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Abstract - 2.3-Dihydroindoles (2.3-~ndolines) can be obtained 

in a highly stereoselective fashion through 1.5-electro- 

cyclization of ortho-substituted aminobenzenes. The scope and 

mechanism of this novel process are discussed and also some 

applications. In presence of chiral alcohols the ring closure 

proceeds with remarkably high enantioselectivity. 

CONTENTS: 

1. Introduction 

2. Imine 1,s-Electrocyclic Reactions 

3. Indoline Synthesis. Practical Applications. 

4. Indoline Synthesis. Mechanistic Asoects and Stereochemistry. 

5. Applications 

a) Aspidosperma Alkaloids 

bl Mytomicin Antibiotics and Analogues 

I .  Introduction 

The importance of a key structural element in natural oroduct chemistry is 

often reflected by multiple syntheses for it. DesDite the already impressive 

number of well-established indole syntheses' the recent years have witnessed a 

steady growth in novel procedures2 most of which lead to structurally varied 

derivatives of the aromatic oarent compound. In contrast herewith 2,3-dihqdro- 

3 indole (2.3-indoline) although often present in natural products has received 

Based in part on a lecture given at the 9th International Congress 

of Heterocyclic Chemistry in ~okyo. 



much less attention presumably because of the more facile synthesis of indoles 

by subsequent eliminative aromatization. Most indole syntheses are based on the 

sigmatropic rearrangement 1 + 2 followed by intramolecular addition + 2 .  Thus " "' 
in this type of reaction the C3-C3, bond is made up first while ring closure 

occurs by subsequent N-C bond formation. 

An entirely different process is represented by the cylization 4 + in which " 
the C2-C3 bond is directly set up by nucleophilic addition to the imine in a 

4 
formal 5-=-trig type of ring closure. However, since the carbon atoms to be 

joined are part of a conjugated n-system of 5 atoms with 6n electrons the 

addition reaction can also be classified as a 1.5-electrocyclization. In the 

sequel it will be shown that the latter representation most probably is the correct 
5 

one. The general theory on 1,s-electrocyclic reactions has been recently reviewed 

and will not be dealt with here. Only one important conclusion may be emphas- 

ized again which refers to the stereochemistry of the process. In view of its 

electronic nature as a 6" type electrocyclic reaction the bond formation should 

Occur in a disrotatory mode6 which bears definite stereochemical consequences 

for the product. Such a rule is of great value for practical applications of the 

novel method for indoline formation. 

2. Imine 1,5-EZectrocyclic Reactions 

One of the oldest examples of the electrocyclic bond formation of imines was 

7 described in 1844 by Laurent . The diimine cyclized in the presence of 

ter~BuOK/ter~BuOHat30•‹C to +-imidazoline ;which at higher temperature 
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isomerized to the trans isomer Q .  Useof astronqer base, e.g. LDA in THF at -120nC, 

enhanced the rate of cyclization of the anion of $ producing exclusively the cis 
8 

isomer x . 
Surprisingly the low energy (El + (21 isomerization of the imine $ is not 

reflected to any extent in the product formation. A different situation is 

encountered in the cyclization of 2 .  The slower bond formation allows E -  Z 

isomerization of the imine to compete and consequently a mixture of imidazoles &Q 

and && is obtained. This important result proves beyond any doubt that both (E)- 

and (2)-imines may cyclize. 

Other imine 1.5-electrocyclizations include the synthesis of l-H-oyrrole-2- 

carboxylates a via azabutadienes &z9 and the formation of dihydropyrroles &? 
by ring closure of the 1.3-dipolar intermediate it which in turn is generated 

10 from the Schiff base of an amino acid ester and benzaldehyde . The stereochemistry 
of &? again pointed to a disrotatory cyclization of the more stable E-iminiurn 
isomer +I$. A most interesting example is found in the behaviour of pyrrolidine &k 
which upon heating in toluene exclusively gives a single stereoisomer &xl'. Reflux 

in a more polar solvent. (butan-1-01) of &$ affords a 1 : 2  mixture of &I and &&. 
Similar findings have been obtained in studies on related compounds. As has been 

proven from experiments with deuterated pyrrolidines a stereospecific hydride 

tranSfer12 takes place leading to the 1,5-dioole &?,. Depending on the type of 

solvent which influences the lifetime of the intermediate the disrotatory cycliz- 

ation then occurs from either carbanion conformation leading to the products JJ 

and/or &Q. 

In the next section we describe our own work in the field of imine 1,5-electro- 

cyclization and the application of this reaction to the synthesis of alkaloids 



COOEt 
H 

COOEt 

16 - - 17 x = c,-p c o o ~ t  - 19 
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and mitomycine analogues. In view of the strong resemblance of the 1.5-electro- 

cyclization to the extensively documented 1.3-dipolar cycloaddition13 many results 

are expected to follow. 

