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3,4-Dihydro-lH-l,4-oxazino[ 4,3-a]indoles as Potential Antidepressants 
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A series of 3,4-dihydro-lH- 1,4-oxazino[4,3-a]indoles bearing basic side chains has been synthesized by a novel chemi- 
cal process. These compounds have been screened for potential antidepressant activity. One of these derivatives, 
3,4-dihydro-l,l0-dimethyl-l-(3-methylaminopropyl)-lH- 1,4-oxazino[4,3-a]indole (AY-23,673), was particularly po- 
tent in the prevention of reserpine ptosis test in mice, with an ED50 of 0.5 mghg ip. 

Recent reports from this laboratory have described novel 
synthetic routes to pyrano- and thiopyrano-fused indolic 
systems which have led to the development of prodolic 
acid+ ( I ) ,  an antiinflammatory agent,l and tandamine hy- 
drochloride+ (2),  a potential antidepressant.2 This report 
describes the synthesis and antidepressant properties of a 
series of compounds containing the 3,4-dihydro-lH- 1,4- 
oxazino[4,3-a]indole system 3 and bearing basic side chains 
attached a t  position 1. 

Me (CHJ3NMe2 Et n-Pr CH,COOH 

2 1 

3 

Chemistry. The only reported syntheses of oxazino[4,3- 
alindoles are the preparation of 4 in 194g3 and of 5 in 
1952.4 The synthetic routes used in those studies are not 
suitable for the synthesis of the types of derivatives de- 
scribed in this report. In the present investigation we have 
utilized a reaction whose potential for the formation of 
apdisubsti tuted pyrano rings was first recognized in our 
l a b ~ r a t o r y . ~  It  involves the acid-catalyzed intramolecular 

CH, 
4 

0 
5 

alkylation of an aryl ring by a hemiketal formed in situ 
from an arylethanol and a carbonyl component. Its applica- 
tion to the synthesis of 1,l-disubstituted 3,4-dihydro-lH- 

+ Nonproprietary names adopted by the USAN Council. 

1,4-oxazin~4,3-a]indoles is illustrated in Scheme I. The 3- 
methyl- and 3-ethylindole-1-ethanols (6 and 7, respective- 
ly) were allowed to react with the appropriate keto ester in 
benzene with p -  toluenesulfonic acid as catalyst, followed 
directly by hydrolysis, to afford the 1,lO-dialkyl-1-alkanoic 
acids 8-12 which are described in detail in Table I. The re- 
quired indole-1-ethanol 6 was obtained from the readily 
available 3-metl~ylindole and ethylene oxide, while 7 was 
prepared from the reaction of 3-ethylindole6 with ethyl 
bromoacetate, followed by reduction of the resulting l-ace- 
tic acid derivative with lithium aluminum hydride (see Ex- 
perimental Section). 

The five alkanoic acids 8-12 were ultimately trans- 
formed to the 23 basic derivatives 38-60 collected in Table 
111. Thus, the amides 13-30 were prepared from the corre- 
sponding alkanoic acids by conversion to the mixed anhyd- 
rides with ethyl chloroformate followed by reaction with 
the appropriate amine. The amides were reduced, either di- 
rectly with lithium aluminum hydride (path A) or, in one 
case, via sodium borohydride reduction' of the ethoxyimi- 
nium salt 31 derived from amide 23 with triethyloxonium 
fluoroborate. Some of the basic compounds were best pre- 
pared from the acids via the intermediate alcohols 32 and 
33, tosylates 34 and 35, and iodides 36 and 37 (path B). The 
intermediates 32-37 were characterized by spectroscopy 
and, with the exception of 37, were obtained as oils. Reac- 
tion of these iodides with the appropriate amines afforded 
the required basic compounds. 

Chemical data on the compounds referred to in Scheme I 
as well as definitions of the range of the variables Rl-Rd 
and n are collected in Tables 1-111 and some detailed reac- 
tion conditions are given in the Experimental Section. 

