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Abstract- A comparative study on the proton and carbon NMR spectra for a
series of N- and Q-acyl substituted monohydroxypyridines (C_H NOR: R -H.
'-CHO. (,()(,Hs. -(.OC((,H3)3. -CO(,PJ. -(,OCSHS. -sozula. -$ 2('6"4(’}{39
is reported. 1 13

Characteristic H, ~~C NMR and IR spectral features allow simple and
unambiguous distinction between the isomeric N- and/or O-acyl-derivatives
of 2-, 3- and 4-hydroxypyridines, so that both forms can clearly be iden-
tified when tautomeric equilibria occur, since the tautomerism rate is slow
on the NMR time scale.

Although in the last few years some isomeric acyl derivatives of 2 and 4 hydroxypyridines (2

1_4'9. 13C 5_”and “N 12 NMR studies and several

and 4 pyridones), have been submitted to lu
N- and O acyl derivatives of 4 hydroxypyridine have been preparcd-”_ls. apparently a general
and comprehensive study on N- and O-acyl derivatives of the three isomeric monohydroxypyridines
has not been undertaken. In particular, little work has been done in the 13(,‘ NMR area, although
this technique is invaluable in providing structural information on organic molecules.

A 13C and l}l NMR study supported by IR data simed at elucidating the influence of the intro-
duced acyl substituent on the structure of the resulting derivatives of 2.3- and 4-hydroxypyridi-
nes was therefore undertaken.

Thus, the acyl substituents -COR and -SO,_R. with R representing either an electron-releasing

or an clectron-withdrawing group, were cxamirzied and the following compounds were prepared and
studied: formyl. acetyl, pivaloyl, trifluoroacetyl. benzoyl. methanesulfonyl and p-toluenesulfonyl

derivatives (see Scheme 1). The study was also extended to the 1-(2'-pyridyl)-2 pyridone (6) 16
and 1-(4'-pyridyl)-4 pyridone (7) ”. both having an electron-attracting group,. the pyridine moie-
ty. bound to the pyridone nitrogen atom. The new compounds 3- and 4 acetoxy-N-methylpyridinium
iodides (9 and 10) were also studied in order to obtain information on the effect of charge in com-

parison with the uncharged acetoxy derivatives.

§ Presented in part as a poster at the Italian Discussion Group of Magnetic Resonance Meeting
held in Arcavacata di Rende, Italy, on November 3-4, 1981.
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13(: AND H! NMR SPECTRA

The 13(: and IN NMR chemical shifts of 2-, 3 and 4-hydroxypyridine (2- and 4-pyridone) moie-
ties are reported in Tables 1 and 2 respectively. The 13(: assignment were ob-
tained on the basis of off-resonan-
ce spectra, proton coupled spec-
tra, lH selective decoupling ex-

OR
) A 3 OR
@ ' O periments, comparison with model
6 OR [uo N 18
12 :
R

compounds, empirical rules and

1 2 3 4 g internal consistency. The ll'l NMR
analysis was carried out according
R 6 5 to the chemical shift and J cou-
8)-H 1-CO-1: 4 pling constant values of the ring
b}- CHO 2 protons. The J values were been
:;:ggcc:'é::):c) Q)-GO,CH;‘ s obtaincc;l from computer analysis
®)- COCF, h)'SO,-f "c”s (=-Ts) of the H-NMR spectra at 90 MHz.

The final parameters resulted from

OQAc iterative computer simulation of
experimental spectra using the
. ) ITRCAL program on a BNC-28

6'@ . CH; Bruker computer.

4 210
7 8 ) © O-Substituted- 2- hydroxypyridines
(1) and N-substituted-2-pyridones
SCHEME 1

(2 and 6) (Tables 1A and 2A)
Although in the l:’C NMR spectra
atoms C-4 and C-6 show very similar shifts, they could be unambiguously distinguished by diffe-

0. Moreover, C-3 and C-5 exhibit different

multiplicities (due to different lH long-range coupling constants) in the proton-coupled spectrau'z?

rent coupling constants with their attached protons

C-2 assignement is easy on the basis of off-resonance experiments. Ambiguities in C-2 assignment
due to the presence of other quaternary carbon atomscarrying substituents are resolved by compa-
rison with the spectra of their 3- and 4- analogues.

As already observed., the 2-dcrivatives (collected in Scheme 1) may exist in the isomeric forms
1 and 2. 2-hydroxypyridine is known to exist 12 in the pyridone form (2a) while other derivatives
seem to exist in the pyridone form (1) 15

Such a structural difference involves some characteristic modifications of the spectral features
of form 1 in comparison with 2: in form 1 C-3 exhibits an upfield shift, C-5 a downfield shift so
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 1 a downfield shift of more than 12 ppm;
quaternary C-2 carbons atoms are shifted 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 (CDCl, solutions) either to the new compounds here
described (R- d. e, glor to known molecules which appear hitherto not to have been submitted to
NMR study (R:= f, h), by comparing their data with those of derivatives of established structure
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(R= 8, c).

