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Polyhalogenoaromatic Compounds. Part 42.' 13C N.m.r. Spectra of 
Polyhalogeno-pyridines and -pyrimidines 

By Brian Iddon," Arthur  G. Mack,  Hans Suschitzky, Jack A. Taylor, and Basil J. Wakefield." The 
Ramage Laboratories, Department of Chemistry and Applied Chemistry, University of Salford, Salford 
M5 4WT 

13C N.m.r. spectra are reported for a number of polyhalogeno-pyridines and -pyrimidines. Substituent effects have 
been calculated and the results used to assign structures. 

IN a preliminary communication we explained the 
difficulties of determining the structures of polychloro- 
aromatic compounds and showed that 13C n.m.r. spectro- 
scopy was useful for this purpose. We have extended 
this study and now report our results in detail. 

Our recorded 13C n.m.r. spectra of 2- (2) and 3-chloro- 
pyridine (3) were in good agreement with those reported 
in the literature t (see Table 1). Assignments of the 
various chemical shifts for the monochloropyridines 
(2)-(4) were made by reference to the substituent 
effects produced by chlorine in chloroben~ene.~ The 
substituent effects produced by chlorine in the three 
monochloropyridines (2)-(4) relative to pyridine (1) 
are shown in Table 2.: Using these values it is possible 
to predict the chemical shifts in various polychloro- 
pyridines by summation. For 2,6-dichloropyridine (5), 
for example, the substituent effects for the 2-C1 atom are 
assumed to be the same as those calculated for 2-chloro- 
pyridine (2) (Table 2) and the substituent effects for the 
6-C1 atom are in the reverse order. Summation gives the 
total substituent effects for 2,6-dichloropyridine (5) 
relative to pyridine (1): $0.3 (at C-2), -1.8 (C-3), 
+5.2 (C-4), -1.8 (C-5), and +0.3 p.p.m. (C-6).$ Addi- 
tion of these effects to the observed chemical shifts for 
pyridine (1) gives predicted chemical shifts in very close 
agreement with the experimentally observed values 
(Table 3). Good agreement is found also (see Table 3) 
between the calculated and experimental values for 
other polychloropyridines [compounds (6), (7), and (10)] 
in which C-4 is unsubstituted. The few compounds 
[(g), (Q), and ( l l ) ]  studied which carry a chlorine sub- 
stituent a t  the 4-position appear to give calculated 
results for C-4 which are ca. 3 p.p.m. higher than the 
experimental values, an observation for which we have 
no explanation a t  the present time. In compounds 
[(IT)-(19)] containing other halogen substituents agree- 
ment is not as close, but the results enable structural 
assignments to be made (see later). 

In Table 1 we record also the 13C n.m.r. spectra of some 
2(or 4)-substituted tetrachloropyridines. From these 
results the effects of several substituents have been 

calculated using pentachloropyridine (1 1) as the reference 
compound. The assignments of chemical shifts for 
pentacliloropyridine (1 l ) ,  which are based on those 
reported for pyridine (1) (Table l), are supported by the 
assignments made for the tetrachloropyridines (8)- 
(10). In these compounds the proton-bearing C-atoms 
are readily identified by a large nuclear Overhauser 
effect and by an examination of the off-resonance proton- 
decoupled spectrum. Where two signals occur close 
together unambiguous assignments are not always 
possible. 

A comparison of the spectrum of 4-bromotetrachloro- 
pyridine (14) with that of pentachloropyridine (11) (see 
Table 4) indicates that the bromine atom has a shielding 
effect of -7.6 p.p.m. on C-4, with a negligible effect on 
the other C-atoms. This enables the following chemical 
shifts, which are close to the experimental values (Table 
l ) ,  to be calculated for 2-bromotetrachloropyridine (16) : 
138.6 (C-2), 129.7 (C-3), 145.0 (C-4), 128.1 (C-5),$ and 
146.5 (C-6). Similar agreement is found between the 
calculated and experimental values for 3-bromotetra- 
chloropyridine (18) (Table 3).9 Substituent effects for 
an iodine atom can be obtained similarly by comparison 
of the chemical shifts of tetrachloro-4-iodopyridine (15) 
with those of pentachloropyridine (11) (Table 1) and used 
to predict the 13C n.m.r. chemical shifts for tetrachloro-6- 
iodo- (17) and tetrachloro-5-iodo-pyridine (19) (Table 3).9 
The chemical shift values calculated for the iodine- 
carrying C-atoms in the a- and P-iodo-substituted com- 
pounds (17) and (19) are some 7.5-7.9 p.p.m. too high 
(Table 3). Greater accuracy in predicting chemical 
shifts can be obtained by using substituent effects for 
bromine and iodine (relative to pentachloropyridine) in 
the three isomers of bromo (or iodo) tetrachloropyridines 
derived from the observed spectra. These are given in 
Table 4. The anomalous effect of a 4-substituent is 
reflected again in these values. By summation of the 
substituent effects a t  each C-atom of the ring for a 4- 
bromine atom (Table 4) with those for the @-H atom in 
2,3,4,6-tetrachloropyridine (9) (calculated from Table l ) ,  
and by addition of these values to the chemical-shift 

t The literature measurements were made with neat liquids Throughout this paper a + sign indicates a down-field shift 
or (for solids) with solutions in benzene,, using carbon disul- and a - sign an up-field shift. 
phide 3 or benzene as internal standards, respectively. For Substituent effects of - 1.6 p.p.m. for bromine and zero 
convenience we have adjusted the recorded chemical shifts t o  the p.p.m. for iodine have been applied, which correspond to  the sub- 
SiMe, convention by application of the factors 192.8 (for carbon stituent effects on C-4 in bromobenzene and iodobenzene,B 
disulphide) and 128.6 p.p.m. (for benzene), respectively.= respectively. 



