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phase was extracted with 1,2-dichloroethane ( 5  ml), and the com- 
bined organic phases were dried (CaC12) and analyzed by gas chro- 
matography. The product yields are given in the Discussion sec- 
tion. 
3-(2,6-Dimethylpyridyl)-N-phenylbenzimidate. To a solu- 

tion of sodium ethoxide (0.28 g, 0.0035 mol) in absolute ethanol (10 
ml) were added in quick succession 2,6-dimethyl-3-hydroxy- 
pyridine (0.43 g, 0.0033 mol) in absolute ethanol (10 ml) and dis- 
tilled N-  phenylbenzimidoyl chloride (0.70 g, 0.0033 mol) in dry 
ether (5 ml). The mixture was allowed to stand for 3 hr a t  room 
temperature then filtered through CeIite filter-aid. The solvent 
was evaporated to give a crystalline material. Recrystallization 
from light petroleum-acetone gave 3-(2,6-dimethylpyridyl)-N- 
phenylbenzimidate (0.75 g, 75%), identical with the compound ob- 
tained above. 
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Some new derivatives of the pyridazino[l,2-a]pyridazine ring system have been prepared and their chemistry 
has been studied as possible synthetic precursors to 1,6-diazacyclodecapentaene. 

Several years ago it was suggested1 that the destabilizing 
effect2* of interior nonbonded hydrogen repulsion in 
trans,trans-cyclodecapentaene (la) could be avoided in 
trans,trans-1,6-diazacyclodecapentaene (2a). I t  was felt 

/ n 
la lb 

3 

2a 2b 

G3 
4 

that interaction between electron pairs on nitrogen in 2a 
might not be serious and therefore the molecule might pos- 
sibly exist in a nearly strain-free planar configuration. Fur- 
thermore, differences in bond angle requirements for the 
carbon-nitrogen bonds might be sufficient to enable the 
all-cis-1,6-diazacyclodecapentaene (2b) to exist as a stable 

planar species as opposed to the all carbon system lb.2a,b 
The above considerations, as related to obtaining a mo- 

nocyclic loa-electron system exhibiting aromatic stability, 
indicated 2 to be an interesting synthetic objective. 

Results and Discussion 
Consideration of various synthetic approaches to 2 sug- 

gested a "valence-bond"3 route as an attractive possibility. 
Accordingly, the synthetic objective was reduced to one of 
devising a suitable method for the preparation of the un- 
known pyridazino[l,2-a Ipyridazine (3). 

Scrutiny of the literature reveals no known derivatives of 
ring system 3; indeed, even saturated derivatives of 3 have 
been little s t ~ d i e d . ~  A reasonable synthetic path appeared 
to be to prepare a partially saturated derivative of 3 (e .g . ,  
4) and introduce the additional unsaturation via a halogen- 
ation-dehydrohalogenation sequence. 

The readily available dihydropyridazino[l,2-a]pyrida- 
zinedione 65  appeared an obvious precursor to 4 if reduc- 
tion of the hydrazide function to  the corresponding hydra- 
zine could be carried out. In practice, this was accom- 
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plished by first protecting the troublesome a,@-unsaturated 
system in 6 followed by reduction (Scheme I). 

Scheme I 
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Treatment of 6 in chloroform with 2 equiv of bromine at  
room temperature led to the tetrabromo derivative 7 in 
high yield as evidenced by the elemental analysis, correct 
molecular weight by mass spectroscopy, and the nmr spec- 
trum, which exhibited a sharp singlet a t  6 5.05 assignable to 
the equivalent protons a to the hydrazide carbonyl groups. 

Reduction of 7 with diborane in boiling tetrahydrofuran6 
gave 8 in 60% yield as a white crystalline solid, probably a 
mixture of bromo isomers. The formulation of 8 as the de- 
sired tetrabromoperhydropyridazino[l,2-a jpyridazine and 
not as the isomeric N,N'-bispyrrolidine ring system (e .g . ,  
9)7 followed from chemical degradation studies. Thus, pro- 

longed treatment of 8 with lithium aluminum hydride in 
boiling tetrahydrofuran gave a liquid product assigned 
structure 4 (see below).8 Catalytic hydrogenation of this 
product a t  room temperature and atmospheric pressure 
gave perhydropyridazino[l,2-a]pyridazine (10) which had 
identical ir and nmr spectra and picrate melting point with 
those of an authentic sample.9 In addition, the nmr spec- 
trum of authenticlo N,N' -bispyrrolidine was different from 
the spectrum of 10 obtained from 8 via 4. These results es- 
tablished that no rearrangement7 of the pyridazino[l,Z- 
a Ipyridazine ring system had taken place either during the 
bromination of 6 or the reduction of 7 to 8. 

