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Abstract- A comparative study on the proton and carbon NMR spectra for a 
series of _h’- and O_-acyl substituted monohydroxypyridines tC6li NOR: R -H. 

-CHO. COCH3. -S02CH3. -Sd2C$t4CH3 p 

is reported. 

-COC(Cl13)3. -COCP3, -COC6H5. 

Charactertstic ‘H. 
13 

C NMR and IR spectral features allow sknple and 

unambiguous distinction between the ieomeric N- and/or 0-ecyl-derivatives 

of 2-. 3- and I-hydroxypyridlnes, so that both forms can clearly be iden- 

tified when tautomeric equilibria occur, since the tautomerism rnte is slow 

on the NMR time scale. 

Although in the last few years some usomcric acyl dcrtvatives of 2 and 4 hydroxypyridincs (2 

and 4 pyridones). have been submitted to ‘11 
1-4.9 13c s-Iland 14x 12 

. h’>lR studies and several 

E. and O_ acyl derivatives of 4 hydroxypyridinc have been prepared - 13 15 
. apparently a general 

and comprehensive study on S- and tJ-acyl derivatives of the three iaaneric monohydrox~yridinea 

has not been undertaken. In particular, little work has been done in the 
13 

C NMR area. although 

this technique is invaluable in providing structural information on organic molecules. 

A l3 C and ‘1, NMH study supported by IR data aimed RI elucidating the influence of the intro- 

duced acyl substituent on the structure of the resulting derivatives of 2 .3- and 4- hydroxypyridi- 

ncs was t hereforc undertaken. 

Thus. the acyl substituents -COH and -S02R. with R representing either an electron-releasing 

or an electron-withdrawing group. were examined and the foltowing compounds were prepared and 

studied: formyl. ncetyl. pivaloyl, trifluoroacetyl. benzoyl. methancxulfonyl nnd e-toluenesulfonyl 

derivatives (see Scheme 1). The study was also extended to the I-cl’-pyridylj-2 pyridone (6) 
16 

and 1-C 4’-pyridyl)-4 pyridonc (1) 
17 

. both having an electron-attracting group, the pyridine moie- 

ty. hound to the pyridone nitrogen atom. The new compounds 3. and 4 acetoxy-Nmethylpyridinium 

iodidcs (9 nnd 10) were also studied in order to obtain information on the effect of charge in com- - 

parison with the uncharged acetoxy dcrivntives. 

-. .-_._----. --- 
I Presented in part as a poster at the Italian Discussion Group of Magnetic Resonance Meeting 
held in hrcavacata di Hende. ttoly. on Kovcnnber 3-4, 1981. 
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13 
C Ah’D \i NMR SPECTRA 

The 
i3 

C and ‘It NMR chemical shifts of 2-, 3 and 4-hydroxypyridine (2- and 4-pyridone) moie- 

ties are reported in Tables 1 nnd 2 respectively. The 13C assignment were ob- 

tained on the basis of off-resonen- 

ce spectra. proton coupled spec- 

tra. 
1 
H selective decoupling ex- 

periments, comparison with model 

compounds, empirical rules 
18 

and 

1 2 

R 

6-H 
U-Cl40 

cl-COW&-AC) 

d)- aWCH,)3 
a)-COCF, 

9 

SCHEME 1 

internal consistency. The ‘H NMR 

analysis was carried out according 

to the chemical shift and J cou- 

pling constant values of the ring 

protons. The J values were been 

obtained from computer analysis 

of the ‘H-NMR spectra at 96 MHz. 

The final parameters resulted from 

iterative computer simulation of 

experimental spectra using the 

ITRCAL program on a BRC-28 

Bruker onnputer. 

O_-Substituted- 2-hydroxypyridines 

( 1) and N-substituted- 2-pyridones -_ 

(2 and 6) (Tables 1A and ?A) 

Although in the 
13 

C NMR spectra 

atoms C-4 and C-6 show very similar shifts, they could be unambiguously distinguished by diffe- 

rent coupling constants with their attached protons 
19.20 

. Moreover. C-3 and C-S exhibit different 

multiplicitks (due to different ‘H long-range coupling constants) in the proton-coupled spectra 
21.2: 

C-2 assignement is easy on the basis of off-resonance experiments. Ambiguities in C-2 assignnent 

due to the presence of other quaternary carbon atomscarrying subxtituents are resolved by czpa- 

riaon with the spectra of their 3- and I- analogues. 