Pharmacology. The 23 compounds listed in Table I11 
were investigated as antidepressant agents. The results are 
shown in Table I11 along with the activities of two standard 
antidepressants, amitriptyline (61) and imipramine (62). 
Acute toxicity was investigated ip in albino mice. Graded 
doses of the compounds were administered to groups of five 
animals each. The approximate LD50 was determined from 
the 5-day mortality data. Prevention of reserpine-induced 
ptosis was estimated by an adaptation of the method of 
Petersen et  a1.8 The percentage of mice in which ptosis was 
prevented was recorded. The ED50 was determined accord- 
ing to the method of F i n n e ~ . ~  
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Scheme I 

6. K = M e  8-12 (see Table 11 
7,  ri = Et I 

i 

K- X n 
32 n-Pr OH '2 
33 Me OH 2 
34 n-Pr OTs 2 
35 Me OTs 4 
36 n-Pr I 2 
37 Me I 4 

13-22. 24-30. (we Table 11 I 

~ 

4 

Five of the oxazinoindoles, 38, 43-45, and 54, were more 
active than amitriptyline in preventing reserpine ptosis, 
with 43 being the most active with an ED50 of 0.5 mg/kg. 

I t  is evident that the nature of the aminoalkyl side chain 
at position 1 of the ring system has a profound influence on 
the activity of the derivatives. Four side chains were found 
to impart the greatest activity, in the following order: 
methylaminopropyl > dimethylaminoethyl N dimethylam- 
inopropyl > aminopropyl (43 > 38 N 45 > 44). Length- 
ening the side chain to 4 carbons as in 47-49 decreased the 
activity, as did increasing the bulk of the nitrogen substitu- 
ent. Replacement of the methyl groups a t  positions 1 and 
10 with n-propyl and ethyl groups also gave less active 
compounds (51 and 54). 

In conclusion, the synthesis and pharmacological testing 
of a series of 23 novel oxazinoindole derivatives has led to 
the identification of 43, 3,4-dihydro-l,l0-dimethyl-l-meth- 
ylaminopropyl-1H-1,4-oxazino[4,3-a]indole hydrochlo- 
ride,' as a potential antidepressant agent on the basis of its 
activity in preventing reserpine ptosis (ED50 0.5 mg/kg). 
Further studies on the biological profile of this compound 
will be reported separately. 

Experimental Section 
Melting points were taken on a Thomas-Hoover apparatus and 

need no correction. NMR spectra were determined using a Varian 
A-60A spectrometer and the chemical shifts ( 6 )  are reported in 
parts per million downfield from TMS. Analyses indicated by ele- 
mental symbols were within f0.4% of the theoretical values and 
were done by Dr. G. Schilling and staff of our laboratories on a 
Perkin-Elmer Model 240 elemental analyzer. 

3-Methylindole-1-ethanol (6). 3-Methylindole (393 g, 3 mol) 
in 1000 ml of dry T H F  was added dropwise with cooling to n- 
butyllithium (3.05 mol) in 1000 ml of THF. The reaction mixture 
was stirred for 1 hr a t  0' and then ethylene oxide (300 ml, 6 mol) in 
300 ml of dry T H F  was added. The reaction temperature was 
raised to 22" and stirring was continued for 18 hr. Most of the 
T H F  was evaporated off and the residue taken into CH2C12, 
washed with concentrated HCl,lO% XaHC03, and H20, dried over 
NaZS04, and distilled to afford the product (86%): bp 120-125" 
(0.1 mm). Anal. ( C I ~ H ~ : < N O )  C, H, N. 

3-Ethylindole-1-ethanol (7). 3-Ethylindole (25 g, 0.173 mol) in 
300 ml of DMF was added dropwise to a stirring mixture of NaH 
(10.0 g of a 55% oil dispersion, 0.23 mol) in 325 ml of DMF. This 
was heated a t  40" for 2 hr. After cooling to 0' ethyl bromoacetate 
(57 g, 0.34 mol) was added dropwise while keeping the reaction 
temperature under 20'. After the addition, stirring was continued 

: Also known by the Ayerst code number, AY-23.673. 

