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ABSTRACT: (R,S)-serine-l- 
13 

c was incubated in a culture of Esche- 

richia coli 13C. - - cells to produce (S)-tryptophan-l- Bromoacetyl bro- 

mide-2-13C was converted to bromoacetanilide and cyclization of the 

anilide, followed by reduction and dehydrogenation furnished indole- 

3-13C. Indole- 
15 

N was synthesized by known sequences. These 
13 

C and 
15 

N isotomers of indole were converted by commercially available, 

lyophilized 4. _ coli to furnish (S)-tryptophan-r- 
13 

C and (S)-trypta- 

phan-indole-15N, respectively. 

INTRODUCTION 

Various 
13 

C and l5 N labeled iso- brew, and this unnatural serine could 

tamers of tryptophan have been utilized 

for the biosynthetic studies of qui- 
2 

nine , 3 
streptonigrine , anthramycin 

4 

and 
5 

vindoline . (S)-Tryptophan- a- 13C 

also has been incorporated into protein 

for conformational studies 
6 . The experi- 

mental sections in these studies gener- 

ally describe the preparation of 13C 

and l5 N isotomers of racemic (R,S)-tryp- 

tophan by laborious, multistep synthe- 

be racemized to produce (R,S)-serine-l- 
13 

C for recycling. 

Indole-3-14C was synthesized by 

Heidelberger9 starting with the nitra- 

tion of toluene-methyl- 
14 

C to give a 

mixture of a, para and meta isomers 

of nitrotoluene from which only the or- 

ses. 

(S)-Tryptophan now has been syn- 

thesized in one step from indole and 

serine by incubation in an aqueous sus- 

pension of commercially available Esch- 

erichia coli cells containing high le- -- 

vels of 
7 

tryptophanase . By reacting 

(R,S)-serine-l-13C, 
13 

indole -3- C or 

indole-l5 N in this medium, we were able 

to obtain (S)-tryptophan-l-13C, a-13C 

or indole- 
15 

N in 40 to 50% yield. This 

biosynthetic approach can also accommo- 

date other labeling patterns by the 

proper choice of starting materials and 

represents the simplest route for the 

preparation of optically active pro- 

ducts. 

tho isomer would give indole-3- 
14 - 

C in a - 

three-step sequence. Later, Leete et 

al 
10 

converted pyruvic acid-3-14C to 

its phenylhydrazone and then in four 

steps, arrived at indole-3- 14C. 

We decided to use the more easily 

accessible bromoacetyl bromide-2-13C 

(90% 13C)lo as our starting material 

for the synthesis of indole-3- 
13 

C. 

B:3CH,COBr -+PhNHCd3CH,Br . 

RESULTS AND DISCUSSION m =I 113 l(S)-serine 
* 

13 
(R,S)-serine-l- C was synthe- N * E.coli 

sized from glycine-l-13C (90% 13C) fol- 

lowing the procedure developed by 

SheminB. Along with the (S)-tryptophan- 

I-13C, we also isolated (R)-serine-l- 

13C (70% yield) from the incubation 
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Condensation of 1 with aniline 
11 - 

gave 2 in 867 yield . Cyclization of 2 

using AK1312 produced 
13- 

oxindole-3- C 

(2) in 58% yield. Reduction (45%) and 

dehydrogenat.ion ( 90%) furnished the 

desired indole-l- 
13 13 

C (1) . 
For the synthesis ai indole- 15N 

(99% j5N), we first followed the scheme 
1 G 

drveloped by Lfete rt al : -- 

I !! 
t-BuOK 

We also utilized the Indole syn- 

thesis scheme of Nordlander e +_ 
15 , 

starting with 
15 

aniline- N (99% 15N), 

although our yields were much lower 

16 than reported for unlabeled aniline . 

(cw4,o 
CF,CO,H 

!!t- OH- = I OJ I 5N 

13 
AOCF, 

Thr 
13 

C-indole, 2, and th< 

analog, 2, were incubated xn se)I 

trials with L. coli cell.5 
7 

-- to giv 

correspondingly labeled (S)-tryptc 

6 and 10. - - 

EXPERIMENTAL 

General : 1 
H-NMR and l 7i-NMR SF 

were obtained using Ovarian EM’IbOA 

Brucker HFX-100 NMR Spectrometer 

beled starting materials were prc 

according either 

Williams17 artitt18. 

Murray 

(R,S)-Serine-l-13C i iii-XMK (90”!): 

D20): $4.1 (2H) and 4.3 (IH) ppm 

complex mutiplrts than unlabeicd 

system). 