3. Indotine Synthesis. ProcticaZ Apptications 

Upon refluxing in xylene a high yield cyclization occurs to the Dure 

indoline isomer &. We assume that the dipolar system •’2 acts as an intermediate 
in a 1,5-electrocyclization reaction. Surprisingly imine &@ does not cyclize 

under the same conditions. The important difference between •’@ and ,&& may be 
the base strength of the imine nitrogen. Probably imine $Qk is not basic enough 
to transform into the required dipolar intermediate 22. This result shows that 

subtle electronic effects exert great influence on the outcome of the cyclization 

experiments. One of the possible ways for facilitating the proton 

transfer to the imine nitrogen may be considered the raise.in acid strength of the 

X 
I 

A r c - H  proton. This can be easily accomplished by taking different electron- 
I - 

withdrawing groups for X and Y. Thus cyclization of ZR to the indoline 
22 occurs spontaneously uDon preparing the imine. An indirect proof for the 

importance of a sufficient acid strength also follows from the observation that 

Compounds of type zg and zx cannot be cyclized under a variety of (basic) 
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conditions. Alternatively the proton transfer can be assisted by adding a weak 

external base as for instance a tertiary amine. Indeed it is found that cycliz- 

ation of @Q takes place quantitatively in refluxing toluene in the presence of a 

catalytic amount of triethylamine. Aqain a single stereoisomer &?E is formed. 

Lastly the catalysis may also occur by Lewis acids14 as is shown by the result Of 

the reaction of @Q with Z ~ ( O A C ) ~  in refluxing toluene. Most interestinqly in the 

latter experiment also a considerable amount (cis/trans 4:l) of the snirocyclic 

trans isomer &$ is formed. - 
In connection with the latter reaction it is worth notinq that reflux of 

indolines of type •’& inan acidmediuminthe presence of oxygen leadstoindolenine~$, 
a result which can be substantiated (70% yield) when &@ is heated .in toluene at 
80'~ for 1 hr in the presence of 3 equiv. of trifluoroacetic acid. Hydrogenation 

of 24 (Pd/C) gave an85:15 mixture of & and 2&$. In view of the facile addition 

to indolenines15 the oxidation reaction may have some practical significance. 



The cyclization of iminoesters gee and J& has been studied in connection with 

the known behaviour16 of aromatic iminoesters in the presence of strong bases. As 

homologs of the aldimines discussed above it seems of interest to compare the 

reactivities of both type of imines. The iminoester •’&, prepared from the 
reaction of the corresponding amine and 1.1-dimethoxyethene, undergoes cyclization 

to indole ester a%, in 60% yield presumably via 1.5-electrocyclization followed 
by dealko~ycarbonylation~~ of the intermediate indolenine J& upon treatment with 

LiOtertBu in tertBuOH at 8 2 ' ~ .  

COOEt 
COOEI COOEI 

COOMe 

H 

An analogous process is observed in the cyclization of imine XeQ which affords 

the indole QQ in 42% yield. Most likely ,@Q is formed by a dealkoxycarbonylation 

of which in turn may arise from the initially formed indoline by oxidation. 

On the contrary, the corresponding iminoester ,3& solelyaffords (65% yield) the 

quinoline 22 upon treatment with LiOtertBu in tertBuOH/DMSO at 2 0 ' ~ .  Most likely 

the difference in acidity of both types of imide hydrogens is insufficient to 

preferentially formthe tertiary carbanion. A fast 6-endo-Trig cyclization followed 

by rapid air oxidation of the dihydroquinoline formed then accounts for the product. 

Similar results are obtained by starting from the iminothioesterls JkQ which also 

gives a in 86% yield. As a conclusion it may be stated that although intramolec- 

ular cyclizations of iminoesters appear to be possible, the facile RXH elimination 

followed by aromatization prevents isolation of the 2.3-indolines. The latter 
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cyclizations have been carriedoutinastrongly base medium. Since in terms of the 

mechanism no differences exist between the 1,s-electrocyclization of a 1,s-dipole 

or a pentadienyl type anion1' the stereochemical results of both types of 

reactions are fully comparable. 

The use of strong bases in the cyclization of aldimines leads to indolines in 

a highly stereoselective process which depends on the type of (alcohol~solvent 

used. Thus for the stereochemistry of indoline formation the following general 

scheme can be given (Fig. 1). 

FIGURE 1 

STEREOCHEMISTRY OF INOOLENIN SYNTHESIS 

The origin of the stereoselectivity will be extensively discussed in the sequel 

(section 4 ) .  Important practical implications are the following. Aromatic and 

aliphatic aldehydes completely follow the rules and some representative examples 

are summarized in Table I. Of added synthetic potential is the cyclization of 

imines derived from aldehydes possessing functional groups. Thus the indoline a 
20 has been prepared by LiOtertBu catalyzed cyclization of the corresponding imine . 

Upon subsequent treatment with acid at O'C a quantitative cyclization to the novel 

type of pyrrolo[l,2-clindole ,32 occurs. Similarly, indoline ,@ is obtainedZ1 in 

85% yield as a 1:l mixture of C -epimers. In connection with the latter result 

32 the reaction has also been investigated with 2-benzyloxy-2-phenylacetaldehyde . 
The electrocyclization of the imine derived from the latter aldehyde proceeds 



TABLE I 

BASE-CATALYZED 1,5-ELECTROCYCLIZATION OF IMINES 22 

Conditions Yield Type m.p. 