As already observed, the 2-derivatives (collected in Scheme 1) may exist in the isomeric forms 

1 nnd 2_ 2-hydroxypyridine is known to exist 
12 

in the pyridone form (2) while other derivatives 

seem to exist in the pyridonc form (1) 
15 

. 

Such a structural difference involves scme cheracterietic modifications of the spectral features 

of form 1 in comparison with 2: in form 1 C-3 exhibits an upfield shift, C-S a downfield shift ao 

that a C-3, C-5 chemical shift inversion occurs between the two forms; also the C-6 resonance is 

very sensitive to structure isomerism and shows in form i a downfield shift of more than 12 ppm; 

quaternary C.2 carbons atoms are xhiftcd 6-9 ppm upfield In form 1. On the other hand, C-4 ato- 

ms seem less sensitive to tautomeric isomerism and show only a 1 ppm difference in the two forms. 

Thus. it is possible to attribute structure 1 (CDC13 solutions) either to the new compounds here 

described (R- d_, e_, g)or to known molecules which appear hitherto not to have been submitted to 

NhtR study (Hz r, h). by comparing their data with those of derivatives of established structure 
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(II= 8_. c_). 
1 

A tautomcric equlllbrium was observed only for C and 2 , while the b_ derivative exists only 

in the pyridone form (21 I4 
3 

es compound 6. the pyridone structure of which is well known . 

These results have been confirmed by ‘H NIR spectra. 

An ABCD spectrum is shown by four protons of the heteroaromatic ring. Comparison of the 

chemical shift values of compounds 1, z and 6 (Table 2A) shows large and constant differences. 

In compounds 2, end f! ring protons are shifted upfield as compared to the corresponding proton8 

of l:B-3. :,6,0.45-0.65 ppm: h-4, nc ,0.4~0.50~~. H-5. 6$=0.9-1.0 ppm; B-6, G5-0.40-0.50 

ppm. Such an effect may be ascribed to differences of ring current between the pyridone and the 

pyridine ring systems. 

Information on the structure of O-substituted hydroxypyridines and N-substituted pyridones oan - 

be al.90 obtained from coupling constant values of the ring protons. Such an anelysie was applied 

to derivatives le, c and 2b c in order to obtain J values typical for structure 1 and 2. - - - - 

Some J values, compared with those already published for similar compounds, are reported in Ta- 

ble 3. Figures for the most significant vlcinel couplings J3 4, J4 5 and J5 6 indicate remarkable 

differences between pyridone and pyridinol derlvrtives. In particular, J3 4 and J5 6 values are 

always much higher in pyridone structures while J4 cJ are lower. Such an effect appears to be ge- 

neral and not restricted only to the E- and O_-ecyl derivatives under study. as seen in the repor- 
5 

ted 3 vatues in E-methyl-2-pyrldone and 2-methoxypyridlne . A further support for the struc- 

ture 2 is given by additional splitting observed in H-3 and H-S resonances due to long-range 

coupling with the formyl proton: such a five bonds coupling (0.6 Hz) can occur to H-3 and B-5 

only when the formyl group is on the nitrogen atom 26 b 

~-Substituted-4-tjyd~xypyridines (4.6 and 10) and ridones f 5 and f) t Tables --_ N-sub8tituted-4-py _- 

IC and 2Cf. 

Owing to the symmetry of these derivatives. their 
13 

C spectra are particulary simple. Only 

three peaks are pre.sent. at about 115-120 ppm (C-3. C-5). 134-152 ppm (C-2. C-6) and 155-162 

ppm (C-4). 

tt has been shown that 4-hyd~xypyridjne must be formulated es 4-pyridonc 3 
5. 12 

; our data 

(CDC13 solution) agree, and indicate unambiguously the structure of all compounds herein studied, 

In fact. unequivocal information on tautomeric forms can be obtained from the chemical shifts 

of the quaternary C-4 and the methyne C- 2 end C-6 atoms. In the pyridonc structures 5. while 

C-4 shows 8 large downfield shift (20-25 ppm), C-2 and C-6 are shifted unfield (lo-15 ppm) In 

comparison with the corresponding atoms of structures i. C-3 and C-5 are less sensitive to struc- 

tures modifications. and show small shifts (less than 2 ppm upfield in fobs 4). 

