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K. K Salt Hydrate 25.7 A total of 8.65 mL of 2.5 N (0.0186 
mol) of KOH was added slowly to a mixture of 5 g (0.0186 mol) 
of 1 and 5 mg of disodium edetate in 40 mL of THF. After the 
mixture warmed to 45 °C to give a complete solution, 200 mL 
of THF was added to give the solid. The mixture was first cooled 
with a dry ice-EtOH bath to promote crystallization and then 
allowed to stand at 25 °C for 16 h. The solid was collected, washed 
with THF, and dried in vacuo over CaCl2 to give 5.6 g (93%) of 
25. 

L. Ammonium Salt 26.7 To a mixture of 0.8 g (0.003 mol) 
of 1 and 8 mL of CH3OH was added dropwise 1.1 mL (0.0033 mol) 
of 3 N NH4OH under N2. The N2 atmosphere was maintained 
and solvent was removed by warming at 40-45 °C. The residual 
solid was stirred with 2-PrOH for 16 h, collected on a filter, washed 
with acetone, and dried in a vacuum desiccator over KOH to give 
0.75 g (88%) of 26. 

M. Ammonium Salt Sesquihydrate 27.7 A total of 7.2 mL 
(0.0216 mol) of 3 N NH4OH was slowly added to a mixture of 5 
g (0.0186 mol) of 1,5 mg of disodium edetate, and 40 mL of THF. 
The resulting solution was diluted with 300 mL of THF. The 
reaction mixture was first cooled with a dry ice-EtOH bath to 
promote crystallization and then stirred for 16 h. The solid was 
collected, washed with THF, and air-dried to give 4.6 g (79%) 
of 27. 

N. (2-Hydroxyethyl)ammonium Salt 28.7 A solution of 1.13 
mL (1.15 g, 0.0188 mol) of ethanolamine and 10 mL of THF was 
added to a mixture of 5 g (0.0186 mol) of 1, 5 mg of disodium 
ededate, and 46 mL of 87% aqueous THF. The reaction mixture 
was first warmed to 40-45 °C to give a solution and then 200 mL 
of THF was added to precipitate the product. The product was 
isolated as described in preparative method M. However, the 
compound was dried in vacuo over CaCl2 to afford 5.7 g (93%) 
of 28. 

Preparation of Pooled Human Sputum Substrate. Frozen 
sputa from patients with chronic bronchitis or asthma were thawed 
at room temperature and kept chilled on ice. The sputa were 
mixed by homogenization in a Potter-Elvehjem homogenizer (three 
strokes) and combined in a large Erlenmeyer flask. Pooled sputa 
were again homogenized, subdivided into tubes (ca. 18 mL), and 
stored at -20 °C. 

Mucolytic Testing.12 Frozen pooled sputum was thawed, 
mixed in a Potter-Elvehjem homogenizer (10 strokes), and kept 
on ice. Sputum was adjusted to the desired pH, and data were 
obtained with use of a Wells-Brookfield microviscometer set to 
a clearance of 5 x lO"4 in. and fitted with a pneumatic transducer. 
A 2-mL aliquot of the sputum is placed in the center of a vis-

Despite the established position of methotrexate as a 
clinical agent for the t reatment of lymphocytic leukemia 
and choriocarcinoma, its extreme toxicity, coupled with 
its ineffectiveness against most other types of human 
cancers,2,3 have provided continuing incentives for the 
development of less toxic drugs with more selective 
t ransport properties tha t might be effective against a 
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cometer plate and allowed to equilibrate to 37 °C for 2 min. The 
cone is then rotated at gradually increasing speed up to 100 rpm 
during 2 min. The rotation is reduced to give a convenient reading 
for 1 min. The test compounds were added as dry powders or 
as a 0.2-mL aliquot of solution and readings were recorded for 
15 min. 

Calculation of Percent Mucolysis. The effects of the various 
sulfhydryl compounds on sputum viscosity were calculated from 
the following equation: 

/ V j - V 2 \ 
% mucolysis = I — - — I X 100 

where Vx represents the initial sputum viscosity reading and V2 

represents the sputum viscosity reading at specified times after 
compound addition to the sputum. 

Stability Studies in D 2 0 Solution. A total of 50 mg of the 
compounds (2, 27, NAC-NH3) was placed in the NMR tube and 
1 mL of D20 was added. The extent of disulfide formation, 
determined by a Varian T-60 NMR spectrometer, is given in Table 
VIII from 0 to 20 days. L-AT^V-Diacetylcystine ammonium (1:2) 
salt sesquihydrate 318" was employed as reference material. The 
values on the indicated days were determined by the difference 
in the areas of the methylene loss in the CH2SH region, NAC & 
2.84 (Me2SO-d6) and 26 S 3.25 (D20), and the methylene gain in 
the (SCH^s region, 31 S 3.11 (Me2SO-d6) and 16 S 3.81 (MeaSO-dg). 
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broader range of human cancers. Various deaza analogues 
of folic acid, methotrexate, and aminopterin (the 10-
desmethyl derivative of methotrexate) have shown par­
ticular promise; 10-deazaaminopterin, for example, is a 
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Total syntheses from pyridine precursors of 5,10-dideazaaminopterin (1) and 5,10-dideaza-5,6,7,8-tetrahydroaminopterin 
(2) are described. These compounds exhibit significant in vivo activity against L1210 leukemia that is comparable 
to that observed with methotrexate. 
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Scheme I 
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more effective antitumor agent against L1210 leukemia 
and sarcoma 180 tumors than either methotrexate or am-
inopterin, apparently because of its more favorable 
transport properties.4 8,10-Dideazaaminopterin appears 
to be comparable to methotrexate as an inhibitor of L1210 
leukemia in mice,5 and the N-10 propargyl derivative of 
5,8-dideazafolic acid is a potent inhibitor of thymidylate 
synthetase, which is now in clinical trial.6 We report in 
this paper the synthesis and preliminary biological eval­
uation of the active antileukemic agents 5,10-dideaza-
aminopterin (1) and its tetrahydro derivative (2) and the 
corresponding folic acid analogues 3 and 4. 

CH2CH2 V \—CONHCHCHgCHjjCOOH 

ir ^ N ' COOH 
1, R=NH2 
3. R-OH 

CH2CH2 (( \ CONHCHCH2CH2COOH 

COOH 

2. R-NH2 
4 , R=0H 

Chemistry. Our initial approach to 1-4 centered upon 
the preparation t of 2-amino-3-cyano-5-[2-[4-(ethoxy-
carbonyl)phenyl]ethyl]pyridine (14a) and its corresponding 
tert-butyl ester (14b), since ample precedent exists for the 
cyclization of analogous o-amino nitriles to fused 2,4-di-
aminopyrimidine systems.7 We have developed two in-

(4) (a) Sirotnak, F. M.; DeGraw, J. I.; Chello, P. L. Curr. Che­
mother. 1978,1128. (b) Sirotnak, F. M.; DeGraw, J. I.; Chello, 
P. L.; Moccio, D. M.; Dorick, D. M. Cancer Treat. Rep. 1982, 
66, 351. 

(5) DeGraw, J. I.; Kelly, L. Fr, Kisliuk, R. L.; Gaumont, Y.; Si­
rotnak, F. M. J. Heterocycl. Chem. 1982,19, 1587. 