The last step in the proposed synthetic sequence, the 
elimination of four molecules of hydrogen bromide from 8 
in hopes of producing the desired 3, unfortunately, proved 
completely frustrating. Treatment of 8 with a variety of 
bases in various solvents under nitrogen resulted in either 
no reaction (e.g. ,  boiling triethylamine, bis(l$-dimethyl- 
amino)naphthalene in boiling tetrahydrofuran) or black, 
intractable tars (potassium tert-butoxide in tetrahydrofur- 
an, sodium amide in liquid ammonia, sodium isopropoxide 
in tetrahydrofuran). Boiling a solution of 8 and 1,5-diazabi- 
cyclo[5.4.0]undec-5-ene (DBU) in tetrahydrofuran for sev- 
eral hours under nitrogen gave intractable dark mixtures, 
whereas limiting the reaction to shorter periods gave 
mixtures of partially brominated products. When these 
mixtures were treated again with DBU, dark products were 

obtained from which no identifiable materials could be iso- 
lated. 

In contrast to the above results, treatment of a suspen- 
sion of 8 in ether with ethereal methyllithium under nitro- 
gen gave a rapid reaction. Work-up with water and separa- 
tion of the mixture by vpc gave two products assigned 
structures 11 and 12 on the basis of the following lines of 
evidence. First, mass spectroscopy established a molecular 
formula of CgH12N2 and CgH14N2 for 11 and 12, respective- 
ly. In addition, the cracking patterns of both compounds 
were very similar with fragments in 12 that suggested an 
NHCH3 group. 

Second, the nmr spectra of the two compounds were es- 
sentially identical except for the presence in 12 of a sharp 
three-proton singlet in the region expected for an NHCH3 
(6 2.42). A characteristic AA'XX' pattern in both com- 
pounds suggested an N-substituted pyrrole derivative, 
whereas absorptions attributable to two different allylic 
methylene groups and two vinyl protons were clearly recog- 
nizable in kind and number (see Experimental Section). 

Finally, synthesis of a model compoundll was carried 
out, eq 1. Addition of an aqueous solution of succindial- 
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dehyde to trans-2-butene-1,4-diamine11J2 gave 13 in low 
yield. Spectral data clearly established the similarity be- 
tween l l  and 13. For example, the nmr spectrum of 13 was 
very similar to that of 11 with only small differences (see 
Experimental Section) in chemical shift and coupling con- 
stants of the vinyl and allylic methylene protons, attribut- 
able to different stereochemistry about the double bond.14 
The above observations establish a cis stereochemistry 
about the double bond in 1 1  and 12. 

That 12 arises as a secondary product from 11 (or pre- 
cursor to 11) during the reaction was established from con- 
sideration of the intermediate in the rearrangement (see 
below) and the fact that varying reaction conditions dra- 
matically affected the ratio of 11 and 12 in the product 
mixture. For example, when the reaction between 8 and 
methyllithium was carried out at  room temperature with a 
stream of nitrogen passing through the solution, much less 
12 than 11 was produced. On the other hand, running the 
reaction in a closed system led to a marked increase in the 
yield of 12 relative to 11. These results point to the forma- 
tion of 12 via methylation of a nitrogen anion of I1 (or pre- 
cursor to 11) by methyl bromide produced from initial 
metal-halogen exchange between 8 and methyllithium in 
the early stages of the reaction. 

When a benzene suspension of 8 was treated with ether- 
eal methyllithium, a single new product was obtained 
which proved identical with the product previously ob- 
tained from LiAlH4 reduction of 8, i . e . ,  4. The structure of 
4 followed from the previous hydrogenation results giving 
the known perhydropyridazino[l,2-a Ipyridazine and the 
fact that the nmr spectrum of 4 showed only a broadened 
singlet (6 5.55) assignable to the vinyl hydrogen and a 
broad multiplet (6 3.6-2.8) for the remaining allylic hydro- 
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gens. This nmr spectrum is consistent only with the sym- 
metrical disposition of double bonds indicated in 4. 

