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Abstr8at - The rearrangement of 6-alkoxy-2,3-dihydro-6H-pyran-3- 
ones (1) to trans-4-alkoxy-5-hydroxy-2-cyclopenten-l-ones (2) has 
been optimized. The effect of buffer concentration (PhCO2H/KOAc) 
on reaction rate and yield suggests specific acid catalysis. Sub- 
stitution patterns and influence of the C-alkoxy substituent have 
been investigated. Applications in natural product synthesis are 
described. 

A novel ring contraction of 6-alkoxy-2,3-dihydro-6H-pyran-3-ones (1) pro- 

vides access to highly functionalized cyclopentenones 2.' 
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We now report the optimization, investigations of scope and limitation and 

also mechanistic aspects of the rearrangement reaction. 

Optiriration. Initial experiments1 under two phase conditions using 

NaHCOJ/Pd(OAc)2 and nBu,N+Cl- gave varying results with respect to both 

reaction time and yield. Scale up of the reaction also proved problematic. 

We therefore probed the influence of phase transfer catalyst, solvent ef- 

fects, acid/base catalysis and Pd(OAc)2 on the rearrangement. 

‘Current address: Department of Chemistry, Imperial College of Science, 
Technology and Medicine, London SW7 2AY, England. 
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Variation of PTC catalyst (EtsN+CRIPhC1-, nRu,N*Cl-) in the presence of 

NaHC03 (5 eq) and Pd(OAc)r (2 molb) showed no clear trends. Use of 

nBu,N+HSO, - instead of nBu,N+Cl- led to exclusive decomposition of star- 

ting material. 

A change of solvent from N,N-dimethylformamide (IMP) to acetonitrile 

caused a drop in yield (from 56% to 419, cf. Table II, entry b). A de- 

crease of solvent polarity (to toluene) entailed a further drop in yield 

and reaction rate. 

Since no product was obtained when NaHC03 was substituted by K2C03, we 

assumed that Ii+ activity played an important role. In order to obtain re- 

producible results we chose homogeneous instead of PTC conditions. Potas- 

sium acetate and benzoic acid showed reasonable solubility in hot DMF. A 

variation of the buffer ratio HOBz : KOAc in the range of 1 : 1 to 0 : 2 

suggested a bell-shaped dependence of yield on proton activity, the opti- 

mum ratio being 1 : 2 (Table I, entries 2, 5 and 6). Reaction 

generally shorter (ca 70 min) than those under heterogeneous 

(ca 10 - 20 h). 

The effect of added Pd(OAc) 2 was not discernible under these 

(Table I, entries 1 and 2). 

times were 

conditions 

conditions 

Table I. Influence of Buffer Ratio and Concentration on Reaction Time and 
Yield. 
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Buffer Retio Pd(OAc)z Reaction Time. Yield 
(HoBz : KOAc) [molZ] [PinI [*I 

1 : 2 2 JO 30 

1: 2 1 - 1 JO 1 42 1 

1 : 2 JO 45 

1:2 JO 40 

1:l I- I 105 I I 26 

Reaction conditions: A stirred solution of 6-methoxy-2,3-dihydro-6H_py- 
ran-3-one1s2 lc (0.39 mmol) and the buffer in dry redistilled DMF (10 mL) 
was heated to SO'C under N2. After all the starting material had been 
consumed (TLC control), the mixture was concentrated in vacua and chro- 
matographed (silica gel, ether/ light petroleum, 4:1), giving cyclopen- 
tenone ?a (cf. Table II, entry a). 

The experiments showed no significant dependence of yield (40 - 45%) and 

reaction time (70 min) on buffer concentration, when buffer ratios were 

held constant (entries 2 - 4). Reproducibility of yield and reaction time 

were remarkable. Under the new conditions [PhCC2H (0.5 eq), KOAc (1 eq), 
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Dm, EO"C] a variation in scale did not cause a drop in yield. We there- 

fore regard process 1 + 2 as optimized. 

Influenae of Alkoxy Subetituent. Attempted preparation of acetal 1 (RO = 

PhO) via the benzoate route l* 2 failed, presumably due to the leaving abi- 

lity of phenoxide (PK. of PhOIi ca. 10). Furthermore, the isolation of 

benzyl alcohol as a side product of the rearrangement of ld (cf. Table II, 

entry d) suggested that even benzyloxide functioned as a leaving group 

under these conditions. We therefore turned to 2-(trimethylsilyl)ethyl 

protection of the acetal (Table II, entry b) and vere pleased to find that 

yields increased to 56%. The dependence of yield on acidity of the derived 

alcohol ROH vae corroborated by the observation that 2,2,2-trichloroethyl 

derivative le (cf. Table II, entry l ) gave exclusive decomposition. 

Table II. Effect of Leaving Ability of 6-Alkoxy Group. 

B in 
tram-4-Alkoxy-S-hydroxy- 
2-cyclopantan-l-one (2) Yield 

Itry 1. Obtained [%I - 

a t-Bu 0 2a 60b 

dH 
- 

He,% 
b Me,SiCH2CH2 0 * 56=~ 56', 41' 

&I 

c Me He0 0 2c 45', 42d - 

At 

- 

d - PhCH, PhCH,O 0 ?!A 24b*' 

A" 

e Cl,CCH, Cl,CCH,O 0 s Od 

&I 

‘6-Alkoxy-pyranonee 1 were prepared from 6-benzoyloxy-2,3-dihydro-6n-py- 
ran-3-one and the corresponding alcohol in the presence of ZnC12*OEt2 (10 
mol%)1-3; bnBu4N*C1- (1 eq), NaHC03 (5 eq), Pd(OAc)2 (2 mol%), DnF, 8O'C; 
'Optimized conditions: PhC02H (0.5 eq), KOAc (1 eq), DWP, 8O'C; dEtsN+- 
CHzPh Cl- (1 eq), NaHC03 (5 eq), Pd(OAc)2 (2 nol%), DHF, 8O'C; 'nBu4N'Cl- 
(1 eq), NaHCO:, (5 eq), W(OAC)~ (2 1~01%)~ WeCN, reflux; 'BenZyl alcohol 
was isolated as side product (- 29%). 
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Table III. Substituent Effects on the Ring Contraction 1 - 2. 

Entry 

f 
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i - 

1 

k - 

n _ 

Substituted 6-Alkoxy-2,3- 
dihydro-6H-pyren-3-one (1) 

20 Q 0 
0 

He 

If’ 

P - Me. Bt. 

Cl 

He0 
0 

- 0 
0 

Br 

Me0 

Me0 -b= - 0 

0 

h= He0 - 0 

0 

zEd 

lhd - 

HeSSi , 4 0 0 
0 

lk' - 

11J - 

A!! 

In - 

product 2 
Yield 

[%I 

-_ 0b.c 

Cl 

Me0 4 0 
T 

OH 

r 

He0 4 0 

26= 

24c 

30.v’ 

2J, 10s 3, Qr 12*,b 

He,Si 
/ \ b 14*, 12. 

0 0 
i 
OH 

0 66b.k 

OH 

0 69br' 

OH 

ko _ 
-s’ w 0 

He0 
37b*' 

OH 



lWyfunctionaliztdcyclopentenoaes 
5131 

Tab10 III, footnotes: 
.Pyranone It was prepared from 1-(furan-2-yl)ethanol'; *Optimized condi- 
tions: PhC!CzH (0.5 eq), KOAc (1 eq), DXF, 80°C; 'nBu4N*Cl- (1 eq), NaIiC03 
(5 eq), W(OAC)~ (2 mol%), DMF, SO'C; dFor synthesis of I-halo-pyranones 
Ig and lh see ref. 5; 'Et,N+CE2Ph Cl- (1 eq), NaHCO3 (5 eq), Pd(OAc)z (2 
mol%), DMF, 8O“C; 'Starting material li (20%) recovered; sEt,N*CE2Ph Cl- 
(1 es), NaHcfh (5 eq), DMF, 80°C; *Product 4 is tentatively identified by 

'Ii NMR and IR data as : 
0 

'For preparation of lk see ref. 6; 

JFor synthesis of 11 see ref. 7; kDiastereomeric ratio 22 : 1; 'Diaste- 
reomeric ratio -95 : 5; "Diastereomeric ratio 20 : 1. 