(6) Jones, T. R.; Calvert, A. H.; Jackman, A. L.; Brown, S. J.; 
Jones, M; Harrap, K. R. Eur. J. Cancer 1981, 17, 11. 

dependent routes to these intermediates. The first com­
menced with 4-phenyl-l-butanol (5), which was converted 
into the bromide 6 and then to the acid 7 by known pro­
cedures. The remaining steps involved the intermediates 
shown in Scheme I and a pyrimidine ring construction 
procedure analogous to that developed by Ponticello et al.8 

for the synthesis of 2-amino-3-cyano-5-methylpyridine. 
The conversion of the primary iodo compound 9 to the 
aldehyde 10 was most conveniently carried out with use 
of trimethylamine oxide. Condensation of 10 with malo-
nonitrile gave the butylidene derivative 11, which was 
formylated with trimethyl orthoformate to give a mixture 
of the enol ether 12 and the corresponding diethyl acetal 
13. Direct treatment of this mixture with ethanolic am­
monia yielded the amino nitrile 14a. 

An alternative approach to the projected intermediates 
14a,b utilized methodology previously developed for the 
synthesis of 5-deazaaminopterin.10 Thus (see Scheme II), 
condensation of a-cyanothioacetamide with 2-methyl-3-
ethoxyacrolein gave 3-cyano-5-methyl-2(lH)-pyridine-
thione. This was arylated with 4-nitrofluorobenzene, and 
the resulting 2-[4-(nitrophenyl)thio]-3-cyano-5-methyl-
pyridine (15) brominated under free-radical conditions to 
give a mixture of mono-, di-, and tribromo derivatives. In 
our previously described synthesis of 5-deazaminopterin,9 

the desired monobromo constituent 16 of this bromination 
mixture was efficiently retrieved by addition of pyridine, 
which resulted in direct crystallization from the reaction 
mixture of its corresponding pyridinium salt. We have now 
found that, in analogous fashion, addition of triphenyl-
phosphine to the above bromination mixture led to direct 
crystallization of the triphenylphosphonium salt 17. Re­
action of 17 with 4-carbethoxybenzaldehyde at room tem­
perature for 4 days in the presence of triethylamine then 
gave the trans-styryl derivative 18a in 88% yield. This 
compound was readily converted into the o-aminonitrile 
19a in 64% yield by reaction with liquid ammonia and 
cupric bromide at room temperature for 14 days. Attempts 
to shorten the reaction period by increasing the temper­
ature resulted in concomitant amide formation. The styryl 
derivative 19a was smoothly reduced with hydrogen and 
Pd-C in ethyl acetate at room temperature to give 14a, 
identical in every respect with the compound prepared by 
the method outlined in Scheme I. 

To our surprise, however, all attempts to cyclize this 
o-amino nitrile to a fused 2,4-diaminopyrimidine failed. 
The use of either guanidine free base in hot ethanol or 
guanidine acetate in DMF led to aroylation of the guan­
idine rather than cyclization. Similar results were obtained 
with iV,iV-dimethylguanidine, which is an effective re­
placement for guanidine in this type of ring annelation 
reaction.9 We therefore repeated the reaction sequence 
described in Scheme II utilizing 4-(£er£-butoxycarbonyl)-
benzaldehyde and attempted guanidine and dimethyl-
guanidine cyclizations on the resulting tert-butyl ester 14b. 
Negative results were again obtained, however; only ester 
involvement was observed under mild conditions, and 
complex, inseparable mixtures were obtained under forcing 
conditions. It seems that the failure of these guanidine 

(7) Taylor, E. C; McKillop, A. "The Chemistry of Cyclic En-
aminonitriles and o-Aminonitriles"; Interscience: New York, 
1970. 

(8) Baldwin, J. J.; Raab, A. W.; Ponticello, G. S. J. Org. Chem. 
1978, 43, 2529. 

(9) Taylor, E. C; Palmer, D. C; George, T. J.; Fletcher, S. R.; 
Tseng, C.-P.; Harrington, P. J.; Beardsley, G. P. J. Org. Chem. 
1983, 48, 4852. 

(10) Yan, S. J.; Weinstock, T.; Cheng, C. C. J. Heterocycl. Chem. 
1979, 16, 541. 
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Scheme I I 
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Table L Effects of Deazapteridines on DHFR and TS 

compd DHFRinhibn: IC50, M TS inhibn: IC50, M 

1 
2 
3 
4 
MTX 

4.3 X 10"8 

7.1 X 10"8 

4.9 x ltr5 

5.6 X 10"4 

1.7 x lcr9 

9.2 X 10"6 

9.2 X 10-4 

7.7 x i(r5 

>1 X 10"3 

1.9 x 10-4 

cyclization reactions with 14a and 14b is probably due not 
only to the electrophilicity of the benzoate carbonyl group 
but also to a decrease in the electrophilicity of the nitrile 
substituent (compared with the analogous pyrazine) as a 
consequence of removal of one of the electronegative ring 
nitrogen atoms. 

Both of the above factors could, in principle, be neu­
tralized by employing the styryl amino nitriles 19a and 19b 
as substrates for the pyrimidine ring annelation reaction, 
since retention of unsaturation between the pyridine and 
benzene rings would serve both to decrease the electro­
philicity of the benzoate carbonyl group (which would now 
be a vinylogous urethane) and to increase the electro­
philicity of the 3-cyano grouping. In the event, treatment 
of 19b with guanidine free base in refluxing tert-butyl 
alcohol indeed resulted in smooth cyclization to 20, which 
was then carried on to our target compounds 1-4 as out­
lined below. 

Treatment of the tert-butyl ester 20 either with 88% 
formic acid at room temperature for 72 h or with dry HCl 
in nitromethane at 0 °C for 1 h gave the free carboxylic 
acid 21. Coupling with diethyl L-glutamate and with di-
tert-butyl L-glutamate was best carried out with diphenyl 
chlorophosphonate as the coupling reagent in anhydrous 
jV-methylpyrrolidone as solvent. The products 22 and 23 
were purified by chromatography; although neither com­
pound could be crystallized, NMR and mass spectral data 
indicated that both compounds had been obtained pure. 
Since reproducible microanalytical data could not be ob­
tained for either compound, however, the structure of 22 
was confirmed by an independent synthesis from 2,4-di-
amino-6-formyl-5-deazapteridine (24)9 and the Wittig 
reagent derived from the phosphonium salt 25, formed 
from diethyl N-[4-(bromomethyl)benzoyl]glutamate.10 The 

COOR 

SJguanidine 

14a. R--C,H5 

b, R-ClCHjlj 

CH=CH f\ 
20, R-C00C(CH,)3 
2 1 . R-COOH 
22. R-CONHCKOOCoHsJHCHzCHjCOOCzH. 
23, R=C0NHC(COOCrCH5)3)HCH2CH2COOC(CH3)3 

products obtained by both methods were identical in every 
respect. 

CONHCHCH2CH£OOCjH5 

NMP 
2 0 doyl 

NoH 
room temp 

22 

COOCgHs 

25 

Since 23 was readily soluble in methanol (in contrast to 
22), hydrogenation was attempted with use of hydrogen 
and 5% Pd-C, but no reduction was observed even after 
72 h. A similar failure to effect catalytic reduction under 
nonacidic conditions of the isomeric 8,10-deaza analogue 
of 23 has recently been reported.5 We therefore resorted 
to catalytic reduction of the diethyl ester 22 in trifluoro-
acetic acid as solvent utilizing an excess of Pd-C as catalyst 
(see Scheme III). The resulting mixture of 26 and the 
tetrahydro derivative 27 was easily separable by column 
chromatography. Mild hydrolysis of 26 with methanolic 
sodium hydroxide at room temperature for 72 h gave 
5,10-dideazaaminopterin (1) in 86% yield. Under similar 
conditions, the tetrahydro ester 27 was hydrolyzed to 
5,10-dideaza-5,6,7,8-tetrahydroaminopterin (2) in 42% 
yield. 5,10-Dideaza-9,10-didehydroaminopterin (28) was 
prepared by hydrolysis of the di-iert-butyl ester 23 with 
dry HCl in nitromethane. 