Therefore, it was possible to deduce that substituents 2, e and c give rise only to form i, whi- 

Ic substituent E generates in CDC13 solution the known tautomeric equtlibrium of 5 and 5 
2 

es for 
1 

forms L and 2 . Each resonance pattern can be unequivocally assigned to each pure tautomer 4 

or 5, because the observed chemical shifts are identical to those shown by either isolated pure 

forms. 

Substtttxnts g and h_ gave rise to both isaneric structures having independent existence. They 

undergo no teutomeric equilibria since neither form generates the other in solutton (4h. 5h) and -- 

the existence of each form in .solutton seems to be lndependent of the other (&, 2). 
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Table 3. Characteristic JIi H coupling constants values (Hz) of pyridinic and pyridonlc ring 
protons 

.- -_ 

2-mcthoxy- 

-pyridine lc 

- (5) 

-- J 3.4 8.45 8.75 

J3.5 0.90 0.80 

J 3.6 0.65 0.75 

J4*5 7.10 8.10 

J4,6 2.00 2.00 

JS.6 5.05 5.50 

- 

3-methoxy- 

- pyridine 3c - 
(5) 

-- 
‘2.4 3.00 2.40 

J 2.5 0.70 0.80 

J 2.6 -0.35 0.20 

J4.5 8.65 8.00 

J4,6 1.40 1.70 

J 5.6 4.75 4.80 

_--- 

4-methoxy- 

-pyridine E 

(5) 

J 2.3 5.75 6.00 

J2.5 0.60 0.75 

J2.6 -0.20 0.00 

J3.5 2.60 2.00 

J 3.6 0.60 0.75 

JS,6 5.75 6.00 

-__ 

N-methyl-2 

le 2b 2c 6 
- - - 

-pyridonr 

(3) (5) 

- 7.88 9.15 9.40 9.11 9.05 

0.02 1.17 1.35 1.29 1.35 

0.00 0.70 0.70 0.71 0.70 

8.15 6.46 6.65 6.52 6.65 

2.50 2.17 2.10 2.03 2.10 

6.50 6.94 7.50 6.79 6.60 

3-formyl- 3-acetyl- N-methyl- 3 

E -pyridine -pyridine & -pyridone 

(26c) (26c) (5) 

2.50 2.02 2.12 2.80 2.70 

0.80 0.88 0.83 0.70 0.20 

0.00 0.00 0.00 -0.15 1.70 

- 8.50 7.85 7.99 8.35 9.00 

1.55 1.81 1.79 1.45 1.00 

5.05 5.00 4.87 4.65 5.50 

N-methyl- 4- 

5c 7 pyridone 

(5) 

8.20 7.50 7.55 

0.20 0.10 0.15 

2.00 2.50 2.50 

3.00 2.80 2.85 

0.20 0.10 0.15 

8.20 7.50 7.55 



Proton and carbon NMR study on X- and O-a@ derivatives of monohydroxypyridtnc 4073 

Moreover. the 
13 

C. and ‘it chemical shifts indicate a structural difference between 1 and its to- 

syl salt 8. In fact, while the chemical shifts of 7 show values attributable to a pyridone moiety, 

they indicate for i a hydroxypyridine structure. A significant effect on the chemical shifts of the 

latter annpound due to the presence of a charge on the nitrogen atom may be excluded by canpa- 

ring the ! values of compounds 4 and lo. 2 and !. 

The ‘tt spectra show an AA’BB’ system for the four protons of the heteroammatic ring. with two 

apparent triplets for H-3 and II-5 at higher field. and for H-2 and II-6 at lower field. In cam- 

pound s and 1 both resonance peaks are shifted upfleld as compared to the corresponding resonan- 

ces in compounds 4, 8. and lO:Jb=O.S-0.7 ppm for H-2 and H-6; ~16 -0.6-0.8 ppm for H 3 and H 5 _ _. -_ 

(Table 2C). These L& ‘A agree with the differences reported between pyridone and pyridinol struc- 
5 

tuN?s . 