% Indoline OC 

(E) -CH = CHPh 

(El -CH = CHPh 

-CH2CH C=CCH2CH20CH2Ph 
2 - 

-CH2CH2C ECCH2CH20CH2Ph 

HO-t-Hu/NaO-t-Hu 

THF O'C 4 9 22 
DMSO/MeONa 47 22 

HO-t-Hu/NaO-t-Hu 80 2% 
DMSO/MeONa 7 3 22 

HO-t-Hu/NaO-t-Hu 55 22 

158-160 

217-219 

oil 

82-83 

oil 

with excellent stereoselectivity at low temperature. At -10'~ (10 min) in presence 

o f L i O t e r t B u / H O t e r t B u / c y c l i z a t i o n  takes place to the cis isomer 22 which is 
obtained in 82% yield as a mixture of Ca-epimers. Lowering of the temperature, 

however, results in a dramatic improvement of the diastereomer ratio. At -78'~ 

(16 hr) followed by additional stirring at -40'~ (1 hr) a yield of 90% of the 

isomer ,32 is obtained in which the diastereomer ratio is 9:l. To secure the 

stereochemistry assigned trans isomer 2Q has been prepared in 81% yield as a 1:l 
0 mixture of diastereomers by cyclization in HOEt/LiOEt at 5 C for 64 hr. Thus, 

additional control proves to be possible on the stereochemistry of centres 

adjacent to the newly formed C-C bond. Moreover, the presence of a-oxy substit- 

uents is of some importance in regard with possible applications in the synthesis 

of Aspidosperma alkaloids. 

Also base-sensitive aldehydes can be used in electrocyclization of the type 

discussed. A noteworthy example is the benzoate of glutacon aldehyde23 the imine 
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0 

>NnPh 

O A c  
Ac COOMe 

of which undergoes ring closure to indoline ,Q, upon reflux in toluene in thepresence 

of triethylamine and acylation (CH3COC1) of the indoline nitrogen. A similar 

sequence is followed in the preparation of $424 although cyclization takes 

place upon warming to 70'~. With 15N-NMR it has been shown that the intermediate 

is the enamino-aldehyde $2.  Although a cyclization of Rz now formally can take 
place via a 5-exo-Trig Michael addition,treatment of 22 under a variety of basic 
conditim does not afford a trace of indoline and only decomposition is observed. 

Onthecontrary, reaction in the presence ofacetic anhydride/triethylamine produces 

a good yield of $2 asan E/Z mixture of enol acetates. Presumably the enamino- 

aldehyde is converted back to imine which cyclizes in a 1,s-electrocyclization. 

The latter result reinforces the concept of an electrocyclic reaction as the 

mechanistic rationale and disfavors a simple 5-endo-Trig carbanion addition. 



4 .  IndoZine S y n t h e s i s .  M e c h a n i s t i c  A s p e c t s  and S t e r e o c h e m i s t r y  

1n order to rationalize the results Obtainedso far, inparticular the notable 

solvent effect in the base-catalyzed variant of the 1.5-electrocyclization,some 

additional studies have been performed. Firstly an experiment in which &O& is 

treated at -70'~ with 1 equiv. of LDA in THF and subsequently quenched with D20 

at -40'~ shows no incorporation of deuterium in the starting material while in 

addition 40% of the trans indoline &Q is formed (Fig. 2). 

FIGURE 2 

OzO QUENCHING 1.5-ELECTROCYCLIZATION 

TABLE I1 

CYCLIZATION OF 22 TO 2% AND 22 R = C(CH3) in THF 

Entry ~ a s e ~  tertBuOH Yield Ratio 34:3sb 

1 1 eq. LDA - 20% 1:25 

2 1 eq. LDA 1.5 equiv. 30% 1:l 

3 1 eq. LDA 3 equiv. 30% 2:l 

4 1. eq. ~ i ~ t e r t ~ u ~  3 equiv. 80% 7:l 

a Reaction conditions: addition LDA and tert.butano1 at -7e0C, 

mixture allowed to warm to O'C (3 hr) and to 20'~ (1 hr) 
. ~ 

Determined by 'H NMR 

Solvent tertm0~-THF. Addition 1 equiv. of BuLi at -70'~. 

Mixture allowed to warm to O'C (3 hr) and subsequently to 
20•‹C (1 hr) . 
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Thus once-the carbanion has been formed it imediately cyclizes to the indoline. 

Secondly in a series of parallel experiments,the LDA-THF-imine system is generated 

0 at -70'~ after which the temperature is raised in 10 min to 0 C, subsequently kept 

for 3 hr at O•‹C and additionally 1 hr at 20•‹C. As shown in Table I1 the 

main product formed in 20% yield Droves to be the trans isomer 22 (Entry 11. 
Repetition ofthe experiment in thepresence of various amounts of tert-butanol exhibits 

a significant increase in the percentage isomer 2 t  and a drop in 22 (~ntries 
2 and 3). Omission of LDA finally strongly raises the yield of 22 (Entry 41. 
At -78'~ no cyclization occurs and the imine is recovered. Two additional comene 

can be made on these results: (i) in all exneriments a pro~ortion of the trans 

isomer 22 is formed and (ii) the diisoeronylamine com~etes with the imine in 
complexing tert-butanol and thus the Dresence of an amine has an unfavourable 

effect on the stereoselectivity. From the data in the Tables I and 11 a decisive 

influence of the structure of the alcohol on the stereochemical course of the 

reaction is highly conspicuous and not easily reconciled with a mere solvent 

effect. Instead a more likely explanation encompasses the role of the alcohol as 

s-sort of complexing agent (Vide infra). To account for the formation of 

indolines via the 1.5-electrocyclization process,the following scheme is proposed. 

