S04

(2t wl) bhut omdiiing NuO1l. Heaiing on the steant budh for |
hr gave a clear =olution which wax cooled and diluted with dry
cther (150 ml).  The gumniy precipitite crvstallized on tritarn-
tion with fresh cther giving 16.2 g, mp 141-145°.  Reervstal-
lization from ethanol gave a =<auiple, myp 150-154°, which could
uot be completely parified: vy%™ 1132, 1302 (20.), 1083 (20.H),
S6D-2760  (associated OH), 3440 (nonassaciated OH3, 1045
em - (ether): AR 253, 250, 260 (e 410, 528, 2L,

Aowd Caded Tor CaHGNORG2HO0: O 50.a0; H, 6.53:
N, 53 N 408 Foeand: ¢, 5007 H, 6.04: N, 3.08; 8,
14,12,

b, Herpsr, I Rews, G\

Huanes, axp H, Suarrn Vol 9

The materind formed a sodimmn <alt whiell was reervsinflizel

from hat warer: mp 2:35-237°,
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The Preparation and Biological Activities of Some

Azonino- and Azecinoindoles and Benzazecines
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Varioas 1,2,5,4,5,6,7,8-actalivdro-3-methiviazonine [5,4-4] indoles,
and  1,2.3,4,5,6,7,8-cctahydro-3-methyl-3-benzazecines of types 1-3,

cino [5,4-blindoles,

1,2/4.5.6,7,8,9-0ctulivdra-3-methyl-3H-nzc-
respectively, have

heen prepared by redaction (with lithiam aud 1-methoxy-2-propanol i liquid anuonia) of the correspouding
2,3,3,6,11,11b-hexuhydro-4-methylindolo[3,2-¢]-1H-indoliziniam iodides, 1,2,3,4,6,7,12,12b-octahyvdro-3-methyl-
idolo{2,3-a|qainolizininm lodides, aud 1,2,:1,4,6,7-hexahydro-3-methyi-11hH-benzo [a]qainoliziniam iodides of

tvpes 4-6, respectively.

Fvidence is presented that the redaction involves an iidrial addition of two eleetrons.

Biological activities are given for varioas members of the scries 1-3.

Thix paper records nitial findings 1 a1 program
for the synthesis and biological testing of compounds
containing the azounino- and azecinoindole and henzaze-
cine nuelet 1-3, respectively.  Our interest in members
of this series arose from their structural relationship
to corresponding benz- and indolindolizines aund -quino-
hzines, tuchiding o number of alkaloids, which have
been shown to possess interesting biological activities,
These include potent. pharmacodynamic effect= on the
central nervous system! and hypotensive? and anwe-
bicidal® activity,

We proposed to make compounds with the nucler
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—uitrogen ¢leavage in four distiuct
ways, the bond wvolving the benzyhe carbon i the
henzene series and the benzylic-like carbon i the indole
series 1= expected to be the most susceptiblet? We
believed that salt formation on the indolic nitrogen
would not affect the postulated cleavage of the indole
catious of types 4 and 5 (R' = H), since =uch a reaction
did not tterfere with the selective cleavage of the allylic
carbou-uitrogen bonds in agroclavine and elymoclaviie
methiodides.®  After the ecompletion of our worlk on the
azounino- and azecinoindoles 1 and 2 (R = CHy; R =
H). respectively (below), Wenkert and his colleagues®

{1y . Selllinler in “The Atkalool=" Vol VI R. 11 F. Manske, Fil.
\iaulemsie Press Inie., New York, N. Y., W65, p 327, awd referenres therein
riterl.

2y J. ¥ Kerwin, (% P Balan, aml G
Imy AL Rrger, Faly, Tonseimnae Pobbsliors, Ine., New York, N, Y.,
1 Ail=3067.

vy L FL Klslagey, cel 20 s 854-835.

1l 0 Smith, COceauie Remerions in Liquill Ammwonia.”™
'nlilisbeers, boees Now York, NLYL, B, 1o IR4 ol eefurerees Dasrein vited,
(ay L L, Cheso, Dal, {Lomlon), 52 (11605
Lltaebarjs, AL L Uisel, A Drack, AL
Snth, LS, and X0 Woner, L Chese, S,

I Ullyo in o Medizipal Clewnis-
1660,

Tuterseienpee

1hdmum, 1. Kobrl

121 (L2,

6N,

iy, .

mdependently dizelosed the preparation of the forner
compound, and Dolby and Booth® obtaiied the 2-
hyvdroxy derivative of the amine 2 (R = CHy) by
methods similar to those reported here.

