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Abstract -  A highly diastereoisoface-selective intramolecular hetero Diels-Alder

reaction of homochiral camphor-derived thiabutadienes to afford novel, optically

active bornene ring-fused dihydrothiopyrans is described for the first time.

Thiocarbonyl compounds have recently received considerable attention as synthetic tools with specific

properties.1  In fact, such useful sulfur compounds have been proved as key intermediates with rich,

specific reactivity in the synthesis of complex molecules and natural products.2  On the other hand, there

are numerous examples of camphor derivatives that have been exploited, particularly as chiral sources.3

The attractive advantages of employing camphor in asymmetric synthesis are its relatively inexpensive

and easy availability, potent transformation ability, and promising asymmetric induction due to the

topological differentiation efficiency apparently by virtue of the rigid framework of its derivatives.

Salama et al. recently reported the photolysis of thiocamphor for the synthesis of the 3,6-dihydro-1,2-

dithiin system.4  Corre et al. have recently demonstrated that thiocamphor derivatives can also be

utilized as useful synthons for chiral ligands.5  Some recent reports also describe the synthesis of

homochiral camphor-annulated (fused) heterocycles such as pyridines,6 pyrroles,7 pyrazoles,8 and

oxazolines,9 particularly for the use of chiral ligands.  To the best of our knowledge, however, there

have been no reports so far of the synthesis of bornene-fused homochiral dihydrothiopyrans.  In the
course of our investigation on α,β-unsaturated thiocarbonyl compounds, we have reported asymmetric

hetero Diels-Alder (HDA) reactions of thiabutadienes to afford optically active dihydrothiopyrans.10  We

considered it worthwhile to incorporate the camphor framework into a heterodiene system for preparing a

new chiral thiabutadiene.  Furthermore, to the best of our knowledge, there have been no reports on the

intramolecular, asymmetric thiabutadiene-Diels-Alder reaction.11,12  Here, we wish to report for the first

time the synthesis of optically active, bornene-fused dihydrothiopyrans that involves a highly

diastereoisoface-selective intramolecular HDA cycloaddition of 3-(arylmethylene)thiocamphors bearing a

dienophile (2).



3-(Arylmethylene)camphors (1) were readily prepared by aldol condensation of natural (+)-camphor (4)

with salicyl aldehyde (5), followed by introduction of a dienophile moiety with 7 to 6 (Scheme 1).

When the ketones (1) were thionated with Lawesson's reagent (LR) in refluxing toluene or xylene for 1.5-

3 h, the formed thioketones (2) smoothly underwent the intramolecular [4+2] cycloaddition to afford the

cycloadducts (3) in good yields (Table 1).13,14  The formation of the thioketones (2) is apparent because

Table 1.  Intramolecular HDA reaction of homochiral thiabutadienes (2) to give cycloadducts (3)a

Entry X R1 R2 Conditions Yield b / % exo : endo (π-facial, de)c

a CH2 H H Toluene/113 ˚C/1 h 90 91  (70 ) : 9

b CH2 CH3 CH3 Xylene/140 ˚C/1.5 h 79 76  (>99) : 24  (>99)

c CH2 CH3 H Toluene/113 ˚C/2 h 80 26  (87) : 74  (75)

d CH2 Ph H Toluene/113 ˚C/2 h 95 20  (>99) : 80  (73)

e CO H H Toluene/113 ˚C/2 h 88 26 : 74  (95)

f CO CH3 CH3 Xylene/140 ˚C/2 h 73 <1 : >99  (>99)

g CO CH3 H Toluene/113 ˚C/1.5 h 75 2 : 98  (88)

h CO Ph H Toluene/113 ˚C/2 h 99 <1 : >99  (>99)

i CO CO2Et H Toluene/113 ˚C/3 h 99 1 : 99  (86)

 a Reaction was carried out by heating a mixture of ketone (1) (1.00 mmol) and Lawesson's reagent (0.64 mmol) in

