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Summary: The reaction between cyclopentadiene and 
a,@-unsaturated carbonyl compounds in the presence of 
pyrrolidine gives rise to five different reaction pathways 
depending on the structure of the starting materials. For 
phenyl-substituted enones a high-yield one-pot synthesis 
of 1,2-dihydropentalenes is described. 

Sir: The synthesis of 6-substituted pentafulvenes via 
pyrrolidine-catalyzed condensation between cyclo- 
pentadiene and ketones or aldehydes was developed by 
Stone and Little.' Corresponding reactions with a,@-un- 
saturated carbonyl compounds seem not to have been in- 
vestigated however. The classical Thiele proCedure,2 using 
NaOEt in ethanol as base, gives only poor results con- 
cerning the formation of substituted ~inylpentafulvenes.~ 
For the synthesis of alkyl- and aryl-substitued 1,2-di- 
hydropentalenes we needed vinylpentafluvenes in high 
yield since the latter have been demonstrated to be ex- 
cellent starting materials for intramolecular electro- 
 cyclization^.^ Therefore, we examined the reactions of a 
series of a,@-unsaturated carbonyl compounds with cy- 
clopentadiene in the presence of pyrrolidine5 in the hope 
of generating directly vinylpentafulvenes or dihydro- 
pentalenes. 

Scheme I gives a summary of the results: 3-butenone 
(entry a) gave exclusively the Diels-Alder product 1 even 
after prolonged reaction time (12 h instead of the normal 
30 min). This coincides with the results Little' found when 
trying to generate pentafulvenes from sterically hindered 
ketones. In case (a) the [4 + 21 cycloaddition was by far 
the fastest reaction step and no secondary addition by the 
cyclopentadienyl anion (or the pyrrolidine to form the 
immonium intermediate) was possible. Using acrolein 
(entry b) as Michael substrate, the [4 + 21 cycloaddition 
again was the first step; consequently, in this case penta- 
fulvene formation took place in a subsequent step. The 
complex pentafulvene 26 was formed in moderate yield 
(58%) in this one-pot reaction; starting directly with the 
easily prepared n~rbornenealdehyde,~ 2 is formed in about 
72% yield. 

In the above examples, the pentafulvene-forming step 
was slower than the cycloaddition reaction, a situation 
which changes when the enone carries electron-donating 
substituents. Product 3, which could be isolated from 
reaction with mesityl oxide* (entry c) arose via Michael 
addition and subsequent retro-Aldol type reaction. The 
low reactivity of the carbonyl group could be enhanced by 
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Scheme I. Reactions of Cyclopentadiene with Unsaturated 
Carbonyl Compounds in the Presence of Pyrrolidine 
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Scheme 11. Conversion of 1,2-Dihydropentalenes into 
1,5-Dihydropentalenes 
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employing senecialdehyde (entry d). In this case and also 
in the tiglic aldehyde (entry d) the vinylpentafulvenes 4 
and 5 were formed without competing Michael reaction 
or [4 + 21 cycloaddition. For the phenyl-substituted en- 
ones benzalacetone (entry e) and benzalacetophenone 
(entry e) conversion to the desired 1,2-dihydropentalenes 
took place in situ. The intermediacy of a Michael type 
adduct is reasonable; however, the only isolable comounds 
were the 1,2- and 1,5-dihydropentalenes. The 1,2-isomers 
69 and 71° were converted to their 1,5-isomers 8l' and SI0 
by acid catalysis or simply on prolonged heating (Scheme 
11). Therefore, the yield for the 1,2-isomer dropped sig- 
nificantly when large-scale (1-2 moll2) instead of the 
normal 0.1-mol reactions5 were performed. On the other 
hand, this isomerization could be utilized for a high-yield 
synthesis of 1,5-dihydropentalenes. These compounds 
could represent versatile intermediates in the synthesis of 
complex polyquinane structures. 

(9) Red oil, bp 116-118 OC (0.1 Torr). 
(10) These compounds have been isolatd as side products (4%) using 

benzalacetophenone in the classical Thiele procedure:2 Cioranescu, E.; 
Bucur, A,; Mihai, G.; Mateescu, G.; Nenitzescu, C. D. Chem. Ber. 1962, 
95, 2325. 

(11) Orange crystals, mp 64-66 OC. 
(12) The yield of the 1,2-dihydropentalene 6 (up to 71%) could be 

increased by distillation of the compound at  lo4 Torr. 
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In principle, these compounds could be also prepared 
by the well known Hafner route13 by using the corre- 
sponding 8-(dialky1amino)-substituted 6-vinylpenta- 
fulvenes. Whereas this reaction sequence is a three-step 
procedure (pentafulvene formation, cyclization, and ex- 
change of the dialkylamino substituent), the way described 
here is a high-yield one-step reaction. 

