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The aza Wittig reaction of iminophosphorane 3 with isocyanates 
leads to conjugated carbodiimides 4, which undergo electrocyclic 
ring closure to give ethyl 2-pyridinecarboxylates 5. Iminophos- 
phorane 9 reacts with nitromethane and acetone in a 1 : 1 molar 
ratio to form 10 and 11, respectively. Reaction of 9 with nitro- 
methane in 1 : 3 molar ratio yields the iminophosphorane 12. The 
structure of 12 has been established by X-ray crystallography. 
Iminophosphoranes 10 and 11 react with isocyanates or  carbon 
dioxide to  give the pyrazolo[3,4b]pyridines 13, 15 and 14, 16, 
respectively. 

Cyclisierungsreaktiom von konjugiertea Heterocomaleaea Syn- 
tbese VOP Pyridinderivaten dnrch Tadetn-Aza-Wittig/Etm- 
RingscbluBStrategie 
Die Am-Wittig-Reaktion der Iminophosphorane 3 mit Isocya- 
naten fiihrt zu konjugierten Carbodiimiden 4, die elektrocyclisch 
2-Pyridincarbonsaureester 5 ergeben. Iminophosphoran 9 rea- 
giert mit Nitromethan bzw. Aceton im Molverhaltnis l : l zu 10 
bzw. 11. Aus 9 und Nitromethan 1:3 entsteht das Iminophos- 
phoran 12. Dessen Struktur wurde durch Kristallstrukturanalyse 
bewiesen. Die Iminophosphorane 10, 11 reagieren mit Isocyana- 
ten oder Kohlendioxid zu den Pyrazolo[3,4-b]pyridinen 13, 15 
bzw. 14, 16. 

I t  has become increasingly apparent that a$-unsaturated het- 
erocumulenes are highly useful as synthetic intermediates in pre- 
parative heterocyclic chemistry. Especially cycloaddition reactions 
of such unsaturated heterocumulenic systems as, e. g., ketenes, iso- 
cyanates, isothiocyanates, and ketene imines provide an attractive 

plex of thermally induced 671 electrocyclizations of conjugated het- 
erocumulenes have been documented ’I; only the thermal cyclization 

isocyanates6’, 0-carbarnoylvinyl isocyanates ’I, and P-substituted vi- R p R 4  R f i . 4  

with heterocumulenes, e. g. carbon dioxide, carbon disulfide, and 
isocyanates or isothiocyanates, is a very useful reaction in synthetic 
heterocyclic chemistry’! Consequently, improvements which in- 
crease the efficiency or enlarge its applicability are always desirable, 

ing a moiety able to react with the aza Wittig product is important 
in this respect., 

Continuing our interest in the iminophosphorane-mediated syn- 
thesis of heterocycles, we describe a simple and apparently general 
procedure for the synthesis of conjugated heterocumulenes and the 
first synthesis of pyridine derivatives by electrocyclic ring closure 
of conjugated carbodiimides, isothiocyanates, and isocyanates. 

and ethyl azidoacetate or from azidoformylazoles and activated 
methylene compounds. 

R2$R4 

entry to a variety of heterocycles? However, relatively few exarn- R’  R j 5 R 4  XH - 
R‘  N = C = X  

of (P-heteroaryl)vinylcarbodiirnide~~~, styrylcarb~diimides~), styryl A’ 

nyl ketenes*) have been mentioned. a 3 
On the other hand, the aza Wittig reaction of iminophosphoranes R’ N=PPh3  R’  N, 

+ H,C-R4 

and the discovery of novel functionalized iminophosphoranes bear- Rz& R 4  

0 

+ 

R ’ f i N ,  

Our approach is centered on the aza Wittig reaction of imino- 
phosphoranes with heterocumulenes to give a 1,3,5-hexatriene moi- 
ety containing cumulated double bonds at one end, which subse- 
quently undergo electrocyclic ring closure to yield the cyclic valence 

R’ = COOC,H, 
R’ R3  = H 
R‘ = C,H, 

C6H5 

R’ H 
R 4  =NO,. CO-CH, 

tautomer pyridine ring. The preparation of the desired iminophos- 
phoranes is accomplished very easily through the classical Stau- Results and Discussion 
dinger reaction of triphenylphosphane with vinyl azides, the latter 
ones being readily available either from a,P-unsaturated aldehydes 

Electrocyclization of acyclic molecules to give a pyridine ring, 
involving formation of a single bond P to the nitrogen atom, has 
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been little investigated as a synthetic route. I t  has only been re- 
ported that 1,3-dieneacyl azide ''' and propargylic pyrrolodine 
pseudoureas I" by thermolysis lead to substituted 2(1 H)-pyridi- 
nones. presumably by an electrocyclic ring closure of a (tZ)-1,3- 
diene isocyanate intermediate 1. In  each case the isocyanate was 
not directly observed. Although this 2(1 H)-pyridinone synthesis has 
not been extensively explored. it would appear limited mainly by 
the availability of the starting materials. 

R R 

1 

We report here a useful method for the synthesis of 
C =C conjugated carbodiimides by an aza Wittig reaction 
of iminophosphorane 3 with isocyanates and the first gen- 
eral synthesis of pyridine derivatives based on the electro- 
cyclic ring closure of carbodiimides 4. The preparation of 4 
is accomplished easily by the Staudinger reaction of ethyl 
2-azido-5-phenyl-2,4-butadienecarboxylate (2) (readily 
available from cinnamaldehyde and ethyl azidoacetate I?)), 

with triphenylphosphane in dry dichloromethane at room 
temperature giving the iminophosphorane 3. Aza Wittig re- 
action of 3 with isothiocyanates in dry toluene at room 
temperature leads to the corresponding carbodiimides 4, 
which could be isolated as viscous oils by means of short- 
column chromatography. Upon heating in dry toluene, com- 
pounds 4 undergo an electrocyclic ring closure followed by 
a 1.3-proton shift to give the otherwise not readily available 
ethyl 6-[alkyl(aryl)amino]-5-phenyl-2-pyridinecarboxylates 
5 in good yields. Similar results are obtained when imino- 
phosphorane 3 and the appropriate isothiocyanate are 
heated in dry toluene at reflux temperature for 12 h. 

