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(20 ml) but omitting NaOII. Healing on (he steam bath for 1 
hr gave a clear solution which was cooled and diluted with dry 
ether (150 ml). The gummy precipitate crystallized on tritura­
tion wilh fresh ether giving 16.2 g, mp 141-145°. Recrystal-
lization from ethanol gave a sample, nip 150-154°, which could 
nol be completely purified: i^f' 1132, 1302 (SO.,), 10S3 (SO,H ), 
3060-2760 (associated OH), 3440 (nonassociated OH), 1045 
cm - 1 (et her): A!;">" 253, 250, 269 (f 410, 52S, 203 ). 

A mil. Calcd for C laH,,,XO.S;-2H.,0: C. 50.00; H, (i.53; 
X. 3.13; S 14.31. Found: (', 50.07: H, 6.04: X. 3.OS; S, 
14.12. 

The material formed a sodium sail which was rocryslallizod 
from hot water: mp 235- 237°. 
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Various ],2,3,4,5,6,7,S-octahydro-3-methylazoninol5,4-6]indoIes, l,2,4,5,6,7,S,U-octahydro-3-melhyl-3H-aze-
cino [5,4-fi] indoles, and l,2,3,4,5,6,7,S-octahydro-3-methyl-3-benzazecines of types 1-3, respectively, have 
been prepared by reduction (with lithium and l-methoxy-2-propanol in liquid ammonia) of the corresponding 
2,3,5,6,ll,llb-hexahydro-4-methylindolo[3,2-(/]-lH-indolizinium iodides, l,2.3,4,(),7,12,12b-octahydro-5-methyl-
indolo[2,3-a]quinoliziniuni iodides, and l,2,3,4,6,7-hexahydro-5-methyl-l lbH-benzo[alquinolizinium iodides of 
types 4-6, respectively. Evidence is presented that the reduction involves an initial addition of two electrons. 
Biological activities are given for various members of the series 1-3. 

This paper records initial findings in a, program 
for the synthesis and biological testing of compounds 
containing the azonino- and azecinoindole and benzaze-
cino nuclei 1-3, respectively. Our interest in members 
of this series arose from their structural relationship 
to corresponding benz- mid indolindolizines and -quino-
Iizines, including a number of alkaloids, which have 
been shown to possess interesting biological activities. 
These include potent pharmacodynamic effects on the 
central nervous system1 and hypotensive2 and ame-
bicidal3 activity. 

We proposed to make compounds with the nuclei 
1-3 through the metal -ammonia reduction of quater­
nary salts containing the corresponding moieties 4-6. 
since, although the respective cations may, theoreti­
cally, undergo carbon-nitrogen cleavage in four distinct 
ways, the bond involving the benzylic carbon in the 
benzene series and the; benzylic-like carbon in the indole 
sei'ies is expected to be ihe most susceptible.4S We 
believed that salt formation on tIKS indolie nitrogen 
would not affect the postulated cleavage of the indole 
cations of types 4 and 5 (R l = H) , since such a reaction 
did nol interfere with the selective cleavage of the allylic 
carbon-nitrogen bonds in agroclavine and elymoclavino 
mcthiodides.6 After the completion of our work on the 
azonino- and azecinoindoles 1 and 2 (R — CH ; !; R1 = 
H) , respectively (below), Wenkert and his colleagues7 

i l ) K. Scli l i t l ler in " T h e Alka lo ids , " Vul. V I I I . R. I I . V. J l m i s k e , Ed. . 
Academic Press Inc . , New York, X. Y.. 196."., p 327, and references therein 
ci ted. 

(2) J . !•'. Kerwin, C. P. P a l a m , and CI. I'h Ullvol in " .Medicinal ( Uiemis-
i r y . " A. P i n t e r , Ed. . [ill erscicncc Publ i shers , Inc. , N'ew York, X. Y., IWIiO. 
PC . - l i l -507. 

