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Abstract: F2icanic 4-Chlorotryptophan was synthesized by an efficient route and the race- 
mate was resolved by a chiral colmm into each enantianer, the absolute stereochemistry of 
each was determinsdby reductivedehalogemtiontothe knmchiraltryptophans. s-4- 
chlorotryptophan was then identified in the crude seed protein of Pism sativm. -- 

4-Chloroimdole-3-acetic acid (4-C1-IAA) and its methyl ester had been isolated in 1968 
fminmatureseedsof pea, Pismsativum, as a second uaturalauxin (plant hormn&2'3'4 -- 
since the discovery of indole-3-acetic acid from human urine in 1934. Its possible 
biosynthetic precursor, 4-chlorotryptophan (l), had also been isolated in 1970 as the 
methyl malonamide derivatives (2) fran the same inmature seeds,' exhibiting hypocotyl 
swelling activity when bicassayed with seedlings of Phaseolus -. 4-Chlorotryptophan 
is the first naturally occurring unusual amino acid to be found. 

1. R=R1=H 

2a. R = Me, RI = -CO- CH2- COOMe 

2b. R q Me, R1 = - CO - CH2 -COOEt 

Since pea seeds are one of the major protein sources taken by hman beings I it is of 
extreme significance to examine whether this umsual amino acid is present in the protein 
fraction of pea seeds. In order to resolve this problem we have prepared chiral 4- 
chlorotryptophans (la and lb) (See Chart) as authentic samples for analysis, and achieved 
the identification of the 5 enantiuner (lb) in the crude seed protein of Pisum sativum, as -- 
described in this report. 

Our aim to synthesize large amuuts of 4-chlorotryptopban (1) was not only for our 
identification work but also for nutritional studies using rats. An efficient route to 
prepare the racemate (1) starting fran 2-chloro-6-nitrotoluene (3) was established accor- 
ding to our modified methcd (Scheme), originally employed for the synthesis of 6-chloro- 
tryptophan.6 Thus, upon heating at 120°C for 36 h with N,N-dimthylformamide dimethyl -- 
acetal (M-W), Awas readily comer&d to the enmine (4). Vilsmeier formylation of 4_ 
with phosphorus oxychloride and dimsthylfommide gave, after basic workup, the acrolein 
(5)' in 74% yield franA The reaction of zwith ethyl nitrcacetate in acetic anhydride 
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at SO-90°C yielded the orange-red Crystalline diene (6j8 in 92% yield. Theconversion 

of a to the czhlorotryptophan ethyl ester (7) was accunplished by catalytic he- 
tion with F&ney nickel in ~~l/te~~~of~ at 1500 psi for 24 h, and the product 
wasprrifiedbychrcmatograpbyover silicagel. The purified ester was hydrolyzed with 

agueous scdium hydroxide (20%) at rccm tempsrature for 24 h and by heating at 60°C for 3 

h. me alkaline solution was acidified with dilute acetic acid, and the precipitate was 
9 crystallized fran glacial acetic acid to yield j_ in 51% yield fran 5 The present 

synthesis of lwas superior in having shorter reaction steps and giving better yields 
than the reported method starting fran 4-chloroindole via 10 gramine. 

Scheme 

a) DMF, DMA, llO-120°C, 36 h; 
C2RCR2COCEt. 9o"c, 45 min; 

bt DMF, POC13, 25V, 5-6 h; cl Ac~C, 

RaOH, ii. dil. AcOH; 
dl Raney Ri, H2, 1500 psi, 24 h; e) i. 20% 

9) i. CH3COC1, 
ff Red P, HI, UV (256 nmf, Hg lamp, 25Oc, 72 h; 

r+H3CH2CH20Hr 
150°C, 5 min. 

IIO-120°C, 25 min, ii. (CF~CO~~O, CH2C12, 

The synthesized racemic 1 was resolved over a chiral column, with eachsnanticsksr 
having a retention time of 28.2 and 58.4 min respectively (chart). These separated 

fractions were desalted by passing through an ODS-5 column. Thus,la and lb were - - 
obtainedina pure form. 

Won $00" 

0 10 20 30 40 50 60 70 min 
Chiral Column: Chfralpak (WH-L) (Daicel Chemical Industries, Ltd.); 
Column Size: 
Flow Rate: 

4.Omm ID x 25Omm; Solvent: 0.25 mm CuSO4 
1.5 mlfmin; Temperature: 50°C. 

