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Abstract-Condensing phenol with pyridine-2-aldehyde has been shown to give 4,4’dihydroxydipheny1(2- 
pyridyljmethane (I) together with 24-29% of its isomer 2,4’dihydroxydiphenyl(2-pyridyl)methane (II). 
Repeated crystalfizations of the mixture, required to obtain I free from II, caused the yield of I to fall to 
scarcely 25%, based on pyridine-2-aldehyde. To prevent or reduce formation of orrho condensation 
products, pyridine-2-aldehyde was made to react with phenols halo substituted in both or in a single 
orrho position. Reductive dehalogenation of the compounds thus obtained gave I in M-7051/, yield. 

4,4/-IkIYDROXYDIPHENL (2-PYRJDYL)MErHANE (I) is known as, an important inter- 
mediate in preparing laxatives like 4,4’diacetoxydiphenyl(Z-py~dyl)met~e (bisa- 
codyl),’ and ~4,~~2-pi~lylidene~bis-phenylsuiphuric acid disodium salt (sodium 
picosulphate).2 Although the literature reports many methods for the synthesis of I,3 
the majority are clearly unsatisfactory, except for the one which involves condensing 
phenol with pyridine-2-aldehyde.3u 

On repeating this last reaction, we found that two isomers always form in unequal 
amounts, and may be separated and obtained pure (Experimental). These compounds 
were identified as I and 2,~dihydroxydiphenyl(2-pyridyl~eth~e (II). 

II: R = H 
IX: R = Cl 
X: R = Br 

The more abundant isomer has properties similar to those reported for I. Further- 
more, its consistency with structure I was confirmed by IR and PMR spectra (Fig. I). 
A strong absorption band occurs around 83Ocm-’ which should be attributed to 
the out-of-plane deformations of the four groups of two ad&cent hydrogens on paru 
substituted benzenes, while a band appears at 763 cm- ’ which is due to the four 
adjacent hydrogens on the a-substituted pyridine ring. The PMR spectrum furnished 
critical structural evidence: a sharp singlet occurs at 5.45 6 which should be ascribed 
to the methine hydrogen, while the aromatic proton resonances appear as two 
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doublets centered at 671 and 7.01 S, thus clearly confirming the pura substitution of 
both benzene rings. 

The less abundant isomer shows a lower m-p. and a higher thin layer RI value. 
Two bands can be observed in its IR spectrum at 835 and 804 cm’ 1 which, for their 
position and intensity, are indicative of a pura substituted benzene, while another 
absorption band attributable to an or&o substituted benzene occurs at 756cm-I, 
very close to the absorption of the pyridine hydrogens (764 cm-‘). The PMR 
spectrum (Fig 2) shows that the methine proton is deshielded to 5.75 6, thus suggesting 
the presence of an o&o OH group. The aromatic pattern is rather complex, but the 
occurrence of two doubfets centered at 6-X) and 7.02 d can be observed, and these 
are also consistent with a para substituted benzene. A complex absorption with 
maximum peak at 6.87 6 is superimposed on these signals, and this does not contrast 
with an orrho substituted benzene. 
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RG. 1 PMR spectrum of 4,~di~ydroxydipheny~(2-pyridyI)methane (I). 
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Fw. 2 PMR spectrum of 2,4’-dibydroxydiphenyl(2-pyridyl;ethane (II). 
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On the basis of the above results, structure II could be reasonably attributed to the 
secondary product which forms in condensing phenol with p~dine-2-al~hyde. 
Nevertheless, we wanted to unquestionably confirm this assignment by indirect 
route, synthesizing 2,~-d~ydroxydiphenyl(2-py~dyl~eth~e (III), the third isomer 
possible in this condensation. To ubtain III, we utilized a procedure which would 
exclude a pr&? formation of other isomers and would be in itself demonstrative of 
this structure. That is, we reacted pyridine-2-aldehyde with a phenol 2,4disubstituted 
with halogens, which could then be easily eliminated after condensation. Thus, 
2,2’dihydroxy-3,3’,5,5”-tetrachlorodiphenyl(2-pyridyl)methane (IV) was obtained 
from ~4-di~hlorophenol and was, in turn, reductively dechlorinated by nickel- 
aluminium alloy in alkaline solution, to yield III. Yields were about 80% in both 
cases. 

@I: R = H 
IV:.R = Cl 

Com~und III has a m.p. and a thin layer & value higher than those of its isomer II. 
As expected, the IR atld PMR spectra are also radically different from those of II. 
Two strong absorption bands occur at 762 cm- 1 (pyridine hydrogen@ and at, 
754 cm-’ ~ydrogens of the two ortho substituted benzene@. The methine proton is 
further deshielded to 613 S by the two or&o 0I-I groups. As o&rv~ for II, the 
hydrogens of the orho substituted benzenes give rise to a complex absorption which 
has its maximum peak at 6.87 6. 