A tautomeric equilibrium was observed only for lc and 2% l. while the b derivative exists only
in the pyridone form (2) 14 as compound 6. the pyridone structure of which is well known 3
These results have been confirmed by ll{ NMR spectra.

An ABCD spectrum is shown by four protons of the heteroaromatic ring. Comparison of the
chemical shift values of compounds 1. 2 and 6 (Table 2A) shows large and constant differences.
In compounds 2 and 6 ring protons are shifted upfield as compared to the corresponding protons
of 1:H-3, 44 -0.45-0.65 ppm; H-4, A4 .0,40-0.50 ppm; H-5, £5-0.9-1.0 ppm; H-6, £35-0.40-0.50
ppm. Such an effcct 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 can
be also obtained from coupling constant values of the ring protons. Such an analysis was applied
to derivatives lc. ¢ and 2b c in order to obtain J values typical for structure | and 2.
Some J values, compsred with those already published for similar compounds, are reported in Ta-
and J indicate remarkable

3.4 Yas 5.6

differences between pyridone and pyridinol derivatives. In particular, J3 4 and Js 6 values are

are lower. Such an effect appears to be ge-

ble 3. Figures for the most significant vicinal couplings J

always much higher in pyridone structures while J4 5

neral and not restricted only to the N- and O-acyl derivatives under study. as seen in the repor-
ted J values in N-methyl-2-pyridone and 2-methoxypyridine 5. A further support for the struc-
ture 2b is given by additional splitting observed in H-3 and H-5 resonances due to long-range
coupling with the formyl proton: such a five bonds coupling (0.6 Hz) can occur to H-3 and H-5

only when the formyl group is on the nitrogen atom % Db

O-Substituted-4-Hydroxypyridines (4,8 and 10) and N-substituted-4-pyridones (5 and 7) (Tables
1C and 2C).

Owing to the symmetry of these derivatives, their l3C spectra are particulary simple. Only
three pecaks are present, at about 115-120 ppm (C-3, C-5), 134-152 ppm (C-2, C-6) and 155-182
ppm (C-4).

It has been shown that 4-hydroxypyridine must be formulated as 4-pyridone 5a 5 12; our data

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

In ::act. unequivocal information on tautomeric forms can be obtained from the chemical shifts
of the quaternary C-4 and the methyne C-2 and C-6 atoms. In the pyridone structures 5. while
C-4 shows a large downfield shift (20-25 ppm), C-2 and C-6 are shifted unfield (10-15 ppm) In
comparison with the corresponding atoms of structures 4. C-3 and C-5 are less sensitive to struc-
tures modifications. and show small shifts (less than 2 ppm upfield in fo:-ms .

Therefore, it was possible to deduce that substituents d. e and f give rise only to form 4, whi-

le substituent ¢ generates in CDCl,_ solution the known tautomeric equilibrium of 4 and § 2 as for

forms 1 and 2 l, Each resonance psattern can be unequivocally assigned to each pure tautomer 4
or 5, because the observed chemical shifts arc identical to those shown by either isolated pure
forms.

Substituents g and h gave rise to both isomeric structures having independent existence. They
undergo no tautomeric equilibria since neither form generates the other in solution (4h, 5h) and

the existence of each form in solution seems to be independent of the other (4g, Sg).
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Table 3. Tharacteristic JH-H coupling constants values (Hz) of pyridinic and pyridonic ring
protons
2-methoxy- N-methyl-2
-pyridine le le 2> 2 6 -pyridone
(5 3 (5)
J3 4 8.45 8.75 7.88 9.15 9.40 9.11 $.05
J3:5 0.90 0.80 0.02 1.17 1.35 1.29 1.35
J3.6 0.85 0.75 0.00 0.70 0.70 0.71 0.70
J4.5 7.10 8.10 8.15 6.46 6.65 6.52 6.65
JC.S 2.00 2.00 2.50 2.17 2.10 2.03 2.10
JS.G 5.05 5.50 6.50 6.94 7.50 6.79 6.60
3-methoxy- 3-formyl- 3-acetyl- N-methyl-3
- pyridine 3¢ 3h -pyridine -pyridine 3a -pyridone
(&) (26¢) (26¢) (5)
.g"q 3.00 2.40 2,50 2.02 2.12 2.80 2.70
J2,5 0.70 0.80 0.80 0.88 0.83 0.70 0.20
JZ.G -0.35 0.20 0.00 0.00 . 0.00 -0.15 1.70
J4.5 8.65 8.00 8.50 7.85 7.99 8.3% 9.00
J4,6 1.40 1.70 1.55 1.81 1.79 1.45 1.00
J5.6 4.7 4.80 5.05 5.00 4.87 4.65 5.50
4-methoxy- N-methyl- 4-
-pyridine 4c Sc 7 pyridone
(5 (5)
.ﬁ 5.75 6.00 8.20 7.50 7.55
J?'.5 0.60 0.75 0.20 0.10 0.15
J2.6 -0.20 0.00 2.00 2.50 2.50
J3‘5 2.60 2.00 3.00 2.80 2.85
J3.6 0.60 0.75 0.20 0.10 0.15
J 5.7 6.00 8.20 7.50 7.5%