TABLE 1 
13C N.m.r. spectra of polychloropyridines 

Compound 
no. R2 

(1) " H 

Chemical shifts (6/p.p.m.) 
R5 Re C-2 C-3 C-4 C-5 Others 

l-oxide of (1 1) 
HCl salt of (4) 

C1 OH C1 Cl 145.0 117.9 160.0 117.9 
C1 OMe C1 C1 146.8 124.8 162.1 124.8 
C1 OCH,CH:CH, C1 C1 146.7 125.0 161.0 125.0 

61.3 (q, Me) 
75.1 (t. CH,), 

120.2 (t, olefinic 

131:6 Id. CH) 
61.1 ft. CH"). ' 

76.'3'(s, 6,' 
78.1 (d. CH) 

121.1 (d, C-2,6),  C1 OPh C1 C1 147.5 125.8 156.2 125.8 
131.0 (d, C'-4), 
132.4 (d, C'-3,5), 
147.0 (S, C'-l) 

115.4 (d. C'-6). - ~ 

123.5 '(S, Cli), 
125.0 (d. C'-4). 
127.8 (d. C'-5). 

150.8 (S; c'-ij. 
112.2 ( S ,  C'-2), 

115.0 (d, C'-6), 
125.3 (d. C-4). 
128.6 (d. C'-K). 
134.3 (d. C'-3), 
151.7 (S, C'-l) 

55.6 (q, Me) 
68.8 ( t ,  CH,), 

118.6 ( t ,  olefinic 
CH.1. 
131:7 (d, CH) 

55.8 (t ,  CH,), 
75.7 (d, CH), 
77.3 (S, C) 

17.9 (q, tvans-Me), 
69.0 (t, CH,), 
124.8 (d. CH). 
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Chemical shifts (6/p.p.m.) 
c -  C-3 C-4 C-5 

156.9 117.1 143.4 g 121.4 

Compound 
no. R' R S R4 
(32) OCH,CH:CMe, C1 C. 1 

C-6 Others 
143.9 18.3 (q, cis-Me), 

25.8 (q, tvans-Me), 
65.4 (t ,  CH,), 
118.4 (d, CH). 
139.8 Is. CI 

123.8 (d,'k':6)yr 
127.3 (d, C'-4), 
128.6 (d. C'-5). 
129.6 (S; c#-zj,. 
133.7 (d, C'-3), 
151.6 (S, C'-l) 

(37) C1 C1 NHMe 
(38) C1 C1 NHEt  

33.8 (q, Me) 
16.5 (q, Me), 

41.3 (t, CH,) 
48.3 (t. CH,), 

117.6 (t, olefinic 
CH,). 
134.2 (d, CH) 

122.2 (d. C'-2.6). 
125.1 (d, C'-4), 
128.8 (d, C'-3,5), 
138.9 (S, $?-l) 

122.5 (d. C'-6). 
125.7 (d, C'-4), 
126.7 (S, C'-2). 
127.0 (d, C'-5). 
129.8 (d. C'-3), 
135.9 (S, C'-l) 

116.9 (S, C'-2), 
122.5 (d, C'+), 
126.0 (d. C'-4). 
127.7 (d. C'-5). 
133.1 (d. C'-3). 
137.3 (S, C'-l) 

117.9 (S, C'-4), 
123.5 (d. C'-2.6). 
132.0 (d, C'-3,5), 
138.3 (S, C'-l) 

116.4 (S, C'-4), 
124.1 (S, C'-2,6), 
134.4 (d, C'-3.5). 
135.6 (S, C'-l) 

(40) C1 C1 NHPh 

C1 NHC H Br,- 
2',4", S? 

42.75 (q, Me) 
24.0 (v-CH.). 

(47) NHz C1 C1 
(48) NHMe C1 C1 
(49) NHEt  C1 C1 

145.3 
146.1 28.8 (q, Me) 
145.7 14.6 (q. Me), 

36.9 (t, CH,) 
145.6 44.2 (t. CH,), 

116.8 ( t ,  olefinic 

f238. Id. CH) 
145.4 116.9 (s,'c'-21, ' 

121.0 (d,  C'-6), 
154.1 (d. C'-4). 
128.5 (d, C'-5). 
132.5 (d, C'-3), 
136.6 (S, C'-l) 

145.5 116.5 (S, C'-4), 
121.7 (d. C'-2,6) 
132.1 (d. C'-3.5). 
137.6 (S, C'-l) 



TABLE l (Continued) 

Compound Chemical shifts (%/p.p.m.) 
no. R2 R3 R4 R5  R6 C-2 C-3 C-4 C-5 C-6 Others 

(53) NMe, C1 C1 C1 C1 156.1 117.0 143.5 119.0 144.4 41.4 (q, Me) 
(54) piperidin-l-yl C1 C1 C1 C1 156.6 119.4 g 143.4 g 120.25 g 144.7 g 24.4 (y-CH,), 

25.75 (p-CH,), 
50.3 (a-CH,) 

(57) C1 C1 SMe C1 C1 146.0 132.9 150.2 132.9 146.0 18.5 (q, Me) 
(68) C1 C1 SCH,CH:CH, C1 C1 145.8 134.2 147.6 134.2 145.8 38.0 ( t ,  CH,), 

118.9 (t, olefinic 
\ . 

