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N-Vinyliminopyridinium ylides (13-22) were prepared from pyridinium 3'-imine hydriodides (3-12) and 
dimethyl l-chlorofumarate or -maleate in the presence of potassium carbonate. The N ylides cyclized in various 
solvents at room temperature to afford primary dihydro-type cycloadducts (23-34) in moderate yields. The 
dihydro-type cycloadducts (23-33) were stable in the crystalline state but aromatized readily with dehydro- 
genating agents to give the corresponding pyrazolo[l,Z-a]pyridine derivatives (35-45) in good yields. Structural 
elucidation of the N ylides, dihydro cycloadducts, and the pyrazolo [ 1,5-a] pyridine derivatives was accomplished 
by physical and spectral means. The structures of the pyrazolo [ 1,5-a]pyridine derivatives were also established 
by independent syntheses. Orientations and modes of these cycloadducts are also discussed. 

Although intermolecular cycloaddition reactions of 
pyridinium ylides m-j t h  various reagents have been ex- 
tensively studied,2 intramolecular cyclizations of N -  
vinyliminopyridinium ylides have not been well in- 
vestigated. 

Recently, Tamura and coworkers3 have reported the 
cyclization reactions of N-(1-oxocyclohexen-2-yl)imino- 
pyridinium ylides and the reactions of pyridinium N -  
imines with ethyl P-chloroisocrotonate in the presence 
of potassium carbonate to  give the corresponding 
pyrazolopyridine derivatives. In  particular, they have 
suggested that the latter reactions might proceed via 
1,3-dipolar cycloaddition rather than 1,5-dipolar cy- 
clization, since attempts to obtain the possible inter- 
mediates of N-vinyliminopyridinium ylides were un- 
successful. I n  this paper, we wish to report the isola- 
tion of N-vinyliminopyridinium ylides and their cy- 
clization products. 

Results and Discussion 

Isolations of the N-Vinyliminopyridinium Ylides. -A 
mixture of pyridinium N-imine hydriodides, 3-12, 
prepared by the God method,2 and dimethyl l-chloro- 
fumarate (1) were treated with an excess potassium 
carbonate in ethanol a t  room temperature within 1 hr 
to afford the corresponding N-vinyliminopyridinium 
ylides, 13-22, in over 75y0 yields. Interestingly, 
similar reactions of the N imines with dimethyl 1- 
chloromaleate (2) gave the same K ylides. These 
results are shown in Scheme I. 

Isomerization of the N Y1ides.-The N ylides, 13-22, 
were comparatively stable in the crystalline state but 
in solvent such as chloroform, methylene chloride and 
carbon tetrachloride they isomerized intramolecularly 
to afford the corresponding cycloadducts, 23-34. These 
cyclizations T+ere influenced by the substituents on the 
pyridine ring: (a) a-unsubstituted K ylides 13-17 
cyclized quantitatively in chloroform a t  room tempera- 
ture within 24 hr to yield the cycloadducts 23-29, re- 
spectively (Scheme 11) ; (b) with unsymmetrical sub- 
stituted S ylides 14 and 16, cyclization was observcd 
to take place at two sites, and the cyclization of the 
more sterically hindcred site on a pyridine ring was al- 

(1) Studies of Heteroaromatioity. Pa r t  LXIX. P a r t  LXI of this series: 
T. Sasaki, K .  Kanematsu, and M. Murata,  Tetrahedron,  28, 2383 (1972). 

(2) T. Sasaki, K.  Kanematsu, and .\, Iiakehi, J .  Ore. C h e m . ,  36, 2978 
(1971). 

(3) (a) Y .  Tamuro, S.  Tsujimoto, and h1. Ikeda, C h e m .  C o m m u n . ,  310 
(1071); (b) Y .  Tamura,  A. Yamagami, and M. Ikeda, Yalcugaku Zasshi ,  
91, 1164 (1971). 
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3, Ri  = Rz = Rs = R4= R s = H  
4, R I = H ;  R 2 = M e ;  R 3 = R q = R 5 = H  
5, R i = R , = H ;  R3=Me;  R 4 = R 5 = H  
6, R I = H ;  R z = R 3 = M e ;  R 4 = R 5 = H  
7, R i = H ;  R z = R 4 = M e ;  R s = R , = H  
8, R i = M e ;  R z = R B = R 4 = R 5 = H  
Q, R 1 = R z = M e ;  R 3 = R 4 = R 5 = H  