U!) I-:, t . Elalagei , ref 2. pp 854-85.5. 
( l i II. Smi th , "Organ ic Reac i ions in Liquid A m m o n i a . " In te r sc ience 

Publ ishers , Inc. , New York, N. Y.. l!Mi;!. p ISO. and reference.- therein ciled, 
;.".) I-), I.eete, Che,,,. 1ml. (London) , l)<>2 ' lllliOl. 
(il S. n h a t t a c h a r j i , A. J . P i rch . A. P raek , A. I lu fmann , II. Kohcl 

i ) . ( ' . ( '. Smi th , 11. Smi th , and .1. Winter , ./, CI.,,,,. So, ., 121 (PM>2;. 

independently disclosed the preparation of the former 
compound, and Dolby and Booth s obtained the 2-
hydroxy derivative of the amine 2 (R = OH:i) by 
methods similar to those reported here. 

Azonino- and Azecinoindoles. - T h e bases 1 and 2 
(li = CHK) were ])repared by the metal-ammonia re­
duction of the salts 4 and 5 (R = OH : i). Wenkert, 
ct al.J who have already reported the preparation of 
the first compound by the reduction of the salt 4 (R = 
CH ; i; X = I) with an undisclosed amount of lithium 
and ethanol in liquid ammonia, assigned the s tructure 
from the elemental analysis and timr spectra. The 
nmr evidence (XCH3 singlet: no CCH» signal) while 
demonstrating that cleavage of the C-X bridgehead 
bond had occurred, did not definitely exclude an olefinie 
st ructure formed through Hofmann elimination. How­
ever, we observed no vinylic proton signals in the nmr 
spectrum, thereby confirming structure 1. The pres­
ence in the nmr spectra of an XCH 3 singlet and the ab­
sence of CCHj and vinylic proton signals were similarly 
used to assign structures to all of the azonino- and 
azecinoindoles described in this paper. In a detailed 
examination of the preparation of 1 (R = CHV). we 
found that lithium gave better conversion to the 
azoninoindole than sodium, and inclusion of 1-me-
t hoxy-2-propanol in the react ion medium gave improved 
yields with either metal. The beneficial effect of the 
alcohol may be due to its buffering action upon the re­
action medium which, by ensuring that alkoxide rather 
than the more basic amide anion is formed by protona-
tion of the reaction intermediates,4 could reduce the in­
cidence of side reactions of the Hofmann elimination 
tvpe. The results of a comparative study of the re­
ductive cleavage of the salt 4 (R = CH 3 ; R1 = If: 

( i a r r a l l . a n d K . <i . D a 

l i . I . . I ' m o i h . . / . Hen. CI"'. 

: r„„.. ./. Cliem., 42, 
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X = 1) are given in Table I. Since optimum yields 
are obtained with little more than 2 equiv of metal, 
it would appear tha t , as in the reduction of agroclavine 
and elymoclavine methiodides,6 reductive C - X cleav­
age is preferred to salt formation on the indolic nitro­
gen. Under our best conditions, the tosylate 4 (R = 
CH3 ; R1 = H ; X = p-CHaCeH4S03) gave only a 19% 
yield of the azoninoindole 1 (R = CH 3 ; IV = H), 
probably because of the low solubility of the sub­
strate. Xo difficultv was found with the indolizinium 
salt 5 (II = CH 3 ; R ] = H ; X = I ) , which gave the 
corresponding azecinoindole in 4 5 % yield, or with the 
indolic X-methylated derivatives of the salts 4 and 5 
(R = CH 3 ; X = I) , which gave the corresponding 
azonino- and azecinoindoles (isolated as the hydro­
chlorides) in yields of 33 and 3 1 % , respectively. Re­
duction of the salts 4 (R = C H , = C H C H , and C H = 
CCH 2 ; R» = H ; X = Br, and R = p-CH,OC 6 H 4 CH,: 
Ri = H ; X = CI) and 5 (R = C6H6CH2 ; R 1 = H ; 
X = Br) gave as the only isolable product the indolizine 
7 (R = H ; n = 1) or the corresponding quinolizine, 
as appropriate, in yields of 99, 49, 75, and 78%, re­
spectively, based on spectral examination of the total 
reaction product. 

