, J = 6.72 Hz); “C-NMR (CDCI,) d 17201. 
127.60. 125.04. 79.44, 70.50. 51.59, 33.13, 31.01. 19.21, 18.64, 
- 1.921; MS (70 eV) parent peak 256. base peak 73. 

(2a,3a,6/3) - 3.6 - Dihydro - 3 -methyl - 6 - (1 - methylethyl)- 2H - 
pyran-2-carboxylic acidmerhylesrer (1Od) 

The dioxanone W (188 mg, 1.02 mmol) was rearranged and 
ester&d by the procedure described for the production of &. 
Flash chromatography employing 230400 mesh silica gel 
(elution with 10: 1 hexancs-Et,O) a5orded 163 mg (81%) of 
101: R, 0.55 (3: 1 hexancs-EtlO); IR (CHCI,) 3010, 2960, 
2930. 2910, 2840, 1755. 1650. 1600, 1460, 1440. 1380, 1370, 
1320,128O. 1230,118O. 1150,1120,1080,1025.970.960,920, 
910,885.845,830,820,680.650 cm- 1 ; ‘H-NMR (400 MHG 
CDCI,) d 6.05-5.95 (m, tH), 4.58 (d, 1 H, J = 3.61 Hz), 4.lO(br 
d, 1H. J = 8.34 Hz), 3.96 (s, 3H). 2.6?+262 (m. IH), 2.07-2.01 
(m,lH),1.18(d,3H.J = 6.68Hz),l.l4@.3H,J = 6.98Hx),1.11 
(d, 3H, J = 6.68 Hz); “CNMR (CDCI,) d 171.38, 129.54, 
126.89,78.88.71.73,51.62,3201,31.34,19.33,18.63,14.37;MS 
(70 cV) parent peak 198, base peak 127. 
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trans - 3.6 - Dihydro - 5 - methyl - 6 - (1 - methylethyl) - 2H - 

pyran - 2 - carboxylic acid methyl ester (IO@ 
The dioxanone 9c (120 mg, 0.65 mmol) was rearranged and 

aterificd by the procedure described for the production of &. 
Flash chromatography employing 23WtOO mesh silica gel 
(clution with 10: 1 hexanes-Et,O) afforded 117 mg (91%) of 
ilk: R, 0.61(3: 1 hexanes-Et,O); IR (tilm) 2960,291O. 2870. 
1745,1670,1440,1385,1365,1335,1290,1200,1155.1030,970. 
920,900,860,830.814 770,67Ocm-‘; ‘H-NMR (400 MHz, 
CDCl,)6 5565.53 (m, lH),4.48 (dd, IH, J = 5.32.3.88 Hz). 
4.25(brs, lHX3.71 (s,3H),2.39-2.35(m,2H), 1.97-1.93(m, IH), 
1.57(43H.J =0.74Hz), 1.08(d,3H.J = 6.9OHz),0.79(d,3H, 
J = 6.90 Hz); “C-NMR (CDCI,) 6 173.05, 135.17, 118.47, 
78.27.70.15,51.68.30.13.26.71,19.61.19.54,14.88;MS(15eV) 
parent peak 198, base peak 95. 

[5/3,6a42)]- and [S/3,6/5 - (Z)] - 5 - (1 - Methylethyl) - 6 - (I- 
propenyf) - 1.4 - dioxun - 2 - oae (20.21) 

To a slurry of 201 mg (8.05 mmol) of 97% NaH in 40 ml of 
THFat0”wasaddcd1.29g(8.05mmol)of13asaso1nin10ml 
ofTHF. The mixture was allowed to stir at 0“ for 0.5 h then at 
25” for 0.5 h before it was cooled to -78”. The cooled soln of 
the sodium carboxylate was addcd to a cooled (- 78”) soln 
of 12.08 mmol of cis-propcnylmagncsium bromide in 10 ml 
of THF. The cis-propcnyhnagncsium bromide soln was 
prepared from 7.84 ml (1208 mmol) of cis-propenyllithium 
and 13.28 ml (13.28 mmol) of a 1 M soln of anhydrous MgBr, 
pnparcd in 3: 1 EtsO-CeH,. The cloudy mixture was stirred 
at - 78” for I h then acid&d with 5% HCI aq and allowed to 
warm to 25” and to stir for 1 h. The mixtun was then poured 
into H,O and the aq layer was extracted several times with 
Et,O.ThecombincdEt,Ocxtractswcreconcentratcdandthc 
residue was taken up in 50 ml of C,H, with 40 mg of 
camphonulfonic acid. The mixture was heated at rcflux for 
1.5 h under a Dear-Stark trap. After removal of the solvent, 
the mixture was chromatographcd on 60-200 mesh silica gel 
(clution with 4: 1 hexan&EtxO) to afford 893 mg (61%)of 
20 and 21. The diastercomcr ratio XT/21 was detcrmincd to 
be 1.3: 1 by glass capillary GLC. Flash chromatography 
employing 23G400 mesh silica gel (elution with 7: 1 hexanes- 
Et,O) afforded pure 20 and 21. 

batafir20. Rio.71 (1: 1 hexancs-Et,O);IR(CHCl,)3020, 
2975. 2940.2880. 1745. 1665. 1470. 1450. 1430. 1390. 1370. 
1360; 1345;1335;1275. i255, i215,1120,1b35,1&0,980,845: 
820 cm-‘; ‘H-NMR (400 MH& CDCI,) d 5.89 (dq, lH, 
J = 10.84,7.04 Hz), 5.36 (ddd, lH, J = 10.84, 10.19, 1.70 Hz), 
5.22 (dd. 1H. J = 10.19.9.37 Hz), 4.36 (ABq, 2H. J- = 17.61 
Hz, Au, = 108.67 Hz), 3.29 (dd, lH, J = 9.37.2.40 Hz), 1.87- 
1.80 (m, IH), 1.78 (dd, 3H, J = 7.04. 1.70 Hz). 1.03 (d, 3H, J 
= 6.91 Hz), 0.91 (d, 3H, J = 6.91 Hz); “C-NMR (CDCI,) 6 
167.58, 132.93, 124.29.80.01.66.02.28.10.20.15, 15.28, 13.66; 
MS (70 cV) parent peak 184, base peak 69. (Found : C, 65.41; 
H, 9.03. Calc for C,,H,,O,: C, 65.19; H. 8.75x.) 