10, R i = R s = M e ;  R z = R 4 = R 5 = H  
11, R 1 = R 4 = M e ;  R z = R 3 = R 5 = H  
12, R i = R , = M e ;  R z = R 8 = R 4 = H  

-N COOMe 

13, R i=Rz=R3= Rq=R5=H 
14, R I = H ;  R z = M e ;  R 3 = R 4 = R 5 = H  
15, R i = R z = H ;  R S = M e ,  R 4 = = R 5 = H  
16, R i = H ;  R z = R 3 = M e ;  R 4 = R 5 = H  

18, R l = M e ;  Rz=R3= R 4 = R 5 = H  
18, R l = R 2 = M e ;  R B = R 4 = R 5 = H  
20, R i = R 3 = M e ;  R z = R 4 = R 5 = H  
21, R i = R 4 = M e ;  R z = R 3 = R 5 = H  
22, R i = R 5 = M e ;  R z = R J = R 4 = H  

17, Rl=RB=R5=H;  R 2 = R 4 = M e  

ways predominant to the alternate less substituted site 
[the ratio of 24 to 25 (or 27 to 28) as determined by nmr 
spectroscopy was 1 : 12 (or 1 : 8), respectively] ; and (c) 
in a-substituted r\' ylides 18-22 similar isomerizations 
were observed, but the rates were slower than thosc of 
a-unsubstituted ?J ylides (below 30% after 24 hr), and 
in these cases only cyclization to the less hindcred a' 
position was observed (Schcme 111). 

Photochemical Behavior of the N Y1ides.-With a 
view to obtaining mechanistic information on the 
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TABLE I 
NMR SPECTRA OF N YLIDES IN CDCL ( T   VALUE)^ 

Compd RI R% Rs R4 Ra Vinyl H COOCHs Coupling constant ( J ,  Hz) 

13 1.51 (br d)  1.9-2.4 (m) 1 . 5 1 ( b r d )  6.34(s) 6 . 1 0 ( ~ ) , 6 . 5 1 ( s )  J l , z = J 4 . 5 = 6 . 0  
14 1.73 (s) 7.42 (s) 2.11 (br d)  2.33 (9) 1.68 (br d )  6.46 (s) 7.12 (s), 6.53 (s) J3.4 = 7.5, J4,s = 6 .0  
15 1.63 (d) 2.43 (d) 7.40 ( 8 )  2.43 (d) 1.69 (d) 7.43 (s) 6.09 (s), 6.50 (s) JI,Z J4,s = 7 .0  
16 1.92 (s) 7.47 (s) 7.57 (9) 2.51 (d) 1.88 (d) 6.47 (s) 6.09 (s), 6.50 (9) J4,fi = 7 .0  
17 1.95 ( 8 )  7.53 (s) 2.30 (br s) 7.53 (s) 1.95 (s) 6.46 (s) 6.10 (s), 6.50 (s) 
18 7.30 (s) 2.29 (br d )  2.00 (m) 2.35 (m) 1.60 (d d )  6.75 (s) 6.09 (s), 6.51 (s) J 4 , 6  = 6.5, JS,S = 2.0, J z , ~  = 6.5 
19 7.38 (s) 8.48 (s) 2.14 (br d )  2.52 (q) 1.73 (br d )  6.76 (s) 6.07 (s), 6.49 (s) J3,4 = 7.5, J 4 , a  = 6 . 5  

21 7.34 (s) 2.38 (d) 2.16 (d) 7.53 (s) 1.80 (br s) 6.75 (s) 6.09 (s), 6.49 (9) JZ,3 = 9.0, Ja,5 = 2 .0  

Multiplicity is indicated as follows: s, singlet; d, doublet; q, quartet; br, broad. 