38-60 (see 'Table 1111 
31 

for 90 min. H20 was added dropwise to destroy excess sodium hy- 
dride. A conventional work-up procedure afforded the crude ester 
which was hydrolyzed directly with KOH in aqueous MeOH a t  22O 
to 3-ethylindole-1-acetic acid (25 g, 71%): mp 157-159" (MeOH); 
NMR (CDCl3) 8 1.21 (t, 3, J = 7 Hz, C H d ,  1.33 (t, 3, J = 7 Hz, 
CH3), 2.78 (q, 2, J = 7 Hz, C H Z C H ~ ) ,  4.18 (4, 2, J = 7 Hz, 
OCH2CH3), 4.72 (s, 2, CHzCO), 6.84 (s, 1, =CH), 7.20-7.60 (m, 4, 
aromatic). Anal. (CnH13N02) C, H, N. 

This acid (20 g, 0.1 mol) in 500 ml of Et20 was slowly added to a 
stirring mixture of LiAIH4 (4.6 g, 0.12 mol) in 350 ml of Et20 a t  
15O and the reaction was stirred for 15 min a t  this temperature. 
The usual work-up procedure afforded an oil which was purified 
by chromatography on silica gel with 15% EtOAc in CsHs. The 
product was obtained as an oil (15.5 g, 82%): NMR (CDC1:j) 6 1.3 (t, 

$3.68 (t, 2, J = 5 Hz, CHzN), 4.02 (t, 2. J = 5 Hz, CHpO), 6.82 (m, 1, 
CH),  6.9-7.7 (m, 4, aromatic). 

Preparation of the Aikanoic Acids 8-12 (Table I).  3,4-Dihy- 
dro-l,l0-dimethyl-1Hl,4-oxazino[4,3-a]indole-l-acetic Acid 
(8) .  A mixture of 3-methylindole-1-ethanol (6, 26.5 g, 0.15 mol). 
ethyl acetoacetate (32 g, 0.20 mol), and p -  tvluenesulfonic acid (2.0 
g )  in 600 ml of C6H6 was refluxed 6 hr under a Dean-Stark water 
trap. The reaction solution was washed with 50/0 NaHC0:J and HzO, 
dried over Na2S04, and evaporated to give the ester as an oil which 
wab purified by chromatography on silica gel with 10% EtOAc in 
C6Hn. The crude ester was dissolved in 800 ml of MeOH containing 
20 g of KOH and 20 ml of H20 and heated at 50' for 2 hr. A con- 
ventional work-up procedure afforded the product 8 125 g, 65%). 
mp 138-139'. 

In  an analogous manner the alkanoic acids 9-12 were prepared 
using the appropriate starting materials. Chemical data on these 
compounds are collected in Table I. 

Preparation of the Amides 13-30 (Table 11). 3,4-Dihydro- 
N-ethyl- 1,lO-dimethyl- 1 H-1 ,I-oxazino[ 4,3- a ]indole- 1 -acet - 
amide (15). A stirred solution of the acid 8 (10 g, 0.039 mol) and 
triethylamine (6 g, 0.039 mol) in 150 ml of T H F  was cooled to - s o .  
Ethyl chloroformate (5 g, 0.046 mol) was added dropwise and stir- 
ring continued for 2 hr while keeping the temperature below 10'. 
The mixture was cooled to -loo and treated with ethylamine (75 
ml of a 35% aqueous solution, 0.58 mol). After 1 hr, most of the 
T H F  was evaporated off and the residue partitioned between Et20 
and H20. The ethereal solution was dried over Na2S04 and con- 
centrated in vacuo to  afford the amide 15 (11 g, 98%): mp 104- 
106O. Similarly, amides 13, 14, and 16-30 were prepared from the 
appropriate acids of Table I and the appropriate commercially 
available amines. Chemical data on these compounds are collected 
in Table 11. 

Preparation of the Amines 38-60. Path A. LiAIH4 Reduction 
of Amides 13-22 and 24-30. 3,4-Dihydro-l-[(2-dimethylami- 
no)ethyl]-1,lO-dimethyl- 1H-1,4-oxazino[4,3-a]indole (38). The 
amide 13 (11 g, 0.038 mol) was reduced in T H F  (200 ml) with 
1,iAIHd (6.3 g, 0.16 mol) during 2 hr at reflux. A conventional work- 
up gave the product (8 g, 77%) as an oil. It was converted directly 
t(~ the HCI salt which had mp 237-239'. 

