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plement. Materials.-Sheep red blood cells (RBC) suspended in 
Alsever’s soln, guinea pig hemolysin (antibody), and lyophilized 
guinea pig complement were purchased from Grand Island Bio- 
logicals, Oakland, Calif., or Hyland Laboratories, Costa Mesa, 
Calif. RBC were standardized to 10s cells/ml of buffer A as 
previously described.* Hemolysin was diluted 1 :800 with buffer 
A and was stable a t  3” indefinitely; as used in the assay below, 
this gives 5 times the amt needed for max velocity. 

Solutions.-Buff er A was 5 mM Tris hydrochloride containing 
0.5 mM MgClz-0.15 mM CaC12-0.15 M NaCl-0.1% gelatin. 
Buffer B was pH 5.4 K phosphate buffer of 0.02 ionic strength. 
Citrate-saline was a 1 :4 mixture of 0.075 M Na citrate and 0.15 
M NaCl. 

Separation of C ’1.-The lyophilized complement was dissolved 
in restoring soln at  O”,  then 10 ml was dialyzed at  3” against 3 1. of 
buffer B by continuous flow for 10-15 hr. The dialyzed suspen- 
sion was centrifuged at  3” at  20,000 rpm in a No. 40 head of a 
Spinco L centrifuge. The pellet contained C’l and the super- 
natant, the remainder of the components of ~omplement,’4,~~ 
and is called the R fraction. 

The supernatant R fraction was adjusted to pH 7 with 0.1 N 
NaOH, then brought to 0.15 ionic strength by addition of the 
appropriate amt of 1.71 M NaCl. The soln was kept frozen at  
-20” in 1-ml aliquots. 

The pellet of C’l was rinsed twice with 2-ml portions of buffer 
B. The solid was resuspended in 30 ml of 0.15 M NaCl and 
stirred 1 hr a t  0”. This mixture was then dialyzed and centrifuged 
as described above. The supernatant was discarded and the 
pellet of C’1 stirred 1 hr a t  0” with 30 ml of 0.15 AI NaCl. The 
soln was clarified by centrifugation and the supernatant con- 
taining C’1 was frozen in I-ml aliquots. 

Recombination Assay and Standardization.-The soln of C’1 
and R were dild 1 :2 with buffer A. In  a centrifuge tube was placed 
0.25 ml of RBC (109/ml) and 0.25 of hemolysin (1:800) in a 
bath at  37”. After 15 min the contents were treated with 0.30 
ml of buffer A and 100 pl of C’1; after 7 min, 100 pl of R was 

added. After 14 min the lysis reaction was stopped by addition 
of 2.75 ml of ice-cold citrate-saline. The tube was centrifuged 
for 3 min in B clinical centrifuge, then the OD of the hemoglobin 
in the supernatant was read at  541 mp in a glass cuvette. 

When either the C’1 or the R fraction is replaced by buffer, 
there should be no lysis above a control where both the C’1 
and R fractions are replaced by buffer; no lysis shows that 
separation of C’1 and R was sufficient for the recombination 
assay. If 
the rate is the same as 1 :2, then the 1 : 3 or 1 :4 diln is used with 
buffer A. 

The amount of C’1 is then decreased by further diln with 
buffer A until the above conditions given an OD reading of 0.30- 
0.42; the C’1 is usually dild in the range of 1:s to 1:7. This 
assay is then rate limited by the concn of C’l. 

Irreversible Inhibition of C‘1a.-In 2 tubes are placed 323 
p1 of C’1 at the proper diln; these are then placed in a bath 
at  37” for 10 min to activate C’1 to C’Ia.16 To one tube is added 
10 pl of inhibitor in MeOEtOH, and to the other tube is added 10 
p1 of hleOEtOH containing no inhibitor. Meanwhile two tubes 
containing 0.25 ml of RBC (lOS/ml) and 0.25 ml of 1 :800 hemoly- 
sin was fixed for 15 min at 37”. To each RBC tube was added 
0.30 ml of buffer A and 100 pl of C’la incubation mixture plus or 
minus inhibitor. After 7 min, 100 pl of R fraction was added, and 
the RBC were allowed to lyse a predetermined time (7-15 min), 
then quenched by addition of 2.75 ml of ice-cold citrate-saline. 
The OD for hemoglobin was read after centrifugation as described 
in the previous paragraph; the per cent irreversible inhibition 
WBS determined by comparing the OD of the control tube us. 
the OD of the inhibitor tube. 

In  practice 5-6 tubes were run simultaneously, one control 
tube, 3 4  tubes contg an inhibitor, and one lysis control where 
the C’1 and R fractions of the control tubewere replaced by buffer. 
The amount of lysis of RBC caused by the compd after 1 : l O  
diln in this assay has usually already been determined in the 
whole complement assay of the compd. 

The R soln is further dild to a concn 1:3 and 1:4. 
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2‘- and 3’-azafolic acids were synthesized as part of a program to design and obtain folic acid analogs that 
might have antineoplastic activity because of their altered ability to function as one-carbon transfer agents. 
The reductive condensation of 2-acetamido-6-formylpteridin-4(3H)-one (2) with diethyl N-(5-aminopicolinoyl)- 
glutamate (7b) followed by blocking group hydrolysis afforded 2’-azafolic acid (10). Alternatively, 2 
was condensed with 7b nonreductively, and the product ani1 was isolated and subsequently converted into 10. 
Acetylation of the hydrolyzed reductive condensation product of 2 and ethyl 6-aminonicotinate ( lb)  afforded 
N2,N10-diacetyl-3’-azapteroic acid (3c). Coupling of 3c with diethyl glutamate gave diethyl N2,Nlo-diacetyl- 
3’-azafolate (5b); acetylation of the reductive condensation product of 2 and diethyl N-(6-aminonicotinoyl)- 
glutamate (4 )  also yielded 5b. Blocking group hydrolysis of 5b then afforded 3’-azafolic acid (6 ) .  Compounds 
4, 6, 7b, and 10 were found to  be inactive in initial tests against leukemia L1210 in mice; they were also found 
to be noncytotoxic when tested v s .  HEp-2 cells in culture. Analogs 6 and 10 were observed to be growth support- 
ing when tested us. Streptococcus jaecalis. 

