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Depending upon the conditions, reaction of 2-acyl-1,3-indandiones with ethylenediamine gave 2 [1-(2-amino- 
ethylimino)alkyl]-l,3-indandiones ( l ) ,  2,3-dihydro-GH-indeno[ 1,2-e] [ 1,4] diazepin-6-ones (2), or 2,2'-[ethylene- 
bi~l(nitriloalky1idyne)j di-lI3-indandiones (3). The condensation with methylenediamine was unsuccessful. 

Previous papers from this laboratory have reported 
the reactions of 2-acyl-1,3-indandiones with hydrazines 
to  give monohydrazonesl and indeno [1,2-c Jpyrazol- 
4(1H)-ones.2 We now report the reactions of 2-acyl- 
l,&indandiones with aliphatic diamines. 

The condensation of ethylenediamine with open- 
chain @ diketones has been reported to give (a) non- 
cyclized compounds, such as 4,4'-ethylenediiminodi- 
pentanone, with acetylacetone, a or (b) 2,3-dihydro- 
1,4-diazepinesj4 depending upon the molar ratio of the 
reactants. 

We have found that treatment of 2-acyl-1,3-indan- 
diones with ethylenediamine yielded three types of 
products depending upon the nature of the substituents 
in the side chain of the indandiones and the molar ratio 
of the reactants (Scheme I). 
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ethylimino)alkyl]-l,3-indandiones (la-le) when R is 
hydrogen, methyl, or isobutyl, and 5-substituted 2,3- 
dihydro-6H-indeno [l,2-e] [l14]diazepin-6-ones (2e-Ze), 
when R is ethyl, diphenylmethyl, or phenyl. The 
diazepinones 2a (R = H) and 2b (R = CH,) were oh- 
tained by heating the corresponding indandiones (la 
or lb), the former in the presence of formic acid and 
n-propanol, the latter in the dry state. Indandione 
l e  could not be ring closed to the corresponding diaze- 
pinone. 

Reverse addition of the reactants and change in 
molar ratio of ethylenediamine (l,2 mol) to 2-acyl- 
lI3-indandiones (2 mol) gave 2,2'- [ethylenebis(nitrilo- 
alkylidyne) ]di-l,&indandiones (3a-3c). 

The structures of these compounds are based upon 
analyses and are consistent with the infrared spectra. 

All attempts to  react methylenediamine with various 
2-acyl-l,&indandiones in order to prepare 4-substituted 
1,2-dihydro-5H-indeno [ 1,2-d]pyrimidin-5-ones failed. 
In  all cases only a compound of empirical formula 
(CIOH~NO), was isolated. No attempts have been 
made to determine the structure of this compound. 

Experimental Section6 
2-Formyl-l,3-indandione.-A modification of the procedure 

described in the literature6 was used. A mixture of triethyl 
orthoformate (35 ml, 240 mmol) and acetic anhydride (70 ml, 720 
mmol) was added to lI3-indandione (25 g, 170 mmol) withstirring 
at  room temperature. The mixture was heated slowly for ca. 45 
min to 80" and kept a t  this temperature for 1 hr. The obtained 
red solution was filtered hot and immediately cooled to  10' in 
an ice bath. Cold water (130 ml), previously boiled to remove 
most of the oxygen, was added at  10' with stirring and the mix- 
ture was allowed to crystallize in a refrigerator for 15 hr. The 
deep red crystals were collected and immediately added to re- 
fluxing absolute ethanol (400 ml) with stirring. The mixture was 
refluxed for 5 min and then filtered rapidly through a preheated 
sintered-glass funnel. The green-red filtrate, containing ca. 
20 g of 2-formyl-l,3-indandione, was used directly in the con- 
densation with ethylenediamine. The ethanolic solution of this 
indandione should not be stored for a long period of time. 

All the other 2-acyl-1,3-indandiones were prepared according 
to  known methods?,* from dimethylphthalate and the appropriate 
methyl ketones in the presence of sodium amide.g 

2[1-(2-Aminoethylimio)alkyl] -1,3-indandiones (la-lc). 
Method A.-The general procedure (method A) used to  prepare 
these compounds is illustrated by the synthesis of 2 [1-(2-amino- 
ethylimino)ethyl]-1,3-indandione (Ib).  A solution of 2-acetyl- 
1,3-indandione (50 mmol) in ethanol (200 ml) was added dropwise 
over a 2-hr period to a refluxing mixture of formic acid (1 ml), 

Addition of %acyl-l,3-indandiones (1 mol) to a re- 
fluxing ethanolic solution of ethylenediamine (1.5 mol, 
except in the case of compound la, where ca. 4 mol were 
used), in the presence of formic acid gave 2- [1-(Samino- 

(1) R. A. Braun and W. A. Mosher, J .  Amer. Chem. Soc., 80,2749 (1958). 
(2) R. A. Braun and W. A. Mosher, ibid., 80, 4919 (1958); J .  Org. Chem., 

(3) A.  Combes and C. Combes, Bull. 80c. Chim. Fr., 8,7,788 (1892). 
(4) G. Sohwarzenbach and K.  Lutz, Helu. Chim. Acta, 28,1138 (1940). 

