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METHOXYCARBOSTYRILS 

The central nervous sytein activity occasionally displayed by carbostyrils (1) led us to  
prepare several methoxy-substituted 2-hydroxyquinolines (cf. I) and a number of 
2-quinolyl esters (Table I) for pharmacological evaluation. In general, the quinoline 
derivatives were based on structural features2 of thc hypotensive and sedative Raz~wolJia 
alkaloids reserpine and resinnamine (2). Certain other 2-quinolyl esters (Table I) ,  ethers, 
and 2-chloroquinolii~es were synthesized for comparison purposes. 

Initially, i t  was considered necessary to  prepare 6-methoxy-(Ia), 7-methox!--(Ib), 
and 6,7-dimcthoxy-carbostyril (Ic). Of these, only 7-methoxycarbostyril was previously 
undescribed and synthesis was accomplished by the follo.iving reaction scheme (I1 -+ I).3 

Chromyl chloride oxidation of 2-nitr0-4-i11ethoxytoluene ( 5 )  gave 2-nitro-4-~nethoxy- 
benzaldehyde (11) as described by Boon (6). Condensation of benzaldehyde I1 with 
malonic acid led to  2-nitro-4-n1ethoxycii1na1nic acid (111). Ferrous sulphate reduction of 
nitrobenzene I11 afforded 2-amino-4-inethoxycinilainic acid (IV), which cyclized to  
7-inethoxycarbostyril (Ib) in hot 2-propanol - llydrochloric acid solution. P h o s p l ~ o r ~ ~ s  
oxychloride readily converted carbostyril Ib to  2-chloro-7-methoxyquinolii~e (Id). 

Preparation of 2-chlorocluinoline Id illustrates the general reaction sequence employed 
for synthesis of 6,7-dimethox~~carbostyril (7) from 6-nitroveratraldehyde and subsequent 
conversion to  2-cl~loro-6,7-di1netl1oxyquinoline (Ie). Dimet l~yl forma~~~ide  was found a 
superior solvent for effecting facile transforillation of chloroquinoline Ie to 2,6,7-tri- 
inethoxyquinoline (If) with sodium methoxide. With methanol, Diglyine, or xyleile as  

IEatoTz Laboratories. 
?il nz~nzber of recent innestigations, directed toward preparation of z~se f z~ l  ataractic agetrts, have beeiz i n s l~ i red  

by  varioz~s  aspects of the reserpme molecz~le: see for exanzple, reference 3. 
3Tkree years after tlte present iavestigation w a s  cot~tpleted, Sidlru (ref.  4 )  a d  colleagt~es reported a sintilar 

route to 7 -~~~e thoxycarbos t y r i l .  
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NOTES 1765 

solvent, extended reaction periods were ne~essa ry .~  The butyl (Ig) and dimethylamino- 
ethyl (112) ethers of diil~ethoxycarbostyril Ic were prepared in an analogous manner. In 
addition, 2,6,7-trihydroxyquinoliile (Ii) was obtained by treating carbostyril Ic with 48% 
hydrobroillic acid. 

Tlle 2-quinolyl esters (Table I) were prepared by warnling the respective carbostyril and 
acyl chloride in pyridine. The infrared spectrunl of each ester revealed a si~lgle strong 
band in the 5.78-5.52 p region, conlpatible with 0-alkylation. Evidence in favor of N- 
alkylatioil was not den~onstrated.~ 

6-~Tetlto.\~ycc~rbostyl.il ( l a )  
A solution of 6-methosyq~~inoline-N-oxide (37.0 g, ref. 11) in 300 1111 of acetic anhydride \\,as heated a t  

reflux for 5 h before relnoval of excess solvent i n  nacz~o. The  dark residue was warmed (steam bath) for 1 h 
with 200 ml of 2 iV sodium hydroxide. After cooling, the product was collected and \~ashed  with dilute 
hydrochloric acid and water. The grayish-bronrn colored crystals weighed 12.6 g (33%) and melted a t  208- 
216". Rcc~.ystallization from ethanol (Darco) afforded colorless crystals of 6-methoxy~arbos~yril  melting a t  
220-221". The product was shomn to be identical with a n  authentic saiuple (12) by mixture melting point 
determination and infrared spectral comparison. 

