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A series of pgridylpyrimidines and bidiazines related to the bidentate ligand 2,2'-bipyridine and the tridentate 
ligand 2,2',2"-terpyridine were prepared and their ability to form stable chelates with iron(I1) in aqueous alco- 
holic solution investigated. In  general the emax values (visible) of the respective chelates were found to be less 
than those of the corresponding polypyridines. 

The functional groupings X=CC=N (ferroin group) 
of the bidentate ligand 2,2'-bipyridine (I) and K=CC= 
SCC-N (terroin group) of the tridentate ligand 2,- 
2',2''-terpyridine (11) have been shown to be responsible 
for tJhe characteristic stability and intense coloration of 
the chelate compounds formed from these ligands and 
several of the transition nietals.2t3 

I I1 

Solutions of many of t'hese chelate compounds absorb 
visible light in accordance with the Beer-Lambert law 
over wide ranges of concentration and thus provide a 
simple method for the quantitative determination of 
trace amounts of these niet,als.* The molar extinction 
coefticient ( E ~ ~ ~ )  of the chelate at  the wavelength of 
maximum absorption (Amax)  may, therefore, be con- 
sidered a measure of the sensitivit'y of the ligand for a 
particular metal. 

Although niany compounds that incorporate a ferroin 
or terroiri group in their structures have been de~cribed,~ 
pyridylpyrimidines and bidiazines that contain t'hese 
groups are relatively unknown. We have prepared a 
number of compounds representative of t,hese hetero- 
cyclic systems and determined some of the properties 
of the chelate compounds formed from these ligands and 
iron(I1) in aqueous alcoholic solution (Tables I and 
11). The methods employed to synthesize t,hese com- 
pounds are out.lined in Schemes 1-11?, 

As indicated, several of the requisite 2-(2-pyridyl)- 
pyrimidinols (111) and diols VI1 (Scheme I)  were ob- 
tained from the condensation of picolinamidine6 wit.h 
the appropriately substituted P-keto ester or malonate 
ester. One of these pyrimidinols (111, R = Py) had 
been previously prepared by Case and Butte in low 
yield ( S 7 0 )  employing ethyl picolinoylacetate and 
picolinamidine prepared in We found that this 
yield cbould be substantially increased (50%) if the 
picolinamidine \$-ah first, isolated and purified. 

Bis-2-pyridylpyrimidines (VI, R' = CH30, C5H&) 
were obtained 011 treatment of IV (R = Py) with so- 
dium mct1ioxid.e aiicl piperidine, respectively. In addi- 
tion condencation of picolinamidine with the cyclo- 

(1) This work was supported by a grant from the Committee on Research 

(2) 1'. Krumhola ,  J .  A m .  Chem. Soc., 76, 2163 (1953). 
(3 j  Y. Kirsciiner, ".\dvances in the Chemistry of the Coordination Com- 

14) 11. I,. h l o s s  and RI.  G .  Mellon, Ind. Eng. Chem., 14, 862 (1942). 
15) I .  I I .  Cane, ".\ Review of Syntheses oi Organic Compounds Contain- 

ina thr: I'erroin Grouli," (3 .  F. Smith Chemical Go., Columbus, Ohio, 1960. 
(0) 1. C'. Schaffer and G .  .\. Peters, . I .  Org, Chem., 26, 412 (1961). 
17) 1'. 1 1 .  <'as? and I\'. liutte, ?hi,/., 4690 (1961). 

and Puhlieations of Temi,le University. 

pounds," Lfacmillan and Po., New York. N.  Y., 1961, p 437. 

TABLE I 

THE BIDENTATE AND TRIDENTATE PYRIDYLPYRIMIDINE LIGANDS 
Y 

SPECTROPHOTOMETRIC DATA FOR THE IRON (11) CHELATES OF 

x&z 
"u" 

A 

Py = 2-pyridyl 
Concn, 

Amax, I M F ~ ~ +  x 
Compd A X Y Z emax mp IO5 

I11 Py Py H OH 10,700 568 2-10 
IV Py Py H C1 8,150 555 3-10 
V Py Py H H 9,340 540 1-10 
1' Py CsHs H H 10,400 496 1-5 
VI Py Py H CHJO 9,600 560 2-10 
V I  Py Py H CsHioN 13,900 525 1-5 
IX Py H H H 6,500 514 3-9 
IX Py H CH, H 6,000 485 2-10 
I X  Py H CsHs H 3,300 520 3-12 
XI1 Py CH, H H 6,750 520 2-10 
XI11 Py Py H CsH6 24,000 566 1-15 
XV H Py H CH, 7,250 547 2-10 
XV II Py H CBHS 2,400 564 4-20 
XV H Py H Py 6,400 568 1-6 

TABLE I1 
SPECTROPHOTOMETRIC DATA FOR THE IRON(II)  CHELATES OF 

THE BIDENTATE AND TRIDENTATE PYRIDYLQUINAZOLINES AND 
BIDIAZINE LIGANDS ( P Y  = 2-PYRIDYL) 

Xmax Concn, 
,--- Compound- fmsx m9 M F ~ z +  X 10' 

