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The nucleophilic addition of sulfur yIi.des to the 

carbonyl group (I) and to olefins (1) and aromatics 

substituted with electron withdrawing groups (2) is well 

known. The condensation of these inte~ediates with 

simple olefins (5) and aromatics (2,4,5) has been studled 

to a much less extent; in some instances, carbenes were 

suggested as ~nte~ediates. We wish to report the first 

exsmple of a nucleophilic reaction of d~et~lsu~fo~~- 

methylide (I) with uns~bst~~ted aromatic hydrocarbons. 

Such nu~leoph~~ic aromatic substitution reactions on un- 

substituted artnnatics are virtually u~no~. Correlzstion 

of chemical reacttvd.ty with molecular orbital theory give 

such reactions. special sign%ficance. 

Treatment of acenaphthylene with I in dimethyI- 

su~fox~de-tetr~dro~r~ leads to a m&&are of If (30.%), 

~-met~lace~~ht~~ene (III, 71.0$), and 5=-methyl- 

ace~~ht~lene (IV, S.O$). If the reaction is performed 

In tetra~dro~r~-hexane, in addition to 25.2$ II, 52.M 
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III, and 2.s N, there is produced 8.45 1,2-methano- 

acenaphthylene (V) (6). These results are summarized 

in Scheme I. The products were identified by comparison 

to authentic samples prepared in completely independent 

manners (7). 

Scheme I 

II m_hexane' I1 + "I ' IV + 

V 

Similarly, treatment of fluoranthene (VI) with I 

leads to a mixture of 1-methylfluoranthene (VII, 24.7%) 

and )-methylfluoranthene (VIII, 5.s) in addition to 

recovered starting material (65.s) as illustrated in 

Scheme II (6). Again, the products were identified by 

comparison to authentic samples prepared independently (7). 
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The nucleophilic nature of this reaction is reflected 

by the product distribution and by the reaction in dimethyl- 

sulfoxide. Electrophilic and free radical reactions occur 

at position 1 in acenaphthylene and at positions 3 and 8 

in fluoranthene (8). The orientations observed in the 

present cases are quite different and agree well with 

molecular orbital calculations for nucleophilic attack 

summarized in Chart I. It is interesting to note that, 

CHART I 

Reactivity Indices for Rucleophilic Attack 

Position 

1 2 3 4 5 6 7 

Acenaphthylene 

V Electron 1.066 0.909 1.008 0.926 
densities 

Localization 
energies 2.124 

FIuoranthene 

1,999 2.513 1.969 

71 Electron 
densities 0.927 1.005 0.958 0.997 1.008 

Localization 
energies 1.46 1.02 1.41 1.71 1.76 

of the two methods, ff electron densities better predict 

the observed orientations. This fact indicates that the 

transition state more closely resembles starting materials 

than intermediate6 or products. These CalCulatiOnS also 
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indicate that acenaphthylene should show a higher 

positional selectivity than fluoranthene--Q. the ratio 

of III/IV should be greater than the ratio of VII/VIII. 

This prediction is borne out--III/IV = 23.3 whereas 

VII/VIII = 7.7. 

The use of DMSO as solvent eliminates the reaction 

of a highly electrophilic species with II or VI (9). Thus, 

the formation of III and IV was unaffected by changing 

from THF-hexane to THF-DMSO. However, no cyclopropane V 

was formed in this latter solvent mixture. These observa- 

tions further confirm the nucleophilic nature of the 

methylation reaction and suggest that V arises from the 

electrophilic carbene intermediate. There are two likely 

mechanisms that must be considered for this unusual nucleo- 

philic substitution reaction. The first is simple nucleo- 

philic addition to the aromatic to form a sigma complex 

intermediate followed by elimination of dimethylsulfide 

concomitant with hydrogen shift (Mechanism A). The second 

involves carbon-sulfur bond cleavage simultaneous with 

carbon-carbon bond formation (Mechanism B). The present 

data do not allow a distinction between the two. 
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Mechanism A 
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Mechanism B 
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