2 3 

b - 

4 

+I&- 

5 

a: Ph3P/CHzClz/room temp.: b: RNCS/toluene/room temp.; c: heat; 
toluene 

On the other hand, iminophosphorane 3 reacts with car- 
bon disulfide to give the isothiocyanate 6 as yellow crystal- 
line solid in 73% yield. In solution under thermolysis con- 
ditions 6 does not undergo cyclization to the desired 2( 1H)- 
pyridinethione 7. 

Electron-impact mass spectra of compounds 5 show the 
expected molecular ion peaks in high intensity, and the IR 
spectra exhibit N-H absorption bands at 3440- 
341 5 cm-.'. The absence of carbodiimide bands provides 
support for the formulation as 5. The 'H-NMR spectra sug- 
gest the exocyclic NH of 5; e.g. for 5 a  the methylene signal 
appears as a complex multiplet. 

7 

Pyrazolo[3,4-h]pyridines have received considerable at- 
tention as a result of their biological activity and structural 
relationship to indoles, and several methods have been 
adopted for the synthesis of this ring system and have been 
comprehensively reviewed j 3 ) .  Reaction of 3-aminopyrazole 
derivatives with 1,3-dicarbonyl compounds is a standard 
procedure, however the generality of this method is impaired 
by a lack of specificity of the ultimate ring closure. 

We report here a convenient preparation of pyrazolo[3,4- 
hlpyridines in synthetically useful yields by reaction of im- 
inophosphoranes 10 and 11 with isocyanates and carbon 
dioxide. The iminophosphorane 9, readily available from 
azidopyrazole 8 and triphenylphosphane 14',  reacts with ni- 
tromethane in the presence of pyrrolidine to give crystalline 
iminophosphorane 10 in 55% yield. Compound 9 also reacts 
with acetone under the same reaction conditions to form 
the iminophosphorane 11 in 50% yield. However, when 9 
is treated with an excess of nitromethane and pyrrolidine 
the iminophosphorane 12 is obtained in 73% yield. The 'H- 
NMR spectrum of 12 shows a singlet at 6 = 2.17 due to 
the methyl group, the diastereotopic protons CH(CH2N0J2 
attached at position 4 of the ring cause two double-doublets 
at 6 = 4.34 and 4.53, and the methine group gives a mul- 
tiplet at 6 = 4.19. In the I3C-NMR spectrum the methyl, 
methylene, and methine carbons appear at 6 = 13.84, 75.56, 
and 33.56, respectively, as was shown by 2D-NMR HCCOR 
and DEPT experiments. 

To identify this compound unambiguously an X-ray 
structure determination was performed (Table 1, Fig. 1 j5)) .  

When comparing the pyrazole ring with the results of a 
search through the CSD system I'' (live determinations of 
just the pyrazole molecule with averages of N - N = 1.349, 
N-C  = 1.330, C-C = 1.373A) it may be noticed that 12 
has longer N - N and C -C distances and a shorter N - C 
bond length, mostly due to the elongation of N1 -C5 (see 
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Table 2). The angular values follow the pattern found in the 
CSD system, higher values at N1 and C3 and lower ones 
at the other atoms. 

All substituents of the pyrazole ring turn out to be un- 
symmetrically, as far as the bond angles are concerned (see 
Table 2). The high thermal factors, describing the disorder 
affecting both substituents at C13, make the geometry of 
this moiety less reliable. 

The C - N -  PPh3 substitution gives a geometry quite 
similar to that found in two iminopho~phoranes'~. '~) and in 
the (tripheny1phosphonio)cyanoamide compound'*', with 
the peculiarity that the fragment opens the C - N - P  angle 
and closes the N - P - Ph one that corresponds to a truns 
conformation of the two involved carbon atoms 1 9 )  (see 
Table 2). 

The reaction of iminophosphorane 10 with aliphatic and 
aromatic isocyanates in dry toluene at reflux temperature 

Figure 1. Molecular structure of compound 12 with the atomic 
numbers used in the crystallographic work 

Table 1. Final atomic coordinates of 12 

A t o m  x/a y/b Z/C 

N1 
N2 
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
c10  
c11 
c12 
C13 
C14 
N 1 5  
016 
0 1 7  
cia 
N19 
020 
02 1 
N22 
P2 3 
C24 
C 2 5  
C26 
C 2 7  
C28 
C29 
C30 
C31 
C32 
c33 
c34 
0 5  
C36 
c37 
C 3 8  
c39  
C40 
C41 

0.6891( 3) 
0.6139( 4 )  
0.6038( 4 )  
0.6714( 4)  
0.7270( 4 )  
0.7338( 4)  
0.6686( 5 )  
0.7123(  6 1  
0.8196( 6 )  
0.8854( 7 )  
0.8419( 5 )  
0.5284( 6 )  
0.6847( 5 )  
0.5972(  8 )  
0.5852( J )  
0.49701 161 
0.6488112) 
0.7931( 1 5 1  
0.87181 7 )  
0 .8?69(  191 
0.9587(11) 
0.8112f 31 
0.8016( 1) 
0.9357( 3) 
0.9653( 4)  
1.0698f 5 )  
1.1429( 5 )  
1.1150( 5 1  
1.0102( 4)  
0.6712( 4) 
0.5584( 4 )  
0 . 4 5 5 2 (  4)  
0.4654( 5 1  
0 . 5 7 7 2 (  5 1  
0.68011 4 )  
o.a030( 3 1  
0.7458(  5 )  
0 .7556(  6 1  
0.8232(  6 1  
0.8792( 7 1  
0.8719( 5 1  