5,6
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Moreover, the 13C. and lll chemical shifts indicate a structural difference between 7 and its to-

syl salt 8. In fact, while the chemical shifts of 7 show values attributable to a pyridone moiecty,
they indicate for 8 a hydroxypyridine structure. A significant effect on the chemical shifts of the
latter compound due to the presence of a charge on the nitrogen atom may be excluded by compa-
ring the * values of compounds 4 and 10, 3 and 9.

The lH spectra show an AA'BB' system for the four protons of the heteroaromatic ring. with two
apparent triplets for H-3 and H-5 at higher field, and for H-2 and H-6 at lower ficld. ln. com-
pound 5 and 7 both resonance peaks are shifted upfield as compared to the corresponding resonan-
ces in compounds 4. 8, and 10:2¢:0.5-0.7 ppm for H-2 and H-6; 445 -0.6-0.8 ppm for H 3and H S
(Table 2C). These &¢'s agree with the differences reported between pyridone and pyridinol struc-
tures

The vicinal J2.3 and JS.G are always greater in pyridones, and this can be used to discrimina-
te between the two forms, as further supported also by comparing vicinal J values of N-alkyl 4-
-pyridones and 4-alkoxy-pyridines > (Table 3).

The structure may be more directly derived from the splitting of most intense multiplet bands,

which however represents the sum J «J ). Also in this case, this splitting is

2,3 " 2.5 Yap * Jam

greater (8.2-8.4 Hz) in N-acyl or N-aroyl-4-pyridones than in O-acyloxy-4-pyridines (6.2 6.4 llz)!J

O-Substituted-3-hydropyridines 3 and 9 (Tables 1B and 2B).

These derivatives of 3-hydroxypyridine show a unique resonance pattern, and the pecaks were
assigned following the described general criteria 8. The pyridone structure coul be excluded on

the basis of different experiments 5.11.12

. and the chemical shifts point out the aromatic pyridi-
ne structure.

The examined 3-O-acyl derivatives show differences in l3(2 chemical shifts. These can be attri-
buted to the different contributions induced by the various substituents and they do not indicate
structural changes.

These conclusion are also confirmed by the lH-NMR spectra. In fact the 1H ring protons chemi-
cal shift (Table 2B) are quite similar to these of typical aromatic systems % and the observed dif-
ferences among the substituents can be ascribed to the different rirg currents induced by the dif-
ferent substituents.

A higher degree of aromaticity can therefore be postulated for compounds 3, in comparison with
their corresponding 2- and 4- anslogues. 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, calculation leads to J
values (Table 3) very close to those reported for pyridine carrying in position 3 either an electro-
philic or & nucleophilic substituent. This fact indicates a common structure for all 3-substituted py-
ridines and implicates, therefore, a 3-acyloxypyridine structure (3) for these derivatives.

Significant differences of 13(: chemical shift were found among compounds 3a, 3c-h and N-me-
thyl > or N-phenyl-3-pyridones 11: in 3-hydroxypyridine, C-2 and C-6 shows upfield shifts from
the corresponding carbon atoms of the 3-O derivatives, C-4 and C-5 resonances coincide at 125-19
ppm. The observed 4%'s of C-3 appear to be of particular importance in the gforementicned com-
pounds: compared with the chemical shift in 3-acyloxypyridines. C-3 of (3a) shows a downfield
shift of about 8 ppm,while in N-methyl- and N-phenyl-3-pyridones it resonates about 21 ppm down-
field. These C-3 chemical shift differences suggest for (Ja) a somewhat different structure from
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Table §. llNl NMR chemical shifts of protons of substituent groups in ppm from TMS (CDCI3 $0-

lution) at 90.1 MHz.
Compound & (ppm)
T 2 12.93 (-NH) o

2b 9.79 (-CHO)

1c 2.33 (-OCOC!_la)

b 2.80 (-NCOCljs)

d 1.30 (-(,(C!_is)s)

i 8.17 (Hz.'Hs,); 7.43 ("31'“4-'"5-)

g 3.47 (-050,-CH,)

1h 7.89 (“2'.“6'); 7.33 (H3,°H5_) 2.44 (-Lljs)
. H . 7.

