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The Structures of Di-N-Aroyl Derivatives of Adenosine and 2-Amino- 
pyridine 
By P. Anne Lyon and Colin B. Reese,*t University Chemical Laboratory, Lensfield Road, Cambridge, CB2 1 EW 

2’.3‘,5‘-Tri-O-acetyladenosine (4a) and 2-aminopyridine (6a) both undergo di-A/-aroylation on their exocyclic 
nitrogen atoms. 

THREE of the four main bases of nucleic acids [cytosine 
(la), adenine (2a), and guanine (3a)l have potentially 
tautomeric amidine systems as a structural feature 
and hence the possibility exists of their giving rise to 
isomeric monoacyl derivatives. The site of acylation 
is a matter of importance as the derived nucleosides 
and nucleotides are usually protected by N-acylation 
for the purposes of oligonucleotide synthesis.l Ap- 
propriate studies 2-4 have indicated that such nucleoside 
and nucleotide derivatives undergo acylation on their 
exocyclic nitrogen atoms. The same conclusion has 
been reached for 2-aminopyridine (6a). 

Cytidine (1 ; R = p-D-ribofuranosyl), adenosine 
(2; R = p-D-ribofuranosyl), and 2-aminopyridine (6a) 
also form di-N-benzoyl derivatives but none of the struc- 
tures of these systems has been established. The 
pentabenzoyl derivatives of cytidine 
have been formulated as N(3) ,N(4 ) -  and N(l),N(6)- 
diacyl systems, respectively. Indeed, although several 
authors * have alluded to the possibility of alternative 
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structures, di-N-acyl derivatives of adenosine and its 
nucleotides have been generally formulated as 
N (  l),N(S)-diacyl compounds [such as (5a)l. Structure 
(7a) has been advocated for the dibenzoyl derivative 
of 2-aminopyridine (6a) but the alternative structure 
(6d) has also been used.1° However, 2-aminopyridine 
has been shown l1 to form N (  l),N(2)-bisarylsulphonyl 
derivatives (7; R1 = ArSO,, R2 = Ar’SO,) which 
readily rearrange to the corresponding N(2),N(2)- 
isomers (6; R1 = ArSO,, R2 = Ar’SO,). We now 
report that both adenosine and 2-aminopyridine under- 
go NN-diaroylation exclusively on their exocyclic 
nitrogen atoms. Since the completion of this work, 
Anzai and Matsui l2 have reported similar conclusions 
regarding the aroylation of adenosine derivatives and 
of 9-me t hyladenine . 

The reaction between 2’,3’,5‘-tri-O-acetyladenosine 
(4a) and 9-toluoyl chloride (2.2 mol. equiv.) in pyridine 
solution at  room temperature gave an NN-di-$-toluoyl 
derivative as the sole nucleoside product. This com- 
poundj isolated crystalline in 56% yield, has been as- 
signed the structure (4d) on the basis of the single 
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narrow resonance observed for methyl protons in its 
lH n.m.r. spectrum [in CDCi,: T 7.68 (6H, s, W4 ca. 

noteworthy that the band-widths (Wi) of the methyl 
proton resonances of mono-9-toluoyl derivatives, such 
as N(6)-~-toluoyl-2’,3’,5‘-tri-O-acetyladenosine (4c), also 

4 HZ); in C6D6: 8.16 (6H, S ,  ws C a .  3.5 HZ)]. It iS 

( 1 )  a ; R =  H ( 2 ) a ;  R =  H ( 3 )  a; R = H 
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( 6 )  a ;  R’ = R 2 = H  ( 7 )  a ; R’= R?= 132 
b ;  R ’  = H,RZ=Bz 
c ; R y  = H,R2=p-MeC&i~~C0 
d ; R’ = R 2 = B z  
e ; R’z R2=p-MeC6H4*C0 
f ; R’ = 6z ,R2=p-MeCsHcC0 

appear to be in the range 3 . 5 4  Hz (see Experimental 
section). The addition of Pr(fod),13 to the solution 
of (4d) in deuteriochloroform caused the methyl protons 
to resonate at slightly higher field but the signal remained 
a sharp singlet with no detectable increase in band- 
width. In dideuteriodichloromethane solution at -85”, 
the methyl protons of (4d) resonated as a singlet, but 
there was an appreciable increase in band-width. 
Finally, the l3C n.m.r. spectrum of (4d) was observed 
to display only one signal attributable to a methyl 
carbon atom. 