Lithium aluminum hydride selectively cleaves the 
bridgehead carbon-nitrogen bond in a quinoliziniuni 

Vol . ! ) 

sail related to 5* and hydrogenatiou over Adam's 
catalyst in methanol selectively cleaves the allylic 
carbon nitrogen bond in agroclavine and elymoclavine 
methiodides.9 In our hands, however, these pro­
cedures with the salt 4 (R = CH»: R1 = H; X = 1) 
gave only intractable mixtures from which no azonino­
indole was obtained. 

Benzazecines. Using the conditions established 
for the reduction of the salt 4 (R = CHB; R l = II; 
X = I), 6 (R = CH:S; X = I) and its derivative 8 
[R = ( C H ^ C H C H , . ; R' ,R- = IV] gave high yields 
of the corresponding benzazecines of types 3 and 9. 
These reductions proceed more rapidly than those of 
salts of types 4 and 5 (R = CH : ); IV = H; X = I) 
and may be performed by adding the metal piecemeal 
to tlie substrate and alcohol in liquid ammonia until 
a permanent blue color is developed. 

On reduction, the salt 8 [R = (CH ; i ) ,CH(Tb: 
R1 = OH; R- = H ] gave the corresponding benzaze­
cine of Type 9. Wit h the ketone 8 [R = ( C H ^ . C H C I T : 
Rl.RL' = ( ) | reduction of the carbonyl group accom­
panied carbon-nitrogen scission to give a low yield of 
the previously obtained alcohol 9 |R = (CH3>jCHCH,; 
R1 = OH; R2 = H | , but with X-acetylemetine methi-
odide 10, scission was selective over reduction of the 
amide grouping and the complex benzazecine 11 was 
obtained in 8 8 % yield. 

Mechanism of the Metal-Ammonia Cleavage Re­
actions. To obtain evidence upon possible mechanisms 
for the reductive scissions described here, we subjected 
the salt 6 (I! = C 6H 5CH,; X = Br) to the usual re­
ductive treatment and obtained only the tricyclic base 
12. Ignoring steric considerations, this result suggests 
that reductive fission in this case involves a two-elec­
tron addition with removal of the benzylic group as 
the anion, since a one-electron addition would be ex­
pected to favor detachment of the more highly substi­
tuted benzylic carbon from nitrogen as a radical.'1 

In support of this view, we have found that the salt 
6 [Ii = :-i.4-(CH ; iO),C6H3CH,; X = Br], in which the 
pendant benzyl group is substi tuted by a mesomerieally 
electron-releasing /j-methoxyl group, while giving 
mainly the base 12 also gave a small amount of the 
benzazecine 3 [R = 3,4-(CH;iO),C6H;!CTT] formed by 
scission of the bridgehead bond. The effect of a p-
mcthoxyl group in inhibiting the reductive cleavage of 
benzyl alcohols ria benzyl carbanions to toluene deriva­
tives has been noted previously.1" 

The structure of the benzazecine3 |R = 3.4-(CH:.0)..,-
CsHsCH-j | was confirmed by its preparation from the 
base 3 (R = CH3) as follows. Initial von Braun 
degradation afforded the cyanamide3 (R = VS) which, 
on reduction with lithium aluminum hydride, gave the 
base 3 (R = H). presumably through hydrolysis of an 
intermediate a.a-diamine. Alleviation with 3,4-di-
methoxvbenzyl bromide and triet hylamine then gave 
the base 3 [R = :U-(CH ; )0)..CBH3CH,], identical with 
the previously obtained sample. 

