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The react ion of the disodium derivat ive of benzophenone with 2-bromopyr id ine  in liquid ammonia  resu l t s  in 
the introduction of a diphenylhydroxymethyl group in the T-posi t ion  of the heterocycl ic  ring, followed by 
ammonolys i s  of the bromine  in the resu l t ing  2-bromodihydropyridine .  The anomalous nature  of this  
react ion resu l t s  from the nature  of the organometal l ic  compound. 

Reaction of the disodium derivat ive of benzophenone with var ious  halogen-containing compounds provides a 
convenient  synthetic route to compounds containing the diphenylhydroxymethyl group [1]. With a view to using this 
method to obtain diphenylpiper idylcarbinols ,  which are compounds with marked physiological activity [2], we attempted 
to c a r ry  out the react ion between the disodium derivat ive of benzophenone (I) and 2-bromopyridine .  It is known that the 
la t te r  r eac t s  readi ly with nucleophiles  of var ious  types, among them carbanions  [3], to give 2-subst i tuted pyridines.  
However, react ion of 2-bromopyr id ine  with the disodium derivat ive of benzophenone in liquid ammonia  gives, not the 
expected 2-diphenylhydroxymethylpyridine,  but a compound (II) which, according to the analytical  figures,  could be a 
product of the reac t ion  of not only the s tar t ing  mate r ia l s ,  but also ammonia.  
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IR spect ra  (in chloroform): 1) 2 - amino -4 -  
diphenylhydr oxymethyl-4, 5-dihydropyr  idine 
(II); 2) 2 -amino-4-d iphenylmethylene-4 ,  5- 
dihydropyridine (III); 3) 4- 
diphenylhydroxymethyl-2,  3, 4, 5- 

te t r  ahydropyr id-2-one (VI). 

It is suggested that the react ion between I and 2-bromopyr id ine  involves addition of the organometal l ic  compound 
to the double bond of the ring, followed by ammonolys is  of the bromine  in the resul t ing  2-bromodihydropyridine.  The 
IR spect rum of II (see figure) conf i rms the 2-amino-diphenylhydroxymethyldihydropyridine  s t ruc ture ,  since it shows 

*Par t  X in the se r i e s  "Reduetive Metallation of Carbony[ Compounds". For part  IX, see [20]. 
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both the hydroxyl (3570 cm -i) and the primary amino group (3420 and 3530 cm -l) bands, and strong absorption at 1612 
and 1635 cm -I which can be attributed to the absorption of the dihydropyridine ring [4]. The chemical reactions cited 

below establish the position of the substituents in the heterocyclic ring, and show that the compound formed is 2- 
amino-4-diphenylhydroxymethyl-4, 5-dihydropyridine (II). 

Treatment of II with dilute mineral acids converts it into two different compounds, only one of which is soluble 
in acid. The latter compound is a dehydration product (Ill), in whose spectrum the hydroxyl absorption band has 
disappeared. Prolonged heating of III in acid media results in transfer of the exocyclic bond into the ring and 
aromatization of the heterocycle (cf [5]). The structure of the resulting 2-amino-4-diphenylmethylpyridine (IV) is 
proved by hydrogenation. It is known [6] that hydrogenation of 2-aminopyridine hydrochloride results in removal of the 
amino group and the formation of piperidine. Hydrogenation of IV gave 4-diphenylmethylpiperidine (V), identical with 
the compound obtained by hydrogenation of 4-diphenylmethylpyridine [7], and ammonia. This confirms unambiguously 
the entry of the diphenylhydroxymethyl group into the 7-position of the heterocycle. 

Compound II is an unusual cycl ic  diaminoethylene.  Such compounds are  known to undergo faci le convers ion  into 
the amides  of the cor responding  acids [8]. The ac id- insoluble  compound VI obtained f rom II is also the product  of such 
a convers ion.  The s t ruc tu re  of VI as 4-diphenylhydroxymethyl-2 ,  3, 4, 5 - t e t r ahydropyr id -2 -one  was conf i rmed by its 

IR spec t rum (uOH 3420 cm -1, vCO 1685 cm -1, vCN 1605 em -1), and by its fur ther  react ions .  Reduction of VI with 
l i thium aluminum hydride gave 4-diphenylhydroxymethylpiper id ine  (VII), whose constants  agreed with the l i t e r a tu re  
values .  Conclusive p roof  of this s t ruc ture  was obtained by ,conversion into its N-methyl  der iva t ive ,  which was obtained 
by an a l te rna t ive  route,  i . e . ,  alkylation of I with l - m e t h y l - 4 - c h l o r o p i p e r i d i n e .  