CH,) 3 

131.8 (d, CH) 
(59) C1 C1 SCH,CiCH C1 C1 146.2P 134.5 146.5 g 134.5 146.2 9 22.85 ( t ,  CH,), 

73.5 (d, CH),  
77.3 (S, C) 

(60) C1 C1 SPh  C1 C1 146.4 133.7 147.5 133.7 146.4 128.0 (d),  129.4 (d), 
130.0 (d. C'- 
2,3,4,5,6), 
131.8 (S, C'-l) 

(61) C1 C1 SC,H,Cl-o C1 C1 146.7 134.9 146.7 134.9 -46.7 127.7 (d,  C'-6), 
128.5 (S, C'-2), 
129.3 (d, C'-5), 
130.4 (d, C'-4), 
131.2 (d. C'-31. 
133.5 (S]'&-l)'i 

(62) C1 C1 SC,H4Br-o C1 C1 146.8 133.6 147.1 133.6 146.8 124.5 (S, C-2) ,  
129.2 (m. C'-4. ~. 
C'-5). 
130.75 (d, C'-6), 
133.7 (d, C-3) 

(63) C1 C1 2-thienylthio C1 C1 146.5 133.7 147.4 133.7 146.5 127.5 (S, thienyl 
2-C), 127.5 (d), 
131.5 (d), 
136.3 (d,  
thiophen ring 
C-atoms) 

C1 C1 SCN C1 C1 145.9 133.5 139.6 133.5 145.9 107.5 (S, SCN) 
C1 C1 SOMe C1 C1 147.6 128.1 152.0 128.1 147.6 37.8 (q, SMe) 
Cl C1 S0,RIe C1 C1 143.4 129.6 132.6 129.6 143.4 44.2 (q, S0,hIe) 
C1 C1 SO,NH, C1 C1 147.8 127.5 150.2 127.5 147.8 
C1 C1 SO,NHhSe C1 C1 147.9 128.1 147.9 128.1 147.9 28.5 (q, Me) 
C1 C1 SO,H C1 C1 147.2 121.35 140.7 121.35 147.2 

C1 C1 Ph C1 C1 146.4 129.9 151.8 129.9 146.4 128.1,128.8, 
129.5 (aromatic), 
135.1 (S, C'-l) 

C1 P h  C1 C1 C1 147.6 136.2 145.7 129.9 146.0 127.0.128.9. 
129.1 (aromatic), 
130.9 (S, C'-l) 

P h  C1 C1 C1 C1 155.2 130.5 145.1 128.9 145.7 128.3, 129.6, 
129.8 (aromatic). 

(73) C1 CN C1 C1 C1 148.9 111.7 148.1 129.2 151.6 111.7 (S, CN) 
(74) CN C1 C1 C1 C1 129.3 133.8 144.0 135.5 148.5 112.3 (S, CN) 

(75) C1 C1 COPh C1 C1 146.8 126.4 149.3 126.4 146.8 L29.5 (d, C'-3,5), 
133.4 (S, C'-l), 
135.4 (d,  
C'-2,4,6), 
188.5 (CO) 

a From G. C. Levy and  G. L. Nelson, in ' Carbon-13 Nuclear Magnetic Resonance for Organic Chemists,' Wiley-Interscience, Neur 
York, 1972, p. 99. * F r o m  H. L. Retcofsky and  R. A. Friedel, U.S. Bur .  Mines Bull., 1969, No. 649 (Chem. Abs., 1969, 71, 65812) 
(adjusted). From C. Miyajima, Y. Sasaki, and  M. Suzuki, Chem. Pharm. Bull. (Japan),  1972, 20, 429 (adjusted). d Neat 
liquid. " I n  Me,SO. f From A. G. Mack, H. Suschitzky, and  B. J .  Wakefield, J.C.S. Perkin I, 1979, 1472. g Assignments could 
not  be made unan~biguously (see Discussion). h I n  tetrachlorothiophen, 6 121.2 and  122.8 p.p.m. CDC1,-Me,SO. j CDC1,- 
dioxan. W-3.C-5 and C'-l indistinguishable. 
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values of pentachloropyridine (11) (Table 1) it is possible 
to make the following assignments for 4-bromo-2,3,6- 
trichloropyridine (76) : 148.1 (147.8) (C-2), 121.4 (127.5) 
(C-3), 138.1 (135.9) (C-4), 128.7 (d) (130.6) (C-5), and 
149.8 (149.0) (C-6) (the experimental values are in paren- 
theses). 

4-Substituted tetrachloropyridines show only three 
resonance signals, whereas their 2 (or 3)-substituted 
isomers display five signals, as expected. 