Darafor21. R,0.69(1: 1 hexancs-EtsO);IR(CHCl,)3020, 
2975.2880. 1745, 1660, 1475, 1450, 1430, 1390, 1350, 1340, 
1280, 1250. 1220, 1120, 1024 1000. 970, 955, 930, 925. 890 
cm-‘; ‘H-NMR(4OOMH~CDCl,)65.93(dq, 1H.J = 10.86. 
7.OOHz).5.7l (ddd,lH,J = 10.86.10.17,1.72Hz).5.23(dd,1H, 
J = 10.17.2.38 Hz), 4.37 (ABq, 2H, JU = 17.81 Hz, AuAs = 
65.37 Hz), 3.37 (dd, 1H. J = 9.77,2.38 Hz), 1.78 (dd, 2H, J = 
7.00. 1.77 Hz), 1.6s1.60 (m, lH), 1.01 (d. 3H. J = 6.66 Hz), 
0.83(d.3H.J = 666Hz); ‘GNMR(CDCl,)6 167.37.132.86, 
122.50, 80.28, 75.39, 66.32, 29.18. 19.30, 17.86, 13.39; MS 
(70 cV) parent peak 184, base peak 69. 

(2u,30;6,!q - Tetrahydro - 3 - methyl - 6 - (1 - merhy/erhyf) - 2H - 
pyran - 2 - carboxylic acid methyl ester(U) 

A mixture of 116 mg (0.585 mmol) of ltM, 28 mg of 5% Pd/C 
and 15 ml of absolute EtOH was evacuated by aspiration and 
purgcdwithH,scvcral tima.Thiasuspcnsion wasthcostitrcd 
vigorously for 2 h at room temp. Filtration through a pad of 
Cclitc followed by evaporation of the solvent providai a 
colorless oil. Flash chromatography (elution with 1: 14 Et@- 
hexanes) provida185.2 mg(73%) of 24, homogcncous by TLC 

and spectroscopic criteria: R, 0.73 (1: 2 Et@-hexancs); ‘H- 
NMR (90 MHz, CDCI,) d 4.31 (d, lH, J = 5.3 Hz), 3.82-3.60 
(m. IH), 3.68 (s, 3H), 2.10-1.31 (m, 6H). 0.89 (m, 9H). 

(2/3,3/3,6/l) - Tetrahydro - 3 -methyl - 6 - (1 - merhylethyf) - 2H - 
pyran - 2 - carboxylfc acid methyl ester (25) 

A mixture of 245 mg (1.24 mmol) of 8d, 40 mg of loo/, Pd/C 
and 20 ml of absolute EtOH was evacuated by aspiration and 
purged with Hz several times. This suspension was then stirred 
for 3 h at room temp. Filtration through a pad of Cclite 
followed by evaporation of the solvent provided 224 mg 
(91%) of 25 as a colorless oil, homogeneous by TLC and 
spectroscopic criteria: R, 0.62 (1:2 Et,O-hexanes): IR 
(CHCI,) 3685,3013,2964,i935.2880,2864,-1752 1732~i604. 
1463, 1439, 1393, 1386, 1368, 1350. 1341, 1303, 1288. 1204, 
1161.1151.1123.1091.1079,1066.1045,1032,1002,904,859, 
832 cm - ’ ; ‘H-NMR (90 MHs CDCI,) 6 4.09 (4 lH, J = 20 
Hz),3.74&3H),298(m. IH),2.13@ lH), 1.95-l.l5(m,5H), 
1.05-0.80 (m, 9H). 

:3$4S) - 5 - (Ben:yloxy) - 3 - hydroxy - 4 - methyl - I - penrene 

To a soln of 16.0 g (40.39 mmol) of Cul * BusP in 120 ml of 
dryEt,Oat -35”wasaddcd50.2mlofvinyllithium(1.61Min 
THF).Thcrcsultingdark blucsoln wasalIowed to&at -35” 
for 30 min at which time 6.0 g (33.66 mmol) of 23 was added in 
60 ml ofTHF. After stirrinaat - 35” for 1 h.cxcoss Me-OH was 
added followed by a 1: 1 soin of3% NH,OH aq and sat NH&l 
aq. The mixture was warmed to room tcmp and then stirred 
vigorously overnight. The two layers were partitioned and the 
aq layer was extracted three times with Et,O, dried (MgSO,) 
and concentrated. Chromatography on ‘IO-23Omah silica gel 
(elution with 1: 5 Et+hexancs) provided 5.97 g (86%) of 26 
(major) and the erythro-isomer (minor) in a ratio of co 4: 1 as 
determined by “C-NMR. Flash chromatography of this 
mixture (clution with 1: 7 Et@-hexancs) gave 3.4 g of the 
three-isomer 26 along with 2.2 g of a mixture of 26 and the 
eryrhru-isomer which was rcchromatographcd. Analytical 
data for the rhreo-isomer 26: R, 0.56 (1: 1 Et,O-hexancs); 
[z];’ + 27.5” (c 1.70. CHCI,); Ii (CHCI,) 3600.3480, 3010, 
2801,2860.1499.1460.1451.1368.1231.1101.1028.995.930. 
701 cm-1;LH-NMR(90MHz,CDCl,)67.33(s,5H),6.ti5.33 
(m, lH), 5.22-5.06(m,2H),4.52(~,3H),4.1 l-3.95@ lH),3.72- 
3.23(m, 3H), 1.981.76(m, lH),0.92(d, 3H.J = 6.96 Hz); “C- 
NMR(CDCl,)6 139.19, 137.80,128.00,127.21, 115.12.76.02. 
73.53.7290.38.42,13.17;MS(15cV)basc91,parcntpcak206. 
(Found:C, 75.4l;H,8.83.Calcfor C,,H,sOs:C,75.69; H, 
8.79%) 

