
EXPERIMENTAL PHARMACOLOGICAL SECTION 

Tests were carried out on cats narcotized with chlorazole (90 mg/kg int rape ri tone ally) 
weighing 2.4-3.8 kg. Blood pressure in the carotid artery was recorded electromanometrically. 
Transthoracic EKG and respiration were recorded by electrodes inserted under the skin of the 
thorax on a level with the fourth rib, All recordings were made on a Narko Bio-System physio- 
graph. 

Blood flow from the coronary sinus was measured by the method of N. V. Kaverin (1958). 

The compounds were dissolved in 50% dimethylacetam~de and injected intraperitoneally 
through a cannula inserted into the femural vein. 

The systolic arterial pressure was measured on spontaneously hypertensive rats, SHR 
strain, using a pneumatic transducer pulse, and recorded on a physiograph. One dose of the 
compound (i0 mg/kg) was tested on 5-7 rats. The test compounds were suspended in an isotonic 
solution of sodium chloride with Tween 80 and injected into the stomach in doses of 5 ml/kg. 

Acute toxicity was studied on female white mice weighing 19-23 g; compounds were in- 
jected intraperitoneally into six mice. The animals were observed for i0 days after injec- 
tion. Acute toxicity (LD5o) was determined by the method of Litchfield and W• 
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SYNTHESIS AND ANT ITUMOR ACTION OF SOME PYRIDO[2,3-b]PYRAZINES 
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One of the goals of antitumor research is the synthesis of folic acid antimetabolites 
[i]. In earlier works on the synthesis of potential folic acid antagonists -- compounds with 
pyrido[2,3-b]pyrazine [2, 3] or pyrido[3,4-b]pyrazine [4] systems -- it was reported that some 
derivatives of pyrido[2,3-b]pyrazine exhibit antitumor activity [3, 5]. 

The present work describes the synthesis and antitumor action of some new derivatives 
of pyrido [2, 3-b]pyrazine, prepared by the recently developed method for preparing 2,3-diamino- 
pyridine derivatives [6]. 

The 6-R-pyrido[2,3-b]pyrazines (Ia-d) were synthesized by the cyclization of 6-R-2,3- 
diaminopyridines with 40% aqueous glyoxal as described in [7]; reaction of the bases Ia-d 
with methyl iodide in refluxing benzene gave the quaternary salts IIa-d. 

The structures of compounds Ia-d were confirmed by NMR spectroscopy (Table i). The 
chemical shifts for the H-2 and H-3 protons, together with the low values of the spin--spin 
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' TABLE i. '~NMR::Spectra Of ~t~ie Pyrido [2~i3"b]pyrazSnes 
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*Broad~tgnal, 

coupling 'c0ns~tants (~=, a =-: i',8-3.7' HZ~) ,; are: c<hN:ra~t~i~:tic for, the~ pyrazine ~ing _[ 8]. 

Three is omers are 'theoretic ally" po ssib le- fg0r~':Ifhe qua ternizatior~ ~o f pyrido [ 2,3-b] pyra- 
zines. ,The structures of 'the':~salts I:Ib~and-c; i.,e. ;- :the pOsition,of the quaternary nitrogen 
atom, was determ:ned,b~ N~{R spectroscopy: Compari~-on of the H (Table i) and :~C NMR spectra 
for the bases la-c-and the ~aits IIa-c shows tha~Uquaternization of the nitrogen atom gives 
rise to a characteristic brd@dening of the signal&'~of both the ~-carbon atom (in relation to 
the quaternary nitrogen) and ais0 the a-darbon'~ffbf~-protons, :and to an increase in the abso- 
lute Values of the Vlc:nal spmn--sp:n coUplSng u cdn-~tants for the a-carbon atom protons and 
displacement of the :~C signals of the ~OarBofl~ffOms in the upfield direction. 

In the'-unsubstitutedCc0mpofind IIa, H-6,,C~6;;nand C-10~give ~ise-to broad signals, as 
do H-3, C-3, and C-10 in th@~sa%ts, with ~ ~ubst~[uOfits~in the 6-p0sition;(IIb-and c). These 
broad signal~ are explained" by the spin--spih~ooup!ing of the a-carbon atoms, and their protons 
with the ~aN ~ nucleus as' the value's of ~J~H .;~ ~nd7 ~Jzac, z~N, are comparable wxthl the fre- 
quencies of-the quadrup01e relaxatioO' of the :posi~igely clSarged nitrogen. A comparison ol 
the vicinal -spin--spin COUpling c o n s t a n t s  ? for~(!orh~OuiidS ~ la-c and l la-c shows tha t- going from 
the UnsubstitUted base: I~'" to ~ ~the~sal[ ~ iIa,~?the<:c~hstant J~, ~ increases by I.:7 Hz, and for 
bases fib and c, &~,~ increases by ~i.5-!.6 Hz~ The-spectrum of:la di-ffers:from that of lla 
in that the's resonahce,"s:i"gn:ais ~ for c~10 ~ (~ = ~O!94~[pm) and c-6 (&8:= Z.05 ppm)are shiSted down- 
field. Inthe spectra0f'the~substitufied 60m~'6'hnds IF and c, andIIb:andc~ there is a dow~field 
Shift fo'r ~C-lO (~8 ='~8.~'6?:~pmY :::an'd''C-~'' (A;~ ~-, 9.:Z~:~ipm) o The NMR sp'eetrm of compounds lla-c 
,showed :no eviden'ce d'f~' th@r"p-k~sence o~:'iS~nerf~i~h~N~ances (see; elso:? ;[9] ). 