FIGURE' 3 

ORIGIN OF STEREOSELECTIVE 1.5-ELECTROCYCLIZATION 

- 
A T ,  ArH 

A 3 L  "cis" - - 35 '"trans" - 31 "cis" 



We assume that in the thermal reaction,proton transfer occurs most easily from 

the conformation of 22 as shown in Fig. 3, to afford the dipolar intermediate 5 

with the enolate oxygen away from the E-imine function. Once 5 has been formed, 

it immediately cyclizes in a disrotatory fashion to yield the 9 indoline 2%. 
~ o s t  probably the lifetime of fi is so short, that conformational changes in A 

do not occur. The situation is different in the case of enolate g. The lifetime 

of g is longer due to the low temperature at which it is generated and to the 

presence of a polar solvent stabilizing the intermediate. Therefore, g has time 

to equilibrate to C which on disrotatory cyclization affords the trans isomer 2 2 .  
A possible reason for predominant electrocyclization from C ( S e e  Table) could be 

product development control, as trans isomer 22 is more stable than cis isomer 2%. 
One puzzling factor, however, remains to be solved which is the behaviour of 

the carbanion in tert-butanol. Since a priori the polarity of the latter solvent 

will be of the same order as for other alcoholic solvents,the exclusive formation 

of the isomer 22 seems difficult to explain. A closer analysis, however, 

Suggests two possible modes of reaction. Either the enolate reacts in the con- 

formation ! or the imine geometry changes from ( E l  to ( 2 1  forming an alternative 

"Inside Enolate" I! before cyclization takes place. In the following conclusive 

evidence is presented to support the latter explanation. Imines are known to 

2 5  associate with alcohols by hydrogen bonding . It is known that by way of such 

interaction sterically hindered hydroxyl groups like tert-hutanol can alter 

the E,Z-isomer ratio resulting in a substantial increase of the amount of (2)- 

2 6 isomer . Such complexation can be visualized as in $2 and the stereochemical 
Outcome of the disrotatory cyclization of the "Inside Enolate/(Z)-imine" will be 

the formation of the cis product ,3J (Fig. 4). 

FIGURE 4 

I M I N E  - ROH ASSOCIATION 
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In order to obtain more evidence for the important role of alcohol structure 

in the electrocyclization, the process was carried out in the presence of the 

optically active alcohols (-)-mentholand I-1-borneol. Modest enantioselectivity 
2 7  

was observed as shown in Table 111. This undoubtedly signifies that there exists 

a tight complexation between alcohol and substrate in the TS of cyclization. 

TABLE 111 

ASYMMETRIC SYNTHESIS OF ,@ 

R Alcohol T Time Yield e.e 
OC hr % 8 

a: n-propyl menthol o0 1 4 0 1 7  

b: t-butyl menthol o0 3 6 0  3 1 

a: 11-propyl borne01 o0 1 7 0 17 .5  

b: t-butyl borne01 o0 3 7 3 16.7 

Since the complex 22 contains a Li-enolate structure in addition to the imine 
function a plausible extension of the complexing ability of the solvent may be 

found in the use of a bifunctional solvation catalyst2' such as a 8-hydroxyamine. 

In view of the known propensity of an amine to coordinate with Li@ cations, the use 

of a chiral alcohol also possessing an additional site for complexing the Li@ 

cation follows as an obvious next SteD. Uoon use of (+)-N-Me-eohedrine the results 

surpassed our most sanguine expectation in the case of imine $20. AS follows 

from Table IV a quantitative yield of a single enantiomer (-)-#l is obtained upon 

cyclization Of the corresponding imine $& inthepresenceof 3equiv. of (+)-N-methyl- 

ephedrine and 1 equiv. of n-Buli in THF as a solvent. The introduction of different 

substituents on the amine nitrogen clearly reveals the dramatic influence of varying 

the steric parameters. In going from the N-ethyl- to the N-benzylephedrine a 

marked decrease in e.e. values is observed thereby suggesting the (partial) break- 

down of the association complex as a result of steric interactions. In addition 

the modest e.e. values found u ~ o n  cyclization of the tert-butylimine ,$zQ leading 



TABLE IV 

BIFUNCTIONAL ASYMMETRIC CATALYSIS 

Alcohol e.e. cis(-) Yield 
% % 

- - - -- - 

a: R =  propyl (+) -N-Me-ephedrine 

(+)-N-Et-ephedrine 

I+>-N-Benzylephedrine 

I+)-N-(2-Methoxyethy1)ephedrine 

trans isomer also formed 

to indoline Z t Q  once more emphasizes the sensitivity of the process towards steric 
factbrs2'. ~ r o m  th& results it is concluded that the "Inside Enolate' inter- 

mediate is highly plausible since for geometric reasons the formation of a two- 

dented complex with the alternative carbanion is impossible. From this it follows 

that in the 1.5-electrocyclization leading to the indoline 8 the 12)-imine 
is involved. A structural consequence for the latter system is the necessary out 

Of plane position of the imide and imine ortho substitLents in view of severe 

Steric interactions in the planar form. Therefore the "Inside Enolate" has to be 
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represented by ahelix-type structure which is also required in the electrocycliz- 

ation. As a final test for the correctness of this hypothesis it should be 

possible to construct models of the association complex which,in regard to the 

defined spatial structure of the catalyst.wil1 predict the absolute configuration 

of the indoline (Fig. 5). 

