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INTRODUCTION 

A number of echinulin-type metabolite, containing a reversed isoprenic 

(1,l-dimethylallylic) chain in the 2-position of the indole nucleus have been 

isolated from moulds of the genus Aspergillus and some of them have been. 

known to exhibit biological activities. 1) 

Synthesis of 2-allylindoles, especially 1,l-dimethylallylindoles, has 

been of interest in regard to the synthesis of the echinulins and many 

attempts have bean made on this subject. 

Recently we have found a convenient synthesis of 2-allylindoles by the 

application of the new reaction of indoles with succinimida-sulfonium salts 

developed by us. 2), 3 )  

We will describe the studies on the synthesis of the 2-allylindoles, in 

the first section of this review. 

On the other point of view, 2-allylindoles seem to be of potential 



photochemical interest, since they have an isolated double bond and a hetero- 

3 
aromatic ring bonded to a sp carbon atom, in other word, a divinyl methane 

system. 

Recently we found some attractive reactions of 2-allylindoles which 

proceeded via excited state, e~~ectedly.~) Recent studies on the photo- 

chemistry of 2-allylindoles in our laboratory will be presented in the second 

section of this review. 

I) SYNTHESIS OF 2-ALLYLINDOLES 

Two approaches toward the synthesis of 2-allylindales have been reported; 

(a) direct formation of the indole skeltons having allyl group or its 

precursors at the 2-position, 

(b) insertion of allyl chain to the 2-position of the indole nucleus. 

The first synthesis of 2-(1,l-dimethylally1)indole (1) was carried out 

by the method (a) by Houghton and Saxton. 5) 

Thus, Bisohler reaction of ethyl 4-bromo-2,2-dimethylacetoacetate (2) 

with aniline gave ethyl indol-2-ylisobutyrate (2). Reduction of (2) with 

lithium aluminium hydride afforded the alcohol (4), which was then oxidized 

to the aldehyde (5) by acetic anhydride and dimethyl sulfoxide. Wittig 

reaction of the aldehyde with methylene triphenylphosphorane afforded (1) 

(es 1). 
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The first total synthesis of echinuline (5) was performed by Y. Kishi 

and co-workers6) by this procedure, starting from 2,4-di-(3,3-dimethylallyl)- 

aniline (eq 2). 

Recently,  uss sell^) reported a one step synthesis of (i) by the Bischler 

reaction using l-bramo-3,3-dimethyl-4-penten-2-one, CH2BrCOC(CH ) CH=CH (7). 3 2 2 - 



Plieninger and ~irowej') also reported another one step synthesis of 

(I_) by the condensation reaction of o-iodoaniline and copper salt of 3,3- 

dimethyl-pent-1-en-4-yne (8) (eq 3). 

(as 3) 

The insertion of the allyl chain in the 2-position of indoles (method 

b) has been much important in the standpoint of both the synthesis and 

biogenesis of the echinulins. 

Jackson and Smith have investigated the reactions of some allylic 

halides with indole Grignard reagents.') 3-Methylindolyl magnesium iodide 

(9) reacted with allyl bromide to give a mixture of 1- and 2-allyl-3-methyl- 

indole, (lo) and (g), and 3-allyl-3-methylindolenine (12). The formation of 

the 2-allylindole (ll) was considered to proceed by the rearrangement of the 

initially formed indolenine (12) (eq 4). 
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3,3-Dimethylallyl bromide gave I- and 2-allyl-3-methylindole (2) and 

(14) (eq 5). It was also suggested that the 2-allylindole (14) was formed 

via the 3-allylindolenine (not isolated) corresponding to (g), which 

implied the occurrence of the Wagner-Meerwein type rearrangement (A) rather 

than Claisen type reaction (8) since the desired 'inverted isoprenio' chain 

produce (JI) has not been obtained (eq 6). 



Plieninger and ~irawej") succeeded in the introduction of the ally1 

chain 'reversely' by the Claisen rearrangement of the indoxyl derivatives, 

although the 'normal' isoprenic chain was also introduced in some extent. 

