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It hr8 reoentiy been established that the pigment Isolated from butterfly 

rings (genus Belloonlus an& mabfamllg Ithomllnae) (1) 1s not L-hydroxy- 

kynurenlne yellok (a)' (2) a8 originally proposed, but Fhyaroxy-L-kyxwenlne 

(&) (3). We have Investigated the mass speotra of the tuo oompouncla, as 

~011 as of the parent non-hydroxylated derivatives (Ib,IIb) ana of the oily P- 
methylatlon proauots of the kynurenlnee, under ldentloal conditions (MS-9, 

aired inlet system). The speotrum of the pigment (Fig. 1) showed no molecular 

Ion (whloh was the primary oause of the original erroneous struotural aaslgn- 

ment), while that of kynurenlne f&&b) showed only a very faint molecular ion 

(Fig. 2). The speotra of &1-1! uere quite similar to those of the cyalleea 

derivativea 2-2 (Figs. 3-4), the a~ln dlfferenoes being in the relative 

intenSitibe of the p08ks Oorreepondlng to M+ or spurious I@ less CO2 or COOH 

(dg 162-3, 146-7). peaks derived from dc 163 ana 147, and the observation 

of peaks from the kynurenlnes at dg 136 ana 120, ana 120 and 104, respeotlvely. 
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In order to further understand the fragmentation pathway of the kynire- 

nines, high-resolution measurements were made on major peaks of the speotrs 

of the pigment and of kynurenlne methyl ester m (Pig. 6). It beoame 

evident that the kynurenlnes undergo oyolieatlon with loss of ammonia either 

in the heatad inlet system or upon eleotron lmpaot; even the esters IIIa-b 

show no or very weak moleoular ions under the oonditlone used.* The oompounds 

oan evidently also fragment rlthout nsoeseary oyolintion, to give the oharao- 

teristlo peaks at s/g 136 (C7HgNO21, 120, and 150, oorraspondlng to olaavage 

adjaoent to the kato group in &I-III; these peaks are absent from the spaotra 
-- 

of the oyollzed materials &. Furthermora, the oyollzad lntarmedlate evidently 

oan lose CO2 before rearrangement to the moleoular Ion of & (rhioh then 

fragments esaentlally as does &), to give the base peaks at s/g 163 and 147. 

The failure of the methylated pigment &J& (Fig. 5) to give peaks 

oorrespondlng to loss of CO, and the reduoed lntensltiea of S/E 104, 117, 118, 

and 119 In the speotrum of kynurenlne (Fig. 21, Imply that the CO Is lost 

partially but not wholly from the phenollo grouping, folloulng a well-doou- 

mented fragmentation (5). Loss of CH3* from the S/E 135 (or 120) peak In 

IIa-b *as dooumented by the observation of the appropriate metastable peak a8 

well as high-reeolutlon measurements. The strong peaks at s/2 161 and 133 

in m, not present in the speotrum of the demathoq-analog &b, suggest 

a possible loss of methyl from the methoxyl group, a fragmentation previously 

supposed but not rigorously proven In many indole tilkalolds (ILBronn, unpu- 

blished observations). Both of the esters (g&-g) ehor loss of oarbomethoxyl 

before oyolization and loss of methoxyl as uell as oarbomethorjl after, tha 

formulae of the fragments being established by high-rasolution maauuremente. 

The probable fragmentation pathways for the kynurenlnes and their eaters 

are outllnad in Charts I and II, with the supporting speotra In Figs. 1-6; 

l This observation is supported by results of Biemann and oo-workers, (4) 
rho found that the base peak In the speotrum of lysine etwl ester 
oorresponds to the elimination of NH3 from M - COOC2H5: 

H2-(CE2)3+-COOC2H5 - $H2-(CH2)34Ii=NH2+ - 

2 NH2 - c00c2n5* NH2 - NA3 LJ 
+/ 
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the high-resolution work is summarized in Table I, below. 

AcknowledRemente. The authors grrtefuIlY aoknorledge flnanolal support 

No.18 

from the National Institutes of Health (Grant no. GN-11309). and from the 

Hookefeller Foundation (In support of a joint researoh projeot between 

Stanford University and the Unlversldade do Brasll, on Braelllan natural 

produots); the helpful guldanoe of Dr. Carl Djerassl of the former lnstltutlon 

was instrumental in the Interpretations and oonoluslons of this paper. 

Special thanks are due to Dr. Bernhard Wltkop of the National Institutes of 

Health, for guidance and orltlclsm during this work; to Dr. Takeo Sakan of 

Osaka City University, Japan, for an authentlo sample of hydroxy-kynurenlne 

yellow; to Luls R. Travassos of the Instltuto de Mloroblologla, Rio, for 

DL-kynurenlne; and to Dr. AIan RDufflald and Mr. 8. Ross of Stanford for 

much of the mass spectral work. 

BEFHHENCES 

1. K.S. Brown, Jr., J.Amer.Chem.Soo. a, 4202 (1965). 

2. T. Tokuvama, S. Senoh, Y. Ylrose and T. %kan, NiDDon I(aRakU Zasshl 
B, 752, 759 (1958); Chem. Zentr. u, 7125 11959). - 

3. T. Tokuyama, 5. Senoh, T. Sakan, K.S. Brown, Jr. and B. Wltkop, 
J.Amer.Chem.Soc., ln press (Maroh 1967). 

4. K. Blemann, Mass Sneotrometry, pp. 265-6. MoGraw-Hill, New York (1962). 

5. See il. Budelklewlcz, C. Djerassl, and D.H. Yllllams, Internretatlon of 
Mass Sneotra of OrRanlo Comuounds, pp. 167-8. Holden-I&y, San 
Francisco, Callf. (1964). 

TABLE I: High-resolution Mass Speotral Neasurements 

s Observed Nass Hxnected Formula Caloulated Mass 

Comoound IIa (3-hydroxp-L-kynurenlne) 
207 207.0541 207.0532 
163 
136 
13 
J 

:33 
120 

163.0636 
;;6.;2;: 

J '0604 
1133'0527 
120:0447 

Comnound IIIb 

:x: 

ester) 

CIO NO4 
9 C9"9 02 

C7H6NO2 
C8HqNO 
C8HgNC 
CgH7NO 
'C7H6NO 

CIOWO 174.0555 
CgHi I&? 8 163.0868 
C7H6NO 120.0449 120 120.0451 