FIGURE 5 

PREDICTED CONFIGURATION 1.5- ELECTROCYCLIZATION 

Since the latter is coupled with the known absolute stereochemistry of Aspido- 

sperma alkaloids,a direct proof for the proposed sequence of events is available. 

Thus starting from (lR.2S)-(-)-N-methylephedrine and constructin? the model $2 
on the basis of 0-H . . . N and I,iQ . . . N interactions, the absolute confiquration of 
the newly formed (+I-spiroindoline 2% will be (2S.3R). This is ~recisely what 

follows from a comparison of the Cotton effects of the reduced 2 2 ~  (LAN reduction 

of both C = O  functions gives the corresponding amine) and the natural aspido- 

spermidines30. From the model it also follows that the subtle chanqes in the amine 

substitution pattern viz. replacement of methyl by other space demanding alkyl 

groups have unfavorable consequences for the stability of the complex. This result 

therefore strongly supports the postulated "Inside Enolate" intermediate. It also 

constitutes a unique example of solvent-induced enantio-selectivity in a carbon- 

carobon bond forming process. 

5. AppZications 

The method discussed before is a straightforward pathway to indole-type 

compounds. Given the high biological profile of various re~resentatives of this 



family,attempts have been focused on the synthesis of two important classes viz. 

the Aspidosperma alkaloids and the mitomycins. In the first class a formal total 

synthesis of vindorosine ($1) and vindoline ($2) has been accomplished31 while 
in the second series a short route to a number of novel derivatives has been 

developed. Since the achievement in the alkaloid synthesis has been reviewed 

earlier, attention is focused on the efforts in the mitomycin series. 

5a Aspidosparma A Z k a Z o i d s  

The synthesis of vindorosine proceeds from the tetracyclic lactam-ketone >& 
which is obtained in three steps from the imine @,: (i) 0.5 equiv. BuLi, THF-tert- 

butanol, lii) N ~ B H ~ / ~ S ,  liii) HCl-MeOH, AT. The imine in turn is prepared from the 

imide 22 and 3,3-ethylenedioxy-4-carbo-t-butoxy butana13'. The lactam z& was 
transformed by standard operations into the known33 intermediate 2, which has been 

already transformed into the alkaloid $1. 
With regard to the possible enantioselective synthesis &&it is of interest to 

mention the 1.5-electrocyclization of imine zR under influence of BuLi/(-1-N-Me- 
ephedrine. The correspondinq indoline is obtained in 60% yield and with a 

promising e.e. of 55%. This indoline can be converted into 2& by adaptation of the 
methodology outlined before so a formal asymmetric synthesis of vindorosine is also 
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at hand. In order to apply the synthetic scheme to the mine 2% a synthesis of 
the latter imide has to be develooed. Since in the usual method an aromatic 

aldehyde is converted via the cyanoacetic acid ester route34 and the necessary 

2-NO -4-OMe benzaldehyde is difficult to obtain,an alternative pathway has to be 
2 

developed. As a general and highly practical method,the malonate substitution 

of o-nitro-chlorobenzenes has been used, which via the nitro-aryl derivative 2l  
and additional reactionwithethyl chloroacetate leads to 2e .  Controlled hydmlysis 

(HBr-HCOOH) yields the amide 22 which upon treatment with base and catalvtic 
hydrogenation gives imide 22 .  Since the latter amine upon imine formation and 

1.5-electrocyclization affords com~ounds 22 and at in the manner described before, 
the effectiveness of the synthetic scheme towards the total synthesis of Asoido- 

sperma alkaloids has been convincingly demonstrated. 

5b Mytornicin Antibiotics and Analogues 

The chemistry and pharmacology of the mitomycin antibiotics continues to 

receive wide-spread attention35. Since the strong antitumor and antibiotic 

activity of mitomycin B ($$,I is retained36 in the correspondinq easily-accessible 

mitosene $.&the efforts in total synthesis have mainly been concentrated on this 

37 type of compound. Extensive reviews on the chemistry of mitomycins have appeared . 
Confirmatory evidence for the mechanism of the action of mitomycin C has recently 

been acquired3' which points to a guanine cross-link formation at C-1. These data 



strongly call for the synthesis of novel variations of the mitosene structure $&. 

In addition with a view to the necessary bioreductive alkylation process for the 

activation of the mytomycin, the indoloquinones $$ and $2 are also considered as 
targets for total synthesis. Although a number of simple indoloquinones have been 

3 9 
synthesized earlier as antibacterial agents using the Nenitzescu reaction , 

compounds of the types $2 and $2 have not been investigated with regard to potent- 
ial cytostatic activity. 