XI 2-(Py)-5,6,7,8-Tetrahydro- 

XI 2,4-Bis(Py)-5,6,7,8-tetra- 
quinazoline 6,150 480 2-10 

hydroquinazoline 10,000 580 2-10 
XVIII 2-(Py)-Quinazoline 11,470 442 1-8 

XXI 3,3-Bipyridazine 6,350 517 1-8 
XX 2,4-Bis(Py)quinazoline 14,700 658 1-5 

XXII 4,4'-Bipyrimidine 440 514 . . 
XXT' Bipyrazine 1,533 518 10-40 

hexanones X (R = H, Py), formylacetone dimethyl- 
acetal, and 2-pyridalacetophenone also afforded deriva- 
tives of the 2-(Zpyridyl)pyrimidine system (XI, XII,  
and XIII) for this study. In  the case of XI11 the reac- 
tion was carried out in the presence of excess pyridal- 
acetophenone which served to oxidize the intermediate 
4-phenyl-2,6-bis(2-pyridyl) -5,6-dihydropyrimidine to 
yield XIII.  This reaction is analogous to that de- 
scribed for the preparation of 2,4,6-tris(phenyl)- 
pyrimidine from benzamidine and benzalacetophenone.8 

(8) R. ILI. Dodson and J.  K. Seyler, abid., 16, 461 (1951) 
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SCHEME I 

?JI IV V 
\ 

\ 

R‘ 
VI 

IX 
Py = 2-pyridyl 

Since the introduction of a 2-pyridyl substituent into 
the 4 position of pyrimidine will also yield a compound 
that contains a ferroin group in its structure, a few 4- 
(2-pyridy1)pyrimidines (XV, R = CH8, C6HS, and Py) 
were also prepared for this study. The method we 
employed to obtain these compounds was essentially 
that developed by Bredere~k.~ (See Scheme 11.) 

SCHEME I1 

XI $/ 

m o  N 7-0 0 
XI11 

@ COCH,COR 
XIV xv 

Py = 2-pyridyl 

(9) H. Bredereck. R. Gompper, and G. h,lorlock, Chem. Ber., 90, 942 
(1957). 

2-(2-Pyridyl) quinazoline (XVIII) was prepared by 
oxidation of the 2-(2-pyridyl)dihydropyrimidine (XVII) 
following the method of Elderfield.lo 2,4-Bis(2-pyri- 
dy1)pyrimidine (XX) was readily obtained by pro- 
longed heating of XIX in an ammonium acetate melt, 
saturated with dry ammonia. (See Scheme 111.) 

SCHEME I11 

XVIII 
w - 

A. 

XIX PY 
XX 

XXI 

XXII 
Py = 2-pyridyl 

Of the isomeric bipyridazines only 3,3’-bipyridazine 
(XXI) contains a ferroin group in its structure. This 
compound was prepared by refluxing pyridazine in the 
presence of palladium on carbon following a method 
described by Rapoport for the preparation of bi- 
quinolines.’l I ts  structure was demonstrated by a 
molecular weight determination as well as a positive 
ferroin test. 

Both 2,2’-bipyrimidine described by Bly and Mellon’z 
and 4,4’-bipyrimidine (XXII) contain a ferroin group. 
We have prepared XXII  by pyrolysis of the copper(I1) 
salt of pyrimidine-4-carboxylic acid. In addition, we 
have also prepared 4,4’-diphenyl-2,2‘-bipyrimidine 
(XXIV) employing an Ullmann reaction on 2-bromo-4- 
phenylpyrimidine (XXIII). XXIII  was obtained from 
the action of phosphorus oxybromide on 2-hydroxy-4- 
phenylpyrimidine. l 3  

We had also prepared 2,2’-bipyrazine (XXV) by a 
pyrolysis of the copper(I1) salt of pyrazine-2-carboxylic 
acid (Scheme IV) but unknown to us at  the time a simi- 
lar preparation of XXV was carried out by Lever, et al., 
and subsequently described. l4  

Rotation of the 2-(2-pyridyl) moiety of V (R = 
C5H4X) about the carbon-carbon bond suggests that 

(10) R. E. Elderfield, T .  A. Williamson, W. J. Genslen, and C. 13, Rremer, 

(11) H. Rapoport, R. Iwamoto, and J. R. Tretter, ?bT,i., 26, 372 (1960). 
(12) D. D. Bly and hZ. G .  Mellon. %bad., 27, 2945 (1962). 
(13) B. Lythgoe and L. S. Rayner, J .  Chem. soc.,  2323 (19j1). 
(14) A. B. P. Lever, J. Lewis, and R. S. Nyholm. ?bw/.. 1187 (1964). 

J .  O r g .  Chem., 12, 405 (1947). 
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SCHEME I V  

xxm XXIV 

XXV 
Py = pyridyl 

this compound might function as either a tridentate or 
a bidentate ligand toward iron(I1). 

V 

On the basis of steric considerations, however, the 
ferroin group employing the 2-(2-pyridyl) substituent 
would be preferred to that employing the 4-(2-pyridyl) 
substituent in the formation of an octahedral chelate 
compound with i r ~ n ( I I ) . ~ ~  A spectrophotometric titra- 
tion of (V, R = CsH4N) with iron(I1) indicated that 
the maximum absorption in the visible was obtained 
when this ligand and iron(I1) were present in a ratio 
of 2 moles of ligand to 1 g-ion of iron(I1). These 
data suggest that the absorbing species was the bis [2 ,4  
bis(2-pyridyl)pyrimidine]iron(II) ion and also that V 
(R = CbH4N) behaves as a tridentate ligand toward 
iron(I1) in solution. 