N‘O-Formyltetrahydrofolate, NS,Nl0-methenyltetra- 
hydrofolate, and N5,N10-methylenetetrahydrofolate are 
formed enzymatically from tetrahydrofolate and for- 
mate or formaldehyde donors. These tetrahydrofolate 
derivatives function as agents in the transfer of one- 
carbon units. Structural alterations between the 
pteridine and the glutamate portions of folic acid type 
molecules could alter the capacity of such structures to 

* To whom correspondence should be addressed. 
(1) This investigation mas supported by Chemotherapy, National Cancer 
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(2) M .  Friedkin, Annu. Rev. Biochen., 81, 185 (1963); F. M. Huennekens 
in “Biological Oxidations,” T. P. Singer, Ed. ,  Wiley, New York, N.  Y. ,  
1968, pp 439-513. 

accept or to donate one-carbon units. For example, 
the potential of folic acid type molecules for forming 
one-carbon transfer agents may be lessened by reducing 
electron availability a t  position 10 (P), Reduction 
of electron availability might be effected either by in- 
troducing elec tron-wit hdrawing substituents on the 
benzene ring or by replacing the benzene ring with cer- 
tain heterocyclic rings. Conversely, the presence of 
electron-donating groups on the benzene ring may, by 
increasing electron availability at the Nl0 position, sta- 
bilize one-carbon transfer agents and thereby render 
more difficult the transfer of a one-carbon unit from the 
folic acid type cofactor to the substrate. These struc- 
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tural changes may affect folic acid metabolism at sites 
other than, or in addition to, the dihydrofolate reduc- 
tase stage, which is considered3 to be the primary site of 
action of the well-known antagonists methotrexate and 
aminopterin. Two folic acid analogs in which the ben- 
zene ring is replaced by the pyridine ring and in nhich 
electron density a t  Nlo may be expected to be reduced 
have been synthesized as part of a program on the syn- 
thesis of folic acid analogs of the type described above. 

Chemistry.-The synthetic route chosen for the 
preparation of 3’-azafolic acid (6) and 2’-azafoiic acid 
(10) is based on the method of Sletzinger, et aLq4 in 
which folic acid had been obtained zda the reductive 
condensation of 2-acetamido-6-formylpteridin-i(3H)- 
one (2) with p-aminobenzoylglutamic acid in tlie 
presence of p-toluenethiol. This method appeared to 
offer a short route to  6 arid 10, and a general route to 
folic acid analogs in which the benzoylglutamic acid 
group may be replaced by other moieties. Inter- 
mediate 3c(Scheme I) was initially obtained by acetyln- 
tion of the crude product (3a) of reductive condensation 
of 2 with la,  but it was found that the use of l b  in the 
condensation, followed by hydrolysis of the resultant 
3b to  3a and acetylation, afforded better yields of 3c. 
Coupling of the blocked acid 3c with diethyl glutamate 
afforded 5b. Alternatively, 5b was obtained by per- 
forming the diethyl glutamate coupling ( la  to 4) prior 
to the steps of reductive condensation (of 2 with 4) and 
acetylation (5a to 5b). Although the overall yields of 
5b by either route were comparable, the latter route 

(3) I\ C. Werkheiser, Cancer R e s ,  23, 1277 (1963), J. R Dertino zhzd 

(4) AI.  Sletzinger. D. Reinhold, J. Grler, XI. Beachem, and M Tlsiiler, 
23, 1286 (1963) 

J Amer Chem. SOC , 77, 6365 (1955) 

(utiIizing 4) was preferred since less of the laboriously 
obtained4 2 was consumed. 

Loss of the Wace ty l  group during the preparation of 
reductive condensation products 3a, 3b! and5a (and 8a, 
Scheme 11) was confirmed by their uv spect’ral maxima 
(0.1 N KaOH) a t  365 nm.j Complete and selective 
hydrolysis of the N 2 -  and NLa-acetamide and glutamate 
ester functions of 5b afforded the desired 3’-azafoIic 
acid(6). 

Similarly, reductive condensation of 2 with 7b, ob- 
tained by hydrogenation of 7a, afforded 8a, as shon-n 
in Scheme 11. Acetylation of 8a gave 8b, and selective 
hydrolysis of the N2- and Arlo-acetamide functions was 
at,tempt,ed; hydrolysis of the picolinamide function ap- 
peared to compete with cleavage of the Arlo-acetamide 
function, and the use of 8b was abandoned. Direct 
hydrolysis of 8a afforded the desired 2’-azafolic acid (10). 

The rionreductive condensation of 2 with 7b afforded 
the mi l  9,  and 9 was converted into 10 by a process of 
SnBH, reduction, anaerobic alkaline hydrolysis, and 
reoxidation. The use of ;\‘aBH4 represents a new 
method for reduction of Ltnils of this type, although 
borohydride has been used for the reduction of a variety 
of other ani1 t.vpes6 as well as for the reduction of the 
pyrazine ring of folic acid7 and related pteridines.* 
A similar a d ,  derived from 2 and N-(p-aminobenzoy1)- 

( 5 )  This absorbtion maximum was routinely observed for structures 
possessing the  2-amino-3.4-dihydro-4-0~0-6-pteridinyl moiety; an  absorption 
maximum of 350 nm (0.1 .V NaOH) v a s  observed to  be characteristic of the 
corresponding 2-acetamido compounds. 

( 6 )  R. R .  Baker and C .  E. Morreal, J. Pharm. Sci., 62 (91, 810 (1963). 
(7) (a) V. S. Gupta and F. X f .  Huennekens, A ~ c h .  Biochem. B i o p h w ,  

120, 712 (1967). (11) K .  G .  Scrimgeour and  K .  S. Vitols, Biochemistrg, 6 ,  
1438 (1966). 

(8) T. Shiota. XI, S .  Disraely, and SI, P. McCann, J .  B id .  Chem., 239, 
2260 (1964j. 
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glutamic acid, had been previously converted to folic 
acidg by catalytic hydrogenation and by formic acid and 
its Et&+ salt. 