(S)-Tryptophan-l-“iC (YO?, : iI>< i!k 
was carried O”t using the liter 

procedure:, fx‘fpt that the E. 

cells WE used vfre commercialI) a 

able, lyophilizcd Crooke’s Strain 

in trytophanase (Sigma Chem~ca!i 

Catalog No. EC-8779). 
1 

H-NMR (DC I - 
$3.5 (ZH, t, Jm4Hz, JCCCH.4Hz, p- 

4.5 (iH, q, J ~4Hz, JCCH=bHz, 4-H) 

7.2-7.9 (511, m, indole). !a‘ [o( 1 I) 
(C-1, H20). 

Bromoacetanilidr-2- 13<; 
(2): Wd5 

pared according fo (IO). ‘II-NMR ( 

d6):24.0 (ZH, d, .IC,i 1.54112, CF,Br, 

gration 13, showi,d 90’0 C), 7.~1-7. T 
m, C&J and lO.Lppm (111, bi, Ullj. _ 

Oxindole-i- 13C c 3): Wd s preparec 
cording to (12). lII-NMR c CIK.1 ,~) : 
(211, d, JCH-1 34Hz, L)o”i. I? CJ, h. 
(4H, m, C6fi4) and ‘zl.‘rppm (111, bs, h 

Indoline-3-‘iC (4): To a solution 

of oxi ndo le-7- 17c in 20OmI. uf trt 

drofuran undrr nitrogen was added 

of lithium borohydride in 2Ooml. o 

over 30 min. Then 24ml, ol boron t ri 
ide etherate i n I OOmL 0 1 ‘ill F ,a s 
over 1.5 h. The mixturtx was stir,,, 

24 h and the solvc’n~ was rcmov~ 

“acuo. Methanol (I 5Oml.) was adrl~,d 

Iv and the rn~xtur’t? w.iz, r~f luxcd f 

min. The solution w.15 t,vapor‘Itvi 

the residuf was taken up iri w~c,. 

basilied with sodium h)droxldi,. The 

duct was extracted into mcth\leni> 

ride, dried and cvaporatrd. ilist 

tion, bp 65-70”-,‘i~.itorr, $!avc 2.; 
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product (45%). 
1 

H-NMR 

dt, J=8Hz, J CH=134Hz, 

3.5 (2H, dt, J=8Hz, 

(X14): $2.9 (2H, 

3-CH2, 90% 13C)) 

JCCH- 
-4Hz, 2-Cti2 1 

and 6.2-7.0ppm (4H, m, ^ 
13 

Indole-3- C (5): I”::t::r-3-13, was 

aromatized by catalytic dehydrogenation 

according to (12). ‘H-NMR (CC14): ‘$6.4 

(lH, dt, J=ZHz, JCH=192Hz, 3-C!, 90% 

13C), 6.7 (lH, dt, J=ZHz, JCCH=61Hz, 

2-CH) 1 and 6.9-7.7ppm (5H, m, C6H4 and 

NH). 

(S)-Tryptophan-& 
13 

C (6): 
1 

H-NMR (DCl- 

D20): s3.5 (2H, t, J=5Hz, JCCH=5Hz, 

P-CW*), 4.4 (lH, t, J=5Hz, LX-H) and 

7.2-7.8ppm (5H, m, 7.4 and 7.6 peaks 

were more complex than unlabeled, aro- 

matic protons). [ =I:* = -30.3O (C=l, 

H20). 
Indole-15N (9): ‘H-NMR (CDC13): b 6.3 

(lH, t, J=2Hz, 3-CH), 6.7 (lH, quintet, 

J=2Hz, JNCH=4Hz, 2-C?), 7.1 (lH, t, 

J=ZHz, JNH=96Hz, NH) and 6.9-7.6ppm 

(4H, m, C6H4). 
15 

N-trifluoroacetylindole (13): Our 

yield for this material was only 50% 

from 11 (1 run) and its hydrolysis to 

indole yielded 75%. lH-NMR (CDCl,): s 

6.7 (lH, dd, J=4Hz, JNCH=5Hz, 2-C!), 

7.2-7.7 (4H, m, C -C 
3 6 

protons) and 8.3- 

8.6ppm (lH, m, C7-H). 

(S)-Tryptopha”-i”dole-15N (10): ‘H-NMR 

( DCl-D20): only the 7.2 peak showed 

15 
some N coupling. 13c-i4m (~.3004~0):$ 

24 (P-C), 49 &-C), 107 (d, JNCC=16Hz, 

3’-C), 109 (7’~C), 111 (6’~C), 111.5 

(4’~C), 114 (d, JNCCCC=16Hz, 5’-C), 117 

;,“, l$;p6:;; :d~“;,,tZ:;“,:“‘~1,;l”:fb’ 

(d, JNC=104Hz, 8’-C, 99% 15N) and 

170ppm (C02). [=g-= -30.0’ (C=l, H20). 
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