Substituent Effeat8. Even under optimized conditions the rearrangement 

reaction of a-methyl derivative lf failed (Table III, entry f). Hethyla- 

tion at C-5 (cf. Table III, entry i) caused a comparatively small decrease 

in yield (30% vs. 42% for la under the same reaction conditions: cf. Table 

II). However, the more bulky isopropyl substituent led to formation of two 

side products 3 and 4, presumably due to oxidation of the electron-rich 

dienol 5. Cyclopentenone 2j was isolated albeit only in 10% yield. The 

\ h _ He0 \ OH 
0 5 

yield of the ring contraction of 6-substituted pyranone 11 (cf. Table III, 

entry 1) was surprisingly high (66%). A further slight improvement was 

accomplished with the 2-(trimethylsilyl)ethoxy derivative lm (69%, Table 

III, entry I), in accord with the earlier observations of Table II. 

The cyclopentenones prepared by us are widely applicable in natural pro- 

ducts syntesis, e.g. for terrein, trichothecenes and prostaglandins. 

Rearrangement of E-1-propenyl derivative lk (Table III) provides direct 

access to mould metabolite terrein6 (6) (Scheme l), which was previously 

Saheme 1. Short Route to Mould Metabolite Terrein (6). 

0 SiDBz (0.5 aq) 0 n 

KOAc (1 eq) 
DRF, OoOc 

148 

lk - A!!! (*)-terrain (a) 

TUSE - 2-(trirathylsilyl)ethyl 
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synthesized by four independent groups.8-10 Although the key step lk - 2k 

proceeded in low yield (II%), the synthesis is flexible and can be ex- 

tended to structural analogs. 

Recently, I-cumyloxy-2-cyclopentenol (7) has been transformed, by a multi- 

step sequence, into trans-4,5-dihydroxy-3-methyl-2-cyclopenten-l-one (8), 

which functioned as a precursor of trichothecenes (Scheme 2)." In compa- 

rison, the ring contraction of li gave monomethyl ether 21 in 302 yield 

(Table III, entry i). Since this reaction is compatible with protecting 

groups other than methyl (cf. Table II), our one step route to protected 

3-methylcyclopentenones compares favorably with the work in the literature 

(Scheme 2)." 

Sahuo 2. Construction of C-Ring Fragment of Trichothecenes.ll 

(+)-R-4-Hydroxy-2-cyclopenten-l-one [(+)-lo], a key intermediate of pros- 

taglandin synthesis, has been prepared by many routes.12 The high yielding 

three step synthesis of optically pure 10 (Scheme 3) demonstrates the 

Sahema 3. Synthesis of a Prostaglandin 
cyclopenten-l-one [(+)-10].13 

Building Block (+)-R-4-Hydroxy-2- 

1. 

--P 

CoCl, 
0 

0 
pyridine 

2. diaatereoler se- 
paration (column 
chromatography) 

0 *OTnSE 

OH 

rat-2b - 

znlX,*OBt, 

0 "OH + 902 

(+)-10 (1002 ee) 

9-A 9-B 
3'5% 318 

772 crc12 

1 
acetone/H20 
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utility of the monoprotected cyclopentenones ?a-d. The measured optical 

rotation of (+)-lo ([a]oz2 = +94.2O i 2.8'; c 0.74, methanol) is in ex- 

cellent agreement with the value given by Rickards and Gill12' ([a]02' = 

+96'; c 0.118, methanol). 

Xoahanintia Con8ideration8. The observed independence of reaction rate 

and product yield on the buffer concentration (Table I) suggests specific 

acid catalysis for the ring contraction of 1 to 2. Therefore, enolization 

of 1 is probably faster than subsequent electrocyclic opening of oxacyclo- 

hexadiene 11. Ring closure of 12b to 2 can be regarded as either an aldol 

or a Nazarov type process (Scheme 4). The failure of 2-alkylated pyranone 

If to rearrange can be attributed to the reduced reactivity of a ketone 

compared with an aldehyde intermediate (cf. 12). 

Sahue 4. 

0 OH . . electro- OH OH 

OR OR OR OR 

1 11 12a 12b - - 
/4 

/+ 
0 intramolecular OH 

+ 

Ii vinylogous aldol \ o- 

I *d Uazarov cyclization 

'C 

I 
conrotatory + 

OR OR 
2 - 

Conalusions. An investigation of the ring contraction 1 + 2 has shown that 

homogeneous conditions shorten reaction times and substantially improve 

reproducibility and yield. The process can therefore be regarded as opti- 

mized. Scope and limitations with respect to the substitution pattern of 

the alkoxy-oxacyclohexenone 1 have been explored. The experiments reveal a 

clear trend of increase in product yield with decrease in leaving ability 

of the C-alkoxy group (cf. Table II). Rest results were obtained with the 

2-(trimethylsilyl)ethyl protecting group. The potential of the resulting 

cyclopentenones 2 in natural product synthesis has been demonstrated. 

Cyclopentenones such as 21-n contain four oxygen functions which are dff- 

ferentfated and, therefore, can be manipulated selectively. 
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Melting points: uncorrected, Biichi apparatus.- Infrared spectra: Perkin- 

Elmer 1710 spectrometer.- 'Ii NMR spectra: At 80 and 200 MHz, Bruker WP 80 

or WP 200 SY spectrometer, solvent CUC13 unless stated otherwise.- 13C 

NMR: Bruker WP 200 SY or Bruker AM 300 at 50.3 MHz or 75.5 MHz.- MS: Low 

and high resolution electron impact mass spectra, Finnigan MAT 312 spec- 

trometer, 70 ev, room temperature, unless otherwise stated. Relative in- 

tensities in parantheses.- Optical rotations: Perkin-Elmer 241 polarime- 

ter.- Microanalyses: Department of Organic Chemistry of the University of 

Hannover.- Preparative column chromatography: J.T. Baker silica gel (par- 

ticle size 30 -60 pm).- Analytical tic: Aluminium-backed 0.2 mm silica gel 

60 F254 plates (E. Merck).- THF and diethyl ether (ether) were distilled 

from sodium benzophenone ketyl prior to use, CHlC12 from P,Olo. Petrol 

refers to light petroleum, bp 30 - 60°C, redistilled prior to use. 

~-B8nz8n8s8~8n8ny~-6-rethoxy-2.~-dihydro-6~-pyr~n-~-one. Pyridine (0.69 

mL, 8.55 mmol) was added to a stirred solution of PhSeCl(1.57 g, 8.2 mmol) 

in CH2C12 (20 mL) under N2. After 10 min the orange solution was added by 

syringe to a solution of 6-methoxy-2,3-dihydro-6H-pyran-3-one1*2 lo (1 g, 

7.8 mmol) in CH2C12 (34 mL) under N2. After the reaction had gone to com- 

pletion (4.5 h, TLC control), the mixture was diluted with CH2C12 and 

washed with water (3x). The aqueous phase was reextracted with CH2C12 and 

the combined organic layers were dried (MgSO,) and evaporated in vecuo. 