(lR,2S) - [3 - (Eenzyloxy) - 2 - methyl - 1 - 
(efheny~propoxy]acefic acid (27a) 

To a slurry of 2.10 g (86.52 mmol) of 9% NaH in 50 ml of 
THFatO”wasaddcd5.10g(24.72mmol)of26in2-OmlofTHF. 
The resulting gray suspension was heated at rctlux for 1 h and 
then cooled to 0”. To this hetarogcncous mixture was added 
4.10 g (29.70 mmol) of bromoacctic acid in 15 ml of THF and 
this was then heated at rcflux for 12 h. After the mixture was 
allowed to cool to room temp. it wascarefully poured into sat 
Na,CO, aq and the aq layer was washed with Et,O. The aq 
phase was acidified to pH 2 with cone HCI at 0” and was 
extractal repeatedly with Et,O. The combined extracts were 
dried (MgSO,) and conccntratcd. Column chromatography on 
7&230 mesh silica gel (elution with I : 5 Et,C%hexancs con- 
taining I % HOAc) gave 6.3 g (97%) of the acid 27a, homo- 
geneous by TLC and spectroscopic analysis : [a];’ - I I .27 
(c 2.44, CHCI,); IR (CHCI,) 3410, 3095, 3039. 3028, 2998, 
2919. 2874. 1760, 1730, IMO. 1455. 1422 1360, 1348. 1245, 
1110,1061,970,700cm- ‘; ‘H-NMR (400 MHs CDCI,) d 
10.22-9.86 (br s. 1Hl. 7.37-7.25 (m. 5Hl. 5.67-5.57 (m. 1H). 
5.33 (d, 1H; J = lO.ii Hz), 5.23 id lH;-J = 17.18 Hz), 4.55 
(ABq, 2H. J,. = 1209 Hz, Au,, = 18.43 Hz), 4.04 (ABq. 2H. 
J = 17.13 Hz, Ao, = 53.11 Hz), 3.69-3.63 (m, 2H), 3.49 
3~2(m,lH),2.O62.OO(m.1H).0.89(d,3H,J =7.OOHz);“C- 
NMR(CDCl,)6 173.19,137.54,135.40,128.39.127.97,127.82, 
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120.38. 84.93, 73.33, 72.48, 65.27, 37.51, 13.61; MS (15 cV) 
parent peak 264. base peak 91. (Found: C, 67.%; H, 7.93. 
CalcforC,,H,O,:C,68.16;H,7.63%.) 

(1 R.25) - [3 - (Benzyloxy) - 2 - merhyl - 1 - 
(erhenyr)pro~xy]oceric a&f III - dimethylerhyl ester (27b) 

A mixture of 1.10 R (4.16 mmol) of acid 27a. 944 ma (4.57 
mmol)of 1.3dicycloIG&ylaubodiimiodii;nidg0.43ml(4.57m&l)of 
t-BuOH and 51 mg(0.412 mmol) of4dimethylaminopyridine 
in 30 ml of dry CH,Cl, was stirred at room temp for 3 h. 
The mixture was washed three times with 5% HOAc aq, three 
times with H,O, dried (MgS03 and concentrated. Flash 
chromatography (elution with 1: 12 Et@-hcxanes) provided 
1.15 g (88%) of 27h as an oil which was homogeneous by TLC 
and spectroscopic analysis: R, 0.87 (1: 1 Et+hexanes); 
[z];’ - 11.26” (c 1.64, CHCl,); IR (CHCl,) 3035.3017.3008, 
2982, 2937, 2906, 2859, 1748. 1720, 1496, 1478, 1457. 1422, 
1396, 1371, 1309, 1232 1161, 1117. 1028.999.937.848, 700 
cm- ’ ; ‘H-NMR (400 MHz, CDCl,), 6 7.34-7.26 (m, SH), 
5.71-5.62 (m. IH), 5.27 (d, IH. J = IO.27 Hz). 5.19 (d. IH, 
J = 16.87 Hz). 4.50 (9, 2H). 3.91 (ABq. 2H, J,a = 16.29 Hz. 
Au,, = 38.05 Hz), 3.75 (dd, IH, J = 7.58.7.58 Hz). 3.55 (dd. 
1H.J=9.21,5.80Hz).3.44(dd,1H,J=9.21.6.43Hz),2.16 
2.09(m.IH),1.46(s,9H),0.94(d.3H.J = 6.97Hz);WNMR 
(CDCI,) 6 169.81, 138.84. 135.85, 128.21. 127.49. 127.33. 
119.17,83.31,81.10,72.93, 72.27.66.21, 37.97, 28.08, 12.98; 
MS (I 5 eV) parent 320, base peak 82. (Found : C. 70.98 ; H. 
8.89.CalcforC,&IH,,0,:C.71.22;H.8.81%.) 

