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AkarwcResction between Z-vinyl pyridine and azodicarbuxylates 2 or 6 gives NJV’-disubstituted 
tetrabydropyrido[3,2-c~yridazines 3 and 6, and dihydro-3Zf-pyrkk$l,2-c~ca 4 and 7; 2-(prop- 
I-co-1-yl)-pyridinc II gives bydropyridopyridazinea 10 snd 11 but 2-(prop-l-en-2-yl)pyridinc 9 gives 
mainly the ‘cat’ addition product 12. From 4-vinyl-pyridine and esters 2 or 5 diesten of tetrakydre- 
pyri~3.4-cJpyridaxiue-1,2-dicsrboxytic add, ZS and 26 are obtained. and from 2-methyl-S- 
byline both possible cycbsation products, tke ~~y~p~d~2,3~~~es 33 and 36, 
and -pyrid~4,3_elpyridazhes 34 and 37. The di-t-butyl eaters 6. 11, 26, and 37 are quantitatively 
decarbalkoxylated in TFA, giving tetrahydropyridopyridazinazina 16,l6,27. and 41; of these, the first 
three were oxidized to give pyrido[2.3-c)-pyridazine 15, its 3-methyl derivative 1). and pyrido[3,4- 
clpyiutaziac 211 respectiveIy. A dihydropyrid~4,3-cj-pyxidazine 42 was obtained from compound 41. 
~~~2,3-~]-p~e 48 has been similarly prepared from 2-~y~~~~n, but 2-(prop-lcn-2- 
yl)thiophen gave an ene addition compound 51 and a dihydrothienopyridahe 66. Reactions with 
other VinylpyricImes, and with vinylfurans, were unrucccaatul. 

On rearrangement of the phenyl-hyena from 
4,5,6,7-te~hydro-4-oxo-isoxazolo[2,3-a~~din- 
ium bromide a compound was obtained which was 
thought to be a pytid~3,2_clpyridaxinezine. Inspec- 
tion of the literature revealed, at that time, only 
one reported synthesis of a methylpyrido[3,2- 
cfpyridazine 29, by diaxotisation of 3-amino-2- 
(prop-l-en-2-y1)pyride.x After the completion of 
our synthesis, which is described below, but before 
the publication of our preliminary ~~~rnti~n,~ 
papers by Kost, Terent’ev, and their co-workers 
reported a synthesis of pyrid~3,2-c~yridaxhtes by 
a cycloaddition route similar to our own;&’ the two 
routes are alike in the initial step, but differ in 
~oma~tion procedures. We have applied our 
synthesis also to produce pyrido[3,4-c~yridazine 
18, reduced pyrido[2,3-cl- 35 and pyrido[4,3-cl- 
pyridaxines 42, and thieno[3,2_c)pyridaxine 411. 

We chose to approach the pyridopyridaxines 
from readily available ~ylp~~rn~ and axodi- 
carboxylates. There are examples in the literature 
of the use of vinylpyridines in the Die&Alder 
reaction; self-condensation to * 5-(2- 
p~dyl)q~o~e~9 addition of ztylenedf- 
carboxylates to give many prod~cts,‘~*” and of 
IV-phenylmalehnide to give 1: 2 adducts.‘” On the 
other hand axodicarboxylates react with styrene to 
give addue of a type in which two axodicarboxy- 
late ‘molecules are involved; the monoadducts could 
not be obtained.‘~16 A trial experiment, using ben- 
xene as solvent, and a 1: 1 ratio of 2-vhtylpyridine 
1 and diethyl axodicarboxylate 2 showed the 
axodicarboxylate to have disappeared after 26 
hours boiling; although 2-vhrylpyridine was still 
present. A gas chromatogram of the crude reaction 
mixture showed, apart from vhtylpyridine, three 
major peaks. Chromatographic separation provided 

two of the major products, and analysis showed 
them to be isomers, CIsH1,N30., and hence 1: l- 
adducts. From the ‘HNMR spectra the isomer 
obtained in greater yield (13%) was the 
tetrahydropyrid~3,2-c~yridaxine 3, and that in 
smaller yield the ~y~-3~-p~d~l,2~~e 
4. In both cases the down8eld signals indicated an 
a-substituted pyMine system to be present. fn the 
compound 3 a multiplet 62.7-3.7 (4H) was due to 
the non-equivalent protons on C3 and c4: in the 
latter compound a doublet of doublets due to H4 
could not be seen, but was clearly visible on the di- 
t-butyl ester 7 (see below). 

Further experiments aimed at increasing the 
yield of adduct 3 involved changes in the propor- 
tion of reagents and change of solvent. No advan- 
tage was gamed by using more axodicarboxylate; 
higher boiling hydrocarbon solvents gave more pro- 
ducts and a lower yield of adduct 3. In chloroform 
the reaction was faster and the yield was better, but 
the best results were with acetonitrile, the reaction 
being complete in 6.5 hours, with a yield of 18% of 
adduct 3. 

