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Several m-nitro- and m-aminophenyl-substituted 2-formylpyridine thiosemicarbazones have been synthesized, m-
Nitrophenyl-2-picolines were formed by coupling 2-picoline with diazotized m-nitroaniline. The 3-, 4-, 5-, and 6-
substituted m-nitrophenyl-2-picolines were separated by fractional crystallization and their structures confirmed 
by nmr. These derivatives were then converted to iV-oxides and allowed to react with AC2O to form corresponding 
2-methyl acetates. Acid hydrolysis of esters produced carbinols, which were oxidized with MnC>2 to carboxal-
dehydes and then converted to thiosemicarbazones. m-Nitrophenyl-2-picolinaldehydes were converted to cyclic 
ethylene acetals which were subsequently reduced by catalytic hydrogenation to yield corresponding amino deriva
tives. 2-Formyl-4-(m-amino)phenylpyridine thiosemicarbazone was the most active antineoplastic agent of this se
ries in mice bearing Sarcoma 180 ascites cells. 

The reductive conversion of ribonucleotides to deoxyri-
bonucleotides, catalyzed by the enzyme ribonucleoside-
diphosphate reductase, is possibly a rate-controlling step 
in the biosynthesis of DNA. Thus, Elford, et al.,1 have 
shown a direct correlation between the activity of ribonu-
cleoside-diphosphate reductase and the growth rate of a 
series of hepatomas. Two other enzymes involved in DNA 
synthesis, thymidylate synthetase and thymidine kinase, 
did not demonstrate such a close degree of correlation 
with tumor growth rate. 

a-(N)-Heterocyclic carboxaldehyde thiosemicarbazones 
primarily block DNA synthesis in mammalian cells by in
hibiting the enzyme ribonucleoside-diphosphate reduc
tase.2-6 These compounds have been shown to possess sig
nificant antineoplastic activity against a variety of trans
planted animal tumors,7-16 spontaneous lymphomas of 
dogs,17 and DNA viruses of the Herpes group.6 One of the 
members of this series, 5-hydroxy-2-formylpyridine thio
semicarbazone (5-HP), has been tested for antineoplastic 
activity in man. However, its marked tumor-inhibitory 
potency in animal systems was not duplicated in patients 
with cancer.18 '19 The relative inactivity of 5-HP appeared 
to be the result of (a) its relatively low inhibitory potency 
for the target enzyme ribonucleoside-diphosphate reduc
tase5 and (b) its short biological half-life in man because 
of the rapid formation and elimination of the glucuronide 
conjugate.18 

Kinetic studies of the molecular mechanism of action of 
this class of compounds are consistent with a model in 
which these agents either bind as tridentate ligands to an 
iron-charged ribonucleoside-diphosphate reductase or a 
preformed iron chelate of the inhibitor interacts with the 
target enzyme.20 Structure-activity relationships have de
lineated the bulk tolerance requirements for this interac
tion between enzyme, inhibitor, and ferrous ion. These 
studies suggested that position 6 of 2-formylpyridine 
thiosemicarbazone (PT) and position 3 of 1-formylisoqui-
noline thiosemicarbazone (IQ-1) are equivalent with re
spect to orientation of the inhibitor at the enzymatic 
binding site and that little or no tolerance exists for modi
fication at this position.20 The results also indicated that 
IQ-1, which can be visualized as a pyridine derivative 
with a benzene ring fused across the 3 and 4 positions, is 
about sixfold more potent as an inhibitor of the enzyme 
than is PT. Likewise, introduction of a CH3 group on the 
pyridine ring of PT at either the 3, 4, or 5 positions re
sulted in derivatives that were better inhibitors of ribonu
cleoside-diphosphate reductase activity than PT. These 
findings suggest the possible existence of a hydrophobic 
bonding zone adjacent to the inhibitor-binding site of the 
enzyme. Therefore, in an effort to synthesize agents with 
greater affinity for the target enzyme, a hydrophobic moi

ety, such as phenyl, was introduced at various positions in 
PT and the hydrophilic NH2 group was inserted to pro
vide a means to solubilize for parenteral administration 
these otherwise extremely water-insoluble compounds. 
These derivatives were then tested for their potential as 
antineoplastic agents. 