The 13C n.m.r. spectrum of pentachloropyridine 1- 

Chlorine substituent effects on 13C n.m.r. spectra of mono- 
chloropyridines 

compound Substituent effects (S/p.p.m.) 
no. C-2 C-3 C-4 C-5 C-6 

(2) (=-Cl) + 0.9 0 $2.6 -1.8 -0.6 
(3) (P-Cl) -1.6 4-7.7 -0.7 $0.1 -2.8 
(4) (y-Cl) $0.3 -0.3 +7.6 -0.3 +0.3 

oxide exhibits only two signals a t  B 129.6 and 142.6 p.p.m. 
By analogy with the results reported recently in the 
literature for pyridine l-oxides we suggest that the p- 
and y-C-atom signals are accidentally equivalent at  8 
129.6 p.p.m. (and not as suggested in our preliminary 
communication =). 

Similar effects are observed with their 2-isomers [com- 
pounds (27)-(34) in Table l ]  and similar comparisons 
can be made (Table 1) for other 2- (and 4)-substituted 
tetrachloropyridines. These are summarised in Table 5. 
For 2-substituted tetrachloropyridines the signals for 
C-4 and C-6 often appear close together and it has not 
been possible to assign these unambiguously in these 
cases. By an examination of Table 5 it can be seen that 
a 4-alkoxy- (or ary1oxy)-group exerts a strong inductive 
effect (-I) on the C-atoms to which it is attached but 
little mesomeric effect on the adjacent C-atoms, pre- 
sumably because of steric inhibition of resonance. By 
contrast, however, a 2-alkoxy(or ary1oxy)-group strongly 
shields the adjacent C-atom v ia  a mesomeric effect and 
deshields the C-atom to  which it is attached by an in- 
ductive effect. Similar comparisons can be made (see 
Table 5 )  between 4-alkyl (and aryl)amino-groups and 
2-alkyl (and ary1)amino-groups. In the case of 4- 
(secondary amino)-substituents, however, the steric 
inhibition of resonance is apparently less than in the case 
of an oxygen substituent a t  this position. A comparison 
of a 4-(tertiary amino)-substituent with a 2-(tertiary 
amino)-substituent is more marked in terms of steric 
inhibition of resonance a t  the 4-position. In the case of 

TABLE 3 

Comparison of calculated and observed 13C n.m.r. chemical shifts for some polychloropyridines a 

Compound 
no. C-2 C-3 C-4 C-5 C-6 
(5) 150.9 (150.5) 122.7 (123.0) 141.6 (141.0) 122.7 (123.0) 150.9 (150.5) 
(6) 149.9 (149.0) 132.2 (130.6) 138.3 (138.8) 122.8 (123.4) 147.2 (147.3) 
(7) 148.7 (149.4) 124.6 (125.1) 138.3 (138.4) 130.4 (130.9) 148.4 (148.3) 
(8) 145.9 (145.9) 130.2 (129.5) 145.2 (142.3) 132.0 (130.4) 147.4 (148.4) 
(9) 148.4 (147.8) 122.5 (124.4) 148.5 (145.7) 130.1 (128.7) 149.6 (149.5) 

(10) 146.5 (145.9) 130.5 (129.6) 140.2 (140.0) 130.5 (129.6) 146.5 (145.9) 
(11) 146.8 (146.2) 130.2 (129.7) 147.8 (144.7) 130.2 (129.7) 146.8 (146.2) 
(17) 123.4 (115.5) 135.0 (136.9) 141.7 (141.6) 129.7 (130.6) 143.2 (146.5) 
(18) 146.2 (148.2) 122.1 (120.6) 144.7 (147.0) 130.0 (128.7) 144.6 (147.1) 
(19) 161.5 (152.2) 106.9 (99.4) 150.0 (148.7) 126.7 (127.8) 146.2 (150.8) 

The experimental values are in parentheses. 

Tetrachloropyridines substituted also by a hydroxy-, 
alkoxy-, or aryloxy-group in position 4 [compounds (20) 
-(26) in Table l] display a marked similarity for the 
chemical shifts of the different ring C-atoms, C-4 being 

Substituent effects of broinine and iodine in bromo- or 
iodo-tetrachloropyridines relative to pentachloropyr- 
idine 

Substituent effects (6/p.p.m.) 
C-Br 

Substituent (or -I) ' ortho ' ' meta ' ' pava ' 
4-Br -7.6 0.0 $0.3 
3(5)-Br -9.1 +2.15 a -1.0 +0.9 
2(6)-Br -8.2 1 2 . 7  -0.1 a 1 0 . 3  
4-1 - 22.8 +5.3 -3.0 
3(5)-I - 30.3 +5.15" -1.9 +4.6 
2(6)-I - 30.7 + 7.2 -1 .3"  $-0.9 

a Average value. 

deshielded relative to C-4 in pentachloropyridine by 
12.5-17.4 p.p.m., C-3 and C-5 being shielded by 3.9- 
4.9 p.p.m. [excepting tetrachloro-4-hydroxypyridine (20) 
in this case], whilst C-2 and C-6 are little affected. 

tetrachloro-4-ethylaminopyridine (38) only the signal 
for C-3 shows coupling with the N-H proton (J 6.6 Hz) 
whereas for its 2-isomer (49) the signals for C-2, C-3, and 
C-6 are coupled with the N-H proton (J 3.5, 2.3, and 3.5 

Cl SMe 

Cl 

Et 
( 7 6 )  ( 7 7 )  ( 7 8 )  

Hz, respectively). The magnitude of the long-range 
(4-bond) coupling between C-6 and the N-H proton in the 
2-isomer indicates that this compound exists in solution 
predominantly in the conformation shown (77), in which 
the bonds have the favourable W-geometry. Hydrogen 
bonding, as shown in (77), probably slows down the rate 
of exchange of the N-H proton, thus allowing the coupling 
to be observed. In tetrachloro-4-ethylaminopyridine 
(38) the bulky p-chlorine atoms (enhanced by the 
butressing effect of the a-chlorine atoms) prevent the 



Sub- 
s t i tuent  
4-OR 
4-OXr 
2-OR 

TABLE 5 

Substituent effects in 2(or 4)-substituted tetrachloropyridines relative to pentachloropyridir~e 

Subs t i tuen t  effects (S/p.p.m.) 
C-2 C- 3 C-4 C-5 C-6 

D Mean values in  parentheses. 

ethylamino-group from adopting the favourable W- 
conformation. 