Although hydrated samples of 6 and 10 having satis- 
factory elemental analyses could be obtained after 
purification by DEAE-cellulose column chromatog- 
ra~hy,'~?'O examination of the samples by tlc revealed 
the presence of a blue-fluorescent impurity common to 
both products. I t s  identity was established as 2- 
amino-6-formylpteridin-4(3H)-one (11) by tlc com- 
parisons with an authentic sample in several chroma- 
tographic systems. The reduction of the level of occur- 
rence of this impurity from approximately 5% to less 
than 1% in 10 by the use of mercaptoethanol in the 
chromatographic purification solutions indicated that 
it had arisen by air oxidation of 10 during chromatog- 

11 

raphy. 
been made previously. 
impurity in 6 was also less than 1%. 

A similar observation" of air oxidation has 
The level of occurrence of this 

Biological Eva1uation.l2-Compounds 4 and 7b, when 
(9) M.  Sletzinger and M. Tishler, U. S. Patent  2,740,784 (1956); Chem. 

Abslr.. SO, 15601e (1956). 
(10) Appreciation is expressed t o  Drs .  Charles Baugh and  Carlos Krum- 

dieck, Department  of Nutrition, Alabama Medical College, Birmingham, 
Ala., for  helpful discussions. 

(11) J. M. Whiteley, J. Drais, J. Kirchner, and  F. M. Huennekens, 
Arth. Biochem. Biophys., 126, 955 (1968). 

(12) Biological testing was performed by t h e  Chemotherapy Department  
of Southern Research Inst i tute  under contract with Chemotherapy, National 
Cancer Inst i tute ,  National Institutes of Heal th;  in vivo testing was carried 
out  under the  supervision of Drs. F .  M .  Schabel, Jr., and W. R .  Laster, J r . ;  
cell culture tests were under t h e  supervision of Dr.  G. J. Dixon, and  bacterio- 
logical testing was performed under t h e  supervision of Dr. R.  F. Pittillo. 

tested against leukemia L121013 in mice a t  a dose level 
of 400 mg/kg (day 1 only), produced no evidence of 
toxicity and no increase in life span. The analogs 6 and 
10, when tested against leukemia L1210 in mice a t  the 
highest tolerated14 single doses (75 and 150 mg/kg, 
respectively, day 1 only), did not ~ignificantlyl~ increase 
life span. Compounds 6 (at 75 mg/kg) and 10 (at 
48 mg/kg, and also at several lower dose levels) were 
also tested against leukemia L1210 on a chronic dose 
schedule (qd 1-9) , but neither compound produced a 
significant increase in life span. 

Compounds 4, 7b, 6, and 10 exhibited no cytotoxicity 
when tested vs. HEp-2 cells in culture. 

Analogs 6 and 10 mere found to be growth support- 
ingI6 when tested us. Streptococcus faecalis ATCC 8043 in 

(13) Mice were implanted i p  with 106 L1210 cells on day 0. "Day 1 only" 
means tha t  a single dose was injected about  24 hr after LIZ10 cell implanta- 
tion; a chronic dose schedule means t h a t  daily injections were initiated 1 
day after implantation and  continued through day 9. A significant increase 
in life span in the  treated animals is considered to  be a survival time a t  least 
25% longer than the  control animals, i . e . ,  T/C 1 125%. 

(14) Compound 6 was tested and found toxic a t  dose levels above 75 
mg/kg; 10 was not tested above 150 mg/kg, bu t  this dose was presumed 
t o  he approaching the  toxic level because of t he  degree of weight loss ob- 
served. Other data  pertaining to  the  toxic dose level of 10 were obtained i n  
a one-mouse toxicity test. Four  healthy mice mere given a single injection 
of 10 on day 0 a t  individual dose levels of 400, 200, 100, and  50 mg/kg, a n d  
toxicity mas measured in terms of death before day 30. On  this  basis, 10 
was acutely toxic a t  400 and  200 mg/kg, and  chronically toxic a t  100 mg/kg;  
this is consistent with t h e  former results. It is of interest t o  note tha t  folic 
acid itself has been observed's t o  be acutely toxic a t  a single dose level of 300 
mg/kg administered on day 3 following leukemia L1210 cell implantation in  
mice. Dose levels of 150 and  75 mg/kg mere nontoxic. 

(15) J. A. R. Mead,  A. Goldin, R .  L. Kisliuk, &I. Friedkin, L. Plante. 
E. J. Crawford, and G. Kwok, Cancer Res. .  26, 2374 (1966). 

(16) It has been previously reported" tha t  a radioactive material which 
supported the  growth of S. faecalis R and  L.  citrovorum 8081 was obtained 
b y  paper chromatography of a cell-free extract of Enterococcus stei grown i n  
t h e  presence of 6-aminonicotinic acid ( [ I C  ]COOHI. Evidence indicated 
this material mas analogous t o  folic acid, and  i t  was, therefore, presumably 
3'-azafolic acid or a metabolic product thereof. 

(17) A .  Wacker, E. Lochmann, and L .  Triiger i n  "Pteridine Chemistry," 
W. Pfleiderer and E. C .  Taylor, Ed.,  MacMillan Co. ,  New York. N .  Y., 
1964, p 409. 
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Flynn's Broth in the presence of that  concentration 
(0.0004 ,uniole/ml) of folic acid n-hidl gives half-maxi- 
mum growth. 

Experimental Section 
Where analyses are indicated only by symbols of the elements, 

analytical results obtained for those elements were within h0.47; 
of theoretical values. Melting points were determined with a 
Kofler Heixbank (gradiently heated bar) apparatus. Pmr data 
were determined with a Varian &GOA spectrometer and are given 
in ppm downfield from N e S .  Chemical shifts of pmr multiplet5 
are reported as the apparent center of the multiplet. Uv spectra, 
were determined with a Cary Model 14 recording spectrophotom- 
eter (wavelengths in nm). Linde Type 4A molecular sieves were 
used to dry solvents designated anhyd, aiid in certain reactioi: 
procedures where indicated. N a 2 S 0 4  was used to dry solti ill 
organic solvents, and solvent evapns %%-ere done in  uacuo. The 
DEAE-cellulose used was AIannex (&mi Research Laboratoriez 
of the capacity noted. Before chromatographic use, the 1IEAL- 
cellulose was converted into the phosphate form by washing with 
a large excess of 0.5 AI potassium phosphate buffer (pH 7.0), 
then wit,h H20, and with H2O contg mercaptoetha~~ol. Soln of 
XaC1 used in elutioii were maintained at  pH 7.0 by use of 0.005 
df potassium phosphate buffer. Isolations and washings by 
ceritrifugatiori m-ere done at  1800-2000 rpm; wajhing by ceiitrif- 
ugation of 6 and 10 \vas done x i th  dil HC1: 3 4  drops of 1 &I. 
HC1 per 50 ml of H20. ha ly t i ca l  sanip1e-j reported a. hydrated 
were handled in a dry bag. 