Chemistry. Substituted phenylpicolines were synthe
sized by a procedure similar to the coupling of pyridine 
with diazotized aniline21 with few experimental modifica
tions; although the reaction of 2-picoline with m-nitro-
phenyldiazonium hydrochloride has been reported,21 indi
vidual isomers were not separated from the mixture and 
identified. Initially, m-nitroaniline was chosen as a reac-
tant so that the NO2 group could subsequently be reduced 
to an NH2 function, which could then be utilized as the 
hydrochloride salt for solubilizing these a-(N)-heterocyclic 
carboxaldehyde thiosemicarbazones in water. The cou
pling reaction of diazotized m-nitroaniline with 2-picoline 
(Scheme I) gave a mixture consisting of four different iso
mers, the 3-, 4-, 5-, and 6-substituted m-nitrophenyl-2-
picolines, compounds, 1, 2, 3, and 4, respectively. This 
reaction, although presumably a free-radical condensa
tion, possessed a significant positional preference with re
gard to the attack of the pyridine ring by the m-nitro-
phenyldiazonium salt, as evidenced from the finding that 
the ratios of the four different isomers, 1, 2, 3, and 4, were 
5:3:1:2, respectively. These yields were found to be consis
tent in different runs. No explanation is available for the 
relatively high yield (47%) of the 3 isomer 1 in this reac
tion. Chromatographic separation of these isomers using a 
variety of adsorbents and solvents was unsuccessful, and 
resolution of these isomers as their hydrochlorides or pic-
rates could not be achieved. It was possible, however, to 
separate these isomers successfully by repetitive fractional 
crystallization from different solvents; this procedure is 
described in the Experimental Section. The characteriza
tion of the isomers was accomplished by nmr; details are 
described in that section. 

m-Nitrophenyl-2-picolines 1-4 were individually 
subjected to a series of reactions, as shown in Scheme I, to 
oxidize the 2-CH3 group to the corresponding carboxal
dehyde. This was done by first converting the m-nitro-
phenyl-2-picolines to their TV-oxides 5-8 with 30% H2O2 
and AcOH. The TV-oxides were allowed to react with AC2O 
to yield mainly corresponding 2-acetoxymethyl derivatives 
and a small amount of a phenolic ester with an acetoxy 
group at some other position in the pyridine ring system. 
The identity of the position of this latter ester is under in
vestigation. The separation of this mixture of esters was 
accomplished by hydrolysis with dilute HCl, solubiliza
tion of the phenolic compounds with alkali, and extrac
tion of 2-hydroxymethylpyridines 9-12. Oxidation of the 
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Scheme I 
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a 
N CH, 

NO, 

^ .i + HO 
* '' N ^ C H 2 O H 
0 9-12 

5-8 

CH=NNHCNH, 
21-24 

CH=NNHCNH2 

33-36 

carbinols with MnCb produced the respective aldehydes 
17-20 which, following reaction with thiosemicarbazide, 
yielded the m-nitrophenylpicolinaldehyde thiosemicarba-
zones 21-24. 

In order to reduce the NO2 group to an NH2 function, 
the m-nitrophenylpicolinaldehydes were converted to their 
cyclic ethylene acetals 25-28, which were reduced by cata
lytic hydrogenation using Pd /C. The amino acetals 29-32 
were allowed to react with thiosemicarbazide in the pres
ence of concentrated HCI to form the desired m-amino-
phenylpicolinaldehyde thiosemicarbazones. Relevant data 
for compounds synthesized are listed in Table I. 

1, 3-m-nitrophenyl 
2, 4-m-nitrophenyl 
3, 5-m-nitrophenyl 
4, 6-m-nitrophenyl 

Figure 1. 

Nmr Studies. The nmr parameters for the compounds 
synthesized were consistent with the structures proposed. 
Differentiation of the various isomers of m-nitrophenyl-2-
picoline 1-4 has been possible from nmr studies (Figure 
1). (See paragraph at end of paper regarding supplemen
tary material.) . 