-Having thus finally ascertained the identity of I& we carried out a quantitative 
analysis of the crude products obtained from five condensations of pyridine-2- 
aldehyde with phenol, all performed according to the method described in the 
literaturc3” The yields varied from 77 to 85 % based on pyridine&aldehyde, with 
an average value of 81%. iterating the chemically different met&e-proton signals 
of I and II revealed a content of II varying from 24 to 29%. Repeated crystailizations 
from 95% ethanol were required to obtain I free from the isomer, and these lowered 
the yield of I from 81% tu about 25 “/, Consequently* this procod- also proved 
very inconvenient. 

While seeking a method which would give a higher yield of I and would be in- 
expensive, and after having observed that pyridine-2-aldehyde not only condenses 
with the phenol para hydrogen atom but also, even though to a lesser extent, with 
those in the o&o position, we adopted a procedure similar to that used in pre- 
paring III. ‘Pyridine-2-aldehyde was then reacted with phenols 2,dciisulWituted 
with halogens, to prevent formation of or& condensation products. Thus, 4,4’- 
dihydroxy-3,3’,5,5’-tetrachlorodiphenyl(2-pyridyl)methane (V) and 4,~d~ydroxy- 
3,3’,5,5’-tetrabrom~iphenyl(2-pyridyl)methane (VI) were respectively obtained from 
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V:R=C=I 
VI:R=Br 

2,Gdichlorophenol and 2,Gdibromophenol, with about 87% yields in both cases. 
Reductive dehalogenatioa of both V and VI afforded I in 80-85 % yield. Based on 
pyridine-2-aldehyde, the average yield of I was consequently about 72”/, thus 
indicating an improvement on the previous method. 

By reacting pyridine-2-aldehyde with phenols substituted with a halogen atom in 
only one of the two or&o positions, we were able to establish that this has a marked 
influence on the degree of orrho condensation, compared with phenol. 4,4’-Dihydroxy- 
3,3’dichlorodiphenyl(Zpyridyl)methane (VII) and 4,4’-dihydroxy-3,3’-dibromodi- 
phenyl(2-pyridyl)methane (VIII) were respectively obtained from IL-chlorophenol and 
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I:R=H 
VII: R = Cl 

VIII: R = Br 

2-bromophenol, both showing an average content of 10% in relative isomers, i.e. 
2,~dihydroxy-3,3‘-dichlor~iphenyl(2-pyridyl~eth~ (IX) and 2,4’dihydroxy-3,3’- 
~brom~ph~yl(2-p~dyl~e~~ (Xj Consequently, it was sufficient to wash 
the crude products with boiling ethanol to obtain pure VII and VIII in 70% yield. 
Reductive dehalogenation of these compounds gave I with a yield which, based on 
pyridine-2aldehyde, was about 65 % in both cases. Therefore, there is also a marked 
improvement on the method in the literature,- a 2-halophenol is used in&ad of 
phenol. According to their structures, both IX and X afforded II on reductive de- 
halogenation. 

EXPERIMENTAL 

M.ps were taken on a B&&i capitlary m.p. apparatus and are corrected. The R, values were determined 
on glass chromatostrips coated with silica gel G Merck; the TLC was performed with cyclohexane-ethyl 
acetate-methanol (7:3:2) in the case of I, II and III, and with cyclohexane-ethyl acetate-methanol-water 
(10: 10~6: 1) in the case of VII, VIII, IX and X. T’be spots were detected with a 1: I mixture of cone H,S04 
and 3% potassium dichromate aq. IR spectra were recorded as nujol mulls using a Pakin-Elmer 337 
grating spectrometer. PMR spectra were run in a 2.5: 1 mixture of DMSO-d, and CDCI, on a Varian 
A-60 A spectrometer, operating at 604OMc/s in a radio-frequency range of 004-006mi11igauss; the 
refereoa: zero was inter&I TMS and the chemical shifts were expressed 
point @-scale). Microanaiyses were carried out by Dr. R. Paego. 

in ppm down-field from this 
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Reaction of phenol with py~i~-2-~~hy~e 
Phenol (69 g, 0734 mok) was coude~~~I with pyridine-Zaldchyde (24-2 g, 0226 mole) in the pmsence 

of H,SU, amording to the method in the literature,* giving 50 g (81”/@ of a mixture of 4,~~~~~ox~ 
~j~~y~~2-p~~y~~t~ (I) aud ~~d~y~r~x~i~~enya(2-pyridylpnethan (II). Analysis by PMR showed 
that II was present to the extent of 25 “/, Recrystallization from 95% EtOH (500 ml) gave a product con- 
taining about 4% of II. Further ~s~l~ti~ from the same solvent (300 ml) furnished 155 g {25 YJ of 
pure I as colourkss crystals m.p. 248-25@5” (lit. JI 254”), TLC R, 036 (violet). (Found: C 77.72; H, 544; 
N, 498. CtsH , lNOr requires : C, 77.96; I-I, 5.45; N, 5.05 %.) 

