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AN IMPROVED METHOD FOR DECARBOXYLATING INDOLE-2-CARBOXYLIC ACIDS 
AND ITS APPLICATION IN THE SYNTHESIS OF 7-AMINO-DL-TRYPTOPHAN 

A projected synthesis of T-bis(2-chloroethy1)a111ino-~~-tryptophan in these laboratories 
required the preparation of large quantities of 7-nitroindole ( I ) .  The general procedure 
of Parmerter et al. (I) for the preparation of I was very convenient except for the final 
step, the decarboxylation of 7-nitroindole-2-carboxylic acid in boiling quinoline. Rlhen 

J 111, R = 0 
IV, R = H 
1 

the decarboxylation was effected in refluxing S ,S -d ime t l~y l ace t a~~~ ide  employing as 
catalyst the copper salt of the acid, prepared by the 111ethod of Piers and Brou~il (2), the 
yield of I was higher and the isolation mas much simpler than in the conventional quino- 
line procedure. The  dimeth>-lacetamide method of decarboxylation should be generally 
useful in the preparation of substitutecl indoles. 

While this n-orl; mas in progress, Da  Settimo (3) and I-Iiremath and Siddappa (4) 
reported the sj7ntl1esis of T - i ~ i t r o - ~ ~ - t r j ~ p t o p l ~ a i ~  (V), utilizing the same interinediates, 
the grnmine (11) and the acetamidoinalonate ester (111), that  \\rere used to  prepare VI. 
Catalytic reduction of the diester (111) aflorded a good yield of the crystalline amino- 
ester (IV), n hich n-as hydrolyzed directly to 7-amino-~r,-tryptop11an (VI) isolated as 

*>!older of a NATO fellozosl~ip during 1062. Peri~~a?zeIzt address: Is t i t~r to  d i  Cllii,iicn F(~r111aceubica e 
Toss i co lo~ icc~ ,  Ui~I.L'ersita d i  R o i ~ l a ,  I ta ly .  

t;l~rtlror to n~honz ~epr i i c t  reqz~ests sholrld be addressed. 
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the hydrated dihgrdrochloride. Alternatively, 7-nitro-~1~-tryptophan (V) (3) could be 
hydrogenated catalytically to  the free base (VI), which was obtained as a crystalline 
solid and also converted to the dihydrochloride. 

7-Xitroindole ( I )  
r l  ~nis ture  of 4.0 g of 7-nitl-oi~~clole-2-carbos).lic acicl ( I ) ,  recrystallized f ron~ ethanol al~cl co~~tpletely free 

of ir~organic salts, 0.4 g of the copper salt of 7-nitroir~dole-2-carbosylic acid, prepared by the method of 
I'iers and Brown (2), and 20 rnl of N,S-di~nethylacetarnide was refluxecl, under nitrogen, until carbon 
cliosicle evolution ceased (about 5 hours), then was poured onto 200 g of craclced ice. The yello\\r-green 
precipitate \vas washed a11d dried, then crystallizecl from GO rnl of bo i l i~~g  petroleurn ether (GO-110") using 
Norit A, to afford 2.8 g (80%) of I ,  1n.p !)G-07" (lit. ( I )  gives m.p. 05-9G0). 

7-Nilrogravzi,le (11)  
7-Nitrogramine (11) was prepared essentially as describecl by Da Settirno (3) although different p11ysicaI 

constants were obtained. Thus, 7.0 g of 7-nitroir~clole ( I )  ga\.e 11.2 g of crude 11, m.p. 47-59". Recrystal- 
lization of material by rlissolvi~~g in 1 volume of hot methanol and adcling 4 volumes of water gave the 
hydrate of 11, m.p. 55-60". Anal. Calc. for CllH13N30.'.H.'O: C, 55.7; 11, (5.37; S, 17.7. I;OUII~: C, 55.7; 
H,  G.31; N, 17.0. 

Alter~~atively, recrystallizatior~ from boiling toluene with azeotropic removal of any water gave the 
ar~hydrous compoulld, 1n.p. 01-02" (lit. (3, 4) give 111.p. G!)-71" and 79-80", respectively). Anal. Calc. for 
CllH13W30?: C, G0.3; H, 5.08; N, 10.2. Found: C, G0.4; H,  6.16; N, 18.8. 

Ethyl a - A c e t a ~ r l i d o - a - c n r b e t l ~ o . ~ y - ~ - ( 7 - a n ~ i n o - 5 o l l ) p r o o ~ a l e  ( I  V )  
A suspension of 3.0 g of ethyl a-aceta1nido-a-carbethoxy-~-(7-11itro-3-inclolyl)propionate ( I l l ) ,  prepared 

u s i ~ ~ g  the same procedure described by Da Settimo (3), 0.3 g of 5% palladiu111-on-charcoal, and 150 ml of 
absolute ethar~ol nlas treated with hydrogel1 a t  25 p.s.i. and roo111 temperature until the hydrogen uptake 
ceased (about 2 hours). The solution \\,as filtered rapidly ancl the filtrate concentrated in vaczlo to about 
30 ~ n l .  The solution, after being chilleel and scratched, deposited 2.3 g (82y0) of crystalline product. The 
mother liquors were concentrated ancl treated with water, giving a second crop of crystals which raised 
the total crude yield to 05y0. The alialytical sample was recrystallized fro111 ethanol and had m.p. 182-183"; 
A ~ ~ $ ' ~ ,  2.00, 2.95, 3.10 (NH),  5.73 (ester C=O), 6.02 (amide C=O). Anal. Calc. for C ~ S H Y ~ N ~ O ~ :  C, 50.8; 
I-I, G.42; N ,  11.G. 1;ound: C, 60.1; H, 6.62; N, 11.5. 