d-ivitro-~-~~~etl~o.~yci~~?za~i~ic Acid ( I I I )  
T o  a solution of ~nalonic acid (224 g) in 750 ml of pyridine were added piperidine (20 ml) and 2-11itro-4- 

methoxybenzaldehyde (127 g, ref. 5 and 6). After a 3-hr period of heating (steam bath),  evolution of carbon 
dioxide appeared to be complete and the solutioll was poured into 3.2 1 of 10% hydrochloric acid. The tan- 
colorecl crystalline product weighed 120 g (77y0) and melted a t  245-347" (with sinteriilg from 190"). 
Recrystallization from ethanol (Darco) gave pale yellow needles, m.p. 246-248". A melting point of 240" has 
been reportecl (4) for this substance. Anal. Calc. for CloHgXOs: C,  53.81; H,  4.06; N, G.28. Found: C, 53.90; 
H ,  3.97; N, 6.5G. 

7-ilTctl~o.t.ycarboslyvi1 ( I b )  
X solution of 2-nitro-4-metl~osvcinnamic acid (120 a )  in 1.3 1 of 28% aoueous ammonia \vas added, with . -. , "  . 

stirring, to a \\!arm solution of ferrous sulphate heptahydrate (1.3 kg) i l l  2 1 of water. After the mixture was 
heatctl to SO0 for 10 inin, it \vas allo~vetl to cool and \\;as tiltered through Celite. The filtrate was acidified to  
pI-I 6.5 with glacial acetic acid to  furnish 44 g (43y0) of light brown crystalline product (IV), m.p. 238-242" 
(dec.). A solution of the amino acid (44 g) in 500 1111 of isopropyl alcohol containing concentrated hydro- 
chloric acid (200 ml) was heated a t  steam bath temperature for 15 min, cooled, ancl filtered. The  grepish- 
bro\vn crystalline product \vas dissolved in 2 iVsodium hydroxide (500 ml) and precipitated with 2 iV hyclro- 
chloric acid. The tan-colored microcrystals weighed 18.3 g (-15y0) and melted a t  108-200' (with sintering 
from 1'70'). Recrystallization from ethylene chloride gave colorless needles, 1n.p. 204-205.5°. .An elemental 
analysis for nitrogen and a melting point of 199" has been reported (4) for carbostyril Ib. Anal. Calc. for 
CIoI-1,SO.: C, 68.56; H, 5.18; H, 8.00. Found: C, 68.30; H, 4.91; S, 7.0ti. 

d-Chloro-7-~izet1~osyp7~i7toli~~e ( I d )  
r\ solution of 7-methoxycarbostyril (1.9 g) in 20 ml of phosphorus oxychloride was heated a t  reflus 3 h. 

The remaining phosphorus oxychloride was removed i n  vacz~o. After addition of ice and aqueous ammonia, 
the basic mixture was extracted \vith chloroform. Removal of solvent from the dry (sodium sulphate) 
extract afforded 1.2 g (59y0) of crystalline product; 1n.p. 96-97", following recrystallization from benzene 

4 T l ~ e  uitespected resista7zce displayed by chlorodeorydilzydro~i~tde~sine (ref. 8 )  (i) to nzlcleoplzilic attack b y  
7izethoside ilz l~teflzatlol or rylene m a y  be cited a s  another erantple: cf. also ref. 9. 

\/ 

jA?z itilide strzrcture, arising from N-alkylatio?~, would be expected to erlzibit a secoltd band dz~e  to carbo7zyl 
absorption ill the 6.85-6.00 p rcgiolz (ref. 10) .  