( lS.2S) - [3 - (Benzyloxy) - 1 -/ormy/ - 2 - methylpropoxy]aceric 
acid I.1 - dimethylethyl ester (27~) 

Theester27b(l.Og,3.12mmol)wasplacedin1OOmlofdry 
CH,Cl, and this was aioled to -78”. 0, was then bubbled 
thr&gh the soln until a distinct blue color persisted. After 
stirring at - 78” for 5 min, argon was bubbled through the soln 
for 5 min to dissipate the excess 0,. The soln was then treated 
with 0.45 ml (6.14 mmol) of Mc,S and allowed to warm to 
room temp over 2 h. The mixture was dried (Na,SO,) and 
the solvent was removed under reduced pressure. Flash 
chromatography (elution with 1: 6 Et@-hexanes) gave 867.5 
mg (87%) of 27c, homogeneous by TLC and spectroscopic 
criteria: R, 0.59 (1: 1 Et,O-hexanes); [a]~’ -28.10” (c 3.42 _ -_ 
CHCl,); Ik 3019.2984,-2940.2862, 1739, 1499. 1478, 1457, 
1397,1381,1372,1310,1238,1163.1141,1122,1031.947.848. 
701cm’;‘H-NMR(4OOMHqCDCl,)69.72(4lH,J = 1.66 
Hz), 7.34-7.23 (m. SH), 4.45 (A&, 2H, Jm = 1202 Hz, Au, 
= 15.52 Hz). 4.11 (ABo. 2H. J,. = 16.66 Hr AD.. = 13.53 
Hx).3.53(dd;lH.J = 9.i4,9.24~),3.38(dd.lH,J 3.24.4.99 
Hz). 2.43-2.39 (m, lH), 1.46 (s, 9H), 1.05 (d, 3H. J = 7.08 Hz); 
‘“C-NMR (CDCl,) 6 202.76, 169.17. 138.12, 128.21, 127.41, 
86.67.81.88,72.85,70.~~.~,37.10,27.98,13.39;MS(15eV) 
parent 322, base peak 251. 

[IS.25 - 3(E)] - ([I - ([2 - (Benzy~oxy) - I(s) - merhy&rhy/) - 2 - 
hydroxy - 3 - pentenyfl- oxy)acetic acid 1,l - dimethylethyl ester 

(W 
To a soln of 1.66 g (4.23 mmol) of CuI-Bu,P in 15 ml 

of anhydrous Et,0 at -35” was added 5.13 ml of rranr- 
propenyllithium (1.65 M in Et,O).iti*’ The resulting yellow 
soln was allowed to stir at - 35” for 30 mitt and then cooled to 
- 78” at which time 910 mg (282 mmol) of 27c was added in 7 
mlofEt,O.Afterthemixt&hadstit&at -7E”for2h,exceas 
MeOH was added followed by a I : 1 soln of 3% NH.OH aa 
andsatNH,Claq.Themixtu~waswarmedtor~mt&npand 
then stirred vigorously for 2 h. The two layers were partitioned 
and theaqlayerwasextracted threetimeswithEt,O.Thecom- 
bined organic layers were dried (MgSO,) and concentrated. 
Flash chromatography (elution with I : 7 Et,C&hexanes) 
yielded779m8(76%)ofZBa(major)andZfe(minor)inaratio 
of 24: I as determined by capillary GLC (240’. isothermal). 
Analysis data for 28a: R, 0.5 (I : I EtrGhexanes); [alA’ 
+24.61”(c l&l,CHCl,); 1R(CHC1,)353~3300,3010.2985. 
2932. 2866, 1734, 1429, 1470. 1458, 1398, 1371, 1315. 1249. 
1160. 1128. 1026, 971, 909. 842, 700 cm’; ‘H-NMR (400 

MHz. CDCI,) 6 7.367.26 (m, SH), 5.73 (dq, IH. J = 15.29, 
6.86 Hz). 5.40 (ddd. IH. J = 15.29. 7.39, 1.41 Hz). 4.15 (dd, 
IH. J = 7.17, 7.17 Hz), 4.09 (ABq. 2H, J,. = 16.71 Hz, 
ArAg = ll7.63Hz).3.52(dd,IH,J=9.16,5.76Hz),3.37(dd. 
1H.J =9.16.6.78Hz),3.18(dd.IH,J = 7.17,3.58Hz).2.13- 
2.08 (m. IH). 1.67 (dd, 3H, J = 6.86, 1.41 HZ). 1.47 (9, 9H), 
1.04 Id. J = 7.04 Hz): “C-NMR (CDCl,) 6 171.04, 138.52. 
130.42:128.87. 128.27, 127.52, 127.46. 89.67, 82.31. 73.03. 
72.85, 71.45, 70.64, 35.80, 28.04, 17.77, 15.04; MS (I5 eV) 
parent 364. base peak 91. (Found: C, 68.96; H, 8.92. Calc 
forC2,H,20,:C,69.14;H.8.84%.) 