8, J = 7 Hz, CH3), 1.85 (s, 1, OH), 2.77 (q, 2, J = 7 Hz, CHZCH:~),  
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Table I. 3,4-Dihydro-l,l0-dialkyl-1H-1,4-oxazino[4,3-a]indole-l-alkanoic Acids 

c x & h  
I / o  (CHACOOH 

Reflux R e c r y s t n  
No.' Ri  R? n t i m e ,  h r b  MP, "C solventC Yield, qd Formula '  

1 48 138-139 A 6 5  1 SH 1 7N03 

2 12 115-116 A ,  B 73 1 g H 1  
CH3 
CH3 

CH3 

8 CH3 
9 CH3 

10 CH3 
11 CH3 
1 2  C 2 H 5  CH3 2 

1 4 6-1 4 8 B 59 c 1:Hz P O ?  
3.5 104-1 06 B 92 c 17% ,NO? 

n-C3H, 1 48 
3 

1 2  11!+121 A ,  B 42 C17H21N03 

=The indole starting material was 3-methylindole-1-ethanol (6) except for compound 12 where 3-ethylindole-1-ethanol (7) was used. The 
keto esters used were ethyl acetoacetate for 8, ethyl levulinate for 9 and 12, ethyl butyrylacetate for 10, and ethyl 6-ketohexanoate for 11. 
*%flux time required for cyclization. cA = petroleum ether (bp 40-60"); B = ethyl acetate. dThese are overall yields for the cyclization of the 
indoleethanol with the keto ester followed by saponification. eAll compounds analyzed for C, H, and N within *0.4% of the calculated val- 
ues. 

Table 11. N-Substituted 3,4-Dihydro-l,l0-dialkyl-1H-1,4-oxazino[4,3-a]indole-l-acetamides and -propionamides 

R e c r y s t n  
No. R i  RZ NR3R4 n Mp, "C solvent'  Yield,  %* Formula '  (ana lyses)  

13 Me Me NMe2 1 d 17H22N202 
14  M e  Me "Me 1 131-1 33 A 86 Ci$2nN,Oz (C, H ,  N) 
15 M e  Me "Et 1 104-106 A 98 Ci,H,2N,02 (C, H ,  N) 
1 6  M e  Me NEt2 1 d 1 9H26N202 
1 7  M e  M e  NHMe 2 14 7-1 49 A 1 0 0  Ci,H22N@, (C, H ,  N )  
18 M e  Me "2 2 97-98 B, C 87 Ci$2nN202 (C, H ,  N)  

20 Me Me "Et 2 114-116 A, B 100 Ci8H,,N202 (C, H ,  N)  
2 1  Me Me NEt, 2 d 20H2 SNZ02 
22 M e  n-Pr NMe, 1 84-86 A 67 Ci,H,gN@, (C, H ,  N) 
23 Me n-Pr NEt2 1 d c2i H30N202 
24 E t  Me "Me 2 1 3  7-139 A 100 Ci$z,N202 (C, H, N) 
2 5  M e  Me C5H10Ne 1 d 20H26N202 

26 Me Me c 5HllNZe 1 d C?0H27N30? 

27 M e  Me C ,H8NOe 1 d Ci3H24N?03  

2 lH? aNZo2 28 Me Me C5H10N8 2 d 
29 Me M e  C,"N2e 2 d 2 i H ? $ 3 0 2  
30 M e  Me C,H8NOe 2 160-162 A 100 C2nH2gN@, (c, H ,  N) 

=A = ethyl acetate; B = benzene; C = petroleum ether, bp 40-60". *Yields are based on the acids described in Table I. (Microanalyses were 
obtained for the elements indicated in parentheses; all results were within *0.4% of the calculated values. dObtained as an oil, homogeneous 
by TLC, which was used directly in the next reaction. No elemental analysis was obtained. eCbHloN = piperidino; CSHilN2 = N-methyl- 
piperazino; CsHsNO = morpholino. 