Unless otlrer~aise indicated, ?,leltix.g points were dete~mined with a Fislzer-Jol~ns apparatzls and are uncorrecfed. 
Eletileiztal analyses were pronided by the ?7ricroanalytical laboratory of Eaton Laboratories. I7lfrared spectra zvere 
nzeasz~red ilt ~ 1 ~ 1 o r o f o r ~ 1 ~  solz~tiolz z~sing a Perkin-Elmer -model d l  ixfrared spectrophotometer. 
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TABLE I 2 

~ ~~ -- ---- -. ~ 

-~ 

Calculatetl, % Found, % > t- 
Yicld," M . P . , ~  

"C C N C I3 
0 

12 R 1 I2 2 Ojo Solvcnt" Forni~~la  1-1 N 

H 1-1 NicotinyI 29 1 111-112 C~: IHI~NYO? 71.99 4.03 11.20 72.14 3.94 11.22 
2 

1-1 13 3,4,5-:[rimethoxybcnzoyl 65 2 l2!1.5-130.5 C19Ml,S05 67.25 5.05 4.13 67.00 4.65 4.09 g 
OCH, 1-1 3,4,5- 1 rimcthoxybenzoyl 35 1 177-178.5 C?OHIBNOG 65.03 5.19 3.711 65.20 4.88 3.66 +- 

OCFI 3 1-1 3,4,5-Trimethoxyci1111a1110~~1 32 2 120-121 C21-I?lN06 66.8% 5.85 3.54 (jG.80 5.42 3.43 2 
0CI-13 0CI13 Bcnzoyl 50 2 133-134 C18H15X0., (j9.89 4.89 4.53 69,110 4.5.2 4.40 -: 
OCII:, 0 C H 3  Nicotinyl 31 2 153-154 C171111N~O~ G5.80 4.55 9.03 66.00 4.60 8.88 
0Cl-13 OCI-I3 3,4,5-l'rirncthoxybc11zo~~l GO 1 22 1-229 C?1112LNOi 63.15 5.30 3.51 63.10 5.01 3.31 o 

CI13 0CIH3 3,4,5-'I'rimetIiosyci1111ai1ioyl 35 1 166-1G7.5 C211-1~~NOi 64.93 5.45 3.29 G5.10 5.25 3.10 -- 
"Yield based 011 n pure sl)ecimen. 

lii 

" ~ l l e  ester was recrystallized Croul benzene ( I ) ,  or bcnzene - ~ e t r o l e u m  e t l ~ e r  (2). +J 
CMelting point 01 t l ~ c  n ~ ~ a l y t i c a l  sample. (3 

n 
4- 
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(Darco)-hesane. 'The analytical sample crystallized as colorless necdles from benzene-hexane, m.p. 07-88". 
Anal. Calc. for CloH8CINO: C, 62.0'2; H, 4.16; C1, 18.31. F O L I I I ~ :  C, 62.20; H ,  4.14; Cl, 18.05. 

2-Cl~loro-6,7-di1iiellio.vyqiii~1oli~ze (Ie) 
A suspension of 6,7-di1i1etl1oxycarbostyril (100 g ,  ref. 7) in 300 1111 of reflusing phosphorus ox!-chloride was 

stirred 3 11. Excess phosphorus osychloridc was rcmoved ill vaczio before the residue was cautiously added 
to  an  icc - aclllcous ammonia mixture. 'The gralr-colored crystalline procluct was collected ant1 \vashed with 
water; yield 104.5 g (06yo), m.p. 118-120". Recrystallization from bcnzene (Darco) - petroleum ether gave 
colorless needlcs melting a t  122-12-lo. Anal. Calc. for C I I H I ~ C I S O ~ :  C, 59.07; H, 4.51; CI, 15.85. F O L I I I ~ :  C, 
50.40; H,  4.50; C1, 15.83. 

2,6,7-Tri11letkoxyqziinolirle (If) 
T o  a solution of 2-chloro-6,7-di1i~ethox~~c~~1iiioline (Ie, 5 g) in 100 ml of dimethylforma~nide \\,as added 

6.2 g of sodium mcthoxide. Before pouring the hot reaction mixture into 1 1 of water, the resulti~lg suspension 
mas stirred and heated a t  reflux for 15 min. Collecting the colorless needlcs afforded 4.1 g (84%) of product 
melting a t  116-117'. After further recrystallization from petrolcum ether, the mclting point remainetl a t  
116-117'. Anal. Calc. for C12H13y03: C, 65.74; H,  5.98; N, 6.30. Found: C,  65.75; I-I, 5.60; X, 6.24. 