24, 648 (1959). 

(5) Melting points were determined with a Fisher-Johns melting point 
apparatus and are uncorrected. The infrared spectra were recorded with a 
Perkin-Elmer Infracord Model 137. Analyses were performed by Dr. A. 
Bernhardt, Mikroanalytisches Laboratorium, Max Planck Institut fur Koh- 
lenforsohung, Mulheim (Ruhr), West Germany. 
(6) G. Errera, Gam. Chim. Ital., 33,417 (1903). 
(7) L. €3. Kilgore, J.  H. Ford, and W. C. Wolfe, Ind. Eng. Chem., 34, 494 

(8) R. L. Horton and K. C. nIurdok, J .  O w .  Chem., 26,938 (1960). 
(9) L. Gattermann, "Die Praxis des Organischen Chemikers," 38th ed, 

(1942). 

Walter de Gruyter and Co., Berlin, 1958, p 220. 
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TABLE I 
2-[ 1-(2-AMINOEl"YLIMINO)ALKYL]-~,~-INDANDIONES( la-lC) 

Reaction Yield, Empirical 

l a  H 2 hr 59 90-100 dec CiaHiaNaOa 
Compd R time" 7% MP, OC formula 

1b CHs* 2 days 80 224-225 ClaH14N202 

IC 75 96-98 

Calcd, % 
C, 66.65 
HI 5.59 
C, 67.81 
H, 6.13 
N, 12.17 
C, 70.56 
H, 7.40 

Found, % 
C, 66.85 
HI 5.64 
C, 68.34 
H, 6.01 
N, 12.21 
C, 69 I 62 
HI 7.39 

a Prepared as in method A (see Experimental Section). b Forms a yellow perchlorate, mp 240-242". 

TABLE I1 
2,3-DIHYDRO-6H-INDENO [ &%e] [ 1,4] diazepin-6-ones (Za-Ze) 

Reaotion Yield, Empirical ------Calcd, %-----  found, %----7 

2a Ha . . .  59 104-106 CizHioNzO-HzO 66.65 5.59 12.96 66.67 5.75 12.28 
Compd R time % MP, OC formula C H N C H N 

2b CHab . . .  50 220-221 dec ClsHlaNzO 73.56 5.70 13.20 73.22 6.08 13.01 
ZC CzH,' 2 daysc 70 194 CirHirNzO 74.31 6.24 12.38 74.20 6.35 12.29 
2d CH(CaHs)zb 4 daysc 60 285-286 Cz6HzoNzO 82.45 5.50 7.69 82.14 5.62 8.31 
2e C~HF,* 18 hrc 75 243 CisH&'zO* 76.74 5.76 9.42 76.51 5.76 9.48 

'/'/pCzHbOH 
Forms a formate, mp 178-180" and a perchlorate, mp >300°. b Forms perchlorates. 0 Prepared as in method A (see Experimental 

Section). 

TABLE I11 
2,2'-[ETHYLENEBIS(NITRILOhLKrLIDYNE)]DI-1,3-INDANDIONES (3a-3'2) 

Reaction Yield, Empirical 
Compd R time 70 MP, 'iz formula Calcd, yo 

3a H 10 min 80 300 CzzHi~N20~ C, 70.96 
H, 4.33 
N, 7.52 

3b CHs 20 min 90 297 CZ4HzoRZ04 C, 71.98 
H, 5.04 
N, 7.00 

3c CZHI 2 hr 80 240 C26&4"2O4 c, 72.88 

Found, % 
C, 69.72 
H, 4.58 
N, 7 ,80 
C, 71.77 
HI 5.56 
N, 7.01 
C, 73,18 

HI 5.65 H, 5.48 
N, 6.54 N, 6.70 

ethanol (100 ml), and ethylenediamine (75 mmol). The mixture 
was refluxed for Z days (see Table I for the refluxing time of IC). 
Then most of the ethanol was removed by distillation (ca. 260 
ml) and to  the hot residue (ca. 50 ml) was added water (25 ml) 
with stirring. The mixture was kept a t  room temperature for 
ca. 2 days to complete the crystallization. The solid was col- 
lected by filtration and recrystallized from aqueous ethanol to 
give l b  as colorless needles. 

