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was 5.8 g (459 based ou -pyrididdimanethylisoguiioline-3-
sulfonate), mp 314-316° dec.

General Procedure for Oxidation Reaction.-—-ScQ), (I mole-
equiv) was added portionwise to a solution of the Me derivative
(1 mole-equiv) i dioxane and heated slowly to reflix temp awd
maintaived at reflux for 2 i, The Se ppt was ramoved by filtra-
tion and the filtrale evapd nudee vacnu, The restdue was ex-
tracted with dilute I1Cl ard filtered aud the filteate made alkaline
with NaHCO; to ppt the carboxaldehyde. The aldehyde was
filtered off, washed with H.O, dried over PsOs i destecator, atl
crystallized from petrolenmt ether {hp 60-110°).

Thiosemicarbazones. --lixcept where noted the thiosemicar-
azores (Tables TIT awd 1V) were prepared by the method of

Fuusen, of o,

Froveh and Blawz® frno the coreespording aldelyde sml phio-
seicarbazide.
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Sixteen thiosemicarbazoues of 2-formylpyridines bearing additioral rig substituents were svuthesized aud
tested for antitumor activity against 5 mouse tumor systems in viwo and compared with the parent nnsubstituted
derivative. The major tumors used were L-1210 leukemia, sarcoma 180 (ascites), L-3178Y lymphoma, C-1498
myelogenous leukemia, and the Lewis lung carcinoma. Occasional studies were also performed on sarconia 180
(solid), B-16 melanoma, and the Ehrlich ascites carcinonia. The substituents studied weve: 3-carboxy, 3-
flnoro, 3-methyl, 4-methyl, 5-fluoro, 5-chloro, 5-bromo, H-indo, s-methyl, 5-ethyl, 5-trifluoromethoxy, H-triflnoro-
methyl, 5-dimethylamino, 5-methylsulfonyl, 5-hydroxy, and 5-acetoxy. The effect of additional substitnents
on activity against a particular tumor system follows 10 simple parametric rules. Furthermore, the order of
snbstituent effects changes markedly from one tnintor system to another. A number of the conponuds studied
have been found, in other laboratories, to be extreniely potent inhibitors of tumor-derived ribonucleotide di-
phosphate reductase and hence the synthesis of DNA. The 5-hydroxy derivative is, in general, the niost in-
teresting compound studied. O certain dose—time regimens it vields a significaut enve rate ire L-1210 leukemia.

The original observation of the antitumor activity of
2-formylpyridine thiosemicarbazone? stood in isolation
for several years. However, preliminary theorizations
on possible modes of action were formulated.? In 1963
a concerted attack on the overall problem was initinted.
This led, in the pyridine series, to the discovery that
3-hydroxy-2-formylpyridine thiosemicarbazone and
gspecially 5-hydroxy-2-formylpyridine thiosemicarbu-
zone displayved muarkedly superior wetivity.*=" This
wus 1ot the result of an inerease in gravimetric potency
per se but was essentially due to a large improvement in
therapeutic index and hence the practical attainability
of much higher and protracted dose levels.

In the companion paper on related isoquinolinc
derivatives the question of mechanism of action ix dealt
with in detail.® In this paper attention is focused on
the pyridine derivatives.

*To whom correspondence should be addressed.

(1) (a) This investigation was supported by Grant CA-03287 fromn the
National Cancer Institute; (b) presented in part at the 169th National
Meeting of the American Chemical Society, New York, N. Y., Sept 1969,
Abstract MEDI-76.

(2) R. W. Brockinan, J. R. Thompson, M. 1, Bell, and H. E. Skipper,
(uncer Res., 16, 167 (1956).

(3) F. A, French and B. L. Freedlander, ibid., 18, 1290 (1958).

(4) F. A, French and E. J, Blanz, Jr., ibid., 26, 1638 (1966).

(#) F. A, French and E. J. Blanz, Jr., J. Med. Chem., 9, 585 (1966).

(6) F. A, French and E. J, Blanz, Ir., "Cancer Chemotherapy,' Gann
Moncgraph No. 2, Maruzen Co., Ltd., ‘I'ockyo, 1967, pp 51-57.

«7) E.J. Blanz, Jr. and F. A, French, Cnncer Res., 28, 2419 (1968).

i8) F. A. French, E. I. Blang, JIr., 1. R. DoAmaral, ansl D, A, Freuch,
J. Med. Chem., 18, 1117 (1970).

It gradually became apparent, during the course of
this investigation, that the pyridine derivatives
possessed a strong advantage over the iroquinoline
compounds due to the simple fact that, i general, they
are more water goluble and readily absorbed in wiva.
In the pyridine group only 2 out of 17 compounds
studied vielded dimg deposits in mice.  In contrast, 17
out of 23 compounds in the 1soquinoline series gave rise
to this problen.

Chemistry.-- The substituted 2-formylpyridine thio-
scniicarbazones were prepared from the appropriate
substituted 2-picolines (Scheme I,° TablesI-VI). Most
of the 3- and 5-halogenated 2-picolines (Ta—e) utilized in
this study are known compounds and were prepared ac-
cording to or with slight modification of published
procedures. ™ 2-Methyvl-5-trifluoromethyIpyridine
(If) was prepared by heating 6-methylnicotinic neid
with 8F,and Hl" at 120°.  2-Methyl-5-trifluoromethos-
vpyridine (Ig) was prepared essentially by the method
of Sheppard.'?  3-Hydroxy-6-methylpyridine and COl'y
were allowed to react at 100--150° for 4 hr followed by
reaction with 819 and aunhydrous HF to form the de-
sired product.

(1) 1h was oxidized to 3-dimethylamino-2-picoline N,V '-dioxide which
was converted into T with 80.; IIi was prepared from oxidation of 5-
methylthio-2-picoline; when R = Ol it becomes CHiCOO in formula TI1.

