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1,1-ETHYLIDENEBIS(L-TRYPTOPHAN), STRUCTURE DETERMINATION OF CONTAMINANT "97"
- IMPLICATED IN THE EOSINOPHILIA-MYALGIA SYNDROME (EMS)
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The condensation of tryptophan and acetaldehyde affords a bisindolylaminal of tryptophan which is
indistinguishable from contaminant *97." The formation and decomposition of aminals is addressed in light of
epidemiological evidence linking them to a recent outbreak of EMS.

Considerable effort worldwide is focused on identifying the toxic agent(s) linked to dietary supplements of
the common amino acid, L-tryptophan (irp). The symptoms of this disease, clinically known as the
eosinophilia-myalgia syndrome, include abnormally high numbers of eosinophils (a type of white blood cell)
and pathogenesis of neural, muscular, and connective tissues. More than 1500 people in the U.S. have been
afflicted, with 27 fatalities." Comprehensive HPLC analyses?2have uncovered a trace contaminant with an
epidemiologically significant correlation to high-priority cases, namely, peak "97"2 (or "E"),2 which
constitutes less than ca. 0.01% of bulk trp. This contaminant has been tentatively identified as N,N"*-
ethylidenebis(L-tryptophan) (1, vide infra),P an unusual aminal formed by the condensation of trp and
acetaldehyde. Our application of Sakimoto and co-workers' (private communication) one-step, aqueous acid-
catalyzed condensation of trp and acetaldehyde forms a compound which is indistinguishable from contaminant
"97," according to our high resolution MS, HPLC/MS, and NMR data. The purpose of this communication is to
provide data showing that "97" is aminal 2, which differs from aminal 1 by the position of the ethylidene
linkage, despite the inaccessibility of sufficient quantities of analytically pure contaminant “97."

Recent discovery® of the ethylidene methine quartet at 7 ppm in the 400-MHz NMR spectrum of synthetic
"97" (in the 300-MHz spectrum of contaminant "97" the signal is not resolved from the 5/5' or 6/6'
aromatic protons), raised questions regarding the tentative structure of "97." Selective spin-decoupling of
the C,, methyl doublet at 2.1 ppm (J=6.5 Hz) collapsed the extraordinarily deshielded C,, methine quartet
(J=6.5 Hz) of synthetic "97." In regard to the co-identity of synthetic and contaminant "97," as well as their
exposure 1o aqueous acids during preparation, a recent review® on aminals notes that most are unstable in
aqueous acids and 1° aliphatic amines do not lead to stable (open-chain) varieties. In contrast, indolylaminals
such ‘as 1,1'-methylenebis(3-propylindole) are distinguished by their formation in aqueous acids,*® and by
highly deshielded aminalic protons (e.g., 6-ppm N-CH,-N).*

To deduce the position of the ethylidene linkage, the N, N-bis(2,4-dinitrophenyl) derivative of synthetic
"97" was prepared [3; Amax 350 nm (e 2.01-104),1:1 CH,CN :H20 + 0.1% TFA]. By analogy to DNP-

& Morbidity and Mortality Weekly Report 1990 39, 589.

b N. Eng. J. Med. 1990 323, 992.

€ This structure determination has been reported in the proceedings of the Tryptophan-EMS conference (E.
Sternberg), American College of Rheumatology, October 29, 1990, Seattle, WA, and in Morbidity and
Mortality Weekly Report 1990 39, 789. A full article is in preparation.
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tryptophan, these values demonstrate that synthetic "97" contains two 1° amines; DNP derivatives of 1° and
2° amines are distinguished by a Anac ca. 350 and 380 nm, respectively.8:7 Further proton, carbon-13, and
HETCOR NMR experiments on synthetic "97" have permitted the assignment of critical resonances, viz., those
of protons and carbons 2, 2', and 11. Direct evidence that the two tryptophan moieties are linked via the 1-
and 1'-indole nitrogens was obtained by a long-range carbon-hydrogen chemical shift correlation
experiment.2. Three-bond connectivities were observed between H-11 and carbons 2 and 2' of the tryptophan
units and between C-11 and protons 2 and 2' of the same groups. No evidence for the alternative (open-chain)
N, N-aminal (1) was found; neither coupling between H-11 and C-9/9', nor between C-11 and H-9/9,
could be detected. The absence of a plane of symmetry gives rise to the two observed sets of NMR resonances.