A fair yicld (687;) in Diglyme was obtained after 24 h a t  reflux, while 48 h in reflusing sylene \v;~s needcd 
to obtain a comparable yield (77%). The reaction in refluxing methanol, a t  periods up to 2-1- h,  ga1.e only 
crude starting material and was not further invcstigatetl. When a methanol solution of 6,T-dimethosy- 
carbostyril was treated nith cthercal diazomethar~e and allo\ved to stancl a t  room tempcraturc for 24 h,  
only starting material was recoveretl. 

2-B?~lo.vy-6,7-diii1ct~1o.~yq?~i?zo~i?~e (Ig) 
Dimcthylforman~ide (150 ml) ant1 20 g of 2-chloro-6,7-dimethoxycl~1i11oline (IE) I V C ~ C  added to solid sorlium 

butoxide, prepared by adding sodium (12.4 g) to 200 ml of refluxing ~ - b u t ) . l  alcohol (excess alcohol ~ v a s  
reno\-etl i ? ~  vaczio). Before the mixture \vas poured into 1.5 1 of Ivatcr, heating nras maintained a t  110-120' 
for 15 min. Heating the mixture to reflux caused excessive foamir~g. The crystalline product Iveighcd 22.9 g 
and mcltcd a t  74-78' (with sintering from 65'). Distillation through a Claisen flask afforded 17.5 g (75%) of 
viscous oil, b.p. li5-l'i0° (0.02 mm), which crystallized from bcnzene- petroleum cthcr as colorless crystals 
melting a t  S3-S5°. An analytical sample, lll.p. 85-86", was cr)~stallizcd fro111 the same solvent. -1nnl. Calc. for 
ClirMI8SO3: C, 68.74; 1-1, 7.33; S, 5.36. F o L I ~ ~ :  C, 68.74; H,  6.98; X ,  5.08. 

2-(2'-Din1ethylar11i~zo)et11o.vy-6,7-diiizelho.vyqzii7~o1i1ze (Ill) 
Sodium (12.4 g) was adcled in s~nal l  portions to 150 ml of refluxing dimethylaminocthyl alcohol. Excess 

solvent n a s  removed ,iic uaczio ant1 to the crystalli~le residue was atlded dimethyllormamidc (200 ml) and 20 g 
of 2-chloro-G,7-dimethosyc~t1inoline (Ie). Beforc the mixture was pouretl into 2 1 of cold Ivater, stirring and 
heating a t  reflux was continuecl for 15 min. The aclueous solution was saturated \vith sodi~111i chloride ant1 
extracted \vith chloroform. Removal of solvcnt from the dry (sodium sulphate) organic extract left a dark 
brown inobile oil. A portion of the oily residue (1.7 g) in bcnzenc-hcsane (1:l)  was chromatographetl on 50 g 
of activated alumina (Mercl; "Suitable for Chromatography"). Elution with 750 ml of thc sarne solvent gave 
0.42 g of colorless crystals. F ~ ~ r t h e r  clution nrith 1 1 of bcnzeile afforded 0.28 g. After recrystallization fro111 
benzene - petroleum ether, the two crystalliile fractions melted, respectivel)., a t  108-110' and 112-114". An 
analytical sample crystallizetl as colorless platelets fro111 benzene - petrolcum ether, lll.p. 113-114". !lnal. 
Calc. for CIsI-I?oS?Oa: C, 65.19; 13, 7.30; N, 10.14. Found: C, 65.65; I-I, 7.23; N, 10.05. 

, , I he remaining reaction product was distilled through a Claiseli flasl;. 'The niain fraction boiled a t  184-186' 
(0.01 mm) and separated froin benzene - petroleum ether as colorless crystals (8.8 g),  111.p. 100-107'. Several 
additional recrystallizations l r o ~ n  benzene - petroleum ether raisctl the melti~lg point to 100-111'. X misture 
melting point determination with the chromatogrnphed product showed no depression. The total yield of 
crystalli~ie material amounted to 0.5 g (38%). 