As described before the synthesis ofpyrrolo[l,2-alindoles like 2x is straiqht- 
forward using the 1.5-electrocyclization process. In addition it has been 

. ~ 

mentioned that different types of indolines, e.q. $2, can be obtained by using the 
appropriate aldehyde precursor. Therefore a likely approach to the mitosenes 

consists of a 1.5-electrocyclization of imines of type ,Q,$ to the indolines ,Q and 

subsequent transformation into indoloquinones and/or mitosenes $2. Such a 

strategy requires excellent availability of the starting indolines $2 and in this 
respect major achievements have been reached through the 1.5-electrocycliza~ion 

technique. AS a consequence of our approach the @none functionality has to be 

introduced in the latter stages of synthesis. 
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AS mentioned b e f o r e , r e c e n t  work i n  a second a rea  of t o t a l  s y n t h e s i s  mainly 

d e a l s  wi th  t h e  u t i l i t y  of t h e  quinones as s t a r t i n g  m a t e r i a l s  and s e v e r a l  new 

4 0 r o u t e s  t o  mi tosenes  based on t h e  p r i n c i p l e  have been developed . 
AS t h e  startingpointtheo-nitrochlorobenzenes &&-e a r e  s e l e c t e d i n v i e w o f t h e  

a n t i c i p a t e d  f a c i l e  conversion i n t o  t h e  f i n a l  quinone system and t h e  p o t e n t i a l  

f o r  p repa r ing  modified r i n g  A type  mi tosenes .  The r equ i red  d i e s t e r  kx can be  

prepared d i r e c t l y  from $x by a n u c l e o p h i l i c  aromatic s u b s t i t u t i o n  us ing  malonate 

i n  H M P T / D M F ~ ~ .  Because of t h e  low r e a c t i v i t y  of t h e  r e l a t i v e l y  e l e c t r o n - r i c h  

aromat ic  r ing ,  h igh HMPT/DMF r a t i o s  and h i q h  temperatures have t o  be used.  There- 

f o r e  t h e  a l t e r n a t i v e  e f f i c i e n t  two-step Process  * + $2 has  been developed 

which g e n e r a l l y  a f f o r d s  t h e  d i e s t e r s  @ i n  combined y i e l d s  of over  90%.  The 

corresponding amines ,7Q a r e  q u a n t i t a t i v e l y  obtained through c a r e f u l  hydrogenation 

a t  3 atm i n  to luene /e thano l  us ing PtOZ a s  a c a t a l y s t .  Under t h e  l a t t e r  c o n d i t i o n s  

t h e  undesi red  formation of t h e  corresponding oxindole can be a lmost  completely 

avoided.  

71 A :  Z . -c=C-CHIOC~HJ~ 21 R = H  21 R s H  

B : Z i -Cat-CH,OTHP - 73 R s COCH] 76 R mC\ - 
c : z .-IEI-cH=cH-cHIOCH~I, X R = COOCHI 

D : Z ;-IEI-CH=CH-COOCHI 

E : Z I-(€1-CH=CH-CaH5 



AS aldehydes ZCHO for the ~renaration of the imines Z&$-,QQ those substituents 

z are chosen which possess the required functionality for attaching the substit- 

uents L and/or M and/or forming the third ring. In model experiments reactions 

have also been carried out with cinnamaldehyde ZkE. 
upon  reparation of the imine XkE-Q a spontaneous ring closure takes place 

which attests to the influence of the p-0CH3 on the basicity of the imine-nitrogen 

AS pointed out before this basicity is one of the factors which determines the 

ease of the 1,s-electrocyclization. In all other cases l&$-Z&Q a catalytic amount 

of base (NaOR) or Lewis acid (Zn(OAc1 1 in ethanol as a solvent suffices to 2 

complete the ring closure affording the indolines 1<$-7JQ in nearly quantitative 

yields. The corresponding acetates ;I2 can be easily obtained upon reaction with 

AC 0; in order to prepare the carbamate @,,a two-step sequence is required con- 2 

sisting of an initial preparation of the N-COC1 derivative (COC12/~(C2H513/PhCH 
3 

followed by reaction with methan~l/N(C~H~)~. As a last general step mild hydrol- 

ysis ( K O H / E ~ O H / H ~ ~ / ~ ~ C I  affords the indoline-3-carboxylic acids ;I2 in almost quant- 
itative yield. The mitosane derivatives can now be prepared - as exemplified for 
x i  - by treatment of ,Q with ethyl chloroformate in THF/N(C2H513 solution and 

subsequent NaBH4 reduction. The biologically more interesting mitosenes are also 

synthesized from the carboxylic acid 7J. For instance esterification (Cs2C03/ 

(CH312S04/DMFl of QR-Q and oxidation with DDQ affords the indole ZQQ-Q in 

excellent yield. In order to arrive at the ouinone the N-Ac function is hydrol- 

yzed and converted to the N-Me derivative ZxQ-Q. The latter comnound is trans- 

formed into the quinone QQQ in the usual manner42: (i) HNO~/HOAC. (iil Sn/HCl / aq. 
C2H50H, (iiil Fremy's salt. At this point it can be stated that the overall 

yield of the process starting from k Z Q  is 40% (13 stens]. Finally the dihydroxy- 

compound is obtained by reduction of the quinone (Na2SZ04/EtOH/~ 0) followed by 
2 

DIBAH reduction in toluene and reoxidation of ring A to the quinone Q&Q. A 

similar scheme has been followed in the conversion of the corresoonding methyl 

derivative Z~J-E which leads to the quinone Q&. 