Azonino- and Azecinoindoles.—The bases T and 2
(= CH,) were prepared by the metal-ammonta re-
duction of the salts 4 and 5 (R = CHy). Wenkert,
¢t al.” who have already reported the preparation of
the first compound by the reduction of the «alt 4 (R =
(Hy: X = ) with an undisclosed amount of lithium
and ethanol n liquid ammonia, assigned the structure
from the clemental analysis and wnre specetra. The
mr evidenee {NCH; singlet: no CCHy signal) while
demonstrating that cleavage of the (N bridgehcead
bond had occurred. did not definitely exchide an olefinte
strirceture formed through Hofmann elimiutation.  How-
ever, we observed no vinyhie proton sigttals in the nmr
spectrum, thereby confirmnng <tructure 1. The pres-
enice n the nmr specetra of an NCH, singlet annd the ab-
sence of CCH;y and vinylie proton signals were similarly
used to assign structures to all of the azontuno- and
azecinoindoles deseribed o this paper.  In a detailed
examination of the preparation of 1 (R = CHy), we

found that lithium gave better conversion 1o the
azoninoindole than <odium, and inclusion of  T-me-

thoxy-2-propanol in the reaction mediuin gave iinproved
vields with either niwetal.  The beneficial effect of the
aleohol may be due to it= buffering action upon the re-
action medium which, by cisuring that alkoxide rather
than the more basic amide attion is formed by protona-
tion of the reaction mtermediates,* could reduce the in-
cidence of side reactions of the Hofmaun elimination

type.  The results of a comparative study of the re-
durtive cleavage of the salt 4 (R = CH;: R = I

Tl Woinkerl, S0 Clarratr, and L Gl Dave, ane S0 Cleya, 42, 180
181510,

%y Lob Liollas wond 10 L Bawale o ey Pheac, 30, 1501 (1utids.



TasLe I
Revocrion oF Tk Satr 4 (R = CH;; X = 1) wrtn ALkaul
Merans IN LiQuip AMMONIL A

1-Methoxy-
Metal 2-propanol, Yield,
(mg-atoms)” mimoles %° Mp. °C
Li (2.16) 0 55 127130
J.1(2.16) 1.2 79 128-131
Na (2.16) 0 36 127-130
Na (2.16) 1.2 55 128-130.5

2 Resalts obtalned with 1 mmiole of salt in each case. b Larger
ataolnts gave lower yields. ¢ Crude unrecrystallized prodact.