Biological Activities.—The bases 1 and 2 (R = CH»: 
R1 = H ) n and their indolic X-methyl derivatives are 
all active at a dose of 25 mg kg ip in a rat diuretic 

it), .1. I'. Dickinson. J . Ual ' ley-Mason, ami J. II . New, ./. Chi-m. *,»•.. 
18">X < Ido l s . 

ill)) Sei' ref •(, p 11)0, unil references [herein ci ted. 
; I S ) Each base was tes ted as t he hydroch lor ide . 
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assay.12 The second is the most active in this series 
showing good diuretic effects when given orally at 
50 mg/kg both as to the volume of urine and the 
amount of sodium cation excreted. The benzazecine 
3 (R = CH3)U showed activity in the same test, at a 
dose of 25 mg/kg administered intraperitoneally, and 
its lower homolog 3 (R = H ) u had antiinflammatory 
activity when administered intraperitoneally in a 10-
mg/kg dose in an antiedema test in the rat.13 In an 
in vitro test, the benzazecine 11 had the same order of 
amebicidal activity as emetine itself.14 

Experimental Section15 

Quaternary ammonium salts of general types 4-6 were made by 
the literature methods, or, when new, by reacting the appro­
priate base and halide or toluene-p-sulfonate in ethyl acetate or 
benzene for several hours, if necessary, under reflux, When 
solid, the new salts were purified by recrystallization from 
methanol or methanol-ether before metal-NH3 reduction. The 
salts 4 (R = CH2=CHCH 2 and C H = C C H 2 ; R1 = H; X = 
Br, and R = p-CH3OC6H4CH2; R1 = H; X = CI), 5 (R = 
C6H6CH2; R l = H; X = Br), and 6 [R = C6H6CH2 and 3,4-
(CH30)2C6H3CH2; X = Br] were obtained only as gums and 
reduced as such. Characteristics of the new crystalline salts are 
given in Table I I . Metal-NEU reduction is illustrated by two 
typical procedures. Bases 1 and 2 (R = R1 = CH3) and 2 
(R = CH3; R1 = H) were purified by chromatography on neu­
tral alumina. Data on the macrocyclic reduction products and/ 
or their hydrochlorides are collected in Table I I I . Other neces­
sary experimental details are included in the sequel. 

2,3,5,6,11,1 lb-Hexahydro-11 -methyl-lH-indolo [3,2-0] indoli-
zine Hydrochloride.—2,3,5,6,11,1 lb-Hexahydro-lH-indolo [3,2-
{/]-indolizine(7, R = H; n = l)1 6 (8.5 g) in dimethylformamide 
(DAIF) (200 ml) was stirred at 25° for 1 hr under nitrogen with 
sodium hydride (2.1 g of 50% w/w mineral oil dispersion). 
Methyl iodide (6.3 g) in D M F was added, and the mixture was 
stirred at 25° for 16 hr. The DAIF was distilled and the residue, 
in CHCI3, was washed with aqueous KHCO3 then water and 
dried. The product was chromatographed on neutral alumina 
(activity I I I ) , elution with hexane-benzene and benzene giving 
the base 7 (R = CH3; n = 1) as an oil (5.9 g): Xma% 229, 286, 
and 293 (sh) m/i (<E 34,100, 7000, and 6500); Xmi„ 252 mM (6 

2200); nmr, 3-proton singlet at S 3.6 (NCHa). The hydrochloride, 
prepared by adding 2-propanol previously saturated with HC1 
to the base in ether melted at 244-247.5° (from acetone); \max 

225.5, 284, and 292 (sh) mM (e 37,900, 7400, 6600); \ m i n 250 mM 

(e2200). 
Anal. Calcd for Ci5H19CLN2: C, 68.6; H, 7.3; CI, 13.5; N, 

10.7. Found: C, 68.6; H, 7.1; CI, 13.7; N, 10.9. 
l,2,3,4,6,7,12,12b-Octahydro-12-methylindo!o[2,3-a]quinoli-

zine Hydrochloride.17—Compound 7 (R = H; n = 2) [10.4 g, 
prepared analogously to 7 (R = H; n = l)16] was converted by 
the foregoing methods to 7 (R = CH3; n = 2): mp 54-61°; 
Xmax 229, 286, 291-294 (sh) mM (e 35,400, 6800, 6300); ,\min 

252 mM (e 2300); nmr, 3-proton singlet at 5 3.7 (NCHS). I t 
was transformed then to the hydrochloride: mp 268-272° dec 
(from methanol-ethyl acetate); Xmax 226, 284.5, and 292.5 
(sh)mM (t 38,600, 7300, 6400); Xmi„250rmx (e2100). 