CONCLUSION 

The foregoing data amply demonstrate the synthetic possibilities of the 1.5- 

electrocyclic process as a general tool for the synthesis of a variety of indoline 

and indole derivatives. A unique stereoselectivity coupled with an experimentally 
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facile procedure and a flexible choice of the aldehyde precursor are important 

factors in the success of the method. Although the exact mechanism of this novel 

ring closure has to be proven in some additional details, the factors discussed 

strongly point to an electrocyclic process. 

ACKNOWLEDGEMENT 

The synthetic efforts of J. Dijkink, E.A. Oostveen, J. Mittendorf, S.J. Veerstra. 

R.J. Vijn, and J.N. Zonjee and the discussions with H. Hiemstra are acknowledged 

with great pleasure. 

The work has been carried out in partunder theauspices ofthe Netherlands Found- 

ation for Chemical Research (S.O.N.1 and with financial support from the Nether- 

lands Organization of Pure Research (Z.W.O.). Financial support from the 

"Koningin Wilhelmina Fonds" is also gratefully acknowledged. 

REFERENCES 

1. 'Indoles", ed. by W.J. Houlihan, Wiley-Interscience, New York (19721, Parts 1 

and 2, and (1979). Part 3. 

R.J. Sundberg, "The Chemistry of Indoles", Academic Press, New York (1970). 

2a. U. Henqartner. A.D. Batcho, J.F. Blount,W. Leimgruber, M.E. Larscheid, and 

J.W. Scott, J.Orq.Chem., 1979, $$, 3748; 

b. J.T. Carlock, J.S. Bradshaw, B. Stanovnik, and M. Tisler, J.Org.Chem., 1977, 

$ 2 ,  1883; 
c. U. Henqartner, D. Valentine, Jr., K.K. Johnson, M.E. Larscheid, F. Piqott, 

F. Scheidl, J.W. Scott, R.C. Sun, J.M. Townsend, and T.H. Williams, J.Ors. 

Chem., 1979, $$, 3741: 

d. Y. Ito, K. Kobayashi, and T. Saegusa, J.Org.Chem., 1979, %$,, 2030; 

e. Y. Ito, K. Kobayashi, and T. Saegusa, Tetrahedron Lett., 1979, 1039; 

f. M. MOKi, K. Chiba, and Y. Ban, Tetrahedron Lett., 1977, 1037; 

g. H. Person, M.D.A. Pardo, and A. Founcaud, Tetrahedron Lett., 1980, 281; 

h. J. KBkdsi. I. Herwecz, G. s&z, and 2 .  ~&sz.&os, Tetrahedron Lett., 1981, 

4861; 

i. W. Wierenqa, J. Griffin, and M.A. Warpehoski, Tetrahedron Lett., 1983, 2437; 

i .  R.M. Coates and C.W. Hutchins, J.Org.Chem.. 1979, $$,, 4742; 

k. R.R. Bard and J.F. Bunnett, w., 1980, $2 ,  1546; 



1. L.S. Hegedus, G.F. Allen, and E.L. Waterman, J.Am.Chem.Soc., 1976, xa, 2674; 
m. J.F. Wolfe, M.C. Sleevi, and R.R. Goehrinq, =.,1980, kg•’, 3646. 
3. J.P. Kutney, "The Total Synthesis of Natural Products", ed. by J. ApSimon, 

Wiley-Interscience, New York, (1977). Vol. 3, ~.274. 

4. J.E. Baldwin, J.C.S.Chem.Com., 1976, 734. 

5a. R. Huisgen, Angew.Chem., 1980, 22,  979: 
b. E.C. Taylor and I.J. Turchi, Chem.Rev.,1979, 181. 

6. R.B. Woodward and R. Hoffmann, J.Am.Chem.Soc., 1965, el, 395. 
7. M.A. Laurent, C.R.Acad.Sci., 1844, kx, 353. 
8. D.H. Hunter, S.K. Sim, and R.P. Steiner, Can.J.Chem., 1977, 22 ,  1229. 
9. J. Barluenga, V. Rubio, and V. Gotor, J.Orq.Chem., 1982, $x, 1696. 
10. R. Grigg and H.P.N. Gunaratne, Tetrahedron Lett., 1983, 1201. 

11. G.W. Visser, W. Verboom, P.H. Benders, and D.N. Reinhoudt, J.Chem.Soc.Chem. 

Corn., 1982, 669. 

12. D.N. Reinhoudt, G.W. Visser, W. Verboom,'P.H. Benders, and M.L.M. Pennings, 

J.Am.Chem.Soc., 1983, in press. 

13. For related examples see: 

R. Grigg, J. Kemp, J. Malone, and A. Tangthonqkum, J.Chem.Soc.Chem.Com., 

1980, 648 and references contained therein. 

14. R. Grigg and H.Q.N. Gunaratne, J.Chem.S6c.~hem.Comm.. 1982, 384. 

15. A.H. Jackson and P. Smith, J.Chem.Soc.(C), 1968, 1667. 

16. T. Oishi, W. Nagai and Y. Ban, Tetrahedron Lett., 1968, 491. 

17. See for instance: 

A.J. Birch and J. Slobbe, Tetrahedron Lett., 1976, 2079; 

S. Chaudrasekaran and J.V. Turner, Tetrahedron Lett., 1982, 3799. 

18. S. Raucher and P. Klein, Tetrahedron Lett., 1980, 4061. 

19. S.W. Staley, "Pericyclic Reactions of Carbanions" in Pericyclic Reactions I, 

A.P. Marchand and R.E. Lehrs eds., Academic Press, New York (1977), pp.224-233. 