20 7.37 (s) 2.60 (9) 7.43 (s) 2 ,65 (d) 1.92 (d) 6.77 (s) 6.11 (s), 6.53 (s) J 4 , s  = 6.0 

22 7.28 (s) 2.50 (d) 2.13 (9) 2.52 (d) 7.28 (s) 6.81 (s) 6.06 (s), 6.49 (s) 5 2 , 3  = 6.5, Ja,4 = 9.0 

SCHEME I1 

MeOOC H 
13-17 

23, Rz=RB=R4=H 
24, R z = M e ,  R 3 = R 4 = H  
25, R z = R 3 = H ;  R 4 = M e  
28, R z = H ;  R S = M e ;  R4=H 
27, R z = R 3 = M e ;  R 4 = H  
28, R z = H ;  R 3 = R d = M e  
2Q, R z = R 4 = M e ;  R 3 = H  

SCHEME I11 

R 3  

-N COOMe 

r-( 
MeWC H 

18, Rz = R3= Rd= R5= H 

20, Rz=H; R3=Me; Rg=R5=H 
21, R z c R s = H ;  R4=Ms;  RS=H 

I S ,  R z = M e ;  R s = R d = R 5 = H  

22, R z = R s = R 4 = H ;  R 5 = M e  

&* 

COOMe 
N-N R2 

Me 

30, Rz= RS = R4 = RE= H 
(31, R z = M e ;  R s = R 4 = R 5 = H )  
32, R 2 = H ;  R S = M e ;  R 4 = R 5 = H  
33, R 2 = R 3 = H ;  R,=Me; R 5 = H  
34, R z = R 3 = R 4 = H ;  R 5 = M e  

above-mentioned reactions, the photochemical reactions 
of unsubstituted and a,a'-disubstituted N-vinylimino- 
pyridinium ylides were investigated, since the phot.0- 
chemical intramolecular 1,a-dipolar cyclization of sub- 
stituted l-ethoxycarbonyliminopyridinium ylides pro- 
duced 1 H ,1,2-diazepines.4 

(4) T. Sasaki, K.  Kanematsu, A. Kakehi, K. Hayakawa, and  I .  Ichikawa, 
J .  Ow. Chem., 36,426 (1970). 

Irradiation of 13 in acetone a t  0" for 45 min gave 
a 60% yield of a mixture of 23 and 35 (2,3-dimethoxy- 
carbonylpyrazolo [1,5-a]pyridine) in the ratio of 1 : 1 
(by nmr analysis) instead of the seven-membered 
product. The same reaction a t  25" for 2 hr gave only 35 
in 50% yield. Isolated 23 was converted rapidly on 
irradiation to 35 in 80% yield. These results appear 
to involve a photoinduced process, since the formation 
of 23 and 35 occurs thermally to the extent of only few 
per cent. Compound 22, whose 01 and a' positions of 
the pyridine ring were occupied, was irradiated in 
acetone a t  room temperature to give the bicyclic prod- 
uct 34 in 2001, yield, and no isomeric dihydro com- 
pound could be detected. 

Dehydrogenation of the Cycloadducts. -The cyclo- 
adducts 23-34 are generally stable in the crystalline 
state. The dehydrogenation reactions of these adducts 
(23-33) except 34 were carried out by treating them 
with dehydrogenation agents such as palladium on 
carbon or tetracyanoethylene to afford the correspond- 
ing pyrazolopyridine derivatives, 35-45, in high yields. 
The dehydrogenation was also observed under irradia- 
tion of the cycloadduct as described above. Com- 
pounds 27-33, in particular, were dehydrogenated 
smoothly without such reagents even at room tempera- 
ture. Compound 34 which has a methyl substituent 
on a bridged carbon was too stable in carbon tetra- 
chloride even a t  100" in a sealed tube to be aromatized 
to 42 with a loss of methane. 

R 4  COOMe 

R 3 w C O O M e  ,, \ N-N 

nz I 
R1 

36, R1= Rz= R3=R4 = H 
36, R z = M e ;  R l = R I = R 4 = H  
37, R 4 = M e ;  R i = R z = R 3 = H  
38, R3=Me;  R l = R z = R 4 = H  
30, R z = R 3 = M e ;  R i = R 4 = H  
40, R s = R 4 = M e ;  R i = R z = H  
41, R z = R 4 = M e ; R i = R 3  = H  
42, R l = M e ;  R z = R 3 = R 4 = H  
43, R l = R z = M e ;  R 3 = R 4 = H  
44, R i = R s = M e ;  R z = R , = H  
45, R l = R 4 = M e ;  R z = R 3 = H  

Structural Elucidation of the N Ylides. -The struc- 
tures of N ylides 13-22 were determined by elemental 
and spectral analyses (Table I) and by chemical re- 
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Figure I .-A, observed nmr spectrum of 17 in CT>Cla; B, nmr spectra of 17 added HC1 in CDC13. 

