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Abstract: 2.3-Naphthoquinodimethanes are easily generated from o-bis(a-acetoxypropargyl)benzene 
derivatives with SmI2 in the presence of palladium catalyst una’er mild conditions. The reactions of the 
quinodimethane intermediates werej?n& toj&w the di@nnt paths depending on the acetylenic substituents 
of substrates. 

o-Quinodimemanes have been of intense interest not only from the str&ural and theomtical point of view 

but also because of their synthetic utility as effective dienes in Diels-Alder reaction for the construction of 

polycyclic compounds.1 Therefore, a number of methods for the generation of these intermediates have so far 

been developed: e.g., (i) reductive, proton-induced, or anion-triggered 1,4-elimination reactions,2 (ii) thermal or 

photochemical extrusion reactions and reverse Diels-Alder processes of cyclic precur~)rs,~ (iii) ring-opening 

reactions of benxocyclobutenes and related compounds,4 etc. Among them, bn-electron cyclixation of o- 

diallenylbenxenes,5 for the formation of which strong bases were required, has attracted our attention because 

we recently developed a mild and convenient method for the formation of allenes from the corresponding 

propargylic acetates by using the Pd(O)-SmI2proton donor system.a Thus, we attempted to apply our allene 

synthesis to the generation of o-naphthoquinodimethanes (3). (Eq. 1) 

lb R=Ph 
lc R=(CRw3 

The precursors, bis-propargylic acetams (la-c), were easily prepad from o-phthalaldehyde in two steps 
@X-CR; Ac20, DMAP) in 70-80% overall yields as mixtures of diastereoisomers (l:l, 1:2, and 1:9, 

respectively). 

Fit, the reduction of o-bis(l’-acetoxy-2’propynyl)benzene (la) was examined and the postulated o- 

naphthoquinodimethane inmrmediate @a)7 was tried to trap with various dienophiles. (Es. 2) As expected, the 
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convenient one-pot reaction afforkd the corresponding DiekUier adducts (4ae)* in satisfactory yields (Table 

1) except for the reaction with dimethyl acetylenedicarboxylate (entry 5). A typical pnxedtue is as follows: A 

SmI2-THF solution (0.1 mol dmm3, 9.25 mL, 0.925 mmol) was added slowly to a solution of la (50.0 mg, 

0.185 mmol), Pd(PPhs)d (22.0 mg, 10 mall), and 2,4dimethyl-3-pentanol(58.0 pL, 0.407 mmol) in THF (4 

mL) at -78-C. The mixture was stirred for 30 min at the same temperature and then gradually warmed to O’C 

ovex sevexal hours, while being monitored by TLC. After completion of the reduction, a solution if dimethyl 

fumarate (80.0 mg, 0.555 mmol) in THF (2 mL) was added and the whole mixhue was stirred at O’C! for 2 h 

and then at mom temperati for 12 h. To the maction mixture was added hexane (2 mL) and silica gel (ca. 1 

g). The resulting suspension was stirred for 10 min and then passed through a pad of silica gel. The filtrate 

was concentrated and purified by preparative TLC on silica gel to give 4b (33.2 mg, 60%) as a white solid 

Table 1. One-Pot Conversion of 1 a to the Cycloadducts ( 4a - 4e ) a) 

Run Dienophile Major product Yield (46) 

4 

0 

@a) 57 

(4U 60 

(4$ 46b) 

(44 59 

(46 17 

a) For the feacton conditions, see the text. b) A mixture of diastenzomers: cisb=72/28. 

The concomitant formation of the cycloadduct (4b) in the reaction with dimethyl maleate (entry 3) would 

beduetothepartialisomerizationofthesEartingmaleatetofumaratepriortothecycloadditi~~~the~ 

conditions.9 
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The cyckadduct 4b could easily be amvcrtcd into dimethyl 2,3-an~yJates in good yield. 

4b 77% 

The mluctioo of phenylacetylene derivative (lb) also pmeeded smoothly, however, the mmsponding 

[4+2] cycloadduct with methyl acrylate was not detected at all. A mixture of nuns- and~ctr-diphenyl- 

naphtho@]cyclobuteneH~ru (5, ~/fi&2./g) was isolated as the result of intramolecular [2+2] q&addition 

of the o-naphthoquinodimethane intermediate (3b).” (E!q 3) When the reduction was performed at room 

tempemtme and then the mixture was stirred at 65T for several hours without methyl acrylate, a mixture of the 

diaateaeoisomers (rrux.r/&=84/16) was obtained in 66+ yield The pure fmns-5 was, upon being allowed to 

stand for 30 days at room temperature, isomerixed to give an equilibrium mixture of the stereoisomers 

(rrun.rkiHRR2O),t~ indicating that cleavage and regeneration of the cyclobutene ring takes place thermally 

and/or photochemically probably through a radical ptocesssc413 

E-Ph 
- 

E-Ph 
OAC 

lb 5 

-3O’C+ RT 59% (transtkis= 92/e) 

RT+ 65-C 66% ( trens/cis - 840 6) 

Also, the reaction of bis-alkynic compound (lc) with methyl acrylate did not give the umesponding 

Diels-Alder adduct under the standard conditions; the major product was l-alkenyl-2-aJl@aphthakne (6)s 

which would he stemmed from the corresponding naphthocgrinodimethane (3c) via [ 1,5] hydrogen shift5414 

(Eq. 4) 

=-CBH,3 
OAc 

lc 

In conclusion, the present reductive method, which is characterixed by ready availability of open chain 

precursors and mild reaction conditions, was found to provide a new route to o-naphthoquinodimethanes.~~ 
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a 1: 
OAc 

G- ms 

E-TM 

OAc 
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