To illustrate further how the results discussed so far 
can be applied to the calculation of chemical shifts for 
more complex systems we refer to the 13C n.m.r. 
spectrum of 2,3,5-trichloro-4-(methy1thio)-6-pyrrolidin- 
l-ylpyricline (78) in which the signals for the pyridine 
ring C-atoms appear at  S 118.4, 120.3, 144.2, 147.9, and 
153.1 p.p.m., the methyl group signal appears at  6 
18.4 p .p .n~. ,  whilst the U- and p-C-atoms of the pyr- 
rolidine ring appear a t  S 50.5 and 25.7 p.p.m. respectively. 
By summation of the substituent effects for a 4-S-alkyl 
substituent (Table 5) with those for a 2-(tertiary amino)- 
substituent (Table 5) (using the mean values) and by 
addition of these additive substituent effects for each 
C-atom of the pyridine ring to the observed chemical 
shift values (Table 1) for pentachloropyridine, the fol- 
lowing assignments can be made (the calculated values 
are in parentheses) : 118.4 (122.4) (C-3), 120.3 (123.8) 
(C-5), 144.2 (144.35) (C-6), 147.9 (146.85) (C-4), and 
153.1 11.p.m. (156.15) (C-2). 

In Part 40 l0 we reported the preparations of some 
polychloro-2-pyridones. Their 13C n.m.r. spectral data 

together with those of some related compounds synthe- 
sised previously ",l2 are given in Table 6. The structure 
of 5-chloro-l-methyl-2-pyridone (79) followed from its 
synthesis (see Experimental section) and from an 
examination of its lH n.m.r. spectrum. Assignments for 
the 13C n.m.r. chemical shifts of this compound then 
followed from an examination of the off-resonance 
proton-decoupled spectrum and led to the assignments 
given in Table G for compounds (80)-(87). Assignment 
for 3,5,6-trichloro-l-methyl-2-pyridone (80) can be made 
unarnbiguously by reference to its off-resonance proton- 
decoupled spcctrurn. 

Hydrolysis of 2,3,4,6-tetrachloro-l-methylpyridinium 
fluorosulphonate could give rise to two products, (81) 

(81 1 (88) 
and (88), but in practice only one product was obtained. 
The 13C n.m.r. spectrum of this compound (Table 6) 
suggests that it is 3,4,6-trichloro-l-methyl-2-pyridone 

TABLE G 

I3C N.n~. r .  spectra of some polycliloro-2-pyridones 

Compou~ld  Suhst i tuents  Chemical shifts (S1p.p.m.) 
no. R' R3 R 4  R5 R6 C-% C-3 C-4 C-5 C-6 Other  
(79) Ale H H C1 H 161.3 140.3d 121.3d 111.8 136.2d 37.4 (q, hIc) 
(80) hle C1 H Cl C1 157.7 124.75 137.2d 110.2 134.5 35.6 (q, RIe) 
(81)  Me C1 C1 H C1 158.3 122.6 142.7 107.5d 136.2 34.5 (q, Ale) 
(82) bZe C1 C1 C1 C1 156.65 124.2 142.6 111.5 135.2 36.0 (q, Me) 
(83) CH,CH:CH, C1 C1 C1 C1 156.3 124.6 142.9 111.8 134.7 51.1 (t, CH,), 119.8 ( t ,  olcfrnic CH,), 

129.8 (d ,  CH)  
(84) CH,CH:ChZe, C1 C1 C1 C1 156.3 124.5 142.5 111.5 134.6 18.4 (q, czs-Ale), 25.8 (q,  tvans-Me), 

47.9 (t, CH,), 116.7 (d, C H ) ,  139.1 (S, 

CI 
(85) OAIe C1 C1 Cl C1 153.1 125.5 142.35 110.5 134.6 65.6 (q ,  Me) 
(86) OCH,CH:CH, C1 C1 C1 C1 153.4 125.3 142.3 110.4 135.0 78.4 ( t ,  CH,), 123.8 ( t ,  olefinic CH,), 

129.5 (d,  CH)  
(87) OCII,Ph C1 C1 C1 C1 153.2 125.2 142.1 111.3 134.8 79.2 ( t ,  CH,), 128.5 (d) ,  129.6 (d), 

130.1 (d), 133.3 (S) (all aromatic)  





Compound 
no. H 
(97) OCH,Ph 

TABLE 8 
13C N.m.r. chemical shifts and multiplicities a of 4-substituted-3,5-dichloro-2,6-diflu~rop~ridines 

cl,+J 

N 
Chemical shifts (61p.p.m. ; in CHCl, or CDCl, 

unless otherwise stated) Coupling constants (Hz) 
C-2,C-6 C-3,C-5 C-4 Others Jc'F~ ( Jc'F*) J c ~ F ~  ( Jc~F~)  JCSFS + JCW 
155.7dd 108.9t * 163.8s 76.0 (t. 245 18 3 7 