actions. The elemental analyses were in good accord 
with the proposed st'ructurcs. The configurat'ion of the 
N-vinylimino group in all the X' ylides was assigned as 
trans. This was based on the nmr inspection of the 
salt of the N ylidc. I n  the nrnr spectra, they show each 
singlet a t  higher region due to thc vinyl proton (7  
6.34-6.81) suggesting strongly the d(>localization of thc 
vinyl proton with ester carbonyl group. Intcrcstingly, 
the rimr of hydrochloridr of tho r\T ylido was considcr- 
ablc changed. lpor ctxamplc, when t'hc ninr of 17 was 
taken in dcutcriochloroforni a t  room t'cmpcraturo, the 
signals appeared at 7 1.95 (Ha), 2.30 (Hb), and 6.46 
(Hc). By contrast, when 17 was addcd with a small 
amount of hydrochloric acid in deuteriochloroform, the 
signals wcre cxhibitcd a t  T - 1.63 (KH, exchanged by 
DzO), 1.07 ( H a ) ,  2.40 (HI,), and 3.96 (HC), Tht: sigrid 
of 7 -1.63 indicated obviously the presence of a hy- 
drogen bonding with carbonyl group, which was pos- 
sible only in the trans configurat,ion as shown in Figure 1. 

l?urther deviation of chemical shifts bct'wec.xi thc 
vinyl proton in a-unsubstitutcd IX ylidcs 13-17 ( T  

6.34-0.47) and a-substituted K ylides 18-22 (7 6.75- 
6.81) (Table I) might bc caused from the effect of thc 
diama.gnctic ring currcnt on the pyridine ring, sincc tho 
stcric hindrance of free rotation of the X substituent by 
the a-methyl group could favor a coriforniat'ion in 
xhich thc vinyl prot>on is l m  influt,ncod by thc pyridine 
ring than in tht! a-unsubstituted N ylidcs. As ob- 
scvod oxpc~rimentally, such an effect obviously leads to 
retardation of the isomcrization of a-substit'uted K 
ylidcs 18-22 to the corrcsponding cycloadducts, 30-34. 

Formation of t,he samc: X ylides from both 1 and 2 
indicates rapid cis-trans isomerization of the vinyl 
moiety as indicated in Schcmc IV. 

Structural Elucidation of the Cycloadducts. -Based 
mairily on nmr analysis, these cycloadducts, 23-30 arid 
32-34, were assigncd as the cis rather t'hari the trans 
configurations at the C-3 arid C-3a positions. The rimr 
spectral patterns of the cycloadducts are grossly similar 
to each other, as shown in Tablc 11. 

The nnir sigrials of 23 at  T 3.14, 4.00, 4.54, 4.78, arid 
5.35 with the relative intensities of 1 :1: 1 : 1 : 1 arc at- 
t.ributable th five protons of the six-membered ring, a t  
6.03 to  one proton of C-3 posit,ion, arid a t  6.24 t'o two 
methyl protons. I n  particular, signals at  T 5.35 and 
0.03 coupling each othcr ivith the coupling constant of 

S C H E h l l i  Iv  

0 
N COOMe 

LI 

0 
-+ A+- 
+N COOMe 

COOMe COOMe 

111 

1 OMe 
COOMe 

111 

I COOMe COOMe 

17.0 Hz5 attributable to  the protons attached a t  C-3a 
and C-3 positions indicate clearly its cis configurationR 
which is supported by Drctiding modcls of thesc struc- 
turcs. Similarly, thc singlct signal (1 H) at  T 6.30 of 
compound 34 is assignad to  the C-3 position. 

Structural Elucidation of the Aromatics:-Structures 
of the aromatics, 35--45, were determined as pyraeolo- 

( 5 )  The IOO-.\IHz nmr spectrum vf 23 taken in CClr si1on.s the same 
coupling constant: I 3.06 (br ,  (1, JI ,Z = 7.0 IIs, € I ] ) ,  4.71 ( i n  t ,  Ji.2 = 7.0, 
. I r . s  = 6.0 I I a ,  f i t ) ,  3.93 (m,  Ha), 4.45 (br  d ,  J s , ,  = 9.0 IIs, Hd,  5.29 (In ( I ,  
J5.6 = 17.0 H z ,  IIs), 6.96 (d, Js,a = 17.0 He, H a ) .  