Dehydration of VI gave the amide (IX), which i s o m e r i z e d  to the pyridone (X). The same pyridone was obtained by 
a different  method, i . e . ,  by diazot izat ion of 2 -amino-4-d iphenylmethy lpyr id ine  (IV), and decomposi t ion of the diazo 
compound with water .  
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All these  reac t ions  conf i rm the p r e sence  of the diphenylhydroxymethyl  group in the T-posi t ion,  and the amino 
group in the u -pos i t ion  of the he terocycle .  It is m o r e  difficult  to ass ign posi t ions to the double bonds in the 
dihydropyridine r ings  of these compounds. There  is a choice between the following three  s t ruc tu res  for II, and the 
three  cor responding  s t r uc tu r e s  for III and VI. The s t ruc tu re  IIc may be excluded, since,  in the absence of e l ec t ron -  
accepting subst i tuents ,  d ihydropyr id ines  ex is t  in a fo rm which does not have a hydrogen on the ni t rogen [9]. The 
absence in the spec t ra  of II and VI of bands due to the NH group supports  s t ruc tu re s  IIa and VI. The l a t t e r  s t ruc tu re  is 
supported also by the 
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fact that complete  reduction occurs  with l i thium aluminumhydride,  which readi ly  r educes  the C~N bond, but not the 
C ~ C  bond. In addition, the spec t rum of IX shows a band at 3410 cm -1 c h a r a c t e r i s t i c  of the amide group NH, identical 
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with the band in the pyridone X, indicating a 5 - 6  double in IX. However, this does not rule  out the possibi l i ty  of the 
1 - 6  r e a r r a n g e m e n t  of the double bond in VI and, correspondingly,  in II, since the exis tence  of an exocycl ic  double bond 
in the y -pos i t ion  of IX might cause r e a r r a n g e m e n t  of the double bonds in the ring. 

These resu l t s ,  in our opinion, support  s t ruc tu re  II for the reac t ion  product of the disodium der iva t ive  of 
benzophenone with 2 -bromopyr id ine  in liquid ammonia.  The anomalous nature of this reac t ion  is  apparently re la ted  to 
the special  p rope r t i e s  of the organometa l l i c  compound. The unusual behavior  of I in i ts  reac t ion  with iodobenzene, 
which r e su l t s  in reduct ion of the iodobenzene and oxidation of the organometa l l i c  compound, has been noted in the 
l i t e r a tu re  [10]. An examinat ion of the reac t ion  of I with a romat i c  b romo de r iva t ives  (bromobenzene and a -  
bromonaphthalene)  has shown that in this  case  also, reduct ion of the bromo compounds occurs ,  with the format ion of 
the sodium der iva t ive  of diphenylaminocarbinol .  The format ion of the la t te r  compound, an in termedia te  in the Ha i l e r -  
Bayer  reac t ion  [11], was demons t ra ted  by its fur ther  convers ion  into benzamide.  The reac t ion  of I with 2- 
bromopyr id ine  p roceeds  in a s i m i l a r  way. This  is proved by the isolat ion f rom the reac t ion  mixture  of benzophenone 
in significant  amounts (up to 25~0). It is suggested that such a reac t ion  pathway may be connected with the spatial  
envi ronment  of the nucleophil ic  carbon atom of the dianion (C6H5)2C---O - hindering attack on the c~-carbon atom of the 
pyridine ring. This  is also apparently connected with the reac t ion  at the y - ca rbon  atom. The la t te r  depends on 
reduct ion in the e l ec t ron  density on the 4 -ca rbon  atom (which is s t e r i ca l ly  more  access ib le  than the 2 -ca rbon  atom) of 
2-bromopyr id ine ,  and on the high nucleophil ici ty of the dianion. The inc reased  nucleophil ici ty of the dianions (in 
compar i son  with the usual carbanions)  f rom ketones is explained by the posi t ive  inductive effect of the negat ively-  
charged oxygen atom in the a -pos i t ion  (the a -ef fec t ) .  This high nucleophil ici ty is manifested,  as has been noted 
previously ,  in the c h a r a c t e r i s t i c  reac t ions  of the d imeta l lo  de r iva t i ve s  of ketones with haloalkylamines  [12] and 
aliphatic cyanides [13]. The reac t ion  of I with 2 -bromopyr id ine  finds an analogy in the r ecen t l y -desc r ibed  reac t ions  
[14] of 6-subst i tu ted 2 -b romopyr id ines  and of 2-bromoquinol ine  with sodamide, which involves the initial introduction 
of the amide anion into the y -pos i t ion  of the he terocycle .  The compar i son  with the amide anion s t r e s s e s  the high 
nucleophi l ic i ty  of the above dianion. It would be supposed that other  b romopyr id ines  would also reac t  anomalously with 
I. The reac t ion  with 3-bromopyr id ine  gave a mixture  of 3- and 4-diphenylhydroxymethylpyridines ,  accompanied by 
oxidation of the o rganometa l l i c  compound. The reac t ion  apparently p roceeds  v ia  the in termedia te  format ion of the 
he taryne  3, 4-dehydropyr idine ,  as is usually the case  in the reac t ion  of 3 -b romopyr id ine  with strong nucleophiles  [15]. 

