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Abstract-N-(p-coumaryl)tryptamine and N-ferulyltryptamine were isolated from aqueous acetone extracts of 
ground kernels of Zea rvlays by successive column chromatography on partially sulfonated styrenedivinylbenzene 
copolymer resin, lipophilic Sephadex and preparative TLC. Identification of these compounds was made by GC- 
MS of their trimethylsilyl derivatives and the trimethylsilyl derivatives of their acid hydrolysis products. 

INTRODUCTION 

CINNAMIC acid’ and its hydroxy-, and hydroxymethoxy-derivatives, p-coumaric acid’ and 
ferulic acid,3 have been isolated from pineapple,4 barley seeds and barley embryos,5 
members of the Cycadaceae,6 and in trace amounts from etiolated oat coleoptiles, pea and 
sunflower seedlings.’ Most of these phenolic acids exist in plants as esters of glucose,7-‘3 
as /3-glucosides,‘,’ or as esters of quinic acid.4,5*‘k17 Tadera et ~l.,‘~ and Oettmeier and 
Heupel, ’ 9 have isolated a p-coumaryl derivative from spinach leaves and spinach leaf 
chloroplasts and shown it to be p-coumaryl-meso-tartaric acid.20v21 Recently, Tanguy and 
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Martin” have identified ferulyl- and caffeyl-malic acid in the cotyledons of bean. Amides 
of phenolic acids have also been found: h’-caffeylputrescine.“,” N-(p-coumaryl)-2-hyd- 
roxyputrescine.” 5 N-(ferulyl)-2-hydroxyputrescine,’5 ,~:.,Y,N’-trimethyl-N’-(4-hydroxy- 
cis-cinnamyl)putrescine,‘h N,N.N’-trimethyl-N’-(4-methoxy-~i.s-ci~~namyl)putrescine.’” 
casimirvedine (N-cinnamyl-N-(glucosyl)histamine,’7’s adenocarpin (J’V-cinnamyl)tetra- 
hydroanabasin),‘” cinnamylhistamine,“” p-coumarylagmatine (1 -(trtrns-p-hydroxycinna- 
moylamino)-4-guanidinobutane.3 ’ and N-ferulylglvc~l-r~-pl~c~~~lal3ninc.~~ The latter _ . 
occurs as a peptide in barley globulins. 

This report describes the isolation and identification from mature sweet corn kernels 
of two new phenolic acid derivatives in amide linkage with tryptamine, (I) and (2). 

SiMe, 

CH&H,NHCOCH = CH OH 

(1) I?= H 
(21 R=OMe 

I I 
OSiMe, OSiMe, 

M; m/e 522 m/e 219 

RESULTS AND DISCUSSION 

Compounds (1) and (2) were isolated during the course of a study of esters of indole-3- 
acetic acid (IAA) and myo-inositol and rnyo-inositol glycosides33 from kernels of Z. rnu~s 
and purified by column chromatography on partially sulfonated styrene-divinylbenzene 
copolymer resin, 34 Sephadex LH20 and preparative TLC. Roth compounds yielded a 
single spot on TLC and gave bluish-green colors with Ehrlich reagent. The R,, values were 
greater than the Rr value of IAA in two solvents (see Experimental), and the compounds 
did not yield IAA following mild alkaline hydrolysis. This indicated that (1) and (2) were 
not esters of IAA or related compounds. The trimethylsilyl (TMS) ethers of (1) and (2) were 
prepared as described before;3” both camp o nds showed two peaks on GLC, a major first u 
peak and a minor second peak. which permitted the direct analysis of (1) and (2) as their 
ethers by GC--MS. The MS of the first peak of the TMS-derivative of (I 1 showed a molecu- 
lar ion (Mt) at m/r 522. The corresponding molecular ion of the direct probe analysis of 
the underivatized compound at n$, 306 (Table 1) shows that (I) has three TMS-groups. 
M’ fragments to mir 507 by the elimination of a methyl radical followed by the loss of 
a neutral .CH2(CH,),Si radical to give rise to ,111~ 435. The direct elimination of 77 amu. 
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from the molecular ion predominates yielding the abundant ion at m/e 450. This elimina- 
tion of 72 a.m.u. from the molecular ion has also been observed in the MS of (N-TMS- 
indole-3-acetyl)-0-penta-0-TMS-myo-inositol derivatives (unpublished results) and (N- 
TMS-indole-3-acetyl)-O-tetra-O-TMS-D-glucopyranose derivatives.35 It involves the 
transfer of a hydrogen atom from one of the methyl groups of the N-TMS group to the 
indole ring with subsequent loss of the neutral .CH,(Me),Si radical. This means that com- 
pound (1) must have two nitrogens (nitrogen rule) each of which is substituted with one 
TMS-group. The third TMS-group is on a hydroxyl oxygen. The loss of 202 a.m.u. from 
Mt which gives rise to m/e 320, and the intense ions at m/e 202 and m/e 215 confirm the 
presence of N-substituted tryptamine. 3h The low intensity ions at m/e 130 and m/e 143 are 
the corresponding tryptamine fragments without the TMS-group on the imino-group. The 
presence of the high intensity ions m/e 130 and m/e 143 in the spectrum of the underiva- 
tized compound (1) (Table 1) support the structure proposed. A model compound 5-meth- 
oxy-N-acetyltryptamine (melatonin) was examined and found to yield analogous ion frag- 
ments at m/e 160, 232 and 245, thus confirming (1) as an N-acyl derivative of tryptamine. 

