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Substituted pyridylphenylcarbinols are formed in the reaction of the dianions of isomeric 
pyridyl phenyl ketones with alkyI halides, aldehydes, and benzonitrile. The reaction of the 
dianlon of 3-pyridyl phenyl ketone with benzophenone, in contrast  to the analogous reaction 
of the dianion of 2-pyridyl phenyl ketone, gives 5-benzoyl-2-diphenylhydroxymethyl-l ,2- 
dihydropyridine. It is assumed that the observed reaction includes one-electron t ransfer  
and the formation of two anion radicals.  Recombination of the anion radical of 3-pyridyl 
phenyl ketone leads to 5, 5' -dibenzoyl-2,2'-di(1,2-dihydropyridyl).  

In contrast  to the dianions of the carb0cyclic ser ies ,  very little study has been devoted to the react ivi-  
ties of the diauions of heterodyclic ketones. Only the preparation of the dianions of pyridyl phenyl ketones 
and their alkylation has been described [3]. It is also known that the reduction of isomeric pyridine deriva- 
tives containing e lect ron-accepter  groups may proceed differently. Thus the reduction of 3-cyanopyridine 
with sodium borohydride gives di- and tetrahydropyridine derivatives, while the nitrile group is reduced in 
the analogous reaction of 2- and 4-cyanopyridines [4]. In this connection, it seemed of interest  during a 
study of the reactivities of the dianions to compare the properties of the dianions and anion radicals of iso- 
meric pyridyl phenyl ketones. 

The reaction of all three isomeric pyridyl phenyl ketones with two equivalents of lithium or sodium in 
liquid ammonia gives dianions, the alkylation of which with alkyl halides leads to alkylpyridylphenylcarbinols, 
while reaction with aromatic aldehydes and benzonitrile leads to glycols and keto alcohols. 
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I Py=2-pyridyl II Py= 3-pyridyl III Py= 4-pyridyl 

A difference in the reactivities of dianions I-Ill was observed in the reaction with benzophenone. While 
reaction of dianion I with benzophenone gave 1,1,2-triphenyl-2-(2-pyridyl)ethanediol, the analogous reaction 
of dianion II gave 5-benzoyl-2-diphenylhydroxymethyl-l ,2-dihydropyridine (IV) in 93% yield. This same 
compound was obtained by reaction of two anion radicals - those of benzophenone and 3-pyridyl phenyl 
ketone (V) - and by reaction of the dianion of benzophenone with 3-pyridyl phenyl ketone. The s tructure of 
dihydropyridine IV was proved by spectral  methods and also by chemical transformations.  The UV spec-  
trum of IV contains two bands, which is character is t ic  for 5-substituted 1,2-dihydropyridine [5]. Oxidation 
of IV gave 5-benzoyl-2-diphenylhydroxymethylpyridine (VI), the Haller cleavage [6] of which gave the known 
2-pyridyldiphenylc arbinol. 

The formation of dihydropyridine IV isposs ib ly  due to s ter ic  hindrance arising during the reaction of 
dianion II with benzophenone. It has been shown [7] that ambident character  of the dianion is displayed in the 
reaction of the dianion of benzophenone with s ter ical ly  hindered alkyl halides. Atkylation of dianion II with 
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the s te r ica l ly  hindered te r t -buty l  bromide gave a product  of substitution of the pyridine ring in addition to 
te r t -bu ty l -3-pyr idy lphenylcarb inol  (in 707c yield). Although we were unable to isolate this compound be-  
cause of its ext reme instability, the spec t ra l  charac te r i s t i c s  conf i rm that it has the dihydropyridine s t r u c -  
ture .  However, in cont ras t  to the quantitative yield of dihydropyridine IV, the yield of this compound was 
low. In addition, it can be assumed that the s te r ic  difficulties are  identical in the react ion of benzophenone 
with dianions I and II, but, never theless ,  these reactions lead to completely  different resu l t s .  