The combined mother liquors of the above crystallizatious gave, when concentrated, a mixture enriched 
in II. This was repeatedly crystallized from 95 “/, EtOH to give 3 g (4.8 YJ of pun: Ii as colot~rlcss crystals 
m.p. 204+206”, TLC R, 044 (nut-brown). (Found: G 7799; H, 547; N, 496 C,sH1JN02 requires: 
C 7?+%; H, 545; N, J-05 %.) 

On repeating this reaction 4 times, the yields of the crude mixture were SS, 79, 82 sod 77Ym with a 
content in II of 24,25, 24 and 290/, respectively. The final yields of pure I varied from 22 to 28%. 

5 g (0046 mole) of pyridine-2-aldehydc was added during 1 hr to a thoroughly homogeneous mixture 
of 2,~i~~oroph~~l (1904g, Qft6molef and coot H,SO, (12-5 ml), stirring ~gorously and keeping 
the temp from 0 to 5”. After the addition, stirring was continued for 30 min, and then the tcmp was allowed 
to rise spontaneously for 2 hr, taking care that it did not exceed internal 309 Finally, the reaction mixture 
was warmed at 50” for 2 hr* allowed to stand overnight at room temp, and tkn dissolved with external 
caoling in 5 % NazCOaaq. The solo was filtered with charcual and the pH adjusted to with 5% AcOH. 
The ppt which formed was filtered of$ washed with water, dried, and taker up with ether to remove the 
unreacted ~4di~hlorophenol. to give 14.7 g (77 %) of 22’-dihydfoxy3,3:5,5’-tetr~c~~~~~p~e~y~2- 
pyridy&rtethme (IV). Recrystallization from 95% EtOH gave a pun sampk as colourlcs, crystals m.p. 
228S2295”. (Found: C 51.83; H, 2.72; Cl, 33-81; N, 3.30. CIsH1lCldNO, requires: C, 5208; Ii, 2.67; 
Cl, 34-17; N. 3+38x.) The PMR spectrum showed the methine proton signal at 6-18 6. The crude product 
was used for further work. 

5.9 g of Ni-Al alloy was added during 4 hr, with vigorous stirring and at room temp, to a solo d IV 
(6g, OU144 mok) in 5% NaOHaq (80 ml). The mixture was thtn stirred overnight at room temp, filtered, 
and the soln acidified to pH 5 with 10% AcOH. The ppt was filtered d”f, washed with water, dried, and 
then taken up with boiling 95% EtOH f2OOml) to remove tk salts Bvaporatiou of the alcohol gave 
3.24 g (81%) d crude III. R~~s~B~tion from 95 % EtUH afforded an analytical sampk as colourless 
crystals m.p. 244+245*5”,TLC R,@47 (brown). (Found: C, 77.48; H, 5-61; N, $02 C,sH,sNO, requires: 
C, 77.96; H, 5.45; N, SW%.) 

4.4’-~ihy~roxydjp~y~2-pyr~yl~et~ (I) 
(a) By reductive dehalogenatian of both 4X-dihydroxy-3,J’,S,5’-t~~~~Qr~jp~y42-~~y~~ (v) 

and 4,~d~hydr~xy-3,~,5,S-tptr~r~iph~y42-p~~y~t~ (VI). V was prepared essentiaIIy as was 
IV. 165 g (86%) of cNde V was obtained from 1994 g (0.116 mole) d 2&dichlorophenol and 5 g (OG46 
mole) of pyridine-2-aldehyde. Recrystallization from 95% EtOH afforded a pure sampk as colourkss 
crystals m.p. 233-232”. (Found: C, 51.58; H, 2-72; Cl, 33.99; N, 3.31. C,sH,,Cl,NO, requires: C, 52a; 
H, 2.67; Cl, 34.17; N, 3.38 x.1 The PMR spectrum showed the methine proton signal at 5.57 S. VI was 
prepared similarly from 54 g (0.214 mole) of 2&dibromophenol and 92 g (0086 mokf of pyridine-2- 
aidehyde. obtaining 448 g (88 YJ of crude VI. Recrystallization from 95 ‘!’ EtOH gave a pure sample as 
colourlcss crystals m.p. 2235-225”. (Found: C, 3657; H, l-91; Br, 5351; N, 2.30. CIsHr,Br~NO1 
requires: C, 3646; H, l-87; Br, 5391; N, 2*36%.) Tbe PMR spectrum showed the methine proton signal 
at 5.60 6. The crude products were used for further work. 