6 8.59 (Hs") 7.97 (Hs,,) 84 (H‘,,)
7.35 ("5')

3a 6.55 (-OH)

3 2.29 (-OCOCI_13)

3d 1.3 (-C(Clja)s)

3f 8.27 ("2"“5')‘ 7.63 (83384,‘115,)

3g 3.20 (-0502053)

3h 7.62 (Hz,oHG,); 7.38 (Halolls,): 2.44 (-C§3)

9 4.40 (-NCﬁs); 2.38 (-OCOCH_S)

Sa 9.94 (-NH)

4c 2.30 (-OCOC!_{s)

5¢ 2.60 (-N-COCl_la)

4d 1,57 (-C((.gls)s)

4f 8.20 (H,,*H ) T.57 (HgoH oH )

g 3.20 ( OSOZCi_la)

sg 3.23 ( N-S()Z—Cgs)

4h 7.75 (Hz,ons,): 7.33 (HS,OHS.); 2.42 (-cys)

Sh 7.80 (Hz,ous,): 7.40 (Hs,‘Hs,): 2.45 (-Cl:lz)

7 8.77 (“2"'"6"): 7.33 (Hs,,OHs“)

8 . . : . .

8 9.00 ("2" "6") 8.10 (!13,,‘H5"). 7.51 (Hz,me,)
7.10 (Ha,'HS,); 6.13 (-NH+ -OH); 2.27 (-C!:Ia)

10 4. 13 (-NClja) : 2.38 (-OCOCI:IS)
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both its O-and N-substituted derivatives.

Moreover, 3-hydroxypyridine resonances show a strong dependence on employed solvents (DMSO,
020 and, in our spectra, CDC13); such a shift dependence was not found in the 3-O derivatives
examined.

We believe that such differences suppott the already suggested betaine structure of 3a (not pos-
sible for compounds 3c-h)., which would account for the strong solvent polarity dependence of the
chemical shifts of its carbons atoms.

N-Methyl- and N-phenyk3-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 4¢& between
the C-3 of the two 3-pyridones (DMSO-d6 solutions) and the same carbon atom of unsubstituted
pyridine is of the same magnitude as the 4¢ observed 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-pyridones.

l:;C and lH assignment of substituent groups (Tables 4,5).

The mc resonance assignment of the carbon atoms of substituent groups was made essentially
on the basis of the comparison with model compounds relevent to groups b, c, d, e, g. and were
directly assigned by subtraction of the resonances of the pyridine moiety. Difficulties were met
with groups f and h on account of superimposition of resonances with those oi the pyridine ring.
However, the perfect superimposition of carbon resonance of the tosyl groups in compounds 1h,
3h. 4h and 5h and of the benzoyl groups 1f. 3f and 4f allowed an unambiguous assignment to be
made.

The assignment of carbon signals in compounds 6, 7 and 8 were made by comparing substituted
pyridine and pyridone structures.

lH resonance peaks of substituentes in compounds 1-10 were assigned by comparison with lite-

rature data and internal consistency.

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-
pounds (2. 5 end 7) show strong absorption bands between 1630 and 1610 cm_l. which are lacking
in the spectra of their related O-substituted compounds (1, 3, 4, 9 and 10) in which no absorption
band between 1700 and 1600 cm-l is present (Table 6). Also, the reported bands for 3-formyloxy-
pyridine (1765, 1740, 1575 and 1474 cm_l). for N-formyl-4-pyridone (1750, 1716, 1652 and 1636
cm_l) 14 . and for several N-acyl-4-pyridones and 4-acyloxypyridines 13 in Cl'i,‘,CI2 arein full agree-
ment with our results.

In contrast. it is noteworthy that of the reported carbonyl stretching modes for the N-methyl

derivatives of 2-pyridone (1659 and 1538 cm_l. CDCl4 solution) 27. of 3-pyridone (1590 and 1512

1

- - 9
cm 1; CDCl, solution) 28 and of 4-pyridone (1575 and 1401 om , CDCls solution) 2 , only the first

3
is quite close to the carbonyl stretching frequences of other N-substituted-2-pyridones. This re-
sults fom the electron donor properties of the methyl group which enables the nitrogen lone pair

electrons to restore ring aromaticity through an uneven charge distribution between the nitrogen