Similarly a multiplicity of chelating groups are 
available to X X  by rotation of the 2-(2-pyridyl) group. 
However, both of the available ferroin groups are some- 
what hindered by adjacent substituents for the forma- 
tion of an octahedral iron(I1) chelate compo~nd.’~ 
A spectrophotometric titration of XX with iron(I1) 
suggests that this ligand also behaves as a tridentate 
ligand toward iron(I1) employing the terroin group 
rather than a ferroin group in chelate formation, since 
the maximum absorption in the visible was obtained 
when the ligand and iron(I1) were present in a ratio 
of 2 moles of the ligand to 1 g-ion of iron(I1). 

Compound XV (R = C5H4N) contains two equiv- 
alent ferroin groups in its structure. However, a spec- 
trophotometric titration of this ligand with iron(I1) 
indicates that the maximum absorption in the visible 
is reached when the ligand and the iron(I1) are present 
in a ratio of 3 moles of (XV, R = C5H4N) to 1 g-ion 
of iron(I1). These data suggest that the absorbing 
species is the tris [4,6-bis(2-pyridyl)pyrimidine Jiron(I1) 
ion and, therefore, only one of the ferroin groups of the 
ligand is employed in chelate formation. In  addition, 
these data are in accord with those reported for related 
systems, such as 2,2-bipyrirnidinel6 and the bis(2- 
pyridy1)pyrazines.” 

The emax values and the respective Amax values for the 
iron(I1) chelate compounds prepared for this study are 
given in Tables I and 11. The emax values for the 

(15) H. Irving and A.  Hampton, J. Chem. Soc., 430 (1955). 
(16) D. D. Bly and M. G. Mellon, Anal. Chem., 86, 1386 (1963). 
(17) H. Goodwin and F. Lions, J .  Am. Chem. Soc., 81, 6415 (1959). 

iron(I1) chelates of I X  (R = H) and V (R = C5H4N) 
are both less than those of their pyridine counter- 
parts, 2,2’-bipyridine (8600)4 and 2,2’,2’’-terpyridine 
(12,E100).~ Substitution of a phenyl group in the 4 
position of the pyrimidine rings of these ligands (V, 
R = C6H5 and XIII) resulted in large increases in the 
respective emax values of the chelates. 

These results parallel those observed when I and I1 
are similarly s u b s t i t ~ t e d . ~ ~ J ~  Interestingly the emax of 
the iron(I1) chelate of I X  (R = H) was greatly reduced 
by substitution of a phenyl group in the 5 position (IX, 

The emax values of the iron(I1) chelates of XVIII and 
XX are also substantially increased over those of the 
parent compounds (IX, R = H) and (V, R = C5H4N). 
These data appear to be consistent with the increase of 
the emax value reported for the iron(I1) chelate of 1-(2- 
pyridy1)isoquinoline (1 1,600) 2o over that of 2,2‘-bipyri- 
dine. 

Alkyl substitution of 2-(2-pyridyl)pyrimidine (V, 
R = CHI, IX, R = CH3, and XI,  R = H) and 2,4-bis- 
(2-pyridy1)pyrimidine (XI, R = C5H4N) resulted in 
relatively minor effects on the emax values of the iron(I1) 
chelates of these ligands (IX, R = H, and V, R = 
C5H4N). In  the case of XV (R = CH3), however, the 
emax of the iron(I1) chelate far exceeds that of XV (R 
= C6H5) and is also greater than that of XV (R = 
C5H4N). 

Substitution of the 6 position of the pyrimidine ring 
of V (R = C5H4N) by electron-donating and -withdraw- 
ing groups should affect the basicity of the pyrimidine 
nitrogen atom of the terroin group and consequently 
the stability of the iron(I1) chelate in solution. Some 
evidence for these effects is found by comparing the 
emax values for the iron(I1) chelates of 111, IV (R = 
C5H4N), and VI (R’ = CH30 and C5HloN). 

In  general we found the emax (visible) values for the 
iron(I1) chelates of the bidiazines prepared for this 
study (XXI, XXII,  XXIV, and XXV) to be far less 
than that of 2,2’-bipyridine. In fact the visible absorp- 
tion of the iron(I1) chelate of XXIV was so weak 
that we could obtain no meaningful value for the emax 
even in saturated solutions of XXIV. These weaker 
emax values may be in part a reflection of the weaker 
basicities of the respective bidiazines. 

R = C6H5). 

Experimental Section 
The spectrophotometric data were obtained employing the 

Perkin-Elmer 202 spectrophotometer. The solvent system em- 
ployed for these determinations was 700/, ethanol and 3Oy0 water. 
Except for XXI,  the absorption maxima for the respective 
iron(I1) chelates was constant over a t  least pH 4-7 and con- 
sequently the spectrophotometric determinations were carried 
out in solutions buffered to pH 5.3. In  the case of XXI  the 
maximum persisted a t  least over pH 5-7.2 and the determinations 
were carried out a t  pH 6.5. The respective emax values for the 
iron(I1) chelates were with one exception (XXII) obtained from 
Beer’s law plots of absorbance vs .  concentration of iron(I1) 
in the presence of 10% excess of ligand. These concentration 
ranges are given in Tables I and 11. In  the case of XXII  the 
hnsx could only be obtained in the presence of a large excess of 
ligand. The cmsx value given in Table I1 was obtained employing 
a 50-fold excess of XXII. 
4,6-Dihydroxy-2-(2-pyridyl)pyrimidines (VII, R = H, CHa, and 