For compound l a  the following quantities of reactants were 
used: 2-formyl-1,3-indandione (ca. 10 g, 57 mmol), formic acid 
(2 ml), ethanol (200 ml), and ethylenediamine (225 mmol). The 
mixture was refluxed for 2 hr. Most of the ethanol was removed 
by distillation and to the hot residue (ca. 150 ml) was added hot 
water (160 ml). The mixture was kept in a refrigerator for 36 
hr; the colorless crystals were collected by filtration and dried. 

2,3-Dihydro-6II-indeno [ 1,2-e] [ 1,4] diazepin-6-one (Za) .-A so- 
lution of l a  (ca. 10 g) in a mixture of n-propanol (250 ml) and 
formic acid (15 nil) was heated a t  reflux for 2 hr. The solution 
was then allowed to stand at  room temperature. The formed 
golden leaflets of the formic acid salt of Za, mp 178" dec, were 
collected by filtration, treated with an excess of aqueous ammonia 
in 1 : 1 water-ethanol, and crystallized from acetone to yield Za as 
colorless needles. 

2,3-Dihydro-5-methyl-6H-indeno [ 1 ,&e] [1,4] -diazepin-6- 
one (Zb).-Compound l b  (10 mmol) was heated at 250' for 5 
min without solvent. The resulting dark powder, after crystalli- 
zation from aqueous ethanol (Darco), gave 2b as colorless needles. 

5-Ethyl-, 5-phenyl-, and 5-diphenylmethyl-2,3-dihydro-6H- 
indeno [1,2-e] [1,4-] diazepin-6-ones (Zc-2e) were prepared follow- 
ing method A.  The refluxing time varied from 18 hr to 4 days, 
as reported in Table 11. Colorless or pale yellow needles were 
obtained after crystallization from ethanol (Darco). 

The above 2,3-dihydro-GH-indeno [1,2-e] [ 1,4] diaaepin-6-ones 
show absorption peaks a t  ca. 3300 (NH), ca. 1655 (C=O), and 

ca. 1600 cm-1 (C=N). They form crystalline yellow per- 
chlorates and formates, which show bright yellow fluorescence in 
alcoholic solution as well in the solid state and give phenylhydra- 
zones with phenylhydrazine. 

2,2'- [Ethylenebis(nitriloalkylidyne)] di- 1 ,J-indandiones 
(3a-3c) were prepared by the following general method. A 
solution of formic acid (0.5 ml) and ethylenediamine (2 ml, 
30 mmol) in ethanol (100 ml) was added dropwise t o  a refluxing 
solution of the appropriate 2-acyl-1 ,a-indandione (50 mmol) in 
ethanol (150 ml) with stirring, and the mixture was refluxed for an 
additional time, as given in Table 111. After cooling to room 
temperature, the resulting solid was collected by filtration, washed 
with cold ethanol, and recrystallized from ethanol to give colorless 
or pale yellow needles. 

Compounds 3a-3c exhibit absorption peaks at  ca. 1705 (C=O) 
and ca. 1500 and 1600 cm-' (C=N). They show practically no 
absorption in the 3300-cm-1 region. 

Reaction of Z-Acyl-l,3-indandiones with Methylenediamine .- 
Methylenediamine dihydrochloride (2.4 g, 20 mmol) and an- 
hydrous sodium acetate (3.3 g) were added to cold ethanol (100 
ml) with stirring. After 10 min the mixture was filtered to re- 
move the precipitated sodium chloride and to the filtrate was 
added a solution of the appropriate 2-acyl-1,3-indandione (2- 
acetyl, 2-isovaleryl, and 2-diphenylacetyl) (15 mmol) in ethanol 
(100 ml). The clear solution was refluxed for 5 hr. Most of 
the ethanol (150 ml) was removed by distillation, and the residue, 
after standing overnight a t  room temperature, gave colorless, fine 
needles (1.5 g), mp >300°. 

Anal. Calcd for (CloH7N0)2: C, 76.41; H ,  4.49; N, 8.91. 
Found: 

The infrared spectrum showed a strong doublet at 1670 and 
1720 cm-l (C-0), an intense band at  1600 cm-' (probably 
C=.N), and two weak bands in the 3050-3450-~m-~ region (OH 
or NH) . 

C, 76.63; H ,  4.54; N,8.81. 
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Treatment of this compound with 5 N hydrochloric acid in 
ethanol yielded a Fed, crystalline product, mp >300°. 