The vicinal J2,3 and J 
5.6 

nre always greater in pyridonee. and this cnn be used to discrimina- 

te between the two forms, as further supported also by conparing vi&al J values of N-alkyl 4- ._ 

-pyridones and Calkoxy-pyridines ’ (Table 3). 

The structure mny be more diwtly derived from the splitting of most intense multiplet bands. 

which however represents the sum J 
2.3 * ‘2.5 tJAf.t ’ JAR’ 

1. Also in this ca.se, this splitting is 

greater (8.2-8.4 Hz) in N-acyl or N-aroyl-4-pyridones than in O_-acyloxy-4_pyridines (6.2 6.4 IIz)!~ 

c-Substituted-3-hydrpyridines 3 and 9 (Tables 1R and 28). -- 

These derivatives of 3-hydroxypyridine show a unique resonance pattern. and the peaks were 
8 

assigned following the described general criteria . The pyridone structure coul be excluded on 

the basis of different experiments 
5,11.12 . and the chemical shifts point out the arwnatic pyridi- 

ne structure. 

The examined 3-Dacyl derivatives show differences in 
13 

C chemical shifts. These can be attri- -_ 

buted to the different contributions induccd by the various substitucnts and they do not indicate 

structural changes. 

These conclusion are alao confinned by the ‘H-NMR spectra. In fact the ‘11 ring protons chemi- 

cal shift (Table 2B) are quite similar to these of typical aromatic systems 
26 

and the observed dif- 

ferences among the substituents can be ascribed to the different ricg currents induced by the dif- 

ferent substitwnts. 

A higher degree of nromaticity can therefore be postulated for cwnpounds 2, in comparison with 

their corresponding 2- and 4- analogues. This hypothesis is supported by a coupling constant ana- 

lysis of the pyridine ring protons. 

The four pyridine protons were considered as an ABMX system; in fact, calculatbn leads to J 

values (Table 3) very close to those reported for pyridine carrying in positbn 3 either an electro- 

philic or a nucleophilic substituent. This fact indicates a annmon structure for all J-substituted py- 

ridines and implicates, therefore, a I-acybxypyridine structure (3) for these derivatives. 

Significant differences of l3 * C chemical shift were found among onapounds 2, 3c-h and N-me- 
5 

thy1 _ or N-phenyl- 3-pyrldones 11 : in 3-hydroxypyrldino, C-2 and C-6 shows upfield shifts from 

the corresponding carbon atoms of the 3qderivatives. C-4 and C-5 resonances coincide at 125- 19 

ppm. The observed C. 5’s of C-3 appear to be of partkular Importance in the aforementkned corn- 

pounds: compared with the chemical shift in 3-acybxypyridtnes. C-3 of (5) shows a downfield 

shift of about 8 ppm.whilc in )3_methyl- ond N-phenyl-3-pyridonea it resonates about 21 ppm down- 

field. These C-3 chemical shift differences suggest for (2) a aomrwhat different structure from 
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Proton and cuhon NMR study on X- and O-acyl derivatives of monohydroxypyridine 4075 

Table 5. 
1 

H NMR chemical shifts of protons of substituent groups in ppm from TMS (CDCl3 so- 

lution) at 90.1 MHz. 

Compound 

- 

- 

t (ppm) 

-_-_ --.-_-- 

-_- -_- _--- 
243 - 

2b - 

lc - 

2c - 

Id - 

If - 

!lx 

lh - 

6 

38 - 

3c - 

3d 

3f - 

L 

3h - 

9 __ 

sa - 

4c - 

5c - 

4d - 

4f - 

4 

%I 

4h - 

Sh - 

7 

8 

10 - 

12.93 (-NH ) 

9.79 c-C!O, 

2.33 (-OCOCF,, 

2.80 (-NCOCk131 

1.30 (-c(CE3)3) 

6.17 (H2,*H6,); 

3.47 (-oso,-q13) 

7.89 (H2,*H6,); 

H.59 (H6”): 

7.35 w,,, 

6.55 (-Olij 

2.29 c-OCOC!i,, 

1.53 (-CW313) 

8.27 W2,W6,); 

3.20 C-OSO,Cy,, 

7.62 (H2,*H6,); 