0.06541 31 
0.06541 3) 
0.16451 4)  
0.2293f 3 1  
0.1625(  3 )  

-0.0285( 3) 
-0.1006t 4)  
-0.1924( 5 )  
-0.2089( 5 )  
-0.1356( 6 )  
-0.0446( 5 )  
0.1937( 5) 
0.3453( 4 )  
0.3775( 5) 
0.4857(  5)  
0 .5066f101 
0.5489( 8 )  
0.4031( 7 )  
0.3790( 7 )  
0.3722( 191 
0.3678(16)  
0.1829( 3) 
0.1923( 1) 
0.2791( 3) 
0.2911( 4)  
0.3568( 4)  
0.4095( 4)  
0.3980( 5 )  
0.3332f 4 )  
0.2430( 3 1  
0.1867( 3 )  
0.2264( 41 
0.32061 4)  
0.3762f 41 
0.3385( 3 )  
0.07521 31 
0.05901 4 )  

-0.02661 5 1  
-0.09871 4)  
-0.0848( 5 1  
0.00261 4 1  

-0.0465C 4 )  
-0.1642( 4)  
-0.1541( 4)  
-0.0320( 4)  

0.0354( 4 )  
-0.0357( 41 

0.0178( 6 )  
0.0251( 8) 

-0.0204( 8 )  
-0.0731( 9) 
-0.0813( 7 )  
-0.2675( 6 )  
0.0118( 7 )  
0 .1009 f10 )  
0.1466( 5) 
0 .1877(16)  
0.1337(27)  
0 .0061(21)  
-0.08031 91 
-0.1987(14)  
-0.0330t29) 

0.1489( 4)  
0.3058( 1) 
0.3984( 4)  
0.5395( 5 )  
0.6078( 5 )  
0.5363( 6 )  
0.3978( 7 )  
0.3268(  5 )  
0.3643( 4)  
0.3070( 5 )  
0.3411( 6 )  
0.4346, 6 )  
0.4937( 6 )  
0.4588(  5 )  
0.36991 4)  
0.4801( 61 
0.5338( 7 )  
0.4740( 7 )  
0.36641 7 )  
0 .3117(  5 )  
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Table 2. Selected Seometrical parameters of 12 (A. ) 

N l - N 2  
N2-C3 
c3-c4 
c4-c5 
C5-N1 
Nl -C6  
C3-Cl2  
N22-P23 
P23-C24 
P23-C30 
P23-C36 

C5-Nl -C6  
N2-Nl-CS 
N 2  -C3-C4 
C4-CS-Nl 
c4-c3-c12 
C5-CO-Cl3 
Nl-C5-N22 
C4-Cl3-Cl4  
C14-N15-017 
016-N15-017 
C18-N19-02 1 
020-N19-021 
N22-P23-C36 
N22-P23-C24 
C24-P23-C36 

N2-Nl-C6-C7 
C3-CI-Cl3-Cl8  
C 4 - C l 3 - C l l - N l 5  - 1 7 4 . 4 ( 7 )  
C13-C14-Nl5-017 -11 .5 (17)  
C13-Cl8-Nl9-021 -115.5(19)  
C5-N22-P23-C24 - 1 5 2 . 7 ( 4 )  
C5-N22-P23-C36 91 .3(5)  
N22-P23-C30-C31 6 2 . 1 ( 4 )  

C 4 - C l 3  
C5-N22 
C 1 3 - C l 4  
C13-C 18 
C 1 4 - N l 5  
N15-016 
N l 5 - 0 1 7  
C 1 8 - N l 9  
N19-020 
N19-021 

N2-Nl-C6 
Nl-N2-C3 
c3-c4-c5 
N2-C3-C12 
C3-CI-Cl3  
C4-C5-N22 
C 4 - C l 3 - C l 8  
C 1 4 - C l 3 - C l 8  
C 14 - N 1 5  -016 
C13-Cl8-Nl9  
C18-N19-020 
C5-N22-P23 
N22-P23-C30 
C3O-P23-C36 
C24-P23-C30 

c3-c4-c13-c14 

1.497 ( 7 )  
1.359(5) 
1.450( 1 2 )  
1.372( 16) 
1.447( 10) 
1 .167(20)  
1.070(16) 
1 .330(21)  
1.191( 1 7  ) 
1.090( 1 9 )  

l l 8 . 5 (  3) 
1 0 4 . 5 ( 4 )  
105 .5 (4 )  
119.0(4)  
1 2 7 . 0 ( 4 )  
1 3 1 . 1 ( 4 )  
118.1(8) 
126 .0 (7 )  
119 .4 (9 )  
127 .6 (10)  
115 .3 (14)  
1 3 2 . 6 ( 3 )  
115 .3 (2 )  
104.4(2) 
108.8( 2 )  

93.8(7) 
C4-Cl3-Cl8-Nl9  29 .7 (19)  
C13-C14-N15-016 160 .9(11)  
C13-C18-N19-020 6 4 . 1 ( 2 1 )  
Nl-C5-N22-P23 -94.8(5) 
C5-N22-P23-C30 - 3 2 . 4 ( 5 )  
N22-P23-C36-C37 - 1 5 1 . 2 ( 4 )  
N22-P23-C24-C25 -169 .5 (4 )  

leads directly t o  the corresponding 6-[alkyl(aryl)amino]-3- 
methyl-5-nitro-1 -phenyl-1 H-pyrazolo[3,4-b]pyridines 13 in 
modera t e  t o  good yields. Presumably the convertion 
1 0 4  13 involves initial aza Wittig reaction between the im- 
inophosphorane  and the isocyanate t o  give a carbodi imide 
as highly reactive intermediate which easily undergoes elec- 
trocyclic ring closure t o  give the fused pyridine. Imino- 
phosphorane 10 also reacts with carbon dioxide at 13O'C 
in a sealed glass tube  t o  give the pyrazolo[3,4-b]pyridine 
14. Similarly, iminophosphorane 11 reacts with isocyanates 
and carbon dioxide t o  give the pyrazolo[3,4-b]pyridines 15 
and 16, respectively. 