The corresponding folic acid analogues 3 and 4 were 
prepared as follows (see Scheme IV). Treatment of 21 
with aqueous base resulted in hydrolysis of the 4-amino 
grouping to give 29. Acetylation then gave the 2-acetamido 
mixed anhydride 30, which could be selectively hydrolyzed 
to 31. Coupling with diethyl L-glutamate to give 32 was 
then achieved with phenyl N-phenylphosphoramido-
chloridate in iV-methylpyrrolidone as solvent. Catalytic 
reduction of 32 gave a mixture of 33 and 34, which were 
separated by chromatography and hydrolyzed with 
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Table II. Activity of Deazapteridines as Substrates for Mouse Liver FPGS in Vitro" 

compd 

PteGlu 
1 
2 
3 
4 
aminopterin0 

l-H4PteGlud 

Nb 

6 
2 
2 
2 
2 
4 
2 

apparent ifm 

M 
234 ± 43e 

200 ± 23 
47 ± 11' 

157 ± 5 
9.7 ± 2.1' 

17.6 ± 5.8 
7.1 ± 1.4 

rel 
1.0 
0.86 ± 0.11 
0.23 ± 0.01 
0.68 ± 0.14 
0.05 ± 0.02 
0.21 ± 0.04 
0.051 ± 0.01 

r e l V ^ 
1.0 
0.35 ± 0.02 
1.61 ± 0.05 
0.90 ± 0.10 
1.24 ± 0.10 
1.50 ± 0.15 
1.31 ± 0.07 

rel Vnn/Ku 

1.0 
0.40 ± 0.03 
7.10 ± 0.10 
1.33 ± 0.14 

27.1 ± 8.90 
12.4 ± 5.00 
30.0 ± 7.00 

" Each of the compounds listed was incubated with partially purified mouse liver FPGS (specific activity = 1.2 nmol h"1 (mg of protein) 
for 1 h at 37 °C. Full-saturation curves were obtained with duplicate assays at each of six concentrations usually chosen on the range of 
0.2-3 apparent Km and products were isolated by using our previously described conditions (ref 14). The values listed were derived from 
analysis of the data by the method of Cleland (ref 15). ''Lists the number of experiments used for each estimate. cData taken from ref 13. 
dData taken from ref 16. 'The relative Km, Vm.,, and V^/KB values for each compound are expressed as a proportion of the corresponding 
value for PteGlu with use of data drawn from saturation curves run in each experiment. The apparent Km value for PteGlu drawn from a 
much larger series (ref 13) was 140 ± 47 nM (N = 49). 'Significant substrate inhibition was observed with these compounds. The data 
presented are extrapolated from the linear portions of double-reciprocal plots. 

methanolic sodium hydroxide to give 5,10-dideazafolic acid 
(3) and 5,10-dideaza-5,6,7,8-tetrahydrofolic acid (4). 
Compound 35 was obtained by hydrolysis of 32 with 
methanolic sodium hydroxide. 

Biological Evaluation. Compounds 1-4 were evalu­
ated in vitro as inhibitors of beef liver dihydrofolate re­
ductase (DHFR)11 and Lactobacillus casei thymidylate 
synthetase (TS).12 In addition, these compounds were 
tested as substrates for mouse liver folate polyglutamate 
synthetase (FPGS).13 Results are shown in Tables I and 
II. 

Thus, 1 and 2 were found to be potent inhibitors of 
DHFR but only weak inhibitors of TS. Compounds 3 and 
4 were poor inhibitors of both enzymes. All of these 
5,10-dideaza compounds were substrates for FPGS. The 
tetrahydro derivatives 2 and 4 were better substrates than 
the unreduced parent compounds 1 and 3. The 2-amino-
4-oxo compounds 3 and 4 were better substrates than the 
corresponding 2,4-diamino compounds 1 and 2. In fact, 
the kinetic values for 4 closely approach those for the 
natural substrate for FPGS, H4-PteGlu. 

Compounds 1-4 were evaluated as inhibitors of the 
growth of L1210 murine leukemia cells in tissue culture.17 

Table III. Effects of Deazapteridines on the Growth of L1210 in 
Tissue Culture 

compd IC50, M 

1 1.7 x 10'8 

2 3.3 X 10"9 

3 >ICT* 

compd 
4 
aminopterin 
MTX 

IC50, M 

5.9 X 10"8 

2.1 X 10"* 
1.0 X 10'8 

Table IV. Effects of Deazapteridines on L1210 Leukemia in 
BDFi Mice 
compd optimal dose, mg/kg % ILS 
1 4 
2 1 
MTX 4 

130 
111 
85 

survivors 
4/21 
5/22 
0/10 

Results are shown in Table III. 
Thus, 1 and 2 show strong growth inhibitory activity 

against this tumor in tissue culture, as does 4. This latter 
observation is of particular interest, since 4 is a tetra-
hydropterin analogue rather than an aminopterin analogue. 

Compounds 1 and 2 were also tested against L1210 in 
BDFx mice.18,19 Each animal received 105 cells intraper-

(11) Kaufman, B. T. In "Methods in Enzymology"; Jacob, W., 
Wilcheck, M., Eds.; Academic Press: New York, 1974; pp 
272—281. 

(12) Wahba, A. J.; Freidkin, M. «/. Biol. Chem. 1961, 236, PC11. 
(13) Moran, R. G.; Colman, P. D.; Rosowsky, A.; Forsch, R. A.; 

Chan, K. Mol. Pharmacol. 1985, 27, 156. 

(14) Moran, R. G.; Colman, P. D. Anal. Biochem. 1984,140, 326. 
(15) Cleland, W. W. Adv. Enzymol. 1967, 29, 1. 
(16) Moran, R. G.; Colman, P. D. Biochemistry 1984, 23, 4580. 
(17) Foley, G. E.; Lazarus, H. Biochem. Pharmacol. 1967,16,658. 
(18) Goldin, A.; Carter, S.; Mantel, S. In "Antineoplastic and Im­

munosuppressive Agents"; Sartorelli, A. C, Johns, D. G., Eds.; 
Springer-Verlag: New York, 1974; pp 12-32. 
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Scheme IV 

CH3CONH-

29, R=NH2, R' = COOH 
30. R=CHjC0NH. R'=C0OC0CH3 

3 1 . R=CH3C0NH, R'-COOH 
32, R=CH3C0NH, R'-CONHCHCHgC^COOCjHj 

COOC^Hj 

0 

HN | f ^ — C H 2 C H 2 - \ V ~ ' 
> T ^N 

CONHCHCH2CH2COOC2H5 ciTdTT 

C0OC2H5 

33 

HN-^Y^N—CH2CH2—<v y— 

CH3C0NH-J^NAN/J 

H 

34 

CONHCHCH2CH2COOC2H5 £ f ^ 

COOCgHj 

HN'ir^^l—CH=CH—\ y—c 

SNT ^N 

35 

itoneally on day 0. Drugs were administered intraperito-
neally daily for 9 days beginning on day 1. Results are 
shown in Table IV. 