   a solvent (20 cm3).   b Isolated yield.    c Determined by 1H NMR spectroscopy and HPLC analysis.
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in the cases of 1b and 1f (R1 = R2 = Me), the characteristic blue color of the thioketones appeared, and

relatively high temperature (ca. 140 ˚C) was required to complete the cycloaddition.15   In the other

cases, such color was virtually not observed during the reaction.  These facts suggest that the

cycloaddition is slow enough in the former cases and is quite rapid in the latter, and that the rate-

determining step is the cycloaddition process for the former cases and the thionation stage for the latter.

The rate enhancement for the cycloaddition due to the intramolecularity is significantly large as the

generated thioketones (2) (except for 2b, 2f) are so quickly trapped by the even less activated, inner

dienophile (X = CH2, R1 = R2 = H) when the thionation was performed in refluxing benzene or toluene

for 1 h.  In contrast, the intermolecular (bimolecular) cycloaddition of structurally analogous 3-(o-

methoxyphenylmethylene)camphorthione, which could be isolated as a monomer, with an even activated

dienophile such as methyl acrylate requires 6 h in refluxing benzene for completion of the

cycloaddition.16  

The data in Table 1 suggest that the endo-exo stereoselectivity is affected by two variants, viz., the tether

connector X (CH2 / CO) and the substituents (R1 / R2): Namely, in the cases of X = CO group, the cis

 (endo) isomers are formed with high selectivity except for the case of e (R1 = R2 = H), whereas the cis-

trans (endo-exo) selectivity is largely varied in the cases of X = CH2 group.17  In the latter cases (X =

CH2), formation of the exo (trans) isomers is preferred when the substituents R1 and R2 are the same (H

or Me, Entries a and b), whilst the cycloaddition with the dienophile having a substituent R1 only (R1 =

Me or Ph, R2 = H) trans to the chain shows the endo preference (Entries c and d).  This stereochemical

outcome can be explained by considering the transition states as illustrated in Figure 1.  When X is a

CH2 group, the stereochemical outcome is due mainly to the steric repulsion, depending on the

substituents R1 and R2, around the diene and the dienophile.  When X is a CO group (Entries f-i), the

secondary orbital interaction between the CO carbon and diene C-3 carbon orbitals strongly controls the

endo (cis)-selectivity of the cycloaddition compared to that of the intermolecular variant.13  This can be

ascribed to the effective arrangement involving the enhanced secondary orbital interaction of the carbonyl

group which is connected by the tethering aryloxy group with less steric repulsion by arranging nearly

perpendicular to the diene plain, where the acrylic dienophile consequently adopts s-cis conformation
with respect to the C=C-CO moiety in the endo transition state.  With regard to the diastereo-π-facial

differentiation, the dimethyl substituents at the 7-position of the bornene skeleton block the dienophile
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Figure 1  Exo and endo orientations.



attack from the upper side in either (exo/endo) transition state, thus showing good to excellent

diastereomeric excess (de).

The diastereoisomers of the cycloadducts (3) were spectroscopically (1H-NMR) discriminated, and

chromatography and fractional recrystallization could separate them except for 3a, 3b and 3d.  Being

obtained as oils, compounds (3a, b, d) were oxidized by mCPBA to afford sulfoxides (8a, b, d), the

major isomers of which were separated.  The stereochemistry of the cycloadducts (3) was determined on

the basis of 1H-NMR spectroscopy and the comparison with that of cis-3e (major), of which the absolute

configuration was unequivocally confirmed by X-Ray crystallographic analysis.18

In summary, we have demonstrated that a highly diastereoisoface-selective intramolecular hetero Diels-

Alder cycloaddition of homochiral camphor-derived thiabutadienes is a viable approach to the synthesis

of optically pure bornene ring-fused dihydrothiopyrans.

Further work is in progress along this line by applying the camphor-derived sulfides as chiral catalysts.
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