Our resu l t s  induced us to r e c o n s i d e r  the s t ruc ture  of the compound obtained by the reac t ion  of I with nicotinic 
acid ni t r i le ,  to which had previous ly  been assigned the imine s t ruc tu re  [13]. The p resence  in the IR spec t rum of a 
s t rong band due to the CN group (2165 cm -~) shows that in th is  case  also the diphenylhydroxymethyl  group has entered  
d i rec t ly  into the pyr idine ring, but the exact  s t ruc ture  of the product  will  r equ i r e  fur ther  investigation. 

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

Analyses  were  ca r r i ed  out by M. R. Simonova. IR spec t ra  w e r e  r ecorded  on a UR-20 spec t rom e te r  in solution 

in ch loroform.  Mp's were  de te rmined  on the Koff ler  block. 

2 -Amino-4-d iphenylhydroxymethyl -4 ,  5-dihydropyr tdine  (II). To a solution of 0.92 g (0.04 mole)  of sodium in 
100 ml of liquid ammonia  was added a solution of 3.64 g (0.02 mole)  of benzophenone in absolute ether,  followed during 
half  an hour by a solution of 1.6 g (0.02 mole)  of 2 -bromopyr id ine  in 15 ml of ether .  The viole t  color  of the solution 
changed to green.  The ammonia  was d is t i l led  off, 30 ml of water  and 30 ml of e ther  added, and the mixture  was 
s t i r r ed  until p rec ip i ta t ion  was complete .  The prec ip i ta te  was f i l te red  off and washed with e ther  to give 1.4-1.5 g (50-  
55%) of II, mp 90 ~ C (from benzene). Found, %: C 77.6; H 6.6; N 10.0. Calculated for C18HjsNzO, ~ C 77.7; H 6.5; 
N 10.0. If no p rec ip i t a te  separated,  the e the rea l  layer  was  separa ted  and washed with 10% acet ic  acid, with cooling. 
Basif icat ion of the acet ic  acid solution afforded II. The e ther  l ayer  was washed with 5% HC1, and evaporated to give 
1.8 g of a mix ture  of compounds, 0.3 g of which was chromatographed on a column of 8-9  g of s i l i ca  gel KSK, solvent 
benzene: acetone (50 : 1). There  was obtained 0.14 g of benzophenone and 0.14 g of benzhydrol,  identified by mixed 
mp ' s .  Benzophenone was detected with iodine and benzhydrol  with phosphomolybdic acid. 