(10> R. Graf, J. Prakt. Chem., 138, 19 (1932).

{11) Z. Talik and B. Brekiesz, Rocz. Ckem., 41 (2), 279 (1067),

12y W. A, Sheppard, JJ. Ory. Chem., 29, 1 (1964).
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TasLe 1
5-SUBSTITUTED 2-P1COLINLS
R
N~ “CH;
Yield, Crystn
Compd” R Mp or bp (nm), °C % solvent Tormula Analyses
ib 3-F 120-121 (760) 35 CsHFN C,H FN
If 5-CF; 24-25.5, 129-130 (760) 74 CiHeF3N C,H,F,N
Ig 5-OCF; 129-131 (760) 32 CHF;NO C,H
Ih 5-N(CHj)s? 198-200 (HCI salt) ¢ +-PrOH CgH12N-HCI C, H, N; CI¢
S
3~0OCN(C:Hs). 6162 48 Petr ether CuH;eN,0S C,H, N, 8
0
5-SCN(C,Hs). 40-41 87 Petr ether CnHieN,OS C,H,N,8
5-SH 121.5-123 80 Benzene JeH;NS C,H, N, S
5-SCH; 94-95 (8.7) 81 C;H,NS C, H; N, Se
¢ Compounds were synthesized utilizing standard procedures as described in the Cheinistry and Experimental Sections. > Bp 68-69
(1 mm), 499, yield. © Analytical sample. ¢ Cl: caled, 20.533; found, 19.8, ¢N: caled, 10.06; found, 9.38; S: caled, 23.03;
found, 22.12.
Tapre 11
3- AND 5-SUBSTITUTED 2-P1cOLINE N-OXIDts
oL
111 CH;
0
Yield, Crystn
Coimnpd?® R Mp or bp (1un), °C % solvent Formula Analyses
111 3-COOLt 30-52 84 Petr ether CeH;NO; C,H N
Iib 5-F 146-148 80 +-PrOH CeHFNO-HCl C, H, N¢
Ile 5-Cl 1556157 66 i-PrOH CsH(CINO-HCI C, HCLN
11d 5-Br 117-118 91 Petr ether CsH¢BrNO C,H, Br, N
Ile 5-1 154-155 79 Benzeue CeHINO C,H 1IN
IIf 5-Cky 66-68 (1.5) 89 C/HeF.NO C, H FN
Iig 5-0OCF; 74-78 (1.2) 82 C;HelsNOy C,H F, N
0
3-N(CHa), 184185 dec 89 +-PrOH- CsH12N:0, C, H, N¢
acetone
I1h 5-N(CH;). 96—97 80 Petr ether Csli2N,O C, H, N¢
I 5-80.CH; 172.5-173.5 88 EtOH C/H NO;S C,H N, S8
11§ 5-OH 188.5-189.5 83 EtOH Ce¢H,NO. C,H, N
¢ Compounds were synthesized utilizing standard procedures as described in the Chemistry and Experimental Sections. ® Analyzed

as the picrate, mp 98.5-99°.
075H2 0O:

5-Dimethylamino-2-picoline (Ih) was prepared from
5-amino-2-picoline by the method of Binz and wv.
Schickh who converted 3-aminopyridine into 3-di-
methylaminopyridine. '

5-Methylsulfonyl-2-picoline (Ii) was not synthesized
but instead 5-methylthio-2-picoline was utilized to pre-
pare IIi-VIi. 5-Methylthio-2-picoline was prepared
from the alkylation of the Na salt of 5-mercapto-2-
picoline with Mel. The synthesis of 5-mercapto-2-
picoline was accomplished from 3-hydroxy-6-methyl-
pyridine by the method of Newman and Karnes who
converted 3-pyridinol into 3-mercaptopyridine.’* The
3- and 5-halogenated 2-picolines (Ia—g) were converted
into the N-oxide derivatives (Ila—g) by using com-

(13) A. Binz and O. v. Schickh, Ber., 88, 315 (1935).
(14) M, S. Newman and H. A, Karnes, J. Amer. Chem. Soc., 31, 3980
(1966).

¢ This compound yielded inaccurate analyses because it is very hygroscopic.
C, 52.9; H, 7.5; N, 154. Found: C, 53.3; H, 6.9; N, 16.1.

Caled for CsHiaN:Os-
4 Analyzed as the picrate, mp 162-163°.

mercially available m-chloroperbenzoic acid or 409,
AcO.,H. 35-Dimethylamino-2-picoline N-oxide (IIh)
cannot be directly prepared from I'h because 5-dimethyl-
amino-2-picoline N,N’-dioxide is formed. When an
aromatic tertiary amino group is present on an N-hetero-
aromatic ring, the formation of an aromatic and ring
heteronitrogen N,N’-dioxide is generally observed.
In such a case, if the N N’-dioxide is allowed to stand in
aq H,80; or SO~EtOH-H.O at room temperature,
only the aromatic N-oxide group is reduced and the
ring heteronitrogen N-oxide group remains, in general,
intact, resisting such a reduction.’*=" In this manner
5-dimethylamino-2-picoline N ,N’-dioxide was con-

(15) A. W. Johnson, T. J. King, and J. P. Turner, J. Ckem. Soc., 3230
(1958),

(18) E. C. Taylor and N. E. Boyer, J. Org. Chem., 24, 275 (1959),

(17) Y. L. Goldfarb and V. K. Zvorykina, Izv. Akad. Nauk. SSSR, Ser.
Khim., 788 (1958); Chem. Abstr., 82, 20219 (1958).
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SEBSTITETED 2-PyRiDyLMETHANDL ACETATES

{)

CHOCCH,

K

N
)
N

Yielld,
Copyl”? It Mp wr by (g, ©C i
1111 $=-COOLN 122-027 (1.0) AN
I11a 3-1 60-05 (1.2) o
I11hH A 17 62--65 (1.3 S
e 3-C1 T0-7611.2) a7
111d 3-Be 42.5-413.5 a4
I11e O-1 45-46 46
1T 0-ClYy 6%-72 11.8) )
g 5OCL, 6768 (1.7 62
111k 3-N(CHy F16-120 (1)) 86
11 -0 SCHy 9596 3l
111k J-Ac() (22028 (0.8) 74

+ Compontuls were syuthesized ntilizing standard procednres ns deseribed e the Cherastry wad Experinwndal Seetiones,
©Aralyzed as the plerate, wp 150 -159.0.