Dif6culty in the later stages of the synthesis led 
us to react di-t-butyl azodicarboxylate 5 with 2- 
vinylpyridine 1; here the best solvent was benzene, 
giving a maximum yield of 23% of adduct 6 with a 
small amount of adduct 7. The propenylpyridines 8 
and 9 were treated with diethyl axodiauboxyfate, 
and the propenylpyridine 8 also with the di-r-butyl 
ester 5. The cycloaddition in benzene using 2- 
(prop-lcn-l-yl)pyridine 8 was slower than that of 
2-vinylpyridine (ethyl ester 36 h compared with 
26 h; r-butyl ester 15 days against 8 days) and the 
yields of adduct 10 and 11 were poorer (7.6% and 
10%). Both effects could be due to steric hind- 
rance. In both cases the ‘H NMR spectra supported 
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the proposed structure; notable was a signal at 
S1.4(3H, d) and one at S4.9(1H, m), the latter col- 
lapsing to a pair of doublets on double irradiation 
at 81.4. On the other hand, reaction between the 
isopropenylpyriclme 9 and the diethyl ester 2 gave 
one major product in 90% yield (on unrecovered 
isopropenylpyridine). Analysis showed the product 
to be Cl&&O,, that is a 1: 1 adduct, but the 
‘H NMR spectrum showed signals at 81.2 
(6H, 2CH,CHs), 4.1 (4H, two overlapping q, 
CI&CHa, 4.6 (2H, s, Cl-I& 5.4 and 5.9 (each 1H. 
brs), 7.0-7.4 (m, 3H), 8.0 (lH, br,NH), and 8.5 
(lH, d of d, a-pyridine). This spectrum rules out 
the cycloadduct, but fits well with the ‘ene’ reaction 
product 12. Attempts to obtain adducts from stil- 
bazole I3 or @-nitrovinylpyridine 14 failed. 

With the cycloaddition accomplished, we attemp- 
ted hydrolysis of the diethyl ester 3. Many products 
were formed even under a nitrogen atmosphere, 
but the only isolated material was a small sample of 
the parent pyridd3,2-c3pyridazine lg. Cold 
trifluoroacetic acid converted the di-t-butyl ester 6 
quantitatively into the tetrahydro-pyridazine 16. 
Our most successful oxidation procedure is in two 
stages; mercuric oxide gives an unstable inter- 
mediate whose spectral characteristics indicate that 
it is largely the dihydro derivative 17, and this is 
converted by oxygen into pyridopyridazine lg. The 
‘H NMR spectrum showed signals at 67.8 (H7, d of 
d, Jr35 and Js.,4 Hz), 8.15 (H4, d of d. J,,4 and 
JIsl Hz), 8.85 (H8, br d, Jr*5 Hz), 9.2 (H6, d of d, 
Js.P *s Je4 = 2 Hz), and 9.55 p.p.m. (H3, d, J,,. = 
6 Hz). The yield from 16 to W is approximately 
44%. In a similar manner, the adduct 11 gave 
the tetrahydropyridopyridazine 18. and 3- 
methylpyrido-pyriuazine 19. The major change in 
the ‘HNMR spectrum of compound 19 compared 
with that of U was in the simplification of the 
signal for H4, showing only cross-ring coupling. 

We have briefly examined the reaction between 
the triazolinedione 21 and 2-vinylpyridine, a reac- 
tion which in the hands of Kost, Terent’ev, et of..” 
has given good yields of 2: 1 adducts of type 22. 

ti; WRl QR, 
16 R’=H 
16 R’=CH, 

l7 R’=H W R’_R2=H 

19 R’=CH,.R’=H 
20 R’=H.R’=CH, 

22 

However, although we isolated a very small amount 
of the 1: 1 cycloadduct 23 we have not found pure 
adducts such as 22. 

The pyrido[3,4-c&klazines are as little studied 
as the isomers, and the reported synthesist of 
compounds 29 to 31 similarly involves diazotisatkm 
of an orthe-aminovinylpyridine. Reaction between 
bvinylpyridine 24 and the azodicarboxylates 2 or 5 
gave the tetrahydropyrido[3.4-cIpyrkkmes 25 and 
26, in 13 and 16% yield respectively. The ‘HNMR 
specuum of the di-t-butyl ester 26 showed two 
singlets (each 9H) at 61.4 and 1.5, and signals at 
82.4-3.5 (H3 and H4,4’). 4.14.8 (I-D’), 7.0 (H5, d, 
JSJ5 Hz), 8.15 (H6, d, J 5 Hz). and 8.9 p.p.m. (H8, 
brs). Treatment of the ester 26 with TFA gave, in 



The synthsis of ennulatcd pyridazincs 2029 

almost quantitative yield, tetrahydropyrido[3,4- 
clpyridaxine 27, oxidized to the parent pyridd3.4- 
clpyridaxine 28. ‘Ike ‘HNMFI spectrum of com- 
pound 28 showed signals at 87.6 (HS, d, JS,66 I-Ix), 
7.8 (H4, d, J&8 Hz), 8.7 (H6. d, J6Hx), 9.35 
(H3, d, J5.8Hx). and 9.85 p.p.m. (H8, s). 

From a 3-vinylpyridine, such as the readily avail- 
able compound 32, it should be possible to reach 
either, or both, of the remaining pyrido[2.3-cl- or 
pyrid~4,3-c3pyridaxines. After reaction between 
compound 32 and ester 2 we isolated three com- 
pounds, two being isomers, CI.HI,N,O., and the 
other having the formula C,.HI,N,O.. The two 
isomers were 1: 1 adducts, and inspection of their 
‘HNMR spectra showed that the major isomer 
(5.3% yield) was tetrahydropyridoE4,3<byridaxine 
34, while the minor isomer (3.7%) was the 
tetrahydropyrido[2,3-clpyridazine 33. Roth isomers 
showed absorptions due to the ester groups, to the 
methyl group, and to the methylene groups at 
positions 3 and 4; in the aromatic region compound 
34 showed signals at 67.6 (H8) and 8.1 p.p.m. 