That 4 is an intermediate in the formation of 11 (and 
ultimately 12) was established by the fact that pyrrole 11 
was readily produced when an ether solution of 4 was treat- 
ed with methyllithium. Furthermore, when the reaction be- 
tween 8 and methyllithium in ether was interrupted after 
short reaction time, nmr and vpc analysis definitely estab- 
lished the presence of 4 in the reaction mixture. 

While there exists no direct experimental evidence re- 
garding the mechanism of the rearrangement of diene 4 to 
pyrrole 11, a possibility is outlined in Scheme 11. 

It  is interesting to compare the proposed cyclization of 
anion 14 to the cyclization step in the generally accepted 
mechanism of the classical Fischer indole synthesis;lj the 
overall driving force for both rearrangements, of course, is 
related to the formation of pyrrole rings. 

Experimental SectionlG 
2,3,7,8-Tetrabromoperhydropyridazino[ 1,2-alpyridazine- 

1,4-dione (7). To a solution of 10.7 g (0.065 mol) of 6,9-dihydropy- 
ridazino[l,2-a]pyridazine-1,4-dione (6)5 in 200 ml of chloroform 
cooled in a water bath was added dropwise a solution of 20.8 g 
(0.13 mol) of bromine in 50 ml of chloroform. The resulting mix- 
ture was stirred a t  room temperature for 2 days. After this time 
the yellow solution was filtered from a small amount of insoluble 
solid and the solvent was removed under reduced pressure leaving 
30.7 g (98%) of yellow solid, mp 164-166'. Recrystallization of a 
small portion from a minimum volume of chloroform gave an ana- 
lytical sample: mp 181-183' dec; ir (KBr) 5.97 p (C=O); mass 
spectrum mle 480 (M+), 401 (M - Br). 

Anal. Calcd for CsHgBr4NzOz: C, 19.9; H, 1.67; N, 5.77; Br, 66.1. 
Found: C, 19.6; H,  2.0; N, 5.7; Br, 66.0. 
2,3,7,8-Tetrabromoperhydropyridazino[ 1,2-a Ipyridazine 

(8). To a slurry of 10.0 g (0.021 mol) of 7 in 50 ml of tetrahydrofur- 
an was added 55 ml (0.055 mol) of commercially available 1 M bo- 
rane in tetrahydrofuran. The mixture was stirred and refluxed 
under nitrogen for 30 min and cooled, and 10 ml of 6 N hydrochlo- 
ric acid was carefully added. The acidic reaction mixture was then 
refluxed for 4 min and then concentrated to about one-quarter vol- 
ume under reduced pressure. The white solid was collected, 
washed well with a large volume of water, and dried. A white prod- 
uct was obtained: 5.8 g (60%); mp 198-199" dec. An analytical sam- 
ple was prepared by recrystallization from tetrahydrofuran: mp 
210-211O dec; mass spectrum mle 452 (Mf) ,  373 (M - Br). 

Anal. Calcd for CgH12Br4N2: C, 21.1; H, 2.65; N, 6.14; Br, 70.1. 
Found: C, 20.9; H, 2.8; N, 5.9; Br, 69.8. 

Reaction of 8 in Benzene With Methyllithium. To 300 ml of 
benzene under nitrogen was added 44 ml (0.088 mol) of 2 M 
methyllithium in ether. To this stirred mixture was added all a t  
once 9.12 g (0.02 mol) of 8. The reaction mixture was stirred at  
room temperature for 2 hr under nitrogen, after which 40 ml of 
water was added. The clear benzene layer was separated, dried 
over anhydrous calcium sulfate, and concentrated by distillation 
through a 6-in. Vigreux column. The residue was distilled under 
reduced pressure giving 1.1 g (41%) of 4 as a colorless liquid: bp 
72-75' (4 Torr); nmr (cc14) 6 5.55 (br s, 4 H), 3.6-2.8 (br m, 8 H); 
mass spectrum mle 136 (M+). A yellow monopicrate was prepared 
in the usual manner, mp 138-139' (from methanol). 