C&) .-These compounds were obtained by condensing 0.1 M 
(18) A. A. Sohilt and G. F. Smith, Anal. Chim. Acta, 16, 401 (1957). 
(19) D. H. Wilkins and G. F. Smith, ibid. ,  9, 338 (1953). 
(20) R. F. Knott  and J. G. Breckenridge, Can. J .  Chem., 81, 512 (1954). 
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TABLE I11 
2- (2-PYRIDYL)-4,6-PY RIMIDINEDIOLS 

'OH 

Compd 

VI1 
VI1 
1711 

Compd 

VI11 
VI11 
VI11 
IV 
IV 

Compd 

IXa 
IX 
I X  
v 
v 

R 
H 
CHI 
CsH5 

Y 

c 1 
c1 
c1 
c1 
C1 

X 
H 
H 
H 
C6H5 
PY 

Crystn 
solvent 

Ethanol 
Ethanol 
Ethanol 

Z 

c1 
c1 
c1 
CsHs 
PY 

Yield, 7 Calcd, % .,---- Found, % 
70 MP, O C  C H N C H N 

62 264-265 57.14 3.73 22.21 57.44 3 .89  21.96 
64 270-272 59.11 4 . 4 6  20.68 59.44 4 . 7 7  20.57 
61 300-301 67.92 4 . 1 8  15.84 67.81 4.39 15.90 

TABLE IV 
4-CHLORO- AND 4,6-DICHLORO-2-(2-PYRIDYL)PYRIMIDINES 

X 

Z 
P y =  2-pyridyl 

Time Crystn Yield, ------Calcd, %- -----Found, %--- 
min solvent MP,OC % C H N C H N 
60 Cyclohexane 153-154 63 47.82 2 . 2 3  18.59 48.04 2 . 2 3  18.48 

90 Cyclohexane 156-157 42 59.62 3 .00  13.91 59.66 2 . 9 2  13.68 
60 Hexane 149-150 47 50.02 2 .94  17.50 50.33 3.04 17.49 

60 Hexane 107-108 58 67.29 3.77 15.70 67.37 3 .92  15.42 
120 Hexane 146-147 53 62.58 3 .38  20.85 62.67 3 .35  20.77 

TABLE V 
2-(2-PYRIDYL)PYRIMIDINES Via CATALYTIC DEHALOGENATION 

X 

Crvstn Yield. 7 Calcd, % Found, % -~ ~~ 

solvent % MP, 'C 

Ethanol 52* 189-190 
Hexane 39 79-80 
Benzene 37 159-160 
Ether 40 76-77 
Ethanol 44 103-104 

5 Picrate salt except where noted. * Free base. 

diethyl malonate, diethyl methylmalonate, and diethyl phenyl- 
malonate, respectively, with 0.1 M picolinamidine in 400 ml 
of absolute ethanol containing 0.26 g-atom of sodium. In each 
case the mixture was refluxed for 3 hr, cooled, and the alcohol 
was distilled in vacuo until the reaction volume was approxi- 
mately 100 ml. The mixtures were made slightly acidic with 
hydrochloric acid and diluted with 100 ml of water to precipitate 
the crude products. The respective crystallizing solvents, 
melting points, etc., are given in Table 111. 

4-Chloro- and 4,6-Dichloro-2-( 2-pyridy1)pyrimidines (IV and 
VIII) .-These compounds were obtained by heating one part by 
weight of the corresponding pyrimidinols or pyrimidinediols 
(VII, R = H, CH3, and CBH~),  4-hydroxy-6-phenyl-2-(2- 
pyridyl)pyrimidine,el and I11 (R = C5HaN) in ten parts by 
weight of refluxing phosphorus oxychloride. On cooling the ex- 
cess phosphorus oxychloride was distilled in vacuo and the residues 
were made alkaline with 10% sodium hydroxide and extracted 
with ether. The ethereal extracts were dried over magnesium 
sulfate, filtered, and the ether was removed in vacuo to yield the 
crude products. The respective reaction times, crystallizing 
solvents, and analytical data are given in Table IV. 

Z(2-Pyridyl)pyrimidines (IX, R = H, CHI, and c6HS; V, 
R = C& and C&N).-These compounds were obtained by 
the catalytic dehalogenation of the respective chloro- and di- 

(21) A. Pinner, Ber., 22, 1612 (1889). 

C H N C H N 
46.64 2 .61  21.76 46.93 2.90 21.40 
70.16 5 . 3 0  24.55 70.05 5.41 24.74 
77.23 4.75 18.01 77.13 4 . 6 9  18.02 
77.23 4 .75  18.01 77.34 4 . 8 2  18.08 
71.78 4 . 3 0  23.92 71.98 4 . 5 4  23.81 

chloropyrimidines (IV, R = H, CH,, and c&, andVIII, R = 
C6Hs and CeH,N) over palladium on carbon (5%) in ethanoiic 
solution containing sufficient sodium acetate to neutralize the 
liberated hydrogen chloride. The initial hydrogen pressures 
were 30 psi. The mixtures were filtered, the alcohol was distilled 
in vacuo, and the residues were extracted with ether. The 
ethereal extracts were dried over magnesium sulfate, filtered, 
and the ether was removed in vacuo to yield the crude products. 
Compound I X  (R = H) was obtained as a hygroscopic oil which 
was distilled a t  130-131' (0.75 mm) and a sample was converted 
to a picrate salt in alcohol for characterization. The yields, 
crystallizing solvents, etc., are given in Table V. 