TasLe IT

INDOLINDOLIZINIUM AND INI)()I.Ql'lN()l.lV.lNIUM SAaL1s

Crystn Yiell, Carhion, 9 Hydrogeun. '/, Halugen, 9, Nitrogen, % Sulfur, %,
Compd Rr R N solvent® My, °C Formula Al C'aleld Fimanl Caled IFaund Calell Tronud Caleil Fouinl Caleld Fouurt
4 Cll; 1T 1 A-B, A 184.5 -187 .5 Ci:H 1 0IN, 78 509 50.6 5.4 5.7 35.8 35.5 7.9 7.6
4 CH; CH; I A 254 256 Cisll4IN, 73 52.18 52 .45 5.75 5.82 34.5 340 7.6 7.2
4 ClT, H p-CIT,Cel 1,50); A 236-218 C2H6N,03S 80 6650 66.30 6.5H8 6.52 7.0 7.2 8.1 8.0
5 ClH; Cll, I A 264-267 dec CpllyIN 83 H3.4 531 6.1 6.4 33.2 33.4 7.3 7.0
¢ A = methanol; B = ethyl acetate.  * Before recrystallization.
TasrLe 111
FormMaTioN oF INDOLAZONINES, INDOLAZECINES, AND BENZAZILCINGS® BY LITHIUM—AMMONIA- ALCOROL REDUCTION OF QUATERNARY AMMONIUM SAaLTs
Prinl- Yiell, Crystn Carliou, 9% Nyilrogen, %,  Chlorine, v, Nitrgen, ¥,
Compnl R R R* X Metal? uet R Rt e Y solventf My, °C FFormula Caled Fpunld Calel Fouul Caleil Fpioul  Caleidl  Founid
44 ClI; H I 216 1 Clly 1L R C 130132 C13pN. 78.9 791 K.8 89 12.3 12.3
1* CH; H D, I 2302337 C;11,CIN, 6.0 67.8 8.0 8.2 134 134 10.6 10.3
44 ClI, Cll; I 2.2 1« CH;, Cll, 30 F 198.5 201/ C,6l15CIN, 68.9 68.8 8.0 81 12.7 13.0) 10.! 9.8
by CH; H I 2.2 2  CH;, H 45 C 95-97/ ChellsuNy 79.3 79.4 9.2 9.3 11.6 11.5
2¢ CII; 11 A-B 145-1507  C)sH»xCIN.- 05110 66.8 66.6 8.4 &4 123 12,5 9.7 9.8
T 13 CH;, I 2.2 2¢  CH;y Cliy 31 F 221-223  CllsCIN, 60.7 69.5 K86 89 121 121 9.6 9.2
G+ Cll, I 2.0 3 Ch 86 25-28 Cally N 82.7 ¥2.6 104 101 6.9 6.7
3¢ CH; F 181 182 Chl12CIN -0.2H.0 60.0 G9.1 9.3 9.4 146 147 5.8 5.5
&i 11 T 1 I 2.0 0 M H 151 R C H8-60 Ciel Ty NO, 73.0 73.2 9.6 9.5 53 5.5
9 11 11 11 I 98 -100 Cyelda:CINO,-0.511,0 619 61.0 88 9.1 1.5 11.6 4.6 5.0
87 (ClT)CHCH, Ol 11 9 (CHy),ClICIL. O 11 35 C-G 136-138 Cao LN, 72.6 72.3 9.6 10.) 4.0 3.7
8k (CH5).CITCH L. == 2.2 0 (Cl;)Cl11CGIL, Ol 1L i C-K 134136
10)¢ 2.2 1 8 (x 174-176 Cy:111:NL0; 713 714 86 R85 5.2 5.0
11 Amorphoas® CyCINLOs- 1T.0 64.8 65.2 8.3 85 59 63 4.7 4.6

@ Salts of the bases are identified throagh footuotes.  * Atoms of Li ased/mole of substrate. ¢ A = methunol, B = ethyl acetate, C = n-hexane, 13 = pitromethane, 1i = 2-propaunl, F =
acetone, (A = ether. ¢ Thix paper, Table 11. ¢ ITydrochloride. / Decomposition. ¢ W. A. Reckhow and D. 8. Tarbell, J. Am. Chem. Sor., T4, 4962 (1952). *S. Akaboshi, T. Katsuma, and
K. Achiwa, Chem. Pharm. Bull. (Tokyo), 8, 14 (1960). * R. Child and F. L. Pymuan, J. Chem. Soc., 47 (19:11). 7 A. Brossi, L. 11. Chopuard-dit-Jean, aud O. Schnider, Hely. Chim. Acta, 41, 1800
(1958).  # A. Brossi, L. 11. Chopard-dit-Jean, J. Wursch, and € Sclider, «hid., 43, 583 (1960). * A. Ahl and 1. Reichstein, thid., 27, 375 (1944). ™ No( crystallized.
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X = 1) arc given in Table 1. Stnce optimum yields
are obtained with little more than 2 equiv of metal,
it would appear that, as in the reduction of agroclavine
and elymoclavine methiodides,® reductive C-N cleav-
age 12 preferred to salt formation ou the indolic nitro-
gen.  Under our best conditions, the tosylate 4 (R =
CH;; R' = H; X = p-CH,yCeH,SO0;) gave only a 199
vield of the azonmoindole 1 (R = CH;; R!' = H),
probably because of the low solubility of the sub-
strate.  No difficulty was found with the indolizinium
salt 5 (R = CHy; R' = H; X = I), which gave the
corresponding azecinoindole in 459 vield, or with the
mdole N-methylated derivatives of the salts 4 and 5
(R = CH;; X = 1I). which gave the corresponding
azonino- and azecinoindoles (isolated as the hydro-
chlorides) in yields of 33 and 319, respectively. Re-
duction of the salts 4 (R = CH==CHCH, and CH=
(CH.; R'=H; X = Br, and R = p-CH;0C¢H,CH.:
R'=H; X =Chand 5 (R = CH;CH,; R!' = H;
X = Br) gave as the only isolable product the indolizie
7 (R = H; n = 1) or the corresponding quinolizine,
as appropriate, in yields of 99, 49, 75, and 789, re-
spectively, baged on spectral examination of the total
reaction product,

