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Summary: 4-Hydroxycyclopentenones can be converted 
to 4-(2'-oxoalkyl)cyclopentenones in one pot upon treat- 
ment with diketene and DBU via intramolecular Michael 
addition of the intermediate p-keto esters. 

The efficient synthesis of functionalized cyclopentanoids 
continues to be an important goal, given the many natural 
product targets containing this substructure.2 Cyclopen- 
tenones bearing pendant keto groups are especially useful 
intermediates, since they could be subsequently func- 
tionalized to give modified prostaglandin side chains3 or 
used for the annulation of an additional ring to the existing 
cyclopentane.4 We have recently described a general route 
to functionalized cyclopent-2-en-1-ones involving pseudo- 
cine substitution of 4-(mesyloxy)cyclopentenones, in which 
heteronucleophiles or malonate are delivered vicinally to 
the leaving group and the cyclopentenone double bond 
migrates from C-2/C-3 to C-4/C-5.6 We report here an 
expeditious route to 4- (2'-oxoalkyl)cyclopent-2-en- 1-ones, 
formal ketone-cyclopentadienone Michael adducts, from 
readily available 4-hydroxycyclopentenones via intramo- 
lecular pseudocine substitution (eq 1). 
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Prior examples of pseudocine substitution occurred 
through stepwise conversion of the 4-hydroxyl to a mesylate 
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Scheme I 

n aq. acetone 
(10 la(R'= R 2 =  H) 

lb (R' = ME, R2 - H) 

lc(R1=iPr,R2=H) 

I d  (R' - En, RZ = H) 

l e  (R' - (CH,),Ph, R'= H) 

11 (R' - (CHz),Ph, R2 = Me) 

l g  (R' = Ph. R 2 =  H) 

Table I. Acetoacetylation/Rearrangement of 
4-Hydroxycyclopentenones 

1) e o ,  cat DBU, THF 
nr .o, 

1a.g 

substrate R1 R2 methoda product vieldb (%) 
la 
l b  
I C  
Id 
le 
If 
1g 
Id 
l h  

H H A 
Me H B 
iPr H A 
Bn H A 
Ph(CHzh H A 
Ph(CH2)z Me C 
Ph H D 
Bn H E 

*(CH2)3- C 

2a 
2b 
2c 
2d 
20 
2f 
4Be 
2i 
2h 

70 
45 
82 
81 
76 
59 
53 
51d 
35 

Conditions: (A) 1 was stirred in THF (0.15 M) with DBU (0.1 
equiv) and diketene (1.3 equiv) a t  rt. After consumption of 1, 
additional DBU (0.15 equiv) was added, and the reaction was stirred 
at  rt until the intermediate acetoacetate was converted to 2. (B) As 
per conditions A, except 1, diketene, and DBU were initially stirred 
at -10 OC. After consumption of 1, additional DBU (1 equiv) was 
added, and the reaction was stirred at  r t  until the intermediate was 
converted to 2. (C) A solution of 1 in THF (0.2 M) was stirred at  
reflux with DBU (0.5 equiv) and diketene (1.5 equiv) until 1 was 
completely converted to 2. (D) A solution of 1 in THF (0.2 M) was 
stirred with Et3N (0.3 equiv) and diketene (1.3 equiv) a t  rt until 
consumption of 1. (E) A solution of 1 in xylenes (0.7 M) was stirred 
with 5-benzyl-2,2,6-trimethyl-1,3-dioxin-4-one (1.05 equiv) at reflux 
until consumption of 1 and then cooled, diluted with THF (to a 
concentration of 0.15 M) and stirred with DBU (0.25 equiv) a t  rt 
until conversion of the intermediate to 2. bIsolated yields after 
chromatography. Satisfactory IR, 'H and l3C NMR spectra, and 
combustion analysis or HRMS were obtained for all producta 
reported. See Scheme 11. Isolated as a 1.41 mixture of diaster- 
eomers. 

leaving group and a presumed conjugate additiodenolate 
equilibration/p-elimination sequence. Given the prece- 
dent that acetate could serve as a leaving group in the 
elimination step:b we imagined that a suitably function- 
alized carboxyl group could both activate the hydroxyl for 
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A potential drawback to the reactions described above 
is their restriction to the introduction of three-carbon 
acetonyl groups. Dioxinones can serve as diketene equiv- 
alents via thermolytic extrusion of C02.’ Thus, heating 
Id and 5-benzyl-2,2,6-trimethyl-1,3-dioxin-4-0ne~~ in re- 
fluxing xylene, followed by room temperature treatment 
with catalytic DBU, gave 2i in fair yield as an inseparable 
mixture of diastereomers. More highly functionalized, 
polycyclic hydroxycyclopentenones can be readily pre- 
pared via inter- or intramolecular nucleophilic trapping 
of 4-pyrone-derived oxyallyl zwitterions.12 Bicyclic ether 
1 h, prepared photolytically from 2-(3’-hydroxypropyl)py- 
ran-4-one, also underwent conversion to 2h in modest yield 
under the standard diketene conditions. 

In summary, readily accessible 4-hydroxycyclopenten- 
ones can be converted to rearranged 4-(2’-oxoalkyl)cy- 
clopentenones. This transformation is carried out in one 
pot and two steps, using diketene or dioxinones, and the 
products are obtained in moderate to excellent yield. The 
key carbon-carbon bond-forming step occurs via intramo- 
lecular pseudocine substitution with an acetoacetate anion 
functioning as the internal nucleophile. Further appli- 
cations of this novel class of reactions will be reported 
elsewhere. 

L 
3g 

0 

dimrizalion I ,I 

Ph 

elimination and serve as an internal nucleophile. Since 
alcohols can be easily converted to 8-keto esters using 
diketene6 or dioxin one^,^ we chose these derivatives to 
test the idea of pseudocine substitution by internal 
delivery. The requisite 4-hydroxycyclopentenones lb-g 
could be easily prepared from substituted fury1 alcohols 
by the method of Piancatelli (Scheme 1): and unsubsti- 
tuted case la by allylic bromination and displacement 
with watereg 

Upon successive treatment with diketene/catalytic DBU 
and additional base, la-f gave rearranged products 2a-f 
in fair to excellent yield (Table I). Depending on substrate, 
some variation of temperature and quantity of base was 
necessary for optimal yields. With the exception of If, 
omission of the second step permitted isolation of the 
intermediate acetoacetates. Notably, phenyl substituted 
substrate lg failed to give any of the desired product 2g. 
Standard conditions led to immediate destruction, and 
use of catalytic EtsN in place of DBU resulted in dimer 
4g. This presumably arises from competing elimination 
of the acetoacetate (Scheme 11), leading to reactive 
cyclopentadienone 3g, followed by the known facile Diels- 
Alder dimeri~ation.~*J~ A likely explanation for the 
dominance of the elimination pathway in this case is the 
enhanced acidity of the C-5 proton due to phenyl sub- 
stitution. 
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