4.40 (-NCki3); 

9.94 C-N!) 

2.30 (-OCOCt13) 

2.60 (-N-COCl_13) 

1.57 wc~3)3) 

8.20 (H2,*H6,); 

3.20 ( 0S02Cy3) 

3.23 ( tGS02-CH3) 

7.75 (H2,*H6,): 

7.80 Ut2,*116,); 

8.77 (H2,.*H6”): 

9.00 W2”.H6”k 

7.10 (H ,*H5,): 

4. 33 &~,, ; 

7.43 (H3,‘H4,*H5,) 

7.33 (H3,*H5,) 2.44 (-Cii3) 

7.97 (H3& 7.84 (HI.,) 

7.63 (H3,*H4,*H5,) 

7.38 (H3,*115,); 

2.38 (-OCOC&Q 

7.57 (H3,*H4,*11 
5’) 

7.33 (H3,*H5,); 

7.40 (H3,*H5,); 

7.33 (H3”*H5J 

8.10 W3”*H5& 

6.13 (-NH. -OH); 

2.38 (-OCOCH,, 

2.44 (-Cfi3) 

2.42 (-C_H3) 

2.45 (-CH3) 

7.51 (H2,+H6,) 

2.27 (-C$i3) 

- 
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both its c-and E-substituted derivatives. 

Moreover. 3-hydroxypyridine resonances show a strong dependence on employed solvents (DMSO. 

D20 and. in our spectra, CDCl3); such a shift dependence was not found in the 3-O derivativea 

examined. 

We believe that such differences suppott the already suggested betaine structure of 3 (not poa- 

aible for compounds 3c-h). which would account for the strong solvent polarity dependence of the 

chemical shifts of its carbons atoms. 

N-Methyl- and l+phenyC3-pyridone exhibit a C-3 chemical shift very similar to that expected for 

a carbonyl carbon atom in this ring system ( 168 ppm); the chemical shift differences AO between 

the C-3 of the two 3-pyridoncs (DMSO-d6 solutions) and the same carbon atom of unsubstituted 

pyridine is of the same magnitude as the .jC obaerved between the C-4 of N-methyl-4-pyridone and 

the corresponding carbon atom of unsubstituted pyridine (about 42 ppm). This appear to support 

the hypothesis of the carbonyl nature of C-3 in the above N-substituted-3-pyridoncs. 

13 
C and ‘11 assignment of subatituent groups (Tables 4.5). 

- 13 
The C resonance assignment of the carbon atoms of substituent groups was made esaentlally 

on the basis of the comparison with model compounds relevant to groups b. 5, d_, 5, g. and were - 

directly assigned by subtraction of the resonances of the pyridine moiety. Difficulties were met 

with groups t and h_ on account of superimposition of resonances with those oi the pyridlne ring. 

However. the perfect superimpositbn of carbon rcaonance of the tosyl groups in compounds l&, 

E. $I and s and of the benwyl groups c. r and c allowed an unambigwus assignment to ba 

made. 

The assignment of carbon signals in compounds 6. 7 and 0 were made by annparing substituted - - 

pyridine and pyridone structures. 
1 
H resonance peaks of substituentes in compounds l-10 were assigned by comparison with lite- 

rature data and internal wnsistcncy. 

I .R. SPECTROSCOPY 

Whatever “mixing” of the pyridone carbonyl stretching with carbon-carbon ring double-bond 

stretching or pyridone ring vibrations actually occurs. it is a fact that all the N-substituted com- 
-1 

pounds (2. 5 and 1) show strong absorption bands between 1690 and 1610 cm , which era lacktng - - 

in the spectra of their related O_-substituted conpounds (1. 3. i, 9 and 10) in which no abaorptbn -- _ - 

band between 1700 and 1600 cm 
-1 

is present (Table 6). Also. the reported bands for 3-formyloxy- 

pyridine (1765, 1740. 1575 and 1474 cm 
-1 

1. for N-formyl-4-pyridone (1750, 1716. 1652 and 1636 
-1) 14 

, and for several E-acyl- 4-pyridones and 4-scyloxypyridines 
13 

cm in CH2C12 arein full clgrcw 

ment with our results. 