The most downfield signal of 1 at 830 Hz appeared as a 
quartet (J = 5, 2 Hz) and was assigned as H-6 on the 
basis of its chemical shift and splitting pattern. Irradia
tion at 830 Hz reduced the two sets of quartets at 704 (J 
= 8, 5 Hz) and 736 Hz (J = 8, 2 Hz) into two doublets 
with the same coupling constant (J = 8 Hz) indicating a 
simple ABX system; these were assigned to H-5 and H-4, 
respectively. Thus, 1 was 3-m-nitrophenyl-2-picoline. The 
2-CH3 signal was shifted about 15-30 Hz upfield; this dif
fered from the other 3 isomers because it was shielded by 
the current effect of the phenyl ring at the 3 position, ei
ther above or below the plane of the pyridine ring, due to 
steric interaction of the 0-CH3 group. For similar reasons, 
the ortho protons of the phenyl ring (H-2' and H-6') and 
H-4 of the pyridine ring were slightly more shielded than 
in the 5 isomer 3. 

The nmr spectrum of 3 contained a doublet (J = 2 Hz) 
at the lowest field (842 Hz), which was assigned as H-6 of 
the pyridine ring. The small J value of the doublet indi
cated a,y coupling rather than a,/3 coupling. Irradiation at 
842 Hz reduced the quartet at 758 Hz (J = 7.5 and 2 Hz) 
to a doublet (J = 7.5 Hz) and the half-width of the dou
blet at 704 decreased from 2.1 to 1.8 Hz; these were as
signed to H-4 and H-3, respectively. Compound 3, there
fore, was 5-m-nitrophenyl-2-picoline. 

The most downfield signal of 4 at 856 Hz was a triplet 
(J = 1.5 Hz). Irradiation of resonance signals at 856 Hz 
reduced the multiplet structure around 800 Hz to two sets 
of quartets, one at 806 Hz (J = 7.5 and 1 Hz) and the 
other at 795 Hz (J = 8.5 and 1 Hz). Irradiation of the 
multiplets caused the triplet at 856 Hz to merge into a 
singlet. From the splitting pattern and the chemical shift 
values, the 2 protons around 800 Hz were assigned as H-4' 
and H-6' of the phenyl ring. Thus, the most downfield sig
nal in this spectrum was due to H-2' of the phenyl ring. 
The lack of a signal for the a proton of the pyridine ring 
indicated that compound 4 was 6-m-nitrophenyl-2-pico-
line. 

Following the assignment of the 3, 5, and 6 isomers, it 
was clear that compound 2 was 4-m-nitrophenyl-2-pico-
line. The nmr spectrum of this isomer had much smaller 
Ay values for the aromatic protons, due to the deshielding 
effects of the phenyl and pyridine rings against each 
other; therefore, irradiation studies could not be success
fully employed. The 2-CH3 protons of 1, 3, and 4 ap
peared as a sharp singlet around 250 Hz, whereas in 2, the 
2-CH3 signal was a doublet (J = 0.5 Hz). This small cou
pling constant apparently resulted from the long-range 
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Compd R i 

Posi
tion of 
phenyl 

sub
stitu
tion R2 X Mp, °C 

Recrystn 
solvent Yield, % Formula Analyses 

1 

2 
3 
4 
5 

6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
34 
35 
36 

C H , 

C H 3 

C H 3 

C H 3 

C H 3 

C H 3 

C H 3 

C H 3 

C H 2 O H 
C H 2 O H 
C H 2 O H 
CH2OH 

C H 3 

C H 3 

C H 3 

C H 3 

C H O 
C H O 
C H O 

C H O 
C H N N H C S N H 2 

C H N N H C S N H 2 

C H N N H C S N H 2 

C H N N H C S N H 2 
Q . 

CH 

b — 
0— 

CH 

b— 

CH 

"o-J 

CH 

b-l 

CH 

b—' 

CH 

b-J 

'°"1 
CH 

b-J 

CH 

b—' 
C H N N H C S N H 2 

C H N N H C S N H 2 

C H N N H C S N H 2 

C H N N H C S N H 2 

3 

4 
5 
6 
3 

4 
5 
6 

3 
4 
5 
6 

3 
4 
5 
6 
3 
4 
5 

6 
3 
4 
5 
6 

3 

4 

5 

6 

3 

4 

5 

6 

3 
4 
5 
6 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 0 

N 0 2 O 
N 0 2 0 
N 0 2 0 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N O , 