The product types from entries b, d, and e constitute 
valuable precursors which can be transformed into inter- 
esting compounds. Thus, the vinylpentafulvenes 4 and 5 
were isomerized to the corresponding 1,5-dihydro- 
pentalenes by flash thermolysis. Most effective for this 
purpose was the flash vacuum thermolysis of the "cyclo- 
pentadiene protected" parent vinylpentafulvene 2. A t  
temperatures between 450 OC and 520 OC14 cycloadduct 
2 loses cyclopentadiene and gives the vinylpentafulvene 
10, which spontaneously cyclizes to the 1,6a-dihydro- 
pentalene 11 (Scheme 111). This intermediacy product 
could not be isolated but immediately rearranges to the 
1,5-dihydropentalene W5 via 1,5-hydrogen migrations. 

Although this cyclization-rearrangement sequence was 
originally reported by Gajewski and Cavender: it was not 
exploited for synthesis until now (only 10 mg of 12 could 
be made by direct vinylpentafulvene static thermolysis 
until now4). In our case, 12 could be isolated in 2-3-g 
quantities by thermolysis of 6 g of 2 in about 30 min. This 
synthetic methodology competes very well with the cy- 
clooctatetraene thermolysis route developed by Meier and 
co-workers.16 Furthermore, it should be easily applied to 
acceptor-substituted acroleins as starting materials. In- 
vestigations using this concept are in progress. 
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Summary: A new method is described for the convergent 
synthesis of poly01 chains in which two chains are coupled 
with control of the newly formed stereogenic center. 

Sir: Advances in asymmetric synthesis' over the last 
decade have made the construction of many simple poly01 
chains routine, but larger chains still represent a formi- 
dable challenge. A method is described herein which al- 
lows poly01 chains to be coupled with control of the newly 
formed stereogenic center. This is a problem for which 
very few general solutions have been r e p ~ r t e d . ~ ? ~  Our new 
method will dramatically simplify the synthesis of large 
poly01 chains because it allows them to be prepared from 
readily available smaller chains by a conuergent strategy. 

This method is designed around new 1,3-diol synthons: 
6-alkyl-4-(phenylthio)-1,3-dioxanes (e.g. 2). These syn- 
thons are protected @-hydroxy aldehydes and can be pre- 
pared from either @-hydroxy  ester^^,^ or homoallylic alco- 
ho l~ .~ , '  The 1,3-diol synthon 2 was prepared as a single 
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Kumobayashi, H.; Akutagawa, S. J .  Am. Chem. SOC. 1987,109,56565858. 
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isomer8 by treating 4-methyl-3- [ (trimethylsily1)oxylpen- 
tanal (1) (prepared in two steps from the homoallylic al- 
cohol 2-methyl-5-hexen-3-01) with (pheny1thio)trimethyl- 
silane and catalytic trimethylsilyl triflate to give a mixture 
of hemithioa~etals,~ followed by treatment with acetone 
and catalytic trimethylsilyl triflate.l0 This sequence can 

PhSSiMe3, -78 "C 

oms TMSOTf, 4 hrs 

1 [ ) y y S P h  ] Acetone, -78; 

O s 0  
TMSO oms TMSoTf, 35 hrs 

76% Overall 
2 

be performed in one pot but is more reliable when the 
intermediate hemithioacetals are isolated. The product 
slowly decomposes under the reaction conditions, so the 

(6) Brown, H. C.; Jadhav, P. K. J .  Am. Chem. SOC. 1983, 105, 
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Org. Chem. 1986,51,432-439. 

(7) Roush, W. R.; Walta, A. E.; Hoong, L. K. J.  Am. Chem. SOC. 1985, 

(8) All new compounds were characterized by IH and lSC NMR, IR, 
and C, H analyses or HRMS. Preparation of compounds 2 and 5, as well 
as spectral data for compounds 2,5, and 9 are given in the supplementary 
material. 

(9) Evans, D. A.; Truesdale, L. K.; Grimm, K. G.; Nesbitt, S. L. J. Am. 
Chem. SOC. 1977, 99, 5099-5017. 

(10) Tsunoda, T.; Suzuki, M.; Noyori, R. Tetrahedron Lett. 1980, 

107, 8186-8190. 

1357-1358. 

0 1989 American Chemical Society 