Tlc was run on Avicel cellulo$e-coated plater (Cell--%), Bakerflex 
cellulose sheets (Cell-B), Bakerflex DEAE-cellulose >lieets 
(Cell-DEAE), and Briiikmaiin ilica gel H, according to Rtahl 
(SGH ). SGH was also used for col(imn rhromatography. Pol- 
vent svstems uced were X: n-BiiOH-AcOH-HnO ( 5  : 2 :  3): 

HPO1; I): ,5C., NH,OH aq i$H4C1: E :  i-PrOH-2 .Y nq 
HCI ( 6 5 : 3 5 ) ;  F: 0.5 IM -0.2 JI mercaptoethanol-0.005 .I/ 
potassium phobphate buffer of pH i.O; G :  CHCly-XIeOH- 
AcOH (87: 10:3); H :  CHClJ-MeOK (97:3);  I :  CHCla-MeOH 
(96:4); J :  CHCl,-ZIeOH (95:5); I<: CHClj-bIeOH (9~11 :  

Diethyl ;l'-(5-Nitropicolinoyl)glutamate (7a).--Diethyl gliita- 
mate.HC1 (23.97 g, 0.1 mole) \\-as added to a sol11 of 16.8 g (0.1 
Inole) of hiitropicoliriic acid's and 20.6 g (0.1 mole) of !JcI iri 
1700 mi of arihyd pyridine, and the reaction mixture was htirred 
at  room temp in a closed flask for 5 day'. The pptd dicyclohexyl- 
urea was removed by filtration and washed with CHC18. The 
hltrale was evapd, wid the residue was tritrirated with CHC1:. 
t o  i'emove further amounts of dicyclohexylmea. The CHC:I, 
wl i i  was washed w i t h  1 S HC1, satd acl NaHCO,, and H20 .  
-411 iiisol cryst material coiitairied in  these Tvashes was identified 
as .j-nitropicolinic acid (2.02 g). The CIIC1,j sohi was dried a11d 
evapd, and the residiie way rlirornntographed 011 a coliimii of 
SGH (300 g) bj- development with CHCl,. Fraction-; of low 
purity were rechromatographed, aiid finally all tlc-homogeiieoii- 

ent L)  fractioilh were combined. Evnpii yielded n 
tg  syrup: 14.11 g 178C;~ based on  unrecovered .i- 

nitropicoliiilc acid); pmr (CCII) 6 1.28 (ni, 4 lines, 6 11, CH>1, 
2.30 (m, 4 H, CH2CH?), 4.07 (qua OCH2), 4.25 (quartet. 
2 H, OCH2), 6.42 (ni, 1 H, T C H  1 H, C3-H), 8.42 (in, 
1 11, NII), 8.6.5 id of doriblei., 1 , '3.42 (d, 1 €1, C,-Hi; 
IIV mas (EtOri)  245 ( E  9120), 2778 (8510). -4nai. (Ci-,ITl',- 

Diethyl ,t7-(5-aminopicolinoyl)glutamate (7b; \\-as obtained by 
atmospheric hydrogenation (EtOH) of 7a (14.1 g, 0.04 mole) over 
Raney Ni catalyst . llemov the catalyst by filtration 
and solvent evap yielded a t bolid. Trituration of this 
material with PhH afforded c s: 11.18 g (87%); mp 104": 
uv max (EtOH) 283 (E 16,400), 300 (sh); pmr (DSISO-d,) 6 
1.15 (t ,  3 H, CH3), 1.18 (t ,  3 H, CH,), 2.20 (m, 4 I€, CH&H,), 
4.01 (m, 4H, OCH,), 4.30 (in, 1 H; NCH), 3.92 (3, 2 H, S H ? ) ,  

B: ~ -BLIOH-A~OH-H~O :,j, upper layer); C :  55; aq S a 2 -  

L:  CIICI3-EtO.4c (95::). 

Na07) C, H, X. 

(18) J. Schmidt-Tlio&e and  H. Goebel, Hoppe-SeyEer ' s  Z .  I'hysiol. Chern. .  
288, 237-243 (11151). The acid was obtained in  average yields of 90% from 
the  carboxamide a s  reported. We were never able to  obtain the reported 
44jj'c yield in the  conversion of 2-bromo-5-nitropyridine t o  5-nitropicolin- 
amide; careful control of t he  (fusion) reaction t emp  between 208 and  212'  
gave the best yields (19% and  26'Z). 

7.00 (d of doublets, 1 H, C,-H), 7.72 (d, 1 II, (2,-H), 7.98 (d, 1 

Diethyl iV-(5- ( [(2-Acetamido-3,4-dihydro-4-0~0-6-pteridinyI)- 
methylene] amino )picolinoyl)glutamate !9).--2-Xcetamido-6-for- 
niy1pteridii:-4(3H)-orie4 (2) (490 mg, 2.1 mmoles) was dissolved iii 
Y 1n1 of niihyd DAISO, and 680 Ing (2.1 mmoles) of 7b was added 
along with some molecular sieves. The closed flabk was st,irred 
at rooni temp for 4 days before the reaction a(i11i was filtered i i i to  
300 1111 of niihyd Et?() containing 10 rill of anhyd 31e.CO. The  
yellow xolid !7;l.i mg; ~ v a d  isolnted by filtratioii, and the  filtrate 
\v>i.> evapd nlmost t o  dryness. The re-idne was tiissolved iri L' 1x11 
of 3IeZCO a i d  added dropvise t ( ~  '200 nil of Et20 contg 5 nil of 
31e2C0. -4 w ~ ~ i i d  yellow solid (510 mg)  as i l i ~ a  ubtaiiied after 
filtraiioii. By pnir ana , the firat crop wnb foiiiiti t o  coiitai~: 

H, C6-H)) 8.37 (d, 1 H, CONH). A n d .  (CiiHniNaOj) C, H, N.  