These results show tha t compounds 1 and 2 have sig­
nificant in vivo activity against L1210 leukemia tha t is 
comparable to tha t observed with methotrexate. 

E x p e r i m e n t a l Sec t ion 
4-(4-Iodobutyl)benzoic Acid (8). A mixture of 63.04 g (0.245 

mol) of 4-(4-bromobutyl)benzoic acid (7) and 127.10 g (0.736 mol) 
of finely ground potassium iodide in 1200 mL of acetone was 
stirred at room temperature for 24 h and suction filtered and the 
isolated salt washed with fresh acetone. The filtrate was evap­
orated under reduced pressure and the residual solid triturated 
with a mixture of 18 mL of diethyl ether and 1 L of water. The 
aqueous layer was extracted twice with ether, and the combined 
organic layers were dried over anhydrous MgS04. Evaporation 
of the filtrate under reduced pressure and recrystallization of the 
residual solid from benzene gave 52.58 g (71%) of 8 as colorless 
needles: mp 155-162 °C; NMR (Me2SO-d6) S 1.72-1.79 (m, 4 H), 
2.69 (t, 2 H), 3.29 (t, 2 H), 7.32 (s, 2 H, J = 8.1 Hz), 7.94 (d, 2 
H, J = 8.1 Hz); IR (KBr) 3300-2300, 2945, 2865,1688,1613,1430, 
1320, 1299 cm"1. Anal. Calcd for CnH13I02: C, 43.44; H, 4.31; 
I, 41.73. Pound: C, 43.57; H, 4.34; I, 41.61. 

Ethyl 4-(4-Iodobutyl)benzoate (9). Concentrated sulfuric 
acid (10 mL) was slowly added to 20.00 g of 4-(4-iodobutyl)benzoic 
acid in 45 g of anhydrous ethanol. The reaction mixture was 
heated under reflux for 4 h, cooled to room temperature, and 
poured into a mixture of 500 mL of water and 500 mL of CH2C12. 
The organic layer was separated, washed with 500 mL of 1 N 
aqueous potassium hydroxide followed by water, dried over an­
hydrous magnesium sulfate, and filtered. The filtrate was 
evaporated under reduced pressure and the residual oil filtered 
through a short plug of silica gel, using petroleum ether as eluent. 
Evaporation of the filtrate gave 19.09 g (87%) of analytically pure 
9 as a colorless oil: NMR (CDC13) S 1.38 (t, 3 H, J = 7.2 Hz), 
1.70-1.90 (m, 4 H), 2.68 (t, 2 H), 3.17 (t, 2 H), 4.36 (q, 2 H, J -
7.2 Hz), 7.23 (d, 2 H, J - 9 Hz), 7.97 (d, 2 H, J - 9 Hz); IR (neat) 

(19) USA-USSR Monograph, "Methods of Development of New 
Anti-Cancer Drugs", NCI Monograph 45, 1977, pp 5-177. 

COOH 

2975, 2935, 2860,1720-1710,1286-1272,1106 cm"1. Anal. Calcd 
for C13H17I02: C, 47.01; H, 5.16; I, 38.20. Found: C, 47.31; H, 
5.12; I, 38.52. 

4-[4-(Ethoxycarbonyl)phenyl]butanal (10). To a solution 
of 0.10 mol of anhydrous trimethylamine N-oxide (from 11.11 g 
of the dihydrate) in 25 mL of chloroform at 55-60 °C was slowly 
added 16.6 g (0.05 mol) of ethyl 4-(4-iodobutyl)benzoate over a 
period of 15 min. The reaction mixture was heated under reflux 
for 20 min, cooled to room temperature, and washed with 28 mL 
of 2 N aqueous sulfuric acid, 30 mL of 2 N aqueous sodium 
carbonate, and 30 mL of water. The solution was dried over 
anhydrous sodium sulfate and filtered, and the filtrate evaporated 
under reduced pressure. The residual oil was chromatographed 
on silica gel, with benzene as the eluent. Evaporation of the eluent 
gave 3.69 g (33%) of 10 as a yellow oil. 

[4-[4-(Ethoxycarbonyl)phenyl]butylidene]malononitrile 
(11). A mixture of 4.31 g (0.0196 mol) of 4-[4-(ethoxy-
carbonyl)phenyl]butanal, 1.215 g (0.0184 mol) of malononitrile, 
0.05 g of cf,Z-alanine, 1 mL of glacial acetic acid, and 14 mL of 
benzene was heated under reflux with azeotropic removal of water 
with use of a Dean-Stark trap. The reaction mixture was cooled 
to room temperature and washed twice with benzene, the com­
bined organic layers were dried over anhydrous sodium sulfate 
and filtered, and the solvent was removed under reduced pressure. 
The residual solid was then passed through a short column of silica 
gel with benzene as the eluent; evaporation of the eluate gave 3.68 
g (75%) of 11 as a light yellow oil; NMR (CDC13) 5 1.38 (t, 3 H, 
J = 7.2 Hz), 1.73-2.07 (m, 2 H), 2.47-2.83 (m, 4 H), 4.36 (q, 2 H, 
J = 7.2 Hz), 7.25 (d, 2 H, J = 8.1 Hz), 7.99 (d, 2 H, J = 8.1 Hz); 
IR (neat) 2242, 1718, 1612, 1280, 1110-1105 cm-1. 

2-Amino-3-cyano-5-[2-[4-(ethoxycarbonyl)phenyl]ethyl]-
pyridine (14a). Method A. A mixture of 3.68 g (0.0137 mol) 
of [4-[4-(ethoxycarbonyl)phenyl]butylidene]malononitrile, 0.05 
g of ZnCl2, 7.76 g (0.0524 mol) of triethyl orthoformate, and 10 
mL of acetic anhydride was heated for 18 h at 145 °C. The dark 
reaction mixture was cooled and evaporated to about half its 
volume, and 5 mL of acetic anhydride and 2 mL of triethyl 
orthoformate were added. The resulting mixture was then heated 
for 10 h at 150 °C and the dark suspension cooled, poured into 
25 mL of water, and extracted with three 25-mL portions of 
benzene. Although the mixture could be separated by silica gel 
chromatography into 12 (more polar) and 13 (less polar), it was 
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found most convenient to convert the mixture of 12 and 13 directly 
to 14a by stirring at room temperature for 6 h with ethanolic 
ammonia (from 6.8 g of ammonia in 50 mL of anhydrous ethanol). 
The reaction mixture was cooled to 0 °C and filtered, and the 
isolated solid was washed with anhydrous ethanol and recrys-
tallized from ethanol to give 1.39 g (34%) of 14a as light yellow 
crystals: mp 136-137.5 °C; NMR (CDC13) 8 1.39 (t, 3 H, J = 6.3 
Hz), 2.88 (m, 4 H), 4.38 (q, 2 H, J = 6.3 Hz), 5.31 (br, 2 H), 7.18 
(d, 2 H, J = 8.1 Hz), 7.44 (d, 1 H, J = 2.7 Hz), 7.92, 8.01 (dd, 2 
H); IR (KBr) 3420-3415, 3310, 3285, 2218,1704,1639,1280 1097 
cm-1. Anal. Calcd for C17H17N302: C, 69.14; H, 5.80; N, 14.23. 
Found: C, 69.15; H, 5.89; N, 14.23. 