Purification of the residual orange oil (2.47 g) by column chromatography 

on silica gel (80 g, ether/petrol, 4 : 6) afforded the title compound 

(1.59 g, yellowish amorphous solid), which according to 'Ii NMR data con- 

tained -10% (w/w) 4-chloro-6-methoxy-2,3-dihydro-6ll-pyran-3-one." Yield, 

calculated for the pure benzeneselenenyl-pyranone, was 65%. IR (KBr) Y 

3050, 2926, 2876, 2825, 1679, 1605, 1579, 1333, 1137, 1061, 963, 747 cm-'; 

90 MHz 'H NMR 6 7.71 - 7.52 (m, 2 H, aryl H), 7.49 - 7.3 (m, 3 H, aryl H), 

6.17 (d, Js,~ = 3.8 Hz, 1 H, H-5), 4.96 (d, J5,6 - 3.8 Hz, 1 H, H-6), 4.56 

(d, ‘J = 16.5 Hz, 1 H, H-2), 4.19 (d, 2J - 16.5 Hz, 1 H, H-2), 3.43 (6, 3 

H, OCH3); m/z 284 (M*, *'Se, 48), 282 (M+, 71Se, 24), 253 (M*-CHaO, *'Se, 

44), 251 (M+-CH30, '"Se, 21), 242 (lo), 211 (Q), 182 (70), 180 (37), 173 

(56), 157 (48), 155 (26), 127 (loo), 115 (65), 77 (74). Exact mass calcd 

for c12H1203 “‘Se 283.9952, found 283.9952. 

6-!fethoxy-5-methyl-2,3-dfhydro-6H-pyran-3-on8 (li). Methyllithium (2.6 mL 

of a 1.6 M solution in ether, 4.16 mmol) was added, dropwise and with 

stirring, to a suspension of CuBr.SMez (435 mg, 2.12 mmol) in anhydrous 

ether (3.1 mL) at -5O'C under argon. After 45 min the greenish solution of 

the organocuprate was cooled to -78Oc, and a solution of 4-benzeneselene- 



Polyfunctionalizedcyclqxntenones 
5135 

nyl-6-methoxy-2,3-dihydro-6ii-pyran-3-one (400 mg, 1.41 mmol) in dry ether 

(1.8 mL) was added dropwise during 15 min, while the temperature was main- 

tained at -78'C. After a further 60 min the reaction was quenched by ad- 

ding slowly sat. aq. NH,Cl solution (Caution! Evolution of methane!). The 

mixture was diluted with ether (15 mL), the organic phase separated and 

washed twice with sat. aq. NH,C1/1.7 M NHs (2 : 1). The combined aqueous 

layers were extracted with ether (3x) and the combined extracts were dried 

(WSO4). After removal of the solvent in vacua the residue (400 mg) was 

filtered through silica gel (7 g, ether/petrol, 3 : 7) to yield crude 

4-benzeneselenenyl-6-me~o~-5-methyltetrahydro-2H-pyran-3-one (360 mg, 

yellow oil). 

3-Phenyl-2-(p-toluenesulfonyl)oxaziridine1s (365 mg, 1.33 mmol) was added 

to a stirred solution of the crude 4-benzeneselenenyltetrahydropyranone 

(360 mg, 1.2 mmol) and pyridine (0.49 mL, 6.07 mmol) in UN313 (1.7 mL). 

After 75 min the volatiles were evaporated in vacua and the residual 

orange oil (740 mg) was purified by column chromatography on silica gel 

(40 g, CH2C11) to give 5-methylpyranone 11 (96 mg, 489, colorless oil). IR 

(cap film) v 2937, 2915, 2893, 2833, 1712, 1681, 1647, 1441, 1266, 1110, 

1067, 960, 857 cm-'; 200 MHz 'H NMR (CD2C12) 6 5.89 (q, 4J = 1.4 Hz, 1 Ii, 

H-4), 4.90 (a, 1 H, H-6), 4.31 (d, 2J = 16 HZ, 1 H, H-2), 3.97 (d, 2J = 16 

Hz, 1 H, H-2), 3.50 (a, 3 H, CK!H3), 1.98 (d, 4J - 1.4 Hz, 3 H, CH3); 50.3 

MHz 13C NMR (CD2C12) 6 194.71 (a, C-3), 157.3 (8, C-5), 124.66 (d, C-4), 

98.09 (d, C-6), 65.39 (t, C-2), 57.03 (q, CCH3), 20.03 (q, CH,); P/Z 142 

(M+, 7.5), 127 (I(+-CH,, 1.6), 112 (M+-CH20, loo), 111 (M+-OCH3, 34), 97 

(63), 69 (42). Exact mass calcd for C7H1003 142.0630, found 142.0630. 

S-Isopropyl-6-methoxy-2.3-dihydro-6H-pyran-3-one (lj). Isopropylmagnesium 

bromide (6.2 mL of a 1 M solution in THF) was added to a stirred suspen- 

sion of CuBr.SMe2 (180 mg, 0.88 nuuol) in anhydrous THF (1 mL) at -1O'C un- 

der N2, causing the formation of a black semisolid mixture. A solution of 

4-benzeneselenenyl-6-methoxy-2,3-dihydro-6H-pyran-3-one (500 mg, 1.76 

mmol) in dry !IWF (2 mL) was added dropwise and with stirring. After 30 min 

at -1O'C the mixture was allowed to warm slowly during 105 min to r.t. The 

reaction was then retooled to O°C and quenched with sat. aq. NH4Cl solu- 

tion (Caution1 Evolution of propane!). After diluting the mixture with 

ether (15 mL), the organic phase was separated and washed twice with sat. 

aq. NH4C1/1.7 M NH3 (2 : 1). The combined aqueous layers were extracted 

with ether (3x) and the combined extracts were washed with brine, dried 

(MgS04) and concentrated In vacua. The residue (530 mg) was filtered 

through silica gel (8 g, ether/petrol, 2 : 8) to give crude I-benzenese- 

lenenyl-5-isopropyl-6-mathoxy-tetrahydro-2H-pyran-3-one (355 mg, yellow 

oil). 
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3-Phenyl-2-(p-toluenesulfonyl)oxaziridine15 (345 mg, 1.25 mmol) was added 

to a stirred solution of the crude 4-benreneselenenyltetrahydropyranone 

(355 mg, 1.08 mmol) and pyridine (0.44 mL, 5.45 mmol) in cHclJ (1.5 mL). 

After 60 min the solvent was evaporated In vacua and the residual orange 

oil (800 mg) was purified by column chromatography on silica gel (22 g, 

CH2C12) to yield 5-isopropylpyranone lj (75 lag, 252, slightly yellow oil). 

IR (Cap film) v 2968, 2935, 2900, 2832, 1710, 1685, 1637, 1467, 1280, 

1267, 1063, 965, 884, 860 cm-'; 200 MHz 'Ii NMR (CD2C11) I 5.89 (d, ‘J = 

1.5 Hz, 1 H, H-4), 5.01 (8, 1 H, H-6), 4.33 (d, ‘J - 17 Hz, 1 H, H-2), 

3.99 (d, ‘J = 17 HZ, 1 H, H-2), 3.50 (8, 3 H, DCHs), 2.50 (d septet, ‘J - 

7 Hz, ‘5 = 1.5 Hz, 1 H, (CHs)2CH), 1.14 (d, 3J - 7 Hz, 6 H, (C89)2CH); 

50.3 MHZ 13C NMR (CD2C12) 6 195.44 (8, C-3), 166.34 (8, C-5), 121.66 (d, 

C-4), 96.94 (d, C-6), 65.54 (t, C-2), 56.88 (q, OCHs), 32.07 (d, (CHS)~- 

CH), 21.22 (9, c-31, 20.72 (q, C!H3); n/z 170 (M+, 3.7), 155 (H+-CHa, 2.2), 

140 (M+-CH20, loo), 139 (M+-OCH,, 39), 125 (61), 97 (38). Exaat mass calcd 

for C9H1403 170.0943, found 170.0944. 