CH,Ph), 
128.4, 128.9 
(both d. 
aromatic), 
134.8 (S, C'-l) 

156.1dd 109.lt * 152.0s 112.5 (S, C'-2) 245 
115.9 (d, C'-6), 
125.7 (d, C'-4), 
128.7 (d. C'-5), 
134.3 (d. C'-3), 
160.1 (S, C'-l) 

l56.2dd 109.0t * 151.0s 116.4 (d, C'-6), 245 
123.9 (S, C'-2), 
125.5 (d. C'-4), 
128.0 (d. C'-5), 
131.3 (d, C'-3), 
160.2 (S, C'-l) 

155.6dd 105.4t * 158.5s 126.2 (S, 245 
C'-2,6), 
131.4 (S, C'-4), 
132.5 (S, 
C-3/5), 
146.9 (S, C'-l) 

(101) NH, 155.6 97.0 * 152.3 238 
(102) NH-CO.CH,Cl 155.7dd 97.0t * 152.3s 42.6 (t ,  CH,), 237 

163.9 (S, C:O) 
(103) NH.CO.CH,SC,H,Br-o 154.9dd 112.0t * 148.2s 36.1 (t, CH,), 244 

122.2 (S, C'-2), 
127.1, 128.0, 
128.3, 132.7 
(all doublets, 
C'-3-C'-6). 
136.8 (S, C'-l), 
166.2 (S, C:O) 

(104) NH.C0.CH,S0,C,H4Br-oe 155.4dd 111.4t* 147.3s 41.1 (t, CH,), 244 
121.1 (S, C'-21, 
128.0. 132.6. 

(105) NH.C,NCl,F,-4 
(106) S0,Cl 
(107) SEt  

(108) SPh 

135.2, 135.5 
(all doublets, 
C-3-C'-6). 
138.3 (S. C'-l). 
159 (S, C:O) 

155.8 106.9 * 147.7 244 
156.6dd 114.9t * 150.4s 248 
155.3dd 118.lt * 152.4s 15.1 fa. Me). 248 

29.9 jC CH;) 
155.4dd 118.0t * 151.1s 128.5 (d, C'-4), 248 

ca. 40 

129.6 (d, 
C'-2,6), 
131.1 (d, 
C'-3,5), 
131.6 (S, C'-l) 

155.8dd 118.2t * 150.4s 125.3 (S, C'-2), 232 
128.3, 129.6, 
131.6 (all 
doublets, 
C'-3-C'-6). 
132.3 (S, C'-l) 

155.4dd 119.lt * 154.6s 121.7 (C'-S), 246 3 6 
123.2 (C'-2, 
C'-3), 
137.4 (Cf-4), 
150.4 (C'-6) 

a Multiplicities for the pyridine rlng signals are those observed in the proton-decoupled spectra; those for the other signals are 
observed in the ' off-resonance ' spectra. JJCaFi  (JCaF6) was small in every case. C In  CHC1,-Me,SO. C,NCl,F, is 3,5-dichloro- 
2.6-difluoro-4-pyridyl. 2-Pyridyl. 

* ' Inverted triplet.' See text. 
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C-2, C-6 and C-4, respectively, whilst the remaining 
signal at  130.5 p.p.m. can be assigned to C-3, C-5. Based 
on these assignments the structure of the photolysis 
product (92) follows. The C-atoms of the phenyl group 
produce signals a t  S 126.85 (d), 128.4 (d), 128.6 (d), and 
135.7 p.p.m. (S, C-l) whilst those of the tetrahydro-2- 
fury1 group appear a t  S 26.1 ( t ,  C-3, C-4), 30.8 (t ,  C-3, C-4) 
(unambiguous assignments not possible), 69.3 (t ,  C-5), 
and 77.3 p.p.m. (d, C-2), respectively. With the evidence 
available it is not possible to assign all the signals pro- 
duced by the pyridine-ring C-atoms. However, signals 
a t  6 147.45, 148.5, and 156.7 p.p.m. (all singlets) can be 
assigned to C-6, C-4, and C-2, respectively, whilst the 
remaining signals a t  S 127.8 (S) and 130.3 p.p.m. (S) can 
be assigned to  C-5 and C-3, respectively. 

In Table 7 we report the 13C n.m.r spectra of some 
chlorofluoropyridines, in Table 8 the spectra of some 
4-substituted-3,5-dichloro-2,6-difluoropyridines, and in 
Table 9 we give the substituent effects for the compounds 

TABLE 9 

Substituent effects produced in 4-substituted-3,5-dichloro- 
2,6-difluoropyridines relative to 3,5-dichloro-2,4,6- 
trifluoropyridine 

Substituent effects (6/p.p.m. in CHC1,) " 
Substituent C-2, C-6 C-3, C-5 C-4 

OAr -0.1 to  +0.7 to  -5.6 to  
-0.4 (0.2) 1 4 . 4  (3.1) -13.1 (10.3) 