((j) I n  general, such a largo coupling constant is not assignable to t rans ,  
sincc, so fu r ,  vicinal trans coupling constants are usually smaller than cis, 
arid cis coiipling constants are 13.0-14.0 11s in a similar compound (shoWI 
below) as reported by I<obayashi, et d.; see Y, KolJayashi, T. Kuzuma, 
Y. Sekine, and  l i .  Fujiyarna, :\l>stracts of Papers in Symposium of tho 
Cliernistry of Ileieroarornatic Compounds, p 93, 1970, Tokyo. 

COOMe 

: COOMe 
COOMe 

T 4.67 (d) 
T 6.51 (d)  
J = 13.3 Hz 



N-VINYLIMINOPYRIDINIUM YLIDES J. Org. Chem., Vol. 37, No.  20, 1972 3109 

TABLE I1 
NMR SPECTRA OF DIHYDROPYRAZOLOPYRIDINES IN CCl, (T VALUE) 

3.14 (br d )  4.78 (br t )  4.00 (m) 
3.29 (br d )  4.91 (4) 4.33 (br d )  8.15 (d) 

Compd’ RI  Rz Ra R4 Rr Cs H Coupling constant ( J ,  Ha) 
23 
25* 
26 3.16 (d) 4.90 (d d )  8.21 (t) 4.76 (m) 5.38 (br d )  6.07 (d) Jl.2 = 7.5,  Jz.4 = 1.5, J s , c s ~  = 17.0 
28c 3.33 (d) 4.96 (d) 8 . 2 4 d ( m , 2 H )  5.13(brd) 5 .83(d)  J 1 , z = 7 . 5 , J s , c s a =  17.0 

31 
32 7.90 (8) 5.06 (br s )  8.25 (d) 4.80 (br s )  5.44 (br d )  6.11 (d) J S , C ~ H  = 17.0 
33 7.95 (9) 5.13 (br s) 4.46 (br d )  8.21 ( 8 )  5.29 (br d )  5.90 (d) J I ,~  = 6.0, J i . c s ~  = 17.0 
34 7.83 (9) 5.05 (br s )  6.15 (4) 4.68 (br d )  8.88 (s) 6.30 (9) Jz ,s  = 6.0, Ja,, = 9 .0  

0 Chemical shifts to the methyl protons of dimethoxycarbonyl groups appeared in the regions of T 6.06-6.63 as each a singlet. 

4.54 (br d )  5.35 (br d) 6.03 (d) J I , Z  = 7.0, J2,3 = 7.0, J 3 , 4  = 9.0, J i , c sa  = 17.0 
5.10 (br d )  5.82 (d) J1.2 = 7.0, J2,3 = 6.0, J3,4 = 1.5, Jh,carc = 17.0 

29 3.46 8.22 4.40 8.14 5.15 5.85 J1,z = 1.0, J i , s  = 1.5, Js,can = 17.0 
7.85 (9) 4.95 (br d )  4.08 (m) 4.55 (br d)  5.45 (br d )  6.08 (d) JZ,J  = 6.0, J3.4 = 9.0,  JB.C~H = 17.0 

Chem- 
c Chemical shifts of isomeric product 27 appeared at  T 3.34 ical shifts of isomeric product 24 appeared at T 8.18 (112) and 4.80 (It4). 

(br s, Rl), 4.63 (br s, R4), and 5.68 (d, C3 H). * Overlapping with 2 H. 

SCHEME V 

- RO 
+N - ‘  COOMe I 

r- NymMeh., , t  ’. 
COOMe COOMe 

Rt COOMe 

disrotatory R&COOMe \ N-N 

+ I 

disrotatory - A ,  very fast R e a  \ N-N.‘ 

-NL 

COOMe /7COOMe 

1 
conrotatory 

A hv 

[ 13-a ]pyridine derivatives by physical and spectral 
comparison with authentic samples prepared by inde- 
pendent syntheses.2 

Reaction Mechanism.-From the above results, it  is 
concluded that  the pyrazolo [ 1 ,S-a]pyridine derivatives 
are produced by 1 ,5-dipolar cyclization of the N-vinyl- 
iminopyridinium ylides. However, as described above, 
the isolated trans N ylides 13-22 seem not to be pre- 
cursors of the corresponding cycloadducts, 23-34. 
Thermal intramolecular concerted electrocyclic reac- 
tions of the N ylides should give rise to the trans cyclo- 
adducts but the disrotatory cyclization of the trans N 
ylide is unfavorable owing to steric hindrance of the 
substituents. Actually, the cycloadducts were ob- 
tained as cis isomers, suggesting that  such precursors 
are cis iY ylides and not trans isomers. Thus thermal 
or photochemical trans-cis isomerization of the N ylidc 
must occur prior to ring closure, followed by thermal 
cyclization and dehydrogenation. The photochemical 
preparation of 23 or 34 from N ylide 13 or 22 is seen as a 
result of photochemical trans-cis isomerization, fol- 
lowed by the thermal disrotatory cyclization’ rather 