6-Ben~oyloxy-d-bsnzyloxymethyl-2.3-dihydro-6H-pyran-3-one. A solution of 

benzoyl chloride (0.82 mL, 7.06 mmol) in dry CH2C12 (3 mL) was added drop- 

wise to a stirred solution of 6-benzyloxymethyl-6-hydroxy-2,3-dihydro-6H- 

pyran-3-one' (1.5 g, 6.41 mmol) and pyridine (1.3 mL, 16.1 mmol) in anhy- 

drous CH2C12 (6.5 mL) at O'C. The mixture was stirred at O°C for 30 min, 

then allowed to warm to r.t. After the reaction had gone to completion (5 

h, TLC control), the mixture was diluted with ether (30 mL) and washed 

with water (2x). The aqueous phase was reextracted with ether and the com- 

bined organic layers were dried (MgS04) and evaporated fn vacua. Column 

filtration of the residual brown oil (2.6 g) through silica gel (55 g, 

ether/petrol, 4 : 6) and subsequent purification by column chromatography 

(35 g silica gel, ether/petrol, 3 : 7) afforded the benzoate (950 mg, 448, 

yellowish oil). IR (CHCls) v 3070, 2928, 2871, 1713, 1601, 1586, 1496, 

1453, 1276, 1108, 910, 868 cm-l; 200 IQIz 'H NMR 6 8.06 - 7.93 (m, 2 H, 

aryl H), 7.62 - 7.36 (m, 3 H, aryl H), 7.42 (d, J4,5 - 10.3 Hz, H-5), 7.29 

(m, 5 H, aryl H), 6.25 (d, J4,5 = 10.3 Hz, H-4), 4.72 (d, ‘J = 16.8 Hz, 1 

H, H-2), 4.64 (8, 2 H, PhCH2), 4.36 (d, 2J - 16.8 HZ, 1 H, H-2), 4.14 (d, 

25 = 10 Hz, 1 H, BnOCMH), 3.93 (d, ‘J = 10 Hz, 1 H, BnOCHH); 50.3 MHZ 13C 

NMR 6 193.58 (8, C-3), 164.71 (8, PhC02), 144.65 (d, C-5), 137.31 (8, aryl 

C), 133.56 (d, aryl C), 129.83 (d, 2 C, aryl C), 129.51 (8, aryl C), 

128.52 (a, 2 c, aryl c), 128.45 (d, 2 C, aryl C), 127.92 (d, aryl C or 

C-4), 127.77 (d, 2 C, a-1 C), 127.66 (d, C-4 or aryl C), 99.10 (8, C-6), 

73.88 (t, PhCH2), 72.00 (t, BnOCHz), 68.05 (t, C-2); n/z (5O'C) 338 (H*, 

0.4), 308 (M*-CH20, 0.3), 217 (3), 122 (15), 110 (21), 105 (loo), 91 (92), 

77 (40). 
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6-~en~yloxy~ethyl-6-(2-tr~~ethylsflylethoxy)-2,3-dihydro-6H-pyran-3-one 

(W * BnC12*Cgt2 (0.1 IPL of a 2.2 R solution in CH2C12, Merck, 0.22 mmol) 

was added to a eolution of 6-bentoyloxy-6-benzyloxymethyl-2,3-dihydro-6H- 

pyran-3-one (710 mg, 2.1 mnrol) and 2-(trimethyleilyl)ethanol (0.45 mL, 

3.15 mmol) in dry 1,2_dichloroethane (4.6 mL) at r.t. under N2. After all 

the starting material had been consumed (45 rin, TLC control), the reac- 

tion was quenched with eat. aq. NaHC03 solution. The aqueous layer was ex- 

tracted with CH2C12 (3x) and the combined organic layers were washed with 

ag. NaIiCOj solution, dried (FIgSO,) and evaporated in vacua. Purification 

of the yellow residue (800 mg) by column chromatography on silica gel (25 

g, ether/petrol, 2 : 8) gave 2-(trimethylsilyl)ethoxy derivative lm (625 

mg* 899, colorless oil. IR (cap film) Y 3065, 3032, 2953, 2882, 1698, 

1630, 1455, 1289, 1249, 1107, 1053, 1010, 861, 839, 699 cm-'; 200 RHz 'Ii 

NRR 6 7.33 (m, 5 Ii, aryl H), 7.05 (d, J4,5 - 10.2 Hz, 1 H, H-5), 6.13 (d, 

J4. 5 = 10.2 Hz, 1 H, H-4), 4.65 (d, 'J - 12 Hz, 1 H, PhCHH), 4.54 (d, ‘J - 

12 Hz, 1 H, PhCHH), 4.39 (d, 2J = 17 Hz, 1 H, H-2), 4.16 (d, 2J - 17 Hz, 1 

H, H-2), 3.73 (d, ‘J = 10 Hz, 1 H, BnCCMi), 3.63 (PI, 2 H, CH2CH2SiMe3), 

3.50 (d, 'J = 10 Hz, 1 H, BnOCHH), 0.93 (m, 2 H, CH2CH2SiMe~), 0.02 (8, 9 

H, Sines); 50.3 RHz "C NRR 6 194.41 (8, C-3), 147.10 (d, C-5), 137.23 (8, 

aryl C-l), 128.36 (d, aryl C-2,6), 127.85 (d, aryl C-4), 127.76 (d, aryl 

C-3,5), 127.08 (d, C-4), 95.34 (8, C-6), 73.48 (t, PhCHz), 70.48 (t, BnO- 

CH2), 66.77 (t, C-2), 59.98 (t, CH2CH2SiRe3), 18.27 (t, C!H2CH2SiMe3), -1.5 

(s, sMe3): n/z 304 (R+-CH20, 0.2), 217 (3.3), 200 (4), 185 (37), 165 (3), 

157 (3), 129 (14), 91 (loo), 75 (13), 73 (89). 

6-(2-t-Butyldi~ethylsflyloxyethyl)-6-hydroxy-2,3-dfhydro-6H-pyran-3-one. 

5-(2-t-Butyldimethylsilyloxyethyl)-2-hydroxymethylfuran16 (250 mg, 0.98 

mmol) and potassium acetate (191 mg, 1.95 zuzol) were dissolved in THF/H20 

(2.5 mL, 4 : 1) and cooled to -18'C. N-Bromoeuccinimide (NBS) (180 mg, 1 

mmol) was added in small portions to the vigorously stirred mixture. Every 

new portion of NBS was added after the color of bromine from the previous 

addition had faded. A persistant yellow color indicated the end of the re- 

action. Excess oxidant was reduced by adding solid Na2S03 (- 100 mg) and 

allowing to warm to r.t. Anhydrous MgSO,(- 750 mg) was added to bind water 

and the mixture was transferred onto a columnn with silica gel (15 g). 