L2y found, 1072, = Fo caled, 26.01; foud, 25.22. 1%

N:owled, 16.94; found, 15.76.

Crysin
silvemt

Iurmula

Freneu, o f al.

Avalyses

CillaN Oy ¢, I, N
C3H "N O, C, 1, N e
Cel ;1PN O, ¢, H, I, N
C 1, CINQO, C, 4, ClL N
Pete ethor CyHsBrN O, ¢, H, By, N
l'etr ether CLILINO. ¢, 4, LN
(“uHng‘_\'()z (,‘, H, N; I
Co 117N Oy C, H, NI
(‘)1;11)4‘.\'3()3 (‘. 1 N
L1O1] C. 1y NORS C, 1, N, R
CyelIyNO; ¢, H, N

caled, 24.24; foud, 25.60.

Tapre IV

RUBSTIYUTED 2-PYRIDYLMETDANOLS

R

f\@'\(‘l{;()ll

a1 el

Miys or by Yiell. Clrystn
Compnl” R Menhiol {in}, *( i splvent Frtnmls Ay
IVa -l A 5052 t1.3) 42 CelIsENQ ¢, 1, 1Y) N
Ivh S A 141.5-142.5H N2 1’011 CeHsI'NO - HCL ¢, 1, 17 CLN
1Ve H-Cl A 179181 70 /-lrOH Csl1,CINO - 11C1 C, H, C, N
IVd a-Br A 21 (=212 71 ~PrOH CsHeBrNO-HC1 C, 1, N
Ve -1 A (8-6Y N7 Petr ether CelTINO C, 1, N
1% 53-Cl A G368 (1.9) 70 C;He;NO C, 1, ¥, N
Vg 3-0C1, B 08~70 12) N3 CiHl N O, C, H, "N
IVl A=-N1CH 13 120.5-122.5 w Berzene Ci11,aN.0 1, N; ¢
1Vi 5-=0L.Clly A 10191 dee 04 LicO11 CLILN OS] ¢, 10, CLNG S
< Conpoutds were syrdhesized milizing stavdard procedures ax deseribed e the Cliendstry and Exporiaerdal Seettores. * Croealed
0.1 foud, 63.72
Tav V
NURBSTITUTED 2-1T0RMY LY IDIN U
It
@(,‘HO
My or s Yield, Crystn
Crotyal”? R Methorl (mu), °C 4 solvent IFormnnla Alaly ses
Va geb C 05-9% (18) 41 Col LLFNO ¢ 11, 15, N
Vb - (@ 7274 (20.8)" 39 CgHFNOQ 11, N
Vi 5-C1 - 6002 67 ety ether CeH CINO ¢ 1, CI,N
Vil H-Br ( 8-R7 76 Petr ether CeHBNO N: G 1L Bre
Ve -1 C 02~ 1035 6l Derr ether Cell4INO ¢, I, LN
Vi S3-Cly B 65--68 (21) a2 CalNO I, N; () b
Vi HOCE, B 7576 (20) 30 CsHLFN O, ¢, U, N
Vi 5-N(CI1y) ' SG-8% S1 Petr ethere CyHyyNoQ ¢, 4, N
Vi 3-30.CH;y (@ 167--169 N2 1L1OA¢ C:HINOgS C, H, N, ~
Vi 5-OH ¢ 183-1%4 52 E1OAc CeH:NO, C,H, N

s Compounds were syuthesized usilizing standard procedures as described in the Chemistry and Experiniental Sections.
caled, 2.19; found, 2.79.
This aldehyde is very seusitive to air oxidation.

31-33. <C:
47.050. F:

caled, 38.07; found, 38.65. H:
caled, 32.55; found, 31.57.

one assumed the sample analyzed contained 259 of the carboxylic acid derivative.

verted into ITh with SO in 959, EtOH at room temper-
ature.  5-Methyvlsulfonyl-2-picoline  N-oxide  (ITi)
was prepared from the oxidation of 3-methyithio-2-
picoline with AcOH -H,0O..

5 Mp,
Br: caled, 43.43; found, 42.88. 4 C: caled, 48.01; fonnd,
The aualysis was in excellent agreement if
¢F: ealed, 29.83; found, 30.94.

All the N-oxides (ITa-]) were rearranged to the sub-
stituted 2-pyridinemethanol acetates (IIla-j) with
Ac.O at reflux temperature, followed by hydrolysis of
the esters to the substituted 2-pyridinemethanols (1Vi
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ScrEME 1

R R
O AcOH, H0, E@j\ AcO
or peracid
N> CH, N~ CH,
I ;
I
R Htoron’, R Ph(OAc),
H,0 or MnQ;.
—
Q. 2~ ©
N CH,0Ac N CH,OH
I v

R

R
NH,NHCSNH,
——
oL @)
oo
Vv

N “CH==NNHCSNH,
VI

R: a=5F b=35F c=5Cld=5Bre=5L1=5CF,
g = 5-OCF3, h = 5-N(CH3)2,i = 5-SOzCH3,j = 5-01‘19

7). The esters I[I1g and IITh were hydrolyzed to the
corresponding substituted 2-pyridinemethanols IVg
and IVh with aq NaOH and the remainder of the ace-
tates (III) were hydrolvzed with boiling HCl. The
substituted 2-formylpyridines Vf and Vg were pre-
pared from the Pb{OAc), oxidation of the corresponding
2-pyridinemethanols IVf and IVg in CHCl; at room
temperature. The remainder of the substituted 2-
formylpyridines were prepared by oxidation of their
pyridinemethanols with active MnQO,. The thiosemi-
carbazones VIa—j were prepared from the substituted
2-formylpyridines and thiosemicarbazide by the usual
procedure.?