In our opinion, the react ion of dianion II with benzophenone, in cont ras t  to the react ion of II with alkyl 
halides, includes one-e lec t ron  t r ans fe r .  This s o r t  of mechanism is observed in a number of anion r e a c -  
tions [8]. One-e lec t ron t ransfer  is considered to be one of the al ternative mechanisms for the react ion of 
benzophenone with azaheterocycles  in the presence  of lithium metal [9]. As a resul t  of one-e lec t ron  t r a n s -  
fer ,  two anion radicals  - t h o s e  of benzophenone and 3-pyr idyl  phenyl ketone--" which also interact,  are  
formed in the investigated react ion.  Anion radicals  and dianions can differ substantial ly with r e spec t  to 
their  react ivi t ies  [10]. Calculation of the distribution of the spin density in anion radicals  of the s imi la r  
compounds 3,3-dipyridyl  ketone [11] and 3-pyridyl  methyl ketone [12] leads to a maximum value of the den- 
s i t y  of the unpaired e lectron in the 6 position of the pyridine ring. Analysis of the ESR spec t rum of the 
anion radica l  of 3-pyr idyl  phenyl ketone, which was per formed by V. M. Kazakova and co-workers  in the 
Department  of Physical  Chemis t ry  of the Moscow Institute of P rec i s ion  Chemical  Technology, also showed 
that the maximum value of the spin density is in the 6 position of the pyridine ring.  

In addition to the react ions of dianions I-III ,  we also studied the recombinat ion reactions of the anion 
radicals  of the three i somer ic  pyridyl phenyl ketones.  Recombination of two anion radicals  of 2-pyr idyl  
phenyl ketone leads to 1 ,2-diphenyl- l ,2-di(2-pyr idyl)e thanediol .  Only an equimolecular  mixture of the c o r -  
responding carbinol  and the s tar t ing ketone was isolated f rom the analogous react ion of 4-pyr idyl  phenyl 
ketone. Unsuccessful  attempts to obtain pinacol f rom 4-pyr idyl  phenyl ketone are  descr ibed in the l i terature  
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Empirical 
rap, deg :C (solvent) formula 

78--79 !spetroleum :i C14HIsNO 
ether) ' 
65 (hexane)I~ CznHlrNO 
81--83 (2-propanol) C16HIgNO 

167--169 (dioxane) C19HtrNO2 
113--115 (hexane) C26H21NO2 
104--105 (eyclohexane 16 CI,HIsNO 
127--129 (hexane) CI~HITNO 
153--154 (2-propanol)I~ lCtgHIzNO 
184--186 (chloroform) IC'19HIzNO~ 
173--174 (chloroform) 'IC20H19NO3 . 
140~141 (ethanol) iC~gH]6N~O 
116--118 (2-propane1) iC]gHI~NO2 
152--153 (dichloroethane) 2~ ICt4HIsNO 
138 (heptane) ~l iC,sHI~NO 

i N, % 
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5S 
4,7 4,8 
3,91 3,84 

4,7 4,8 
4,3 4,3 
9,8 9,7 
4,7 4,8 
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i90 
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194 
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* The reac t ion  mass  was poured into a solution of an excess 
monium chlor ide in liquid ammonia  for neutral izat ion.  

Obtained by saponification of the preceding compound with 
chlor ic  acid at 50~ 

of am-  

5% hydro-  
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[13]. The recombina t ion  of two anion rad ica l s  V gave 5 ,5 ' -d ibenzoyl -2 ,2 ' -d i (1 ,2-d ihydropyr idy l )  (VII). The 
s t r u c t u r e  of the l a t t e r  was proved  by s p e c t r a l  methods and also by oxidation to the known 5 ,5 ' -d ibenzoyl -  
2 ,2 ' -d ipy r idy l  (VIII) [14]o I t  is e s sen t i a l  to note that  d ihydropyr idyl  VII is fo rmed  in the reac t ion  of sodium 
amide in l iquid  ammonia  with 1 ,2 -d iphenyl - l ,2 -d i (3 -pyr idy l )e thanedio l .  