N, N'-aminal 1,1’-indolylaminals

COH

] 1 2 R=R'=H
HN - -dini -
N >, . 3 R = 2,4-dinitrophenyl, R H
HN IN 4 R=Ac, R =Me
HO,C 5 R=Cbz,R'=H
COR
NMR data on Compound 2
Position C-13 3 ny H-1 3 (J)
2, 2 124.1, 124.3 1 7.27, 7.34
3 3 113.8, 113.9 0 -
3a, 3a' 130.0, 130.1 ] -
4, 4 120.4 1 7.65, 7.69 d (7.8)
5 5 120.7 1 7.01, 7.02 dt (7.8, 1)
6, 6 123.1, 123.2 1 7.06, 7.08 dt (7.8, 1)
7, 7 110.7 1 7.30, 7.35 d (7.8)
7a, 7a’ 137.4, 137.5 0 -
8, 8' 32.6, 32.7 2 2.83, 2.87 dd (14.2, 10.5)
3.25, 3.28 dd (14.2, 6.5)
9, 9 57.7, 57.8 1 3.51, 3.52 dd (10.5, 6.5)
10, 10" 182.3, 182.4 0 -
11 63.8 1 6.97 q (6.5)
12 21.0 3 2.13 d (6.5)

Additional confirmation for the fact that contaminant "97" was aminal 2 and not aminal 1 came from the
following: (&) condensation of the N-acetyl methy! ester of tryptophan with acetaldehyde afforded 4, which
dispiays the diagnostic 1,1"-ethylidene proton spin system [2.1-ppm methyl doublet (J=6.5 Hz)/6.8-ppm
methine quartet (J=6.5 Hz)], with retention of the NHCOCH, and 2/2"-proton resonances; (b) likewise,
condensation of N-(carbobenzyloxy)-L-tryptophan with acetaldehyde formed a compound with HPLC/MS
features of that for 5; and (c) an aminal was not formed from the reaction of D-phenylalanine and
acetaldehyde, but was formed with 3-methylfindole, based on HPLC/MS. Moreover, compounds 2, 3, and 4
are missing the intense NH stretching frequency ca. 3100-3400 cm™ found in the IR spectra of indoles with
an unsubstituted nitrogen,5 thereby establishing them to be 1,1-indolylaminals.
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Thus, the aqueous acid-catalyzed formation of "97* favors nucleophilic attack by the free indole nitrogen
(PK.; << 1) on the carbonyl carbon; the a-NH> group being converted to NH3* is not available for reaction.
The general order of reactivity on the indole ring is C-3> N-1> C-2, if unsubstituted.>® Indole derivatives
via N-1 attack on carbonyl groups are not uncommon,?5913 g.g., strychnine.’® Substituent migration from
N-1 to C-2 is also known to occur,*5'2 which may be relevant to the presence®P of B-carbolines within the
same contaminated batches of trp, although the direct insertion of acetaldehyde between the a-NHy and C-2
would also effect ring closure. In regard to the reactivity of contaminant "97," the conditions under which
indolylaminals are made, namely, diverse (e.g., aqueous acid-catalyzed vs. the non-polar, aprotic, anhydrous
system for 4, vide infra) and drastic (i.e., strongly acidic), adequately account for its appearance and
persistence. In comparison, according to a recent review,® the few aminals of 1° amines known are derived
from 1° aromatic amines and are rather labile, being formed under strictly defined synthetic protocols.
While the condensation of 4 occurred at ambient temperatures, at 50°C only starting material was recovered.
Aminals, particularly open-chain varieties with an a-hydrogen, readily decompose into an amine and enamine
upon heating.®'* Aminal-enamine equilibria®'* are also common, especially for aminals derived from

acetaldehyde and 2° amines.
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Hence, prolonged exposure of "97" to warm aqueous acids and oxidizing agents warrants attention, vis-a-vis
ordinary digestion and catabolism, especially since enamines are reactive alkylating agents and quite capable
of forming peroxides.'® In summary, the compatible data on synthetic and contaminant "97" (e.g., relative
stability, high resolution MS, virtually identical proton NMR spectra and HPLC/MS) lead to the conclusion
that "97" is 1, 1'-ethylidenebis(L-tryptophan) (2). Studies to further clarify the chemistry and toxicology
of "97" are in progress.