4-Hydroxy-2,6-bis(2-pyridyl)pyrimidine (111) .-A mixture of 
18.3 g of ethyl picolinoyl acetate, 4 g of sodium hydroxide, 
15.7 g of picolinamidine hydrochloride, 10 ml of water, and 200 
ml of ethanol was stirred for 3 days a t  25'. The reaction mixture 
was concentrated to 100 ml and then diluted with 100 ml of 
water. The precipitate was crystallized from alcohol to give 
12.5 g (50%) of product, mp 219-220'. 

Anal. Calcd for CI~HION~O: C, 67.19; H, 4.03; E, 22.39. 
Found: C, 67.22; H, 4.19; N, 22.70. 
4-Methyl-Z-(Z-pyridyI)pyrimidine (XII) .-A solution of 0.1 M 

picolinamidine, 0.1 M formylacetone dimethyl acetal, and 
2.5 g of sodium in 350 ml of absolute ethanol was refluxed for 
3 hr. After cooling the solution was acidified with acetic acid 
and concentrated in vacuo to an oily residue. The residue was 
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dissolved in 30 ml of water and continuously extracted wit,h 
chloroform for 30 hr. The chloroform extract was dried over 
magnesium sulfate, filtered, and the chloroform was removed in 
vacuo. The crude product was crystallized from ether to give 
10.3 g (60%) of pure XII ,  mp 69-70', 

Anal. Calcd for C I O H ~ N ~ :  C, 70.16; H,  5.30; N, 24.54. 
Found: C, 69.97; H, 5.38; N ,  24.71. 

4-Phenyl-2,6-bis(2-pyridyl)pyrimidine (XIII) .-A solution of 
0.023 M picolinamidine hydrochloride, 0.05 M pyridalaceto- 
phenone,22 and 0.05 M potassium hydroxide in 100 ml of 
ethanol was refluxed for 3 hr. After cooling the solution was 
concentrated to approximately 40 ml and diluted with 100 ml of 
water. The precipitate was crystallized from alcohol to give 
5.4 g (70%) of product, mp 207-208". 

A i d .  Calcd for C?oHlaNa: C, 77.40; H, 4.55; N, 18.05. 
Found: C, 77.59; H, 4.67; N, 18.01. 

2-( 2-Pyridyl)-5,6,7,8-tetrahydroquinazoline (XI, R = H) .-To 
30 ml of absolute ethanol were added 3.2 g of 2-formylcyclo- 
h e x a n ~ n e , ~ ~  3.9 g of picolinamidine hydrochloride, and 2 g of 
piperidine. The mixt,ure was refluxed for 2 hr and cooled. The 
ethanol was removed in vacuo and the residual gum was washed 
with water and extracted with ether. The ethereal extracts 
were dried over magnesium sulfate, filt,ered, and the ether was 
removed in vacuo. The residue was crystallized from cyclo- 
hexanone to yield 1.2 g (247;) of product, mp 82-83'. 

Anal. Calcd for C13H1&3: C, 73.91; H, 6.20; N, 19.89. 
Found: C,  73.81; H, 6.27; N, 19.66. 
1,3-Bis(2-pyridyl)-l,3-propanedione (XIV, R = C5H4N) .-To a 

mixture of 14.4 g of sodium methoxide and 250 ml of anhydrous 
ether were added in succession 34.3 g of methyl picolinate and 
68..5 g of %acetylpyridine each dissolved in 125 ml of anhydrous 
ether. The mixture was stirred and refluxed for 2 hr. After 
cooling, 15 g of glacial acetic acid was added and the mixture 
was filtered. The solvents were removed in vacuo and the residue 
was crystallized from ether to give 35.6 g (63%) of product, mp 

,4nal. Calcd for CIIH1ON?OZ: C,  69.02; 11, 4.46; N, 12.38. 
Found: C,  68.87; H,  4.54; N, 12.50. 

4-Phenyl-6-( 2-pyridy1)pyrimidine (XV, R = C&) .-.4 mixture 
of 4 g of 1-phenyl-3-( 2-pyridy1)-1 ,3-propanedioneZ4 and 50 g of 
formamide was gently refluxed for 6 hr. The mixture was 
concentrated to one-half of the original volume in vucuo and 
diluted with 100 ml of water. The oily precipit.ate was washed 
several times with wat)er and extracted with ether. The ethereal 
extract was dried over magnesium sulfate, filtered, and the ether 
was removed in uacuo. The residue was sublimed at 90" (10 p) 
and the crude sublimate was Crystallized from ether to yield 1.1 

105-106". 

g (2876) of prodnct, mp 102-103'. 

Faund: C. 77.16: €I. 4.72: N, 17.80. 
dnal. Calcd for Cl5H11x;3: C, 77.23; H,  4.75; N,  18.01. 

~. 

4,6-Bis( 2-pyridy1)psimidine (XV, R = C5HaN) .-The prepara- 
tion of this compound was carried out, exactly as described for 
XV ( I t  = C6H5) employing 4.1 g of 1,3-bis(2-pyridyl)-l,3- 
propariedione in place of 1-phenyl-3-( 2-pyridyl)-l,3-propane- 
dione. The crude material was sublimed at  90" (10 p )  and crys- 
t,allized from ether to give 1.2 g (307,) of product, mp 113-114'. 