N 0 2 

N 0 2 

N 0 2 

N 0 2 

N H 2 

N H , 

N H 2 

N H 2 

N H 2 

N H j 
N H 2 

N H 2 

113-113.5 

155-156 
106 

65 
187-188 .5 

228-230 
205-206 
137-138 

1 4 9 . 5 - 1 5 0 . 5 
133-134 
102-104 

96-98 

O H 242-243 dec 
O H 247-249 dec 
O H 187-190 dec 
O H 188-190 dec 

1 6 8 . 5 - 1 6 9 . 5 
166-167 
167-169 

165-166 
233-234 dec 
222-223 dec 
222-223 dec 
218-219 dec 

Oil 

1.15-116 

98-99 

8 4 . 5 - 8 5 . 5 

158-159 

68-70 

145-146 

Oil 

190-191 dec 
189-190 dec 
203-204 dec 
190-192 

Me 2 CO-cyclo-
hexane 

E t O H 
Cyclohexane 
Pe t . e ther 
Me 2 CO-cyclo-

hexane 
E t O H 
CHCl 3 -Me 2 CO 
Me 2 CO-cyclo-

hexane 
Me 2CO 
C B H 6 

E t O H - H 2 0 
Me 2CO-cyclo-

hexane 
E t O H - H 2 0 
E t O H - H 2 0 
E t O H - H 2 0 
E t O H - H 2 0 
Me 2CO 
CeHe 
CHCla-cyclo-

hexane 
CeHe 

E t O H - H 2 0 

CeH6-cyclo-
hexane 

E t O H 

Me 2CO-cyclo-
hexane 

E t h y l ether 

Me 2CO-cyclo-
hexane 

E t O H 
E t O H - H 2 0 
E t O H 
E t O H - H 2 0 

47° 

24° 
8" 

16° 
95 

88 
81 
52 

70" 
586 

701 

506 

16 
7 
7 
5 

89 
66 
77 

88 
92 
88 
95 
90 

75 

90 

67 

88 

57 

90 

95 

66 

90 
80 
84 
91 

C12H10N2O2 

C12H.10N2O2 
C12H10N2O2 
G12H10N2O2 
C12H10N2O3 

C12H10N2O3 
C12H10N2O3 
C12H10N2O3 

C12H10N2O3 
G12H10N2O3 
C12H10N2O3 
G12H10N2O3 

Oi2il ioN2U3 
C12H10N2O3 
C12H10N2O3 

C12H10N2O3 
C 1 2H 8N 20 3 

Ci 2 H 8 N 2 0 3 

C 1 2 H 8 N 2 0 3 

C 1 2H 8N 20 3 

C 1 3 H„N 6 0 2 S 
C 1 3 H u N 5 0 2 S 
C I 3 H „ N 5 0 2 S 
C I 3 H u N 5 0 2 S 

CuHuNjO* 

C14H12N204 

Ci 4H 1 2N 20 4 

C H H I 2 N 2 0 4 

C1 4H1 4N202 

C1 4H1 4N202 

C1 4H1 4N202 

C I 4H 1 4N 20 2 

CigHisNsS 
C13H13N5S 
C13H13N5S 
C13H13N5S 

C, H, N 

C, H, N 
C, H , N 
C, H, N 
C, H , N 

C, H , N 
C, H , N 
C, H , N 

C, H , N 
C, H , N 
C, H, N 
C, H , N 

C, H , N 
C, H, N 
C, H , N 
C, H, N 
C, H, N 
C, H, N 
C, H, N 

C, H, N 
C, H , N 
C, H , N 
C, H, N 
C, H , N 

C, H, N 

.C , H , N 

C, H , N 

C, H , N 

C, H , N 

C, H , N , S 
C, H , N , S 
C, H , N , S 
C, H , N , S 

"Yields are based on the recovery of various isomers from a mixture obtained in 18% yield from the coupling reaction of 
m-nitroaniline with 2-picoline. "Yield based on A^-oxide. 
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T a b l e I I . Effect of Subs t i tu ted 2-Formylpyr idine Thiosemicarbazones on the Survival T ime of 
Mice Bear ing Sarcoma 180 Ascites Cells 

Compd 
Posit ion of 
subs t i tu t ion R 

N 
M a x 

effective 
daily dose, 

m g / k g " 

CH=NNHCNH, 

Av A 
wt, %b 

Av survival t ime, 
days ± S.E. 