(7) For an analogous disrotatory ring closure in a heterocyclic reaction, 
see J. Elguero, Bull. SOC. Chim. F r . ,  1925 (1971). 

than photochemical conrotatory process as shown in 
Scheme V. 

Experimental Section* 
Reaction of N Imine and Olefin.-A mixture of dimethyl 

1-chlorofumarate (1) or -maleate (2) (0.36 g, 2 nimol) and a 
small excess of pyridinium iV-imine hydriodide in  ethanol was 
stirred with excess potassium carbonate (-6 g)  at, room temper- 
ature for 0 . 5 1  hr. The involuble substances were removed by 
filtration. The filtrat#e was evaporated in vacuo. The results 
are summarized in ‘I’ahle 111. 

Isomerizations of N Ylides 13-22 and Aromatizations of T h e i r  
Cycloadducts, 23-33. General Procedure .-A mixture of N 
ylide (0.2-0,4 g) and chloroform (60 ml) wns kept at  room 
t,emperature for 1 day and t.hen the solvent, was removed in 

(8) Melting points were measured with a Yanagimoto micro melting 
point apparatus and are uncorrected. Microanalyses were performed on a 
Perkin-Elmer 240 elemental analyzer. The uv spectra were determined 
with a JASCO Model ORD/UV-5 recorder. The nmr spectra were taken 
with a Japan Electric Optics, Model C-60-XL, nmr spectrometer and with a 
Varian A-60 recording spectrometcr with tetramethylsilane as an internal 
standard. Chemical shifts are expressed in r values. The ir spectra were 
taken with a JASCO Model IR-S apectrophotometer. The glpc was done 
isothermally on a Hitachi K-23 gas chromatograph with a 3-ft. 5 wt 70 
SE-30 (Chromosorb G-NAW) column (flame-isomerization detector). A 
Varian Aerograph Model 7000 (hydrogen flame-ionization detector, nitrogen 
carrier gas, fitted with a 5 ft X 1/11 in. column containing 12% Dow Corning 
silicone oil 550 on 80-100 Chromosorb W) was used for preparative sepnra- 
tion. 

- 
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TABLE m 
Ir (KBr), 

N N Yield, om-' Uv Xmax (MeOH), 
Imine Olefin Ylide" % Mp, O C  (C=O) nm (4  

S 
S 

4 
4 

6 
6 

6 

I 

0 

9 

10 

11 

12 

1 
2 

1 
a 

1 
2 

1 

1 

1 

1 

1 

1 

1 

13 87 
85 

14 88 
80 

16 88 
90 

16 95 

17 93 

10 78 

19 95 

ao 91 

21 87 

22 95 

103-105 

85-86 

112-113 

113-114 

96-98 

107-108 

160-1 62 

119-122 

113-115 

130-133 

1649, 1732 

1649, 1734 

1652, 1737 

1655, 1721 

1650, 1735 

1658, 1738 

1659, 1730 

1646, 1743 

1651, 1733 

1660, 1731 

416 (1 .28  X 108) 
280 (1 .72  X 104) 
238 ( 6 . 3 9  X 108) 
408 ( i , 9 3  x 103) 
280 ( 1 . 7 5  x 104) 

400 ( 1 . 9 9  x 103) 
281 ( 1 . 7 5  x 104) 

281 ( 1 . 3 9  x 104) 

238 (6.68 X 108) 

238 ( 8 . 5 2  X 108) 
410 ( 1 . 5 8  X 103) 

238 (6 .35  X 103) 
410 ( 1 . 6 8  X 103) 
279 ( 1 . 6 8  X 104) 
238 (4 .86  X 103) 
400 (0 ,78  X 103) 
280 (1 .46  X 104) 
236 (3 .66  X 103) 

278 ( 2 . 2 3  X 104) 
234 ( 7 . 3 9  X 109) 

405 ( 1 . 2 2  x 103) 