4077

- and O-acyl denvatives of monohydroxypyridines

yon N

Proton and carbon NMR stud

0901°8A 0221°S 0bZ1°0ZET 0ZH1°G9ST
SSET'S 06P1°€8ST

0201°S 0611°S621°06F1° 54 08ST
0601°0L¥1 0091

S601°0TPT 06%1°S 08S1°0091

OTP1°S6pT 6 08GI

§ 0211°s4A 0121

8A 0G0T1°8A 0BTV S8ET
8A GLIT'SA 08¢1

8 0501

0L11°8 0BTT'SA 08¢l

$A 0291
$ TE91°0591
SZI1°8A 0691

§ 6691

0691°5 0¥81

F yumaxw) . X
v

notao) o1
p-oska) 8
. L

“ Ys

trao) w

(

u

8 0£0T'S 090T°S 0801°'S 00Z1'8 0£Z1'S SZTSTPI'OSHT 00T 'S 0651 sA gyLl “
SA QPET'OIPT'S SBPT SA 0LGT'SA 08SI SSL1SA 0081 w
s ogot _
SA QTTI°SA 00Z1°SA 0bZI'S 082Z1'0LET 00K STHT 'S O8PT 00ST SA S8GT SA §LLT . o
$ 0L0T°SA GLTT*SA SHZT1'0LET ' 00FT 0091 0£91°8A 0591 ZEL1°8 0OGLY W %
S GBTT 'S6H1 ‘0861 s oLLl g u
8 0601°S 08IT'S 0¥21°08E1 0L 0TST 0£91 (*1203) s
SA SB11°SLET1*01ST A 0611 (N2fa2) 6
8 GZ0T*S 0011°'S GZPT'S GLPT'8LET L8ST 0091 SA 0811°5A 06¢€1 o) W
0TZ1°0EHT 08Y1 ‘0851 8A OLIL'S 08S1 . XK
S201°0901°0T21°0921°GZHT 0SH1 ZLbl s obLl w J
8 QIT1°8A OLIT"S GOZI'S OCZT OPET "OCHY SLhY SLLI*S 0081 ¢ " *
B QEDI'SA GZIT'8A O121°0LE1°00T"S OEP1'S SLPT'08S1'06ST 8A 06L1 Cpadn =
8 0101°S SZOI'SA 00Z1°S 0LC1'S GZHT'S GLBI 08ST'06GT sA 0LLT 1) %
ObIT1°0621°GZHT 00ST en =
0SIT'0LZ1'S SEpT 0LYT ObST ‘065110091 0191°SA 0L91 (,10a0) 3
0601°S OEPT SO 0LST 06ST 8 GLT1'0811°8A 08¢l ("109) Wl
S ZEPT OLPT S8ST S6ST SA OLTIT*SA OLEL « A
8 GZOT'S 0901°S 080T BA 0121°S SOZT OEHT OSHT LIV TLST S8ST ' 06GT 8 0bL1 .
8 OPE1'S OCHT 09FT*0LST 06T 'S 0091 0LLY‘SA 0081 g " a1
0Y0T'SA OTTI'SA OT1Z1°GEET'S OEPT'S GIbT 06ST 8A 05L1°S 0081 (“12@2) 1
0281°0691 seLt pr X
OLET'OCHT'S 89NT GLST 06S1 SA OLLT'08LT 0E8T C199) 2
00110651 0OPBT'S SHST SA 0291'SA 0691 0ZLl s onLl g az
0601 0PZ1 SLET SELT OLY T 0PGT B _ O191'S 06915991 0891 (“1009) ¥
WoiBAs D:D
frarow w*GSN ¥%0so auopya£d o.m 400N HOD0
auopjaAd 10 auipiaAdAxoxphy A JO A o f 10~ punodwo)

* wd *(Suonnios W 1°Q) SPUBQ dNI8lda108BIBYD "Y' ‘9 IQE]L

ﬂl



4078 M. R. De1 Giupict et al.

and the oxygen atoms in N-methyl-3 and N-methyl-4-pyridones, with some polarization of the C=0
bond.

The capability of the nitrogen lone pair to meet the electron demands of the pyridone systems
seems to be supported by the position of the N-CO stretching bands in N-acyl-4-pyridone. which
appear in the "ketonic" carbonyl 1750-1710 cm-l region (refs. 2, 13, 14 and Table 6) rather than
in the "amide" frequency range.

In the N-sulfonyl derivatives (5g and 5h) besides the characteristic sulfonamide v stretching

bands at 1390-1370 and 1180-1170 cm_l. a very intense absorption at 1050 cm-l is prsc(s)gnt. while
in the related O-sulfonyl! derivatives (4g and 4h) no band is evident in the 1100-1000 cm_‘ region ,
or only a medium intensity band at 1095 cm_l is present. We are inclined to attribute the strong
1050 cm_1 band to an S=O stretching mode for the following reasons. Comparison of spectra of the
p-toluenesulfonyl derivatives 4h and 5h reveals that the relative intensity of the asymmetrical so
band at 1380 cm-l. very strong for 4h, is greatly reduced in the spectrum of 5h, for which the z
1050 an_l band is even stronger than the symmetrical Ys0 band at 1180 cm-l. On the other hand,
it is well known that the v§:0 band of sulfoxides lies in a very small spectrum region at about