NH,  -0.6 -7.7 -11.8 
NHC@CH,R -0.5 t o  -7.7 t o  - 7.7 to  

-1.3 (0.9) +7.3  (2.1) -14.8 (12.1) 
KHAr -0.4 +2 .2  - 16.4 
S E t  -0.9 + 13.4 -11.7 
S Ar -0.4 to  + 13.3 to  -9 .5  to  

-0.8 (0.7) 1 1 4 . 4  (13.7) -13.7 (12.0) 
C1 -0.8 + 10.1 - 16.5 

a Mean values in parentheses. Ar = 3.5-dichloro-2,6- 
difluoro-4-pyridyl. 

in Table 8, relative to 3,5-dichlorotrifluoropyridine. 
Assignments are made easy in this series of compounds, 
(93)-(110), by the presence of I3C-19F coupling. How- 
ever, the spectra are in some respects deceptively simple, 
so that the coupling constants cannot be fully evaluated 
by simple inspection of the spectra. The spectrum of 
3,5-dichloro-2,B-difluoro-4-pl~enyltl~iopyridine (108),14 
sllown in the Figure, is taken as an example. The signal 
at  S 151.1 p.p.m. is a singlet and is assigned to C-4. The 
four signals centred on S 155.4 p.p.m. are assigned to 
C-2 and C-6, and on a first-order analysis are grouped as a 
doublet of doublets, with J c s r a  = J C e F e  = 248 Hz and 
J C s P s  = J C s F 2  = 15 Hz. The remaining pyridine-ring 
signals, for C-3 and C-5, are a triplet centred on S 118.0 
p.p.m. This is clearly not a case of a simple ASX' 
system, since the outer members of the triplet are more 
intense than the central one, giving the ' inverted 
triplet ' pattern observed for most of these compounds. 
Ladd and Lui l5 have observed a similar pattern in 
the proton-decoupled spectrum of 2,6-difluoropyridine, 

and have analysed it as an AXY system in ~vhich 
Sx = ay, with JCzF- 35.4 Hz and J C a F 6  = 4.3 Hz. 
In Table 8 we have recorded the sum of J C a F a  and JCsF6, 

which corresponds to the separation of the outer members 
of the triplets. In our preliminary communication we 

benzene 
ring 

Proton-decoupled I3C n.m.r. spectrum of 
3,5-dichloro-2,6-difluoro-4-phenylthiopprdne (108) 

reported l3C-I9F coupling constants for 3,5-dichlorotri- 
f lu~ro~yr id ine ,  derived from a first-order analysis of the 
spectrum, and we reproduce them in Table 7 for con- 
venience. However, this spectrum must also be decep- 
tively simple, and while the one-bond splittings corres- 
pond to those reported for the monofluoropyridines l6 

and are probably a close approximation to  the coupling 
constants, the others must be regarded merelv as a record 
of the observed splittings rather than the true coupling 
constants. Spectra of substituted chlorofluoropyridines 
can usually be interpreted, and thus used for determining 
or confirming structures, by first-order analysis. For 
example, the signals for the pyridine-ring carbon atoms 
in the proton-decoupled spectrum of 3-chloro-2,6- 
difluoro-4-phenylthiopyridine (1 11) l7 comprise a singlet 

a t  S 154.0 p.p.nl. assigned to C-4, two overlapping 
doublets of doublets at  S 159.7 and B 157.2 p.p.m., both 
with apparent coupling of 248 and 14 Hz, assigned to 
C-2 and C-6, a doublet of doublets a t  S 108 p.p.m. 
(apparent coupling 41 and 6 Hz) assigned to C-3, and a 
more intense doublet of doublets a t  S 102.8 p.p.m. 
(apparent coupling 41 and 6 Hz) assigned to C-5 on the 
evidence of nuclear Overhauser enhancement by the 
attached proton. 

Finally, in Table 10, we give the 13C n.m.r. chemical 
shifts for several polyllalogenopyrimidines. Assign- 
ments are based on a comparison with those obtained for 
pyrimidine (1 12) (Table 10). In most polychloroaromatic 
compounds there is little nuclear Overhauser enhance- 



ment and relaxation times are all long on the n.m.r. instruments used are described in Parts  40 l0 and 41 of this 
time-scale, so that peak heights can give some indication Series. 

of the number of carbon atoms in one The preparations of most of the compouncls whose spectra 

the absence of other indications, we have used the we have recorded are described in earlier parts of this Series: 

relative heights to distinguisll betwcen the chemical were commerciall~J 
benzyl 3,5-dichloro-2,G-difluoro-4-pyridyl ether (97) which 

shifts for the 2- and 4(6)-positions in compounds was a gift from 1,C.I.  Plant protection Limited, J e a l o t t ' ~  
studied. The chemical shifts for C-5 are distinct. In Hill, and the ,,alogenated pyrimidines which were gifts from 
5-bromo-2,4,6-trichloropyrimidine (115) the bromine Drs. J .  Clark and R.  Colman of this Department. Light 
atom shields C-5 by -8.9 p.p.m. relative to tetracliloro- petroleum ]lad b.p.  60-80 "C unless stated otllerwise. 
pyrimidine [cf. 4-bromotctrachloropyridine (14), -7.6 2,5-Diclzloropyvidine (?).-A mixture of 5-chloro-2- 

TABLE 10 

13C N.m.r. chemical shifts of polyhalogenopyrimidines 

No. R2 
Compou~~d Chemical shifts (6/p.p.m. in CDCl,) 

R' R5 R6 C-2 C-4, C-6 C-5 

Figures in parentheses froill G. C. Levy and G. L. Nelson in ' Carbon-13 Nuclear Magnetic Resonance for Organic Chemists,' 
Wile).-Interscience, New York, 1972, p. 09. Xcat liquid. C 132.7 (C'-l), 128.6, 128.9 (other aromatic). Run as a mixture. 

p.p.m.1. Comparison with tetrachloropyrimicline was 
used to assign structures to its pllotolysis products in 
diethyl ether,l namely compounds (119) and (120) 
(Table 10). Each co~ilpound showed two signals at  
similar positions to those for the corresponding carbon 
atoms in the starting material and the one due to the 
alkyl-substituted carbon atom a t  lower field [the 
magnitude of the shift for C-5 in com1)ountl (120) was 
unexpectedly large]. 