Reductive dthalogenation of both V and VI was accomptished as was described for IV. Dechlorination 
of 50 g @X!O mole1 d V with 49 g d NCAl alloy gave 26.7 g (80%) of I, m.p. and m.m.p. 248-250”. The 
yield was 690/, based on p~id~e-2-aldehyd~ ~bro~nati~ of 2og ~~~rnole~ of VI with 18g of 
Ni-Al alloy gave 7*9g (85Y& of l, mp. and m.m.p. 249-250.5”. The yield was 750/, based on pyridine- 
2-aldehyde. 

Ib) By reductive ~e~f~~~ of both 4,~dihy~~xy-3,3’~y~2-py~y~~ wli) and 
4.4’dihydtoxy-3.3’dibromodipheny42-pytidy[)merh4ne (VIII). VII was prepared by the method used for 
IV. 211 g (87 %I of VII containing I 1% of 2;(i’-dihydroxv_3,3’djc~~r~jp~y~2-p (IX) was 
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obtained from 292.9 g (2.27 mole) of 2-chlorophenol and 75 g (0.7 mole) of pyridine-Zaldehyde. One 
washing with boiling 95 % EtOH (4430 ml) afforded 167 g (69 %) of crude VII free from IX. Recrystallixation 
from 95% EtOH gave a pun sample as colourless crystals m.p. 212-2155”, TLC R, 068 (dark brown). 
(Found: C, 62.01; H, 380; Cl, 2U27; N, 3.98. C,,H,sCl,N02 requires: C, 6244; H, 3.78; Cl, 20.48; N, 
4.05 %.) The PMR spectrum showed the methine proton signal at 548 6. The mother liquor of the above 
washing was evaporated, the oily residue taken up with ether, the ethereal solution filtered and evaporated 
to dryness, and the new residue repeatedly triturated with pet. ether. The solid product was dissolved in 
10% NaOHaq. and the soln filtered with charcoal and adjusted to pH 5 with 10% AcGH. The ppt which 
formed was filtered off, washed with water, and dried, to give 9.2 g (38%) of crude IX free from VII. Re- 
crystallization from cyclohexane afforded a pure sample as colourless crystals m.p. 123.125”. TLC R, 
0.73 (yellow). (Found: C, 621)8; H, 3.80; Cl, 2013; N, 441. C,sH,,Cl,N02 requires: C, 6244; H, 3.78; 
Cl, 2048; N, 435x.) The PMR spectrum showed the methine proton signal at 5.77 8. VIII was prepared 
similarly to VII from 2560 (1.48 mole) of 2-bromophtnol and 47.5 g (044 mole) of pyridine-t-aidehyde, 
obtaining 171 g (89 %) of VIII containing 10% of 2,4’-dihydroxy-3,3’-dibro~iphenyl(2-pyridyl)methone 
(X). One washing with boiling 95% EtOH (350ml) furnished 135g (70%) of crude VIII free from X. 
Recrystallization from 95% EtOH gave a pure sample as colourless crystals m.p. 173-17Y, TLC R, 
070 (brown). (Found: C 49.88; H, 31 I; Br, 3560; N, 309. C,,H,,Br,NO, requires: C, 49.68; H, 3.01; 
Br, 3673 ; N, 3.22 %.) The PMR spectrum showed the methine proton signal at 5.52 S. Isolation of X from 
the mother liquor of the above washing, accomplished as was described for IX, finally afforded a pure 
sample of X (6.1 g, 3.1 %,l as colourless crystals m.p. 95--96q TLC R, 0.78 (yellowish). (Found: C, 49.55; 
H, 348; Br, 3594; N, 3.12 C,sH,,Br,N02 requires: C, 49768; H, 3QI; Br, 36.73; N, 3.22%) The PMR 
spectrum showed the metbine proton signal at 5.79 6. The crude products were used for further work. 

Reductive dehalogenation of VII, VIII, IX and X was performed as described for IV. Dechlorination of 
1OOg (029 mole) of VII with 49g of Ni-Al alloy gave 74g (92%) of I, m.p. and m.m.p. 248-250”. The 
yield was 63.50/, based on pyridine-2-aldehyde. Debromination of 1OOg (0.23 mole) of VIII with 49 g of 
Ni-Al alloy gave 60g (94%) of I, m.p. and m.m.p. 247-249”. The yield was 66”/, based on pyridine-2- 
aldehyde. Dechlorination of 5 g (0*014 mole) of IX with 2.5 g of Ni-Al alloy gave 3.4g (88 %) of II, m.p. 
and m.m.p. 204-2069 Debromination of 5 g (0.01 1 mole) of X with 2.5 g of N&Al alloy gave 2.8 g (90?$ 
of II, m.p. and m.m.p. 203-205”. 
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