1050 cm-1 and is of a strong intensity, while sulfones arec known to show two vs_obands at 1350-

-1330 (asymmetric) and 1160-1120 <:rn_l (symmetric): this bathochromic shift of the sulfoxides band
in comparison with those of sulfones is attributed to the existence of the polarized s'- 0 form in

the former 30. No such band at 1050 cm_l was observed, however, in the spectra of sulfonamides
(bands at 1370-1330 and 1160-1120 cm_l) 30'31. 80 that we are induced to conclude in favour of a
peculiar "sulfonamide character” of 5g and 5h, which parallels the above mentioned lack of "amide

character” of N-CO groups in N-acyl-4-pyridones.

CONCLUSION

l:‘C. lH-NMR and IR spectroscopies furnish consistent results in the study of the acyl-deriva-

tives structure of the three hydroxy-pyridines.

Neither bulk nor electronic properties of the substituents appear to play any definitive role in
determining the derivative structure. Moreover, from 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 identified.

EXPERIMENTAL

lH NMR spectra were obtain on a Varian T 60 spectrometer at 35° in CDCI3 solutions. Spectrs
of 1a and 2b were ulso run on a Bruker WP 200 (200.1 MHz) and spectra of lc, 2. 3c. 4c, 5¢c, 1lh,
6 and 3h on a Bruker WH-90 (90.1 MHz2), in order to obtain H-1H coupling constants in the aroma-
tic systems Measurament conditions were as follows:WH-90: pulse width 1.3 tsec. (30° 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 . sec. (40° pulse), acquisition time 6.55 sec., spectral width 2500 Hz, num-
ber of data points 32 K, number of scans 16 .

13¢ NMR gpectra . Proton-decoupled 13¢c NMR spectra were obtained at room temperature (28°)
in a 10 mm, sample tube on a Bruker WH-90 instrument operating at 22.63 MHz in the Fourier
Transform mode. The samples concentration was 100 mg/ml in CDClj solutions, used as 2H internal
lock. Sample 8 was run in (CD,),SO. samples 9 and 10 were run in CD3CN. Measurament condiijons
were as follows: pulse width 4.5 |. sec. (30° pulse), acquisition time 1.365 sec., spectral width
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6000 Hz, number of data points 16 K, number of scans 5000. l3(3 chemical shifts were measured in
ppm referred to internal TMS. All shifts reported were estynated to be accurate to ¢ 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-Elmer 580 spectrometer.

Melting points were determined on a Kofler hot stage and are uncorrected. All solvents and rea-
gents were analytical grade and were used as received.

2-, 3-, and 4-hydroxypyridine were purchased from Fluka A.G. and melted respectively at 106-7°,
127-9° (recryst. from CGH ) and 148°C, the last having been purified as follows. The technical
grade product was first mage free from NaCl by extraction with warm CHCl_.. To the clear solution
activated charcoal and anhydrous Na, SO, were added. and the mixture was refluxed for 10 minutes.
After filtration while hot through ﬂuied %iltcr paper. anhydrous Na_SO, was again added to the
CHCI, solution and the heating repeated. Solvent evaporation of the filtered solution gave a solid
which was further dried by dissolving it in abs. ethanol-benzene 1:1 followed by distillation at nor-
mal pressure. The purified and dried product was stored in a vacuum dessicator over P 05
The following known compqunds were _prepared a ding to literat methods or wijth mzf or modj
fications: 2_bq“k lc and EPQQ; Sglf 238: 4d and c‘_ee%: 1f, 3f and éfgb; 1h and :!_Y!)a 6ré d 7{7
The new cwpounds 2- and 3-pivaloyloxypyridines (1d, 3d) were prepared using the procedure
described ", from 2- or 3-hydroxypyridine pivali¢ acid and dicyclohexylcarbodiimide in CHzCl
lourless liquids, obtained in a pure state after distillation in a Kugelrohr at 70-5°/] mm.
2-pivaloyloxypyridine. Found: C,67.05; H,7.3; N,7.8; CIOHI:!NOZ requires C,67.0; H,7.3; N, 7.8 }%
3-pivaloyloxypyridine. Found: C,67.1; H.7.2; N,7.8 ¢

2: Co-

2-Trifluoroacetoxypyridine (le).-2-Hydroxypyridine (1.0 g) was dissolved at room temp. in trifluo-
roacetic anhydride (5.0 g); the ester, immediately formed in practically quantitative yield, was pu-
rified by distilletion in a Kugelrohr at 60°/0.3 mm as a colourless liquid and kept in a closed ves-
sel at 20°,