TARLE 1. RELATIVE ION INTEKSITIES (> l.O”/,) IN THE MS OF THE UNDERIVATIZED COMPOUNDS (1) AND (2)* 

mle 
Compounds Compounds 

(1) (2) rnje (1) (2) 

336 
306 
194 
177 
164 
159 
149 
147 

7.7(M+) 

7.7 
27.4 

26.6 

5O(M +) 

3.8 
24.1 

1.9 
8.4 
2.4 

143 loo.0 100.0 
130 51.7 68.5 
119 16.2 1.7 
117 1.9 141 
103 3.8 14.4 
91 12.7 6.1 
89 10.8 17.7 
77 54.8 26.8 

* The 70 eV MS were obtained by introducing 500 ng of (1) and (2) directly into the ion source yia a direct 
probe inlet at a probe temp. of 125”. 

The ion at m/e 219 (or its analogue m/e 147, Table 1) arises from M+ by loss of the neutral 
tryptamine fragments with the structure with charge retention on the acyl group. This ion 
further fragments to give m/e 203, a part of which is the isotope of m/e 202. This transition 
is supported by the presence of a small metastable peak at m/e 188.1 (calculated: 188.1). 
The fragment rnbe 219 also gives rise to the ion m/e 191 by the loss of CO, a transition 
supported by the small metastable peak found at m/e 166.5 (calculated: 166.6). Horman 
and Viani3’ have described the same series of eliminations from m/e 219 for the frag- 
mentation of the TMS-derivatives of m-coumaric and p-coumaric acid, suggesting that the 
acyl group of compound (1) could be a hydroxycinnamic acid. The presence of the ion 
m/e 249, a characteristic rearrangement ion in the mass spectra of the TMS-ethers of hyd- 
roxy-, and hydroxy-methoxycinnamic acids,37 supports this conclusion. The ion m/e 249 
is not present in the mass spectrum of the TMS-derivative of o-coumaric acid3’ which sug- 
gests that the acyl group in compound (1) is either a m-coumaryl or p-coumaryl group. 

The mass spectrum of the second peak of the TMS-derivative of compound (1) with a 
free amide nitrogen supports the structure proposed for (1). 

j5 EHMANN, A. (1974) Carholzyd. Rex 33, In press. 
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37 HORMAN, I. and VIANI, R. (1971) Org. Mass Spectrom. 5, 203. 
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To obtain additional evidence concerning the identity of the acyl group, compound (1) 
was hydrolyzed with 2.0 M trifluoroacetic acid (TFA) and the hydrolysis products ana- 
lyzed by GLC and combined GLC---MS as the TMS-ethers. Two compounds were found 
which on GLC cochromatographed with TMS-tryptamine and TMS-p-coumaric acid. 
Their MS were identical with the MS of tryptaminc and p-coumaric acid. Compound (1) 
is thus identified as Iv-(p-coumaryl)tryptamine. 

The MS of the first peak of the TMS-derivative of (2) showed a molecular ion at nz;r 
552, and the corresponding molecular ion of direct probe analysis of the underivatized 
compound is at ~$e 336 (Table I). The presence of the ions rnj~ 2 15, 201, I30 and 143 iden- 
tify the indole as an fiV-substituted tryptamine. The difference of 30 a.m.u. between com- 
pounds (1) and (2) indicates the presence of a methoxy group on the acyl moiet!. This is 
confirmed by the shift of 3Oa.m.u. of /q;e 320 and rn;c~ 350 of compound (1) to 111, P 350 
and tn,ir 480. The presence of a strong intensity ion at 249 (or its analogue H;‘P 177. Table 
I) with a concomitant low intensity ion at /M/P 219. is diagnostic of TMS-derivatives of 
ferulic and isoferulic acid.“’ The acyl group of compound (2) is therefore either a ferulyl- 
or iso-ferulyl group. The MS of the second peak of the TMS-derivative of compound (2) 
with its free amide nitrogen supports this conclusion. 