Elution with ether/petrol (1 : 1) gave the title pyranone (245 mg, 922, 

slightly yellow oil). IR (CHC13) Y 3387, 2958, 2932, 2887, 2860, 1703, 

1689, 1631, 1472, 1262, 1078, 898, 862, 840 cm-l; 200 MHz 'H NMR 8 6.77 

(d, 54,s = 10 Hz, 1 H, H-5), 5.97 (dd, J,,s = 10 Hz, ‘32 ,, - 0.8 Hz, 1 H, 

H-4), 5.65 (8, 1 H, OH), 4.62 (d, 2J = 16.5 Hz, 1 H, H-2), 4.24 (dad, ‘J = 

10.2 Hz, J = 11.2 Hz, J = 2.6 Hz, 1 H, TBlXSOCHHCH2), 4.06 (dd, ‘J = 16.5 

Hz, ‘52.4 = 0.8 Hz, 1 H, H-2), 3.81 (ddd, 2J = 10.2 Hz, J = 4.3 HZ, J = 3 
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HZ, 1 H, TBDXSOCHHCH2), 2.12 (ddd, 2J = 14 Hz, J = 11.2 Hz, J - 4.3 Hz, 1 

H, TBDMSOCH2CHH), 1.82 (ddd, 2J - 14 Hz, J = 3 Hz, J - 2.6 Hz, 1 H, TBDMS- 

OCH2CIiH), 0.88 (8, 9 H, t-butyl), 0.09 (8, 3 H, CHsSi), 0.08 (a, 3 H, CR,- 

Si) ; 50.3 MHz 13C NMR 6 195.54 (8, C-3), 148.73 (d, C-5), 125.78 (d, C-4), 

93.77 (8, C-6), 66.31 (t, C-2), 59.53 (t, TBDM!30CH2CB2), 39.52 (t, TBDWO- 

CHzCHz), 25.65 (q, 3 C, C(CHs)s), 17.95 (8, C(CH3)3), -5.70 (q, CH3Si), 

-5.80 (q, CH3Si); m/z 257 (M+-CH3, 0.2), 242 (W'-CH20, 1.8), 215 (M'-'bu- 

tyl, 7), 197 (a), 185 (22), 167 (9.5), 157 (ll), 123 (25), 105 (20), 95 

(la), 75 (loo), 57 (27). Exact MSS calcd for C12H22O3Si (M+-c!H20) 

242.1338, found 242.1337. 

6-(2-~-Butyldfm8thyLs~ly~oxy8~hyl)-6-oethoxy-2,3-d~hydro-6H-pyran-3-on8 

(In). Silver oxide (260 mg, 1.12 mmol) was added to a vigorously otirred 

solution of 6-(2-t-butyldimethylsilyloxyethyl)-6-hydroxy-2,3-dihydro-6H- 

pyran-3-one (100 mg, 0.367 mmol) in dry ether (1.4 mL) under N2, followed 

by methyl iodide (0.08 mL, 1.29 mmol). After 29 h the mixture was fil- 

tered, concentrated fn vacua at r.t. and purified by column chromatography 

on silica gel (6 g, ether/petrol, 4 : 6) to give the starting material (16 

mg) and methoxy derivative In (55 mg, 52%, colorless oils). IR (cap film) 

v 2957, 2932, 2885, 2858, 1703, 1631, 1473, 1388, 1256, 1105, 838, 778 

cm-'; 200 MHz 'H NHR 6 7.01 (d, J4,5 = 10 Hz, 1 H, H-5), 6.06 (dd, J4,s = 

10 HZ, *J2,4 = 0.4 HZ, 1 H, H-4), 4.35 (d, 2J = 16.5 HZ, 1 H, H-2), 4.11 

(dd, ‘J = 16.5 HZ, 4J2,4 = 0.4 HZ, 1 H, H-2), 3.74 (m, 2 H, TBDMSOCH2CH2), 

3.33 (8, 3 H, OCH,), 2.15 (dt, J, = 6.2 Hz, Jd = 14.2 Hz, 1 H, TBDMSOCH2- 

CHH), 2.0 (dt, J, = 6.2 Hz, J,j = 14.2 Hz, 1 H, TBDMBOCH2CHH), 0.88 (8, 9 

H, t-butyl), 0.04 (8, 3 H, CHsSi), 0.03 (8, 3 H, CR3Si); 50.3 MHz 13C NH8 

6 194.60 (8, C-3), 149.18 (d, C-5), 126.32 (d, C-4), 96.27 (8, C-6), 66.74 

(t, C-2), 58.46 (t, TBDMSOCR2CH2), 49.79 (q, OCH,), 38.33 (t, DTBDMSOCB2- 

CH2), 25.83 (q, 3 C, C(CH3) 3), 18.17 (8, C(CH3)3), -5.49 (q, CH,Si), -5.52 

(q, CHsSi); m/z 286 (H*, 0.07), 271 (M'-CIi3, 0.2), 256 (M*-CH20, 0.8), 255 

(M'- CH30, 1.9), 229 (H+-'butyl, 13), 199 (27), 197 (23), 181 (7.5), 169 

(14), 167 (17.5), 123 (27), 119 (22), 89 (loo), 75 (43). Exact mass calcd 

for C13H2303Si (M*-CH30) 255.1417, found 255.1417. 

General Procedure for the Ring Contraction of 6-Alkoxy-2,3-d1hydro-6H-py- 

ran-j-ones 1 under Optimized Conditions. Benzoic acid (0.5 eq) and potas- 

sium acetate (1 eq) were added to a solution of pyranone 1 in dry redi- 

stilled DMF under N2. The mixture was stirred at 80°C until TLC showed ab- 

sence of starting material and then concentrated in vacua at the same tem- 

perature. Further work up was carried out either anhydrous by column 

chromatography of the brown residue on silica gel, eluting with ether/pe- 

trol, or aqueous by partitition of the residue between ether/aq. NaHC03 

solution (5%), followed by extraction of the aqueous phase with ether 
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t-1 The combined organic layers were washed with brine, dried (HgSO,), 

evaporated in vucuo and purified by column chromatography on silica gel 

(ether/petrol) to give cyclopentenone 2 as an oil. 

tfans-5-Hydroxy-4-(2-trimethylsilylethoxy)-2-cyclopenten-l-one (2b). The 

reaction of pyranone lb (283 mg, 1.32 mmol) in DMF (34 mL) in the presence 

of HOBz (80 mg, 0.655 mmol) and KOAc (128.5 mg, 1.31 mmol) (80°C, 135 

min), followed by aqueous work up, gave cyclopentenone 2b (159 rmg, 569, 

slightly yellow oil) identical to the literature.6 

trans-5-Hydroxy-4-methoxy-2-cyclopenten-l-one (20). The ring contraction 

of pyranone la (50 mg, 0.39 mmol) in DMF (10 mL) with HOBz (24 mg, 0.2 

mmol) and KOAc (38 mg, 0.39 mmol) (80°C, 70 lain), followed by anhydrous 

work up, afforded cyclopentenone 20 (23 mg, 45%, yellowish oil). IR (cap 

film) v 3560, 3400, 3000, 2940, 1725, 1660, 1450, 1370, 1320, 1120, 1080, 

1035, 975 cm-'; 200 MHz 'Ii NHR 6 7.51 (dd, J2,3 = 6 Hz, J3,4 = 2 Hz, 1 H, 

H-3), 6.30 (dd, 52.3 - 6 Hz, J2,, = 2 Hz, 1 H, H-2), 4.38 (m, 1 H, H-4), 

4.21 (d, 34.5 - 2.5 Hz, 1 H, H-5), 3.60 (8, 3 H, OCH,), 3.29 (bs, 1 H, 

OH): 75 MHz 13C NMR 6 204.37 (8, C-l), 158.53 (d, C-3), 132.20 (d, C-2), 

84.65 (d, C-5), 79.94 (d, C-4), 58.00 (q, OCHs); m/z 128 (M', 31), 100 

(28), 97 (31), 89 (loo), 81 (23), 68 (40), 59 (72). Exact mass calcd for 

C5H502 (H+-0CH3) 97.0289, found 97.0289. 