(5 -  { [ (2-Amin0-3,4-dihydro-4-0~0-6-pteridinyl)methylj - 
amino 1 picolinoy1)glutamic Acid (2'-AzafoMc Acid, 10). A. From 
Isolated Schiff Base.--Compd 9 11.38 g, 2.56 mmoles) WR,S tiis- 
xilved iii  200 ml of atihyd I>l\IF a i i d  292 mg (7 .7 mniole-.) of 
SaBII i  was added. .ifter the initial vigorous reaciioii, the flask 
\!-as closed. a i ~ d  the reaction was ailon.ed t o  proceed overiiiglit. 
The JIlIF \\-as evapd: ilir residue \\-:IS cii5aolved in 500 nil of 
tleaerat et1 0.1 S SaOII. and hyirol! \\-as carrietl oiit ai  room 
temp uiider Sr for 4 hr. a i  acidified with IJC1 i n  
destroy ex('e5.h SnBIi, .  aiid after .-everal miniiies ihe . o h  p l I  \\-:IS 

iitijiihted t o  7 . 5  1)cfore the addition ( I f  '20 nil of :3or; II&:.. After 
The gelstinou. ppt was 

collec.ted :tiid n.axhed with dil €IC1 by ceiit rifugalioii. An aq 
Pmpeiisiun of this riude product XI- treated with enough SII,OII 
11, effect - o h  ipI1 <;.(I!, and the ~ ) l i i  \m. made 0.1 J/ in mercap- 
toethniitrl. Thi. 5 1 ~ l i i  it-a? applied t o  a IlE.41.:-celIr~lo~e ruliimir 
i l i  g, \td enpacity, phohphate formi. Thc coliinii~ w a 5  eliited 
with a linear gradient of Sac1 (500 nil of 0.3 JI XaC1 in the reher- 
voir and 500 ml of 0.0 Jf Sac1 i n  the mixing Ixjtile; both win 
were 0.1 31 i i i  mercitptoethmiol). Illntion of the fractioil> x\-as 
nioiiitored by uv nhxorption, ant1 the deiired frartion.; iverc roni- 
liiiied aiid diliited 1 : 10 with 1 1 2 0  riiiitaiiiing niercap~oetliniiol. 
This S ( J h  of the folic acid a d o g  WLL- 11 
I)E.4E-c.elliilo>e coliirnti (1 g, high c.apa 
I tie deiiied product was ctrllerted therecin. This coliimir wit- 

eluted with 50 nil of 1 J I  SaCl coiitg nieic~ptoethaiiol ,  and the 
yellow eluate acidified to pH 3.5. The ppt IYR-. i,edisrolved i i i  60 
ilil of dil SaOH aiid repptd b\- acidification to pH 3 . 5 .  T h i h  
inateriul way rollected arid washed :3 times with dil HCI bv cell- 
trifiigatioii. The ortinge mass ivaq dried in KLCLIO (P20 

The :iq 

cidified i o  pII 3 . 5 .  

yield of' 11' ; .  
B. T-in Reductive Condensation Procedure.&---.I sohi oi 7b 

i5.33 g, 1G.5 minolei) and p-toluellethiol (13.0 g, 105 mmo1es.i i i r  

ilii:  T1.e cliaracterizariun v i  6 and  10 as  h)-drates corresponds to  ihe  
reporting of o the r  analogs20 of folic acid and  folic acid?' itself as  being tis- 
rirated. l lefore the hygroscopic nature of 6 and  10 was determined. a 
nide range uf analstical  results was ol)tained on the Fame sample of 6 
Lanil 10); all uf the reaulta were easily accommodated by the  assumption of 
lwdration, varying from 2.0 to 4 , 5  moles of € 1 2 0  per mole of comyd. .jfter 
t he  iise oi a d r s  bag for handling dried samples of 6 and  10 became routine, it 
l ias found that  1jocli compd could be dried and  analyzed as hemihydrates. 
?'!le drying conditions and  degrees of hydration reported lierein verc: t he  
mont easily reproduced. 

120) T. L. Loo, J .  .\led. C h c m . ,  8, 139 (1963); C ; .  IY. Iloslier, I:. 11. 
. k t o n ,  0. 1'. C'ren.s, a n d  I,. Goodman, J .  070. Chem.,  32, 1486 (111fii): , l .  I .  
I IeGran,  .7.  1'. Xarsli ,  J r . ,  E. hI. .\cton, 0. P. Crews, c'. W. I losher ,  .'i, S .  
I:rijin-ara, and L .  Goodman, i h i d . ,  30, 3408 (11165). 

.. ~ 

121: S. U,veo, S .  IIizukami,  T. Kuljota, and S. Takagi.  . J .  .Amcr. Ciieni 
&oC,.. 72, 6 : ~  ~ 1 ! 3 5 0 ~ ,  
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375 ml of anhyd methoxyethanol was heated to vigorous reflux in 
a flask fitted with an Nz inlet and a reflux condenser atop a con- 
densate trap filled with molecular sieves. The flask was flushed 
with N2, and 2 (3.5 g, 15 mmoles) was added. The reaction was 
allowed to proceed at reflux under NZ atmosphere for 6 hr, after 
which the dark, cooled soln was added with stirring to 1500 ml of 
EtzO. After refrigeration, the gelatinous ppt was isolated by 
filtration, washed with EtzO, and dried (5.15 g, 69Yc crude). 
The combined filtrates were evapd to an oily residue which yielded 
more crude product (1.90 g, 25% crude) on treatment with 

The combined solids were hydrolyzed by dissolving in 2250 ml 
of deaerated 0.1 N NaOH and allowing the soln to stir a t  room 
temp under Nz. At the end of 4 hr, the soln was acidified with 
HC1 to pH 6, filtered, and acidified further to pH 3.5. The gelat- 
inous ppt was isolated and washed once with dil HC1 by cen- 
trifugation. The wet mass was dried (PzOS) in vacuo and yielded 
6.22 g (88% crude) of a brown powder. This was dissolved in 60 
ml of 1 N NaOH, and this soln was diluted with Hz0 to 3000 ml 
and made 0.1 M in mercaptoethanol; the soln (pH 6)  was ap- 
plied to a DEAE-cellulose column (50 g, high capacity, basic 
form). The column was washed with HzO containing mercapto- 
ethanol and then was eluted with 1 M NaCl (0.1 M in mercapto- 
ethanol). Elution w&s ended when the eluate became colorless 
and yielded no ppt on acidification. Acidification of the total 
eluate to pH 3.5 yielded an orange, gelatinous ppt, which was 
isolated and washed twice with dil HC1 by centrifugation. The 
wet mass was dried (P205) in vacuo, and yielded 3.55 g (50y0 
crude) of an orange powder. Tlc on Cell-B (solvent A) revealed 
two blue-fluorescent impurities, although uv spectral data com- 
pared well with the final analytical specimen. 