Lithium aluminum hydride selectively cleaves the
bridgehead carbon-nitrogen boud m o gninolizinium

Vol 9

salf related to 5% and hydrogenation over Adam's
catalyst 11 methanol selectively cleaves the allyhe
carbou--nitrogen bond m agroclavine aud elymoclavine
methiodides,® I our hands, however, these pro-
cedures with the =alt 4 (R = CH;: RV = H: X = 1}
gave only mtractable mixtures from which ho azontio-
indole wax obtatuced.

Benzazecines. - ['xing the conditions  cstablished
for the reduction of the salt 4 (R = CHy; RY = H:
X =1).6 (R = CHy; X = 1) and its derivative 8
[R = (CHy).CHCH.; RLR? = H.] gave high viclds
of the corresponding benzazecines of types 3 and 9.
These rednetions proceed more rapidly than those of
salts of types 4 and 5 (R = CHy; R' = H; X = D
and may be performed by adding the nietal piecemeal
to the substiate and aleohol tn liquid ammonia until
a pernuanent blie color ix developed.,

On reduction, the =alt 8 [R = (CHy.CHCH.;
Rt = OH; R? = HJ gave the corresponding benzaze-
ciire of type 9. With the ketone 8 [R = (CH,).CHCH.,
RLR?2 = O} reduetion of the carbonyvl group accotn-
panied carbon-nitrogen scission to give a low vicld of
the previously obtained aleohol 9 [R = (CHy).CHCH.,:
Rt = OH; I* = HY|, but with N-acetylemetine methi-
odide 10, scission was =elective over reduction of the
amide grouping and the complex benzazeene 11 wis
obtained in 88¢7 vield.

Mechanism of the Metal-Ammonia Cleavage Re-
actions.---"T'o obtain evidence upon possible mechanisis
for the reductive =eissions deseribed here, we subjected
the =alt 6 (R = CeH;CHy: X = Br) to the usual re-
ductive treatient and obtained ouly the tricyelic bhaxe
12.  Tguorhyg sterte considerations, thix result suggests
that reductive fission in thix case involves a two-clee-
tron addition with removal of the benzyhe group as
the anton, siuce a one-electron addition would be ex-
pected to favor detachment of the more highly ~ubsti-
tuted benzylie carbon from mtrogen ax a radical.’
tn =ioport of this view, we have found that the =alt
6 [R = 34-(CH,0).CH,CHy; X = Br), in which the
penrdant henzyvl group is substituted by a mesontertcally
clectron-releasing  p-mcthoxyl  group, while  giving
mainly the base 12 also gave a small amount of the
benzazecine 3 (R = 3.4-(CH0),CxHyCHy ] formed by
seizsion o the bridgehead bond.  The effeet of i p-
methoxyl group i imhibiting the reductive cleavage of
benzyl aleohols ria benzy! carbanions to tohieue deriva-
tives has been noted previousky

The structure of the henzazecine 3[R = 3.4-(CHL0 .-
CsHyC'H. | was coufirmed by its preparation front the
baxe 3 (R = (CHjy uax follows. Initial von Braun
degradation alforded the eyvanamide 3 (R = CN) which,
ou reduction with hthium aluminum hydride, gave the
base 3 (R = H). presumably through hydrolysix of
mtermediate  c.a-diannue.  Alkylation  with  3,4-di-
methoxybenzyl bromide and triethylamine then gave
the buse 3 [R = 3.4-(CH;0).CeH,CH, . identical with
the previous!y obtatned sample.