t~ans-5-Hydroxy-3-(&-l-propenyl)-4-(2-trfmethylsflylethoxy~-2-cyclopenten- 

l-one (Zk). Pyranone lk (44 mg, 0.17 mmol) in DMF (4.4 mL) was allowed to 

react in the presence of HOBz (10.6 mg, 0.087 mmol) and KOAc (17 mg, 0.17 

mmol) (8O"C, 14 h). Aqueous work up afforded starting material lk (4.7 mg, 

11%) and cyclopentenone 2k (6 mg, 142, slightly yellow oil), identical to 

the literature.6 

4-Benzyloxymethyl-5-hydroxy-4-methoxy-2-cyclopenten-l-one (21). The reac- 

tion of pyranone 11 (280 mg, 1.13 mmol) in DMF (29 mL) in the presence of 

HOBz (69 mg, 0.565 mmol) and KOAc (110 mg, 1.21 mmol) (80°C, 195 min), 

followed by anhydrous work up, gave cyclopentenone 21 (185 mg, 662, 22 : 1 

mixture of diastereomers). IR (cap film) v 3441, 3065, 3031, 2936, 2867, 

2838, 1724, 1588, 1455, 1363, 1114, 1029, 741, 700 cm-'; 200 MHz 'H NMR, 

major isomer 6 7.43 (d, J2,3 = 6 Hz, 1 H, H-3), 7.4 - 7.17 (m, 5 H, aryl 

H) t 6.39 (d, 52.3 = 6 HZ, 1 H, H-2), 4.49 (8, 2 H, PhCHz), 4.35 (8, 1 H, 

H-5), 3.72 (d, ‘J = 8.5 Hz, 1 H, BnOCHH), 3.65 (d, 2J - 8.5 Hz, 1 H, BnO- 

CRH), 3.42 (8, 3 H, OCHs), 3.07 (bs, 1 H, OH): minor isomer i 6.46 (d, 

J2, 3 = 6 Hz, 1 H, H-2), 4.59 (8, 2 H, PhCH2), 4.13 (6, 1 H, H-5), 3.25 (8, 

3 H, OCH3); 50.3 MHZ 13C NMR 6 203.29 (8, C-l), 160.19 (d, C-3), 137.45 

(s, aryl C-l), 132.82 (d, C-2), 128.38 (d, aryl C-2,6), 127.74 (d, aryl 

C-4), 127.47 (d, aryl C-3,5), 85.18 (6, C-4), 77.87 (d, C-5), 73.46 (t, 

PhCH2), 69.43 (t, BnOCH2), 52.33 (q, OCH3); m/z 248 (M', l), 217 (M*-CH30, 
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8.81, 189 (7.6), 165 (9), 144 (21), 127 (68), 115 (26), 99 (40), 91 (loo). 

Exact mass calcd for C13H1903 (X+-CHsO) 217.0865, found 217.0865. 

4-Benzyloxymethyl-5-hydroxy-4-(2-trinethy~sf~ylet~oxy~-2-cyclopenten-~-one 

(W - The ring contraction of pyranone l8 (558 mg, 1.67 mmol) in DRF (42 

mL) with HOBz (102 mg, 0.835 mmol) and XOAc (164 mg, 1.67 mmol) (80°C, 210 

min, anhydrous work up) gave cyclopentenone 2r (386 mg, 692, -95 : 5 mix- 

ture Of diastereomers). IR (CHC13) Y 3542, 2956, 2871, 1727, 1673, 1455, 

1363, 1251, 1109, 861, 839 cm-': 200 RHz 'H RMR 8 7.41 (d, J2,s - 6 HZ, 1 

H, H-3), 7.38 - 7.15 (la, 5 H, aryl H), 6.38 (d, J2,, = 6 Hz, 1 H, H-2), 

4.51 (d, 2J - 12.6 Hz, 1 H, PhCHH), 4.45 (d, 'J - 12.6 Hz, 1 H, PhCHH), 

4.35 (8, 1 H, H-5), 3.79 - 3.53 (la, 2 H, OCH2CH2SiMe,), 3.72 (d, 'J - 9.3 

Hz, 1 H, BnCCHH), 3.65 (d, 2J - 9.3 Hz, 1 H, BnOCHH), 3.02 (bs, 1 H, OH), 

0.93 (t, J = 8 Hz, 2 H, CCH2CH2SiMes), 0.01 (8, 9 H, HesSi); 50.3 MHz 13C 

NMR 6 203.09 (8, C-l), 160.12 (d, C-3), 137.29 (8, aryl C-l), 132.63 (d, 

C-2), 128.38 (d, ary1 C-2,6), 127.76 (d, ary1 C-4), 127.41 (d, ary1 C-3, 

5), 84.68 (8, C-4), 78.51 (d, C-5), 73.41 (t, PhCH2), 69.41 (t, BnOCH2), 

62.02 (t, OCH2CH2SiHe3), 18.87 (t, 0CH2CH2SiMeJ), -1.35 (q, SiMe,); m/r 

306 (H+-C2H,, 0.5), 291 (M+-C2H,-CH3, 0.5), 276 (0.9), 185 (51), 169 (8), 

165 (6), 157 (5), 91 (99), 75 (17), 73 (100). Exact mass calcd for 

CleH2204Si (%I*-CxH,) 306.1287, found 306.1286. 

4-(2-~-Butyldfmethylsflyloxyethyl)-5-hydroxy-4-methoxy-2-cyclopenten-l-one 

(2n). The reaction of pyranone In (425 mg, 1.48 mmol) in DMF (38 mL) with 

HOBz (90 mg, 0.74 mmol) and XOAc (145 mg, 1.48 mmol) (8O"C, 4 h, anhydrous 

work up) afforded cyclopentenone 211 (160 mg, 37%, 20 : 1 mixture of dia- 

stereomers) as a yellowish oil. IR (CHCl,) v 3369, 2957, 2932, 2885, 2859, 

1728, 1471, 1362, 1258, 1092, 904, 839 cm-'; 200 MHz 'H RMR 8 7.38 (d, 

J2,3 = 6.2 Hz, 1 H, H-3), 6.31 (d, Jz,~ - 6.2 Hz, 1 H, H-2), 4.27 (bd, 

JS,OH = 7.6 Hz, 1 H, H-5), 4.0 (bd, Js,on = 7.6 Hz, 1 H, OH), 3.73 (dt, Jt 

= 4.2 Hz, Jd = 10 Hz, 1 H, TBDMSOCHHCH2), 3.52 (dt, Jt - 10 Hz, Jd = 3.2 

Hz, 1 H, TBDMSOCHHCH2), 3.39 (8, 3 H, CCHs), 2.21 (add, 'J = 14.5 Hz, J = 

10 Hz, J = 4.2 Hz, 1 H, TBDHSOCH2CHH), 1.96 (ddd, 'J = 14.5 Hz, J = 4.2 

Hz, J = 3.2 Hz, 1 H, TBDMSOCH2CHH), 0.87 (8, 9 H, 'butyl), 0.04 (8, 3 H, 

CH&)r 0.035 (8, 3 H, CXsSi); 50.3 MHz 13C! RRR 8 203.8 (8, C-l), 161.67 

(d, C-3), 131.63 (d, C-2), 84.99 (8, C-4), 78.31 (d, C-5), 58.64 (t, 

TBDMSOCH2CH2), 51.68 (q, OCHa), 34.78 (t, TBDMS0CH2CH2), 25.75 (q, 3 C, 

C(CHp)J), 18.07 (8, c(CH3)3), -5.72 (q, CHGi), -5.87 (q, CH#i): m/z 271 

(M+-C!Ha, 0.3), 229 (M+- tbutyl, 15.5), 197 (57), 167 (loo), 139 (5.7), 123 

(2l), 89 (4D), 75 (52), 73 (37). Exact mass calcd for C10H1704Si 

(M+- 'butyl) 229.0896, found 229.0896. 