390 (0.66 x 108) 
282 ( 1 . 5 3  x 103) 

404 (0 .99  x 103) 
236 ( 6 . 4 6  X 103) 

283 (2 .04  X 104) 
236 ( 5 . 5 0  X 103) 
400 ( 1 . 3 2  X 103) 
279 ( 2 . 1 5  X 104) 
235 ( 5 . 9 0  X 103) 

a Satisfactory analytical data (2~0.2% for C, H, N )  were 
reported for ylides 13-22 : Ed. 

vacuo without heating. When unreacted TV ylide still remained, 
the cycloadduct was separated by column chromatography 
(alumina) using ether as eluent. Furthermore, these phenomena 
were observed in time-interval measurements of its uv and nmr 
spectra. The cycloadducts in benzene were aromatized by 
heating or treatment with palladium on carbon or tetracyano- 
ethylene to give the corresponding 2,3-dimethoxycarbonylpyra- 
zolo [ 1,5-a]py,ridine derivatives (35-45) in high yields. 

Isomerization of 13.-From 13 (0.20 g) in chloroform (50 ml) 
2,3-dimethoxycarbonyl-cis- 3,3a-dihydropyraxolo[ 1,5-a]pyridine 
(23) was obtained in quantitative yield as orange needles 
(from n-hexane): mp 83-88'; Y (KBr) 1685,1725 cm-' (C=O); 
Xm,, (MeOH) 379 nm (e  8.68 X lO3), 305 (sh), 252 (5.73 X loa). 

Anal. Calcd for CllH12N204: C, 55.93; H ,  5.12; N, 11.86. 
Found: C,55.97; H,5.11; N,  11.81. 

A solution of 23 (0.20 g) in dry benzene (30 ml) was treated 
with palladium on carbon (0.20 g) at 60-80' for 6 hr to give 35 
(0.16 g, 80%) as pale yellow needles (from n-hexane), mp 71-73', 
identical with an authentic sample.2 

Isomerization of 14.-From 14 (0.3 g) in chloroform (30 ml) 
25 and 24 were obtained in quantitative yield as orange needles 
(from n-hexane). 

C, 
57.59; H ,  5.64; N,  11.20. Found: C, 57.77; H ,  5.58; X, 
11.30. 

The isomer ratio of 24 to 25 was 1 : 12 by nmr inspection (Table 
11). A mixture of 24 and 25 (0.20 g) was treated with palladium 
on carbon (0.20 g) in benzene (30 ml) a t  60-80' for 6 hr to give 
37 and 36 (0.17 g, @yo) as colorless needles (from methanol), 
identical nmr with that of authentic samplesS2 

Isomerization of 15.-From 15 (0.20 g)  in chloroform (50 ml) 
there was obtained 26 in quantitative yield as orange needles 
(from ether-n-hexane): mp 56-89'; v (KBr) 1690, 1728 cm-I 
(C=O), Xmnx (MeOH) 379 nm ( E  1.00 X l o 4 ) ,  310 (sh), 259 

Anal. Calcd for CIJI,4NgOa: C, 57.59; H, 5.64; N, 11.20. 
Found: 

Cycloadduct 26 (0.20 g) way treated with palladium on carbon 
(0.20 g) in benzene (20 ml) at  room temperature overnight to  
give 38 (0.18 6, goc%) as rolorless needles (from methanol), mp 
1l9-12l0, identical with an authentic samples2 

Isomerization of 16.-From 16 (0.30 g) in chloroform (50 ml) 
there was obtained 28 and 27 in quantitative yield as orange 
needles (from n-hexane). The ratio of 27 to 28 was 1:s by nmr 
(Table 11). The mixtule (0.2 g) was heated at reflux benzene 

Anal. Calcd for Cl~HuNn04 (a mixture of 24 and 25): 

(7.15 x 103). 

C,57.65; H ,  5.68; N ,  11.16. 

for 8 hr to give a mixture of 40 and 39 (0.16 g, 80%) as colorless 
needles (from methanol), identical with authentic samples (by 
nmr inspection).2 

Isomerization of 17.-From 17 (0.20 g) in chloroform (50 ml) 
there was obtained 29 in quantitative yield as orange needles 
(from ether-n-hexane): mp 95-100"; Y (KBr) 1683, 1730 cm-1 
(C=O); Amax (MeOH) 398 nm (e 9.42 x loa), 320 (sh), 252 

Anal. Calcd for CI3H1eN20.I: C, 59.08; H,  6.10; N,  10.60. 
Found: 

Cycloadduct, 29 (0.20 g) was treated in benzene (30 ml) a t  
reflux temperature for 8 hr to give 41 (0.18 g, 90%) as colorless 
needles (from methanol): mp 95-06'; Y (KBr) 1682, 1727 cm-l 
(C=O); X,,, (EtOH) SOOnm ( € 8 . 5  x l o a ) ,  224 (2.85 x IO4). 