In contrast. it is noteworthy that of the reported carbonyl stretching modea for the H-methyl 
-1 

derivatives of 2-pyridone (1659 and 1538 cm . CDC14 solution) 
27 , of 3-pyridone (1590 and 1512 

-1 
cm ; CDC13 solution) 

20 
and of 4-pyridonc (157.5 and 1401 zn 

-1 
, CDC13 solutbn) 2g, only the first 

is quite cbse to the carbonyl stretching frcquences of other N-substituted-2-pyridones. This re- 

sults bum the electron donor properties of the methyl group which enables the nitrogen lone pair 

electrons to restore ring aromatrcity thmugh an uneven charge diatrlbutbn between the nitrogen 
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and the oxygen atoms in N-methyl-3 and N-methyl-4-pyridones. with sane polarization of the C=O - - 

bond. 

The capability of the nitrogen lone pair to meet the electron demands of the pyridonc systems 

seems to be supported by the position of the E-CO stretching bands in N-acyl-J-pyridone. which - 

appear in the “ketonic” carbonyl 1750-1710 cm 
-1 

region trefs. 2, 13. 14 and Table 6) rather than 

in the “amide” frequency range. 

In the y-sulfonyl derivatives (5~ and fi) besides the characteristic sulfonamide bso stretching 
-1 

bands at 1390-1370 and 1160-1170 cm , a very intense absorption at 1050 cm 
-1 

is pres&t. while 

in the related O_-sulfonyl derivatives CL and 4&j no band is evident in the 1100-1000 cm 
-1 

region, 

or only a medium Intensity band at 1095 cm 
-1 

is present. We are inclined to attribute the strong 

1050 cm-l band to an S=O stretching mode for the following reasons. Comparison of spectra of the 

e-toluenesulfonyl derivatives 2 and g reveals that the relative intensity of the asymmetrical v 
-1 SO2 

band at 1360 cm , very strong for 4h. is greatly reduced in the spectrum of 5h. for which the - 

1050 an-l 
-1- 

band is even stronger than the symmetrical us0 band at 1180 cm . On the other hand. 

it 15 well known that the vsa band of sulfoxides lies in a’very small spectrum region at about 

1050 cm-l and is of a strong Intensity. while sulfones arc known to show two v 
S=O 

bands at 1350- 

-1330 (asymmetric) and 1160-1120 cm 
-1 

(symmetric): thls bathochromic shift of the sulfoxides band 

in comparison with those of sulfones is attributed to the existence of the polarized S*- O- form in 

the former 30. No such band at 1050 cm 
-1 

was observed, however, in the spectra of sulfonamides 
-1 30.31 

(bands at 1370-1330 and 116&1120 cm ) , so that we are induced to conclude in favour of a 

peculiar “sulfonamide character” of Q and z. which parallels the above mentbned lack of “amide 

character” of E-CO groups in N-acyl-4-pyridoncs. 

CONCLUSION 

13 1 
C. H-NMR and IR spectroscopies furnish consistent results in the study of the acyl-dcriva- 

tives structure of the three hydroxy-pyridines. 

Neltbsr bulk nor electronic propertks of the substitucnts appear to play any definitive role in 

determining the derivative structure. Moreover. fmn our data and from literature reports 
1.2.13,14 

the factors determining tautomeric equilibria In acyl 2- and 4-pyridones do not yet appear to have 

been identifiid. 

EXPERIMENTAL 

1 
H-NMR swtra were obtain on a Varian T 60 spectrometer at 3S” in CDC13 solutions. Spectra 

of & and 5 were &IO _run on a Druker WP 200 (200.1 MHz) fnd spectra of E. 2. 1. C. E. fi. 
2 and g on a Rruker WH-90 (90.1 MHz). in order to obtain H-lit ampling constants in the arma- 

tic systems. Measuram nt condltbns were as folbws:WH-90: pulse width 1.3 bsec. t30° pulse). ac- 
quisition time 3.413 sec., spectral width 1200 Hz, number of data points 8 K. number of scans 20: 
WP-200: pulse width 3 ;A sec. (40° pulse). acquisition time 6.55 sec., spectral wldth 2500 Hz. nun- 
ber of data points 32 K, number of scans 16 . 