Although it seemed likely from the above n.m.r. 
data that the NN-di-p-toluoyl derivative of 2’,3’,5’-tri- 
O-acetyladenosine was indeed (4d), the evidence was 
inconclusive since the methyl signals of the isomeric 

* The conclusions of these workers were based on the isolation 
of a glassy material, containing carbon tetrachloride, in ca. 20% 
yield, from the reaction between N (  6)-p-toluoyl-9-methyladenine 
and benzoyl chloride, and of a non-crystalline product, in ca. 32% 
yield, from the reaction between N (  6)-benzoyl-9-methyladenine 
and p-toluoyl chloride. 

N (  1)  ,N(6)-di-$-toluoyl derivative (5a) might also be 
coincident. However, the structural assignment was 
confirmed as follows. N(6)-Benzoyl- and N(6)-p- 
toluoyl-2‘,3‘,5‘-tri-O-acetyladenosines (4b and c) were 
treated with slight excesses of p-toluoyl and benzoyl 
chlorides] respectively, in pyridine solution at room 
temperature. The same compound, which must there- 
fore be the N(6),N(6)-diacyl derivative (4c), was ob- 
tained in high yield as the sole nucleoside product in 
each experiment ; it was isolated, following adsorption 
chromatography, as a colourless glass in 87 and 79% 
yield, respectively. Pure N(6)-benzoyl-N (6)-$+toluoyl- 
2’,3’,5’-tri-O-acetyladenosine (4e) was obtained as a 
crystalline hemihydrate (76% recovery) from one portion 
of the glassy material. The crystalline and glassy 
materials obtained from the two experiments had 
identical t.1.c. and spectroscopic (i.r., lH n.m.r., and 
mass) properties. It is important to be able to account 
for most, if not all, of the material obtained in both 
experiments if the possibility that mixtures of isomers 
are formed, is to be excluded. For this reason, the 
present studies with 2’,3’,5‘-tri-O-acetyladenosine (4a) 
add considerable weight to Anzai and Matsui’s con- 
clusions,12 based on their experiments with 9-methyl- 
adenine. * 

Diaroylation of 2-aminopyridine (6a) was shown, in 
the same way, to lead solely to N(2),N(2)-diaroyl 
derivatives. Thus (6e) was obtained as the sole pro- 
duct from 2-aminopyridine and an excess of p-toluoyl 
chloride in pyridine solution; it was isolated as a pure 
crystalline solid in 85% yield and characterized as the 
N(2),N(2)-di-j5-toluoyl derivative in the same way 
(see Experimental section) as the adenosine derivative 
(4d). Similarly, 2- (benzoyl-9-toluoylamino) pyridine (6f) 
was obtained, in virtually quantitative yield, either by 
treating 2-benzamidopyridine (6b) with a slight excess 
of p-toluoyl chloride or 2-p-toluamidopyridine (6c) 
with a slight excess of benzoyl chloride; it was isolated 
as colourless needles, in 85% yield, from the products 
of both reactions. When 2-aminopyridine (6a) was 
treated with a stoicheiometric amount of either 
benzoyl or 9-toluoyl chloride, in pyridine solution, the 
N(2)-monoaroyl derivative obtained (6b or c) was con- 
taminated with some N(2),N(2)-diaroyl derivative (6d 
or e). The latter contaminants could be removed 
readily by treating the products with aqueous sodium 
hydroxide before work-up. 

Although it is not justifiable to generalize from the 
above results, 2‘,3’,5‘-tri-O-acetyladenosine and 2-amino- 
pyridine are dissimilar enough for us to conclude that the 
reaction between aroyl chlorides and related hetero- 
cyclic amino-compounds (e.g. cytidine) will most likely 
lead to products in which both acyl groups are attached 
to the exocyclic nitrogen atom. By analogy with the 
arylsulphonylation of 2-$minopyridine,11 it is possible 
that NN’-diaroyl deribatives [such as (5a)I are formed 
first and then rearrange. 

