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The condensation of o-phenylenediamine with ethyl acetoacetate in boiling xylene has 

recently been shown to yield 2)3-dihydro-4-methyl-iH_-l,5-benzodiazepin-2-one (I) R - C~5) 

as the major product, together with a small but variable quantity of N-isopropenylbenzi- 

midazolone (II, R - CHS) [2,3). A rather ir~lausible multi-step sequence was suggested to ex- 

plain the formatinn of the rearranged product (2). We have observed a similarly rearranged 

by-product formed in variable yield and accompanying the diazepinone derivative from the re- 

action of 2)3-diaminopyridine with ethyl acetoacetate in boiling xylene. In this instance, 

however, the unsymmetrical character of the heteroaromatic diamine provides an opportunity 

for the formation of two theoretically possible diazepine derivatives (III and IV), as well 

as two possible ~midazolones (V and VI). An understanding of the structural relationship of 

the imidazolone by-product to the diazeplnone which it accompanied has provided inslght into 

the origin of the rearrangement product. 
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Reaction of 2,3-diaminopyridine with ethyl acetoacetate in boiling xylene was recently 

reported by us to give 3,5-dihydro-2-methyi-4H_-pyrido[2,3-b..] [l,4]diazepin-4-cne (IIl) (4,5). 

The white crystalline by-product from this reaction, with m.p. 180-185 °, was found to be 

isomeric with the diazepinone product and appeared to be an isopropen),limidazolone on the basis 

KCl of spectral ccnsiderations: A max.ethan°l 227 and 295 nm (¢6~00 and ii,800, respectively): t max. 

2,90 (N-H~, 5.22 (=(~{2), 5.82 (strong amide carbonyl), 6.06 (C-C), 5.90 and 7.20 (C-CHs) u; 

M~ (60 mc): 5H quartet 157 cps ~ • 4 cps, methyl split by two vinyl protons), IH vinyl quar- 

tet 315 cps (J = 5 cps), ]J-l vinyl quartet 325 cps (J = 5 cps), series of three IH quartets 416- 

484 cps [p�rridine ring protons). This material was shown to be the 1,5-dihydro-l-isopropenyl- 

2H_-imidazo[4,5-b]pyridin-2-one (V) by hydrogenation of the ole£inic double bona in the presence 

of palladimn-charcoal and comparison of the resulting l-isopropyl compoumd [m.p. 179-i~I °) with 

ssm~ple of 1,5-dihydro-5-isopropyI-2H-~nidazo[4,5-b]pyridin-2-one (m.p. 159.5- an mlthentiC 

160.5 °) , prepared by treating 5-amino-2-isopropylaminopyridine with phosgene. A mixture of the 

two isoprop),l compounds resulted in a depressed melting point and comparis~ of the ultraviolet, 

infrared, and nuclear magnetic resonance spectra, although similar in general detail, revealed 

s i g n i f i c a n t  differences. 

The isomeric 5-isopropenylim/dazolone [VI) was isolated as a by-product from the reaction 

of 2,5-diamin0pyridine with ethyl acetoacetate at 185 ° for 15 minutes in the absence of s01- 

vent; this reaction has been shown to afford predominantly diazepinone IV, which exists as an 

inseparable mixture of the 1,5- and 1,5-dihydro tautomers (49. Compound VI [m.p. 156-156.5°; 

KCI 
ethanol 250 and 293 m~ (¢ 5,500 and 12,000, Tespect/vely); ), max. 2.95 (N-H), 5.18 (=CH2) , k r~x. 

5.86 (strong amide carbonyl), 6.08 (C-C~, 6.92 and 7.22 (C-CHs~ ~; ~: 5H quartet 158 cps 

(J = 4 cps), IH quartet 522 cps (3_ = 4 cps), series of three IH quartets 410-485 cps, broad 

N-H peak 659 cps], upon reduction of the olefinic linkage, afforded 1,5-dihydro-5-isopropyl- 

2H..-imidazo [4,5°b]pyridin-2-one, identical in all respects with the unambiguously synthesized 

material. 

It was noted that, in the hot xylene reaction, the variability of yield of rearranged 

material was directly related to the severity and length of time of reflux: the longer the re- 

action time or the more vigorous the reflux, the greater the amount of isopropenyl compound 

formed. The possibility of a thermally induced transformation of dihydrodiazepinone into 
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Isopropenylimidazolone, which this observation suggested, was further enhanced when it was 
/ 

found that IIl, prepar~i aZternately from ethyl 5-(2-smino-5-pyridylamino)crotanate (4), was 

partially c~nverted into V merely by boiling in z71ene. -Similarly, the reaction of 2,3- 

diaminopyridine with ethyl acetoacetate at 185", ~ch afforded mainly IV a f te r  15 minutes, 

gave almost exclusively rearranged product (VI) when aZlceed to ccmtirsae for 1.5 hours. 

Eventually it was found that III was ~herma11y rearranged smoot~ly into V, and IV into 

VI, by dry ~sion at 185" for 1.S hours. Dry fusion was similarly used to convert the follow- 

ing diazepinone derivatives into the corresponding imidazolones: I, R = O15; I, R = CF 5 (6); 

I, R = C6H 5 C7) ; 3,5-dihydro-2-methgl-4H-pyrido[5,4-b] [1,4]dlazepin-4-one (8) ; and 1,5-dihydro - 

4-methyi-2H_-pyrido[5,4ob] [l,4]diazepin-2-one (8). The reaxTsngement . thus, appears to be 

general for condensed dihydrodiazepinones (9) and independent of the substituents on the 

diazepine ring,  providing the endocyclic double b~td exists as, or can be tautomerized into. 

an azomethine linkage. Although the mechanism of this  rearrangement is not yet  c lear ,  the 

ease of the reaction, the high yield  of rearranged product, and the apparent lack of influ- 

enc~ of the substituent R suggest a possible concerted reaction: 

: Rxc//Ot2 

" ~ " ~ ) o 
N 
H 

Such a reaction pathway would be a unique example of a sigmatropic sh i f t  of order [1,5] from 

carbon to nitrogen, but, according to the Woodward-Hof£1nann selection rules (i0), would be 

permitted ~ly if it proceeded with inversion of the carbonyl group. A thermal rearrangement 

involving a sigmatropic change from C-I to C-3 was recently reported to proceed with inver- 

sion of configuration in the migrating group (ii). In the present diazepinone to imidazolone 

interconversion, the inversion of the carbonyl carbon atom would not be observable, but might 

be additionally favored by participation of the i-orbital of the carbonyl group (10b). 

In two instances, namely, with the isomeric diazepinones derived from 4,5-diam~op~i~n- 

idine and ethyl acetoacetate (12), a temporatlare of 210" ~ required to initiate the rear- 

rm~gement. At this temperature, the reaction was complicated by deallo/lation and 
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decomposition, with the resultant  isolat ion of only m~substituted 8-purinone in low yield.  

are c o n t i n u ~  to mcplore the scope of  this  r e a r r a n g ~ t  and to spply these findings 

to the detm~Lnat im of  mbiguous diazepinone structures arising £rcm reactions of  8-ketcesters 

with L w ~ t r i c a l  d imines .  We thank Dr. Roald Hoffmann, Departmmt of Chemistry, Cornel1 

University. for  his helpful comments regarding the possible machenism of reaction. 
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