13C NMR spectra. Proton-decoupled 13C NMR spectra were obtained at room temperature (26O) 
in a 10 mm. sample tube on a Hruker WH-90 Instrument operating at 22.63 MHz in the Fourier 
Transform mode. The mples concentration was 100 mglml in CDCl3 aolutbns. used as 2H Internal 
lock. Sampk j was run in (CD j2S0. samples 2 and E were run in CD3CN. Measurament condilkns 
were as follows: pulse wldth 4. s I, sec. (30° pulse). acquisltbn tkne 1.365 sec., spectral width 



Proton and carbon NMR study on .V- and O-acyl derivativa of monohydroxypyndina 4079 

6000 Hr. number of data points 16 K, number of scans 5000. 
13 

C chemical shifts were measured in 
ppm referred to internal TMS. All shifts reported were estpated to be accurate to z 0.05 ppm. 
Proton-coupled spectra were obtained at “decoupler off”. H selective decoupling experiments were 
performed at 0.5 W power. 

I.R. spectra were recorded as 0.1 M solutions with a Perkin-Kkner 580 specttwteter. 
Melting points were determined on 8 Kofler hot stage and are uncorrected. AH solvents and ree- 

gents were analytkal grade and were used as received. 

2-, 3-, and 4-hydroxypyridinc were purchased from Pluka A .C. and melted respectively at 1067O. 
127-go (recryst. frcsn C6H 

grade product was first ma 8 
) and 148%. the last having been purified as follows. The technical 
c free from NoCl by extraction with warm CHCl3. To the clear solution 

activated charcoal and anhydrous Na SO 
After filtration while hot through flu ed titer paper. nnhydrous Na2Sy4 was again added to the P 1. 

were added. and the mixture was refluxcd for 10 minutes. 

CHC13 solution and the heating repeated. Solvent evaporatbn of the filtered solutbn gave a solid 
which was further dried by dis.solving it in abs. ethanol-benzene 1: 1 followed by distillation at nor- 
mal pressure. The purified and dried product was stored in a vacuum 

described , 

2-pivabybxypyridine. Found: C.67.05; H.7.3; N.7.8; C10H13N02 requim~ C.67.0; H.7.3; N.7.8 $ 
*i&byloxypyridine. Found: C,67.1; 11.7.2; N.7.8 $ 

2-Trifluoroacetoxypyridine ( le). -2-Hydmxypyridine (1.0 g) was dissolved at room temp. in triflu .V 
roacetic anhydride (5.0 g); the ester. Lmmediotely formed in practkally quantitative yield, was pu- 
rified by distillation in a Kugelrohr at 600/0.3 mm as a oolourless Hquid and kept in a closed ves- 
sel at 20°. 
(Found: C.43.75, H.2.3; N.7.3; C7H4F3N02 requires C,44.0; H.2.1; N.7.3 0) 

2-Methanesesulfonoxypyridlne t&9,. - 2-Hydroxypyridinc ( 1.0 g, 0.01 mole) and dried sodium bicar- 
bonate (1.3 g. 0.015 mole) were stirred in abs. CHC13 (15.0 ml.) and allowed to react for ca 24 h. 
at room temp. with methanesulfonyl chbridc (0.78 ml., 0.01 mole). The insoluble matter was then 
filterrd and the clear solution evaporated under reduced pressure at room temp. The residue was 
first distilled at 128O/O.15 mm. then crystallired fmn n-hexane: m. p. 52-4”; yield 1.3 g (77 $). 
(Found: C.41.8; H.4.2: N.8.3; C6H7N03S requires C.41.6: H.4.1; N.8.1 8). 

3-Metanesulfonoxypyridine (&I .-Through the above procedure from 3-hydroxypyridinc ( 1.0 g. 0.01 
mole) a solid product (1.6 g. 93 $) m.p. 57-g“ (from n-hexane) were obtained. 
(Found: C.41.8; 11.4.3; N.8.0 $3. 