The methodology described in this paper affords a new 
a n d  general  route  t o  fused pyridines with variable substi-  
tuents  a t  the pyridine ring. These s t ructurs  (e.g. nitropyri-  
dines), which would be difficult t o  prepare by classical syn- 
thetic routes, are formed in a simple one-pot procedure from 
readily available s tar t ing materials. 
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Experimental 
Microanalyses: Perkin-Elmer 240C instrument. - 'H- and "C- 

NMR spectra: Varian FT-80 or Varian XL-300 instruments. - IR 
spectra: Nicolet 5DX, Nujol used in all cases. - Mass spectra: 
Hewlett-Packard 5993-C. - Melting points (uncorrected): Kofler 
hot-stage apparatus. 

X-Ray  crystal lo graph^ of 12: C,,H,,N,O,P, M = 565.57, tri- 
clinic, space group P i ,  a = 11.3306(6), b = 13.3281(6), c = 

1.294 g cm-', Z = 2. Cell obtained from a least-squares fit using 
10.0237(5)A, (X = 102.239(4), p = 96.057(3), 7 = 97.829(4) , D, = 

91 reflexions up to 0 = 45" and Cu-K., radiation. A transparent 
yellow prism-like sample (0.50 x 0.23 x 0.23 mm) was used for 
the analysis on a Philips PW 1100 diffractometer, with Cu-K, ra- 
diation, graphite monochromator, 0/2 0 scans, bisecting geometry, 
1 x 1" detector apertures, 1.6" scan width and spending 1 min per 
reflexion. Good stability for the sample checked every 90 min. 

A 3 4 4  criterion gave 4112 observed reflexions, up to 65' in 0. 
No absorption correction was applied, p = 11.86 cm-I. The struc- 
ture was solved by direct methods"' and refined by full matrix least- 
squares procedures. All the hydrogen atoms (except those of the 
C14 and C18 atoms) were located on a difference synthesis. The 
NOz groups present the higest thermal values, and some unsuc- 
cessful disorder models have been tried out. An empirical weighting 
scheme as to give no trends in ( o A z F )  vs. ( IFol)  and ((sin O ) / l )  
was introduced. The maximum peak in the final AF was of 
0 . 6 2 e k ' .  The final R and R ,  values were 0.090 and 0.1 11, respec- 
tively. Most of the calculations were performed with the X R A Y  76 
system") on a VAX 11/750 computer. The atomic scattering factors 
were taken from the International Tables*''. 

Ethyl 5- Phenyl-2-1 (triphenylphosphoranyliden) amino]-2,4-penta- 
dienoate (3): A solution of triphenylphosphane (1.31 g, 5.0 mmol) in 
dry dichloromethane (20 ml) was added dropwise under nitrogen 
at OcC to a solution of ethyl 2-azido-5-phenyl-2,4-pentadienoate 
(2)'2'(1.21 g, 5.0 mmol) in dry dichloromethane (10 ml). The reaction 
mixture was stirred at room temp. for 24 h. Then the solution was 
concentrated to dryness, and the residual material was crystallized 
from benzene/ether (1: 1, v/v) to give 3 as yellow prisms: 1.67 g 
(77%), m.p. 111-113'C. - IR :  1693 cm-', 1557, 1234, 1217. - 
'H XMR (CDCI'): 6 = 1.1 (t, 3H), 3.95 (q, 2H), 6.6 (m, 1 H), 6.9 
(m, 1 H), 7.1 -8.1 (m, 21 H). - MS (70 eV): m/z (YO) = 477 ( M i ,  
5), 262 (loo), 183 (41), 108 (48). 

C31H28N02P  (477.5) Calcd. C 77.96 H 5.90 N 2.93 
Found C 77.52 H 5.81 N 2.76 

Ethyl  6 - [ A l k y l ( a r y l ) n m i n o ] - 5 - p h e n y l - 2 - p y r i d i ~ i e c a r b ~ . ~ y l u t e s  
5 .  - General Procedure: To a solution of 3 (0.48 g, 1.0 mmol) in 
dry toluene (20 ml) the appropriate isocyanate (1.0 mmol) in dry 
toluene (10 ml) was added dropwise under nitrogen at room temp. 
The resultant solution was refluxed for 12 h. After cooling, the 
solution was concentrated to dryness, and the residual material was 
purified by column chromatography (silica gel and dichlorome- 
thane/hexane 7: 3 as eluent) followed by crystallization from 
dichloromethane/hexane to give 5. 

Ethyl 6-(Efhylarnino]-5-phenyl-2-pyridinecarhoxylate (5a): Yield 
79%, oil. - IR: 3437 c m ~ ~ ' ,  1710, 1572, 1217, 764. - 'H  NMR 
(CDC13): 6 = 1.2 (t, 3H), 1.4 (t, 3H), 4.05 (m, 2H), 4.5 (q, 2H), 7.6 
(m, 7H). - MS (70 eV): m/z (YO) = 270 ( M + ,  60), 241 (33). 195 
(loo), 168 (33). 153 (39), 140 (39), 115 (38). 

CI6Hl8N2Oz (270.3) Calcd. C 71.17 H 6.66 N 10.37 
Found C 71.06 H 6.87 N 10.49 

E t h y l  5-Phenyl-6- ( p h e n y l n m i n o ~ - 2 - p y r i d i ~ i e c ~ ~ r h o . ~ ~ ~ l u ~ e  ( 5  b): 
Yield 68Y0, m. p. 101 - 103 C, colorless prisms. - IR: 3420 cm 

4.5 (q, 2H), 7.6 (m. 13H). - MS (70 eV): m / z  (%) = 318 (M ' ,  61), 
244 (53), 243 (100). 140 (60), 115 (53), 77 (61). 