4-Diphenylhydroxymethyl-2 ,  3, 4, 5 - t e t r ahydropyr id -2 -one  (VI) and 2-amino-4-d iphenylmethy lene-4 ,  5- 
dihydropyridine (III). 0.25 g of II was suspended in 10 ml of water ,  and a few drops  of 10% HC1 added. The mixture  
was heated to boiling, and cooled to give 0.1 g of c rys t a l s  of VI, mp 264 ~ C (from alcohol). Found, %: C 77.4; H 6.2; 
N 5.3. Calculated for C18H17NO2, %: C 77.4; H 6.1; N 5.0. The acid layer  was basif ied,  and the prec ip i ta te  isolated to 
give 0.1 g of III, mp 197-198 ~ C (from toluene). Found, %: C 83.3; H 6.6; N 10.5. Calculated for ClsN16N2, %: C 83.0; 
H 6.2; N 10.7. Hydrochlor ide  of III, mp 249-250 ~ C (from alcohol and ether) .  Found, %: C1 11.5. Calculated for 
C18H16N2 �9 HC1, %: C1 11.8. The propor t ions  of III and VI obtained were  dependent on the reac t ion  conditions. Thus, on 
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boil ing a solution of II in 10% acetic acid, the main product was VI; addition of alcoholic  hydrogen chloride to an 
alcoholic solution of the substance followed by addition of e ther  gave a quanti tat ive yield of III hydrochlor ide .  The same 
hydrochlor ide  was formed on t r ea tmen t  of the product  of the reac t ion  of I with 2-bromopyr id ine ,  not with acet ic ,  but 
with HCI, which also s e r v e s  as a method of p repara t ion  of III. 

2 -Amino-4-d iphenylmethy lpyr id ine  (IV). A solution of 1 g of III in 20 ml of 10% HC1 was  boiled for 5 hr. Water  
was added in o rde r  to d i sso lve  completely  the oil which separated on boiling, and the solution was washed with ether  
and basif ied to give 0.8 g (80%) of IV, mp 168 ~ C (from benzene). Found, %: C 82.8; H 6.6; N 10.8. Calculated for 

C18H1~2, %: C 83.0; H 6.2; N 10.7. 

4-Diphenylmethylplper id ine  (V). To a solution of 0.9 g (0.0025 mole)  of IV in 20 ml of alcohol was added an 
equivalent  amount of an alcoholic solution of hydrogen chloride,  and the mix ture  hydrogenated in the p re sence  of 0.2 g 
of pla t inum oxide at a tmospher i c  p r e s s u r e  and r o o m  t e m p e r a t u r e  until 300 ml  of hydrogen had been taken up. The 
cata lys t  was  removed,  the solvent d is t i l led  off, and the r e s idue  t r i tu ra ted  with 3 ml  of acetone, giving 0.6 g of V 
hydrochlor ide ,  mp 278 ~ C (from alcohol and ether) .  The f ree  base V isolated f rom the hydrochlor ide  was c rys ta l l i zed  
f rom hexane, mp 100-101 ~ C. Compound V and its hydrochlor ide  gave no depress ion  of mp on mixing with authentic 
samples  [7]. The alcohol d is t i l led  f rom the hydrogenat ion mixture  was acidif ied and evapora ted  to give 0.16 g (90%) of 
ammonium chloride.  

4-Diphenylhydroxymethylpiper id ine  (VII). A solution of 0.9 g (2.5 mM) of VI in 30 ml of benzene was added to a 
solution of 0.5 g of l i thium aluminum hydride in ether ,  and the mix ture  boiled for 2 hr. After  decomposing with water ,  
the mix ture  was t rea ted  with 10% HC1, the e ther  l ayer  separated,  and a smal l  amount of t a r t a r i c  acid added to the 
aqueous solution. Basif icat ion gave 0.7 g of VII, mp 160 ~ C (from benzene ) [16]. 