19 Me M e  NMe2 2 d C18H24N202 

In an analogous manner the amines 39-46, 51, and 54-60 were 
prepared. Chemical data on these compounds are collected in 
Table 111. 

Path B. 3,4-Dihydro-lO-methyl-l-propyl-l~-l,4-oxazino[4,- 
3-a]indole-l-ethanol (32). The acid 10 (IO g, 0.035 mol) was re- 
duced in T H F  (100 ml) with LiAlHd (2 g, 0.05 mol) during 1 hr a t  
Oo. A conventional work-up gave the product (7 g) as an oil. Chro- 
matography on silica gel using EtOAc-CHCl3 (1:l) afforded 32 as 
an oil (6.5 g, 62%): NMR (CDC13) 6 0.9 (t, 3, J = 7 Hz, CH3), 1.40 
(m, 2, CHz), 2.2 (m, 4, CHz), 2.26 (m, 3, CH3), 3.71 (t, 2, J = 6 Hz, 
CH20), 4.40 (m, 4, CHz), 7.0-7.7 (m, 4, aromatic). 

3,4-Dihydro-l,lO-dimethyl-l~-l,4-oxazino[4,3-a]indole-l- 
butanol (33). Reduction of the acid 11 with LiAlH4 followed by 
chromatography, as above, gave the product as an oil in a quantita- 
tive yield: NMR (CDC13) 6 1.58 (s, 3, CH3), 2.28 (s, 3, CH3), 3.54 (t, 
2, CHzO), 4.03 (m, 4, CH2), 7.0-7.7 (m, 4, aromatic). 

3,4-Dihydro- l0-methyl-l-propyl-l,4-oxazino[4,3-a]indole- 
1-ethanol Tosylate (34). Compound 32 (1.4 g, 0.005 mol) was 
treated with p-toluenesulfonyl chloride (1.0 g, 0.006 mol) and pyri- 
dine (10 ml) a t  Oo for 1 hr. A conventional work-up procedure gave 
2 g (91%) of the product as an oil: ir (CHC13) 1600,1370, 1190,1170 
cm-'. 
3,4-Dihydro-l,lO-dimethyl-l~-l,4-oxazino[4,3-a]indole-l- 

butanol Tosylate (35). The reaction of compound 33 (18.3 g, 0.067 
mol) with p-toluenesulfonyl chloride (15 g, 0.079 mol) as above 
gave 26.6 g (93%) of 35 as an oil: ir (CHC13) 1600, 1370, 1190, 1170 
cm-'. 

3,4-Dihydro-lO-methyl-l-propyl-l-(2-iodoethyl)-l~-l,4- 
oxazino[4,3-a]indole (36). The tosylate 34 (2 g, 0.0047 mol) was 
allowed to react with NaI (6 g, 0.04 mol) in acetone a t  22' for 24 hr. 
A conventional work-up gave an oil that was chromatographed on 
silica gel with C6H6 to afford 1 g (56%) of 36: NMR (CDC13) 6 0.9 
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- 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

57 
58 
59 
60 
61 
62 

Me 
M e  
Me 
Me  
Me  
Me  
Me 
Me  
Me  
Me  
Me  
Me  
Me 
Me  
Me  
Me 
Et 
M e  
Me  

Me 
Me  
Me 
Me  

M e  
Me  
Me 
Me 
M e  
M e  
Me 
Me 
Me 
Me  
Me  
Me  
u-Pr 
u - P r  
//-Pi- 
ti-Pr 
Me 
Me  
Me  

Me  
M e  
M e  
Me  

Amitr iptyl ine 
Imip ramine  

1 1  
- 

2 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
2 
2 
2 
2 
3 
2 
2 

2 
3 
3 
3 

Preven-  
t ion of 

Acute tox- r e s e r p i n e  
ic i ty ,  p tos i s ,  

R e c r y s t n  Yield,  LD50, ED503 
NRSR, Mp, "C solvent '  %b Formulac*d  mg/kg i p  mg/kg i p  

NMe, 
NHMe 
"Et 

NHEt 
"Me 

NMe, 
NEt,  
NHMe 
NMe, 
NHEt 
NHMe 
NMe, 
NHEt 

NHMe 
C ?H, ,N' 
C ,,H , 1N2E 

C &H ,NO" 

NEt, 

NH 2 

NEt? 