[lS-3(E)]-([1-([2-(Benryloxy)-1(S)-methyfjerhyf)-2-oxo- 
3 - pentenyrJoxy)racetic acid 1.1 - dimethykthyl ester (2%) 

To a cooled (- 1Oq soln of 290 mg (0.795 mmol) of 2Ba 
in 15.0 ml of dry DMF was added 444 mg (1.19 mmol) of 
pyridinium dichromate. The resulting mixture was stirred at 
- 10” for 12 hand then pouredinto45mlofH,O.Theaqlayer 
was extracted five times with Et,O. The combined organic 
layers were dried (MgSO,) and concentrated. Flash chro- 
matography (elution with I : 7 Et,O- hexanes) provided 267 
m8 (93%) of 2&. homogeneous by TLC and spectroscopic 
an&is : R, 0.74 (1 : I E&hexades) ; [a]u - 56. I’ (c I .36. 
CHCI,):1R(CHCI,)3190.3165.3016.2980.2938.2865.1743. 
1693, 1618. i496. i479, 1453. 1441, i392. i369:1312:12%, 
1231.1160,1120,1028.971,938.907.842.699cn-’~’H-NMR 
(400 MHz, CDCI,) d 7.34-7.26 (m. 5H). 6.98 (dq, IH, 
J = 15.53. 6.89 Hz), 6.52 (dd, IH. J = 15.53, 1.65 Hz), 4.47 
(ABq. 2H. J*. = 6.88 Hz. Ar,,s = 13.93 Hz). 3.94 (ABq. 2H. 
J,. = 16.29Hz.A~,,, = 87.52Hz),3.86(d, IH. J = 6.28Hz). 
3.60 (dd, IH. J = 9.29.5.83 Hz), 3.45 (dd, IH, J = 9.29.6.15 
Hz), 2.292.13 (m. IH), 1.87 (dd, 3H, J = 6.89, 1.65 Hz), 1.45 
(s.9H),0.99(d,3H.J = 6.99Hz);“C-NMR(CDCl,)6199.51, 
168.83. 143.69. 138.48, 128.12, 127.45, 127.27. 127.06.86.85, 
81.64.72.88.71.26,68.08.36.96,27.98, 18.31, 13.63; MS(15 
eV)parent 362, basepeak237.(Found:C.69.34;H,8.42.Calc 
forC,,H,O,:C,69.58:H,8.34%.) 

[IS.2R- 3(E)]- ([I - ([2- (Ben:y/oxy)- I(S)-merhy&vhyl)-2- 
hydroxy-3 -pentenyfJ -oxy)aceticacid 1.1 - dimerhylethylester 

(2%) 
To a soln of 112 mg (0.309 mmol) of zsb in 8.0 ml of 

anhydrousEt,OatO” wasadded0.71 mlofa0.145 Methereal 
Zn(BH,), soln. After stirring at 0” for 1 h, the mixture was 
poured into sat NH&I aq and extracted three times with 
Et,O.Thecombinedorganicextractsweredried(MgSO,)and 
concentrated. Flash chromatography(elution with 1: 6 Et@ 
hcxanes)alTorded99.2mg(8~)oft8easasinglcdiastereomer 
which ia. homogeneo&by TLC and spectr&copic analysis : 
R,0.53(1:1 Et,O-hexanes):ralf? +1206”(~2.16.CHCl,): ,._ _I 

Id (CHCl,) 3601-3309, 3002,2980,2938. 2919.2857. 1729; 
1495, 1452, 1431, 1391, 1385. 1368. 1247, 1154, 1142, 1133. 
1025, 990, 968, 907, 840, 693 cm-‘; ‘H-NMR (400 MHz_ 
CDCl,)a7.37-7.26(m,SH),5.75-5.68(m, lH),56O(ddd, 1H.J 
= 15&7.54.1.15Hx),4.814.66(brs,1H),4.50(q2H),4.07(br 
d, lH, J = 6.18 Hz), 4.06 (A& 2H, J, = 17.03 Hz, Au, = 
73.55 Hz). 3.56 (dd, 1H. J = 8.98.4.29 Hz), 3.46 (dd, 1H. J = 
8.98, 3.60 Hzk 3.42 (dd, lH, J = 9.07, 3.00 Hz), 1.85-1.78 (m, 
lH), 1.71 (dd,3H,J = 6.18, 1.15 Hz), 1.46(s,9H),0.98@,3H. 
J = 6.95 Hz); “GNMR (CDCl,) 6 171.96. 138.21, 129.36, 
128.93. 128.26. 128.12 127.57. 127.52 125.21. 88.35. 82.22 
73.09.7282,71~83.70.09,36.38,~27.98.l7.82,14.37; MS.(lSeV) 
parent 364,basepeak 237.(Found:C.69.36;H,E.ES.Calcfor 
C,,H,,O,:C,69.14;H,8.84%.) 

(5S,6R) - 5 - [2 - (Benryloxy) -l(S) - merhy~ethyl- 6 - [I(E) - 
prop&q - 1;4 - &ox&l - 2-- one (29) - - 

Amixtureof16Oma(0.438mmol)of2fkand lOd(0.131 
mmol) of triBuoroace&acid in 5 ml bf anhydrous C&, was 
heated at reIlux for 3 h at which time TLC analysis showed 
complete consumption of starting material. The solvent was 
removed under reduced pressure and the residue was purified 
by flash chromatography. Elution with 1: 6 Et,O-hexana 
gave 126.2 mg (99%) of 29, homogeneous by TLC and speo 