Anal. Calcd for empirical formula CzoH,,NO8: C, 75.94; 
H, 4,46; N, 4.43; 0, 15.18. Found: C, 75.81; H, 4.44; 
N, 4.38; 0,15.24.  
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Two examples of double addition of bisdiazo ketones to olefinic bonds are described. Addition of 1,4-bisdiazo- 
2,3-butanedione (1 ) to  cyclohexene afforded the ezo-di(7-norcary1)ethanedione (2). Catalytic decomposition of 
bisdiazo ketone 8 yielded the isomeric spiro diketones 10 and 11. Nmr spectral properties and some reactions of 
this noveI spiro system are discussed. 

a-Ketocarbenes generated by the copper-catalyzed 
decomposition of diazo ketones have been found to react 
with olefins to produce cyclopropanes. Both inter- 
rno le~u la r~ -~  and in t r amole~u la r~ -~~  additions have 
been reported. 

Recently we initiated the study of the corresponding 
reactions of bisdiazo ketones which do not appear to 
have been investigated. In  the present paper we 
describe two cases in which double addition of inter- 
mediate bisketocarbenes to olefinic bonds occurred. 

Decomposition of lj4-bisdiazo-2,3-butanedione (1) l4 
in boiling cyclohexene in the presence of anhydrous 
copper sulfate afforded the exo-di(7-norcary1)ethane- 
dione 2 in low yield, 

N2HCCOCOCHK2 - 
1 

HvCO,H 

3 z 

The presence of an a-diketone system was demon- 
strated by formation of the corresponding quinoxaline 
derivative. The low carbonyl frequency (1680 em-’) 
observed in the infrared spectrum of 2 indicates a 

(1) J. Novak, J. Ratusky, V. Sneberk, and F. Sorm, Collect. Czech. Chem. 
Commun., 22, 1836 (1957). 

(2) H .  Straelecka and M. Simalty-Siematyoki, Compt. Rend., 858, 3821 
(1961). 
(3) R. J. Mohrbacker and N. €1. Cromwell, J. Amer. Chem. Soc., 79, 401 

(1967). 
(4) G. Stork and J. Fioini, ibid., 83, 4678 (1961). 
(5) W. yon E. Doering and M. Pomeranta, Tetrahedron Lett., 961 (1964). 
( 6 )  F. Medina and A. Manjarrea, Tetrahedron, 20, 1807 (1964). 
(7) A. Small, J .  Amer, Chem. Soc., 86, 2091 (1964). 
(8) A. Nickon, H. Kwasnik, T. Swartz, R .  0. Williams, and J. B. Di- 

Giorgio, ib id . ,  87, 1615 (1965). 
(9) J. Meinwald and G. H .  Wall, Chem. Ind. (London), 425 (1965). 
(10) W. von E.  Doering, E. T. Fossel, and R. L. Kaye, Tetrahedron, 81, 25 

(1965). 
(11) D. Beoker and H. J ,  E .  Lowenthal, Chem. Commun., 149 (1965). 
(12) M. M. Fauzi and C. D. Gutsohe, J. Org. Chem., 31, 1390 (1966). 
(13) H. Musso and U. Biethan, Chem. Ber., 100, 119 (1967). 
(14) M. Frankel and M. Harnik, J. Amer. Chem. SOC., 74, 2120 (1962). 

significant conjugative overlap between the cyclopro- 
pane rings and the adjacent carbonyl groups, pre- 
sumably enhanced by a preferred geometry of the 
molecule with respect to the pertinent groups. Con- 
jugative ability of the electron-rich cyclopropane ring 
has been observed for many years by infrared and 
ultraviolet spectroscopy. l6 l lG 

The exo configuration was proved by oxidation of 2 
with alkaline hydrogen peroxide, affording the exo 
isomer of norcarane-7-carboxylic acid (3). Thus 
the configuration agrees with previous experience 
concerning copper-catalyzed decomposition of ethyl 
diazoacetnte in the presence of olefins. Here also 
addition favored the formation of the less hindered ex0 
product. 17-20 

It has 
been shown21 that in a-cyclopropylcarbonyl com- 
pounds the cis ring protons with respect to the carbonyl 
group are shifted to low field. This should obtain in 
all ezo isomers of a norcaryl system adjacent to a car- 
bonyl group. (In the ezo isomer the carbonyl group is 
located tram to the cyclohexane ring.) Indeed, for 2 
and 3 no proton resonance has been observed at  6 values 
lower than 1.17 and 1.10 pprn, respectively. Similarly, 
in methyl norcaryl ketone 4 no proton resonance has 

Nmr data also support the exo configuration. 

5 

( 3 0 C H 3  
4 

~ 
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(16) W. G. Dauben and G. H. Berezin, J. Amer. Chem. Soc. ,  89, 3449 

(17) P. 8. Skell and R.  M. Etter,  Proc. Chem. Soc., 443 (1961). 
(18) H. Musso and U. Biethan, Chem. Be?., 97, 2282 (1964). 
(19) U. Schollkopf, A. Lerch, and J. Paust, zbzd., 96, 2266 (1963). 
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