Anal. Calcd for C16H21N2C1: C, 69.4; H, 7.65; CI, 12.8; N, 
10.1. Found: C, 69.3; H, 7.8; CI, 13.2: N, 10.2. 

(12) W. L. Lipschitz, Z. Hadidian, and A. Kerpcsar, J. Pharmacol. Exptl. 
Thernp., 79, 97 (1943). 

(13) C. Winter, Proc. Soc. Exptl. Biol. Med.. I l l , 544 (1962). 
(14) Private communication. Dr. L. Raine, Cancer Research Laboratory, 

University of Miami, Miami, Fla., to Dr. P. B. Russell, Wyeth Laboratories, 
Inc. 

(15) Melting points were determined in capillary tubes and are uncor­
rected. Ultraviolet absorption spectra were determined in 95% ethanol. 
Proton magnetic resonance spectra were measured on the Varian A-60 
spectrometer using 5-10% solutions in CDCln containing tetramethylsilane 
(TMS) as internal reference standard. Chemical shifts are expressed in 8 
units and should be accurate to ±0.1 ppm. 

(16) K. Nagarajan, Ch. Weissmann, H. Schmid, and P. Karrer, Helv. 
Chirn. Acta. 46, 1212 (1963). 

(17) T. Oishi, S. Maeno, and Y. Ban, Chem. Pharm. Bull. (Tokyo), 11, 
1196 (1963), have made this compound by two other methods, characterizing 
it as the picrate. 

l,2,3,4,5,6,7,8-Octahydro-3-rnethylazonino[5,4-6]indole 
(1, R = CH3; R1 = H).—Lithium (15 mg) was added with 
stirring to 2,3,5,6,ll,llb-hexahydro-4-methylindolo[3,2-g]-lH-
indolizinium iodide (0.35 g) and l-methoxy-2-propanol (0.11 
g) in liquid NH 3 (100 ml, distilled from lithium). Stirring was 
continued for 5 min when the blue color had been discharged 
and water (1 ml) was added. The NH3 was removed under 
nitrogen and the residue was extracted with ether. The crude 
product (0.18 g), mp 128-131°, after two recrystallizations from 
w-hexane, gave the azoninoindole (0.13 g): mp 130-132°; X^,'2.97, 
3.55, 3.62, and 3.67 (sh) M; Xmal 228.5, 285.5, 288-292 (plateau) 
m/x (e 32,000, 7600, 7400); Xmin 254 m^ (« 3300); nmr, 5-proton 
series of multiplets at S 7.0-7.6 (aromatic CH and NH), 8-proton 
series of multiplets at 2.3-3.3 (CH2 adjacent to aromatic nucleus 
or N), 3-proton singlet at 2.37 (NCH3), 4-proton series of mul­
tiplets at 1.1-2.0 (CH2). 

The hydrochloride, formed with 2-propanol previously satu­
rated a t 0° with HC1 and purified by recrystallization from 
nitromethane and 2-propanol, melted at 230-233° dec; X*?,' 
3.00, 3.85 M; Xma* 224.5, 284.5, 291.5 mM (« 33,900, 7600, 6700); 
Xmin 247.5, 289.5 mM U 1900, 6600). 

l,2,3,4,5,6,7,8-Octahydro-3-methyl-3-benzazecine (3, R = 
Me).—Lithium (112 mg) was added in small pieces with stirring 
to l,2,3,4,6,7-hexahydro-5-methyl-llbH-benzo[a]quinolizinium 
iodide (2.6 g) and l-methoxy-2-propanol (0.88 g) in liquid 
NH3 (300 ml). After addition of the last piece, the solution 
became intensely blue. After 3 min the color was discharged 
by a few drops of water, the ammonia was evaporated by gentle 
warming, water was added, and the mixture was extracted with 
ether. The product, a low-melting solid (1.4 g), distilled at 130° 
(0.1 mm) to give the benzazecine (1.2 g): mp 25-28°; X*'„t 
3.45, 3.65, 6.70, and 6.75 M; X='°H 266.5 and 273.5 mM (« 460, 
450); nmr, 4-proton singlet at 6 7.11 (aromatic CH), 8-proton 
series of multiplets at 2.10-3.00 (CH2 adjacent to the aromatic 
nucleus or N), 3-proton singlet at 2.04 (NCH3), 6-proton series of 
multiplets 1.20-1.90 (CH2), no signal for methyl attached to 
methylene in the 0.8-1.2 region, or for vinyl protons in 4.0-5.5 
region. 