[[3-Cyano-2-[(4-nitrophenyl)thio]-5-pyridinyl]methyl]-
triphenylphosphonium Bromide (17). A mixture of 60.00 g 
(0.221 mol) of 2-[(4-nitrophenyl)thio]-3-cyano-5-methylpyridine 
(15), 39.37 g (0.221 mol) of N-bromosuccinimide, 3.0 g of benzoyl 
peroxide, and 60 mL of benzene was refluxed for 16 h while being 
irradiated with a 275-W sunlamp. Solvent was then removed 
under reduced pressure. The residue was shaken with a mixture 
of 1 L of water and 1 L of CH2C12, andd the organic layer was 
separated, washed with 1 L of water, dried over anhydrous 
magnesium sulfate, filtered, and evaporated under reduced 
pressure. The residual solid was stirred at room temperature with 
a solution of 58.01 g (0.221 mol) of triphenylphosphine in 500 mL 
of benzene. Filtration of the reaction mixture gave 77.63 g of 17; 
stirring of the mother liquor at room temperature for 6 h afforded 
an additional 5.67 g of 17 (total yield 83.30 g, 62%). Recrys-
tallization from acetonitrile gave 17 as light yellow crystals, mp 
<200 °C, with resolidification, and then mp 253-256 °C dec. 

2-[(4-Nitrophenyl)thio]-3-cyano-5-[4-(ethoxycarbonyl)-
styryl]pyridine (18a). A mixture of 4.544 g (7.42 mmol) of 17, 
0.751 g (7.42 mmol) of triethylamine, and 50 mL of chloroform 
was stirred at room temperature for 15 min, and 1.322 g (7.42 
mmol) of 4-(ethoxycarbonyl)benzaldehyde was added. After the 
mixture was stirred for 4 days at room temperature, 100 mL of 
water was added, the mixture was filtered, and the organic layer 
was washed twice with 100-mL portions of water, dried, and 
filtered. Evaporation of the filtrate under reduced pressure gave 
a residue, which was chromatographed on silica gel; unreacted 
aldehyde was eluted with 2:1 petroleum ether/benzene, while the 
desired styryl derivative 18a was eluted with benzene. Evapo­
ration of the benzene eluate gave 2.82 g (88%) of 18a as a light 
yellow solid: melting point indefinite (turns from a solid to a gum 
below 100 °C andd then to a clear liquid between 180 and 220 
°C); NMR (Me2SO-d6) 8 1.34 (t, 3 H, J = 6.3 Hz), 4.32 (q, 2 H, 
J = 6.3 Hz), 6.73 (d, 1 H, J = 13 Hz), 6.99 (d, 1 H, J = 13 Hz), 
7.27 ( d , 2 H , J = 9 Hz), 7.74, 7.85, 7.94 (dd, 2 H, 2 H), 8.26, 8.31 
(dd, 2 H, 1 H), 8.38 (d, 1 H, J = 1.8 Hz); IR (KBr) 2220, 1707, 
1605,1597,1575,1512,1344,1295-1277,1174 cm"1. Anal. Calcd 
for C23H17N304S: C, 64.08; H, 3.97; N, 9.74; S, 7.43. Found: C, 
63.82; H, 4.01; N, 9.51; S, 7.38. 

2-Amino-3-cyano-5-[4-(ethoxycarbonyl)styryl]pyridine 
(19a). A suspension of 2.00 g (4.64 mmol) of 18a, 1.553 g (6.95 
mmol) of cupric bromide, and 50 mL of liquid ammonia was stirred 
in a pressure tube at room temperature for 13 days. Evaporation 
of the ammonia afforded a dark residue, which was chromato­
graphed on Florisil with CH2C12 as eluent. The eluate was 
evaporated under reduced pressure and chromatographed on silica 
gel; benzene eluted unreacted starting material while ethyl acetate 
eluted the product 19a, which was obtained by evaporation of 
the ethyl acetate eluate; yield 0.87 g (64%) of a light yellow solid, 
mp 135-141.5 °C; NMR (Me2SO-d6) 8 1.39 (t, 3 H, J = 6.3 Hz), 
4.38 (q, 2 H, J = 6.3 Hz), 6.67 (m, 2 H), 7.10 (br, 2 H), 7.45 (d, 
2 H, J = 9 Hz), 7.71 (d, 1 H, J = 3.6 Hz), 7.97 (d, 2 H, J = 9 Hz), 
8.11 (d, 1 H, J = 3.6 Hz); IR (KBr) 3155, 2218,1715,1650-1645, 
1593,1491,1277,1100 cm-1. Anal. Calcd for C17H16N302: C, 69.61; 
H, 5.16; N, 14.33. Found: C, 69.37; H, 5.25; N, 14.22. 

2-Amino-3-cyano-5-[2-[4-(ethoxycarbonyl)phenyl]ethyl]-
pyridine (14a). Method B. Hydrogenation of 19a (0.87 g, 3.0 
mmol) was carried out in 150 mL of ethyl acetate at room tem­
perature with 50-55 psi of hydrogen, using 2.61 g of 5% Pd-C. 
After 1 h, the catalyst was removed by filtration through Celite 
and the filtrate evaporated under reduced pressure to give 0.76 
g (86%) of 14a as a colorless solid, mp 138-139 °C, identical in 
every respect with the material prepared by method A as described 
above. 

2-[(4-Nitrophenyl)tb.io]-3-cyano-5-[4-(tert-butoxy-
carbonyl)styryl]pyridine (18b). This compound was prepared 
in 81% yield by the method described above for the preparation 
of 18a except that 4-(tert-butoxycarbonyl)benzaldehyde was 
employed rather than the corresponding ethoxycarbonyl com­
pound; melting point indefinite (indicative of a cis-trans mixture); 
NMR (CDC13) 8 1.62 (s, 9 H), 6.43 (d, 1 H, J = 13 Hz), 6.90 (d, 
1 H, J = 13 Hz), 7.24 (d, 2 H, J = 9 Hz), 7.69 (d, 2 H, J = 8.1 
Hz), 7.76 (d, 1 H, J = 2.7 Hz), 7.92 (d, 2 H, J = 8.1 Hz), 8.22 (d, 
2 H, J = 9 Hz), 8.34 (d, 1 H, J = 2.7 Hz); IR (KBr) 2220, 1707, 
1600, 1577, 1518, 1341, 1290, 1163 cm"1. Anal. Calcd for 
C26H21N304S: C, 65.35; H, 4.61; N, 9.14; S, 6.98. Found: C, 65.28; 
H, 4.68; N, 9.20; S, 6.93. 

2-Amino-3-cyano-5-[4-(tert-butoxycarbonyl))styryl]-
pyridine (19b). A suspension of 1.95 g (4.24 mmol) of 18b, 1.42 
g (6.37 mmol) of cupric bromide, and 50 mL of liquid ammonia 
was stirred at room temperature in a pressure tube for 14 days. 
Evaporation of the ammonia gave a dark residue, which was 
worked up as described above for the preparation of 19a: yield 
1.14 g (84%) of light yellow crystals, mp 190-195 °C; NMR 
(MezSO-de) 8 1.57 (s, 9 H), 6.57-6.60 (m, 2 H), 7.00 (br, 2 H), 7.35 
(d, 2 H, J = 8.1 Hz), 7.65 (d, 1 H, J = 2.7 Hz), 7.84 (d, 2 H, </ = 
8.1 Hz), 8.00 (d, 1 H, J = 2.7 Hz); IR (KBr) 3460,3360,2215,1707, 
1623,1480,1300,1287,1158 cm"1. Anal. Calcd for C19H19N302: 
C, 71.00; H, 5.96; N, 13.07. Found: C, 70.83; H, 6.03; N, 12.83. 