Anal. Calcd for ClaHloN,: C, 71.78; H,  4.30; N, 23.92. 
Found: C, 71.71; H,  4.34; N, 23.82. 

4-Methyl-6-( 2-pyridy1)pyrimidine (XV, R = CH,) .-A solution 
of 6.8 g of 1-(2-pyridyl)-1,3-butanedione in 75 ml of formamide 
was gently refluxed for 6 hr. The reaction mixture was concen- 
trated in vacuo to an oily residue. The residue was treated with 
20 ml of water and continuously extracted with chloroform for 
3 days. The chloroform extracts were dried over magnesium 
sulfate, filt.ered, and the chloroform was distilled in vacuo. The 
residue was Crystallized from petroleum ether (bp 30-60") to 
give 2.1 g of product (25%), mp 39-40'. 

Anal. Calcd for CloHgKJ: C, 70.16; H,  5.30; N, 24.35. 
Found: C, 70.03; H,  5.26; N, 24.29. 

2-Picolinoylcyclohexanone (X, R = C~HIN) .-A solution of 
13.7 g of methyl picolinate in 25 ml of benzene was added with 
stirring to a suspension of 2.4 g of sodium hydride in benzene 
followed by a solution of 4.8 g of cyclohexanone in 25 ml of 
benzene. The mixture was stirred a t  reflux for 6 hr. On cooling, 
10 ml of met,hanol followed by 10 ml of water were added drop- 
wise. .4cetic acid (3 g) in 10 ml of B*ater was added and the 

(221 C. S. Marvel. L. E. Coleman, and G .  P. Scott, J .  Ow. Chem., I O ,  1785 

( 2 3 )  A. Wallsch, Ann.,  109, 329 (1903). 
(24) R. Levine and J. K. Sneed, J .  A m .  Chem. SOC., 73, 5614 (1951). 

(1955). 

organic layer was separated, washed with water, and dried over 
magnesium sulfate. The solution was filtered and the benzene 
was removed in vacuo. The residue was distilled a t  135-137" 
(1 mm). The distillate crystallized on standing to give 2.8 g 
(28yG) of product, mp 70-73". 

And.  Calcd for C1zH13NO2: C, 70.91; H ,  6.45. Found: 
C, 71.24; H, 6.80. 

2,4-Bis(2-pyridyl)-5,6,7,8-tetrahydroquinazoline (XI, R = 
CsHdN) .-A mixture of 2 g of 2-picolinoylcyclohexanone, 1.6 g of 
picolinamidine hydrochloride, 0.8 g of piperidine, and 25 ml of 
absolute ethanol was refluxed for 3 hr. Water (25 ml) was then 
added and the oily precipitate was extracted with ether. The 
ethereal extracts were dried over magnesium sulfate, filtered, 
and the ether was distilled in vacuo. The residue was crystallized 
from cyclohexanone to give 1 g (36%) of product, mp 136-137'. 

Anal. Calcd for CI8Hl6N4: C, 74.98; H,  5.59; N, 19.43. 
Found: C, 74.67; H, 5.80; N, 19.19. 
4-Methoxy-2,6-bis(Z-pyridyl)pyrimidine (VI, R' = CH30) .- 

A solution of 1.3 g of 4-chloro-2,6-bis(2-pyridyl)pyrimidine, 1 g 
of sodium methoxide, and 20 ml of methanol was refluxed for 
2 hr and then diluted with 20 ml of water. The precipitate was 
crystallized from ether to give 0.97 g (74y0) of product, mp 

Anal. Calcd for CI5H~zN40: C, 68.17; H, 4.58; N, 21.20. 
Found: C, 68.30; H, 4.62. N,  21.23. 

4-( I-Piperidyl)-2,6-bis( 2-pyridy1)pyrimidine (V, R'  = C;H,N). 
-A solution of 1.3 g of 4-chloro-2,6-bis(2-pyridyl)pyrimidine, 
5 ml of piperidine, and 20 ml of methanol was refluxed for 2 hr. 
The solvents were removed in vacuo and the residue was ex- 
tracted with cyclohexane. The extracts were dried over mag- 
nesium sulfate, filtered, and concentrated. The residue was 
crystallized from cyclohexane to give 0.6 g (38%) of product, 
mp 179-180'. 

Anal. Calcd for C&l&;6: C, 71.90; H, 6.03; N, 22.07. 
Found: C, 72.15; H,  6.10; N, 21.81. 
2,4-Bis(2-pyridyl)quinazoline (XX) .-A solution of 2 g of 2- 

aminophenyl-2-pyridy1ketonez6 in 50 ml of dry dioxane was added 
at  10" to a 20% excess of the mixed anhydride obtained from 
picolinic acid and ethylchloroformate by the method of Rinder- 
knwht.26 The mixture was stirred for 2 hr while the temperature 
was allowed to rise to 2,s". The volatile material was removed 
in vacuo and the residue was washed with water and dried. 
The crude N-( 2-picolinoylphenyl)picolinamide (SIX) was mixed 
with 15 g of ammonium acetate and heated for 6 hr a t  165' 
while a stream of dry ammonia gas was passed through the melt. 
The mixture was cooled, washed with water, and extracted with 
cyclohexane. The cyclohexane extracts vere dried over mag- 
nesium sulfate, filtered, and concentrated. The precipitate was 
again crystallized from cyclohexane to give 1.5 g (54%) of 
product, mp 139-140'. 