Biological Activities.—Thc bases 1 and 2 (R = CHy:
RY = H)' and their indolic N-methyl derivatives are
all netive at a dose of 25 mg/kg ip in a rat diuretic

iy L Dsekinson, J.o arley-Muason, awl J. ., New, /. Clem. Sec.,
1858 5 G s,

(101 SHee yef 4, p 16D, wnl refevences chervin viied.

(11 Kaeh base was tested as the bydrontdorile,
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assay.'?  The second is the most active in this series
showmg good diuretic effects when given orally at
50 mg/kg both as to the volume of urine and the
amount of sodium eation excreted. The benzazecine
3 (R = CHy)" showed activity in the same test, at a
dose of 25 mg/kg administered intraperitoneally, and
its lower homolog 3 (R = H)! had antiinflammatory
activity when administered intraperitoneally in a 10-
mg/kg dose in an antiedema test in the rat.!®* In an
in vitro test, the benzazecine 11 had the same order of
amebicidal activity as emetine itself. !4

Experimental Section's

Quaternary ammonium salts of geueral 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
beurene for several hours, if necessary, under reflux, When
solid, the new salts were purified by recrystallization from
methanol or methanol-ether before metal-NHj reduction. The
salts 4 (R = CH=CHCH; and CH=CCH;; R! = H; X =
Br, and R = p-CH;0C:H,CH;; R! = H; X = Cl), 5 R =
C¢H;CH;; Rt = H; X = Br), and 6 [R = CsH;CH; and 3,4-
(CH;0):CéHsCH.; X = Br] were obtained only as gums and
rediiced as such. Characteristics of the new crystalline salts are
given in Table II. Metal-NH; reduction is illustrated by two
typical procedures. Bases 1 aud 2 (R = R! = CHj) and 2
(R = CH;; R! = H) were purified by chromatography on neu-
tral alumina. Data on the macrocyelic reduiction products and/
or their hydrochlorides are collected in Table III. Other neces-
sary experimental details are included in the sequel.

2,3,5,6,11,11b-Hexahydro-11-methyl-1H-indolo[3,2-¢]indoli-
zine  Hydrochloride.—2,3,5,6,11,11b-Hexahydro-1H-indolo[3,2-
¢]-iudolizine (7, R = H; n = 1) (8.5 g) in dimethylformamide
(DMF) (200 ml) was stirred at 23° for 1 hr under nitrogen with
sodium hydiide (2.1 g of 309, w/w mineral oil dispersion).
Methyl iodide (6.3 g) in DMF was added, and the mixture was
stirred at 25° for 16 hr. The DMF was distilled and the residue,
in CHCl;, was washed with agueous KHCO; then water and
dried. The product was chromatographed on neutral alumina
(activity IIT), elution with hexane-benzene and benzene giving
the base 7 (R = CHj; n = 1) as an oil (5.9 g): Apax 229, 286,
and 293 (sh) mu (e 34,100, 7000, and 6300); Amin 252 mu (e
2200); nmr, 3-proton singlet at 3.6 (NCHj3). The hydrochloride,
prepared by adding 2-propanol previously saturated with HCI
to the base in ether melted at 244-247.5° (from acetone); Amaux
225.5, 284, and 292 (sh) mu (e 37,900, 7400, 6600); Amin 250 mu
(€ 2200).

Anal.  Caled for C;H,(CIN;: C, 68.6; H, 7.3; Cl, 13.5; N,

10.7. Fouud: C,68.6; H, 7.1; Cl,13.7; N, 10.9.

1,2,3,4,6,7,12,12b-Octahydro-12-methylindolo{2,3-a) quinoli-
zine Hydrochloride. " —Compound 7 (R = H; n = 2) [10.4 g,
prepared analogously to 7 (R = H; n = 1)¥] was converted by
the foregoing methods to 7 (R = CH;s; n = 2): mp 54-61°%;
Auax 229, 286, 291-294 (sh) mu (e 35,400, 6800, 6300); \min
252 mu (e 2300); nmr, 3-proton singlet at § 3.7 (NCH,;). It
was transformed then to the hydrochloride: mp 268-272° dec
(from methanol-ethyl acetate); Amax 226, 284.5, and 292.5
(sh) mu (e 38,600, 7300, 6400); \min 250 mu (e 2100).

