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Abstract We report an a LUMO-controlled nucleophtllc addltlan to the pyrene Isomer 1 Treat- 
ment of 1 with arganometalllc reagents and subsequent quenching of the resulting monoanIonIc 

Intermediates yield bridged Ci4lannulenes 

As we reported earlier 2 trans-15,16-dialkyl-1,4,8,ll-ethanedryl~deneCl4lannulenes with 

R’=R* are readtly avallable via reductive alkylatlan of dlcyclopentafef.kllheptalene (1) 3 The in- 

troductlan of bulky groups and the access to unsymmetrically substituted derlvatlves (R’#R*), 

however, meet wtth problems Of special Interest tn the search far an alternative annulene 

synthesis IS the alkylat~an of aromatrc hydrocarbons such as naphthalene, 4 anthracene or 

perylene’ by nucleophtllc addltan of alkylllthlum compounds 

HereIn, we describe that the nucleaphlllc additions of vartaus carbanlans to 1 and subse- 

quent quenching of the resulting monaalkyl anlons with electraphlles proceed with good yields 

and high regloselectlvfty 

The title reaction of isopyrene 1 with organametalllc species IS carried out In analogy to Haf- 

ner and his coworkers, who have described the addition of alkylllthlum to azulene 6 In a typical 

expertment 1 IS treated In THF-saluttan with an excess of the organametallic reagent at 0-C 

1 2 3 4 

R’ Fl* R’ A2 
a n-butyl, 

a n-butyl, 

methyl f_ phenyl, methyl 
trimethyl s~lyl o_ methyl, methyl 

~a t- butyl, methyl h, allyl, methyl 
a t-butyl, t-butyl I_ benzyl, methyl 
& t-butyl, n-butyl bramlde Ir_ ethyl, ethyl 

To the resulttng dark red solution of the monoalkyl monaanton 5 IS then added an electraphlle 

leading to the dlalkylated product 2 By this simple method a multitude of novel annulenes7 are 

easily synthesized as given in Table 1 The fallowlng observations have been made 
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Table 1 

Nucleophlle 

methylllthlum 

n-butylllthrum 

n-butylllthlum 

t-butylllthlum 

t- butyllIthlum 

t-butylllthlum 

phenylllthlum methyl lodlde 

g 1; 
Pf. 56 

t rlmethylstannylllthlum 

allylllthlum 2h 70 

benrylllthlum & 81 

benzylmagneslum chloride methyl lodlde & 17 2~ 60 

ethylmagnesium bromide ethyl bromide 2Ji 76 

Electrophlle Products 

compd (%I compd (%I 
methyl Iodide + 40 

& 66 

( CHJ13Si 0S02CF, 2!1 60 

methyl lodlde ii2 65 

t- butyl chloride &j 4 

1,4-dlbromobutane i& 56 

(I)- The reactlon of 1 with t-butyl-, n-butyl-, allyl-,and benzyllithium and subsequent quenching 

with methyl Iodide as described above lead to the corresponding C14lannulenes 2 The use of 

methyl- and phenylllthtum, however, causes another product distribution 

(II!- In the reaction ofI with phenylllthium and further electroph!~lc alkylation with methyl lode- 

de mainly a perimeter-attacked product Jj IS observed The corresponding C14lannulene 2 can 

only be detected as a side-product The structure of 3 was proven by an NOE-NMR experiment 

of the methyl-phenyl-substttuted compound 3 The methyl group at position 4 IS close to the 

p-otons at posItIons 3 and 5, wcth the signal of the latter occurring at S 4 10, which 1s cha- 

racterlstlc for the resonance of a benzyllc proton 

(III)- Upon addition of methyllithlum to 1 and quenching with methyl Iodide one obtains the mo- 

nosubstttuted product $ Thus an addition-elimination mechantsm seems to Be favored In which 

the IntermedIate monoalkyl dertvatlve @ undergoes an ellmlnatlon of llthlum hydride to form 4 

(IV)- A surprrslng result 1s the formation of annulene & when trlmethylstannyllithlum IS applied 

as nucleophiiic species and methyl Iodide as electrophtlic species An Incorporation of the tri- 

methylstannyl group 1s not observed 

(v)- The reactlon of 1 to the dlalkylated product 1 succeeds also with Grlgnard compounds 

The addftron of ethylmagnescum bromide to 1 and quenching of the resulttng ethylmonoanlon 

with, for example, ethyl bromide affords the tl4lannulene zk In high yield (78%) The Insertion 

of benzylmagneslum chloride as nucleophlle In the reactton of 1 gives - In contrast to the use 

of benzylllthlum - preferentially attack at the perimeter with 3 as the main product The 