l,2,3,4,5,6,7,8-Octahydro-3-benzazecine (3, R = H).—The 
benzazecine 3 (R = CH3) (5.5 g) was kept in ether with cyanogen 
bromide (5 g) for 15 hr a t room temperature. The mixture was 
added to ice-water and extracted with ether. The product was 
refluxed with diethylamine (50 ml) in benzene (100 ml) for 14 hr. 
The cooled solution was filtered to give diethylamine hydrobro-
mide (1.8 g). The filtrate was diluted with ether and washed with 
2 JV HC1 and water. The organic layer was dried and evaporated 
to give a gum (1.8 g), XH,1,™ 4.55 n. An aliquot (1.5 g) was re-
fluxed overnight with lithium aluminum hydride (2 g) in ether 
(100 ml). Water was added, the mixture was extracted with 
ether, and the ether extracts were extracted with 2 N HC1. 
Basification of the aqueous layer with solid NaHC0 3 gave a base 
(1 g) which was distilled at 200° (bath, 0.1 mm) to give the benz­
azecine (0.73 g): XmaI 266 and 273.5 mM (« 830, 850); X*'.™ 3.35, 
3.45, 3.52 fi; nmr, 4-proton singlet at S 7.29 (aromatic CH), 
8-proton series of multiplets at 2.6-3.2 (CH2 adjacent to aro­
matic nucleus or N), 6-proton series of multiplets at 1.0-2.0 
(CH2). 

Anal. Calcd for CisH,9N: C, 82.5; H, 10.1; N, 7.4. Found: 
C,82.2; H,9 .9 ; N, 6.9. 

3-(3,4-Dimethoxybenzyl)-l,2,3,4,5,6,7,8-octahydro-3-benz-
azecine [3, R = 3,4-(CH30)2C6H3CH2]. A.—The benzquino-
lizine 12 (2.8 g) was refluxed with 3,4-dimethoxybenzyl chloride 
(3.5 g) in benzene (5 ml) for 2 hr. On cooling the supernatant 
solution was decanted from the gummy residue (3.2 g) which 
was dissolved in liquid NH3-l-methoxy-2-propanol (300 ml:0.85 
g). Lithium was added piecemeal with stirring until the solu­
tion became permanently blue, and the color was discharged 
with several drops of water. The product, in ether, was ex­
tracted with 2 Ar HC1, and the acidic extracts were basified with 
aqueous NH3. Treatment of the product with 2-propanol (20 
ml, previously saturated at 0° with HC1) precipitated the hydro­
chloride of 12 (1.15 g) which was filtered. Evaporation of the 
filtrate gave a residue which was dissolved in methanol and puri­
fied by preparative thin layer chromatography on silica gel 
plates18 (thickness 1 mm) using benzene saturated with NH 3 as 
developing solvent to give the benzazecine (82 mg): mp 55-57° 
(from hexane); nmr, 7-proton series of multiplets at 5 6.4-7.4 
(aromatic CH), two 3-proton singlets at 3.61 and 3.88 (OCH3), 

(18) Custom Chemical Service Inc., Wilmington, Del. 
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2-prolon singlet at 3.38 (NCHiCeHj), 8-proton series of multiplets 
at 2.2-3.0 (CH2 adjacent to aromatic nucleus or N), and 6-proton 
series of multiplets at 1.2-2.0 (CH,.). 

Anal. CalcdforC2oH29()2N: C, 77.N; II, Mi: X, 4.1. Found: 
C, 70.1); H, 8.8; N, 3.0. 