Anal. Caled for CieHaN.Cl: C, 69.4; H, 7.65; Cl, 12.8; N,
10.1. Found: C, 69.3; H, 7.8; Cl, 13.2; N, 10.2.

(12) W, L. Lipseliitz, Z. Hadidian, and A. Kerpcsar, J. Fharmacol. Ezpll.
Therup., 79, 97 (1943),

(13) C. Winter, Proc. See. Expil. Biol. Med., 111, 44 (1962).

(14) Private communjcation, Dr. L. Raine, Cancer Researcli Laboratory,
Uuiversity 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 959 ethanol.
Proton magnetic resonance spectra were measured on the Varian A-60
spectrometer using 5-109 solutions in CDCl: containing tetramethylsilane
(TMS) as internal reference standard. Chemical shifts are expressed in é
units and should be accurate to £0.1 ppm.

(16) K. Nagarajav, Cl. Weissmann, . Sehmid, and P. Karrer, Helr.
Chim. Acta, 46, 1212 (1963).

(17) T. Oisbi, 8. Maeno, and Y. Ban, Chem. Pharm. Bull. (Tokyo), 11,
1196 (1963), have inade this compound by two other methods, characterizing
it as the picrate.
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1,2,3,4,5,6,7,8-Octahydro-3-methylazonino{5,4-b]indole
(1, R = CH;; R! = H)—Lithium (15 mg) was added with
stirring to  2,3,5,6,11,11b-hexahydro-4-methylindolo[3,2-g]-1H-
indolizinium iodide (0.35 g) and 1-methoxy-2-propanol (0.11
g) in liquid NH; (100 ml, distilled from lithium). Stirring was
continued for 5 min when the blue color had been discharged
and water (1 mi) was added. The NH; was removed under
nitrogen and the residue was extracted with ether. The crude
product (0.18 g), mp 128-131°, after two recrystallizations from
n-hexane, gave the azoninoindole (0.13 g): mp 130-132°; AEP 2,97,
3.55, 3.62, and 3.67 (sh) u; Amax 228.3, 283.5, 288-292 (plateau)
mu (e 32,000, 7600, 7400); Amin 254 mu (e 3300); umr, 5-protou
series of multiplets at & 7.0-7.6 (aromatic CH and NH), 8-proton
series of multiplets at 2.3-3.3 (CH, adjacent to aromatic micleus
or N), 3-proton singlet at 2.37 (NCHj), 4-proton series of mul-
tiplets at 1.1-2.0 (CH.).

The hydrochloride, formed with 2-propanol previously satu-
rated at 0° with HCl and purified by recrystallization from
nitromethane and 2-propanol, melted at 230-233° dec; A&
3.00, 3.85 k; Amax 224.5, 284.5, 291.5 mu (e 33,900, 7600, 6700);
Amin 247.5, 289.5 my (e 1900, 6600).

1,2,3,4,5,6,7,8-Octahydro-3-methyl-3-benzazecine (3, R =
Me)—Lithium (112 mg) was added in small pieces with stirriug
to  1,2,3,4,6,7-hexahydro-5-methyl-11bH-benzo[a] quinolizinium
iodide (2.6 g) aud I-methoxy-2-propanol (0.88 g) in liquid
NH; (300 mil). 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°; A"
3.45, 3.65, 6.70, and 6.75 u; AZ°¥ 266.5 and 273.5 mu (e 460,
450); nmr, 4-proton singlet at § 7.11 (aromatic CH), 8-proton
series of multiplets at 2.10-3.00 (CH: adjacent to the aromatic
nucleus or N); 3-proton singlet at 2.04 (NCHj;), 6-proton series of
multiplets 1.20-1.90 (CH:), no signal for methyl attached to
methylene in the 0.8-1.2 region, or for vinyl protons in 4.0-5.5
region,