(Found: C,43.75, H,2.3; N,7.3; C,,H‘F

sNO, requires C.44.0; H.2.1; N.7.3 ¥)
2-Methanesesulfonoxypyridine (1g).-2-Hydroxypyridine (1.0 g, 0.01 mole) and dried sodium bicar-
bonate (1.3 g, 0.015 mole) were stirred in abs. CHCl, (15.0 ml.) and allowed to react for ca 24 h.
at room temp. with methanesulfonyl chloride (0.78 ml., 0.01 mole). The insoluble matter was then
filtered and the clear solution evaporated under reduced pressure at room temp. The residue was
first distilled at 128°/0.15 mm. then crystallized from n-hexane: m. p. 52-4°; yield 1.3 g (77 V).
(Found: C,41.8; H.4.2; N,8.3; C6H7N035 requires C,41.6; H,4.1; N,8.1 %).

3-Metanesulfonoxypyridine (3g).-Through the above procedure from 3-hydroxypyridine (1.0 g, 0.0l
mole) a solid product (1.6 g, 93 §) m.p. 57-9° (from n-hexane) were obtained.
(Found: C,41.8; H,4.3; N,8.0 %).

4-Methanesulfonoxypyridine (4g) and N-methanesulfonyi-4-pyridone (5g).-To 4-hydroxypyridine (50
mg. 0.53 mmole) and NaHCO, (66.0 mg, 0.79 mmole) suspended in CDCl, (2.0ml), methanesulfony.-
chloride (38.7 L1, 0.53 mmole) was added and the mixture stirred for 1 h. at room temp.: the fil-

tered clear solution was examined by NMR and IR spectroscopy. The molar ratio of the two species
4g and 5g was at first about 2:1, but after a day a yellow resinous precipitate separated, and the

only species remaining in solution was the ester 4g.

Attemps to isolate the compounds by solvent evaporation at 0°C under reduced pressure under N
were unsuccessful: only orange polymeric products were obtained.

2

4-(p-Toluenesulfonoxy)-pyridine (4g).-To a stirred suspension of 4-hydroxypyridine (1.0 g. 0.01
meole) inanhydrous pyridine (6.0 m), p toluenesulfonylchloride (2.0 g, 0.01 mole) was added at room
temp. and the stirring was continued for 30 min. A quick initial dissolution of the hydroxypyridine
was observed. followed by separation of a white solid. This was filtered and rinsed. first with anhy-
drous pyridine (about 2.0 mi), then with n-hexanc: 1.1 g (42 %) raw product, m.p. 70-8° were ob
tained, wh{gg was crystallized from warm n-hexane (at no more than 50°) as colourless needles, 150-
-60° (lit. m.p. >70°) then resolidified and remelited at 221-3°,DSC analysis showed an exother-
mic phase transition at 80°, two minor ones at 133° and 144°, followed by two endothermic transi-

tion at 173° and 223°.
(Found: C,57.6; H,4.3; N.,5.45; CIZHI NO:’S requires C,57.8; H,4.45; N,5.6 %)

The thermal decomposition product was ﬁdcnllﬁed as 1-(4'-pyridyl)-4-hydroxypyridinium ditosylate
(8). by comparison with an authentic sample prepsred from 1-(4'-pyridyl)-4-pyridone. and two

moles of p-toluenesulfonic acid;m.p. 226 (DSC), from n-butanol.

N-(p-Toluenesulfonyl)-4-pyridone (5h).-To a stirred suspension of 4-Hydroxypyridine (1.0 g, 0.01
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mole) and NaHCO, (1.3 g, 0.015 mole) in abs. CHCl, (15.0 ml) p-toluenesulfonylchloride (2.0 g,

0.01 mole) was ad’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 1h,the crystals were rapidly collected, rinsed with n-hexane and dried at room temp.
over P205 White leaflets m.p. 45-50° (0.1 g) which rather rapidly decomposed to a blue-brownish
solid.

(Found: C,57.5. H,4.5: N.5.6; sz “NO:’S requires C, 57.8; H,4.45; N,5.6 1)

3-Acetoxy-N-methylpyridinium iodide (9).-A solution of 3-acetoxypyridine 3c (1.0 g) and excess

metngl—lodidc (1.0 ml) in acetone (10.0 ml) was allowed to react at room temperature in the dark
for 24 hours. The separated white prisms (1.5 g, 73.7 %). crystallized from acetone, had m.p.120-2°

(Found: C.,34.4; H.3.6. N,5.2: 1,45.5: CsﬂmlNo2 requires C,34.4; H,3.6; N,5.0; 1,45.5 %)

4-Acetoxy-N-methylpyridinium jodide (10).-To a suspension of N-acetyl-4- pyridone (5¢) m.p.
125-35° (1.0 g) in abs. chloroform (10. 70 ml) excess methyl jodide (1.0 ml) was added and the mix-
ture kept in the dark for 48 hours at room temp. with occasional shaking. Glistening white leaves
separated, m.p. 140-5°, which were collected, rinsed with abs. ether and crystallized by disso-
lution in warm (no more than 40°) anhydrous CHsCN and addition of 3-4 volumes of anhydrous 2-
-butanone. Yield 0.8 g (39.3 ¥)m.p. 151-5°,

(Found: C,34.7; H,3.7; N,4.8: 1,45.5 %).