GLC analysis of the acid hydrolysis products of compound (2) as their TMS-ethers dis- 
closed two compounds which co-chromatographed with authentic TMS-ferulic acid and 
tryptamine. Combined GLCMS yielded mass spectra identical with those obtained from 
the authentic TMS-acid and tryptamine. Compound (2) is therefore identified as .V-ferulyl- 
tryptamine. The only other known acyltryptamine. behenoyltryptamine has been isolated 
from cocoa shells.‘* 

EXPERIMENTAL 

I.so/ario~ ~~cornpounds (1) md (2). Extraction of IO kg of ground kernels of Zm ~nul‘a L. (cultivar. StowelI‘s 
Evergreen hybrid) was carried out as previously described.. 33.3’ The resulting PI-BuOH phase was dried at 
reduced pressure at 45 , the residue taken up m 4Oml of H:O. and the HzO-msoluble fraction removed bq 
filtration. The H,O-insoluble fraction \+a\ dissolved in 10 ml of 50”,, EtOH and chromatographed on a 20”,, sul- 
fonated3& styrene divinylbenzene co-polymer resin (column id. ‘9.0 mm, bed LOI. 3X..! ml, Loid vol. 13.5 ml) with 
50’!, EtOH as eluent. and collecting 7.0 ml fractions. Compounds (1) and (2) emerged bctwcen 0.6 and 2.9 bed 
vol. Small aliquots ofeach fraction (l&SO/d) uerc subJected to TLCIJ and the fractions containmg the Ehrlich- 
positive compounds (I) and (2) \+crc pooled. The pooled fractions were dried. redissolved in 3.0 ml of 50”,, EtOH 
and chromatographed on Sephadcx LH-20 (column i.d. 3.0 mm. bed vol. 38.5 ml, void vol. X.5 ml) using XV,, 
EtOH as elucnt. Fractions of 1.5 ml were collected and monitored on TLC. Compound (I) eluted bctwecn 2.7 
3.5 bed vol.. and compound (21 between 3.5 4.3 bed vol. Both compounds were further puriticd b! prcparativc 
TLC using: MeCOEt -EtOAc- EtOH- H,O (3: 5: I : I) and CHC’I, MeOH H,O (X5: 1-l: I). Relative R, \alues(K, 
of IAA = II of (1) and (2) \verc P(J3 and 1G. and I.95 and I.XO respectively. The total amount of (I) obtained 
was 14OO~g.:lO kg (140119. kg) and 400,&10 kg (401_1g;hg) of(2) as dctermlned colol-imctricall! with Ehrlich rc- 
agent and quantitative GLC of the ‘IMS-derivatives. 

,dcitl h~droi?sis of ~OIPI~OLIIILIS (1) ~rrtl (2). Small samples (Z(> 50 gg) of hoth compounds wcrc hydrolyzed in ?+I M 
TFA in sealed ampules at 50 for 2 hr. This was found to give about 50”,, hydrolysis \\ith a mintmum loss of 
the phenolic acid fractions.‘ TFA has used since it is volatile and could he remo\cd to permit deri\atrration 
of the hydrolysis products for GLC‘ and GL(‘ MS. 

GC ,LlS. The TMS-derivatives of compounds (I ) and (2). their hydrolysis products and the standards mela- 
tonin. tryptaminc. ii-coumaric acid and fcrulic acidzu~“” were prepared as described before.” The ‘ThISethers 
were chromatographed on a F and M model JO1 gas chromatograph equipped with flame ionization detectors. 
and using nitrogen as carrier gas at a tlo~. rate of 60 m,‘min on a I? no x 3.0 mm i.d. glass column packed with 
OV-1. 3”,, on gas chrom Z (100 170 mesh). GC MS was performed on a LKB 9000 mass spcctl-ometer with a 
1.2 m x 3.0 mm id glass column pachcd with OV-1. ?“,, on gas chrom T (100 120 mesh) and hcl~um as ;t wrricr 
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gas at a flow rate of 25 ml/min. The ionizing energy was 70 eV, the flash heater 250”, the molecular separator 
250” and the ion source temperature 290”. The mass sectra were recorded using an on-line data acquisition and 
processing program. 41 MS of the underivatized compounds (1) and (2) were also recorded using a solid probe 
in-let system. 
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