1,2,3,4,5,6,7,8-Octahydro-3-benzazecine (3, R = H)—The
benzazecine 3 (R = CHj;) (5.5 g) was kept in ether with cyanogen
bromide (5 g) for 15 hr at room temperature. The mixture was
added to ice-water and extracted with ether. The product was
refluxed with diethylamine (50 ml) in benzeue (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
2V HCl and water. The organic layer was dried and evaporated
to give a gum (1.8 g), A" 4.55 4. An aliquot (1.5 g) was re-
fluxed overnight with lithium aluminum hydride (2 g) in ether
(100 mi). Water was added, the mixture was extracted with
ether, and the ether extracts were extracted with 2 N HCIL
Basification of the aqueous layer with solid NaHCOj; gave a base
(1 g) which was distilled at 200° (bath, 0.1 mm)to give the benz-
azecine (0.73 g): Amax 266 and 273.5 mu (e 830, 850); Afm 3.35,
3.45, 3.52 u; nmr, 4-proton siuglet at & 7.29 (aromatic CH),
8-proton series of multiplets at 2.6-3.2 (CH. adjacent to aro-
matic nucleus or N), 6-proton series of multiplets at 1.0-2.0
(CH.).

Anal. Caled for CisHyoN: C, 82.5; H, 10.1; N, 7.4. Found:

C,82.2; H,9.9; N, 6.9.
3-(3,4-Dimethoxybenzyl)-1,2,3,4,5,6,7,8-octahydro-3-benz-
azecine [3, R = 3,4-(CH;0).C:H;CH;]. 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 NHs;-1-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 N HCI, and the aecidic extracts were basified with
aqueous NHs Treatment of the product with 2-propauol (20
ml, previously saturated at 0° with HCI) precipitated the hydro-
chloride of 12 (1.15 g) which was filtered. Evaporation of the
filtrate gave a residue which was dissolved in methaiiol and puri-
fied by preparative thin layer chromatography on silica gel
plates!'s (thickness 1 mm) using benzene saturated with NH; as
developing solvent to give the benzazecine (82 mg): mp 55-57°
(from hexane); nnir, 7-proton series of niltiplets at 5 6.4-7.4
(aromatic CH), two 3-proton singlets at 3.61 and 3.88 (OCHj),

(18) Customn Chemical Service Inc., Wilimington, Del.
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2-protan singlet at 3.38 (NCH.C4H;), S-proton series of multiplets
at 2.2-3.0 (CH, adjaceut to aromatic nacleus or N), and 6-protan
series of maltiplets at 1.2-2.0 (CH.).

Anal. Caled for CoHuOuN: C, 77.8; H, 5.6 N, 4.1,
C,76.9; H, 8.8; N, 3.0,

B.—Tlie beuzazecine 3 (R = 117 {0.12 g) was retluxed lor 16
hr with triethylamine (0.2 g) and 3,4-dimethoxybeuzyl chloride
(0.1 g) e CHClz (5 mD).  Distillation of the produer at 170°
(bath, 0.1 mm) gave the benzizecine 3 [R = 34-(CH;0)
Cill;Cl.], wmp 53-56°, andepressed by the sample prepared ax
i A.

Reductive Fission of Salt 6 (R = CH:CH.; X = Br).
Lithimn (56 mg) was added piecemen] with stirring to the salr
(1.5 g) in liquid NHy (200 ml) conraining I-methoxy-2-propanol
(043 g).  After 5 min the blne color was discharged with a few

Fonnd:

Narusual R. Parnt Vol 4
drops of wiaer, wad cther and wiier were wdded, The oily
prodiet i ether was trented with isopropyl alcohol previeusly
sidnrated with HCL at 0°) aud the resulting =uspension wis
filtered ta give the hydrochloride of hase 12, ideutical in melting
point infrared absorption spectrim, and thin layer ehiromata-
graphic hehuvior fon silica gel using NHg-sataraiced henzene!
with au nathentic ssmple.
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Synthesis of Methylenetetrahydrofolic Acid Analogs!'

MarHiax P MeRrtes aND Narvsuar L. PareL

Dizpustirnt uf Muticinal Chenistry, School of Phurvaicy, Universily of Konsus, Liwreinrr, Kasis

Neregveld A pril 28, 1466

The synthesix of analogs of N3N-metrhylenetetrahydrofolic acid is described.