@IS), while compound 33 showed a pair of doub- 
lets 86.9 and 7.35 p.p.m., (J 7 f-Ix) due to H6 and 
HS respectively. The third product was the 
dihydropyrido[2,3_c]daxine 35; in this case, in 
addition to ester and methyl signals the ‘H NMR 
spectrum showed absorptions at 85.95 (H4, d, 
J9.*6.5 Hz), 6.95 (H6, d, Jlc8 Hz), 7.1 (H3, d, J 
6.5 fix), and 7.3 p.p.m. (H5, d, J8I-k). Reaction 
between the 3-vinylpyridine 32 and di-r-butyl 
axodicarboxylate 5 similarly gave three products, 
two being isomers of formula, ClsHs,N30*. The 

isomers were readily identified as the 
tetrahydropyrido[2,3-cbyridaxine 36 (3.5%) and 
the tetrahydropyrid~4,3-c~yridaxine 37 (5.5%). 
The third component, an oil, showed in the ‘H 
NMR spectrum a 2,5-disubstituted pyridine system, 
two nonequivalent signals (9H each), and a XI-f- 
CHs-grouping, 83.25 (lH, d of d, J 14 and 9 Hz), 
4.2 (lH, d of d, J 14 and 3 Hz), and 5.2 p.p.m. (lH, 
d of d, J9 and 3Hx). These structural elements 
could be found either in the diaxetidine 40 or in the 
isomeric oxadiaxines 38 or 39; both systems have 
been reported”*‘* as formed in analogous cycload- 
ditions of axodicarboxylates with alkenes. Of the 
three possibilities we prefer the oxadiaxines, and of 
these the more likely seems 38 in view of the 
normal mode of addition of axodicarboxylates to 
vinylpyridines. Briegy, the chemical shifts are in 
reasonable agreement with those reported for ox- 
adiaxines; the geminal coupling constant in the 
diaxetidines is 9-9.5 Hz, in the oxadiaxines 
13.5 Hz. 

Because of the small quantities of adduct ob- 
tained, attempts were made to aromatize only 
the tetrahydropyrido[4,3-cjpyridaxine 37. The t- 
butyloxycarbonyl groups were quantitatively re- 
moved in TFA. The intermediate 41, characterized 
by its spectra, was dehydrogenated to the 
dihydropyrido[4,3-cjpyridaxine 42, which we could 
not further oxidize. The ‘H NMR spectrum of com- 
pound 42 showed signals at 82.4 (3H, s), 3.3 (2H, 
d, J 3Hx, H4), 6.4 (lH, s, H8), 6.8 (lH, t, J 3 Hz, 
H3), 8.0 (lH, s, H5), and 8.4 p.p.m. (lH, br, exch 
JW, NH). 

25 R=&H, 27 28 R’=R2=R3=H 
26 R=tC& 29 R’=CH,,R2=R’=H 

30 R’=R2=H.R3=CHS 
31 R’=R’=CH,. 

R2 = C,H, 

33 R=C,H, 34 R=&H, 41 42 
36 R=r-C,H, 37 R=r-C,H,, 

;02Bu’ 

a3 5 ROB, 

35 3s 

e OBu’ t c 
NCO,Bu’ 

R u0 R kCOsBu* 

e02Bu’ 

39 40 
R = 2-Methyl-S-py~idyl 
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Our efforts to extend the route to obtain 
furopyridaxines and thienopyrldaxines have been 
less successful. From 2-vinylfuran 43 and either of 
the esters, 2 or 5, mixtures were obtained from 
which no simple adducts could be isolated. A simi- 
lar result was obtained from 2-(2-nitrovlnyl)furan 
44. From 2-vinylthiophen 45 and the diethyl ester 
2 or di-t-butyl ester 5, mixtures of products were 
obtained which could not be separated by 
chromatography, but showed, in the mass spectro- 
gram, molecular ions corresponding to the 
tetrahydro-46 and dihydro&ieno[3,2s)pyridaxine 
47. A sample of the mixture from the dl-r-butyl 
ester 5 was treated with TFA and then oxidixed, 
giving, after chromatography, a small yield of 
thieno[3,2-cjpyridaxine 48, with m.p. and NMR 
spectnun very similar to those reported.” Reaction 
between 2-(prop-1-en-2-yl)thiophen 49 and the di- 
t-butyl ester !I was rapid (14 h in boiling benzene 
compared with 8 days for 2-vlnylpyridine). Two 
products were isolated, the dihydrothlend3,2- 
clpyridaxine !I0 (10%) and the ‘ene’ addition pro- 
duct 51 (23.5%). In the ‘HNMR spectrum the 
cycle adduct 50 showed signals at 61.5 (18H, s), 
2.0 (3H, s), 6.6 (H3, brs), and 7.1 p.p.m. (2H, s, H6 
and H7). The ‘ene’ product 51 showed signals at 
61.45 and 1.5 (each 9H, s), 4.4 (2H, 8). 5.05 (lH, 
s), 5.45 (U-I, s), 6.65 (lH, brs, exch 40). 6.8-7.5 
p.p.m. (3H, m, thienyl H). 

The ethyl carbamates, such as compound 3, were 
in all cases prepared much more rapidly than the 
t-butylcarbamates, and a good method for remov- 
ing the ethoxycarbonyl groups would provide a 
considerable improvement in the synthesis. We 
have tried trimethylsilyl iodide, saidZO to give clean, 
rapid cleavage of esters, on the diethyl ester 25. 
After 24 h at 50” there was no further change in the 
NMR spectrum of the mixture, and work-up gave 
the monoethyl ester 52, as shown by the mass 
spectrum and the ‘H NMR signals at 81.2 (3H, q), 
2.8 (2H, t), 3.25 (2H, t), 4.25 (3H, q CH2CI-L 
overlying NH), 6.95 (H5, d, J 6 I-Ix), and 8.1 p.p.m. 