2-Amino-3-cyano-5-[2-[4-(tert-butoxycarbonyl)phenyl]-
ethyl]pyridine (14b). Hydrogenation of 19b was carried out at 
described above for the hydrogenation of 19a; 14b was obtained 
in 92% yield as pale yellow needles: mp 155-158 °C (from 
hexane); NMR (MeaSO-dg) 8 1.58 (s, 9 H), 2.86 (m, 4 H), 6.65 (br, 
2 H), 7.73, 7.79, 7.88 (dd, 2 H, 1 H), 8.03 (d, 1 H); IR (KBr) 3415, 
3310, 3200, 2210,1710,1640-1635,1490,1288,1165-1160 cm"1. 
Anal. Calcd for C19H21N302: C, 70.57; H, 6.55; N, 12.99. Found: 
C, 70.24; H, 6.85; N, 13.16. 

2,4-Diamino-6-[4-(tert-butoxycarbonyl)styryl]-5-deaza-
pteridine (20). To a solution of 4.54 mmol of guanidine free base 
(from 0.433 g (4.54 mmol) of guanidine hydrochloride and 0.114 
g (4.94 mmol) of sodium in 25 mL of dry tert-butyl alcohol) was 
added 1.325 g (4.12 mmol) of 19b, and the deep red suspension 
was heated under reflux under dry nitrogen for 8 h. The reaction 
mixture was cooled to room temperature and filtered, and the 
precipitate was washed with water, acetone, and ether and then 
dried under reduced pressure; yield 0.911 g (61%) of 20 as a light 
yellow solid, mp >350 °C; NMR (Me2SO-d6) 8 1.55 (s, 9 H), 6.42 
(br, 2 H), 6.73 (m, 2 H), 7.30-8.00 (br, 2 H), 7.35 (d, 2 H, J = 9 
Hz), 7.81 (d, 2 H, J = 9 Hz), 8.34 (m, 2 H); IR (KBr) 3320-3300, 
3200-3140, 2970,1718,1626,1610-1600,1550,1450-1445,1288, 
1167,812 cm-1. Anal. Calcd for C20H21N6O2: C, 66.10; H, 5.82; 
N, 19.27. Found: C, 65.88; H, 5.86; N, 18.98. 

2,4-Diamino-6-(4-carboxystyryl)-5-deazapteridine (21). 
Method A. A solution of 1.27 g of the tert-butyl ester 20 and 
10 mL of 88% formic acid was stirred at room temperature. A 
yellow solid started to precipitate after about 12 h; after 4 days 
of stirring, the reaction mixture was filtered and the collected solid 
washed well with water, methanol, and acetone and dried under 
reduced pressure to give 0.85 g (79%) of 21, mp >300 °C. 

Method B. The tert-butyl ester 20 (0.4 g) was added to a 
saturated solution of HC1 in 20 mL of nitromethane at 0 °C. The 
reaction mixture quickly became viscous and turned a deep yellow 
in color. After a few minutes of stirring a granular precipitate 
formed; after 1 h of stirring, 50 mL of ether was added and the 
precipitate was collected by filtration. The collected solid was 
dissolved in 50 mL of 10% sodium carbonate solution; acidification 
with acetic acid then resulted in the separation of a yellow solid, 
which was collected by filtration and dried under reduced pressure; 
yield 0.31 g (92%) of 21; NMR (Me2SO-d6) 8 6.75 (s, 2 H), 7.35, 
7.85 (AB q, 4 H, J = 9 Hz), 8.38 (s, 2 H); IR (Nujol) 3400-2300, 
3380, 3150, 1700, 1650, 1630, 1590 cm"1. 

Diethyl iV-[4-[2-(2,4-Diamino-5-deaza-6-pteridyl)-
ethenyl]benzoyl]-L-glutamate (22). Method A. Diphenyl 
chlorophosphonate (1.4 g, 0.0048 mol) was added dropwise to a 
solution of 1.0 g (0.0033 mol) of 21 in 120 mL of AT-methyl-
pyrrolidone containing 1 g of iV-methylmorpholine cooled to 5 
°C. The reaction mixture was stirred for 1 h, an additional 0.5 
mL of JV-methylmorpholine was added, followed by 1.1 g (0.0048 
mol) of diethyl L-glutamate hydrochloride, and the reaction 
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mixture was stirred overnight at room temperature. The solvent 
was removed under reduced pressure, the residual solid was 
washed with 50 mL of dry ether and triturated with 100 mL of 
1 N aqueous sodium hydroxide, and the resulting suspension was 
centrifuged. The collected solid was dissolved in 200 mL of 3:1 
chloroform/methanol and filtered through Florisil. The filtrate 
was evaporated to a small volume, 10 g of Florisil added, and the 
resulting impregnated Florisil added to the top of a Florisil column, 
which was then eluted sequentially with ethyl acetate followed 
by ethyl acetate/methanol (9:1, 3:1, and 1:1). The product was 
collected in the latter two fractions; evaporation of the eluates 
gave a glassy material, which was triturated with ether and then 
collected by filtration; yield 0.41 g (26%), mp 183-185 °C; NMR 
(MesSO-d6/TFA) S 1.25-1.45 (overlapping t, 6 H, J = 7 Hz)8 
2.25-2.50 (m, 2 H), 2.5-2.8 (m, 2 H), 4.05-4.45 (overlapping q, 
4 H, J = 7 Hz), 4.8-5.0 (m, 1 H), 6.8, 7.2 (AB q, 2 H, J = 16 Hz), 
7.4,7.85 (AB q, 4 H, J = 9 Hz), 8.6 (s, 1 H), 9.05 (s, 1H); IR (Nujol) 
3500-3000,1730,1635,1605 cm"1; MS, calcd for C ^ H ^ N A 492, 
found m/e 492, 290, 94, 84. 

Method B. The triphenylphosphonium salt prepared from 
triphenylphosphine and diethyl JV- [4- (bromomethyl)benzoyl] -
glutamate11 (7.86 g, 0.012 mol) was added portionwise to a slurry 
of 0.4 g (0.01 mol) of sodium hydride (60% suspension in oil) in 
70 mL of dry iV-methylpyrrolidone over a period of 10 min, and 
the resulting red reaction mixture was stirred at room temperature 
under nitrogen for 1 h. To this in situ Wittig reagent was added 
2.27 g (0.012 mol) of 2,4-diamino-6-formyl-5-deazapteridine (24),9 

and the resulting slurry was stirred at room temperature under 
nitrogen for 3 weeks. The solvent was then evaporated under 
reduced pressure, the residual solid triturated with benzene to 
remove triphenylphosphine oxide, and the residual solid collected 
by centrifugation. This material was resuspended in water and 
filtered, and the collected solid was dissolved in 200 mL of 
chloroform/methanol (1:2). Florisil (10 g) was added, the mixture 
was evaporated to dryness, and the impregnated Florisil residue 
was applied to the top of a Florisil column, which was then eluted 
with ethyl acetate/methanol (9:1 -* 1:1). Combination of the 
fractions gave a mixture of two products, which were rechroma-
tographed on silica gel with chloroform/methanol as eluents. The 
initial fraction proved to be the phosphorane derived from 25; 
compound 22 was obtained by elution with chloroform/methanol 
(1:9); yield 1.7 g (34.5%). This material was identical in all respects 
with that prepared as described above by method A. 