2-(~thox~carbon~l)indox~l (15) reacted with 1,l-dimethylallyl chloride 

to give 2-ethoxycarhonyl-(3,3-dimethylallyl)-3-oxoindoline (16) and 

2-ethoxyc~rbonyl-(l,l-dimethylallyl)-3-oxoindoline (u). The corresponding 
reaction with 5,7-dihromo-2-(methoxycarbonyl)indoxyl (18) yielded 5,7- 

dihromo-2-methoxycarbonyl-3-(3,3-dimethylallyloxy)indole (19) in addition to 

the C-alkylated products, (20) and (1). A Claisen type re&rrangement of 

this allylether (2) led to the C-alkylated compound (2) (eq 7). 
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The (17) can be transformed into 2-(1,~-dimethylallyl)indole 

(I) by reduction with sodium borohydride followed by saponification, de- 

carboxylation and dehydration (eq 8 ) .  11) 

Casnati and I'ochinil2) have studied the reactivity of N-(3,3-dimethyl- 

ally1)-3-alkylindoles as model systems in the biogenesis and synthesis of the 

echinulin-type compounds. An acid-oatalysed rearrangement of the isoprene 

chain from the N- to the 2-position of the indole nucleus was observed, 

together with a partial rearrangement of the ally1 chain. In this way, N- 

(3,3-dimethylally1)-3-methylindoles (22) rearranged to 2-(1,l-dimethylally1)- 

3-methylindole (23) and to 2-(3,3-dimethylally1)-3-methylindole (24) (eq 9). 



Plieninger and co-workers reported thio-Claisen rearrangement in the 

indole series.13) Reaction of 3-mercaptoi~~dole (3) with 3,3-dimethylallyl 

bromide yielded 3-(3,3-dimethylallyl thio) indole (26) along with some by- 

products. The reaction of (%) with methyl fluorasulfonate yielded 2-(1,l- 

dimethylallyl)-3-(methylthio)indole (27) (eq 10) . Attempts to remove the 
3-substituent of (27) were, however, unsuccessful. 

+ other products 
(eq 10) 

Recently we found that indole compounds reacted with succinimido-dialkyl- 

or alkylarylsulfonium chlorides (28) to give indole-3-sulfonium chlorides (2) 

which were converted to 3-alkylthio- or arylthioindoles (2) on pyrolysis 

(eq 11) .2) ~ 1 -  

R I P  R2=H, a w l  R = a w l ,  aryl Rb=alQl 
3 
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When succinimido-diallyl or alkylallylsulfonium chlorides (1) were used, 

2-allylindole-3-thioethers (22) were obtained as sole products. Thus, indole 

was added to a solution of succinimido-3,3-dimethylallylethylsulfonim 

chloride (%a), prepared Prom N-chlarasuccinirnide and 3,3-dimethylallylethyl 

sulfide, in dichloromethane at -30'C. The temperature of the reaction 

mixture was raised gradually to 35°C during 1 hour. After removal of the 

solvent, 2-(1,l-dimethylallyl)-3-efhylthioindole (2%) was obtained in ca. 

6% yield. Similarly, the reaction of some other diallyl or alkyl ally1 

sulfonium salts afforded 2-allyl-3-alkylthio- or 2-allyl-3-allylthioindoles 

(zh-e) in 40-6% yield (eq 12). 



It is reasonable to consider that the ?llylindoles might be formed via 

sigmatropic rearrangement of the initially formed sulfonium salts (z), since 

analogous sulfonium salts (2) were isolated in the reaction of succinimido- 

dialkylsulfoniumchlorides with indoles, as shown above. 

It seems attractive that the rearrangement proceeds with complete 

reversal of the substituted allyl groups and no other products were obtained. 

These results provide a simpler and mare efficient rogio specific way to 

introduce allyl, especially 1,l-dimethylallyl chain in the 2-position of 

indol es . 
Furthermore the reduction of (za) with zinc powder in aoetic acid at 

60°C, 2-(1,l-dimethyla1lyl)indale (I) was obtained in good yield (eq 13). This 

is the first practical and the most convenient synthesis of (I) from indole. 

I1 PHOTOCHEMISTRY OF THE 2-ALLYLINDOLES 

Photolysis of 2-(1,l-dimethyla11yl)indole-3-carboxaldehyde (34) ,  pre- 

pared from (I) by Vilsmeier reaction, in methanol or ethanol with a low pres- 

sure mercury lamp through quarz under nitrogen stream gave a crystalline 

product (2) in quantitative yield. The structure of the product was assigned 

to 2-(2,2-dimethylcyclopropyl)indale-3-carboxaldehyde on the basis of spectral 

data coupled with an elemental analysis. 
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On the contrary, irradiation of (1) caused na reaction and the starting 

material was recovered. 