50-Day 
survivors0 

% 
T/Cd 

Control 
5-HP 
21 
22 
23 
24 
33 
34 
35 
36 

5-OH 
3 
4 
5 
6 
3 
4 
5 
6 

NO. 
N0 2 

N0 2 
N0 2 

NH 2 
NH 2 
NH 2 

NH 2 

60 
10 
10 
10 
5 
5 
40 
20 
20 

+ 18.2 
-3.3 

+ 14.1 
+ 15.4 
+ 9.0 
+ 13.9 
+ 12.3 
-7.2 

+ 13.6 
+ 19.9 

13.7 ±0.6 
31.4 ± 2.0 
14.2 ±0.7 
15.8 ± 0.2 
15.8 ± 1.2 
15.8 ± 1.3 
18.4 ± 1.9 
32 .5 ±2.4 
21.5 ±3.5 
13.6 ± 1.2 

0/35 
3/15 
0/5 
0/5 
0/5 
0/5 
0/5 
3/15 
1/10 
0/5 

100 
229 
104 
115 
115 
115 
134 
237 
157 
99 

"Administered once daily for six consecutive days , beginning 24 hr after t umor ii .nplantation; dose levels were adminis tered 
in a range of 5-60 m g / k g for each compound. 'Average weight change from onset t o te rmina t ion of drug t r ea tmen t . cThe num
ber of tumor-bear ing animals t h a t survived a t least 50 days ; these mice were calcvdated as 50-day survivors in the determina
tions of average survival t ime. d% T/C = t r ea t ed /con t ro l X 100. 

coupling wi th H-3 of the pyr id ine ring; such coupling was 
not observed with t he 5 and 6 isomers. 

Bio log ica l R e s u l t s and D i s c u s s i o n . T h e tumor- inh ib i 
tory proper t ies of t he subs t i t u t ed 2-formylpyridine thiosemi
carbazones were de t e rmined by measur ing their effects 
on t he survival t i m e of mice bear ing Sa rcoma 180 ascites 
cells; the resul ts are shown in Tab le II . T h e prolongat ion 
of life p roduced by the m a x i m u m effective daily dose of 
each compound is l isted; however, a wide range of dose 
levels, from 5 to 60 m g / k g , was tes ted for each agent . For 
comparison, the effect of 5-hydroxy-2-formylpyridine 
th iosemicarbazone (5-HP) , one of the most po ten t agents 
of th i s series, which has been tes ted clinically, was also 
measured as a posit ive control, and the resul ts are includ
ed in T a b l e II. Admin i s t ra t ion of 3-, 4-, 5-, or 6-m-nitro-
pheny l - subs t i tu ted der ivat ives a t the i r m a x i m u m effective 
daily doses did not cause impressive increases in the life 
span of t umor -bea r ing mice . However, the NH2-subs t i tu t 
ed der ivat ives were all active wi th the except ion of the 6 
isomer 36. T h e inact ivi ty of 36 was consis tent wi th our 
previous pos tu la t ion 2 0 t h a t t he target enzyme, r ibonucleo-
s ide-d iphosphate reductase , has low bulk to lerance for the 
6 posit ion of the pyridine r ing. T h e 4 isomer 34 was the 
most active agent , increasing the average survival t ime of 
t umor bear ing mice from 13.7 days for u n t r e a t e d controls 
to 32.5 days . T h u s , 34 was equal in act ivi ty in th is system 
to the most active agents of th is series, 5-HP and IQ-1 . 
While IQ-1 is a water- insoluble compound , 34 can be 
readily solubilized as its HC1 salt for pa ren te ra l admin is 
t ra t ion in m a n . C o m p o u n d 34 also has an advan tage over 
5-HP, in t h a t it is not suscept ible to O-glucuronide forma
tion, a react ion which appeared to play a major role in the 
failure of 5-HP to al ter significantly t he course of malig
n a n t disease in m a n . 1 8 Fu r the rmore , these compounds 
have been eva lua ted as inhibi tors of r ibonucleoside-di-
phospha te r e d u c t a s e ^ 34 was 30 t imes more po ten t as an 
inhibitor of th is enzyme from a ra t t u m o r t h a n was 5 -HP. 
Thus , 4-( /n-amino)phenyl-2-formylpyridine th iosemicar
bazone appears to possess all of the requis i te proper t ies 
for considerat ion as a second generat ion drug of the «-

t K. C. Agrawal, B. A. Booth, E. C. Moore, and A. C. Sartorelli, unpub
lished results. 

(N)-heterocyclic carboxaldehyde th iosemicarbazone class 
for clinical t r i a l . 