52 53 

(H6, d, J 6 Hz). The upfield shift in the pyridine 
proton absorptions lead us to prefer formula 52 to 
the isomeric 53. After a further 40 h at 50” with 
fresh This1 the second ethoxycarbonyl group was 
removed, but the product was impure, and only a 
low yield of pyrido[43_c)pyridaxlne 2tI was ob- 
tained. On a larger scale the cleavage was even less 
succe!&ll. 

We have done little work which could lead to 
positive statements as to the mechanism of the 
cycloaddition. Such cycloadditions have been said 
to be concerted; in our case the combination of an 
electron-deficient dienophile, and (in the case of 
the vinyl pyridines) an electron-deficient diene may 
account for the low yields and long reaction times. 
We have been unsuccessful ln attempts to isolate 
pure compounds from the higher molecular weight’ 
products so we cannot say which competing path- 
ways are used. It is interesting to note that ‘ene’ 
reactions, when available, compete very favourably 
against the cycloaddition. Our observation that ac- 
celeration by polar solvents is only moderate sug- 
gests that the cycloaddition is concerted rather than 
stepwise in some dipolar mode. 

-AL 

Mps. were dctcrmincd on a Kotler heated stage and 
ara uncorrcctcd. Chromatography was on Woclm alumina 
(activity shown thus-Iv), or on 4OX2Ocm preparative 
plates of Merck silica gel Pr254. Ultraviolet spectra were 
recorded for solutions in 95% EtOH and infrared spectra 
for solutions in CHCl,. 

Starting mo&ria&. 2- and Cvinylpyridint, and 2- 
methyl-S-vinylpyridie were purchased; 2-(prop-l-en-l- 
yl)pyridine 8 was pnparcd by dehydration” of 1-(2- 
pyridyl)-propan-l-ol, aa 2-(prop-l-en-2-yl)-pyridine 9 by 
dehydration (sulphuric acid)= of 2-(2-pyridyl)propan-2- 
01;~ 1-phenyl-2-(2-pyridyl)cthene l3 from bcnzaldehyde 
and a-picohnc;2s 2-(@-nitrovinyl)pyridine 14 from 
pyridine-Zaldehyde and nitromethane;2637 2-vinylfuran 
43 from 2-furylacrylic acid;= 2-(@-nitrovinyl)furan U 
from furfural and nitromethane;29 2-vinylthiophen 45 as 
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described in “Grpnic Syntheses”;M and 2-(proplzn-2- 
yl)thiophen 49 by dehydration (oxalic acid) of 2-(2- 
thieno)propan-2-01.” Diethyl azodicarboxylate was 
purchased; di-t-butyl azodicarbox&ate was prepared as 
described in “Gr8anic Syntheses”. 

General rwocufure for readvns between 0zadkarboxyIatu 
and vinyi hcren7cyCIe.s. 

Solutions of the axodicarboxvlate (0.05 mole) and the 
vinyl hcterocycle (0.05 mole) J acetdnitrile (for ester 2) 
or benzene (for ester !I) (100 ml), were boiled under 
nitrogen. The reaction was followed by GLC (OV 101, 
30%; 1204) for ester 2, or TLC (toluene, ethyl acetate 
1:3) for ester 5, and stopped when no ester remained. 
Reaction times are summarised below; 

Heteroeycle 1 9 8 2432494543 

Reaction Tune 2 (h) 6.5 5 36* 14 5.5 1 0.5 1 
Reaction Time 5 (h) 192 360 264 144 14 7 3 

* In benzene 

Evaporation of the solvent was followed by chromato- 
8raphy on alumina (3OM 8, IV), which pve unreacted 
vinyl heterocycle (-10%). and then products which were 
further separated by PLC. The individual products are 
listed. 

2-Vinylpyridine and ester 2. The oil eluted with ben- 
zene: petrol (1: 1) (1.87 8) was separated by PLC (to- 
luene, ethyl acetate; 1: 3). The band of h@hest Rr crystal- 
lized from cyclohexane. m.p. 93-94” (0.278, 2.3%) was 
diethyl 1,2-dihydro-3H-pyrido[l.2-c]l,2,3-tr&zine-l.2- 
dicarboxylate, 4. (Found: C, 56.35; H, 6.3; N, 15.3. 
C,,Ni,N,O, requires C. 55.9; H, 6.15; N, 15.05%); A, 
258, 260 and 267 nm (108 e 3.49, 3.5 and 3.44); v_ 
1700, 1661, and 13OO~m-~; 6(CDCls) 1.1-1.6 (6H,m), 
3.6 (1H. d of d, J 13 and RHx, H3), 4.0-4.6 (SH, m, 
CHsCH, and H33. 5.35 (lH, d of d. J 8 and 3 Hx, H4), 
7.1-7.9 (3H, m, H5,6,7). and 8.5 p.p.m. (1H. br d of d, J 4 
and 2 Hz, H8). A fluorescent compound of lower Rr was 
distilled, b.p. 1400/5x lo-‘mm IQ. and shown to be 
diethyl 1,2,3,~tctrcrhy~-[3,2~~~~~-1,2- 
dicarboxylate, 3, (1.558, 13.2%). (Found: C, 56.35; H. 
6.3; N, 15.3. C,sH,,NsO, requires C, 55.9; H, 6.15; N, 
15.05%); A, 233 and 269 nm (lo8 e 3.9 and 3.58); v_ 
1710, 132Ocm-‘; S (CDCl,) 1.0-1.5 (6H, m. CHsCHz), 
2.5-5.0 (8H, m, CHsCHsO and CHsCHz), 7.1 (1H. d of 
d, J 8 and 4 Hz, H7), 8.05 (lH, d of d, J 8 and 2 Hz, H8), 
and 8.25 p.p.m. (lH, d of d, J 4 and 2Hx, H6). 