Under these conditions, 
min, respectively. 

g- and S-tryptophan appeared at 18.5 and 62.1 
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'Ihe dechlorination of 1 wasattemptedunder variousreactionconditions such as 

W/C, DMF, Ha3oH; W/C, NEt3, HCXH; Zn@CYXH;PdCl2,H@XH,NEt3,CH~; NiCl2,CH3CN; 
red P/HI; however, none of thesewere successful. Finally, reductivedehalogenationto 
yield tryptophan (8) in 15% yield was achieved by reaction of lwith P/HI in the presence 
of W light. 

Experimental Procedure: A mixture of racemic I-chlorotryptophan 
(1) (1 mM), red P (2 mM) and HI (10 mM) was stirred at room tempera- 
ture for 72 h in the presence of UV (254 nm) from a Hg lamp. The 
reaction mixture was then neutralised with sodium acetate to pH 5 
and evaporated under vacuum. The residue was dissolved in minimum 
amount of aqueous acetic acid (30%) and filtered. The filtrate was 
subjected to preparative HPLC over an ODS-5 column, and using gradient 
elution,ll tryptophan (8) was separated from other products. The 
tryptophan fraction was evaporated at room temperature to a small 
volume and then lyophilized. The product thus purified was identical 
in all physico-chemical properties to an authentic sample of racemic 
tryptophan. 

The enantianer (la) was similarly dehalogenated by the above procedure to give chiral 
tryptophan, whichwas analyzedwitha chiralcolumn. The absolute stereochemistry of the 
chiral tryptophan fran la was established to be R_ by ccmparison of its retention time - 
with that of authentic I+-yptophan. In a similar manner the absolute stereochemistry of 
theenantianerlbwasestablishedtobeS. - 
E-4-chlorotryptophan (la): [alA +48“(c.>.l2, 8% aq. AcDH); [Blzao -1639'(10% aq. A&H). 
S-4-Chlorotryptophan (lb): [cr1i5 - -45'(c. 0.13, 8% aq. AcDH); [61zs0 +1645'(10% aq. AcDH). 

Next, the identification of 4-chlorotryptophan in the crude protein of pea seeds was 
carried out as follows: Mature pea seeds (P. sativumcv. Usui) ware purchased fran a -- 
supermarket at Nagoya. The seeds were extracted with potassium phosphate buffer (pH 8.0) 
for 16 h at 4°C and the extract was centrifuged at 29000 g for 45 min to yield a supema- 
tant liquid which was dialysed repeatedly against water and lyophilized to give the 
cream colcured crude protein in 12.5% yieldJ2 

The CNde protein (2 g) was hydrolyzed under acidic conditions with p-toluenesulfonic 
acid (3N aqueous solution, 20 ml) in a sealed tube for 24 h at l10°C!3 The hydrolyzate 
was condensed to a small volume and the concentrate was chrcmatographed successively over 
Sephadex G-25 and cellulose and finally purified by preparative TLC over silica gel to 
givea pure, natural4-chlorotryptophan. 

The natural 1 (isolated fran pea seeds) as well as authentic I_, were derivatized to 
respective N-trifluorcacetyl n-propyl esters (9) (Scheme) by a two step procedure, which - 
involved an esterification with acetyl chloride/n- _propanol (3.5 M solution) at 110°C for 
25 min, follcn& by acylation with trifluoroacetic anhydride in methylene chloride (70%) 

14 at 150°C for 5 min. A coincidence in their retention times, co-injection and mass spec- 
traj5 has shown that 4-chlorotryptophan is contained in the crude seed protein of Pisum 
sativum, and its amount was calculated as 130 rig/g dry mature seedI !Rle absolute stereo- 
chemistryofnatural4-chlorotryptophan isolated franthepea seedswasanalysed with a 
chiral column, and the canparison of its retention time with that of authentic S-4- 
chlorotryptophan demonstrated its 5 configuration. Themalonamidederivatives of 4- 
chlorotryptophan (2), whichweisolatedearlier fran inamture pea seeds, had previously 
been assigned the R_ccnfiguration5 however, thepresentfinding that4-chlorotryptophan 
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in the protein has the _S configuration suggests that a reinvestigation is necessary. 
The present investigation has revealed that g-4-chlorotryptophan is contained as a 

component of theproteinofpea seeds. Although g-4-chlorotryptophan is only a minor 
constituent in the pea protein, our findings are of extreme importance because pea seeds 
are a major protein source in human diets. Therefore, the nutritional effect of s-4- 
chlorotryptophan on human health should be pursued. Further, an incorporation of a 
chlorinated amino acid such as 4-chlorotryptophan in the protein raises another gues- 
tion: how does biological chlorination proceed in the biosynthesis of cl-chlorotrypto@an 
within the seed? We are currently pursuing this interesting question. 