It has been shown that substituted 2-picoline N-oxides
rearrange on refluxing with Ac,0 to give substituted
2-acetoxymethylpyridines (Scheme I). Repetition of
this reaction with substituted 2-acetoxymethylpyridine
N-oxides gave substituted picolinaldehyde diacetates in
moderate vields (Table VII).'® The 5-acetoxypicolinal-
dehyde thiosemicarbazone (VIk) and 2-formylnicotinic
acid thiosemicarbazone (VIl) were prepared from 3-ly-
droxy-6-methylpyridine N-oxide and ethyl-2-methylni-
cotinate N-oxide, respectively. 35-Acetoxypicolinalde-
hyde diacetate was hydrolyzed cautiously with cold aq
HCI in order to form 5-acetoxypicolinaldehyde in situ;
with more drastic conditions 5-hydroxypicolinaldehyde
(V3) was formed.

Structure—Activity Relations.—Typical screening
data are presented in Table VIII. These data, in the
case of positive compounds, are not chosen as the best
values but are representative of a large amount of data.
Using L-1210 leukemia as an index of antitumor ac-
tivity, the ranking in activity of the different 3-
substituted-2-formylpyridine thiosemicarbazones is:
5-hydroxy (16) >> 5-dimethylamino (14) > 5-tri-
fluoromethyl (13) > 5-acetoxy (17) = 5-methyl (10) =
5-ethyl (11) > 5-fluoro (6) = 5-chloro (7) > the unsub-
stituted derivative (1). The 5-bromo (8), 5-iodo (9),
S-trifluoromethoxy (12), and 5-methylsulfonyl (15)
derivatives were not significantly active. For the
L-53178Y lymphoma the order is: 5-acetoxy (17) >

(18) 8. Ginsberg ansl 1. 1%, Wilson, J. Awmer. Chem. Soc., 79, 481 (1457).
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5-hydroxy (16) > 5-dimethylamino (14) >> 5-ethyl
(11) > 5-methyl (10) = 5-fluoro (6) = 5-chloro (7) =
5-bromo (8) = 5-methylsulfonyl (15). The other (5-)
derivatives tested were inactive. On the C-1498 myelo-
genous leukemia the order of activity is: 5-chloro (7)
= 5-methyl (10) = 5-ethyl (11) > 5-dimethylamino
(14) = 5-hvdroxy (16) = 5-acetoxy (17). The other
(5-) derivatives tested were not significantly active.
With the Lewis lung carcinoma the order is: 5-acetoxy
(17) = 5-trifluoromethyl (13) > 5-fluoro (6) > 5-di-
methylamino (14) = 5-chloro (7) = d-ethyl (11) =
5-hydroxy (16). No compounds tested were signifi-
cantly active on the B-16 melanoma or sarcoma 180
(solid phase). In contrast, with sarcoma 180 (ascites)
a number of compounds were active and several vielded
a significant 60-day cure rate. The order of activity
for noncured miece is: 3-hydroxy (16) > 5-bromo
(8) > 5-fluoro (6) > 5-dimethylamino (14). The order
for curative activity is: 5-hydroxy (16) > 5-dimethvl-
amino (14) = 5-trifluoromethyl (13) > 5-fluoro (86).
Only 4 compounds were tested on the Ehrlich ascites
tumor. The unsubstituted parent compound 1 was
toxic, The 5-methylsulfonyl derivative 15 yielded
2/10 60-day cures, the 5-acetoxy (17) yielded 1/10
survivor, but the 5-hydroxy derivative (16) yielded
909, 60-duy survivors and was active over a dose range
of 9 to 100 mg/kg per day. The order of toxicity is,
roughly: 5-hydroxy (16) < 3&-acetoxy (17) < b-
methylsulfonyl (15) < 3-dimethylamino (14) < 5-tri-
fluoromethyl (13) < 3-methyl (10) < 5-iodo (9) < 3-
ethyl (11) < 5-fluoro (6) < 3-triftuoromethoxy (12) =
3-bromo (8) = 5-cliloro (7) < the unsubstituted deriva-
tive (1).

Of the compounds substituted in other than the 3
position, the 3-fluoro derivative 3 was modestly but
significantly active on L-1210, L-3178Y, and the Lewis
lung carcinoma. The 3-methv] derivative 4 showed
interesting activity on C-1498 and barely significant
activity on L-1210 and L-5178Y. The 4-methyl deriv-
ative 5 was similarly uninteresting and yielded barely
significant activity on L-1210, L-3178Y, and C-1498.

It may be seen from the foregoing that even within
the confines of a single tumor test system the substit-
uent effects do not fall into any simple order relating to
electronic parameters, steric effects, or lipophile-hydro-
phile character. Compounding this difficulty is the
fact that the order of substituent effects changes quite
drastically from one test system to another.

Since the active compounds in this series, that have
been studied in the cell-free enzyme system, are potent
inhibitors of some mammalian tumor derived ribo-
nucleoside diphosphate reductases'®—?? and hence of
DXNA synthesis it would be useful to have knowledge of
the fine structure of the active Fe-containing site of
this enzyme. It might then be possible to relate struc-
tural parameters of the enzyme to that of the inhibitor.