General Procedure for the Ring Contraction of 6-Alkoxy-2,3-dihydro-6H-py- 

ran-3-ones under Heterogenous Condftfons. NaHCO3 (5 eq), the phase trans- 
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fer catalyst (nBurN*Cl- or EtsN*C!HzPh Cl-, 1 eq) and Pd(OAc)l (2 mall) 

were added to a solution of pyranone 1 in dry redistilled IMP under N2. 

The mixture was stirred at 80°C until TLC showed absence of starting ma- 

terial. The mixture was then concentrated in vacua at 80°C and the resul- 

ting dark brown residue purified by column chromatography on silica gel, 

eluting with ether/petrol, to give cyclopentenone 2 as an oil. 

trans-4-t-Butoxy-S-hydroxy-2-cyclopenten-l-one (28). The ring contraction 

of pyranone la (350 mg, 2.05 mmol) in DMP (60 mL) with NaHCOs (680 mg, 8.2 

mmol), nBu,N+Cl- (570 mg, 2.05 mmol) and W(OAC)~ (46 mg, 0.2 mmol) (80°C, 

24 h) gave cyclopentenone 2a (210 mg, 60%) as yellow needles, mp 52.5 - 

53'C. IR (CHC13) v 3550, 3420, 3000, 2980, 1720, 1585, 1470, 1390, 1370, 

1320, 1260, 1185, 1120, 1065, 990, 905 cm-'; 300 MHz 'Ii NMR 6 7.34 (dd, 

J2.3 a 6 HZ, 53.4 = 2 HZ, 1 H, H-3), 6.35 (dd, Jz.9 = 6 HZ, 52.4 - 1.5 HZ, 

1 H, H-2), 4.61 (m, 1 H, H-4), 4.10 (d, 54.5 = 2.5 Hz, 1 H, H-5), 3.03 (8, 

1 H, OH), 1.32 (8, 9 H, 'butyl); 75 MHz 13C NBR 6 205.37 (s, C-l), 161.48 

(d, C-3), 131.39 (d, C-2), 80.48 (d, C-5), 76.42 (d, C-4), 75.01 (8, 

C(cH3) 31, 28.16 (q, C(CH,),); m/z 114 (89), 97 (36), 96 (go), 69 (22), 68 

(23), 57 (100). Exact mass calcd for CSIi502 (W-'butoxy) 97.0289, found 

97.0289. 

trans-4-Benzyloxy-S-hydroxy-2-cyclopenten-l-one (la). The reaction of py- 

ranone ld (188 mg, 0.92 mmol) in DMF (20 mL) in the presence of NaHC03 

(390 mg, 4.64 mmol), nBu4N+Cl- (256 mg, 0.92 mmol) and Pd(OAc)z (4.7 mg, 

0.021 mmol) (SO'C, 8.5 h) gave benzyl alcohol (29 mg, 29%) and cyclopente- 

none 24 (45 mg, 249, slightly yellow oil). IR (cap film) v 3420, 3060, 

3040, 2880, 1725, 1590, 1500, 1455, 1355, 1320, 1210, 1120, 1075, 1040, 

1030, 985, 970, 940 cm-'; 90 mZ 'H NMR 6 7.47 (dd, J2,3 = 6 HZ, 53.4 = 2 

HZ, 1 H, H-3), 7.44 - 7.27 (m, 5 H, aryl H), 6.28 (dd, Jz, 3 = 6 HZ, J2,4 = 

1.5 Hz, 1 H, H-2), 4.89 (d, 2J - 12 Hz, 1 H, PhCHH), 4.74 (d, 2J = 12 Hz, 

1 H, PhCHH), 4.56 (m, 1 H, H-4), 4.29 (d, J4,s = 2.5 Hz, 1 H, H-5)) 2.98 

(bs, 1 H, OH): 75 MHz 13C NMR 8 204.36 (8, C-l), 158.94 (d, C-3), 137.37 

(8, aryl C), 132.18 (d, C-2), 128.51 (d, aryl C), 128.02 (aryl C), 82.65 

(d, C-5), 80.30 (d, C-4), 72.43 (t, PhCH2); m/z 204 (M+, l), 203 (3), 177 

(13), 176 (9), 160 (2), 159 (5), 158 (5), 132 (8), 105 (15), 91 (loo), 89 

(13), 87 (15), 65 (14), 52 (17). Exact maas calcd for ClzH12O3 204.0786, 

found 204.0785. 

trans-2-Chloro-S-hydroxy-4-methoxy-2-cyclopenten-l-one (20). me ring 

contraction of pyranone lg5 (163 mg, 1 mmol) in DMF (30 mL) with NaHC03 

(420 mg, 5 mmol), nBudN+Cl- (277 mg, 1 mmol) and W(OAC)~ (20 mg, 0.09 

mmol) (SO~C, 24 h) gave cyclopentenone 2g (42 mg, 26%) as colorless 

crystals, mp 102 -104'C. IR (KBr) v 3340, 2980, 2940, 1735, 1600, 1390, 

1280, 1220, 1190, 1110, 960 cm-'; 200 BHz 'H NRR (CD2C12) 6 7.44 (d, J3,4 
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= 2 Hz, 1 Ii, H-3), 4.34 (dd, 53.4 * 2 HZ, 54,s - 2 Hz, 1 H, H-4), 4.25 (d, 

54.5 = 2 Hz, 1 H, H-5), 3.55 (8, OCHs), 3.09 (bs, 1 H, OH)1 m/z 163/162 

w+, 10/32), 132/131 (34/100), 102 (42), 75 (16), 69 (la), 50 (23). 

trans-2-Broao-5-hydroxy-4-methoxy-2-cyclopenten-~-one (la). The reaction 

of pyranone lh5 (207 mg, 1 mmol) in DMP (30 mL) with NaHCO!, (420 mg, 5 

mmol), nBudN+Cl- (277 mg, 1 mmol) and Pd(OAc)z (20 rg, 0.09 mmol) (8O"C, 

24 h) afforded cyclpentenone 2h (50 mg, 242, colorless crystals, mp 114 

-116'C). IR (RBr) Y 3340, 2980, 1940, 1735, 1590, 1400, 1340, 1280, 1220, 

1190, 1110, 960 cm-'; 80 MBz 'H NHR (DMSO-ds) 6 8.02 (d, J3,4 - 2.5 Hz, 1 

H, H-3), 6.15 (d, Js,~H = 6.5 Hz, 1 H, OH), 4.27 (dd, J3,4 = 2.5 Hz, J4,5 

= 2 Hz, 1 H, H-4), 4.12 (dd, JS,OH = 6.5 Hz, 54.5 - 2 Hz, 1 H, H-5), 3.44 

(8, 3 H, OCH,): m/z 208/206 (M+, 7), 207/205 (62), 177/175 (42), 176/174 

(lOO), 147/145 (52), 137 (49), 101 (73). 

tran8-5-Hydroxy-4-nethoxy-3-methyI-2-cyc~openten-l-one (2i). Ring contrac- 

tion of methylpyranone li (41 mg, 0.288 mmol) in DRP (6.1 zG) in the pre- 

sence of NaHC03 (121 mg, 1.44 mmol), EtSN+CH2Ph cl- (66 mg, 0.289 mmol) 

and Pd(OAc), (1.3 mg, 5.79 ~01) (EO'C, 35 h) gave starting material li (8 

mg, 20%) and cyclopentenone 2i (12.5 mg, 30%, oil). IR (CHC.1,) Y 3550, 

3420, 3000, 2940, 2835, 1705, 1620, 1431, 1376, 1311, 1116, 1092, 978, 

911, 830 cm-'; 200 MHz 'H NMR 6 6.01 (quintet, 4J = 1.25 Hz, 1 H, H-2), 

4.23 - 4.16 (m, 2 H, H-4 and H-5), 3.61 (8, 3 H, CCHs), 3.23 (bs, 1 H, 

CB), 2.15 (t, 4J = 1.25 HZ, 3 H, CHJ); m/z 142 (H*, 42), 127 (W'-CHJ, 50), 

114 (M+-CO, 19), 111 (M+-0CH3, 56), 110 (25), 82 (loo), 55 (80). Exact 

ma88 calcd for C7H1003 142.0630, found 142.0630. 