7-.1nzino-DL-tryplopla ( V I )  a~zd llze Dilzydroclzloride 
il6etlzod A 
A stirred rnisture of 0.13 g of 7-nitro-DL-tryptophan (3), 0.01 g of platinum osidc, a11d 50 ml of water 

was treated with hydrogen a t  at~nospheric pressure until the theoretical amoullt of gas was absorbed 
(about 1 hour). The warm (50") mixture was filtered rapidly and the filtrate \vasevaporated itz vacuo, leaving 
a grey, crystall i~~e powder nrhich was clissolvecl in 20 rnl of hot 60% aqueous ethanol. The solution was 
cooled, filtered through a thin layer of Norit rZ, and the filtrate concentrated in vnczlo, affording 0.07 g 
(GI%) of white crystals. The analytical sample, which slowly deco~nposed above 250°, was obtained by 
recrystallizatio~l from 3 1111 of hot w~ater; 2.07 (SFI),  3.6-4.0 and 4.75 (NI-[I@), 5.00 (NH?), 7.04 
(Coy@). Its paper chromatographic behavior in the isopropanol- 2 N hydrochloric acid system was ide~ltical 
with that of the dihydrochloride (see below). rlnal. Calc. for C I I H I ~ N ~ O ? :  C, 60.3; H. 6.00; N,  10.2. Found: - ~ . . 
C, 50.8; H,  G.lO; N: 18.0. 

The dihvdrochloride was obtained from the free base (VI) bv dissolvi~le it in a small volun~e of conc. " 
hydrochloric acid. The chilled solution deposited crystals which were recrystallized from methanol-ether, 
affording a solid which decornposed slowly above 200"; x ~ ~ ~ ~ , ,  3.08 (NH),  3.7-4.0 (x\TH3@), 5.G0 (car- 
bosyl C=O). The compo~md was homogeneous on paper chromatography (Whatman No. 1) in isopropyl 
alcohol - 2 N hydrochloric acid (G5:35) with RJ 0.51, detected both by ninhydrin spray and ~iltraviolet 
esarnination. Anal. Calc. for C I I H I ~ C I ~ Y ~ O ~ . ~ H ? O :  C, 44.5; H, 5.27; Cl, 23.0; X, 14.2. Found: C, 44.7; 
M, 5.G3; CI, 24.0; N, 14.0. 

Metkod B 
X solution of 0.50 g of the aminoester (IV) in 4.0 rnl of conc. hydrochloric acid was heated a t  reflux under 

nitrogen for 4 hours, then chilled. A crystalline solid, 0.26 g (G5%), was collected and washed with acetone. 
The product mas crystallized three times from methanol ancl ether, affording the analytical satnple, which 
was identical with dihydrochloride prepared by method rZ (see above) according to infrared spectral and 
paper chromatographic comparison. 
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THE INITIAL RATE OF DECOlMPOSITION OF WATER VAPOR BY AN ELECTRICAL 
DISCHARGE1 

Gill and Townsend (I),  in a mathematical analysis, based on classical kinetic theory, 
of the motions of free electrons in a high-frequency gas discharge, developed an expression 
which predicts that the transfer of energy from the field to the gas molecules will have a 
maximuin value when the frequency of the electrical field (v) is equal t o  the kinetic 
theory frequency of elastic gas-nlolecule collisions (f). 

If the density of free electrons remains constant with pressure for a high-frequency 
discharge in water vapor and if dissociative excitation of water ~nolecules is the main 
consequence of the electron-molecule collisions while no further destruction of water 
occurs during subsequent reactions then the rate of decoinposition should exhibit a 
maximum a t  the pressure where v = f. 

In this work, v < f ,  except a t  very low pressures, and hence the inaxirnuin in the 
rate dependence on pressure inay not be observed. I-Iowever, the rate of decoinposition 
should decrease with increasing pressure. 

EXPERIMENTAL 

The reaction cell \\;as a 250-1111 rectangular volumetric flaslc up011 opposite sides of which were deposited 
two rectangular (4 X 6 cnl) incliu~ll eIectrocles. The distance between the electrodes was approxi~llately 
5.7 cm. One electrode was grounded and the other connected to a Tesla coil (standard leak tester). The power 

'Based oil r~ paper presented at the 45th Ca?zadian Che7nical Conference and Exhibition, Ednzonton, Alberta, 
M a y  1962. 

2Presenl. address: c /o  Departnient of Ckenzistry, University of Ottawa, Ottawa, Canada. 
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