1716, 1524, 1265, 748, 690. - 'H NMR (CDCIJ: 6 = 1.45 (t, 3H), 

CzoHInN202 (318.4) Calcd. C 75.45 H 5.69 N 8.79 
Found C 75.32 H 5.43 N 8.86 

E f h y l  6-(4-Bromophen~~lamino)-5-phenyl -2-pyr id inecarb~.~~~la~e  
(5c): Yield 7 t % ,  m.p. 92-92°C. yellow prisms. - IR: 3415 cm-', 
1721, 1523, 1257, 1143, 758. - 'H NMR (CDCIJ: 6 = 1.5 (t, 3H), 
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4.6 (q, 2H), 6.9 (s, broad, 1 H), 7.6 (m. 11 H). - MS (70 eV): m / z  
(%) = 397(M+ + 2,55),395(M+,57),243(100), 140(62), 115 (60). 

C2nHI7BrNz02 (397.3) Calcd. C 60.46 H 4.31 N 7.05 
Found C 60.39 H 4.27 N 7.12 

Ethyl 6-(4-Chlorophenylamino)-5-phenyl-2-pyridinecarbo.~ylate 
(5d): Yield 7 t%,  m.p. 75-77"C. yellow prisms. - IR: 3420 cm -I, 

4.43 (4. 2H), 6.8 (s, broad, 1 H), 7.6 (m, 11 H). - MS (70 eV): m / z  

(62), 147 (58), 115 (56). 

1721, 1599, 1518, 1104, 713. - ' H  NMR (CDCI,): 6 = 1.5 (t, 3H), 

(%) = 354 ( M i  + 2, 30), 352 ( M + ,  loo), 305 (53), 278 (36), 243 

C2oHI7CINzOz (352.8) Calcd. C 68.08 H 4.85 N 7.93 
Found C 68.12 H 4.83 N 7.86 

Ethyl 6-(4-Methylphenylantino)-5-phenyl-2-pyridinecarbo.~ylate 
(5e): Yield 86%, m. p. 96-98 C, colorless prisms. - IR: 3420 cm ', 
1716, 1517, 1263, 1143, 810, 758, 701. - 'H  NMR (CDCI,): 6 = 
1.55 (t, 3H), 2.3 (t, 3H), 4.5 (4. 2H), 6.8 (s, broad, 1 H), 7.6 (m, 
11 H). - MS (70 eV): m / z  (%) = 332 (M ', 8 3 ,  303 (20), 285 (33), 
258 (57), 242 (30), 140 (66), 115 (68), 69 (100). 

C21HloNl02 (332.4) Calcd. C 75.88 H 6.06 N 8.42 
Found C 75.90 H 6.01 N 8.38 

Ethyl 6-(4-Methoxvphenylamino)-5-phenyl-2-p~~ridinecarboxy- 
late ( S f ) :  Yield 72%. m.p. 66-67"C, colorless prisms. - IR:  
3426 cm- ' ,  1715, 1656, 1241, 1159, 764, 706. - 'H  NMR (CDCI>): 
6 = 1.55 (t, 3H), 4.03 (s, 3H), 4.72 (4. 2H), 6.8 (s, broad, 1 H), 
7.1 -7.9 (m, 11 H). - MS (70 eV): m / z  ( O h )  = 348 ( M + ,  loo), 319 
(22), 242 (50), 140 (37). 115 (63). 

CZIH2oN203 (348.4) Calcd. C 72.39 H 5.78 N 8.04 
Found C 72.27 H 5.83 N 7.93 

Isolation find Thermal Cyclizatiok of'the Carbodiimide 4 (R = tert- 
Butyl): A solution of terf-butyl isocyanate (0.11 g, 1.67 mmol) in 
dry toluene (20 ml) was added dropwise under nitrogen at room 
temp. to a solution of 3 (0.80 g, 1.67 mmol) in dry toluene (20 ml). 
The reaction mixture was stirred at rcflux temp. for 24 h. After 
cooling, the solution was concentrated to dryness, and the residual 
material was purified by column chromatography (silica gel, ethyl 
acetate/hexane 3 : 7  as eluent) to give 4 (R = tBu) as oil: 0.36 g 
(72%). - IR: 2135 cm I, 1715, 1234, 723, 696. - ' H  NMR 

(d, 1 H), 7.1 -7.7 (m. 6H). 

Compound 4 (0.36 g, 1.2 mrnol) was heated under nitrogen at 
160- 170 C for 2 h to give ethyl 6-~tert-butylnmino~-5-phenyl-2- 
pyridineca,.boxylnte: 0.24 g (69%) as oil. - IR: 3437 cm-' ,  1719, 
1508, 1254, 1140, 765. - ' H  N V R  (CDCI,): 6 = 1.43 (t, 3H), 1.5 
(s, 9H), 4.5 (q, 2H), 7.56 (m, 8H). - MS (70 eV): m/z  (YO) = 298 
( M + ,  5), 242 (23), 241 (30). 77 (25), 69 (84), 41 (100). 