Of all the compounds studied the 5-hydroxy-2-
formylpyridine derivative 16 is by far the most inter-
esting found in either the pyridine or isoquinoline series.
It has exceptionally good solubility at pH 7, low toxic-

(19) A. C. Sartorelli, Biochem. Biophys. Res. Commun., 87, 26 (1967).

(20) A. C. Sartorelli, M, S, Zedeck, K. C. Agrawal, and E. C. Moore,
Fed. Proc., Fed. Amer. Soc. Exp. Biol., 27, 650 (1968).

(21) R. W. Brockman, R. W, Sidwell, G. Arnett, and 8. Shaddix, Proc.
Soc. Ezp. Biol. Med., 138, 609 (1970).

(22) R. W. Brockinan, personal comuunication, 1970.
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SEBSTIIUTED 2-Fory vy THosEMICARBAZON 6=

oL

nul” |13 Mp, 2C, slec
Vil H-COOH 221-222
Vlia 3-F 222.5-223.0
Vib 5-F 236237
VIe 0-Cl1 235--236
Vid 5-Br 241242
Vle o1 247--247.5
\11 r‘)'(/‘Fl ‘-’()8"‘21)9
Vig 5-0OCF; 206-207
VIh O0-N{CH;). 230231
Vi 5-30:CHy 2530205,
VIj H-0OH 236237
VIk H=AcQ) 200~201

« Compounds were syuthesized ntilizing stavdard procedures us described in the Chemistry Section, » C:
caled, 37.19; found, 36.69.

¢ N: caled, 26.10; found, 25.42. < C:

CH==NNHCSNH,

I'ormola Analy ses

CyllgN 4003 1.0 H, N, 8; Cr
C;H;FN R C, H, N
CiH:FNGS C,H,N
CH;CIN S C, H, ClI, ¥; N+
C:H;BrN s C, H, Br, N, 3
CrHINGS C,H, I, N, %
CH:F3 NS CoHOH C, H, N
CyEEFNLON ¢, H, N
CyHyaNS C, H, N, 8
CyH N, O08, H, N, 8; ¢!
CHLNLOS C,H, N, =
CyHioN O3 C,H,N, &

caled, 39.66; fonud, 39.16.

TasrLu VI
MISCELLANLOUS SUBsTITCTED PyripiNes

Yiell,
Conpyl* Mp or by (im), °C Ty
e _AOOKY
W 1N0-200 1< 1 n7
N CH OAC
¥
1y
P OOLy,
LQ)\ 00 -103 i
N UHEOAC
At
) -
\_J RG-N7.5 ¢

o, .

» Componunds were synthesized atilizing stawdard procedures ax deseribed e the Chemixtry Section.
* An overall yield of 39¢; was obtained baxed o1 H-acetoxy-2-pyridinemethurol acetate.

pyridinemethanol acetate N-oxide (crude).

ity, and u broad spectrum of activity. 1t produces
svnergistic  effects  with some standard antitumor
agents.”*  In connuou with other OH derivatives in
both the pyridine and isoquinoline series the biological
cffect is highly dependent on duse schedule.?***  Thus,
for example, with 3-hydroxyv-2-formylpyridine thio-
semicarbazone we have found that a dosage of 40 or
50 mg kg twice daily vielded a 10-309, cure rate in
1.-1210 leukemia. This independently substantiates
extensive test results at the CCNSC. No other com-
pound studied so far in either the pyridine or isoquino-
line series has yielded this level of effect. 5-Hydroxy-
2-formylpyridine thiosemicarbazone (5-HP) has been
selected for clinical trial at the National Cancer Insti-
tutc.

Experimental Section

Antitumor Tests.—T'he metlhnds used e this laboratory for
the evaluation of waitumoe activity e mice have beew deseribed
clsewhere.s

Chemical Procedures.~ Meltiag poiids are corrected and were
measured on w Thomas-Hoover capillary melting point apparatus.
Microanalyses were performed by Berkeley Analytical Labora-
tory, Berkeley, Calif. aud by Micro-Analysis, Inc.,, Wilmington,
Del. Where analyses are indicated ouly by symbols of the ele-

(23) br. J. H. Burchenal, personal cpounntinication, 1964,
(24) K. (. Agrawal and A. C. Sartorelli, J, Phurm. Sci., 87, 1948 (1968).
(23) Dr. 11, B. Woosl, Ir., personal eomnmunication, 1969.

Crystn

solvent Ioynngla Abalyses

CoullNO; ¢, 1L, N
Petr ether (‘(3111;,:\:()6 (‘, I, N
Beezene (,:lgll(a“_\'()e (/‘, ll, N

¥ Prepared from H-acetoxy-2-

taents, analytical results obtained for those elements are within
+0.49; of the theoretioal values.

5-Fluoro-2-picoline (Ib).—5-Arcino-2-picoline (31 g, 0.29
mole) was dissolved 11c 110 ml of 505, HBF, dilnted with 216 ml
of 959 EtOH. The slirred solution was cooled to 0° awd EtONO
bubbled it slewly for 3 hr. The diazoniant flnoroborate salt
pptd after a short time.  Et,0 (110 ml) was added and the ppt
was filtered, washed with ice-cooled petrolemin ether, aud kept
moist with petrolenm ether at —20°. The diazoniun flnoro-
borate was divided into 5 equal portions. Each portion was
decomposed as follows: the salt, covered with cold high-boiling
petroleum ether (60-110°), was allowed to warm slowly nntil
decomposition started. The temp was kept below 55°. De-
composition was uncontrollable above this temp. After decour-
position was complete the dark red oil was sepd fromt the petro-
lenm ether, made alkaline with NaOH solution, and steam distd.
The distillate was satd with solid NaOH and extracted witk
CH:Cl.. The extract was dried (MgSO,) and carefully distd
through a 7.5-cm Vigrenx column. After removal of the CH:Cl,
the produet distd at 120-121°. The yield was 11.6 g (357, frou
the amine); 724p 1.4696.