13 R. E. Rondeau and R. E. Severs, J. Amer. Chem. Soc., 1971, 
93, 1522. 
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EXPERIMENTAL 
IH N.m.r. spectra were measured at 100 MHz with a 

Varian HA- 100 spectrometer (tetramethylsiIane used as 
internal standard). 13C N.m.r. spectra were measured a t  
25.2 MHz with a Varian XL-100 spectrometer; deuterio- 
chloroform was used as internal standard and chemical 
shifts are given in p.p.m. downfield from tetramethyl- 
silane. Mass spectra were recorded with an A.E.I. MS9 
spectrometer, i.r. spectra with a Perkin-Elmer 257 G 
spectrometer, and U.V. spectra with a Pye Unicam SP 
1800 recording spectrophotometer. 

Thin-layer chromatograms were run on glass plates 
coated with Merck Kieselgel F254  in the following solvent 
systems: (A) CHC1,-MeOH (90 : 10 vlv), (B} CHC1,- 
MeOH (95 : 5 v/v), (C) CHC1,. Reeve Angel Silica 
Gel/CT was used for short column chromatography.14 
Pyndine was dried by heating under reflux with calcium 
hydride and then distilled. 

2', 3',5'-Tri-O-acetyladenosine (4a) .-Adenosine (5.34 g, 
20 mmol), acetic anhydride (11.4 ml, 121 mmol), and 
anhydrous pyridine (50 ml) were stirred together at 20". 
After 16 h, methanol (20 ml) was added and, after a further 
1 h, the products were concentrated under reduced pressure. 
The gum so obtained was dissolved in ethanol and the 
solution evaporated. This process was repeated and the 
residual glass was recrystallized from ethanol to give 
colourless crystals (7.2 g, 92%), m.p. 171-172" (lit.,15 
174O). T.1.c. [system (A)] indicated that the crystals 
were contaminated with ca. 5% of a higher R p  (0.55) 
component. Pure 2', 3', 5'-tri-O-acetyladenosine [RF 0.48, 
system (A)], m.p. 174", was obtained by short column 
chromatography. 

(4d). 
-p-Toluoyl chloride (3.4 g, 22 mmol) was added to a 
stirred solution of 2', 3', 5'-tri-O-acetyladenosine (3.93 g, 
10 mmol) in anhydrous pyridine (50 ml) a t  20". After 16 
h the products were poured onto ice (400 g) . The precipitate 
was filtered off and dissolved in chloroform (100 ml), 
and the solution was extracted with ice-cold saturated 
aqueous sodium hydrogen carbonate ( 100 ml). The chloro- 
form layer was dried (MgSO,) and concentrated under 
reduced pressure, and the residual gum dissolved in ethanol. 
Evaporation gave a glass which was kept in vacuo (P,O,) 
at 20" for 16 h. Short column chromatography [a00 g 
silica gel; CHC1,-MeOH (99 : 1 v/v)] gave a glass which 
crystallized from ethanol-water (2:  1 v/v) to give the 
N(6),N(6)-di-p-toZzaoyZ derivative (3.50 g, 56%) (Found: 
C, 60.9; H, 5.1; N, 10.9. C,2H,1N50, requires C, 61.0; 
H, 4.9; N, 11.1%), m.p. 100-101"; RF 0.63 [system (B)]; 

233 nm (12,400); T(CDC~,) 1.38 (lH, s), 1-83 (lH, s), 2.27 
(4H, d, J 8 Hz), 2-87 (4H, d, J ~ H z ) ,  3.77 (lH, d, J 5-5 
Hz), 4.07 (lH, m), 4.33 (lH, m), 5.59 (3H, m), 7.68 (6H, 
s, W, ca. 4 Hz), and 7.94 (9H, s); addition of Pr(fod), l3 
(0.025 g)  to a solution of (4d) (0.03 g)  in CDCI, (0.4 ml) 
shifted the two highest field signals to T 7.73 (6H, s, W, 
ca. 4 Hz), 8.02 (3H, s), 8-36 (3H, s), and 8-75 (3H, s);  
T(C,D,) 8.16 (6H, s, W& ca. 3.5 Hz), 8.35 (3H, s), 8.40 (3H, 
s), and 8.42 (3H, s); 7(CD,C12) a t  20" 7-67 (6H, s) and a t  
- 85" 7.61 (6H, s, W, ca. 6 Hz) ; 8, (CDCI,) 21.7 (s) ; M+ 629. 

(4b)--N( 6)- 
Benzoyladenosine (1.484 g, 4.0 mmol), acetic anhydride 
(1.346 g, 13-2 mmol), and anhydrous pyridine (25 ml) 

* This material could be crystallized from ethanol: it is believed 
to be N (  6) ,N(6)  ,0(2'),0( 3') ,0( 5')-penta-p-toluoyladenosine. 