Anal. Calcd for Cl3Hl4N2O4: C, 59.53; H, 5.38; N,  10.68. 
Found: C, 59.44; H,  5.41; N,  10.88. 

Isomerization of 18.-From 18 (0.4 g) in chloroform (50 ml) 
there was obtained 30 together with the dehydrogenated com- 
pound (42) in 30% yield as orange crystals. The mixture was 
heated in benzene (20 ml) to give 42 (go%), identical wit,h an 
authent,ic sample.2 

Isomerization of 19.-From 19 (0.40 g) in chloroform (50 ml) 
there was obtained 43 (0.02 g, 5yo) as colorless needles (from 
methanol): mp 115-118'; Y (KBr) 1695, 1728 cm-1 (C=O); 
Xmar (EtOH) 309 nm (e9.50 X loa), 226 (2.66 X IO4). 

Anal. Calcd for C13HlaN20a: C, 59.53; II, 5.38; pi, 10.68. 
Found: 

In this case, 31 was not detected. 
Isomerization of 20.-From 20 (0.40 g) in chloroform (50 ml) 

there was obtained 32 together with 44 in -10% yield. The 
mixt'ure was heated in benzene (30 ml) a t  reflux temperature 
for 4 hr to give 14 in 85yo yield, mp 118-120", identicnl with an 
authentic  ample.^ 

Isomerization of 21.-From 21 (0.40 g) in chloroform (50 ml) 
there was obtained 33 together with 45 in 257c yield as orange 
crystals. The mixture was heated in benzene (20 ml) at, reflux 
temperature overnight to give 45 in 75% yield as colorless needles: 
mp 107-110°; v (KBr) 1703, 1733 cm-I (C=O); Xmax (Et,OH) 
300nm (E 8.51 X loa), 224 (2.82 X lo4) .  

Anal. Calcd for ClaHlrO4N2: C, 59.53; H, 5.38; N, 10.68. 
Found: C,59.37; H,5.53; N,  10.61. 

Isomerization of 22.-From 22 (0.40 g) in chloroform (50 ml) 
there was obtained 34 (0.02 g, 5 % )  as orange needles (from 
n-hexane): mp 81-83"; Y (KBr) 1717, 1730 cm-' (C=O); 

Anal. Cnlcd for ClaHl6NzO4: C, 59.08; H, 6.10; N,  10.60. 
Found: C,59.10; H,6.17; N,  10.65. 

This compound in carbon tetrachloride did not convert to 
42 under heating at 100'. 

Irradiation of 13.-A mixture of 13 (0.2 g) and acetone (100 
ml) was irradiated at 0' for 45 min. Reaction mixture was con- 
centrated in uacuo. A mixture of 23 and 35 was obt,ained in 60% 
yield in the ratio of 1 : 1 (by nmr inspection). 

When compound 13 was irradiated under above condition for 
2 hr a t  room temperature, only 35 was obtained in 50% yield. 

Irradiation of 22.-A mixture of 22 (0.40 g) and acetone (100 
ml) was irradiated at room temperature for 1 hr. The solution 
was concentrated in V ~ C U O  and the residual oil wa,s separated blr 
column chromatography (silica gel) using benzene. Recrystal- 
lization from n-hexane gave 34 (0.08 g, 20%). 

Irradiation of 23.-A mixture of 23 (0.20 g) and acetone (100 
ml) was irradiated at  room temperature for 2 hr. Work-up 
as above gave 35 (0.16 g, 80%). 

Compounds 24-33 were also observed to undergo dehydro- 
genation under irradiation and gave the pyrazolo [ 1,5-a] pyridine 
derivatives together with considerable amounts of tar. 

(6.78 x 103). 

C, 59.10; H ,  6.12; H ,  10.65. 

C, 59.63; H,5.22; N ,  10.50. 

(MeOH) 392 nm (e 7.84 x loa), 303 (2.15 X IO3). 
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