2-Methyl-5-trifluoromethylpyridine (If).%--A 1.4-1., 316 staine-
lexs steel aatoclave was charged with 75 g (0.55 mole) of 6-methyl-
tdcotitde acid awd sealed.  After leak testing by pressuring wich
N, the aatoclave wax cooled in Dry Ice-acetone and 110 g (5.5
moles) of anhyd HF was introduced by siphoning. SF, (178 g,
1.65 moles) was then condensed into the mixture, the autoclave
degassed and finally heated at 120° for 8 hr. After cooling to
room temp and veuting excess gases, the contents of the autoclave
was poured into ice-chilled 109, NaOH. The basic mixture was
extracted several times with Et,0 and the extract dried (K.CO;3).

{267 This intermediate was purchased froin Peninsular Chemresearch,
('algon Corp., Gainesville, Fla. We thank Dr. 7. W. Brooks for providiny
11 withh the synthetic details for publication.
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TasLe VIII
ANTITUMOR ACTIVITY OF SUBSTITUTED 2-FORMYLPYRIDINE THIOSEMICARBAZONES®
R
N@\CH——NN HCSNH,
1-1210 S-180 ascit e LB 178 Y ——(C-1498 LL-Ca
Dose, % Dose, Yo Dose, A Dose, % Dose, Y%
No. R mg/kg 1/C mg/kg 7/C mg/kg T.C mg/kg T/C mg/kg T/C
1 H 10 130 10 124 10 121 10¢ 112 10 47
2 3-COOH 200 104 100 93 100 63
3 3-F 25 137 20 140 25 160 25 121 25 24
4 3-CH,4 12 125 8 119 12 136 8 150 8 08
D 4-CH,* 20 125 20 100 15 139 20 129 15 63
6 5-F 10 136 10 170 (10)f 10 132 10 123 10 17
7 5-Cl 15 136 10 91 15 125 15 147 10 24
8 5-Br 20 113 20 191 15 125 20 N2
9 5-1 60 114 50 115 60 100 30 83
10 5-CHgq3 40 144 25 128 40 134 30 145 35 64
11 5-CoHye 20 144 ) 134 15 149 20 145 10 25
12 5-0OCF; 30 118 20 137 15 71
13 5-CF3 30 158 20 128 (20) 25 112 25 110 29 9
14 5-N(CHs): 50 164 30 162 (20) 50 179 50 132 35 23
15 5-50,CH; 71 108 71 134 71 127 71 94 71 97
16 5-OH 141 215 100 309 (50) 141 203 71 131 100 26
17 5-AcO 100 147 100 146 100 235 100 133 100 6

& See ref 8. Detailed data too numerous to be reported here will be published in Cancer Chemotherapy Reports.

The drugs were

given ip daily, at approximately maximum tolerated doses, starting 24 hr after tumor inoculation; 6-10 mice were used in each experi-

ment.
LL-Ca, £ 30. ¢Drug given every other day.
Chem. Pharm. Bull,, 3, 232 (1953).
80, 475 (1956).

Et;0 was removed by distillation through a 1200-mm packed
column until the pot temp reached 105°. The pot residue (83 g)
was then distd carefully through a small Vigreux column to yield
65.3 g (73.7%) of product, bp 129-130°, mp 24-25.5°.

2-Methyl-5-trifluoromethoxypyridine (Ig),2—A 1.4-1. stainless
steel autoclave was charged with 65 g (0.60 mole) of 3-hydroxy-6-
methylpyridine and 60 g (0.9 mole) of COF., The autoclave
was heated for 1 hr at 100° and then 3 hr at 150°. After cooling
to 0° and venting excess COFq, the autoclave was charged with
194 g (1.8 moles) of SF, and 120 g (6.0 moles) of anhyd HF.
The mixture was then heated at 165° for 6 hr. The autoclave
was cooled to room temp and vented to release excess gases.
The contents was poured into ice-chilled 109, NaHCO; and the
aq mixture extracted thoroughly with Et,0. After drying the
extract (K:COy), the Et;0 was removed by stripping through a
900-mm packed distilling column to a head temp of 43°. The
pot residue (30 g) was distd carefully through a small Vigreux
column to yield 33.4 g (31.59%,), bp 129-131°.

5-Dimethylamino-2-picoline (Th).—5-Amino-2-picoline (40 g,
0.37 mole) was added portionwise with cooling to 740 ml of
coned H,S0:.. The H,SO;: solution was diluted carefully with
230 ml of cold H;O. While the temp was maintained at 40°
81 g (1.13 moles) of 37.49%, CH.0 solution was added dropwise with
stirring to the H.SOs solution. Zn (148 g, 2.26 g-atoms) was
added over a period of 1.5 hr; the temp rose from 40 to 50°.
The reaction mixture was stirred and heated at 100-103° for an
additional hour and allowed to stand overnight at room temp.
It was then filtered through a sintered glass funnel and neutralized
with coned NaOH solution. The organic layer was extracted
with CeHs, dried (MgSO,), and distd to yield 38.2 g of product,
bp 75-93° (1.5 mm). It was found by tle that there were 3
components in the distillate. These turned out to be the starting
material, the monomethylamino derivative, and the 5-dimethyl-
amino derivative. The mixture was subjected to the Hinsberg
reaction for separation of the amines. Pure 5-dimethylamino-2-
picoline (14.3 g) had a bp 68-69° (1 mm). The residue of N-
methyl-N-3-(2-methylpyridyl)benzenesulfonamide was hydro-
lyzed with 809, H,SO, and recycled as above to obtain an
additional 10.4 g, bp 68-69° (1 mm). The combined total of
24.7 g was 499, of theoretical yield.