References and notes 
I. s.Marumo, Inthe chapteronauxins, p19. In ‘Chemistry of Plant Hormones' editedby 
N.Ikkahashi, CRC Press, Florida, USA (1986). 
2. S.~anmo, H.Hattori, H-Abe and KMunakatta, Nature(London), 1968, 219, 959. 
3. ~.C.Gandar and C.Nitsch, C.R.Acad. Sci. D, 1967, 265, 1795. 
4. H&&tori and S.Marumo, Planta(Berl.), 102, 85-90, 1972. 
5. s.Marumo and H.Hattori, Planta(Berl.), z, 208-211, 1970. 
6. U.Hengartner, A.D.Batcho, J.F.Blount, W.Lekqruber, M.E.Iarscheid and J.W.Scott, J. 
org. them., 1979, 44(22), 3748. 
7. 3-(Din&hylamino)-2-(2-chloro-6-nitrophenyl)acrolein (5): mp 175-177OC; W (MeOH): hmax 

286 (28000) nm; IR (KBr): vmnax 1635, 1580, 1560 cm-'; 'H NMR (CDCl3): 6 2.95 (6H, br s), 
7.01 (lH, s), 7.38 (lH, t, J=8.1), 7.64 (lH, d, J=8.1), 7.75 (lH, d, J=8.1), 8.97 (lH, s). 
8. Ethyl 5-(dimethylamino)-2-nitro-4-(2-chloro-6-nitrophenyl)-2,4-pentadienoate (6): mp 
154-156°C; W (MeOH): Xmx 431 (32400), 256 (11000) nm; IR (KBr): ~~~1710, 1625, 1540 
cm-'; 1~ NMR ((~~13): 6 1.15 (3H, t, J=7.1), 2.89 (6H, br s), 3.64 (2H, g, J=7.1), 7.21 

(lH, s), 7.43 (IH, t, J=8.0), 7.65 (lH, dd, J=8.0, 1.5), 7.80 (IH, dd, J=8.0, 1.5), 7.89 
(lo, s); MS (m/z): 369 (M+, 49), 281 (17), 223 (24), 210 (87), 150 (75), 130 (100). 
9. 4-Chlorotryptophan (1): w (EtGH): 1 max292 (5440), 281 (6460), 272 (6120), 223 (36400) 

nm; IR (KBr): vmax 3400, 1640, 1580 an-'; 'H NMR (D$/CF+): 6 3.14 (lH, dd, J=14.95, 
10.05), 3.78 (IH, dd, J=14.95, 4.9), 4.42 (II-I, dd, J=10.05, 4.9), 6.96 (lH,.dd, J=6.2, 

2.7), 7.17 (lH, s), 7.31 (2H, dd, J=6.2, 2.7). 
10. H.N.Rydcn and J.C.Tw&dle, J. Chem. Sot., 1955, 3499, and references cited therein. 
11. Column: 0X-5; Eluting solvent, A: 0.1% TFA in H$ and B: 50% Cli3CN in 0.1% TFA; 
Gradient System: Solvent A (lOO%, 0 min), (80%, 7 min), (60%, 27 min), (O%, 32 min); 
Flow Rate: 1 ml/nun; Retention time: I-Chlorotryptophan 28.5 min, Tryptophan 19.5 min. 
12. J.A.Gatehouse, R.R.D.Croy, H.Morton, M.Tyler and D.Boulter, Eur. J. Biochem., 1981, 
118, 627. 
13. T.Y.Liu and Y.H.Chang, J. Biol. &em., 1971, 246, 2842. 
14. G.Gamerith, J. Chrcmmtogr., 1983, 253, 326. 
15. Propyl (trifluorcacetyl)amino-4-chloroindole-3-propionat-e (9): MS (m/z): 376 (M+, 37), 
289 (17), 260 (22), 192 (20), 164 (100). 
16. D&ailed information regarding identification will be published elsewhere. 
Acknowledgement: One of the authors (S.V.T.) is grateful to the Ministry of Education, 

Japan, for the award of a research fellowship. 

(Received in Japan 24 February 1988) 