The orange powder was dissolved in 300 ml of HzO by the 
addition of 17 ml of 1 N NH,OH, and this soln was diluted to 
3500 ml with H20 containing 15 ml of mercaptoethanol before 
application to a DEAE-cellulose column (75 g, std capacity, 
phosphate form). The column was washed with 2000 ml of 0.2 
M mercaptoethanol and then was eluted with a linear gradient 
of NaCl (2000 ml of 0.6 iM NaCl in the reservoir and 2000 ml of 
0.0 M NaCl in the mixing bottle; both soln were 0.2 M in mercap- 
toethanol). Elution of the fractions was monitored by uv ab- 
sorption, and the desired fractions were combined and acidified 
to pH 3.5 with HC1. The ppt was collected and washed, by 
centrifugation, with dil HC1 containing mercaptoethanol, and 
was then redissolved in H20 containing mercaptoethanol by the 
addition of a minimum amount of NaOH. Acidification with 
HCl to pH 3.5 yielded a ppt which was collected and washed 4 
times with dil HCl by centrifugation. The wet mass was dried 
(PzO,) in vacuo, and the product was pulverized before final dry- 
ing (PzOs) for 24 hr at 0.35 mm and room temp; 1.18 g (17yc 
yield). The uv and pmr spectra obtained for this sample were 
equiv to those given for 10. Anal. ( C ~ ~ H I ~ N ~ O ~ . O . ~ ~ H Z O )  
C, H, N.lQ A comparable reaction had previously afforded a 
14% yield. 

Both products described above were identical by tlc compari- 
son and were observed to contain a single uv-absorbing (principal) 
component and a single uv-fluorescent (minor) component on 
Cell-A (solvents A and B), Cell-B (solvents A and B), Cell- 
DEAE (solvent E),  and SGH (solvent A). The minor compo- 
nent was identified as 11 by tlc comparison with an authentic 
sample in the systems listed above. When the two products 
were analyzed by side-by-side tlc comparisons with soln of folic 
acid containing 1,3, 5, 7, and 9% of 11, the amount of 11 in these 
products was estimated to be less than 1% (Cell-A, solvent A; 
folic acid and 10 had identical Rr values in this tlc system). 

Diethyl N-(6-Aminonicotinoyl)glutamate (4). A.-6-Amino- 
nicotinic acidZ2 (6.9 g, 0.05 mole) was dissolved in warm, anhyd 
DMF, and the soln was filtered and cooled in an ice bath before 
the addition of Et,N (15.2 g, 0.15 mole) and ethyl chloroformate 
(5.4 g, 0.05 mole). After 1 hr, diethyl glutamate .€IC1 (12.0 g, 
0.05 mole) was added, and the reaction mixture was stirred at  
room temp for 3 days. The ppt was removed by filtration and 
washed with DMF, and the filtrate was evapd. An EtOAc 
soln of the residue was washed with aq Na2CO3 and HzO, dried, 
and evapd to a solid (13.4 g). Application of this material in 
CHCL to a chromatographic column (SGH, 200 g) and develop- 
ment with solvent I afforded 4 :  4.0 g, 24% yield; mp 130'; tlc 
homogeneous (SGH, solvent J); uv max (EtOH) 270 (e 19,400); 

EtiO. 

(22) W. T.  Caldmell, F. T.  Tyson, and L. Lauer, J. Amer. Chem. SOC., 
66, 1484 (1944). 

pmr (DMSO-&) 6 1.17 (t, 3 H, CH3), 1.20 (t, 3 H, CH,), 2.08 
(m, 4 HI CHzCH?), 4.05 (quartet, 2 H, OCHZ), 4.13 (quartet, 
2 H, OCHz), 4.45 (m, 1 H, NCH), 6.48 (s, 2 H, NHz), 6.48 (d, 
1 HI C5-H), 7.87 (d of doublets, 1 HI Ca-H), 8.33 (d, 1 H, CONH), 
8.54 (d, 1 H, Cz-H). Anal. (C1&H21N305) C, H, N. 

B.--6-Aminonicotinic acid22 (5 .5 g, 0.04 mole) was suspended 
in 700 ml of anhyd pyridine and allowed to react with 8.3 g (0.04 
mole) of DCI and 9.6 g (0.04 mole) of diethyl glutamate.HC1. 
After 5 days, the ppt was removed by filtration and the filtrate 
was evapd. The residue was triturated with CHCL, and the soln 
was applied to a chromatographic column (SGH, 200 g) and de- 
veloped as before. Combination of the tlc-homogeneous (SGH, 
solvent J)  fractions afforded 4: 3.6 g, 28% yield, mp 130". 

6- { [ (2-Aeetamido-3,4-dihydro-4-0~0-6-pteridiny~)methy~] - 
acety1amino)nicotinic Acid (N2,N1a-Diacetyl-3'-azapteroic Acid, 
3c). A.-A suspension of 6-aminonicotinic acidzz (1.8 g, 0.013 
mole), p-toluenethiol (6.2 g, 0.05 mole), and 5 ml of pyridine in 150 
ml of anhyd methoxyethanol was heated to vigorous reflux in a 
flask fitted with a NZ inlet and a reflux condenser atop a conden- 
sate trap filled with molecular sieves. The flask was flushed with 
Nz, and 2 (2.33 g, 0.01 mole) was added. The reaction was al- 
lowed to proceed at reflux under NP for 5 hr. The cooled reaction 
mixture was filtered, and the filter cake was washed with MezCO. 
The filtrate yielded more ppt, and the combined, air-dried solids 
were repptd from warm, dil NaOH by acidification (to pH 4.6) 
with HC1 after charcoal decolorization. The brown solid was 
washed with HzO and MezCO and dried in vacuo (2.3 g, 7470 
crude). 