CjH, (Ye 
C 5HllN2' 
C ,H,NOe 

23 7-23 9 
249-2 5 1 
196-198 
191-193 
220-222 
193-195 
2 04-2 06 
200-201 
174-176 
16 6-1 68 
194-196 
144-146 
229-230 
196-197 
2 12-2 14 
165-167 
1 5 7-1 59 
253-255 
1 9 6-1 98 

2 34-2 3 6 
205-2,07 
260-262 
210-212 

33 
68 
38 
33 
59 
88 
40 
47 
60 
60 
90 
70 
26 
37 
20 
27 
84 
44 
21 

80 
72 
47 
46 

90 
170 
225 
90 
90 
125 
160 
125 
90 
90 

90 
90 
225 
120 

125 
90 
225 

225 
70 
225 
190 
94 

115 

2.3 
8.4 
6.7 

>25 
15 
0.5 
4.6 
2.9 

15.3 
>25 

> l o  
;> 1 5 
> 10 
23 

> 10 
'30 

>25 
>35 

.35 
>20 :. 60 

4.2 

20.5 
4.7 
6 

('A = methanol; B = ether; C = 2-propanol; D = ethanol. hoverall yield from the acids described in Table I .  [All compounds were ana- 
lyzed for all elements except oxygen. All results were within h0.470 of the calculated values. dAll compounds were prepared by LiAIH4 re- 
duction of the corresponding amides (path A )  with the exception of 47-50 and 52 which were made by the alkylation route (path B) and 53 
which was made by NaBH4 reduction of the ethoxyiminium salt 31 (see Experimental Section). eCsHloN = piperidino; C5HllNz = N -  
methylpiperazino; C4HgNO = morpholino. fA dimaleate salt 

( t ,  3, J = 6 Hz, CH:j), 2.31 (s, 3 ,  CH,j), 4.06 (m, 4, CHd,  7.21 (m, 4, 
aromatic). 

3,4-Dihydro- l,l0-dimethyl-l-(4-iodobutyl)- lH-l,4-oxazino- 
[4,3-a]indole (37). The tosylate 34 (8.3 g, 0.02 mol) on reaction 
with NaI (15 g, 0.1 mol) as above gave 7.3 g (98%) of 37: mp 60-62' 
(petroleum ether, hp 40-60°); NMR (CDC13) 6 1.6 (t, 3, CHd ,  2.29 
(s, 3, CHd, 3.10 (t,  2, CHd ,  4.04 (m, 4, CHd, 7.20 (m, 4, aromatic). 
3,4-Dihydro-l,lO-dimethyl- 1-[4-(methylamino)butyl]-l H- 

1,4-oxazino[4,3-a]indole (47). Compound 37 (3.5 g, 0.0094 mol) 
and 100 ml of 40% aqueous methylamine in 100 ml of T H F  was 
stirred a t  22" for 6 hr. Most of the T H F  was removed in vacuo. A 
conventional work-up gave 2 g (75% yield) of an oil which was con- 
verted into the HCl salt, mp 166-168O (2-PrOH). 

In a similar manner compounds 48-50 and 52 were prepared. 
The chemical data for these compounds are collected in Table 111. 
3,4-Dihydro-l-[2-(diethylamino)ethyl]-lO-methy~l-propyl- 

lH-1,4-oxazino[4,3-a]indole (53). Triethyloxonium fluoroborate 
(3.5.g, 0.0185 mol) and compound 23 (5.5 g, 0.016 mol) in 100 ml of 
dry CH2C12 were stirred a t  22' for 20 hr. The CHzC12 was removed 
and the residue dissolved in 50 ml of absolute EtOH. NaBH4 (1.35 
g, 0.035 mol) was added portionwise to the stirring solution a t  0'. 
After the addition, stirring was continued a t  22O for 18 hr. A con- 
ventional work-up afforded an oil that  was directly converted into 
its HBr salt: mp 165--167O (see Table 111). 

Note: The ring system of the title compound should be named 
lH-[l,4]oxazino[4,3-a]indole throughout. 
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