E x p e r i m e n t a l S e c t i o n 

Melting points, determined in capillary tubes using a Thomas-
Hoover stirred-liquid apparatus, are corrected. The ir absorption 
spectra were obtained with a Perkin-Elmer Model 257 spectro
photometer with thin films of liquids and KBr pellets of solids. 
Uv spectra were obtained using a Perkin-Elmer Model 402 ultra
violet-visible spectrophotometer with solutions made in absolute 
ethanol. Nmr spectra were determined with a JEOL 4H-100 (100 
mHz) spectrometer with TMS as an internal standard. Elemental 
analyses were performed by the Baron Consulting Co., Orange. 
Conn. Where analyses are indicated only by symbols of the ele
ments, the analytical results for those elements were within 
±0.4% of the theoretical values. 

Antitumor Activity. Experiments were performed on CD-I 
mice. Transplantation of Sarcoma 180 ascites cells was carried 
out as previously described using a donor mouse bearing a 7-day 
tumor growth.10 Mice were weighed during the course of the ex
periments, and the percentage change in body weight from onset 
to termination of therapy was used as an indication of drug toxic
ity. Determination of the sensitivity of ascitic neoplasms to these 
agents was based on the prolongation of survival time afforded by 
the drug treatment. 

m-Nitrophenyl-2-picolines (1-4). A solution of 55.2 g (0.414 
mol) of m-nitroaniline and 250 ml of 10% HC1 was produced by 
heating, and to this was added 100 ml of concentrated HC1. After 
rapid cooling to 0°, a solution of 28.8 g (0.417 mol) of NaN02 and 
70 ml of H2O was introduced with stirring through a capillary 
tube beneath the surface of the solution, maintaining the reaction 
temperature below 0°. After complete addition, the reaction mix
ture was filtered (Celite), keeping the clear filtrate cold. The fil
trate was added dropwise to 200 ml (2.0 mol) of 2-picoline with 
stirring. The reaction temperature was kept at 40°. When the ad
dition was complete, the reaction mixture was heated at 80° for 
30 min, cooled, and made basic (pH 9.0). The excess 2-picoline 
was flash evaporated; the residue was dissolved in 500 ml of 
CHCI3 and filtered (Celite), washing the CHCI3 with H 2 0 . After 
flash evaporation, 400 ml of 10% HC1 was added and the mixture 
heated at 100° with stirring for 1 hr. After cooling to about 50°, 
the solution was filtered (Celite), the filtrate extracted with 200 
ml of CHCI3, and the pH adjusted to 3 (Na2C03), filtered (Cel
ite), extracted with CHCI3 (3 x 150 ml) to remove organic im
purities, and then made basic. The free base was extracted three 
times with E t 2 0 (200 ml each) and dried (MgS04), and the E t 2 0 
was removed under vacuum to leave a semisolid residue that was 
distilled, bp 150-190° (0.1 mm); this crystallized on cooling to 
yield 16.2 g (18%). 

Separation of Isomers. A mixture of 17.5 g of four different 
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isomers, obtained from the above reaction, was washed with 50 
ml of EtjO to leave 10 g of residue, mainly consisting of two iso
mers, which was recrystalhzed from 125 ml of a mixture of ace
tone and cyclohexane (1:4). Slow crystallization at room tempera
ture yielded 2.4 g of 2, mp 154-155°. The filtrate was concentrated 
to 100 ml and left overnight for slow crystallization. Two different 
types of crystals were formed: (a) large pale yellow prisms that 
were separated mechanically with ease, yielding 5.1 g of 1, mp 
110-112°, and (b) white granules, 0.9 g of 2, mp 152-154°. The fil
trate was further concentrated to about 25 ml and a third crop 
was separated in a similar manner. Each isomer was recrystal
hzed from appropriate solvents to yield pure compounds. 