The product was heated in refluxing AczO for 5 hr under Nz. 
After partial cooling the insol were removed by filtration and 
washed with AcpO. Partial evapn yielded further insol which 
were similarly removed. Addition of Et20 to the residue obtd on 
complete evapn yielded a yellow solid. This material was sus- 
pended in 40 ml of HzO, and concd aq NHI was added until soln 
was complete (pH 9.5). The pH was lowered to 2.6 with 1 N 
HCl, and a ppt was removed and discarded. The filtrate was 
refrigerated and yielded a yellow cryst solid that was washed with 
HzO and MezCO and dried in vacuo: 307 mg, 8% overall yield; 
tlc showed a trace impurity (SGH, solvent G); uv max (0.1< N 
NaOH) 256 (E 29,500), 351 (7350). Anal. (C17HlIN70S) C, 
H, N .  A comparable reaction later afforded a 14% overall 
yield. 

B.-The reaction conditions described above were utilized in a 
condensation of 2 (3.88 g, 16.7 mmoles) with lb (3.32 g, 20 mmoles) 
in 200 ml of methoxyethanol containing 10.5 g (85 mmoles) of 
p-toluenethiol. The cooled reaction mixt was filtered, and the 
solid on the filter was washed with Me2CO. Evapn of the filtrate 
and treatment of the residue with Et20 afforded more solid. 
The combined solids were dissolved in 0.1 iV NaOH and decolor- 
ized with charcoal, and the soln was allowed to stir under NZ 
for 16 hr. Acidification to pH 4.1 yielded solid that was fil- 
tered and washed with H20. After drying in vacuo, the solid 
was acetylated, and the product was isolated as in the preceding 
procedure. 1.15 g, 17% yield; tlc 
was equiv to that of the analytical sample; uv max (0.1 N HC1) 
280 ( e  22,100), 333 (8260); uv max (pH 7)  257 (19,700), 274 
(18,600), 338 (7850); uv max (0.1 N NaOH) 255 (29,300), 350 
(7250); pmr (DPIISO-ds) 6 2.25 (s, 3 HI COCH,), 2.32 (s, 3 HI 

blets, 1 H, C6'-H), 8.95 (d, 1 H, (2,'-H), 8.97 (s, 1 H, C,-H), 12.00 
(m, 3 H, CONH, COzH). 

Diethyl N - ( 6 - (  [(2-Acetamid0-3,4-dihydro-4-0~0-6-pteridinyl)- 
methyl] acetylamino ]nicotinoyl)glutamate (8b). A. Coupling of 
3c with Diethyl Glutamate.-Compd 3c (978 mg, 2.46 mmoles) 
was dissolved in 100 ml of warm, anhyd DMF, and the 
s o h  was protected from moisture and cooled in an ice bath. 
Anhyd Et3N (249 mg, 2.46 mmoles) was added along with iso- 
butyl chloroformate (336 mg, 2.46 mmoles), and the soln was 
stirred at  0' for 1 hr. Et,N (249 mg, 2.46 mmoles) was added 
with diethyl glutamate.HC1 (580 mg, 2.46 mmoles), and the 
reaction was allowed to proceed at room temp for 20 hr. The 
solvent was evapd using a warm HzO bath, and the residue was 
treated with 100 ml of EtOAc and filtered. The filter cake was 
washed with EtOAc, and the combined filtrates were washed 
twice with 20 ml of 0.5 N HCl, once with 20 ml of satd aq Na- 
HCO,, and twice with 20 ml of HzO. The NaHC03 and following 
HzO washes were combined and extd with EtOAc before acidify- 
ing to pH 4. All EtOAc soln were combined and dried before 
complete evapn. The residue was treated with EtzO, and the 
solid obtd weighed 395 mg (28%). 

A yellow cryst solid resulted: 

COCH,) 5.42 (s, 2 €1, NCHz), 7.87 (d, 1 H, Cs'-H), 8.33 (d of dou- 
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The acidified aq soln was extd with EtOAc. These extracts 
were washed with H20 and dried before evapn. The residue was 
treated with EtzO, and the solid obtd weighed 210 mg (15%)). 
ilnalysis by tlc (SGH, solvent K)  indicated the two solids were of 
nearly identical compn and of excellent purity. Their repptn 
from EtsO-EtOXc did not yield material having satisfactory 
elemental analyses, aiid the remaining product was subjected to  
column chromat'ography (SGH, 20 g; developed with solvent 
K). The best fractions were combined: 339 mg, 247i1 yield; 
tlc (SGH, solvent K)  indicated slight impurity; uv niax (0.1 
SaOH) 256 ( e  33,900), 351 (7440). A n d .  (Cp6H30X:808) C, €1, 
N. 

Acetylation of the Product of Reductive Condensation of 2 
and 4.-Compd 4 (3.55 g, 11 mmoles), 2 (2.33 g, 10 mmoles), arid 
p-toluenethiol (8.7 g, 70 mmoles) in 300 ml of anhyd methoxy- 
ethanol were utilized in the reductive condensation procedure pre- 
viously described (B, synthesis of 10). Celite (10 g) was added 
t o  the product suspended in Et20, and the total filter cake was 
air-dried before acetylation as previously described (A, synthesis 
of 3c). The solid phase was removed by filtration and washed 
with AciO and SIesCO. The filtrates were combined atid evapd, 
and the residue was triturated with Et2O. The iiisol fraction 
was extd with warm EtOAc several times, and the combined exts 
were washed with H20 aiid dried. Evapn yielded 3.3 g of d i d  
(5752 crude yield). 

This solid was chromatographed on a column of SGH (150 g) 
by development with solvent K. Prodiict-coritainiiig fraction? 
were rechroniatographed (SGH, i . 7  g, solvent K).  The best 
fractions were combined and evapd, and the midue obtd 
m a  triturated with EtaO. The product was isolated by filtra- 
tion: 740 mg, 13% yield; tlc was ideiitical with that of the 
analytical sample; uv niax (0.1 A' XaOH) 256 i e  33,700), 331 
(7680); pmr (DSISO-ti+,) 6 2.22 (s, 3 H, COCHB), 2.24 is, 3 H, 

doublets, 1 H, C6'-H), 8.88 (d, 1 H, COXH of glutamic acid), 8.80 
(d, 1 H, Ca'-H), 8.95 (s, 1 H, C,-Hj, 1?.10 (m, 2 H, CONH). 
Other pnir spectral data obtd for this sample were equiv to those 
given for 4. Anal. (CZ61S30K808) H;  C: calcd, 53.60: found? 
.52.27: N :  calcd, 19.24; found, 18.76. 