(CDCI,): 6 = 1.4 (t, 3H), 1.45 (s: 9H), 4.45 (4, 2H), 6.8 (d, 1 H), 7.05 

C18Hz2N202 (298.4) Calcd. C 72.45 H 7.43 N 9.38 
Found C 72.30 H 7.69 N 9.55 

Isothiocpanate 6: Carbon disulfide (0.23 g, 3.0 mmol) was added 
dropwise under nitrogen at room temp. to a solution of 3 (0.48 g, 
1.0 mmol) in dry toluene (20 ml). The resultant mixture was stirred 
at reflux temp. for 12 h. After cooling, the solvent was removed, and 
the residual material was recrystallized from toluene/hexane (1 : I ,  
v/v) to give 6 as colorless prisms: 0.20 g (73%), m. p. 82 - 84' C. - 
IR: 2050 cm I. 1715, 1280, 1245, 1030, 747. - 'H  NMR (CDC13): 
6 = 1.4 (t, 3H), 4.35 (q, 2H), 7.3-7.8 (m, 8H). - MS (70 eV): 

('O0)' CI4HI3NO2S (259.5) 

tn/z ('10) = 259 ( M + ,  20), 185 (25), 128 (20). 115 (15). 95 (23). 69 

Calcd. C 64.48 H 5.05 N 5.40 
Found C 64.39 H 5.12 N 5.32 

ltninophosphoranes 10 and 11. - General Procedure: To a solu- 
tion of 3-methyl-l-phenyl-5-[(triphenylphosphoranyliden)amino]- 

1H-pyrazole-4-carboxaldehyde (9)14' (1.0 g, 2.17 mmol) in anhy- 
drous ethanol (20 ml) the appropriate activated methylene com- 
pound (nitromethane or acetone) (2.1 7 mmol) and pyrrolidine 
(0.31 g, 4.34 mmol) were added. The resultant mixture was stirred 
under nitrogen at 40'C for 4 h. The separated solid was collected 
by filtration, washed with ether, air-dried, and recrystallized from 
ethanol. 

3-Methyl-4-  (2-nitrovinyl) - 1 -phenyl-5-[ (triphen.ylphosphoranyli- 
den)amino]-fH-pyrazole (10): Yield 55%, m.p. 180- 181 T, yellow 
prisms. - IR: 1608 cm-I,  1528,1296,1269,1177,1109. - 'H  NMR 
(CDCI,): 6 = 2.26 (s, 3H), 6.97-7.66 (m, 22H). - MS (70 eV): 
m/z ( O h )  = 504 ( M + ,  5), 304 (20), 262 (26), 183 (loo), 108 (49). 

CzoH25N4POl (504.5) Calcd. C 71.42 H 4.99 N 11.10 
Found C 71.60 H 4.80 N 11.23 

3-Methyl-4- (3-0x0-1 -butenyl) - f -phenyl-5-[ (triphenylphosphoran- 
yliden)amino]-lH-p)~razole (11): Yield 50%, m.p. 199-200'C, or- 
ange prisms. - IR: 1676 cm-', 1579, 1528, 1109, 764, 718, 690. - 
'H  NMR (CDCI,): 6 = 1.78 (s, 3H), 2.43 (s, 3H), 6.26 (d, 1 H, J = 
17 Hz), 7.2-7.9 (m, 21 H). - MS (70 eV): m/z (YO) = 501 ( M + ,  22), 
458 (10). 262 (28). 183 (loo), 77 (56). 

CizHzsNlOP (501.6) Calcd. C 76.63 H 5.63 N 8.38 
Found C 76.80 H 5.49 N 8.42 

Iminophosphorane 12: To a solution of 9 (1.0 g, 2.17 mmol) in 
anhydrous ethanol (20 ml) nitromethane (0.39 g, 6.5 mmol) and 
pyrrolidine (0.46 g, 6.5 mmol) were added. The resultant mixture 
was stirred under nitrogen at 40 -C for 4 h. The separated solid was 
collected by filtration, washed with ether, air-dried, and recrystal- 
lized from ethanol to give 12 as yellow prisms: 0.89 g (73%), m. p. 
191 -192-C. - IR: 1557 cm-', 1438, 1381, 1115, 718, 696. - 'H  
NMR (CDCI,): F = 2.17 (s, 3H,  CH,), 4.19 (q, 1 H), 4.34 (dd, 2H,  
-CHZ-, J = 8/13 Hz), 7.02-7.09 8113 Hz), 4.53 (dd, 2H,  J = 
(m, 5H), 7.31 -7.42 (m, 12H), 7.46-7.53 (m. 3H). - "C NMR 

128.8, 129.0, 132.2, 132.3, 132.5, 139.9, 149.5. - MS (70 eV): m / z  

108 (27). 77 (87). 

(CDCI,): 6 = 13.8 (CH,), 33.5 (CH), 75.6 (CH2), 126.1, 126.6, 128.7, 

(%) = 565 (M ' ,  5),  278 (35). 277 (91), 262 (30), 184 (20), 183 (IOO), 

Ci1H2,N5O4P (565.5) Calcd. C 65.84 H 4.99 N 12.38 
Found C 65.62 H 5.1 1 N 12.49 

5-Substituted 6 - ~ A l k ~ ~ l ( a r y l ) a m i n o ] - 3 - m e t h y l - f - p / i e n ~ l - f H - p ~ ~ r a -  
zolo[3,4-h]pyridines 13 and 15. - General Procedure: To a solution 
of the iminophosphorane 10 or 1 1  (5.0 mmol) in dry toluene (10 ml), 
a solution of the appropriate isocyanate (5.0 mmol) in dry toluene 
( 5  ml) was added dropwise under nitrogen at room temp. The re- 
action mixture was refluxed for 5 h. After cooling, the solvent was 
removed, and the residual material was slurried with cold ethanol 
(20 ml). The precipitated solid was separated by filtration, air-dried, 
and recrystallized from ethanol. 

6-  (Methylamino)-3-methyl-5-nitro-1 -phenyl-f H-pyrazolo[3,4-b]- 
pyridine (13a): Yield 60Y0, m. p. 121 - 122 C, yellow prisms. - IR: 
3398 cm-I, 1630,1596,1438,1376, 1115,752. - 'H  NMR (CDCI,): 
6 = 2.58 (s, 3H). 3.23 (d, 3H,  J = 5 Hz. CH3NH), 7.26-7.76 (m, 
3H), 8.16-8.56 (m, 2H), 8.90 (s, broad, 1 H, NH). - MS (70 eV): 
t?i/z (Yo) = 283 (M ', loo), 266 (44), 209 (50), 167 (14). 77 (61). 