2-Vinylpyridine and ester 5. Similar work-up.gave un- 
reacted vinylpyridine (l.O7g), and two isomers. The 
isomer with higher Rr was an oil, b.p. 185’/10-*mm H8, 
di-t-butyl 1,2-dihydro-3H-pyr&fo[l,2~]triezine-l,2-di- 
curboxylate, 7, (0.35 8,2.7%). (Found: C, 61.2; H; 7.8; N, 
12.5. C,,Hz,N,O, requires C, 60.9; H, 7.45; N. 
12.55%); A, 253, 261, and 262mn (108 e 3.27, 3.28, 
3.17); l+ 1710, 1660. 1305, 1295, 1170 and 
114Ocm- ; i3 (CDCIJ 1.45 (9H, I), 1.50 (9H, s), 3.5 (1H. 
d of d, J 14 and 8 Hz, H3), 4.35 (lH, d of d, J 14 and 
4 & H3’), 5.3 (lH, d of d, J 8 and 4 Hz. H4), 7.0-7.9 
(3H. m; H5, 6, 7) and 8.5 o.u.m. (lH, d of d, J 5 and 
1 Hz, H8). The band of lower Rs, b.p. 195-20CP/10-4 
mm Hg, was di-t-b& 1,2.3.4-tebahvdmvw&fo~3.2- 
c]pyrid&ine-1,2-dicocolboxyhrc, 6, (3.3 8. 19.7%). (Fo-und: 
C, 60.8; H. 7.6; N, 12.65. C,,H,N,O, requires C. 60.9; 
H. 7.45; N, 12.55%); A_ 234 and 281 nm (lo8 e 3.89, 
3.6); v, 1710, 1330. 1156cm-‘; g(CDQ) 1.4 (9H, s), 
1.5 (9H, s), 2X-3.8 (3H. m, CHCH& 4.45 (lH, m), 7.05 
(lH, d of d J 8 and 6Hx, H7) 8.0 (lH, d of d, J 8 and 
1 Hz, H8). and 8.2 p.p.m. (lH, d of d. J 6 and 1 Hx, H6). 

2-l-Propm-1-yl)pyridine 8 with e&r 2. From pro- 
penylpyridinc 8 (3.7 8) and ester 2 (5.4 B), worked up 
as described, were obtained compound 8 (0.7g, 19%). 
and dierhyl 1,2.3,4-retrahydm-3-methylpyrid&[3.2_c]- 
wridazine-1.2-dilate 10. b.o. 195-2MP/lO-* 
mm Hg (0.56g, 7.6%). (Found; C, 57.05; H. 6.6; N. 
14.45.-C,,H&O, requires C, 57.35; H, 6.5;. N; 
14.35%); A,. 233 and 280 nm (loge 4.04 and 3.67): 
V_ 1710 AT1325 cm-‘; S(CDCld 7.1-1.5 (9H, m), 2.2 
(lH, d of d, J 17 and lHz, H4), 3.35 (lH, d of d, J 17 
and 7 Hz, H4’), 3.9-4.5 (4H, m, CHsCHzO), 4.85 (lH, 
m, H3), 7.1 (1H. d of d, J 8 and 5 Hz, H7), 8.1 (lH, d of 
d. J 8 and 1 Hz, HR). and 8.25 p.p.m. (lH, d of d, J 5 and 
1 Hz, H6). M’ 293. 

Pmprnylpyridine 8 and ester 5. Work-up gave pro- 
penylpyridine 8 (0.738, 12%). and di-t-bury1 1,2,3,4- 
retrahydro-3-mcrhylpyrido~3.2-cl-uv~idazine-1.2-di- 
Cad&h& 11, b.p. ‘125”/10-4mm’ti8 (1.948, 15%). 
(Found: C, 61.9; H, 7.75; N. 12.05. C,sHz,N,04 requires 
C, 61.85; H, 7.8; N, 12.25%); A,, 235 and 283nm 
(lo8 e 3.99 and 3.66); v_ 1700, 1340. and 1160 cm-‘; 
e(CDCls) 1.45 (12H, m), 1.5 (9H. s). 2.65 (1H. d of d. J 
18 and 1 Hz, H4), 3.3 (lH, d of d. J 18 and 7 Hz, H43, 
4.8 (lH, m, H3), 7.05 (lH, d of d, J 8 and 5 Hz, H7), 8.05 
(lH, d of d, J 8 and 1 Hz, H8), and 8.2 p.p.m. (lH, d of d, 
JSandlHx,H6). 

2-(Prop-l-en-2-yl)pyridine 9 and e.rfer 2. After reco- 
vered pyridine 9 (0.58, 15%). the major product was 
dicrhyl N-(2-(2-pyridyl)-prop-1-en-3-yl)hydrazo-N,N’- 
dicar&xy&tc,12 m.p. 75-76” (cyclohexane), (5.9 8, 90%). 
(Found: C, 57.65; H. 6.8; N, 14.05. C14H,$Is04 requires 
C, 57.35; H, 6.5; N, 14.35%); A, 232 and 277 nm (log 
e 3.88, 3.6); vmu 3400, 1720, 1110 cm-‘; 8 (CDCls) 1.2 
(6H. tr), 4.1 (4H, q), 4.6 (2H. s), 5.4 (lH, s). 5.9 (lH, s), 
7.0 (lH, m), 7.3-7.4 (2H, m), 7.95 (lH, brs, exch. D,O). 
and 8.50 p.p.m. (lH, d of d, J 5 and 1 Hz). M+ 293. 