N( 6) ,N( 6) -Di-p-toZuoyl-2', 3', 5'-tri-O-acetyZadenosine 

A,, (95% EtOH) 262 ( E  28,300), A i d .  270 (27,600), Amin. 

N (6)-BenzoyZ-2', 3', 5'-tri-O-acetyZadenosine 

were stirred together at 20°. After 16 h methanol (4 ml) 
was added and, after a further 1 h, the products were 
concentrated under reduced pressure. The residual gum 
was dissolved in ethanol and the solution evaporated. 
This process was repeated and the resultant material was 
purified by short column chromatography [150 g silica gel; 
CHC1,-MeOH (79: I v/v)] to give a glass which crystall- 
ized from ethanol-water (1 : 1 v/v) affording N(G)-benzoyZ- 
2', 3',5'-tri-O-acetyladenosine monohydrate ( €.68 g, 82%) 
[Found (material dried in vucuo over P,05 a t  45') : C, 53.4; 
H, 5.0; N, 13.7. C2,H2,N508,H,0 requires: C, 53.6; H, 
4.85; N, 13*6%], m.p. 88-89"; RF 0.49 [system (B)]; 
Am= (95% EtOH) 234 and 280 (E 11,000 and 19,800), 
hmin 226 and 247 nm (10,700 and 9600); T(CDCI,) 1.26 
(lH, s), 1.82 (lH, s), 1-92-2.54 (5H, m), 3.74 (lH, d, 
J 5 Hz), 4.04 (lH, t, J 5 Hz), 4.33 (lH, m), 5-35 (2H, s), 
5.57 (3H, m), 7-87 (3H, s), 7.90 (3H, s ) ,  and 7.94 (3H, s); 
M+ 497. 

N( 6)-p-ToZuoyZudenosine.-Adenosine (2.67 g, 10.0 mmd), 
p-toluoyl chloride (8.5 g, 55.0 mmol), and anhydrous 
pyridine (25 ml) were stirred together a t  20". After 16 h 
the products were poured onto ice (150 g). The precipitate 
was filtered off and dissolved in chloroform. The solution 
was washed with water, dried, and evaporated to give a 
gum * [Rp 0.65 in system (B)]. This was dissolved in 
ethanol (50 ml) and pyridine (16 ml) and treated with 
aqueous 10% sodium hydroxide (30 ml) a t  20" for 5 min. 
The reaction was then quenched by addition of ethanol- 
acetic acid (1 : 3 v/v; 50 ml) followed by glacial acetic 
acid (32 ml). The products were concentrated under re- 
duced pressure and the residue extracted with ether (5 x 
100 ml). The remaining solid was crystallized from water 
to give N( 6)-p-toZuoy2adenosine hemihydrate (2.90 g, 74%) 
[Found (material dried in vacuo over P205 at 100"): C, 
55.2; H, 5.0; N, 17-7. C,8H,,N505,0~5H,0 requires: 
C, 54.8; H, 5.1; N, 17*8%], m.p. 140-141"; RF 0.23 
[system (A)]; Amx. (95% EtOH) 282 ( E  23,600), Amfl. 262 
(15,000), Amin 233 nm (lO,OOO), T[(CD,),SO-D,O] 1-33 
(lH, s), 1.36 (lH, s), 2-06 (2H, d, J 8 Hz), 2-70 (2H, d, 
J 8 Hz), 3.94 (lH, d, J 5 Hz), 5-37 (lH, t, J 5 Hz), 5-78 
(lH, t, J 5 Hz), 5-98 (lH, m), 6.34 (2H, m), and 7.61 (3H, 
s, W+ ca. 4 Hz); M+ 385. 