The ether filtrate and the filtrate from the third crop were 
mixed and evaporated under vacuum to leave an oil, which was 
then triturated with 40 ml of a 1:1 mixture of Et20 and petrole
um ether (boiling range 30-60°) and filtered to yield 3.5 g of a 
mixture of the compound. Recrystallizations from cyclohexane 
and smaller amounts of acetone (6:1) for slower crystallization at 
room temperature yielded 2.0 g of 1, 0.5 g of 2, and finally 1.4 g of 
3, mp 105-106°. HC1 gas was passed into the EtjO and petroleum 
ether filtrate to form the HC1 salt, which was filtered, washed 
with acetone, and crystallized from 60 ml of ethanol and ethyl 
acetate (1:1) to yield 4.0 g, mp 195-200°. The HC1 salt was con
verted to the free base and recrystallized from petroleum ether 
(boiling range 30-60°) to yield 2.9 g of 4, mp 58-60°. Two more re-
crystallizations from the same solvent raised the melting point to 
65°. The total recovery was 1, 7.3 g (47%); 2, 4.2 g (24%); 3, 1.4 g 
(8%); and 4, 2.9 g (16%) from 17.5 g of the mixture. 

m-Nitrophenyl-2-picoline iV-Oxides (5-8). To 5.6 g (0.262 
mol) of each compound 1-4 in 15 ml of glacial AcOH, 4.5 ml of 
30% H2O2 was added and heated at 80° with stirring. After 3 hr 
an additional amount of 4.5 ml of 30% H2O2 was. added and the 
heating continued for another 15 hr. The reaction mixture was 
flash evaporated in vacuo, and the residue was neutralized with 
10% NaHC0 3 . The precipitate was filtered, washed with a small 
amount of water, dried, and crystallized from the appropriate sol
vent. 

2-Hydroxymethyl(m-nitro)phenylpyridines (9-12). m-Nitro-
phenyl-2-picoline N-oxides (4.6 g, 0.02 mol) were heated with 45 
ml of AC2O with stirring at 120° for 2.5 hr. The excess AC2O was 
then removed under vacuum and the esters were extracted with 
Et20; a small amount of petroleum ether was then added with 
stirring to the point of turbidity to precipitate the impurities. The 
solution was filtered through Celite and solvents were removed. 
The resulting esters were directly hydrolyzed by heating with 50 
ml of 10% HC1 at 100° for 1.5 hr. The solution was then made 
strongly alkaline (pH 11) with NaOH solution to dissolve the 
phenolic compound, cooled, and filtered. The precipitate was 
washed with water, dried, and recrystallized. Neutralization of 
the alkaline filtrate to pH 7.0 precipitated a phenolic compound 
(12-16), which was filtered, washed, and crystallized from EtOH-
H 2 0 . 

m-Nitrophenylpyridine-2-carboxaldehydes (17-20). To 2.3 g 
(0.01 mol) of the 2-carbinols 9-12 in 100 ml of CHCI3 was added 8 
g of activated MnCb (Winthrop Laboratories), which was refluxed 
for 2 hr. The mixture was filtered through Celite, the CHCI3 re
moved under vacuum, and the residue recrystallized from an ap
propriate solvent. 

m-Nitrophenyl-2-formylpyridine Ethylene Acetals (25-28). 
To 1.14 g (0.005 mol) of each aldehyde 17-20 in 250 ml of benzene 
was added 0.12 g of p-toluenesulfonic acid and 2 ml of ethylene 
glycol. The mixture was refluxed for 24 hr using a Dean-Stark 
trap to remove the water formed during condensation. After the 
reaction was complete, 50 ml of water and 5 ml of 10% NaHCOs 
solution were added. The benzene layer was separated, dried 
(MgSCM, and removed under vacuum to leave the residue, which 
was recrystallized. 

m-Aminophenyl-2-formylpyridine Ethylene Acetals (29-32). 
The N 0 2 derivatives 25-28, 0.816 g (0.003 mol), were dissolved in 
75 ml of ethanol and 0.2 g of Pd/C (10%) was added. The mixture 
was hydrogenated at 30 psi for 0.5 hr and filtered, and ethanol 
was removed under vacuum to leave a residue that was directly 

used for the next reaction. This residue crystallized in small 
amounts of ether except for compound 32. 

m-Aminophenyl-2-formylpyridine Thiosemicarbazones (33-
36). To 0.484 g (0.002 mol) of each acetal 29-32 in 10 ml of etha
nol was added 1 ml of concentrated HC1 and 0.182 g (0.002 mol) 
of thiosemicarbazide. The mixture was refluxed for 1 hr, where
upon the hydrochloride salt of the desired compound precipitated. 
The precipitate was filtered, washed with ethanol and ether, and 
dried. The hydrochloride salt was dissolved in 10 ml of water and 
neutralized with Na2CC>3 solution. The resulting precipitate was 
filtered and crystallized from EtOH-H20. 
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