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A/~trac~ A new type of anionic ¢yelization has been discovered in which the condensation of alkyl benzoates with 
simple nitriles, induced by an excess of LDA, leads directly to substituted-3-amino-2-indan-l-ones. The corresponding 
intermediL.t,~- [~-oxmitriles undergo cyclization to give, in most instances, superior yields of the same compounds. Acid 
hydrolysis of these indenones leads in high yield to the corresponding biologically active (anticoagulant) indandiones. 
© 1997 Elsevier Science Ltd. 

Esters of benzoic acid and simple nitriles are amongst the oldest types of  compounds known ~ to organic 
chemistry and it would he difficult to believe that their condensation chenfistry was not completely developed 
and thoroughly understood. Yet, we have found an entirely new type of reaction involving these substances. 2 
When an equimolar n~xture of an alkyl (preferably ethyl) 3 benzoate and a nitrile having an (x-methylene is added 
to an excess of LDA in tetrahydrofuran at temperatures below -10 ° C, the solution develops an intense red 
color and after water quenching, a 2-substituted-3-amino-2-inclen-l-one can be isolated in reasonable yield. 
This is exemplified in the equation shown below using methyl 4-methoxyhenzoate (!) and 4- 
rnethoxyphenylacetortitrile (2) (the first case that we discovered) which leads to 4 in 57% yield. Further 
experimentation quickly revealed that 3 (prepared from I and 2_ by using Nail/trace methanol as the condensing 
base) is a likely intermediate because it also gave rise to 4 (75% yield) when added to an excess of LDA. 
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We have examined the scope of this type of reaction and have found that it is quite generaL However, 
in all cases, the yields of the 3-aminoindenones were superior overall (see Table: one-step reaction) when the 
keto-nilrile was prepared first, then cyclized separately (see Table: two-step reaction). 
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Table: Summary of the 3-aminoindenones obtained by using the one-step reaction and the two-step 
procedures. (Detailed experimental methods are noted in reference 4) 

Envy R~ 12 yield by yiad by yield 
one-step two-slep 1,3-indan 
r ~ n  Fx~d.re 

1 4-OMe p-methexy 57% 59% 65% 
phenyl 

2 H p-methoxy 57% 55,.5% 76%* 
vhenyl 

3 4-OMe o-methoxy 15% 69% 81% 
phenyl 

4 H o-methoxy 10% 43% 
phenyl 

5 3-OMe : p-methoxy 28% 
phenyl 

6 3-C1 : p-metlmxy 33% 55% 60% 
phenyl 

7 4-OMe phe~},l 15% 56% 
8 H phenyl 13% 
9 2-OMe p-methoxy 8% 45% 

phe~71 
10 4-OMe 3,4- 28% 

dimethoxy 
vhe.yl 

11 H CH~ 83% 
12 4-Obie CH2CH3 49% 
13 H 3-pyridyl 65% 
14 H H 0% 0% 

* commercially known as anisindione 

Although the NMR (IH and 13C) and MS data s are completely consistent with the assigned structures, 
an X-ray analysis s was obtained for entry 13 (see Table) and the results, shown in Figure I, confirm the general 
suuctu~ assignment 

Figure I: ORTEP structure of X-ray data for 3-amino-2-(3-pyridyl)-2-inden-l-on¢ 
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We believe that the process can be represented as shown in the scheme below. It seems likely that the 
enolate ion 7 coordinates a second mole of LDA and this then effects deprotonation at the ortho position to 
give _8. The ortho-deprotonation of the enolate ions of simple acetophenones has been studied at length by 
Klein and Medlik-Balan ~ who used principally BuLi/TMEDA in hexane as the reagent of choke. However, in 
the interim, virtually no further significant synthetic chemistry has been evolved in which an enolate ion 
mediates the deprotonation at the ortho position of an aromatic ring. Our results represent the first report of a 
truly useful synthetic method involving such anionic species. 
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The stereochemical preferences for enolate ions of this type (8) have never been examined. However 
steric effects must play a significant role and it seems highly likely that in cases of 8 where R2 is alkyl or aryl the 
preferred geometry, because of 1,3-aUylic strain s, will be that in which the aryl ring and R2 are anti in 
orientation. In the case of the dianion derived from benzoyl acetonitrile (~, R~=H) no cyclization product 
could be obtained. However the above steric argument would place the nitrile group anti to the phenyl ring, 
and thus inaccessible to the second lithium anion. Surprisingly even the addition of HMPA, known to induce 
enolate ion equilibration, did not lead to any cyclization product. Nevertheless the addition of (CH3)3SiCI did 
lead to a species having a silyl group on the aromatic ring. The further chemistry of the dianions derived from_7 
(R=H) will be reported later. As might be anticipated compound 11 (where enolate anion distribution could be 
expected to be delocalized over both carbonyl groups), did not give any indane-l,3-dione under the same 
reaction conditions. 

11 

Finally, acid hydrolysis by 20% H2SO4 in boiling water led to the corresponding indan-l,3 diones 
(seeTable) in good yield in all cases. 
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Previously repor ted  methods  for the preparation o f  3-aminoindenones have required at least six 
synthetic steps, ~ whereas  indan-l ,3-diones ,  which have significant anticoagulant and antibacterial activities I', 
can he Inepared by a number o f  methods,  n '~  None however  is more  versatile than the procedure  described 
here. The methods  repor ted  currently represent  a simple entry in both classes o f  compound.  Further studies 
aimed at expanding the scope o f  this new directed-ortho-metallation (DoM) reaction are being pursued. 
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methoxyphenylacetonilrile. 
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