2800 S. D. BURKIZ et al. 

troscopic criteria: R, 0.56 (CH,CI,); [cc]~’ +4X64” (c 
1.82, CHCI,); IR (CHCI,) 3100-2900,1738,1459,1388,1370. 
1358,1260,1239.1218.1125,1079.1039,1005,979.900cm-‘; 
‘H-NMR(400MHz,CDCl,)67.37-7.27(m,5H),5.92(dq, lH, 
J = 15.26.6.00 Hz), 5.69 (ddd, lH, J = 15.26, 8.76, 1.67 Hz), 
4.80(dd,lH.J = 8.76,2.46Hz),4.5O(ABq,2H,J,, = 12.10Hz, 
Au, = 25.63 Hz), 4.30 (ABq, ZH, J, = 17.76 Hz, Au, = 
80.62 Hz), 3.70(dd, lH, J = 10.23.246 Hz), 3.56(dd, lH, J = 
8.84, 5.19 Hz), 3.49 (dd, lH, J = 8.84, 2.91 Hzh 1.77 (dd. 3H, 
J = 6.00. 1.50 Hz). 1.75-1.63 (m, IH), 0.98 (d, 3H, J = 6.92 

Hz) ; “C-NMR (CDCI,) 6 167.14. i38.48,‘134.17. 128.33, 
127.52.123.63.82.11.73.18.70.85.66.30.34.93.17.95. 12.94: 
MS (1 i eV) parent 290, base peak 68. (Found 1 C. 70149 ; HI 
7.64. Calcfor C,,H,,O,: C. 70.32; H, 7.64%.) 

(2R,3&6R) - 6 - [2 - (Benzyloxy) - l(S) - merhyflethyl - 3.6 - 
dihydro-3-methyl-2H -pyre-2-carboxylicrrcidmethylester 

(W 
The dioxanonc 29 (194 mg, 0.67 mmol) was rearranged and 

cstcrificd by the proozdure described for the production of&. 
Flash chromatography (elution with 1: 10 Et,Ghexanes) 
providal 163 mg (W”/ of 30 along with 20.1 mg (10.5%) 
of recovered starting material. The ester 30 produced was 
homogeneous by TLC and spectroscopic analysis: R, 0.74 
(1: 1 Et+hexanes); [a];’ + 134.26” (c 1.38, CHCl,); IR 
(CHCl,) 3021,3010,2964,2958,2909,2879,1752,1733,1495, 
1451. 1439. 1392, 1371, 1362, 1280. 1278. 1188, 1115, 1080. 
1024,691 cm-‘; ‘H-NMR(4C@MHz,CDCl,)b7.3>7.31 (m. 
5H), 5.87 (ddd, lH, J = 10.38,5.22,2.02 Hz), 5.79 (ddd, lH, J 
= 10.38, 290. 1.2 Hz), 4.50(.3, ZH), 4.39 (d, IH, J = 3.64 Hz), 
4.19(d, lH, J = 8.99 HzX 3.74(s, 3H), 3.64(dd, lH, J = 9.10. 
4.28 Hz), 3.40 (dd, lH, J = 9.10, 7.04 Hz), 2.48-2.44 (m, IH), 
2.09-2.04 (m. IH), 1.01 (d, 3H. J = 6.80 Hz). 0.96 (d. 3H. 
J = 6.97 Hz); “C-NMR (CDQ) 6 171.13, 138.57, 129.78, 
128.09,127.34.127.20.126.49,72.97,72.57,71.65,51.54,37.48, 
31.24, 14.31, 13.88; MS (15 eV) parent 304. base peak 91. 
(Found: C. 71.05; H, 8.05. C&for C,sH2*OI: C, 71.03; H. 
7.95X.) 

(2RJS.6R) - 6 - [? - (Benzyloxy) - l(S) - merhyfjethyl - 3.6 - 
dihvdro - 2 - (1 - hvdroxvmopv0 - 3 - methvl- 2H - PYTM (31r) 

to asolndfsudstratc*rtc~~(l~m~~~~~i)in 51Omi 
of anhydrous Et,0 at -78” was added 0.42 ml of diiso- 
butylaluminum hydride (0.95 M in hexanes). After the 
mixture had stirral for 1.5 h at - 78”, there was added 0.37 ml 
of EtMgBr (2.82 M in THF). The mixture was stirred at - 78” 
for 15 min and then allowed to warm to room tcmp over a 2 h 
period. The soln was poured into 5% HCI aq and extracted 
three times with Et,O. The combined extracts were dried 
(MgSO,) and concentrated. Flash chromatography (elution 
with 1: 10 Et,O-hcxancs) gave 101.9 mg (96%) of 31a as a 
single diastercomer. homogeneous by TLC and spectroscopic 
criteria:R,0.71(1: 1 Et,O-hcxancs);[a]i6 + 119.56”(c 1.60, 
CHCI,); IR (CHCI,) 3579,3422,3091,3065,3018,3004,2%3. 
2957, 2878, 1494, 1452, 1405, 1395, 1374 1318, 1291, 1232. 
1190,1153,1086,1061.102~991,965,918,887,841,691~n-‘; 
‘H-NMR (400 MH& CDC13) d 7.35-7.26 (m, 5H), 5.89 (ddd. 
1H. J = 10.26. 5.80, 2.17 Hz). 5.77 (ddd. IH, J = 10.26, 3.07. 
1.02Hz),4.54(s,2Hj,4.05(brd,lH,j = 9.33Hz).3.5>3.50(m, 
2H),3.46-3.44(m,2H),3.44-3.42(brs. lH),2.12-2.04(m, 2H), 
1.57-1.51 (m, lH), 1.37-1.25 (m, IH), I.OZ(t, 3H, J = 7.40 Hz), 
0.95Id. 3H. J = 6.95 Hzb0.9416 3H. J = 6.85 Hz): 13C-NMR 
(CD&$ i83.31,131.ti,128.ij. 12j.52.127.36, ii6.53,75.40, 
74.6~73.46,73.05,7218,36.91,29.90,24.68,14.18,13.07,9.64; 
MS (15 eV) parent 304. base peak 155. (Found : C, 74.70; H, 
9.43. Calc for C,,H,,O,: C, 74.96; H, 9.27x.) 