.4nal. Calcd for C18H12N4: C, 76.04; H,  4.25; N,  19.71. 
Found: C, 76.34; H, 4.39; N, 19.72. 
N-(2-Aminobenzy1)picolinamide (XVI) .-A solution of 15.2 g 

of 2-nitrobenzylaminez' in 200 ml of dry dioxane was added at  
10" to a solution of the mixed anhydride (20% excess) of picolinic 
acid and ethylchloroformate prepared by the method of Rinder- 
knecht.26 The mixture was stirred for 2 hr while the temperature 
was allowed to rise to 27'. It was then filtered and the filtrate. 
was evaporated to dryness in vacuo to give 12.9 g of crude N- 
(2-nitrobenzy1)picolinamide. A small sample, crystallized from 
ether (mp 97-98'), was analyzed. 

Anal. Calcd for Cl3H1lN303: C, 60.70; H,  4.31; N, 16.34. 
Found: C, 61.00; H, 4.51; N, 15.99. 

The N-(2-nitrobenzyl)picolinamide (12 g) was dissolved in 
100 ml of ethanol and reduced over Raney nickel at 40 psi 
(27"). The mixture, after filtration and concentration, pre- 
cipitated 4.5 g (40%) of XII, mp 115-116'. 

Anal. Calcd for ClJHf3N30: C,  68.70; H, 5.77. Found: C ,  
68.51; N, 6.11. 
2-( 2-Pyridy1)quinazolie (XVIII) .-N-( 2-Aminobenzy1)picolin- 

amide (10 g) was heated for 6 hr a t  250-280". After cooling 
the residue was extracted with boiling hexane. The extracts 
were filtered and the hexane was distilled in vacuo to give crude 
2-( 2-pyridyl)-3,4-dihydroquinazoline (XVII) which was oxidized 
by the method of Elderfield" to give 0.62 g (6%) of product crys- 
tallizing from hexane, mp 86-87'. 

139-140". 

(25 )  D. W. Oohenden and K. Schofield, J .  Chem. SOC., 3440 (1953). 
(26) H. Rinderknecht, HeEu. Chim. Acta. S I ,  1324 (1959). 
(27) E. F. M. Stephenson, J .  Chem. Sac., 2354 (1954). 
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Anal. Calcd for CI~HPN~: C, 75.34; H ,  4.38. Found: C, 
7<;2; H I  4.43. 

Z.Z'-Bipyrazine (XXV) .-Pyrazine carboxylic acid (12.4 g) was 
dissolved in a slight excess of aqueous ammonia and the solution 
was evaporated to dryness. The residue was added to a satu- 
rated solution of cupric acetate and allowed to stand overnight. 
The crude precipitated copper(I1) salt of the pyrazine carboxylic 
acid was filtered and dried. Pyrolysis of the salt was carried 
out a t  atmospheric pressure in a short-path still and yielded 
0.55 g (7y0) of product crystallizing from hexane, mp 183-184". 

Anal. Calcd for C8HBN4: C, 60.75; 11, 3.82. Found: C, 
61.08; H, 3.80. 

4,4'-Bipyrimidine (XXII) .-The preparation of XXII  was 
carried out in exactly the same manner as that employed for 
XXV. From 12.4 g of pyrimidine-4-carboxylic acid was ob- 
tained 0.39 g (5%) of product, mp 203-204'. 

Anal. Calcd for CsHaN4: C,  60.75; H, 3.82. Found: C, 
60.86; H, 3.99. 

S,J'-Bipyridazine (XXI) .-A mixture of 8 g of pyridazine and 
0.8 e of 5% Dalladium on carbon was stirred and refluxed for 24 
h; -?;he &&re was cooled, diluted with 25 ml of chloroform, 
and filtered. The spent catalyst was twice extracted with 25 ml 
of chloroform. The filtrate and chloroform extracts were com- 
bined and the volatile material was removed in  vacuo. The 
residue of crude XXI was sublimed a t  130' (50 f i )  and crystallized 
from ether to give 0.79 g (1070) of product, mp 224-226'. The 
molecular weight was found to be 155 (osmometer); calculated 
molecular weight was 158. 

iinal. Calcd for CsHBN4: C,  60.75; H, 3.82; N, 33.43. 
Found: C,  61.08; H, 3.94; N, 35.09. 

2-Bromo-4-phenylpyrhidine (XXIII) .-A mixture of 8.6 g of 
2-hydroxy-4-phenylpyrimidine and 40 g of phosphorus oxy- 
bromide was heated at  lL50" for 4 hr. The mixture was cooled 
and treated with 300 g of ice. The aqueous solution was made 
alkaline with sodium hydroxide solution (10") and extracted 
with ether. The ethereal extracts were dried over magnesium 
sulfate, filtered and the ether was removed in vacuo. The residue 
was crystallized from benzene to give 5.8 g (58%) of product, 
mp 84-85'. 

Anal. Calcd for CIOH7BrN2: C, 51.06; H, 3.11. Found: C, 
51.31; H, 3.20. 
4,4'-Dipheny1-Zl2'-bipyrhidine (XXIV) .-A mixture of 4.7 g 

of 2-bromo-4-phenylpyrimidine, 5 g of activated copper powder, 
and 75 ml of dimethylformamide was stirred and heated a t  reflux 
for 6 hr. The dimethylformamide was removed in vacuo and 
the residue was washed several times with 50 ml of aqueous 
ammonia containing 5% of potassium cyanide. The dry solid 
was extracted with chloroform. The extracts were dried over 
magnesium sulfate, filtered, and the chloroform was removed 
in vacuo. The residue was crystallieed from ether to give 0.62 
g (207") of product, mp 155156". 