Substituted 2-Picoline N-Oxides (Ila—g).—A 25-309, excess
of peracid was added cautiously to the nnsubstituted 2-picoline
(1 equiv wt) dissolved in CHCl;. Picolines (ITa—e) were oxidized

bor, T'/C = treated/control X 100, Criteria for activity: L-1210, L-5178Y, and C-1498, 9,T/C = 125 S-180 ascites, = 150;
4 W. Mathes and W. Sauermilch, Ber., 90, 758 (1957).
/ No. in parentheses are per cent 60-day survivors.

¢S, Furukawa and Y. Kuroiwa,
¢ W, Mathes and W. Sauermilch, Chem. Z.,

with m-chloroperbenzoic acid and picolines (Ilf-g) were oxidized
with 409, AcO.H. The reaction was usually exothermic and
the CHCI; solution was cooled with an ice bath. The contents
was allowed to react overnight at ambient temp and then nen-
tralized with excess satd Na;COj solution. The CHCI; layer
was sepd and the aq laver extracted with CHCl; several times.
All the extracts were combined, dried (MgSQ,), and the CHCl;
evapd. If the crude N-oxide crystallized, it was recrystd with
the appropriate solvent. If the N-oxide was volatile enough,
it was distd in vacuo.

5-Dimethylamino-2-picoline N ,N’-Dioxide (Table II)—5-
Dimethylamino-2-picoline (Ih) (10 g, 0.074 mole), dissolved in
20 ml of CHCl;, was treated dropwise with 409, AcO.H (36.8
g, 0.19 mole). The reaction was very exothermic and the soln-
tiont was cooled with an ice bath until all the oxidant was added.
The resulting solution was kept at 45-30° for 24 hr and then
treated with excess satd Na,COj solution. It was found that the
dioxide was not in the CHCI; layer but had dissolved in the
alkaline aq phase. The ag phase was evapd to dryuess aud the
remaining solid was extracted with two 150-ml portions of i-
PrOH. The -PrOH extracts were evapd to 100 ml and treated
with 1 1. of Me,CO. The solution was refrigerated overnight
yielding 7.0 g of the dioxide, mp 184-185° dec. The mother
liquor was evapd to 100 ml and a second crop was obtained, 4.1
g, mp 179-181° dec. When the combustion analysis was per-
formed on the compd it was found to be hygroscopic.

5-Dimethylamino-2-picoline N-Oxide (Ilh).—The foregoing
dioxide (11.2 g, 0.067 mole) was dissolved in 100 ml of EtOH and
the resulting solution was satd with SO,. The dark red solution
was allowed to stand 18 hr at room temp and then made alkaline
with 209 NaOH solution. The reaction mixture was evapd to
dryness and extracted with CHCl;. The extract was evapd to a
solid which was triturated with boiling petroleum ether (60—
110°). The petroleum ether extracts were carefully cooled and
I1h crystallized to yield 8.1 g (809%,), mp 96-97°.

5-Methylsulfonyl-2-picoline N-Oxide (Ili).—5-Methylthio-2-
picoline (8 g, 0.058 mole) was added to 100 ml of glacial AcOH
containing 25 ml of 31% H:0,. The solution was heated at 90°
for 2 hr and then flash evapd to a white solid, which was crystal-
lized from 90 ml of abs EtOH to yield 9.5 g (88%), mp 172.5-
173.5°.

General Method for 2-Pyridylmethanol Acetates (Iila—j).—
A substituted picolire N-oxide (0.2 mole) was added slowly with
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slieriug to 100 ml of Ae() at 100-120°.  After the exothermic
reaction subsided, the dark reaction mixtnre was stirred and
refluxed for 0.5-1.0 hr. EtOH was cantiously added nuil the
excess Aea() was converted to EtOAce and AcOH.  The resultant
solutions were coned by flash evaporation to dark oils except i
those cases where they were suspected of beiug highly volatile.
The reactiore mixture was thew cooled and weutralized with
KHCO; solution.  The organic layer was extracted with CHCly,
dried (MgSQ0,), and distd in vaciwo. Some of the acetates (I11d,
ITle, HIi) crystallized ou =tanding and were recrvstd frow
petrolettn ether or EtOH.

Substituted 2-Pyridylmethanols (IVa-i). A.—Cowed HCI
{50 ral) wax added 10 0.1 mole of a snbstitnted 2-pyridylmethanol
weetate at reflnxed for 1 L. The solution was evapd to dryness
fnracno to give the HCLralt of the substitnted 2-pyridylinetharol.
Sore of the HCI salts were nentralized withh KHCO; solution awd
the orgaude material was extracted with CHCl;, dried (MgSO,),
atd distilled.  Tresome cases the free base crystallized ou standing
(I1Vd aud IVe). Somie of the HCI salts were nentralized withom
firether parification and utilized in the oxidn reaction (C).

B. - NuOl (1.2 eqarv wt) and a =«bstituted 2-pyridyvimethaio]
neetate (1.0 equiv wt) were added 1o H.0O and refluxed for 1 hr.
T'he =abstitrted methanol =olidificd o cooling and was filtered
ated dried or Gf 1t did ot <olidify) extencted with CTLCL, deted
{Mz=O), e disrd.

Irreversible Enzyme Inhibitors.

CLXXIIL.'?

Baxn, of af.