On the similar conditions, 2-(1-methylally1)- and 2-allylindole-3- 

carboxaldehyde, (36) and (x), gave 2-(2-methylcyclopropy1)- and 2-cyclopropyl- 

3-carboxaldehyde, (8) and (3) , respectively (eq 14). In these reactions, 

much decrease in the yield and apparent reaction rate have been observed with 

omission of the methyl groups in the a-position of the ally1 substituents. 

Irradiation of N-acetyl-2-(1,l-dimethylally1)indole (40) in methanol 

afforded 3-acetyl-2-(2,2-dimethylallylcyclopropy1)indole (3) as the main 

product along with 4- and 6-acetyl-2-(1,l-dimethylallyl) indole (42) and (43) 

as minor products (eq 15). It seems likely that the compound (41) was formed 

via 3-acetyl-2-(1,l-dimethylally1)indole (44) initially formed, since N-acyl- 

2-alkylindoles have been known to afford 3-acyl-2-alkylindolas mainly, 

accompanied with 4- and 6-acylisomers on photolysis. 14) 



These observations suggest that the carbonyl functions in the 3-position 

of the 2-allylindoles appear to play a critical role in the transformation of 

the 2-ally1 chain into the cyclapropyl ring. 

The formation of the 2-cyclopropyl compounds formally involves the 

migration of the indole skeleton bonded to the saturated carbon, C-3, to C-2 

of the vinyl moiety, and concomitant three membered ring formation between 

C-3 and C-1, as depicted below, which is reasonably explained by the 

15) divinyl methane rearrangement (eq 16). 
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It was noted by Zimmermau and co-workcrs15) that the skelatal change 

in the divinyl methane rearrangement oould be accounted for by one basic 

mechanism, as shown in eq 17. 

The increase of the reactivity brought about by the gem-dimethyl groups 

at the 2-ally1 groups, as described before, is likely a manifestation of the 

well known Thcrpe-Ingold effect and also could be ascribed to the added 

stabilization of the odd-electron density developing at C-3 by the methyl 

groups. 

To elucidate the characters of the excited state contributed in this 

reaction, some mechanistic studies have been made. 

Sensitizing experiments using a triplet sensitizer (benzophenone, E 
T 

68.5 Kcal/mol, 418 nm) showed much effect suggesting that the triplet 

multiplicity is required for the rearrangement. 

The W speotrwn of the oompound (4) and its dihydro product (3) is 

almost identical, which makes clear that there exist no electronic interaction 

between the indole skeleton itself and the vinyl moiety in the ground state. 

On the other hand, the phosphorescence spectra of them showed a characte- 

ristic feature; they showed similar emission spectra in shape but the dihydro 

compound (Q) exhibits more than 30 times strong emission in intensity than 

(4) (fig 1). 



These results indicate that the phosphorescence of the indole skeleton 

of (34) is quenched by the terminal olefine, which suggests the presence of 

the interaction between the indole and the vinyl function in the triplet 

state, that is, the intramolecular exciplex seems to be formed though the 

exact mecha~isrn is still not completely elucidated. 

( f i g  1) Phosphorescence spectra of (%)(- ) and (&)c-.-.-> in 

EpA at 77% with the excitation at 310 nm. 
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The apparent phosphorescence life time of (34) in EPA at 77'K was 

estimated to ca. 0.16 sec. The relatively short life time is indicative of 

* 
the signifioant role of n-IT, state in this molecule, which was also sup- 

ported by the solvent effect, observed in the emission spectra (fig 2 ) ,  

though complete evidences are lacking. 

LlOO 500nm 

(fig 2) Phosphorescence spectra of (2) at 77'K with the excitation at 

310 nm in PA(-) and methylcyclohexane(----) . 

Table 1, obtained by Song and ~urtin,'~) exhibits that indole which 

has no carbonyl substituents at the 3-position possesses relatively low 

phosphorescence quantum yield in comparison with that for fluorescence and 

that, on the other hand, the carbonyl substituted compound have high 

phosphorescent efficiency. 

These data would explain the differences of the photochemical reactivi- 

ties between the compound (1) and (z), since a significant role of the 

phosphorescent state have been established in the latter case. 