Aknowledgement. The authors wigh to thank Dr.A.M.Giuliani (Servizio RMN, Area della Ricerca,
C.N.R. Montelibretti, Italy) for H-200-Milz spectra, and Mr.F.Ponti for technical assistance.

REFERENCES

A.McKillop and M.J.Zelesko, Tetrahedron Lett. 48, 4945 (1968).

1.Fleming and D.Philippides, J.Chem.Soc. (C), 2426 (1970).

P.W.von Ostwalden and J.D.Roberts, J.Org.Chem. 36, 3972 (1971).

L..W.Deady and G.D.willet, Org.Magn.Res. 6, 53 (1974).

V.Voegeli and W.von Philipsborn, Org.Magn.Res. 5, 551 (1973).

G.Miyajima, U.Sasaki and M.Suzuki, Chem.Pharm.Bull. (Tokyo) 20, 429 (1972).
C.J.Turner and G.W.H.Cheeseman. Org.Magn.Res. 6. 663 (1974).

Y.Takeuchi and N.Dennis, Org.Magn.Res. 7, 244 (1975).

A.Haider. C.Cornuz and H.Wyler, Helv. Chim. Acta 58,1287 (1975).

. 1.w.J.Still, N.Plavac, D.M.McKinnon and M.S.Chauhan, Can.J.Chem. 54, 280 (1976).

. Y.Takeuchi and N.Dennis, Org.Magn.Res. 8, 21 (1976).

. L.Stefaniak, Tetrahedron 32, 1065 (1976).

. F.Effenberger. A.O.Muck and E.Bessey, Ber 113, 2086 (1980).

. F.Effenberger., M.Keil and E.Bessey. Ber 113, 2110 (1980).

. (a) C.J.Cavallito and T.H.Haskell. J.Am.Chem.Soc. 66,1927 (1944); (b) C.J.Cavallito and T.H.

Haskell, ibid, 66. 1166 (1944).

.Remirez and P.W.von Ostwalden, J.Am.Chem.Soc. 81, 156 (1959).

“.Arndt, Ber. 6 , 92 (1932). 13

.W.Wehrli and T.Wirthlin, “Interpretation of °~ C NMR Spectra", Heyden, London 1976, p.49

.C.Lauterbur. J.Chem.Phys. 43. 360 (1965).

.E.Maciel; J.W.Mclver (Jr). N.S.0stlund and J.A.Pople, J.Am.Chem.Soc. 92, 1 (1970).

.J.Weigert and J.D.Roberts, J.Am.Chem.Soc. 89 2967 (1967).

*.J.Weigert and J.D.Roberts, J.Am.Chem.Soc. Soc. 90 3543 (1968).

.Hansen and H.J.Jakobsen, J.Magn.Res. 10 74 (1973)

24. M.Hansen, R.S.Hansen and H.J.Jakobsen, J. Magn.Res. 13, 386 (1974).

25. Y.Takeuchi and N.Dennis, J.Am.Chem.Soc. 96. 3657 (1974).

26. (a) J.W.Ensley, J.Feeney and L.H.Sutcliffe, "High Resolution NMR Spectroscopy”, Rer gamon
Press. .New York 1966.Vol I, pp. 749-70 and 794-98, and references quoted therein; (b) ibid.
p.767; (c) ibid..p.796.

27. R.A.Coburn and G.0O.Dudek, J.Phys.Chem. 72, 1177 (1968).

28. L.Paoloni, M.L.Tosato and M.Cignitti, Theor.Chim.Acta. 14, 221 (1968);

29. R.A.Coburn and G.O.Dudek, J.Phys.Chem. 72, 3681 (1968).

30. L.J.Bellamy, "Ultrarot Spectrum und chemisque Konstitution”, D.Steinkopff Verlag .Darmstadt,
1966, pp. 269.

31. M.Goldstein, M.A.Russel and H.A.Willis, Spectrochim.Acta. 25A, 1275 (1969) and references
quoted therein.

32. Y.Ueno. T.Takata and E.Imoto, Bull.Chem.Soc.Japan 37, 864 (1964).

33. N.Dennis , A.R.Katritzky and S.K.Parton, J.Chem.Soc.Perkin I, 2285 (1976).

AW =3 DO oW

—_— e . . e O
D oW O

16.
17.
18.
19.
20.
21.
22.
23.

<~TZmmOTTT ™