The recombina t ion  of two anion rad ica l s  of a roma t i c  ketones can  lead to the fo rmat ion  of th ree  types 
of d imers  - one with a new bond between the carbonyl  carbons ,  one with a new bond between the carbonyl  
ca rbon  and the ring carbon,  and one with a new bond between two ca rbon  atoms of di f ferent  r ings .  D imer s  
of the f i r s t  type - pinacols - a re  m o s t  often fo rmed .  The format ion  of d imer s  of the second type, which is 
a s soc ia t ed  with dea romat i za t ion  of one a romat i c  ring, is cons iderab ly  r a r e r  [15, 16]. Finally,  d e a r o m a t i z a -  

"tion of two r ings and fo rmat ion  of a bond between two carbon  a toms of these  r ings has been noted only in the 
ca se  of e l e c t roch em i ca l  reduct ion [17]. This s o r t  of recombina t ion  has been obse rved  for the f i r s t  t ime  
during the chemica l  reduct ion of ke tones .  

E X P E R I M E N T A L  

Substi tuted Pyr idylphenylcarb inols  (Table 1). A solution of 0.01 mole  of alkylating agent in 10 ml  of 
e ther  was added to a viole t  solution of the dianion, p r e p a r e d  f rom 0.01 mole  of pyr idyl  phenyl ketone and 
0.022 g - a t o m  of sodium in 5~ ml  of liquid ammonia  via the method in [3]. After  10-15 min,  0.02 mole  of 
ammonium chlor ide  was added, and the ammonia  was r emoved  by dis t i l la t ion.  The res idue  was diluted with 
wate r ,  and the reac t ion  product  was r em oved  by f i l t ra t ion and c rys t a l l i zed .  Alkyl b r o m i d e s ,  benzyl  chlo-  
r ide ,  benzaldehyde,  p-methoxybenzaldehyde ,  benzoni t r i le ,  and benzophenone were  used  as r eagen t s .  

(3 -Pyr idy l )pheny l - t e r t -bu ty lca rb ino l .  A 1.37 g (0.01 mole) s amp le  of t e r t -bu ty l  b romide  was added 
to dianion II, obtained f r o m  1.83 g (0.01 mole) of 3 -pyr idy l  phenyl ketone in liquid ammonia .  After  15 min, 
1.1 g (0.02 mole) of ammonium chlor ide  was added, and the ammonia  was r emoved  by dist i l lat ion.  Water  
was added to the res idue ,  and the l ight-yel low prec ip i ta te  was s e p a r a t e d .  Column ch roma tog raphy  (activity 
III a luminum oxide, ether)  gave (3-pyr idy l )phenyl - te r t -bu ty lcarb ino l ,  with mp 153-154 ~ ( isopropyl  alcohol), 
in 70% yield.  IR s p e c t r u m  (CHC13): 3620 cm -1 (OH). Found, %: N 6.0. C16H19NO. Calculated,  ~c: N 5.8. 
In addition to the carb inol ,  13% of a subs tance ,  the IR s p e c t r u m  of which contained bands at 1670 (C O) and 
3455 c m  -1 (NH), was isola ted .  

5 -Benzoy l -2 -d ipheny lhydroxymethy l - l , 2 -d ihydropyr id ine  (IV): A__= A 1.82 g (0.01 mole) s ample  of 
benzophenone was added to dianion II, obtained f rom 1.83 g (0.01 mole) of 3 -pyr idy l  phenyl ketone in liquid 
ammonia .  The usual  workup gave IV, with mp 103-104 ~ ( f rom benzene),  in 97~c yield.  IR s p e c t r u m  (CHC13): 
1650 (CO), 3435 (NH), 3550 and 3620 c m  -t (OH). UV s p e c t r u m  in alcohol,  ~ m a x  nm (log e): 304 (3.84), 
360 (3.95). Found, ~c: C 82.0; H 6.1. C25H21NO 2. Calculated,  %: C 81.7; H 5.8. 

B. A 0.01 mole  sample  of 3 -pyr idy l  phenyl ketone was added to 0.01 mole  of the dianion of benzo-  
phenon~'in liquid ammonia .  The usual  workup gave IV, with mp 103-104 ~ (from benzene),  in 92~ yield.  

C.: A solution of anion rad ica l  V, obtained f rom 1.83 g (0.01 mole) of 3-pyr idyl  phenyl ketone and 
0.25 g (0.011 g ,a tom)  of sodium in liquid ammonia ,  was added to a solut ion of the anion rad ica l  of benzo-  
phenone, obta ined f r o m  1.82 g (0.01 mole) of benzophenone and 0.25 g (0.011 g-a tom)  of sodium in liquid 
a m m o n i a .  The usual  workup gave IV, with mp 99-101 ~ in 98~c yield. 