Di-tert-butyl iV-[4-[2-(2,4-Diamino-5-deaza-6-pteridyl)-
ethenyl]benzoyl]-L-glutamate (23). This compound was pre­
pared from 1.5 g (0.0049 mol) of 21 and 2.2 g (0.0074 mol) of 
di-fert-butyl L-glutamate hydrochloride as described above for 
the preparation of 22; yield 1.3 g (48%), mp >300 °C. The product 
was purified by chromatography on silica gel with chloroform/ 
methanol (95:5-4:1): NMR (CDC13/CD30D) 5 1.47,1.52 (2 s, 18 
H), 2.0-2.6 (m, 4 H), 4.5-7.0 (m, 1 H), 6.8 (br s, 2 H), 7.35, 7.78 
(AB q, 4 H, J = 9 Hz), 8.38 (s, 1 H), 8.5 (s, 1 H); IR (Nujol) 3350, 
3180,1725,1640,1605 cm-1; MS, calcd for C ^ H ^ A 548, found 
m/e 548, 446, 290. 

Diethyl JV-[4-[2-(2,4-Diammo-5-deaza-6-pteridyl)ethyl]-
benzoyl]-L-glutamate (26). A solution of 0.9 g of 22 in 40 mL 
of trifluoroacetic acid was hydrogenated under 55 psi of hydrogen 
for 24 h with 2.5 g of Pd/C as catalyst. The catalyst was removed 
by filtration through Celite, the TFA filtrate evaporated, and the 
residual solid triturated with 30 mL of 2 N sodium carbonate 
solution, followed by washing with water. The resulting solid was 
purified by column chromatography on silica gel; elution with 
chloroform/methanol (95:5) afforded a small amount (0.1 g) of 
the tetrahydro derivative 27; subsequent elution with chloro­
form/methanol (1:4) gave 0.52 g (58%) of 26: mp >200 °C; NMR 
(Me2SO-dg) & 1.1-1.3 (21, 6 H, J = 7 Hz), 1.8-2.6 (m, 4 H), 3.05 
(s, 4 H), 3.1-3.8 (br, 5 H), 3.9-4.2 (2 q, 4 H, J = 7 Hz), 4.3-4.5 
(m, 1 H), 7.35, 7.85 (AB q, 4 H, J = 9 Hz), 8.6 (br s, 2 H): IR 
(Nujol) 3320, 3150, 1650 cm"1. 

5,10-Dideazaaminopterin (1). A solution of 0.38 g of 26 in 
50 mL of methanol containing 4.6 mL of 0.5 N hydroxide solution 
was stirred at room temperature for 72 h. Acetic acid (5 mL) was 
added, and the resulting white precipitate was collected by fil­
tration, washed well with water, methanol, and ether and dried 
under reduced pressure; yield 0.15 g (44%), mp >250 °C; NMR 
(TFA-d,) S 2.2-2.7 (m, 2 H), 2.28 (s, 4 H), 2.7-2.95 (m, 2 H), 5.0-5.2 

(m, 1 H), 7.35 and 7.85 (AB q, 4 H, J = 9 Hz), 8.7 (s, 1 H), 9.1 
(s, 1 H). 

Diethyl JV-[4-[2-(2,4-Diamino-5-deaza-5,6,7,8-tetrahydro-
6-pteridyl)ethyl]benzoyl]-L-glutamate (27). The yield of 27 
was considerably improved by more extensive hydrogenation of 
the styryl derivative 22. Thus, hydrogenation for 72 h, followed 
by workup as described above for the preparation of 26, provided 
a crude product, which was chromatographed on silica gel with 
chloroform/methanol (95:5) to give 0.42 g (31%) of 27 as a colorless 
microcrystalline solid: mp >250 °C; NMR (Me2SO-d6) 5 1.6,1.8 
(2 t, 6 H, J = 6 Hz), 1.4-3.8 (m, 13 H), 4.1 (2 q, 4 H, J = 6 Hz), 
4.3-4.6 (m, 1 H), 6.8 (s, 2 H), 7.35, 7.85 (AB q, 4 H, J = 9 Hz), 
8.7 (d, 1 H, J = 9 Hz); IR (Nujol) 3350, 3150, 1730, 1630 cm"1; 
MS, calcd for C ^ H ^ N A 498, found m/e 498,425,178,165 (base), 
150. 

5,10-Dideaza-5,6,7,8-tetrahydroaminopterin (2). This 
compound was prepared by hydrolysis of 0.35 g of the diethyl ester 
27 as described above for the preparation of 1 from 26; yield 0.13 
g (42%), mp >250 °C. 

6-(4-Carboxystyryl)-5-deazapterin (29). A suspension of 
1.0 g of 21 in 30 mL of 1 N sodium hydroxide solution was heated 
under reflux under nitrogen for 3 h. The resulting homogeneous 
orange solution was cooled to room temperature and acidified with 
6 mL of glacial acetic acid, and the resulting yellow precipitate 
was collected by filtration, washed with water, methanol, acetone, 
and ether and dried under reduced pressure to give 0.88 g (88%) 
of 29 as a microcrystalline yellow powder: mp >250 °C; NMR 
(TFA-di) & 6.8, 7.25 (AB q, 2 H, J = 12 Hz), 7.45, 8.2 (AB q, 4 
H, J = 9 Hz), 8.55 (s, 1 H), 8.85 (s, 1 H); IR (Nujol) 3500-2500 
(br), 1670, 1625, 1600 cm"1. 

2-Acetamido-6-[4-(acetoxycarbonyl)styryl]-5-deaza-4-
(3fl>pteridinone (30). A suspension of 0.88 g of 29 in 20 mL 
of acetic anhydride containing 0.05 g of 4-(dimethylainino)pyridine 
was heated under nitrogen at 120 °C for 3 h. The reaction mixture 
was cooled to room temperature, 50 mL of ether added, and the 
resulting yellow solid collected by filtration: yield 0.95 g (84%), 
mp >300 °C; IR (Nujol) 3350, 3150, 1800, 1670,1600 cm"1. 

2-Acetamido-6-(4-carboxystyryl)-5-deaza-4(3ff)-pteridi-
none (31). Sodium hydroxide solution (1 N) was slowly added 
to a suspension of 0.95 g of the mixed anhydride 30 in 50 mL of 
water until a homogeneous solution resulted. Acidification with 
acetic acid then resulted in the formation of a yellow precipitate, 
which was collected by filtration and washed sequentially with 
water, methanol, acetone, and ether. The residual solid was 
recrystallized from DMF to give 0.65 g (77%) of 31 as a micro-
crystalline yellow solid: mp >300 °C; NMR (TFA-dx) & 2.5 (s, 
3 H), 6.85, 7.32 (AB q, 2 H, J = 12 Hz), 7.45, 8.18 (AB q, 4 H, 
J = 9 Hz), 8.65 (s, 1 H), 9.02 (s, 1 H); IR (Nujol) 3300-2200 (br), 
1685,1655,1630,1600,1565 cm"1; MS, calcd for C18H14N404 350, 
found m/e 350 (base), 308. 