Anal. Calcd for C14H15Nb07: C, 46.0; H, 4.14; N, 19.2. Found: C, 
46.1; H, 4.2; N, 19.2. 

Reaction of 8 with Lithium Aluminum Hydride in Tetrahy- 

drofuran. To a slurry of 2.0 g of LiA1H4 in 200 ml of tetrahydrofu- 
ran was added all a t  once 2.28 g (0.005 mol) of 8. The mixture was 
heated at  reflux for 72 hr and cooled, and 1 ml of water was care- 
fully added followed by 1 ml of 15% aqueous sodium hydroxide so- 
lution and then 2 ml of water. The precipitate was removed by fil- 
tration and the clear tetrahydrofuran filtrate was dried over anhy- 
drous calcium sulfate. The solvent was removed by distillation 
leaving a colorless Iiquid residue. Nmr analysis showed only ab- 
sorptions attributable to 4 (in addition to butanol). A small sample 
of the material was treated with ethanolic picric acid giving a yel- 
low picrate, mp 136-138', with ir spectrum identical with that of 
the picrate of 4 prepared above. A sample of 4 in ether was hydro- 
genated at  room temperature and atmospheric pressure over 10% 
palladium on carbon. Concentration of the filtered ether solution 
gave a colorless liquid with ir and nmr spectra identical with those 
of an authentic sampleg of perhydropyridazino[1,2-~]pyridazine, 
picrate mp 152-153' (kg mp 155'). 

Reaction of 8 in Ether with Methyllithium. A slurry of 4.56 g 
(0.01 mol) of 8 in 15 ml of dry ether was cooled in an ice bath under 
nitrogen, To this stirred slurry was added dropwise 30 ml (0.06 
mol) of 2 M methyllithium in ether. The solid material slowly dis- 
solved. The reaction mixture was stirred an additional hour after 
all the solid had dissolved and then water was carefully added. The 
ether layer was separated, dried over anhydrous calcium sulfate, 
and concentrated to an oil. The crude product was separated into 
two major components by preparative vpc (5 f t  X 0.25 in. 15% SE- 
30 on Anakrom ABS) at 130'. The first component (11) was col- 
lected as a colorless liquid: nrnr (CDCls, 90 MHz) 6 6.64 (t, 2 H),  
6.15 (t, 2 H), 5.67 (m, 2 H),  4.53 (d, 2 H),  3.40 (d, 2 H), 1.24 (s, 2 H 
(exchangeable)); mass spectrum mle calcd for CgHizNz, 136.1000; 
found, 136.1013. The second component (12) also was a colorless 
liquid: nrnr (CDC13, 90 MHz) 6 6.64 (t, 2 H), 6.15 (t, 2 H), 5.71 (m, 
2 H), 4.55 (d, 2 H), 3.31 (d, 2 H), 2.42 (s, 3 H), 1.40 (s, 1 H (ex- 
changeable)); mass spectrum mle calcd for C ~ H M N ~ ,  150.1157; 
found, 150.1169. 

Reaction of trans -2-Butene-1,4-diamine with Succindial- 
dehyde. Preparation of 13. An aqueous solution containing 
0.0025 mol of s~ccindialdehydel~ was added dropwise to a solution 
of 0.215 g (0.0025 mol) of tmns-2-butene-1,4-diamine13 in 10 ml of 
water a t  room temperature. The mixture was stirred for 30 min 
and then filtered from a solid which had formed. The filtrate was 
extracted with ether. The combined dried ether extracts were con- 
centrated to an oil, 0.049 g, which was purified by preparative vpc 
(5 ft X 0.25 in. 15% SE-30 on Anakrom ABS) at  140' to give 13 as a 
colorless liquid: nmr (CDC13, 90 MHz) 6 6.64 (t, 2 H), 6.15 (t, 2 H), 
5.73 (m, 2 H), 4.46 (m, 2 H), 3.31 (m, 2 H),  1.21 (br s, 2 H (ex- 
changeable)); mass spectrum mle calcd for CgH1&, 136.1000; 
found, 136.0986. 
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A general synthesis of A-aromatic 18-nor-8-aza steroids have been demonstrated from the enamine of a p-ar- 
ylethylamine and 1,3-cycIopentandione. The C-ring atoms were introduced by reaction of the enamine with p- 
propiolactone. Cyclization to form the B ring occurred with redox dispropionation to give an 8-aza steroid with 
the C-ring aromatic (7) and the C ring in the tetrahydro state (9). Reductions of 7 and 9 were investigated to form 
the trans-anti-cis isomer of 2,3-dimethoxy-18-nor-8-azaesterone (13). The reaction of 9 with electrophiles oc- 
curred a t  oxygen. 