N -  (6- { [ (Z-Amino-3,4-dihydr0-4-0~0-6-pteridinyl )methyl] - 
amino I nicotinoy1)glutamic Acid (3'-Azafolic Acid).-Compd 8b 
(759 mg, 1.3 mmoles) was dissolved in 390 ml of deaerated 0.1 S 

B. 

COCH,), 3.36 (5, 2 H, XCHZ), 7.87 (d, 1 H, Cj'-H), 8.3% (d of 

SaOH, and the s o h  was allowed to stir at  room temp under X2. 
At the end of 16 hr, the soln was acidified to pH 3.5, and the ppt, 
was isolated and washed with dil HC1 by centrifugation. The 
gelatinous mass was dried (P20:) i n  z"x io ,  and the solid obtd 
was dissolved jn HZ0 coiitg 2 equiv of XH;OH. This > o h  
was diluted t o  1 1. and was made 0.1 -31 in niercaptoethanol; 
the rebulting soln (pH < 7 )  was applied t o  a IIEAE-cellulose 
columii (?2 g, std capacity, phosphate form). The column w:ts 
eluted with n h e a r  XaC1 gradient (1000 nil of 0.7 .1I XaC1 iii 
the recervoir aiid 1000 ml of 0.0 III XaCl in the mixing bottle; 
both holn were 0.1 ItI in niercaptoethanol). Elution of the 
fractioiis was monitored by uv absorption, atid the desired frav- 
t i o u  \yere combined and acidified to pH 3.3 with HCl. 

The ppt was collected arid washed with dil HC1 by ceritrifugn- 
tion. The gelatinous mass was dried (P2Oj) in uucuo, and the 
product xas  pulverized before final drying (P2O;) for 24 hr at  room 

and 0.5 mm. The yellow solid mighed 384 my, 63 
yield from 2 ) ;  a comparable reaction had previoubly 
yield (137; from 2 ) :  tlc: 6 appeared homogeneoud 
n )  oii  YGH (solvent A), Cell-A (solvent A!, Cell-I3 ( 

C, I). El. 011 Cell-13 (-olvent A), 6 produced 3, patterii of 2 
overlappirig spots; repetition of 1 his same pattern from each of 
tlie original 2 spot3 on 2-dimensional tlc indicated the pattern 
~ 3 s  R chromatographic artifact,. 011 Cell-DEAE (solvent E'), 
6 appeared to coritain two blue-fluorescent inipurities. Side- 
by-side comparison of 6 with 10 in this tlc system indicated that 
the amount of 11 present in  6 was much less than 1'; ; the amount 
of the second impurity appeared comparable: uv mas (0.1 S 
HCl) 261 ( e  ?4,800), 316 115,500); IIV niax (pH 7 )  2 7 i  (32,000), 
347 i8020); iiv max !0.1 S SaOHi 2.73 (28,200;, 277;, (?9.0001, 
36,j (8900); pmr (CFICOzD) 6 2.62 (ni, 4 H, CHgCH?), 5.13 (in, 
1 H, SCH),  5.18 i., 2 H, NCHz), i .42  (d, 1 H, C5'-H), 8.58 (d of 
doublets, 1 H, Cs'-H), 8.84 (d, 1 Hj  Ci'-H), 9.05 i s ,  1 H, C:-II 1. 

Acknowledgments.-The :iuthors express their ap- 
preciation to Dr. W. C. Coburn, J r . ,  and associates for 
microanalytical arid spectral determinations sild to 
Mrs. l l a r tha  Thorpe for pmr data. Sonic of the 
analyses were performed by Galbraith Laboratories. 
Knoxville. Term. 

- 4 n ~ l .  (CigHiaSsOe. I.5H.O) c', ET, X.'9 

Choline Acetyltransferase Inhibitors. 
Styrylpyridine Analogs with Nitrogen-Atom Modifications 
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Among steric and electronic features of styrylpyridine analogs previously associated with their activity as in- 
hibitors of choline acetylase were molecular coplanarity and the r-electron-deficient cationic pyridinium moiety. 
Azomethines, capable of assuming, but presumably not preferring, molecular coplanarity, are represented by 
both active and inactive trans isomer types. The active inhibitor is less potent than the styrylpyridine analog. 
An aminomethylstilbene had no inhibitory activit,y; the cationic and steric features are believed favorable, but 
the absence of a r-electron-deficient moiety is not. 2-Pyridoneimines were intermediate in potency and ionization 
between corresponding pyridine and pyridinium analogs. These observations are consistent with previously re- 
ported structure-activity relat,ionships and proposed enzyme receptor interactions. 

In  previous  article^,^^^ a variety of steric and elec- 
tronic parameters of analogs of styrylpyridines were 
assessed in relation t o  influences on potency and speci- 

* To idiom correspondence should be addressed. 
( 1 )  (a)  Present address, Ayerst Laboratories, S e w  York, 5 .  Y. 10017. 

(2) C. J .  Cavallito, H. S. Yun, J. C.  Smith,  and F. F .  Foldes, J .  .Wed. 
( l i )  Predoctoral Research Fellow. (c) Postdoctoral Research Felloiv.. 

Chem.,  12, 134 (1969). 
(3) C .  J. Cavallito, H. S. T u n ,  T. I iaplan,  J. C. Smith,  and  F. F. Foldes, 

?bid., IS, 221 (1970). 

ficity as inhibitors of choline acetylase (ChA) (choline 
acetyltransferase). X simple, potent prototype is the 
truns-N-methgl-i-( 1-naphthylviny1)pyridinium salt, I. 
There are now described analogs that include azometh- 
ines, in which the cy and /3 carbon atoms are selectively 
replaced by S, 2-pyridoneimine (1,2-dihydro-2-imirio- 
pyridine) species, and 2mns-4-aminomethylstilbenr. 
For tlie reasons next outlined, these have been designed 