N( 6)-p-ToZuoyZ-2',3',5'-tri-O-acetyZadenosine (4c) .-N( 6)-p- 
Toluoyladenosine hemihydrate (0.394 g, 1.0 mmol), acetic 
anhydride (0.337 g, 3.3 mmol), and anhydrous pyridine 
(10 ml) were stirred together a t  20". After 16 h methanol 
(1 ml) was added and, after a further 1 h, the products 
were concentrated under reduced pressure. The residual 
gum was dissolved in ethanol and the solution evaporated. 
This process was repeated and the resultant material was 
purified by short column chromatography [50 g silica gel; 
CHC1,-MeOH (79 : 1 v/v)] to give a glass which crystallized 
from ethanol-water (1 : 1 v/v) yielding N(6)-p-toZuoyL 
2',3',5'-tri-O-acetyladenosine hemihydrate (0.429 g, 83%) 
[Found (material dried in vacuo over P205 a t  45"): C, 
55.4; H, 4.9; N, 13-6. C24H25N508,0~5H20 requires 
C, 55-4; H, 5.0; N, 13.5y0], m.p. 77-78"; RF 0.50 [system 
(B)]; A,, (95% EtOH) 282 (E 23,400), A i d -  262 (15,200), 
Amin. 232 nm (9300); T [(CD,),SO] 1.29 (la, s), 1.38 (lH, s), 
2.04 (2H, d, J 8 Hz), 2-69 (ZH, d, J 8 Hz), 3-64 (lH, d, 
J 6 Hz), 3-91 ( lH,  m), 4.30 ( lH,  m), 5.60 (3H, m), 1-59 
(3H, s, ca. 3.5 Hz), 7.88 (3H, s), 7.96 (3H, s), and 7-99 
(3H, s); M+ 511. 

14 B. J. Hunt and W. Rigby, Chem. and Ind.,  1967, 1868. 
15 H. Bredereck and A. Martini, Chern. Ber., 1947, 80, 401. 
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N(6)-BenzoyZ-N(6)-p-toZuoyZ-2',3', 5'-tri-O-acetyZadenosane 

(&).-(a) 9-Toluoyl chloride (0.927 g, 6.0 mmol) was added 
to a stirred solution of N (  6)-benzoyl-2',3',5'-tri-O-acetyl- 
adenosine monohydrate (1.03 g, 2.0 mmol) in anhydrous 
pyridine (10 ml) a t  20". After 3 h the products were poured 
onto ice (100 g) and the precipitate was filtered off and dis- 
solved in chloroform (25 ml). The solution was extracted 
with ice-cold saturated aqueous sodium hydrogen carbonate 
(25 ml). The dried (MgSO,) solution was concentrated 
under reduced pressure and the gum obtained kept in vacuo 
(P205) a t  20" for 16 h before short column chromatography 
[lo0 g silica gel; CHC1,-MeOH (99 : 1 v/v)J. A sample 
(0.35 g )  of the resulting glass (1.07 g) was crystallized 
from ethanol-water (1 : 2 v/v; 36 ml) to give N(G)-benzoyZ- 
N (6) -p-toluoyl- 2', 3', 5'-tri-O-acetyZadenosine hemihydrate 
[Found (material dried in vacuo over P205 a t  55"): C, 
59.7; H, 4.8; N, 11.0. C,,H2,N50,,0~5H,0 requires 
C, 59.6; H, 4.8; N, 11.2%], m.p. 90-91"; yield * 0-308 g 
[this corresponds to a yield of 0.942 g (76%) of crystalline 
material from 1.07 g of glass]; R p  0.63 [system (B)]; A,, 
(95% EtOH) 258 (E 24,900), A i d .  271 (23,400), Amin. 232 nm 
(13,800); vmns. (CHC1,) 3050m, 1750s, 1705s, 1600s, 1580s, 
1492m, 1450m, and 1372m cm-1; T[(CD,),SO] 1.28 (IH, s), 
1.36 (lH, s), 2.21-2-84 (9H, m), 3.65 (lH, d, J 5.5 Hz), 
3.98 (lH, t ,  J 5.5 Hz), 4.33 (lH, t, J 5 Hz), 5.63 (3H, m), 
7.69 (3H, s, Wt ca. 4 Hz), 7.92 (3H, s), 7-98 (3H, s), and 
8-06 (3H, s); M+ 615. Before crystallisation the glass 
showed A,, (95% EtOH) 258 (E 23,200), Ainfl. 271 (21,700), 
Amin, 233 nm (14,200). The i.r., n.m.r., and mass spectra 
of the glass and crystalline material were identical. 