(table 1) The relative luminescence yields relative to indole in EPA at 

77% and the ratios of the phophorescence to fluorescence yields. 

#f +P +P/ f 

Indole 1.00 1.00 0.37 

Indole-3-carboxaldehyde 0.07 1.75 10.00 

According to ~immerman,'~) the divinyl methane rearrangement has been 

known to arise from Che singlet manifold when the molecule h'as a nanconstrained 

free it moiety and the triplet reaction proceeds only when constrained non free 

% moiety presents. This structure-multiplicity relationship rule is generally 

accepted as 'free roter effect'. 

Present rearrangement observed in the indole series which proceeds via 

triplet state, despite of the presence of the 'free TL moiety', seem to provide 

a new type of photochemical reaction. 

Thus, it was found that the photochemical reactions of the 2-allylindoles 

were much effected by the 3-carbonyl groups. Then the photochemical behaviors 

of the 2-allylindoles with other substituents at 3-position were examined. 

Irradiation of 2-(1,l-dimethylallyl)indole-3-aldoxime (5) gave a 
equilibrium mixture of the geometrical isomers of syn- and anti-oximes, (Q) 

and (4-6) (eq 18). 
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Photolysis of 2-(1,l-dimethylally1)-3-cyanoindole (48) in methanol 

with low pressure mercury lamp gave an oily product in quantitative yield 

and the structure was assigned as the indolenine (2). Figure 3 shows the time 

dependent changes of the W spectra during irradiation, which indicates the 

reaction proceeds simply and quantitativeiy. 

(fig 3) 

UV spectral change of 

(3) observed during 

irradiation in MeOH. 



The product (2) was not stable and prolonged heating in ROH gave 

corresponding alkoxy-indolenine (2) and (z), in quantitative yields. 

When the compounds (2) and (2) were heated in alcoholic KOH solution, 

the benzazocine (a) was obtained in good yield. On the other hand, treatment 

of (2) with sodium borohydride or irradiation of (48) in the presence of 

sodium borohydride gave the indaline (2) quantitatively. These reactions 

provi.de novel .ring transformations of the indole nucleus (eg 19). 
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Irradiation of N-methyl-2-(1,l-dirnethylally1)-3-cyanoindole (z) in 

methanol afforded the alkoxy-indoline (s) quantitatively (eq 20). In this 

case, the intermediatc indolenium compound corresponding to (z), which seemed 

to be highly reactive, was not isolated. Figure 4 exhibits clearly the 

direct formation of (s). 

(fig 4) 

UV spectral change of 

(sir) observed during 

irradiation in MeOH. 



It seems reasonable to assume that the compound (2) might be formed 

via (2+2) cycloaddition of the terminal alefine with the indole ring and 

subsequent isomerization of the cycloaddition product (9). If it would be 

correct, when irradiated in MeOD instead of MeOH, D atom will be intraduoed 

stereoselectively in the beta side of the cyclopentyl part, as shown in fig. 5. 

.Therefore, the compound (z) was irradiated in MeOD and the product (z) 
which had one mass unit larger molecular ion peak in mass spectrum than (2) 
was obtained quantitatively. The NMR spectrum of (z) was found to be fairly 

simple in contrast to that of (&) and was assigned as sliawn in eq 21. 

These facts suggest that tho reaction proceeds stereoselectively as 

expected and would support the intermediacy of the assumed addition product 

(9). 
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In order to obtain further informations in the primary state of the 

reaction, additional experiments were performed. 

Triplet sensitization of (9) gave no sign of (2). Thus the reaction 

appears to proceed from the singlet state. Furthermore, much decrease in 

emission intensity was observed in the fluorescence spectrum of (9) comparing 

with that of the dihydro compound (s) (fig6). (A charge-transfer complex 

between the indole skeleton and the terminal olefine in the ground state is not 

formed, since the W spectra of (48) and (s) are identical). 

(fig 6) Fluorescence spectra of @)(.-.-.--) and 

(.?a(- ) in n-hexane. 



These results demonstrate that the fluorescence of the indole ring of 

(48) is quenched by the terminal olefin which suggests the formation of intra- 

molecular exciplex in the singlet state. 

In summary, it has become apparent that the photochemical reactivities 

of the 2-allylindoles were dependent on the suhstituents at 3-position. 

The extensive studies to elucidate the scope and utility of these reactions 

are now in progress. 
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