(2R.3S.6R) - 6 - [2 - (Benzyloxy) -l(S) - methyljethyl - 3.6 - 
dihydro - 3 - methyl - 2 - (1 - oxopropy[) - 2H - pymn (Jib) 

Toasolnof9Omg(0.295mmol)of31ain3mlofMe,COwas 
added 110 /.d of 2.67 M Jones reagent. The soln was stirred at 
room tcmp for 10 min. quenchal with 4 drops of isopropyl 
alcohol, and then concxntratcd under ralucal pressure. The 
crude residue was diluted with Et,O. poured into sat 

NaHCO, aq. and extracted three times with Et,O. The 
combined extracts were dried (MgSO,) and conomtratal. 
Flash chromatography (clution with 1: 10 Et,O-hexancs) 
alTordcd83.1 mg(93z)ofJlbasan oil. homogeneous byTLC, 
gas capillary GLC, and spectroscopic criteria : R r 0.84 (1: 1 
&O-hexa&?); [alp + i77.39” (c i.64, CHCl,); iR (CH&) 
3030, 3011, 2969, 2940. 2903. 2880, 1713, 1495, 1452, 1400, 
1380,1373.1362,1192,1111,1093,1062,873.629~~1~’; ‘H- 
NMR(4OOMHz,CDCl,)67.37-7.3O(m,5H),5.91 (ddd, 1H. J 
= 10.29.5.63.217Hzl.5.78Iddd. lH.J = 10.29.3.07.1.01 Hz). 
4.52(AI&,21-i,Jm = iZ.l2ji7&,;= 6.03Hzj,4.1ti.l2(m, 
1H),4.11(d,1H,J=3.31Hz).3.58(dd,1H.J-9.00,3.78Hz), 
3.43(dd, lH, J = 9.00.6.53 Hz),2.47(qr2H, J = 7.28 Hz),2.47- 
2.43(m, lH),206-1.99(m, lH), 1.03(d,3H.J = 6.81 H&O.99 
(1, 3H, J = 7.28 Hz), 0.86 (d, 3H, J = 6.88 Hz); “C-NMR 
(CDCI,) 6 212.27, 138.54. 130.81. 128.26. 127.51. 127.43, 
126.52, 77.15, 73.12, 72.45, 37.37, 32.83, 31.25, 14.15, 13.83, 
6.73 ; MS (15 eV) parent 302. base peak 245. (Found : C. 75.41; 
H, 8.87. talc for CLPHZ60J : C, 75.46; H. 8.6%.) 

(2R,3S,6R)-6-(2-Hydroxy-l(S)-merhyf)ethyl-3-me~hyl-2- 
(1 - oxopropyf) - tekhydrbpyr~ (32) _ _ _ 

A mixture of 77 ma (0.254 mmol) of 3lb. 20 ma of 5% W/C 
and 2 ml of absolutdtOH was evicuated by Lpi&&t Ad 
purgaiwith H,scveral t~es.Thissuspeasionwvacthenstirrad 
vigorously under 1 atm of H, for 2 hat room temp. Filtration 
through a pad of Celitc followed by evaporation of the solvent 
provided 36 mg of a colorless oil. dash chromatography 
(elution with 1: 3 Et@-hexancs) gave 53.2 mg (WA) of 32, 
homogeneous by TLC and spectroscopic analysis: R, 0.36 
(1:l Et,C&hexancs); [a]:’ -26.21” (c 1.02, CHCl,); IR 
(CHCI,)3630.3515,3010,2960,2938,1717,1460.1381.1109. 
118O,1033cm-‘;‘H-NMR(4OOMH~CDCl,)64.2O(d.lH,J 
= 4.67 Hz), 3.61-3.59(m, 2H). 3.51 (dt, lH, J = 8.74.3.32 Hz), 
2.53 (q ABq, 2H, J = 7.30 Hz. J,, = 18.20 Hz, Au- = 58.61 
Hz), 2.03-1.97 (IQ 1H). 1.86-1.75 (m, 2H), 1.69-1.64 (m. 2H), 
1.44-1.35 (m, lH), 1.04 (1. 3H, J = 7.30 Hz), 0.98 (d, 3H, J 
= 7.10 Hz), 0.85 (d, 3H. J = 6.96 Hz); 13C-NMR (CDCI,) 
6 210.94. 79.70, 78.28. 67.15, 38.36, 34.17, 31.99.27.32,26.33, 
15.79,13.65,7.27;MS(15eV)bascpeak69.(Found:C,67.45; 
H, 10.56. Calc for C,,H,,O,: C, 67.25; H, 10.35x.) 