20. S.M. Makin and N.I. Telegina, J.Gen.Chem.USSR, 1962, 1082. 

21. The aldehyde is prepared from methylglyoxyl-dimethylaceta1 by treatment with 

vinylmagnesiumbromidefollowed by hydrolysis,methylation (KH-CH~I) and diacetal- 

isation (AcOH-H20). 

22. S.H. Pine and J. Cheney, J.Org.Chem., 1974, $Q, 870. 

23. 3. Becher, Synthesis, 1980, 589. 



HETEROCYCLES, Vol 21, No 1 ,  1984 

24. The aldehyde is prepared according to M. Nakane, H. Gollman, C.R. Hutchinson, 

and P.L. Knutson, J.Org.Chem., 1980, $2, 2536. 
25. M. Bucciarelli, A. Forni, I. Moretti, and G. Torre, J.Chem.Soc.Perkin Trans. I, 

1980, 2152. 

26. J. Bjorgo. D.R. Boyd, C.G. Watson, W.B. Jennings, and D.M. Jerina, M., 
1974, 1081. 

27. Y. Izumi and A. Tai, "Stereo-differentiating Reactions", Academic Press, 

New York (1979). p.82. 

28. L.M. Litvinenko and N.M. Oleinik, Russ.Chem.Rev., 1978, $J, 401. 

29. For reasons of comparison the reaction time and temperature are chosen which 

have been applied in the cyclization of the n-propylimine 22 (R=C3H7). 
These conditions are insufficient to allow far completion of the cyclization 

of 22 (R=C(CH3)3) and thus account for the lower chemical yields. 
30a. W. Klyne, R.J. Swan, B.W. Bycroft, D. Schumann, and H. Schmid, Helv.Chim. 

Acta, 1965, $a, 443; - 
b. W. Klyne, R.J. Swan, B.W. Bycroft, and H. Schmid, =.,1966, $2, 837. 

31. S.J. Veenstra and W.N. Speckamp, J.Am.Chem.Soc., 1981, AQz, 4645. 
32. F.V. Brutcher, Jr. and H. Hinney, Tetrahedron Lett., 1979, 679. 

33. G. Biichi, K. Matsumoto, and N. Nishimuna, J.Am.Chem.Soc., 1971, a, 3299. 
34. J.P.B.A. Wijnberg and W.N. Speckamp, Tetrahedron, 1978, 2*, 2399. 
35a. W.A. Remers in: 

Anticancer agents based on natural product models, Acad.Press (19801, 

New York, chapter 4; 

b. W.A. Remers, The chemistry of antitumor antibiotics, vol.1, John Wiley & 

Sons (1979),New York, chapter 5; 

C. K. Nakano, Heterocycles, 1979, A2, 373; 
d. S.K. Carter, S.T. Crooke, Eds. "Mitomycin C: Current Status and New DeveloD- 

ments". Academic Press: New York (19791. 

36a. S. Kinoshitu, K. Uzu, K. Nakano, M. Shiminu, T. Takahashi, and M. Matsui, 

J.Med.Chem., 9 7 ,  , 103; 

b. S. Kinoshitu, K. UZU, K. Nakano, and T. Takahashi, E., 1971, A*, 109; 

C. J.P. Patrick, R.P. Williams, W.E. Meyer, W. Fulmor, D.B. Cosulich, 

R.W. Broschard, and 5.5. Webb, J.Am.Chem.Soc., 1964, ,&, 1889. 
37a. R.W. Franck, Fortschr.Chem.Org.Naturst . ,  1979, ?a, 1; 
b. K. Takahashi and T. Kametani, Heterocycles, 1979, A$, 411; 



C .  T. Kametani and K. Takahashi, Heterocycles, 1978, 2 ,  293. 
38. M. Tomasz, R. Lipman, J.K. Snyder, and K. Nakanishi, J.Am.Chem.Soc., 1983, 

AQ2, 2059. 
39. G.R. Allen, Jr., J.F. Poletto, and M.J. Weiss, =.,1964, a$, 3878; 

G.R. Allen and M.J. Weiss, J.Med.Chem., 1967, kg, 1. 
40a. J.R. Luly and H. Rapoport. J.Am.Chem.Soc., 1983, Ag2, 2859; 
b. Y. Narutu, Y. Arita, N. Nagai, H. Uno, and K. Maruyama, Chemistry Lett., 

1982, 1959; 

c. R.M. Coates and P.A. MacManus, J.Org.Chem., 1982, $1, 4822; 
d. M. Akiba, S. Ikuta, and T. Takada, Heterocycles, 1981, &$,, 1579; 

e .  H.W. Moore, Y.L.L. Sing, and R.S. Sidhu, J.Org.Chem., 1980, $2, 5057. 
4i. J. Bourdais and C. Germain, Tetrahedron Lett., 1970, 195. 

42. J.C. Hodges and W.A. Remers, J.Med.Chem., 1981, •’$, 1184. 