6,7-Dihydro.vycalboslyri1 (Ii)  
A stirred suspension of 6,i-dimetliox~~carbostyril (Ic, 30 g, ref. 7) in GOO ml of 48% hydrobromic acid was 

heated a t  reflus 24 h. The dar1;-colored solution \\.as cooled and the bro\\ril needles (27.6 g) collected, \vashed 
with watcr, and recrystallized from glacial acetic acid (Darco). The straw-colored crystalline salt meighed 
10.5 g and melted a t  268-270" (with sintering fro111 260'). Precipitation fro111 450 ml of 2 Nsodium hydroxide 
solution, with 2 i\T hydrochloric acid, gave 13 g of tan-colored 6,7-dihydro.vycarboslyril, 111.p. 330-334' 
(dec.) with sinteriiig from 315' .The yield was increased to 17.5 g (68%) by diluting thc hydrobromic acid 
filtrate with ca. 100 ml of water aritl converting thc second crop of hydrobroinide to 6,7-dihydroxycarbostyil 
as previously described. An analytical salnple was obtained as colorless crystals from glacial acetic acid, 
m . p  338-3-1-0' (tlec.) with darl;ening fro111 315".7Anal. Calc. for C8M7-\iO3: C, 61.01; H ,  3.08; y, 7.01. FOLII~CI: 
C, 60.00; H,  3.00; N, 7.82. 

2-Q~iirzoIyl Esters (Table I )  
Dctails for the preparation of 2-cl~iinolyl-3',4',5'-tri~~1ethosybe~~zoate will illustrate the general procedure 

?Capillary tzibe mellirzg point. 
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(13). To a warm solution of carbostyril (263 g) in 1.2 1 of pyridine was added 418 g of 3,4,5-trimethosy- 
benzoyl chloride (14). Before pouring the solution into 13 1 of water, heating was maintained a t  steam bath 
temperature for 1 h. The crude product was collected, dissolved in 2 1 of chloroform, and washed successively 
with live 300 ml portions of 2 N sodium hydroxide and then with water. After removal of solvent from the 
dry organic extract, the residue was recrystallized (Table I). 

Nico t l t~y l  cl~loride was prepared as described by Clark-Lewis and Thompson (15). The following method 
was employed for preparation of 3,~ ,5- tr in~ethoxycimamo~l  cl~loride. Oxalyl chloride (35 ml) was added to 
3,4,5-tri1nethosyci1111ainic acid (39 g) and, after the initial reaction had subsided, the mixture was heated a t  
reflu.: 1 h. Renloval of excess osalyl chloride in vacuo left a dark-colored crystalline residue which recrystal- 
lized from benzene - petrole~lm ether as  yellow-colored crystals; yield 37 g (88%), m.p. 88-90". 
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A S D  
EATON LABORATORIES DIVISION, 
TIIE SORWICH PHARSIACAL CO., 
XORIVICH, NEW YORIC. 

SYNTHESIS OF TRYPTOPHAN-CARBOXYL-'"C' 

T r y p t o p h a n  labelled in the c a r b o x y l  g r o u p  with carbon 14 was r e q u i r e d  for s t u d i e s  on 
the b iosyn thes i s  of a f u n g a l  m e t a b o l i t e ,  b u t  was not commerc ia l ly  ava i l ab le .  The synthesis 
was achieved froill indole-3-aldehyde a n d  hydantoin-4-14C* u s i n g  a modif icat ion of the 
p r o c e d u r e  described by B o n d  ( I )  for the cor respond ing  I3C-labelled c o n ~ p o u n d .  

In  the modif ied ~ ~ ~ e t l ~ o d ,  the i n d o l y l i d e n e h y d a n t o i n  ( I )  was r e d u c e d  by the a c t i o n  of 
R a n e y  nicliel alloy i n  d i l u t e  s o d i u m  hydroxide so lu t ion ,  instead of us ing  R a n e y  nickel 

c a t a l y s t  in  s o d i u m  h y d r o x i d e  (2). The r e d u c t i o n  p r o d u c t ,  indo ly lmethy lhyda l l to in  (11), 

~ I S S I L E ~  a s  1V.R.C. 1 6 .  7952. 
"BIerck, Sharp  & Dohiile of Canada Ltd.,  il4ontreal. 

Ginadinn Journal of Chemistry. Volume 42 (1964) 
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