4-Vinylpyridinc 24 and ester 2. After removal of un- 
reacted 4-vinylpyridine (28; 35%), the only identified 
product was dierhyl 1,2,3,4-tcbulhydropyrido[3,4-c]- 
pyridazine-1,2-dicarboxyboxylalc XI, b.p. 175-190/10-4 mm 
H8 (1.18,13% on unrecovered vinylpyridine). (Found: C, 
55:8; H, 6.3; N, 15.05. C1,H,,NsO, requires C, 55.9; H, 
6.15; N, 15.05%); A, 233 and 277 nm (108 e 4.19 and 
3.74); v,, 1720, 1325, 1305cm-‘; 6 (CDCl,) 1.1-1.5 
(6H, m) 2.5-3.7 (3H. m. CHCH& 3.8-4.8 (SH, m. H3+ 
CHsCHsO), 7.15 (lH, d, J 5 Hz, HS). 8.3 (1H. d, J 5 Hz, 
H6), and 9.0 p.p.m. (lH, s. H8). M+ 279. 

4-Vinylpyridine 24 and urer 5. Unreacted pyridine 24 
(1.78, 32%), was followed by di-t-bury1 1,2,3,4- 
tetrahydropyrido[3,4-c]pyridazine-l,2-dicerboxy&tc, 26, 
b.p. 185-195°/10-4 mm Hg, (1.8 8, 16%, on unrecovered 
pyridine). (Found: C, 60.9; H, 7.7; N, 12.5. C,,H,N,O, 
rquires C. 60.9; II, 7.45; N, 12.55%); A, 235 and 
277 nm (log e 3.9, 3.52); v_ 1715, 1210. llSOcm-i; 6 
(CD&) 1.4 (9H, s), 1.5 (9H, s). 2.4-3.5 (3H, m. 
CH2CH), 4.1-4.8 (1H. m). 7.0 (lH, d, J 5 Hz, HS), 8.15 
(lH, d, J SI-Ix, H6), and 8.9 p.p.m. (lH, brs, H8). 

2-h4ethyl-5-vinyIpyri&ne 32 and ester 2. From 
pyridine 32 (2.8 s) and azoester 2 (4.0 g), were isolated 
unchanged pyridine (1.27 8,45%). and three products. In 
order of decreasing RF these were 1) &thy1 l,Zdihydro- 
7-methylpyrido[2,3-c]pwid.azine 35, b.u. 170-200”/3 x 
10-*mm-H8 (7Omg.I‘l.9%). Ivf+ 29i; G-(CDCl,) l.Gl.6 
(6H. m. CHXH,O), 2.55 (3H. s). 3.9-4.5 (4H. m. 
CHsCH,O), 5.95 IlH, d, J 67 I&;I-I4), 6.95 (lH;d, i 
3 Hx, H6). 7.1 (lH, d, J 6-7 Hz, H3), and 7.3 p.p.m. (lH, 
d, J RHz, HZ). 2) Dierhyl 1.2.3.4~refrahydm-7- 
mcrhylpyrldoC2,3-c]pyridazinc-1,2-d~~~~& 33, b.p. 
210-220“/10-4 mm H8 (0.14 8, 3.7%). (Found: C, 57.6; 
H. 6.7; N, 14.25. C,4H,,,N,04 requires C, 57.35; H, 6.5; 
N, 14.35%); A, 228 and 282 nm (108 e 3.97, 3.79); 
v_ 1715cm-‘; 6 (CIXls) 1.0-1.5 (6H. m), 2.5 (3H. s). 
2.6-4.5 (8H, m, CH,CH,O and CH,CH,), 6.9 (lH, d, J 
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7-8 Hz, H6). and 7.35 p.p.m. (lH, d, J 7-8 Hz, HS); M’ 
293. 3) LXethyl 1,2,3,4-rctrahydm-7-m&yfpyrf&[4,3- 
c]pyrfdaziue-l&ficar&oxyfatc 34, m.p. 103.5-105 (from 
cyclohexane). (0.204 & 5.3%). (Found: C, 57.65; H. 6.5; 
N, 14.45. C,,H,&O, requires C, 57.35; H, 6.5; N, 
14.35%); A_ 239, 268, end 277nm (logs 4.06, 3.48, 
3.38); v,, 172Ocm-‘; 0 (CDQ 1.1-1.5 (6H. m), 2.5 
(3H, s) 2.6-3.8 (3H, m, CJi&H), 3.8-4.8 (SH, m, 
CHsCHzO+H3), 7.6 (lH, s, H8), and 8.1 p.p.m. (1H. s, 
HJ); M+ 293. 

2-hfcthyl-5-oinylpyrfdine 32 and ester S. After separa- 
tion of unchanged vinylpyridine (1.4 g, 23%). three com- 
pounds were obtained; in order of descending Rr these 
arc 1) ~-t-~u~f 1,2,3,4-tcrrclhydm-7-~rhyi~~[2,3- 
c]pyridazine-1.2~dic&oxyfa& 36, b.p. 170 
175’/10-’ mm Hg (0.46 g, 3.5%). (Pound: C, 62.25; H 
7.95; N, 12.4. C,,H,,N,O, rquires C, 61.9; H, 7.75; N, 
12.0%); A,, 229 and 282nm (loge 3.93, 3.73); Y_ 
1710, 115O~m-~; 8 (CDClsI 1.4 (9H.s). 1.5 (9H.s). 2.5 
(3H, s), 2.6-3.8 (3H, m, CHzCH), 4.1-4.7 (lH, m. H3). 