B.—The benzazeoine 3 (R = II) (0.12 g) was reiluxed for Hi 
hr with triethylamine (0.3 g) and 3,4-dimethoxybenzyl chloride 
(0.3 g) in CHCI3 (5 ml). Distillation of the product a t 170° 
(bath, 0.1 mm) gave the benzazecine 3 [R = 3,4-(CHaO)2-
OJTOII . ] , mp 03-56°, undepressed by the sample j)repared as 
in A. 

Reductive Fission of Salt 6 (R = CjHrCHo; X = Br). 
Lithium (5ti nig) was added piecemeal with stirring to the salt 
(1.5 g) in liquid NH3 (200 ml) containing l-methoxy-2-propanol 
(0.45 g). After 5 miu the blue color was discharged with a few 

The role of folate coenzymes in biochemical pathways 
has been amply reviewed by many investigators.2 

Several aspects of folate' utilization have been of par­
ticular interest in the design of agents effective in the 
treatment of cancer, e.g., aminopterin and amethop-
lerin. Tetrahydrofolic acid was recognized in 19o7 
as an essential metabolite in the synthesis of thymidine 
."/-monophosphate.3 The unique character of the one-
carbon transfer, a reductive methylation, stimulated 
further interest in this pathway. 

If the limiting factor in deoxyribonucleic acid syn­
thesis and ultimately cell division is the availability 
of thymidine o '- tr iphosphate, ' then an obvious approach 
to potential anticancer agents is through the inhibition 
of thymidine "/-triphosphate formation. One such 
step in the sequence is the synthesis of thymidine "/-
monophosphate. Several studies on the mechanism 
of the one-carbon transfer to deoxyuridine .j '-mono­
phosphate (dUAIP) have demonstrated that tetrahydro-
folic acid, the reducing agent, is converted to dihy-
di'ofolic acid5 ria a hydrogen (hydride?) transfer in 

1 l) Th is work was generous ly s u p p o r t e d by G r a n t CA-7522 of the N a ­
tional Cance r I n s t i t u t e , N a t i o n a l I n s t i t u t e s of H e a l t h , U. S. Publ ic Heal th 
Service, Be thosda , Aid., a n d by the G r a d u a t e School, U n i v e r s i t y of K a n s a s . 

(2) fa] T. l i . J u k e s a n d H. P . Boroquis t in " M e t a b o l i c I n h i b i t o r s , " Vol. 
T. R. M . Hoehos te r a n d J. M . Quas te l , Ed . , Academic Press Inc . , N e w York . 
\ . V., 10153, p 4 8 1 ; (b) M . F r i edk in , Ann. Rev. Biochem., 32, 185 (1963); 
(c) ]•'. M. l l u e n n e k e n s , Biochemistry, 2, l o t (1963); (d) .1. S. O 'Br ien , Can­
ed- /.Vs., 22, 267 (1962). 

(3) (a) M . Fr iedkin and A. Ivo rnbe rg in ' ' T h e Chemica l Basis of H e r e d i t y , " 
W. 1). M c E l r o y a n d H. B. Glass , Ed. , T h e J o h n s H o p k i n s Press , Ba l t imore , 
Aid., 1957, p 609; (b) SI . F r i edk in a n d D. R o b e r t s , Federation Proc, 14, 215 
(I9f)5); (c) P . Re i cha rd , Acta Chem. Scand., 9, 1275 (1955); (d) E . A. P h e a r 
and 1). M. Greenberg , J. Am. Chem. Soc, 79, 3737 (1957). 

(4) For a d iscuss ion of this po in t see K. G. L a r k in " M o l e c u l a r Genet ics , 
Part 1," J. H. Tay lo r , Ed. , Academic Press Inc . , N e w York , N . Y., 1963, p 
153, 

i5) fa) G. K. H u m p h r e y s and 1). M. Greenberg , Arch. Biochem. Hiaph,i». 
78, 275 (1!I5X): (b) I',. M. M e D o u g a l l a n d R. I., B lak ley , Biochem. Biopln.is. 
Ada. 39, 176 (1960); (cj M . Fr iedkin , Federation Proc. 18, 230 (1959): M. 
Fr iedkin in " T h e Kinet ics of Cel lular Pro l i fe ra t ion ," F . S t o h l m a u , Ed. , 