These compounds wre 2-

sabstitated 1-p-carbethoxyphenylimidazolidines and d-sabstituted 2-p-carbethoxyoctahydroimidazo[l,3-¢]-
pyraziues, structural modifications of the cofactor involved in the synthesisx of thymidylic acid. The 5'-nracil

derivatives are analogs of the proposed luterniediate in the biosynthesis of thymidylic acid.

The uhibitory

effects of these compoauds oun dihydrofolate rednctase and thymidylate syntherase are described.

The role of folate cocnzymes m biochenieal pathways
has been amply reviewed by many  investigators.?
Several aspeets of folate utihzation have been of par-
ticular interest in the design of agents effeetive in the
treatment of eancer. e.g.. aminoptermm and amethop-
ternt. Tetrahydrofolic aeid was recognized i 1957
as it essential metabolite i the synthesis of thymidine
S'-monophosphate.  The unique character of the one-
carbon trausfer, a reductive methylation, stimulated
further mterest in this pathway.

1 the miting factor in deoxyribonuelete acid syu-
thesis and nltimately cell diviston ix the availability
of thymidine 5'-triphosphate,* then an obvious approach
o potential anticancer agents s through the inhibition
of thymidine 5'-triphosphate formation. One such
step in the sequence i the svnthesix of thymidine H'-
monophosphate.  Several studies on the mechanisin
of the oune-carbon transfer ta deoxyuridine 5’-mono-
phosphate (dUMP) have demonstrated that tetrahydro-
folic neid, the reducing agent, is converted to dihy-
drofolic acid® ria o hydrogen (hydride?) transfer in

11y This work wus generously supported by Gravt CA-7522 of thie Na-
tivnal Cancer Institute, National lustitutes of Health, T, 8. Puhlic Health
Servirve, Bethesila, Md., and by the Graduate Sclionl, University of Kansas.
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awl D). M. Greenberg, J. Am. Chem. Sor., 78, 3737 (1957).

(4) For a discussion of this point see . G. Lark in '"Molecular Genetics,
Part 1, I. 1. Taylor, Eul., Academic Press Inc., New York, N. Y., 1963, i/

5.

15) (ar Go Ko TMomphireys wnd Do ML Geeeubrye, Aeck. Byariem. Blaphis.,
78, 277 11U38) 0 (L) B, M. MeDongall wivi R. L. Blakley, Biochion., Bioghoa.
Leda, 89, 176 (1MG0): () M. Frialkin, Federntion frar., 18, 230 (1959): M.
Frivdkin in Tl Kinenies of Cellulur Proliferation,” F. Stohbpan, L.,

the interniediate complex to give the produet, thymi-
dite  5’-monophosphate.  The  enzyme  thymidylate
synthetase, isolated from microbial and mammalian
sources,?% catalyzes  the rveductive methylation of
deoxyuridine 5’-monophospliate by transfer of 1 methyl
group from N? NV.nethylenetetrahydrofolic acid. The
kinetics of the reaction support the view that a binary
complex Ix formed between the enzyme and the co-
factor with subscquent formation of a ternary imter-
mediate with the substrate (AUNMP).T - After transfer of
the methyl the binary enzyme-dihydrofolic acid com-
plex dissociates,  Regeneration of tetrahydrofolic aeid
ix niediated by nicotinamide -adenine dinucleotide phos-
phate (NADIH) reduction of dihydrofolic acid in the
presence of dihydrofolic acid reductasc,

Inhibition of the latter step in the sequence by amni-
nopterin and ainethopterin has been demonstrated ax the
site of action for these drug<® Direct mhibition of
thymidylate syvirthetase hus been reported for S-fluoro-
and  A-trifluoromethyl-2'-deoxyuridine  5’-monophos-
pliate® ™ which can be termed, respectively, Vsubstrate”
and “product” mhibitors.  The proposed formation of
a binary complex and the kineties of the enzymatic
reaction suggest. the feasibility of mhibition by analogs
of the cofuctor, N3, X 1-nrethylenctetrahydrofolic acid.

The design ot cofactor inhibitors of thyntdylate
synthetase s not new.  Nishiuk?® reported growth
Grine awd Stratim. New York, No Y., 1839, p U8 «l; R. L, Blakley, DoV,
Rawasastr, aml B, M. MeDousgall, J. Biol. Chem., 288, 3075 (1963).
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