5 'Benzoyl -2- (d iphenylhydroxymethyl )pyr id ine  (VI). A solution of 0.37 g (1 mmole)  of IV and 0.11 g 
(1 mmole)  of p-benzoquinone in 20 ml of benzene was ref luxed for  4 h, a f te r  which it was cooled and washed 
with 10% sodium hydroxide solution,  5~c hydrochlor ic  acid, and wa te r .  The benzene was then r emoved  by 
dis t i l la t ion to give 0.28 g (75%) of VI with mp 123-124 ~ (from heptane).  IR s p e c t r u m  (CHC13): 1670 (CO), 
3240 and 3620 c m  -1 (OH). Found, %: C 81.8; H 5.3; N 3.8. C25HI~NO 2. Calculated,  %: C 82.2; H 5.2; N 3.8. 

Diphenyl(2-pyr idyl )carbinol .  A solution of 1 g (2.7 mmole)  of VI in 10 ml  of toluene was added to a 
suspens ion  of sodium amide in 40 ml  of toluene.  The mix tu re  was cooled, and 1 ml  of alcohol and 20 ml  of 
wa te r  we re  added. The toluene l a y e r  was s epa ra t ed  and washed with wa te r .  Removal  of the solvent  by 
dis t i l la t ion gave 0.3 g of d iphenyl(2-pyr idyl)carbinol  with mp 102-105 ~ ( f rom ethanol); the product  did not 
depress  the mel t ing point of an authentic s ample  [18]. 

1 ,2 -Diphenyl - l ,2 -d i (2-pyr idy l )e thanedio l .  A 1.83 g (0.01 mole) s ample  of 2-pyr idyl  phenyl ketone was 
added to 023  g (0.01 g-a tom)  of sodium in liquid ammonia .  The resul t ing  blue solution of the anion rad ica l  
was poured,  a f te r  15 min,  into a solut ion of 3 g of ammonium chlor ide  in liquid ammonia .  The ammon ia  
was evapora ted ,  and wate r  was added. The prec ip i ta te  was r emoved  by f i l t ra t ion to give 1 ,2-d i (2-pyr idy l ) -  
ethanediol,  with mp 138-139 ~ in 80% yield [23]. 
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5,5'-Dibenzoyl-2,2'-di(1,2-dihydropyridyl) (VII). A. A 1.83 g (0.01 mole) sample of 3-pyridyl phenyl 
ketone was added to 023 g (0,01 g-atom) of sodium in 50 ml of liquid ammonia. The resulting green solu- 
tion of anion radical V was neutralized with ammonium chloride, and the ammonia was removed by distilla- 
tion. Water was added, and the yellow precipitate was removed by filtration to give VII, with mp 86-89 ~ 
(from benzene), in 98gc yield. IR spectrum (CHC13): 1665 (CO) and 3430 cm -1 (NH). Found, %: N 7.2. 
C24II20N202. Calculated, %: N 7.6. 

B_.: A 0.9 g (2.5 mmole) s ample of 1,2-diphenyl-l ,2-di (3-pyridyl) ethanediol, obtained photochemically 
[22], was added to a suspension of sodium amide in 30 ml of liquid ammonia, obtained from 0.12 g (5 rag- 
atom) of sodium. The green solution that formed during the addition was neutralized with ammonium chlo- 
r ide.  The usual workup gave VII, with mp 69-75 ~ in 90% yield. The IR spectra  of the compounds obtained 
by methods A and B were identical. 

5,5'-Dibenzoyl-2,2'-dipyridyl {VIII). A solution of 0.5 g (1.4 mmole) of VII and 0.15 g (1.4 mmole) of 
p-benzoquinone in 10 ml of benzene was refluxed for 2 h. It was then cooled and washed with 10~ sodium 
hydroxide solution, 5% hydrochloric acid, and water.  Removal of the benzene by distillation gave VIII, with 
mp 211-212 ~ (from alcohol-benzene),  in 40~c yield [14]. 
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