trans-S-Hydroxy-3-isopropyl-4-methoxy-2-cyclopenten-l-one (a). Reaction 

of isopropylpyranone lj (35 mg, 0.206 mmol) in DMF (4.3 mL) with NaHC03 

(86 mg, 1.03 mmol) and Et3N*CH2Ph Cl- (46 mg, 0.205 mmol) (80°C, 37 h) 

gave, in order of elution, cyclopentenone 2j (3.5 mg, lo%), alcohol 4 (4.5 

mg, 12%) and alcohol 3 (3.6 mg, 9%) as oils. Data of 2j: IR (CHCls) Y 

3550, 3420, 2971, 2935, 2877, 2833, 1713, 1607, 1467, 1186, 1117, 1090, 

978 cm-'; 200 KHZ 'H NRR 6 5.99 (t, 4J = 1.1 Hz, 1 H, H-2), 4.28 (bd, 54.5 

= 2.5 Hz, 1 H, H-5), 4.22 (d, J4,s = 2.5 Hz, 1 H, H-4), 3.60 (8, 3 H, 

OCHs), 2.82 (b septet, 3J= 6.5 Hz, 1 H, (CH3)2CH), 1.60 (bs, 1 H, OH), 

1.20 (d, 3J= 6.5 Hz, 3 H, CH,), 1.16 (d, 3J= 6.5 HZ, 3 H, CH3); m/z 170 

w+, 30), 139 (M+-CH30, 24), 138 (M+-'X40, la), 127 (W+-C3H,, loo), 95 

(63)~ 81 (33), 67 (44). Exact ma68 calcd for CPH1403 170.0943, found 

170.0944. Data of 4: IR (cap film) v 3340, 2987, 2916, 2835, 1715, 1371, 

1244, 1198, 1098, 1069, 960 cm-'; 200 MHz lH NBR 6 5.15 (6, 1 H, H-6), 

4.22 (d, ‘3 - 17.5 Hz, 1 H, H-2), 4.07 (d, 2J = 17.5 Hz, 1 H, H-2), 3.64 

(8, 1 H, H-4), 3.51 (8, 3 H, OCH3), 2.23 (bs, 1 H, OH), 1.34 (8, 3 H, 

CHs), 1.33 (s, 3 H, CH3). Data of 3: IR (cap film) v 3450, 2980, 2935, 
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2835, 1685, 1636, 1366, 1268, 1184, 1119, 1062, 963 cm-l; 200 MHz 'B NMR 5 

6.07 (8, 1 H, H-4), 5.28 (8, 1 B, H-6), 4.37 (d, ‘J = 16.8 Hz, 1 ?I, H-Z), 

4.07 (d, ‘J - 16.8 Hz, 1 H, H-Z), 3.54 (8, 3 H, CCHD), 2.06 (bs, 1 H, OH), 

1.46 (8, 3 H, CHD), 1.43 (8, 3 H, CHD); 50.3 MHz 13C NMR 6 195.51 (8, 

C-3), 164.56 (8, C-5), 121.12 (d, C-4), 94.54 (d, C-6), 71.29 (t, C-Z), 

64.76 (8, (CH3)2COH), 56.42 (q, OCHD), 29.49 (q, CHD), 29.08 (q, CHD); m/z 

186 (M', 5.6), 171 (H+-CH3, 1.9), 156 (M+-CH20, 71), 155 (M+-CH30, 27), 

139 (27), 124 (loo), 109 (43), 96 (37), 81 (40), 67 (58), 59 (32). 

(+)-R-4-(2-Trirethylsilylethoxy)-l-cyclopenten-l-one. A solution of CrC12 

(Aldrich, -902, 450 mg, -3.3 mmol) in degassed water (3 mL) under argon 

was added by syringe to a stirred solution of diastereomerically pure 

camphanate 9-A13 (168 mg, 0.426 mmol) in degassed redistilled acetone (6 

mL) under argon. After 12 h the reaction mixture was extracted with ether 

(3x) and the combined organic layers were washed with brine, dried (MgSO,) 

and evaporated in vacua at OOC. Column chromatography of the residue on 

silica gel (7 g, ether/petrol, 4 : 6) afforded the title compound as a 

colorless liquid (65 mg, 77%), la]D 
25 

= +49.70, (al5782s - +50.40, 

(a] 546 
25 

= +51.0’, [a]43625 = -26.6" (C = 1.37, cH2c12). IR (Cap film) Y 

3066, 2954, 2895, 2864, 1724, 1656, 1591, 1348, 1249, 1181, 1109, 1073, 

858, 837 cm-'; 200 MHZ 'H NMR 6 7.59 (dd, J2,3 = 5.8 HZ, J3,4= 2.3 HZ, 1 

H, H-3), 6.22 (dd, 52.3 - 5.8 Hz, J2,, = 1.2 Hz, 1 H, H-Z), 4.64 (m, 1 H, 

H-4), 3.60 (m, 2 H, 0CH2CH2SiMe3), 2.66 (dd, 2J = 18 HZ, J4,5- 6 HZ, 1 H, 

H-5), 2.26 (dd, 2J = 18 Hz, J4,s= 2.2 Hz, 1 H, H-5), 0.93 (m, 2 H, 0CH2- 

CH2SiMe3), 0.0 (8, 9 H, Me3Si); 50.3 MHz 13C NMR 6 206.10 (8, C-l), 161.31 

(d, C-3), 135.37 (d, C-Z), 76.84 (d, C-4), 67.09 (t, 0CH2CH2SiMe3), 41.74 

(t, C-5), 18.39 (t, 0CH2cH2SiMe3), -1.43 (q, Me,Si); m/z 198 (M', 1.5), 

183 (M+-CH3, 3.2), 168 (6.5), 155 (94), 142 (6.2), 103 (17.5), 81 (76), 75 

(42), 73 (100). 

(+)-R-4-Hydroxy-2-cyclopententen-l-one (+)-lo. 2nC12~OEt2 (0.1 mL of a 2.2 M 

solution in CH2C12, 0.22 mmol) was added to a stirred solution of (+)-R- 

4-(Z-trimethylsilylethoxy)-2-cyclopenten-l-one (38 mg, 0.19 mmol) in 

CH2Cl2 (0.9 mL) under N2. After 16 h sat. aq. NaHCC3 solution (0.2 mL) was 

added and the mixture extracted with ethyl acetate (4 x 2 mL). The com- 

bined extracts were dried (MgSO,) and concentrated in vacua. purification 

of the residue by column chromatography on silica gel (3 g, ether) affor- 

ded cyclopentenone (+)-lo as an oil. Traces of water were removed by dis- 

solving the product in CHC13 (1 mL), drying (NaDSO,) and evaporating in 

vacua to yield the prostaglandin building block (+)-lo (17 mg, 90%), 

physical data identical to the literature,12 including optical rota- 

tions:12c [a]D22 = +94.z" * 2.8O, [a]D7D22 = +95.5O * 2.90, [a]D4622 = 

+97.6" * 2.9', [a]13622 = -22.4“ f 0.9' (c = 0.74, MeOH). 
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