drops of water, and ether and water were added. The oily 
product in ether was treated with isopropyl alcohol previously 
saturated with FIOl at 0°, and the resulting suspension was 
filtered to give the hydrochloride of base 12, identical in melting 
point infrared absorption spectrum, and thin layer chromato­
graphic behavior (on silica gel using Nils-saturated benzene) 
with an authentic sample. 
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the intermediate complex to give the product, thymi­
dine 5'-monophosphate. The enzyme thymidylale 
synthetase, isolated from microbial and mammalian 
sources,515 catalyzes the reductive methylation of 
deoxyuridine "/-monophosphate by transfer of a methyl 
group from X^X" , 0-methylenetetrahydrofolic acid. The 
kinetics of the reaction support the view tha t it binary 
complex is formed between the enzyme and the co-
factor with subsequent formation of a ternary inter­
mediate with the substrate (dUMP). 7 After transfer of 
the methyl, the binary enzyme dihydrofolic acid com­
plex dissociates. Regeneration, of tetrahydrofolic acid 
is mediated by nicotinamide-adenine dinuclcot ide phos­
phate (XADPH) reduction of dihydrofolic acid in the 
presence of dihydrofolic acid reductase. 

Inhibition of ihe latter step in the sequence by ami­
nopterin and amethopter inhas been demonstrated its the 
she of action for these drugs.8 Direct inhibition of 
thyinidylate synthetase has been reported for .l-fiuoro-
and ")-trinuoromethyl-2'-deoxyuridine ."/-monophos­
phate611,7'' winch can be termed, respectively, "subs t ra te" 
and "product" inhibitors. The proposed formation of 
a binary complex and the kinetics of the enzymatic 
reaction suggest the feasibility of inhibition by analogs 
of the cofactor, X\X l u-methyleiietetrahydrofolic acid. 

The design of cofactor inhibitors of thymidylatc 
synthetase is not new. Kisliuk9 reported growth 

Grime a n d S t r a t u m . New York, X. V., 1959, p 99: (dj 11. I.. Blakley, li, \ . 
R a m a s a s t r i , and l i . M. M e U o u g a l l , ./. Biol. Chem., 238, 3075 (1963). 

(6) (a) R. N a t h and 1). M . Greenberg , Federation Proc. 20, 227 (19611: 
(b) K. U. H a r t m a n n a n d C. He ide lberger , J. Biol. Chem., 236, 3006 (1961); 
(c) R. Silber, B. W, Grabr io , a n d E. M . H u e n n e k e n s , Federation Proc, 21 , 
241 (1962); (d) V. K. W h i t t a k e r a n d R. L. Blakley , J. Biol. Chem., 236, 838 
(1961). 

(7) (a) A. J. W a h b a and M . F r i edk in , ibid.. 237, 3794 (1962) ; (b) R. L. 
Ulakley, ibid.. 238, 2113 (1963) d P . R e y e s and C. Heide lberger , Vol 
l'l,o rmacol., 1 , 1-1 • 1 9 6 5 ) . 

IS: M. J. Osljorn, M . f r e e m a n , and !•'. \ 1 . l l u e n n e k e n s , I'm,: S„c. Us pit. 
Bird. Med.. 97, 429 (1958). 

.9j I! 1.. Kisliuk. Xaturc. 188, 5X1 (19C.ll!. 

Synthesis of Methylenetetrahydrofolic Acid Analogs1 
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The synthesis of analogs of N5,X10-methylenetetrahydrofolic acid is described. These compounds arc 2-
substi tuted 1-p-earbethoxyphenylimidazolidines and 3-substituted 2-p-oai'bethoxyoctahydi'oimidazo[l,.">-<i]-
pj-razines, structural modifications of the cofactor involved in the synthesis of thvmidylic acid. The "/-uracil 
derivatives are analogs of the proposed intermediate in the biosynthesis of thvmidylic acid. The inhibitory 
effects of these compounds on dihydrofolafe reductase and thymidvlate synthetase are described. 

19C.ll