The tmns-geometry of the side-chain in compound (31) 
(Table 1) can be assigned by a comparison of its off- 
resonance proton-decoupled 13C I1.nl.r. spectrum with 
those of cis- (Me group at S 12.0 p.p.m.) and tvnns-l- 
chlorobut-2-ene (RIe group at S 17.5 17.p.m.) l8 icf. S 17.9 
p.p.m. for (31)] and this assignment is in agreement with 
that proposed following a detailed 1H n.m.r. spcctro- 
scopic analysis (at 220 IlHz),  reportetl carlier.1° On tllc 
basis of similar comparisons wit11 the 13C n.1n.r. spectruni 
of l-chloro-3-methylbut-2-me (cis- and tva~rs-Ale groups 
at  6 17.5 and 25.6 p.p.m., respectively) the geomctries of 
the side-chain methyl groups in coml)ountls (32) (Table l )  
and (84) (Table 6) [S 18.3 and 25.8 p.p.111. for (32) and S 
18.4 and 25.8 p.p.m. for (84)] have been assigned. 

'T C.m.r .  spectra were recorded in cliloroform or deu- 
teriochlorofor~n, unless stated otl~er\vise, with SiAle, a s  an 
internal standard using a Varian CFT20 spectronieter. 7'11c 
peak ~nultiplicities recorded are for the  off-resonance proton- 
decoupled spectra except ~vhere other\vise noted. Other 

hydroxypridine (1.3 g, 10 mmol) and phosphoryl chloride 
( 6  ml) \\-as heated under reflux for 10 h ,  then poured into 
water (100 1111). The resulting solution was made allialine 
with 4hr-potassium hydroxide and extraction with chloro- 
form gave the product (7) (0.8 g, 539{,), m.p. 58-59 "C 
(from light petroleum) (lit.,19 m.p. 60 "C); S (CDCl,) 8.40 
(1 H ,  d ,  J,,, 2.5 Hz,  H-6), 7.67 ( 1  H ,  dd, J,, ,  8 H z ,  I , , ,  2.5 
H z ,  H-P), a11d 7.27 p.p.m. (1 H ,  d ,  J,,, 8 Hz, H-3). 

5-CIzloro-l-methyl-2-Fyridone (79).-A nlixture of 2,8- 
dicliloropyridine (1.3 g, 8.8 mnzol) and methyl fluoro- 
sulphonate (5.0 g, 44 nimol) was heated under reflux under 
nitrogen for 30 min. \\'ater (15 ml) \vas added cautivusly t o  
the cooled reaction mixture and the mixture was made 
alkaline ~ v i t h  4hr-potassium hydroxide. Extraction \\-it11 
cliclllorometllane gave 5-clilovo-l-metl1yl-2-pyridor~e (79) 
(0.85 g, H7.5°,), m.p. 39-40 "C (from hexane) ; v ,,,,,, (Nujol) 
1 662 cm-l (C : 0) ; S (CDC1,) 7.55 (1 H ,  d ,  J,,, 3 Hz, H-6), 
7.30 (1 H ,  (Id, J,,, 3 .0  Hz, J,,,  9.0 Hz,  H-4), 6.40 (1 H ,  (1, 
J,,, 9.0 Hz,  H-3), and 3.50 p.p.In. ( 3  H ,  S ,  R2e) (Found C, 
4!).!1; H ,  4.3;  5. 10.00,;; AIf, 143. C6H6C15U'0 requires C, 
50.2; H ,  4.2; !).8"6; ,?I, 143). 

The follo\ving compouncls are prepared similarly: 3,5,6- 
triclllovo-l-~+zetlryl-2-p~~~idone (80) (89q,), m .p .  133-134 "C 
(fro111 ethanol) ; vrlldX, (X'ujol) 1 663 cm-' (C:()) ; 6 (CDCI,) 
7.63 (1 H, S, H-4) ancl 3.76 p.p.m.  (3  H ,  S ,  Me) (Found: C, 
33.5; H ,  1.8; X', 6.694; ,W+, 211. C,H,Cl,KO requires C, 
33.9; H,  l.!); K, 6.69;; ;If, 211) : and 3,4,6-tricllloro-l- 
i+zetliyl-2-p~~rido1ze (81) (4706), m . p .  151-152 "C (from 
ethanol); (Sujol) 1 665 cnl-l (C:O); h' (CDCI,) 6.56 
(1 H ,  s, H-5) and 3.75 p.p.ln. (3  H, S, Rle)(Fou~lcl: C, 34.0; 
H ,  1.95; N, G,5O(,; PI-, 211). 
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