CI4HI3N5Ol  (283.3) Calcd. C 59.36 H 4.63 N 24.73 
Found C 59.28 H 4.40 N 24.83 

6 -  (A l l y lamino)  -3-methyl-5-nitro- I-phenjl- I H-pyrazolo/3.4-b]-  
pyridine (13b): Yield 50%, m.p. 127- 128 'C, yellow prisms. - IR: 
3398 cm-' ,  1625, 1597, 1438, 1381, 1296, 1104. 752. - 'H  NMR 
(CDCI,): 6 = 2.51 (s, 3H), 4.2-4.5 (m, 2H), 5.2-5.6 (m, 2H),  
5.9-6.5 (m, 2H),  7.43-8.83 (m, 6H), 9.0 (s, broad, 1 H, NH). - 
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MS (70 eV): m/z (YO) = 309 (M I ,  24), 308 (23), 294 (loo), 292 (26). 
262 (29), 261 (76), 77 (38). 

C16HISN502 (309.3) Calcd. C 62.13 H 4.89 N 22.64 
Found C 62.01 H 4.72 N 22.90 

3-Methyl-S-iiitro-f-phe.nL.l-6- (phenylariiino I  -IH-pyra;olo[3,4-b J -  
pyridine (13c): Yield 55'%, m.p. 143-144 C, red prisms. - IR: 
3347 cm . I ,  1580, 1331, 1280,1180,753. - ' H  NMR ([D,]DMSO): 
6 = 2.50 (s, 3H), 6.80-8.77 (m, lOH), 9.10 (s, 1 H), 10.36 (s, broad, 
I H, NH). - MS (70 eV!: m/z  (Yo) = 345 ( M + ,  100). 344 (20), 299 
(15), 222 (6), 156 (lo), 77 (63). 

CIgHISNS02 (345.3) Calcd. C 66.08 H 4.38 N 20.28 
Found C 66.19 H 4.17 N 20.32 

3-Methyl-6- (4 - i~ ie thy lpheny la i~ i i i i o~  -5-nitro- I - p h m y l -  I H-pyrtrzo- 
lo/3.4-bJpyridiiie (13d): Yield S6Y0, m.p. 154- 155 'C, red 
prisms. - IR: 3330 cm-I, 1602, 1517, 1393, 1279, 1138, 764. - 'H  

8 Hz), 7.1 -8.5 (m, 7H), 9.0 (d, 1 H, J = 8 Hz), 9.23 (s, 1 H), 10.46 
(s, broad, 1 H, NH). - MS (70 eV): nijz (YO) = 359 ( M i ,  86), 358 
(10). 313 (100). 311 (12), 207 (lo), 156 (15). 91 (lo), 77 (59). 

NMR (CDCIj): 6 = 2.46 (s, 3H), 2.56 (s, 3H), 6.66 (d, I H, J = 

C20H17NS02 (359.4) Calcd. C 66.65 H 5.03 N 19.43 
Found C 66.42 H 4.93 N 19.28 

6- (4-Metho.uypheiiylatiiitio J-3-ineth!/-5-nitro- I-phenyl-I H-p),ra- 
zolo(3.4-hJpyridine (13e): Yield 60%, m. p. 163 - 163 C, red 
prisms. - IR: 3320 cm I, 1602, 1574, 1506, 1274, 1228. 1132, 1030, 
788. - ' H  NMR (CDCI;:t: 6 = 2.66 (s, 3H), 3.86 (s, 3H), 6.7-8.5 
(m, 9H) ,  10.40 (s, broad, 1 H, NH). - MS (70 eV): n i / i  (YO) = 375 
(M + ,  69), 360 (16). 329 (52) ,  313 (16), 285 (15), 103 (21), 77 (100). 

C2oH17N50j (375.4) Calcd. C 63.82 H 4.82 N 18.61 
Found C 63.60 H 5.00 N 18.85 

5- A c e t y l - 3 - i ~ i e t l i y l - 6 - ~ i i i e ~  hylntniiio)-I-phrnyl- lH-pyrtriolo(3.4- 
hlpyridine (15a): Yield 43%. m. p. I 19- 120 C, yellow prisms. - 
IR: 3313 cm I ,  1659, 1625, 1596. 1268. - 'H NMR (CDCI,): 6 = 

2.53 (s, 3H,  CHICO), 2.58 (s, 3H,  CHJ), 3.15 (d; 3H,  J = 5 Hz, 
CH,NH), 7.26-7.86 (m, 3H), 8.30 (s, 1 H), 8.40-8.66 (m. 2H), 9.33 
(s, broad. 1 H, NH). - MS (70 eV): inlz (Yo) = 280 ( M + ,  36), 279 
(lo), 265 (30). 237 (43), 77 (100). 

C,,H,,N,O (280.3) Calcd. C 68.55 H 5.75 N 19.98 
Found C 68.72 H 5.60 N 20.03 

5- Acety l -3- t i ie th~l -  I-phctiyl-6- ~ p / i e i i y l a ~ i i i t i o ) - I H - p ~ r ~ i z o l ~ ~ / 3 . 4 -  
blpyridine (15b): Yield 64%, m.p. 154- 155 C, yellow prisms. - 
IR: 3392 cm ~ I, 1647, 1597, 1534, 1234, 752. ~ 'H  NMR (CDCI,): 
F = 2.47 (s, 3H,  CH,CO), 2.58 (s, 3H,  CHJ, 7.06-8.06 (m, 8H). 
8.17-8.50(m,3H), 11.63(s, broad, l H , N H ) .  - MS(70eV):tn:z 
(%) = 342 (M +, 33), 341 (15), 327 (lo), 299 (8), 251 (21), 77 (100). 