4-Methaneaulfonoxypyridine t Q) and N-methanesulfonyl- I-pyridone (4). -To 4-hydroxypyridine ( 50 -_- 
mg. 0.53 mmole) and NaHC03 (66.0 mg, 0.79 mmole) suspended in CDCI (2.&nl ). methanesulfony:- 
chbride (38.7 ~1, 0.53 mmole) was added and the mixture sttrrcd for I b. at room temp.: the fil- 
tered clear solution was examined by NMR and IR spectroscopy. The molar ratio of the two species 
4 and & was at first about 2: 1. but after a day a yellow resinous precipitate separoted. snd the 
only species remaining in solution was the ester 4~. 
Attemps to isolate the annpounds by solvent evaporatbn at O°C under reduced pressure under N2 
were unsuccessful: only orange polymeric products were obtained. 

4-tp-Toluencsulfonoxy)-pyridinc (4~).-To a stirred suspensbn of 4-hydrcxypyridine t 1.0 g, 0.01 
tmole) inanhydrcur pyridine (6.0 ml. p toluenesulfonykhbride (2.0 g, 0.01 mole) was added nt room 
temp. and the stirring was continued for 30 min. A quick initial dissolution of the hydroxypyridinc 
was observed. followed by separation of a white solid. This was filtered and rinsed, firat with anhy- 
drous pyridine (about 2.0 mt). then with n-hexane: 1.1 g (42 $3 raw product. m.p. 70-8O were ob 

!;;q;i,wrL m p 
h was crystallized fnxn warm n-hcxane (at no more than 50°) as colourless needles. 150- 

. . >70’? then resolidified and remelted at 221-Y.DSC analysis showed an exother- 
mic phase transition at 80°, two minor ones at 133O and 144O. folbwed by two endothermic transi. 
tbn at 173O and 223O. 
(Found: C.57.6; H.4.3: N.5.45; C,2Ht N03S requires C.57.8: 11.4.45; N.5.6 0) 
The thermal decomposition product uaa t dentified as I-(4’-pyridyl)-4-hydroxypyridinium ditosylatc 
(8). by comparison with an authentic sample prepared from I-t4’-pyridyly-4-pyridone. and two 
moles of P-tolwnesulfonic ncid;m.p. 226O (DSC). from n-butanol. 

N-tp-Toluenesulfonyl)-4.pyridone -- (h).-To a stirred suspension of I-Hydroxypyridtne t 1.0 g, 0.01 
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mole) and NaHCO (1.3 g, 0.015 mole) in abs. CHC13 (15.0 ml) p-toluenesulfonylchbrlde (2.0 g. 
0.01 mole) was a d ded at room temp.. and the mixture was stirred overnight. To the filtered clear 
solution n-hexane (ca 30 ml) was added until turbidity occurred. 
After about lh. the crystals were rapidly collected, rinsed with n-hcxane and dried at room temp. 

‘;;; P2’5’ White IeafIets m.p. 45-50° (0.1 gl which rather rapidly decomposed to a blue-brownish 

(Found: C.51.5: 11.4.5: N.5.6; C12HllN03S requires C. 51.8: H.4.45; N.5.6 $) 

3-AcetoxE-methylpyridiniwn iodide (!).-A solutbn of facetoxypyridine 2 
32 

-_ --- _ ( 1.0 gl and exceaa 
methyl iodide(l.0 ml) in acetone (10.0 ml) was albwed to react at room temperature in the dark 
for 24 hours. The separated white prisms (1.5 g, 13.7 %l.crystallired from ncetone. had m.p.12&7? 
(Found: C.34.4; 11.3.6; N.5.2; 1.45.5; C8H101N02 requires C.34.4: H.3.6; N.5.0; 1.45.5 $1 

4-Acetoxy-N-mcthylpy ridinium Iodide tlOl.-To a suspensbn of N-acetyl-4-pyridone 
2 

(kl m.p. 
125-3S” (1.0 g) in abs. chloroform (16.-6 ml) excess methyl iodide (1.0 ml) was added and the mix- 
ture kept in the dark for 48 hours at room temp. with occasbnal shaking. Glistening white leave8 
separated, m.p. 140-So. which were collected, rinsed with abs. ether and crystallized by diaao- 
lution in warm (no more than 40°) anhydrous CH3Cti and addition of 3-4 volumes of anhydrous 2- 
-butnnone. Yield 0.8 g (39.3 0lm.p. 151-S”. 
(Found: C.34.7; H.3.1; N.4.8; 1.45.5 $1. 
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