1 -Methyl -4-d iphenylhydroxymethylp iper id ine  (VIII). A) To a solution of I in liquid ammonia  obtained from 0.9 g 
(5 mM) of benzophenone was added a solution of 0.7 g (5 mM:) of 1 -me thy l -4 -ch lo rop ipe r id ine  [17], the ammonia  
d is t i l led  off, the res idue  d isso lved  in 20% acet ic  acid, f i l te red  and basif ied to give 1 g (71%) of VIII, mp 135 ~ C (from 
hexane) [18]. B) A solution of 0.2 g of VII in a mix ture  of 3 ml  of 90% formic  acid and 3 ml of 40% aqueous formal in  
was boiled for 6 hr,  basif ied,  and the prec ip i ta ted  VIII f i l te red  off. Rec rys t a l l i za t ion  f rom hexane gave ma te r i a l  mp 
135 ~ C, undepressed  on mixing with ma te r i a l  obtained as in A). 

4-Diphenylmethylene-1 ,  2, 3, 4 - t e t r ahyd ropy r id -2 -one  (IX). A solution of 0.5 g of VI in a mix ture  of 5 ml of 
g lacia l  ace t ic  acid and 1 ml of conc HC1 was boiled for 20 min, poured into water ,  the prec ip i ta te  isolated and 
c rys t a l l i zed  f rom benzene.  The yield of IX was theore t ica l ,  mp 200-201 ~ C. Found, %: C 82.6; H 6.1. Calculated for 
QsH~sNO, ~5 C 82.7; H 5.8. 

4 -Diphenylmethy lpyr id -2-one  (X). A) To a solution of 0.5 g (1.3 mM) of IV in a mix ture  of 100 ml of wa te r  and 
1 ml of conc H2SO 4 was added 0.5 g (7 mM) of sodium ni t r i te ,  and the mix ture  heated at 60 ~ C for 30 min. The 
prec ip i ta te  (0.4 g) was isola ted  and c rys ta l l i zed  f rom benzene, mp 207 ~ C. Found, %: C 82.5; H 6.1; N 5.5. Calculated 
for  C18Hl~NO, ~ C 82.7; H 5.8; N 5.4. B) A solution of 0.5 g o f  IX in a mix ture  of 5 ml  of ace t ic  acid and 2 ml of conc 
HC1 was boiled for 8 hr  and poured into water ,  giving 0.4 g of X, mp 207 ~ C (undepressed on mix ture  with ma te r i a l  
obtained as in A. but dep res sed  on mixture  with s tar t ing mater ia l ) .  

React ion of I with 1-bromonaphthalene.  To a solution of I in liquid ammonia,  obtained f rom 3.6 g (0.02 mole) of 
benzophenone, was added a solution of 4.2 g (0.02 mole)  of ]L-bromonaphthalene in 100 ml of xylene. The ammonia  was 
evapora ted  and the mix ture  boiled for 3 hr,  cooled, and poured into water .  The prec ip i ta te  was f i l te red  off to give 
1 .0-1 .2  g of benzamide,  mp 126-128 ~ C ( f rom dichloroethmm). A mixed mp with authentic ma te r i a l  gave no 
depress ion .  Removal  of the xylene left  0.8 g of naphthalene. The reac t ion  with bromobenzene followed a s im i l a r  
course .  

React ion of I with 3-bromopyr id ine .  To a solution of I in liquid ammonia,  obtained f rom 1.82 g (0.01 mole) of 
benzophenone, was added a solution of 1 g (0.012 mole) of 3 -bromopyr id ine  in e ther .  The ammonia  was d is t i l led  off, 
30 ml of water  and e ther  added, and the prec ip i ta ted  solid isolated.  Yield 0.3 g of 4-diphenylhydroxymethylpyridine,  
mp 235 ~ C ( f rom alcohol). A mixed mp with an authentic sample  [19] gave no depress ion .  The e ther  l ayer  was 
ex t rac ted  with 107o HC1, basif ied,  and ex t rac ted  with e ther .  Removal  of the e the r  lef t  0.2 g of 3- 
diphenylhdroxymethylpyridine,  mp 114-115 ~ C ( f rom ethyl acetate),  giving no depress ion  on mixture  with an authentic 
sample [19]. Chromatography of the e ther  l ayer  revea led  the p re sence  of benzophenone and benzhydrol.  
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