Anal. Calcd for CnoH14Na: C, 77.40; H, 4.55. Found: C, 
77.60; H, 4.73. 

Registry No.-111, 10239-68-6; IV (2 = CeH5), 

10198-69-3; V (X = C6Hs) picrate, 10198-70-6; V (X = 
Py), 10198-71-7; V (X = Py) picrate, 10198-72-8; VI 

10198-67-1; IV (Z = Py), 10198-68-2; V (X = CoHs), 

(R' = CHhO), 10198-73-9; VI1 (R = H), 10198-74-0; 
VI1 (R = CH,), 10198-75-1; VI1 (R = CsH5), 10198- 
76-2; VI11 (Y = H), 10235-65-1; VI11 (Y = CH,), 
10198-77-3; VI11 (Y = CsHs), 10198-78-4; IX (Y = 
CHs), 10198-79-5; IX (Y = CH,) picrate, 10198-80-8; 
IX (Y = CBHS), 10198-81-9; IX (Y = c6H5) picrate, 
10198-82-0; IX (Y = H), 10198-83-1; X (R = C6H4N), 
10198-84-2; XI (R = H), 10198-85-3; XI (R = CsH,N), 
10198-86-4; XII, 10198-87-5; XIII, 10198-88-6; XIV 
(R = CbH4N), 10198-89-7 ; XV (R = C B H ~ ) ,  10198-90-0; 
XV (R = C5H4N), 10198-91-1; XV (R = CHJ, 10198- 
92-2; XVI, 10198-93-3; XVIII, 10198-94-4; XX, 10198- 
95-5; XXI, 10198-96-6; XXII, 2426-94-0; XXIII, 
10198-98-8 ; XXIV, 10198-99-9; XXV, 10109-00-5; 

01-6. 
4- (1 -piperidyl) -2,6-bis(2 -pyridyl) pyrimidine, 10199- 
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Displacement of the ptoluenesulfonate function of pseudodiosgenin 27-p-toluenesulfonate with potassium 
azide in dimethylformamide was followed by a 1,3-dipolar cycloaddition to the enol ether olefinic bond of ring E 
to furnish a triaaoline derivative. Protonation of the triazoline in methanol solution led to abrupt evolution of 
nitrogen with genesis of a secondary amino methyl ketal. Transformation products of the methyl ketal include 
the hemiketal, the ethyl ketal, an enol ether tertiary amide originating from hemiketal dehydration, and a 16~-hy- 
droxy acetylamino ketone resulting from opening of the ketal ring system. 

The versatile pseudodiosgenin 27-ptoluenesulfonate 
(1),1 prepared in 80% yield by selective hydrolysis of the 
38-homoallylic ester function of pseudodiosgenin 38,- 
27-di-ptoluenesulfonate, has proved useful as an inter- 
mediate in the synthesis of solasodine,2 N-methylsolaso- 
dine,a a diosgenin ring-F thia counterpart,' and the 
novel hexacyclic hemiketal 6 arising from participation 
of the ring-E enol ether olefinic bond in a solvolytic 
ring c lo~ure .~  In these, and in related transformations, 
ptoluenesulfonate displacement has been shown to 
proceed normally, without side-chain rearrangement 
through a 1,2-hydrogen migration. 

When 1 was allowed to react with potassium azide 
in dimethylformamide a t  100" during 50 hr, rods melt- 

(1) F. C. Utile, J .  Ow. Chem., 97, 2797 (1962). 
(2) F. C. Uhle, J .  Am.  Chem. Soc., 88, 1460 (1961). 
(3) F. C. Uhle, J .  O w .  Chem.. 89, 792 (1967). 
(4) F. C. Uhle. ibid. ,  91, 4193 (1966). 

ing a t  226-230" with brisk ebullition were produced in 
85% yield. The high melting point, accompanied by 
escape of nitrogen, together with absence of the enol 
ether absorption band from the infrared spectrum, in- 
ferred that tosylate displacement by azide ion had beer1 
followed by a 1,bdipolar cycloaddition6 to the dihydro- 
furanoid olefinic bond of ring E, affording the hepta- 
cyclic triazoline (2).6 

Acidification of a methanolic suspension of 2 with 
hydrochloric acid led to prompt dissolution with 
evolvement of nitrogen and thereafter to rapid crystal- 

(5) For discussion of the concept of 1,3-dipolar cycloaddition, with a com- 
prehensive review of examples, see R.  Huisgen, Angew. Chem., 75, 604, 742 
(1963): Angew. Chem. Intern. Ed. Enol., 9, 565, 633 (1963). 

(6) Addition of organic azides to olefins, furnishing ALl.2,3-triazolines, 
was first observed by K.  L. Wolff. Ann.. 894, 23, 68 (1912); 899, 274 (1913). 
For an account of subsequent study of the reaction, with references, see 
P. Scheiner, J .  H. Schomaker, 9. Deming, W. J .  Libbey, and G .  P. Nowack, 
J .  A m .  Chem. Soc., 87, 306 (1965). 