-Thus, Sub s'titution in "the ,6~'pOsi[ion-Of 1~:~ild~[2,3-b]pyrazine ~ffects the quaternization 
center., appareff~ly as a resu:t of s-te'-rlc-~fl:drans 

E X I ~ : ~ } ~ T / ~ I  ~\~,;~,'0~GiCAL SECTION 

Z.he ;anlt i thmdf Laid tTVi~# ~ d f p ~ f # ~  [:~.,e~]r{~tga{~h @s~ ~was s tu:dr ed: using :nonp~e:dmgree ,ram ce, 
C5 ~i~ s~ain~ -arid i~b-rfdl BDF "r~iq'6n~'@le's ' .aff~l:#f(~-ie.@ ~were us.e d;: ?depending on: thee.tumor type). 
-Traf~l:Ante~ humo~:~ ~ of Medi- 
cal: Se:enees~%; ............ ofL~: tNe[;SS ~:USS~.:eriewer,, !~:.--~qse~i ~ ,~ rf 6 ~ et ~ ~?~@:K t~.,~: ,~ewis l u n r  �9 g <r ' maimer = .  ,, . =yg~and~adeno- ......... 
. . . . . . . .  . . . . .  , � 9  7 )  F, 3 1 " . ~ ; , ~ , <  ~, ' ' : ' 3 { - ' - ~  [; ~ ' -  " !  ~ :i"] ' !  7 2  . . . . .  ' " '  . . . . .  �9 " " nare:n~ma (:AK-75"5) , ~a~om~ ~ (~li~ Ptq~pe} ~, ~-afl~ ~ ~moeytobiasto,sls, La. 

The test compounds wei~e~disso~ve~ ii~[~s176 -' ::For solid 
tumors~ zn3ectzans were starled wight 4:8 N;:~d@rfSP::hem0blas's La :within 24 h;, ;.injections 
were given Once a- da? for -~-' daysf- "-~A~-imals~@it~',~s~id-'.tumors were-killed on, the, 14 th : day after 
the transplant, and the ~umors were removed--and'-~,eig-hed. The: percent :in,hxh~tLon of tumor 
growth (P~ %) was caIoulated fromthS':[o~ula 

: ip; % / ! ~ ~ .  100 
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TABLE 2. Properties of Pyrido[2,3-b]pyrazines la-d and Their 
Quaternary Salts llb-d 

mp deg C 
(ethanol) 

, h  I N ~cH,), 1110-112, 
1c ] Motpholy| | 168--t70 
Id |Pil~ridinyl [ 67--68 

l ib  I N (CH., h, . | 272--274 
l lc  [ Morpnoly, 1'210--212 
IId [ Piperidinyl ] 240--24! 

~'~ I..._ Found-- % 

58 62,2 5,7 
60 61,0 5,8 
50 67 1 6, 6 
60 38:0 4,2 
63 39,9 4,6 
64 43,6 5,0 

Empirical formula 
N 

32,0 C,H,oN~ 
26, I Ct,H~N40 
26,2 ct=H,4N~ 
18,0 ct ,Ht,  tN, 
1.5,5 ctzHtaIN40 
16, 0 C:t=Hl~lN~t 

*Recrystallized from petroleum ether. 

Calculated, % 

C H N 

62,0 5,8 32,1 
6|,I 5,6 26~0 
67,2 6,6 26,| 
38,0 4,1 17,7 
40,2 4,2 15.6 
43,8 4,8 15,7 

where Pk is the average tumor weight in the control, and Po in the test animal. 

For hemoblastosis La the survival rate of the animals was evaluated, and the percent in- 
crease in life span was calculated from the formula 

where a is the average life span of animals in the test group, and b in the control group. 

The results showed that some of the test compounds exhibit moderate antitumor activity. 
Compounds Ic, lla, and lib, in doses of 50-100 mg/kg, inhibit the growth of sarcoma 37 by 50- 
55%, compound Ib inhibits the growth of Lewis tumor by 60%, and lib inhibits the growth of 
tumor AK-755 by 58%. 

EXPERIMENTAL CHEMICAL SECTION 

NHR spectra were obtained on a Bruker WH-90 (90 MHz) in dimethylsulfoxide-D6 solution; 
internal standard tetramethylsilane. 

6-R-Pyrido[2,3-b]pyrazines (Ib-d). A solution of i ml of 40% aqueous glyoxal in 5 ml 
of water was added dropwise with mixing to a solution of 0.9 g of 2,3-diamino-6-R-pyridine 
in 20 ml of water [6], and the reaction mixture heated on the steam bath for 30 min. Com- 
pounds Ib-d were separated by continuous extraction with chloroform for 2 h. The extract 
was dried with sodium sulfate, evaporated to small volume, cooled, and the products (Ib-d) 
filtered off. 

Iodides of 4-Methyl-6-R-Fyrido[2,3-b]pyrazine (lib-d)o A mixture of 0.5 g of 6-R- 
pyrido[2,3-b]pyrazine (!b-d) and 50 ml of benzene was heated for 2 h at 60-70~ After cool- 
ing, the crystalline precipitates of llb-d were filtered off. 

The properties of compounds Ib-d and llb~d are given in Table 2. 
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