6.85 (lH, d, J 8 Hz, H6), and 7.3 p.p.m. (1H. d, J 8 Hz, 
H5). 2) t-Bufyl 2-t-butory-5,6-dikydrod-(2-mcrkyIpyrid- 
S-yi)oxcl-3,4-dirrzinc4-cor 38. b.p. 190 
2009/10-• mm Hg, (0.22 g. 1.7%). m/c+ 293 (M-56). 237, 
193, 167. 149, 146, 132, 131, 123, 122, 121, 120 
(100%). 119, 105, 93, 57. 56 a.m.u.; A_ 261, 267, and 
274nm (log e 3.82, 3.95, 3.79); V_ 1720, 1660, 1610, 
1160, 1140 cm-‘; 8 (CD&) 1.5 (9H. s)), 1.55 (9H, s), 
2.55 (3H, s). 3.25 (lH, d of d, J 14 mnd PHz, H5). 4.2 
(lH, d of d, J 14 and 3 Hz, H53.5.2 (lH, d of d, J 9 and 
3 Hx, H6), 7.1 (lH, d, J 7-8 Hz), 7.5 (lH, d of d. J 7-8 
and 2Hz), and 8.4 p.p.m. (lH, brs); t3C NMR shifts: 8 
24.2 (0, 28.0, 28.1 (CH3C), 44.9 (CS), 74.3 (cd), 
80.7, 82.8 (G-C), 123.2, 129.0, 134.2, 147.2, 152.4, and 
159.3 p-p-m. 3) Di-t-butyl 1,2,3,4-tctmhydro-7- 
mcthy~~4,3-c~~zi~-1,2-dicarinutylou, 37, b.p. 
lS~160/10~4mm Hg, (0.73g, 55%). (Pound: CZ, 61.7; 
H, 7.9; N, 12.2. ClsHs,N304 requires C, 61.9; H, 7.75; 
N. 12.05%); L.. 243.268. end 277 nm (loa e 4.00.3.53. 
3.40); “, 17iK li40cm’*; 8 (c~cfsj 1:4 (9~ s), 1.5 
(9H. s). 2.5 (3H. sj. 2.6-3.5 (3H. m. CHCH..). 4.2-4.7 
(1H; m; H3), 7.7 (1f-f. s, H8), aud g.2 p.p.m. (lfi; s, H5). 

2-(Pmp-l-en-2-yl)thfophcn 49 and atcr 5. The pro- 
penylthiophen 49, (0.62 s) and ester S (1.15 g) were dis- 
solved in benzene (10ml). Reaction was complete after 
10 h at the b.p.; evaporation of solvent gave an oil, 
sqene.d by l&C (10 -plates; tofuene, ethyKaMatc 9: 1) 
into thme bands. 1) D&t-b& 1.2-dihydm-4-mcthyf- 
ch&no[3,2-cl_~rkiazjnc-1,2-d~~~~~~ -SO, b.p. 150- 
170/10-4mm Hg, (0.17 g, 10%). (Found: C, 58.05; H, 
6.75; N, 7.95. C,,Hz,Nz04S requires C, 57.95; H, 6.3; 
N, 7.95%); A, 229, 269, end 307 nm (log e 3.98,3.80, 
3.73); v_ 1725 cm-‘; S (CDC13) 1.5 (18H, 8). 2.0 (3H. 
sl. 6.6 (1H. brs. H3). and 7.1 p-p-m. (‘LH, s. H6 and H7). 
2j &-t-&i N-(2-(2-rhicno)prop-I-en-fyf)hydtazo 
N.N’-dicorboxvkrtc 51. b.o. 170-18J/10-4mm Ha, 
(0.41& 23.5%). (Pound: e, 57.95; H; 7.45; N, 8.2: 
Cr,H,N,O,S requires C, 57.6; H, 7.35; N. 7.9%); A, 
266 and 297 nm; v,, 3400, 172Ocm-‘; 6 (CDClJ 1.45 
(9H, s), 1.50 (9H, s). 4.40 (2J-J. s. CHz), 5.05 (lH, s). 5.45 
(lH, s), 6.65 (lH, brs, exch. 40, NH), and 6.8-7.5 
o.o.m. (3H. m, thiophen HI. 3) Insenarable mixture 
&4.6 g).‘ - . 

P. R#lZRTY 

Geucmf pmcedtuc for removal of t-buty&xycurbonyi 
group, and for oxidation of the hydrazo compounds. 

a) The di-t-butyl cyclondduct (0.5 e) was dissolved in 
TPA (5 ml). After 30 min et mom temperature. tbc TFA 
was removed under vacuum, the residue basified with 
saturated Na&G3 solution, and extracted with chloro- 
form. The chloroform extracts were dried (hlgso3, fil- 
tered, end evaporated to g&e vfrtuahy pure tctrabydro- 
pyridopyridagines in ahnost quantitative yield. The ‘H 
NMR data for these compounds, which gave inconsistent 
analyms, are colkcted in the Table. 

b) Red mercuric oxide (O-2-0.3 e) was added to a solu- 
tion of the tetrahydropyridopyMaxine in chloroform 
(5 ml) at room temperature. The mixture was stirred until 
a colnur change (y&low to green) otxmrrcd (approx 15- 
3Omin). then filtered. The fUrate was dfhttcd with more 
chloroform, and oxygen was bubbled through the solutioa 
(-60 h, reaction checked by TLC). The mixture was 
filtered, solvent removed, the resultant oil extracted with 
hot cyclohexane, again filtered, and finally the 
pyridopyridazine crystallized from cyclohcxane. 

Pyrido[3,2-c]tWdazinc U. Gbtaincd in overall viefd 
of 42% from c&pound 6, m.p. 89-91” (fit.s*’ m.p. 89). 
(Pound: C. 64.4: H. 3.95: N. 31.65. CU. for C,H,N,: C. 
64.1; H, j.8; Irj, 32.OS%);‘A, 263, 306. and 3llium 
(log e 3.59,3.62,3.65); ‘H NMR recorded in discussion. 

3-Methyfpyrfdo[3,2-c]pyrfdaz&u 19. Obtained in over- 
all yield of 38.7% from compound 11. m.p. 99-101’ 
(yellow necdies). (Pound: C, 66.2; H, 4.75; N, 29.1. 