Substituted 2-Formylpyridines (Va-i), . T a substitated
2-pyridylmethanol dissolved in CHCl; was added 2 to 3 times
itz wt of active MO, The reactiotc mixtnre was allowad to stic
aud reflnx for 2 ir avd then filtered, nudd the MOy cakewashed well
with boiling CHCl.  The CHCL; extracts were entabined, dried
1 Mg=0y), nud distd o farnish the aldehydes. To tle enses where
the aldehydes were =solids after evaporation of the CLICL, they
were crystallized from petrolemmn ether. IV] was oxidized witls
MuQ, in -PrOH becaase of it= poor solubility ire CHCL;.

D.- -Ph(OAc) {11 equiv wt) was added poctioawise 1o e
2-pyridyimechainl (1.0 cqaiv wt) dissolved ncdey CLHCL The
vellow solutton was allowed te staad 3 day= at room temyp,
then treated with excess KHCOq <olition, and filtered.  The
vrgatic laver wies <epd from the ag lnver, dried (MegROg), sand disald
Lo give the pare aldelovde.

Acknowledgments.—We thuank Dr. Harry B, Woad,
Jr., Professor John Broomhead, Dr. R. Wallace Brock-
nian, Professor Alan C. Sartorelli, and Dr. T. W. Braoks
for helpful consultations and encouragement.  We
express our appreciation to Arvia Hosking and June
Irench for the antitumar evaluations and to Dec .
Glasby and David Chu for excellent technieal nssis-
tiner,

Cure of Walker 256 Ascites by

Reversible and Irreversible Inhibitors of Dihydrofolic Reductase® Derived from

1-(Substituted-phenyl)-4,6-diamino-1,2-dihydro-2,2-dimethyl-s-triazine

B. R. BARER,* N1conaas M. J. VERMEULEN,*” WALLACE T. AsHToN, AND ADRIAN J. Ryan®
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Nine active-site directed icreversible inhibitors awd seven potent reversible inhibitors of dihydrofolic reductasc
were axsaved against Walker 256 ascites, Duraiing leukeniia ascites, and tntrumnn=cular Walker 256 in Hie rat.
Soumte of the irreversible and reversible inhibitors were reniarkably effective in promoting cures of the 2 ascitie
tumors; however, there was no correlation between tissue <pecificity of irreversible inhibition and in vive aetivity,

tndicating that other unkunown factors were playing important roles irc these cures.

The best compounds agaiiest.

Walker 256 ascites were the 1-phenyl-4,6-diamino-1,2-dihydro-2,2-dimethyl-s-triazines substituted on the Ph
gronp with p-(CHz):CONHCsHz-3-Me-4-80:F (1), m-(CH»):CeHSO:F-p, (7), p-(CH.),CONHCH-3-2e (15),

:5'C1'4'O(CE12)30C6H0 (16), 3—C1-4-(CH3)-_-CGH5 (18), or p-(CH-;)gCeHr, (19) nwieties.

The best componnds

against the Dunniug leukemia ascites were 18, 19, and the phenyltriazine substituted by the 3-Cl-4-(CH.):Culle-

RO.F-p (9) and 3-Cl-4-OCH,CONHC:H; (17) moieties.

The design of enzyme inhibitors as possible chemo-
therapeutic agents has the advantage that direct
answers ol inhibition of the target can be obtained by
assay with the isolated enzyme. With this approach
complications such as transport through membranes
and metabolism are avoided in order to gain insight on
selectivity of attack of the target enzyme.® Concepts
cmerged over a period of 10 vears’ that allowed design
of enzyme inhibitors so highly specific that they could
differentinte between isozymes® or even the same

i1) TbLis work was supported by Crant CA-08695 from tle National
¢‘anser Institute, U. 8. Public Health Service.

(2) I'nr the previous paper in this series see R. Cardinaad and B. R.
Vinker, J. Med. Chem., 18, 467 (1970).

(3) For the previous paper on this enzyme see B. R. Baker, N. M. J.
Vermeulen, and A. J. Ryan, ibid., 18, 281 (1970),

(4) (a) To whom correspondence should be addressed. (b) N. M. J. V.
wishes to thank, the Council of Scientific and Industrial Research, Republic
nf Sonth Africa, for a tuition fellowship.

(3) Onsabbatical leave from the University of Sydney, Australia.

(G6) B. R. Baker, '"Design of Active-Site-Directed Irreversible Fnzyme
Inhibitors,” Wiley, New York, N. Y., 1967.

(7) B.R. Baker, Cancer Chemother. Rep., 4, t (1939).

{3 1B, R, Bakerand R. P. Patel, J. 'kuvm, Sei., 88, 714 y1u64).

enzyme (such ax dilivdrofolic reductase) from two or
more different tissues in the same animal.*

Once this specificity at the isolated enzyme level had
been achieved, * it was time to return to assay of thesc
inhibitors in whole animals bearing a tumor; if thesc
highly specific enzyme inhibitors failed to work i
viro, there was some assurance that the difficulty was
not in failure to attack the target enzyme, but was duc
to the other zn vivo factors such as transport und me-
tabolism that had been deliberately avoided to thix
point. The first studies on these dihydrofolic re-
ductase inhibitors were done with 1.1210 mouse leu-
kemia;*t although significant life extensions were

(9) (a) For a suminary of this approach to highly selective inhibitors sf
dihydrofolic reductase see B. R. Baker, Accounts Chem. Res., 2, 129 (1969).
(b) The tissue selectivity with these crude enzyme preparations could be
due to selective irreversible inhibition of isozymes or to the rapid destrue-
tion of the irreversible inhibitor in normal tissue or both.

(10) (a) B. R. Baker and R. B, Meyer, Ir., J. Med. Chem., 11, 489 (1968},
paper CXIX; (») B. R. Baker and P. C. Huang, tbid,, 11, 495 {1368),
puper CXX.

(11) B. R. Baker, (i. 1. Lonrens, R. 1}, Meyer, lr., and N. M. J. Verme-
len, 1lyid., 12, 67 (106D), paper ON X NITIT.
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