(b) Benzoyl chloride (0.309 g, 2-2 mmol) was added to a 
stirred solution of N( 6)-p-toluoyl-2', 3', 5'-tri-O-acetyladeno- 
sine hemihydrate (0.52 g, 1.0 mmol) in anhydrous pyridine 
(5  ml) a t  20". After 3 h the products were poured onto ice 
(50 g )  and worked up as in (a) .  After short column chrom- 
atography (60 g silica gel) of the products a glass (0.485 g) 
was obtained. Crystallization of a sample (0.35 g) from 
ethanol-water (1 : 2 v/v) gave N(6)-benzoyl-N(6)-~-toluoyl- 
2', 3', 5'-tri-O-acetyladenosine hemihydrate (Found : C, 59-8 ; 
H, 5.0; N, 10-95y0), m.p. [and mixed m.p. with crystalline 
material obtained in experiment (a)] 90-91"; yield 0.269 g 
[corresponding to a yield of 0.373 g (60%) of crystalline 
material from 0.485 g of glass]; kx. (95% EtOH) 258 
(E 24,900), 271 (23,500), Amin. 232 nm (13,900); RF 
0.63 [system (B)]. The i.r., n.m.r., and mass spectra of 
both the crystalline material and the glass were identical 
with the corresponding spectra of the crystals and the glass 
obtained in (a). 

2- (Di-p-toZuoyZamino)~yridine (6e) .-p-Toluoyl chloride 
(1.36 g, 8.8 mmol) was added to a stirred solution of 
2-aminopyridine (0.376 g, 4-0 mmol) in anhydrous 
pyridine (10 ml) a t  20". The solution was stirred 
for 16 h and then poured onto ice (120 g). The 
precipitate was filtered off and dissolved in chloroform 
(25 ml), and the solution extracted with ice-cold aqueous 
sodium hydrogen carbonate (25 ml). The dried (MgSO,) 
organic layer was concentrated under reduced pressure and 
the residue crystallized from ethanol (40 ml) to give 2-(di- 
p-toZuoyZanzino)pyridine [Found (material dried in vacuo 
over P,O, a t  90"): C, 76.4; H, 5.5; N, 8.2. C,,H,,N,02 
requires C, 76.4; H, 5.5; N, 8.5%] as pale yellow crystals 
(1.12 g, 85y0), m.p. 162-163"; RF 0.69 [system (B)] and 
0.06 [system (C)] ; AmX. (95% EtOH) 220 and 267 (E 19,600 

* A further 0-014 g of colourless solid was obtained by evapora- 
tion of the mother liquors. 

and 19,800), Anlin. 237 nm (11,500); r(CDC1,) 1.64-2.96 
(12H, m), 7.71 (6H, s, W, ca. 4Hz); addition of Eu(fod), 
(0.08 g )  to a solution of (6e) (0.01 g) in CDCl, (0.4 ml) 
shifted the highest field signal to 7.61 (6H, s, Wi ca. 4 Hz); 
7(C,D,) 8-16 (6H, s, W, ca. 3.5 Hz); T(CD,Cl,) a t  20" 
7.69 (6H, s), a t  -85" 7.65 (6H, s) and a t  -113" 7-65 (6H, 

2-p-Toluamidopyridine (6c) .-+-Toluoyl chloride (3.09 g, 
20 mmol) was added to a stirred solution of 2-aminopyridine 
(1.88 g ,  20 mmol) in anhydrous pyridine (20 ml) a t  20". 
The solution was stirred for 16 h and then aqueous 10% 
sodium hydroxide (20 ml) was added. After a further 
2 h the products were poured onto ice (150 g ) .  The pre- 
cipitate was filtered off and dissolved in chloroform (100 
ml), and the solution washed with water (100 ml), dried 
(MgSO,), and concentrated under reduced pressure. The 
solid was redissolved in ethanol and the solution evaporated. 
Crystallization of this material from ethanol-water (1 : 1 v/v ; 
35 ml) gave 2-p-toluamidopyridine (3-95 g, 93%) [Found 
(material dried in UQCUO over P,O, a t  80"): C, 73.7; H, 
5.55; N, 13-4. Calc. for C13Hl2N2O: C, 73.6; H, 5.7; 
N, 13.2y0], m.p. 105-106" (1it.,l6 107-108"); RF 0.69 
[system (B)] and 0.16 [system (C)]; A,, (95% EtOH) 
252 and 283 (E 15,200 and 16,100), kin. 224 and 270 nm 
(6500 and 13,400); 7(CDCl,) 0.84br (lH, s), 1.56-3.07 
(8H, m), and 7.63 (3H, s, W4 ca. 3.5 Hz); M+ 212. 