C21HIHNjO (342.4) Calcd. C 73.67 H 5.30 N 16.36 
Found C 73.89 H 5.12 N 16.48 

5-Acetyl-6- (4-chlorophen~~lan~i i i~  I-3-inrthyl- I-phenyl- I H-pyruzo- 
lo/3.4-h]pyridine ( 1 5 ~ ) :  Yield 55%, m.p. 184- 185 C, yellow 
prisms. - IR: 3109 cm I ,  1647, 1613,1585, 1234,1087. - 'H  NMR 

(m, 7H), 8.06-8.50 (m, 3H). 11.60 (s, broad, 1 H, NH). - MS 

loo), 361 (IS), 252 (17), 251 (97), I 1  1 (18), 77 (71). 

(CDCIj): 6 = 2.46 (s, 3H. CHjCO). 2.56 (s, 3H,  CHj), 7.16-7.93 

(70 eV): i i i /z (Yo) = 378 (M+ + 2. 33), 377 (M ' + I ,  33). 376 ( M  ', 

C"H17CINjO (376.8) Calcd. C 66.93 H 4.55 N 14.87 
Found C 67.17 H 4.32 N 14.93 

5-  At,etyl-3-inethyl-6- ~4- i1 i r t / i y lphe i i~ lomino)  - I-pheiiyl- I H-pyra- 
zolo/3,4-h/pyridine (15d): Yield 79%. m. p. 166- 167 ~ C ,  yellow 
prisms. - IR:  3301 cm-I. 1647, 1602, 1183, 1121, 752. - 'H  NMR 
(CDCI?): 6 = 2.32 ( s ,  3H.  CHjC6Hj). 2.38 (s, 3H,  CHjCO), 2.48 ( s ,  

3H, CHj), 6.96 (d, 2H,  J = 9 Hz), 7.15-7.32 (m, 3H), 7.5 (d, 2H,  
J = 9 Hz), 7.87-8.20 (m, 3H), 11.2 (s, broad, 1 H, NH). - MS 
(70 eV): in/z (%) = 356 (M ', 41), 341 (15). 313 (15), 251 (32). 91 
(24 ,  77 (100), 

C22H?ON40 (356.4) Calcd. C 74.14 H 5.66 N 15.72 
Found C 74.26 H 5.48 N 15.87 

5- Acetjl-6- (4-niethoxyphetiylainino) -3-methyl- I-pheriyl- IH-pyra- 
;olo(3.4-bJpyridine (15e): Yield 70%, m. p. 138 - 139 .C, yellow 
prisms. - IR: 3352 cm- I ,  1647, 1608, 1551, 1262, 1234, 1036, 

CHj), 3.9 (s, 3H,  CHjO), 7.06 (d, 2H,  J = 9 Hz), 7.33-7.70 (m, 
3H), 7 .86 (d .2H,J  = 9 Hz),8.20-8.56(rn, 3H), 11.4(s,broad. I H ,  
NH). - MS (70 eV): t n / z  (Yo) = 372 ( M + ,  41), 357 (24), 329 (lo), 
251 (21), 91 (lo), 77 (100). 

C22HzoN402 (372.4) Calcd. C 71.00 H 5.41 N 15.04 
Found C 71.25 H 5.23 N 15.18 

775. - 'H  NMR (CDCIJ: F = 2.5 (s, 3H,  CH?CO), 2.6 ( s ,  3H. 

5-Substituted I ,  7-Diliydro-3-niethyl- I-phenyl-6H-pyrtrzo/o(3,4-b~- 
pyridiii-6-ones 14 and 16. - Gerieral Procedure: lminophosphorane 
10 or I 1  (1.0 mmol), dry toluene (20 ml), and excess of solid carbon 
dioxide were heated in a sealed tube at 130 C for 15 h. After cooling, 
the solvcnt was removed under reduced pressure, and the crude 
product was slurried with ether (20 mi), filtered, and recrystallized 
from thc appropriate solvent. 

I ,  7-  Dihl'tlro-3-niethyl-5-iiitro- l -phe i iy l -6H-p~~ra~o/o(3 ,4-b  Jpyri- 
din-6-one (14): Yield 52Y0, m.p. 242-244 C, yellow prisms from 
methanol. - IR: 3301 cm-I, 1630. 1506, 1325, 1302, 758. - 'H  
NMR (CDCIJ: 6 = 2.63 (s, 3H,  CHJ, 7.3-7.7 (m, 5H),  8.05 (s, 

256 (16). 213 (15), 149 (lo), 129 (14), 121 (12), 69 (100). 
I H, 4-H). 9.1 (s, 1 H, NH). - MS (70 eV): tii/z ('Yo) = 270 ( M + ,  5) ,  

C13HiON40j (270.2) Calcd. C 57.75 H 3.73 N 20.73 
Found C 57.60 H 3.90 N 20.53 

5-  A w t  yl- I ,  7-dihydro-3-r,ietli!~l- I - p / i c ~ n ~ ~ l - l i H - p ~ ~ r o ~ o l o [ 3 . 4 -  h Jpj7ri- 
diii-6-oiie (16): Yield 57%, m. p. 183 - 184 C, colorless prisms from 
chloroform. - IR: 3359 cm-', 1648, 1625. 1596, 1250, 764. - 'H 

7.25-7.80 (m, 3H), 8.2-8.6 (m. 3H), 13.5 (s, broad, 1 H. NH). - 
MS (70 eV): in/z (Yo) = 267 (M *, 72), 253 (20), 252 (IOO), 128 (20), 
91 (12). 77 (57). 

NMR (CDCIj): F = 2.6 (s. 3H. CHICO), 2.72 (s, 3H,  CHI), 

CISH13N302 (267.3) Calcd. C 67.40 H 4.90 N 15.72 
Found C 67.56 H 4.79 N 15.87 
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