Ci4lannulene 2 IS only obtained In a yield of 17% This may be due to the sterlcally pretentious 

transItian state formed with the benzyl Grlgnard compound 

For many nucleoptglllc reactions of organoltthlum or -magnesium compounds with aromatic 

hydrocarbons single-electron-transfer (SET) pathways are reported 8*9 Evidence for a SET- 

process IS also found upon alkylatlon of the dlanlon 12- lo Thus electrophlllc reaction, rn which 

a radical monoanion IS proposed as Intermediate, gives rise to a very similar product dlstrlbu- 

tion as observed here Therefore we made an attempt to detect eventual radtcal anlons In the 

reaction of 1 with different organometalllc species by EPR spectroscopy 
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Addltcon of organometalllc reagents such as t-butylhthium to the lsopyrene results in forma- 

tlon of a stable radical anlon The Intense EPR spectra and high-resolution ENDOR spectra 

yield proton hyperfme couplings of 0 426 (H, , ,2,,4), 0 10(H2,3,9 ,o) and 0 06mT(Hs,,3) The 

assignment of the hyperflne couplings to the proton posrtions IS based on HMO/McLachlan 11 

calculations From these results and a comparison with the literaturei the radrcal could be 

ldentlfled as the monoanton radtcal of tsopyrene 

The detectlon of high concentrations of lsopyrene radicals suggests SET processes to be in- 

volved since the corresponding antons of the monoalkyl derlvatlves 3 and 5 should be EPR SI- 

lent With trimethylstannylllthtum the product can only be explained by a SET reaction We 

suppose that the reagent B- acts solely as reducing reagent according to Scheme 1 Halogen- 

metal exchange between trtmethylstannylllthlum and methyl lodude and addttlon of the latter to 1 

can safely be excluded since reactlon of 1 wrth methylllth~um/methyl Iodide does not provtde a 

l3; nucleophlle 

Scheme 1 
R’ = alkyl 

The product distribution ,n the other cases does not allow to dIfferentlate between nucleo- 

phlltc addltcon and a SET reaction via radical species It IS generally assumed that the tendency 

1 B’. SET 
2a:s 

2 R’J 

to SET processes should Increase wtth Increasing baslclt,es of the carbanlons ” 

In order to explain the regloselectlve attack upon 1 and the formatjon of dffferent products 

2, 2, and 4 with different nucleophlles we constdered the relative reactivity of alkylllthlum 

compounds If the latter are treated with trlphenylmethane and the reaction IS monitored by 

UV/vrs absorbtion measurements the following reactlvlty scale IS obtained l4 benzylllthlum > 

allylllthlum > n-butylllthlum > phenylllthlum > vlnylllthlum > methylltthlum A similar reactlvlty 

sequence has been obtalned for resonance-stabilized organollthtum compounds, when used as 

lnrtlators of the polymerlzatlon of activated oleflns 15 

WIthIn the same sequence we observe that the yield of j (and f, respecttvely) Increases and 

the yield of 2 decreases the more reactive carbanlons preferentially attack the central brtdge 

positions of 1, while apparently the less reactive species methyl- and phenylllthlum attack the 

perimeter of 1 It IS not clear from the above results, however, whether the reglaselectlve 

formatlon of either g or 3_ (4). which depends on a proper chotce of the nucleophlle, relates to 

the relative Importance of a SET process 

According to a simple HMO/Mcl_achlan calculatton” the LUMO of lsopyrene 1 possesses the 

highest A0 caefflclents at the centers 15 and 16 and the second highest A0 coefflclents at 

centers 5, 7, 12 and 14 The formation of either 2 or 3 upon nucleophlllc attack at etther Cl5 

or C5 can, thus, be considered as a LUMO-controlled process It IS also possible from the MO 

model to predict the posltlon for the subsequent electrophlllc attack upon the monoantions 5 

and 5 Indeed, the quenchrng of 3 and 4 with electroph,les occurs at the centers of highest 
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local n-charge, I e at Cl6 for 5 and C4 for 6 The regtoselectlvtty of the title reaction can, 

thus, be treated III a slmllar fashton as the reductive alkylatlon of l_, I e the klnettcally con- 

trolled reaction of the dlanlon 1_‘- wtth electrophlles 

In conclusion, we can carry out carefully dlrected syntheses of new bridged Cl4lannulenes 

and of perimeter alkylated olefinlc products The control of the reaction IS based upon the 

chotce of the organometalllc reagent, but only LUMO-controlled” reactlon products are ac- 

cesslble Thus the regloselectlvlty of the nucleophdlc addltlon to 1 can be rationalized by a 

conslderatfon of the frontier orbttal 
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