2-Benzamidopyridine (6b) .-Benzoyl chloride (2.8 1 g ,  
20 mmol) was added to a stirred solution of 2-aminopyridine 
(1.88 g, 20 mmol) in anhydrous pyridine (10 ml) at 20". 
The solution was stirred for 16 h, treated with aqueous 
10% sodium hydroxide (20 ml) and worked up as in the 
preparation of 2-9-toluamidopyridine. Crystallization 
from ethanol-water (1 : 1 v/v; 30 ml) gave 2-benzamido- 
pyridine (1.94 g, 49%) [Found (material dried in vawo 
over P,05 a t  60"): C, 72.8; H, 5.2; N, 14.1. Calc. for 
C,,H,,N,O: C, 72.7; H, 5-05; N, 14-1%], m.p. 80-81" 
(lit.,,, 82-83"); RF 0.69 [system (B)] and 0-16 [system 
(C)]; AmX. (95% EtOH) 253 and 282 (E 11,700 and 13,700), 
Ainrt. 242 ( l l , l O O ) ,  Amin. 222 and 265 nm (8300 and 11,000); 
7(CDCl,) 0-74br (s) and 1-50-3.16 (m); Mt 198. 

2-(BenzoyZ-p-toluoyZaiino)pyridine (6f) .-(a) p-Toluoyl 
chloride (0.371 g ,  2.4 mmol) was added to a stirred solution 
of 2-benzamidopyridine (0.396 g, 2-0 mmol) in anhydrous 
pyridine (5 ml) at 20". The solution was stirred for 16 h 
and poured onto ice (50 g) . The precipitate was filtered off 
and dissolved in chloroform (10 ml). The solution was 
extracted with ice-cold saturated aqueous sodium hydrogen 
carbonate (10 ml), dried (MgSO,), and concentrated. 
Crystallization of a sample (0.35 g) of the solid (0-652 g)  
from ethanol ( 17 ml) gave 2-(benzoyZ-p-toZ~oyZamino)~yridine 
[Found (material dried in vacuo over P,O, a t  90"): C, 
75-7; H, 5.25; N, 8.9. C,,Hl6N2O, requires C, 75.95; 
H, 5.1; N, 8.9y0], needles, m.p. 168"; yield 0-287 g [this 
corresponds to a total yield of 0.535 g (85%) of crystalline 
material]; RF 0.69 [system (B)] and 0.06 [system (C)]; 

225 nm (14,500); vmx. (CHC1,) 3020m, 1687s, 1610m, 
1590m, 1467m, and 1434m cm-l; 7(CDCl,) 1.62-3.00 (13H, 
m) and 7.69 (3H, s, W+ ca. 4Hz) ; M+ 316. Before crystall- 
ization the material showed A,, (95% EtOH) 246 (c  
20,200), A i d ,  264 (18,300), Amin. 225 nm (13,500). The 
i.r., n.m.r., and mass spectra of this material were not 
detectably changed by crystallization. 

16 J. Mirek, Zeszyty Nauk. Uniw. Jagiellon., Pr. Chctn., 1965, 
No. 10, 61 (Chem. Abs. ,  1967, 66, 37,125h). 

s); 8, (CDClJ 21.6 (s); Mf 330. 

A,,,. (95% EtOH) 246 (E 20,200), ling. 264 (18,700), Amin. 
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(b) Benzoyl chloride (0.336 g, 2.4 mmol) was added to a 
stirred solution of p-toluamidopyridine (0.424 g, 2.0 mmol) 
in anhydrous pyridine (5  ml) a t  20". After 16 h the pro- 
ducts were poured onto ice (50 g) and worked up as in 
(a) to give a solid (0.649 g). Crystallization of a sample 
(0-35 g) from ethanol gave 2-(benzoyl-p-toluoylamino)- 
pyridine (Found: C, 76.1; H, 5.3; N, 8.6%), m.p. [and 
mixed m.p. with crystalline material obtained in (a)] 
168" ; yield 0.289 g [corresponding to a total yield of 0.536 g 
(85%) of crystalline material]; RF 0.69 [system (B)] and 

0-06 [system (C)]; Lx. (95% EtOH) 246 ( E  19,900), A i d .  
264 (17,900), 225 nm (13,500); the i.r., n.m.r., and 
mass spectra of both the crystalline material and solid 
were identical with the corresponding spectra of the 
crystals and solid obtained in (a). 
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