Diethyl 2-Acetyl-5,10-dideaza-9,10-didehydrofolate (32). 
To an ice-cold solution of 1.5 g (0.0043 mol) of 31 in 40 mL of 
jY-methylpyrrolidone containing 1.4 mL of iV-methylmorpholine 
was added 1.72 g (0.0064 mol) of phenyl JV-phenylphosphor-
amidochloridate in one portion, and the mixture was stirred at 
0 °C for 30 min. Diethyl L-glutamate hydrochloride (1.53 g, 0.0064 
mol) was then added, and the reaction mixture was stirred at room 
temperature overnight. Solvent was evaporated under reduced 
pressure and the residual solid triturated with 50 mL of 1 N 
sodium carbonate solution. The mixture was filtered and the 
collected solid dissolved in 20 mL of chloroform, which was dried 
over anhydrous magnesium sulfate and filtered, and the filtrate 
was evaporated to dryness. Chromatography of the residual solid 
on silica gel followed by elution with chloroform/methanol (95:5) 
gave 1.52 g (66%) of 32: mp >250 °C; NMR (CDCyMesSO-de) 
S 1.15-1.45 (2 t, 6 H, J = 6 Hz), 2.0-2.65 (m, 4 H), 2.3 (s, 3 H), 
4.0-4.35 (2 q, 4 H, J = 6 Hz), 4.5-4.75 (m, 1 H), 6.7, 6.9 (AB q, 
2 H, J = 15 Hz), 7.33, 7.84 (AB q, 4 H, J = 9 Hz), 8.25-8.38 (m, 
2 H), 8.62 (d, 1 H, J = 2 Hz), 11.5-12.5 (br, 2 H); IR (Nujol) 3320, 
3150,1730,1680,1630,1600 cm"1. Anal. Calcd for C ^ H ^ N A : 
C, 60.56; H, 5.42; N, 13.08. Found: C, 60.26; H, 5.45; N, 12.84. 

Hydrogenation of 32. Preparation of Diethyl 2-Acetyl-
5,10-dideazafolate (33) and Diethyl 2-Acetyl-5,10-dideaza-
5,6,7,8-tetrahydrofolate (34). A solution of 0.45 g of 32 in 30 
mL of trifluoroacetic acid was hydrogenated at 55 psi of hydrogen 
in the presence of 1.0 g of 5% Pd/C at room temperature for 14 
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h. The catalyst was removed by filtration, the filtrate evaporated 
under reduced pressure, and the residual solid partitioned between 
100 mL of chloroform and 50 mL of 2 N sodium carbonate so­
lution. The organic phase was separated, dried over anhydrous 
magnesium sulfate, and evaporated to give a gum, which was 
chromatographed on silica gel. Compound 33 [0.25 g, 56%, mp 
215-217 °C; NMR (CDC13) S 1.25,1.35 (21,6 H, J = 6 Hz), 2.1-2.5 
(m, 4 H), 2.55 (s, 3 H), 3.1 (s, 4 H), 4.15, 4.25 (2 q, 4 H, J = 6 Hz), 
4.6-4.96 (m, 1 H), 7.05 (s, 1 H), 7.25, 7.75 (AB q, 4 H, J = 9 Hz), 
8.35 (d, 1 H, J = 3 Hz), 8.77 (d, 1 H, J = 3 Hz); IR (Nujol) 3200, 
3150,1725,1675,1630,1605 cm"1. Anal. Calcd for C27H31N507: 
C, 60.32; H, 5.81; N, 13.03. Found: C, 59.98; H, 6.03; N, 12.92] 
was obtained upon elution with chloroform/methanol (97:3), while 
compound 34 [0.08 g, 18%, mp >200 °C; NMR (CDClg/MejSO-de) 
b 1.24,1.28 (21, 6 H, J = 6 Hz), 1.5-3.3 (m, 13 H), 2.18 (s, 3 H), 
4.1, 4.18 (2 q, 4 H, J = 6 Hz), 4.4-4.7 (m, 1 H), 6.2 (s, 1 H), 7.28, 
7.85 (AB q, 4 H, J = 9 Hz), 8.4 (d, 1 H, J = 8 Hz); IR (Nujol) 
3320, 3250,1730,1630,1575 cm"1. Anal. Calcd for C27H36N607: 
C, 59.87; H, 6.51; N, 12.93. Found: C, 59.66; H, 6.71; N, 12.77] 
was obtained by elution with chloroform/methanol (95:5). 

5,10-Dideazafolic Acid (3). A homogeneous solution of 0.175 
g of 33 in 50 mL of methanol containing 3 mL of 1 N sodium 
hydroxide was stirred at room temperature for 72 h. Addition 
of 2 mL of acetic acid followed by centrifugation gave 0.125 g 
(86%) of 3 as a microcrystalline colorless solid: mp >200 °C; NMR 
(TFA-dO S 2.3-2.7 (m, 2 H), 2.7-3.0 (m, 2 H), 3.25 (s, 5 H), 4.9-5.25 
(m, 1 H), 7.35, 7.85 (AB q, 4 H, J = 9 Hz), 8.50 (s, 1 H), 8.90 (s, 

1 H). 
5,10-Dideaza-5,6,7,8-tetrahydrofolic acid (4) was obtained 

by alkaline hydrolysis of 34 as described above for the preparation 
of 3 from 33: yielded 87%, mp >250 °C; NMR (TFA) 5 1.7-3.9 
(m, 13 H), 5.0-5.25 (m, 1 H), 7.45, 7.85 (AB q, 4 H, J = 9 Hz). 

5,10-Dideaza-9,10-didehydrofolic acid (35) was obtained in 
29% yield by methanolic sodium hydroxide hydrolysis of 32 as 
described above for the preparation of 3 from 33: mp >200 °C. 
The insolubility of 35 in all solvents, including TFA, precluded 
determination of its NMR spectrum. 
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A series of 1-acetoxymitosene analogues, in which the substituent at C-6 was varied, was prepared by total synthesis 
and screened for activity against P388 leukemia in mice and induction of X phage in Escherichia coli. Among the 
6-substituents prepared, none was as effective as the methyl group in conferring biological activity. However, certain 
iV-methylcarbamates were more active than the unsubstituted carbamates. 

Previous studies on the relationship between structural 
modifications in mitomycin analogues and their antitumor 
activity have included variations in the 7-substituent 
(quinone ring), carbamate, and the aziridine ring.2"8 One 
structural feature not investigated thus far is the 6-sub-
st i tuent in the quinone ring, which always has been a 
methyl group in analogues with the complexity of pyrro-
lo[l,2-a]indoles. This feature had been explored in simpler 
indole analogues to see its influence on antibacterial ac­
tivity.9'10 However, it has been shown tha t antibacterial 
activity does not correlate with anti tumor activity in mi­
tomycins.11 Fur thermore, none of the indole analogues 
showed ant i tumor activity,12 although some relatively 
simple pyrrolo[l,2-a]indole analogues (e.g., 15) are active.8 

For these reasons, it seemed desirable to conduct a study 
on the synthesis and ant i tumor activity of pyrrolo[l,2-
o]indole analogues (mitosenes), based on the structure of 
15, but with different substituents in place of the 6-methyl 
group. 

Chemistry. The synthesis of analogues of 15 presents 
a problem in tha t modification of the 6-methyl group has 
not been accomplished. Therefore, we decided to prepare 
first the 6-unsubstituted analogue 11 and then introduce 
novel substi tuents at C-6. Two routes for the synthesis 

* University of Arizona. 
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of 11 were explored. One was based on well-established 
chemistry,8,13,14 starting from ethyl 5-methoxyindole-2-
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