CsH,N3 requires 6.66.3; H, 4.85; N, 28.95%); A_ 265, 
276, 314. and 327nm (log 6 3.67. 3.60, 3.75. 3.80); 8 
(CDCQ 2.85 (3H, II), 7.55@H, d of d, J 4 and 0 Hz, H7), 
7.75 (1H. d. J< 1 Hx. H4). 8.65 (1H. a of d. J 8. 2. and 
<lH; fi8j, and 9.0.p.p.m. (1H; d bid, J 4 and iHx, 
H6); M/e+ 145 (100%). 117 (M-Nz), 116,92,91,90,64, 
63, 52, 51 and 50 a.m.u. 

Pyrfdo[3&c]pyrfdaziuc 28. Obtained in 52% yield 
from compound 26, m.p. 138” (yellow needles). (Found: 
C, 63.8; H, 3.7; N, 32.35. C,H,N, requires C, 64.1; J-J, 
3.8; N, 32.05%); A_ 284 (108 8 3.58); ‘H NMR spec- 
trum given in discussion. 

l,bDihydro-7-mcthylW~4,3-c]WrklPzinc 42. From 
compound 37, after oxidation. was obtained the dihyd.m 
compmmd 42, m-p. 151-153”. (M+ 147.0789; C&N, 
requires 147.07%); A, 225 end 3OOnm (log B 3.99, 
3.74); v_ 3410, 166Ocm-‘; ‘H NMR b (CDU3) 2.4 
(3H. I), 3.3 (2H, d, J 3Hz, CH& 6.4 (lH, s, H8). 6.8 
(lH, 1, J 3Hz. H3), 8.0 (lH, s, HS), and 8.4 p.p.m. (lH, 
brs, exch. DzO, NH); ‘“C NMR S (CDCI,) 23.7 (CH,) 
29.7 (C4), 105.3 (C3), 107.8 (C4a). 137.8 (C@, 146.0 
(C8aI. 147.4 (W. and 158.8 o.o.m. (C7). M/e’ 147(M*). 
i46(ioO%), i19i.92, 91. 65,*5!2 and 51 a.m.u. 

Z7tfeuof3.2-clovridazi 48. From the reaction bc- 
twecn viny&io&m 4S (0.55 9) and ester S f 1.15 g). after 
chromatography, an oil was obtraincd (1.04g). shown by 
mass spcctrometry to be e mixture of tetra- end dihyd- 
rothiocnopyridazine dicsters. The oil was treated with 
TPA aml oxidfxcd, and from the products, by PLC, was 
isolated the thienopyridszine 4& m.p. 98.5-W (lit.‘9 
m.p. 97.5-98.5”), (70mg). (Found: C, 53.2; H, 2.9; N, 
20.7. Calc. for C&N& C, 52.95; H, 2.95; N. 20.6%); 
LIU 234, 277. and 304 am (fog tr 4.97, 3.75, 3.40); v- 
1720. 1399, 1205 cm-‘; d (CDCI,) 7.25 (2H, S, H6 and 

Table 1. ‘H NMR absorptions of tctrsbydropyridopyridazinMI (CDC13) 

Compound Hl and H2 H3 H4 H5 H6 H7 H8 Other J vahtcs (Hz) 

16 505 3.15m 2.90m - 7.9dof d (6.85 m) - J6.P; J6.83 

E 
6.2 (I 9-3.8) 

6; 
8.0 t 7:l d 7.1 d 1.15 (3H, d) Jc.73. J&.,3 

5.65 3.1 t 2.75 t 7.854 - 7.95s - JS.65 
41 5.9 3.1 t 2.65 t 7.85s - - 6.25 s 2.3 (3H, s) 
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H7). 7.95 (1H. d. J 6Hx, H4), and 9.0 p.p.m. (lH, d. J 
6 Hz, H3); M/c+ 136 (M+), 108 (M-N& 85, 83, 82, 69, 
63, 58, 57 (100%). and 45 e.m.u. 

Reaction between 2-vinylpyridine 1 and phenyfbiax- 
olinedione 21. Freshly prepared t-butyl hypocblorite 
(1.4 g) was added to a rioh~tioo of N-phenylumxok (2.4 g) 
in dry acetone (90 ml) at -4o”, giviog the deep red colour 
of compound 21. Freshly distilled 2-vioylpyridioe 1 
(1.05 g) was added, and the solution allowed to warm to 
room temperature, then boiled (1 h). The solvent was 
removed to give a yellow oil, which was duomrtographed 
on elumioa (12Og. 14cm c&mm). No appreciable pro- 
duct wxs eluted until CHCl&eoxeoe(l : 3) was used; the 
resulting solid (0.26g) was duomatographed on two - _ 
plates (clueot methanol/ethyl acetate 1: 19). Thus was 
obtained the cvcloadduct 23. m.u. 152-153’ (from CCL). 
(O.l9g, 6.8%j. (M+ ZSO.C&i; CldHlxNI& requi& 
280.0960); A, 223, 260, and 292 om (log e 4.06, 4.11, 
3.66); v_ 1765. 1710, 142Oco+ 8 (CDClJ 3.3 (W, 
t.), 4.1 (ZH, t), 7.1-7.6 (6H, m, C,H,+H7), 8.5 (lH, dof 
d, J 4.5 and 1 I-ix, H6), and 8.65 p.p.m. (1H. d of d, J 8.5 
and 1 Ht. HS); m/c+ 280 (lOO%), 149, 133 (exact mass 
133.0642. C,H,N, requires 133.0640). 105, 104,78,44, 
and 40 a.m.u. 
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