The potential of heterocyclic analogs of the cyclopenta- 
nophenanthrenes to function as steroidal antagonists or 
antimetabolites has prompted an interest in the synthesis 
of many nitrogen heterocycles as aza or diaza steroids.2-6 
Except for the preparation of 8-aza steroids by Brown and 
coworkers,5a the syntheses usually involve the formation of 
the 8-14 and/or 12-13 bond(s) in an intermediate having 
preformed A, B, and D rings. In order to provide for the 
possibility of introducing 11 and 12 substituents in an 8- 
aza steroid nucleus, a study was made of synthetic ap- 
proaches to 8-aza stefoids (1) uia formation of the 9-10 
bond with an intermediate having preformed A, C, and D 
rings (2). 

A logical intermediate for forming the 9-10 bond of an 
8-aza steroid, based on the enamine nature of dihydro-7 
and tetrahydropyridines,8 is the reduced form of l-(2-aryl- 
ethyl)-5-pyrindanone salt (3a). The 5-pyrindanone (3b) 
was prepared by oxidation of pyrindan (4)9 by buffered po- 

Q 0 

1 2 

R 
4 3a. R = ArCH,CH, 

b , R = H  
tassium permanganate.1° This 5-pyrindanone,lla unlike the 
isomeric 7-pyrindanone, prepared from 7-pyrindano1,llb 
showed no evidence of existing as the enolic tautomer. Qua- 
ternary salt formation proved to be difficult, because the 
electron attraction of the %carbonyl and steric interference 
of the cr-methylene had the effect of reducing the nucleo- 
philicity of the heterocyclic nitrogen. The competing reac- 

tion, dehydrohalogenation of the arylethyl halide, was a se- 
rious side reaction. As a result this approach was aban- 
doned. 

The synthesis of a similar intermediate which could be 
used to prepare 11- and/or 12-substituted 8-aza steroids 
was investigated using a modification of the route of Brown 
and and Nagata and Castle and coworkers.2 
The reaction of methoxylated P-arylethylamines with 1,3- 
cyclohexadione and 1,3-cyclopentadione gave quantitative 
yields of enamino ketones (5). The dnylogous amide of the 

5a, R’ = R2 = CHAO; n = 1 
b, R1 = H R2 = CHJO n = 1 
c Rl = R* = CH,O n = 2 

6a, R’ = R2 = C H 3 0  n = 1 
b, R1 = H RL = CH,O; n = 1 
c R’ = R’ = CH,O; n = 2 

enamine system of 5 decreases the nucleophilicity of the 
enamine, and similar systems undergo alkylation largely on 
oxygen.12 Thus the choice of the 3-carbon molecule with 
which to form the C ring was complicated, for the cycliza- 
tion must occur with formation of a functional group capa- 
ble of undergoing 9-10 bond formation to form the B ring. 

The logical reagent to accomplish this result would be a 
derivative of acrylic acid in view of the success of this route 
in the synthesis of lycopodium alka10ids.l~ Acrylonitrile or 
ethyl acrylate gave no reaction with 5c. This is surprising 
in view of the successful reaction of acrylonitrile with com- 
parable systems.5a The use of the more reactive acrolein or 
acrolein dimethyl acetal also failed to undergo reaction. Di- 
methyl acetylenedicarboxylate gave a reaction with 5c; 
however, the product contained more than one of the ac- 
etylenic moieties. As might have been predicted from the 
work of Meyers and  coworker^,^^^ the reaction of 5c with 
6-chloropropionic acid did not occur. 

The reaction of a limited number of enamines with 6-  
propiolactone was reported to give the substituted pro- 
pioamide.14 This suggested that the alkylation of 5c would 