Methyl (aR,2R,5S,6R) - tetrahydro - a,5 - dimerhyl - 6 - (1 - 
oxopropyl) - 2H - pyre - 2 - acetate (2) 

To a soln of 38 mg (0.178 mmol) of 32 and 1.0 ml of Me&O 
was addal 133 ~1 of 2.67 M Jones reagent. The soln was 
allowed to stir at room tcmp for 20 min and was then treated 
with 3 drops of isopropyl alcohol. The crude mixture was 
conamtrated under reduced pressure, diluted with Et,O, 
filtered through a Cclitt pad, and concentrated. The crude 
product thus obtained was dissolved in 2 ml of Et,0 and 
cstcrificd with excess ethereal diazomethane. Flash chroma- 
tography on 230-4C0 mesh silica gel (elution with 1: 7 Et@- 
hexanw) gave 39.1 mg (91%) of 2. homogeneous by TLC and 
spectroscopic criteria: R, 0.85 (1: 1 Et+hexanes); [a]k6 
-23.18” (c 0.91. CHCl,); IR (CHCl,) 3024 2981,2955,2880, 
1732,1720,1460,1437,1380,1350.1271,1163.1142,1080.1051 
an-‘; ‘H-NMR (400 MHz, CDCl,) 6 4.14 (d, lH, J = 4.91 
Hz). 3.72-3.67(m, 1H). 3.67(s, 3H), 2.71 (dq. IH. J = 9.64.6.98 
HzA 2.47 (q ABq, 2H, J = 7.30 H& JU = 18.36 Hz, Au,,, 
= 72.91 Hz),204-1.97(m, lH), 1.8&1.79(m. 1H). 1.68(dt.2H. 
J = 6.55,6.j5Hz), 1.37:1.28(& lH), 1.07i43H;J = 6:98Hz), 
1.01 (t. 3H. J = 7.30 Hz).0.95 Id. 3H. J = 7.09 Hz): “C-NMR 
(CD&) b 211.30, 175,.i6, 79.j7. i5.25. 51.47, 43.29, 33.49, 
31.35.26.00.25.12, 14.95, 13.55.7.08; MS (I5 eV)parcnt 242. 
bascpcak185.(Found:C.64.27;H,9.36.CalcforC,,H,,O,: 
C, 64.43 ; H, 9.15%.) 

(5S.6.Y) - 5 - [2 - (Benzyloxy) - 1 (S) - melhyfJerhy/ - 6 - [ 1 (I?) - 

To a soln of 86 mg (0.236 mmol) of 2& in 2 ml of anhydrous 
propenyfj - 1.4 - dioxan - 2 - one (33) 

CH,CI, was added 4.0 4 (0.047 mmol) of trifluoroacetic acid. 
The resulting clear soln was stirred at room tcmp for 3 h and 
then concentratal under ralucsd pressure. Flash chromatog- 
raphy (clution with 1:5 Et@hcxanes) provided 65.7 mg 
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(96%) of 33 as an oil which was homogeneous by TLC and 
spectroscopic criteria: TLC 0.46 (1: 3 Et@-hexana); IR 
(CHCI,) 3002,2947,2899,2841,1739,1668,1493,1452,1434, 
13so.1360, 1309, 1241,1141,1101,1036,99L963,938,857. 
782,742,701 cm - ’ ; ‘H-NMR (400 MHz, CDCI,) d 7.38-7.27 
(m, SH). 5.85(ddq, lH,J = 15.22,6.60,0.63 Hz). 5.41 (ddd, IH, 
J = 15.2z,8.18.1.62Hz),5.13(dd.IH,3 =9.00,8.18Hz),4.47 
(~.2H),4.33(ABq,2H.J,,,, = 17.53H&Au, = 101.86Hz),3.59 
(dd,lH,J = 9.00,8.OlHz~3.37(dd,lH.J = 9.38.2.41 Hz),3.28 
(dd, 1H. J = 9.38,5.44Hz),2.1‘%2.16(m. lH), 1.76(dd, 3H. J 
= 6.60,1.62Hz),l.O2(d,3H,J = 7.08Hz);“C-NMR(CDCI,) 
6 167.52, 138.14, 133.80.128.35, 127.62, 127.57, 125.14,82.2$ 
98.97.73.18.70.50.65.96,33.9217.85.15.26:MS(15c~oarent 
290, base peak 41. (Found; C, 70.47; k, 7:84. d&z for 
C,,H,,O,: c. 70.32; H, 7.64x.) 

(2S,3R,6R) - 6 - [2 - (Benryloxy) - l(s) - methyflethyl - 3,6 - 
dihydro - 3 -methyl- 2H - pyran - 2 - carboxylic acidmethylesler 

(34) 
The dioxanone 33 (147 mg, 0.5 1 mmol) was rearran@ and 

csterifiai by the procedure d&bed for the production of 
&. Flash chromatography (elutioa with I : 8 Et,O-hexans) 
produced 84.6 mg (55%) of 34 aa an oil, homogeneous by TLC 
and spectroscopic criteria : R, 0.47 (I : 1 Et@-hexana) ; IR 
(CHCl,) 3017.3009,2965,2938,2880,2861,1758,1732,1456, 
1441, 1399, 1371, 1362, 1320, 1283. 1271. 1192, 1188, 1121, 
1090.1081,1030,700 cm-‘; ‘H-NMR (400 MH& CDCI,) S 
7.367.26(m,SH),5.88(m,lH).5.59(d,lH,J = 10.24Hz).4.50 
(ABq,ZH,J*a = 12.10H~Ao,,, = 9:31 HzX4.33-4.31 (m, lH), 
4.29(d,lH.J = 3.25Hz),3.76(~,3H),3.48(dABq,2H,J p: 6.41 
Hz J,, = 9.47 Hz, Au*,, = 20.48 Hz), 2.48-2.44 (m, 1 H) 2.25- 
2.20 (m, lH), 0.99 (d, 3H, J = 6.90 Hz), 0.95 (d, 3H, J = 6.89 
Hz); “C-NMR (CDCI,) d 171.13, 138.69, 130.99, 128.27, 
127.47, 127.42, 126.68, 76.14.75.41, 73.01, 72.13, 51.65, 37.73, 
31.92, 14.97.12.76; MS (15 eV) parent 304, base peak 91. 
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