The contributions of many colleagues at the FDA, CDC and NIH are gratefully acknowledged, especially those of
J.T. Bernert, M. Trucksess, J. Betz, S. Bailey, and M. Gregg for the isolation of contaminant "97" and other
HPLC work; J.-Y. T. Chen and M. Mossoba for IR analyses; J. A. G. Roach and W. J. Driskell for MS data. The
assistance of Showa Denko K.K. in providing samples of L-tryptophan and in helpful discussions of their
technical data, and B. Horenstein of the Albert Einstein School of Medicine for advice on synthesis, are also
gratefully acknowledged.

Proton NMR spectra of contaminant "97" were acquired on a Varian XL-300 spectrometer operating at 300
MHz. All NMR experiments on synthetic "97" were acquired on a Varian VXR-400 spectrometer operating at
399.9 MHz ('H) or 100.6 MHz ('3C). Secondary ion mass spectra (SIMS) were recorded on a VG Autospec Q,
using Cs* ions and magic bullet (MB; i.e., dithioerythritol and dithiothreitol mix) as matrix. IR spectra were
recorded on a Nicolet 740 FT-IR spectrometer. A list of representative data follow.
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Compound 2 (Synthetic "97"). 1, 1'-ethylidenebis(L-tryptophan): amorphous white powder; 2 eq. L-trp, 2eq.
HCI, 1 eq. CHCHO, 0.02 eq. H,0, 20 min.; neutralize with NH4OH, redissolve ppt. in H,O / NH,OH, neutralize, wash ppt.
with H,0, followed by EtOH (20-30%). TH-NMR assignments made in CDaOD : 40% aq. NaOD (15:1) are tabulated
(vide supra); those which follow are in D,O [3(ppm), nH, J(Hz2)]: 7.7 (dd, 2H), 7.5 (dd, 2H), 7.4 (two singlets, 2H),
7.2 [t, 2H; t, 2H; g, 1H, (6.8), ethylidene CH], 4.0 (dd, 2H), 3.4 (dd, 2H), 3.3 (m, 2H), 2.2 [d, 3H, (6.6), ethylidene
CHjl. Co4HpgN,04=434; SIMS (MB): 435 (M+H); IR (cm™!; KBr): 3048 (M, B) NH,* str, 1627 (VS, B) CO,” asym str &
NH;* asym ipd. HPLC conditions: Waters Delta-Pak C,g, 300 A, 3.9 x 150 mm; 0-2 min 100% A (0.1% TFA in H,0),
2-37 min linear gradient to 80% B (0.1% TFA in 8 : 2 CH;CN : H,0), elution time (2)=20 min.

Contaminant "97". 'H-NMR (D,0): 7.7 (dd, 2H), 7.5 (dd, 2H), 7.4 (two singlets, 2H), 7.2 (m, ca. 5H), 4.0 (dd,
2H), 3.4 (dd, 2H), 3.3 (m, 2H), 2.2 [d, 3H, (6.6), ethylidene CHz]. CyuH,gN,0,=434; High resolution SIMS (MB):
meas. 435.2020 (M+H), calc. 435.2032. HPLC elution time ("97")=20 min.

Compound 3. 1, 1'-ethylidenebis(N-2,4-dinitrophenyi-L-tryptophan): yellow glass; 1 eq. compound 2, 4 eq. 2,4-
dinitrofluorobenzene in H,O : CH3CN (1:1), excess NaHCO3, 3 h.'® Extract aqueous phase with ether ca. pH 5, acidify
to pH 1 with HCI, extract into EtOAc (50%). TH-NMR (CD4CN): 8.8 [m, NH; d, 1H (2.7); d, 1H (2.7), DNP H-3 / 37,
8.1 [dd, 1H (9.5, 2.7), DNP H-5], 8.0 [dd, 1H (9.5, 2.7), DNP H-51, 7.4 [dd, 1H. (7.7, 1)}, 7.3 [dd, 3H (7.7, 1); s,
1H}, 7.2 [s, 1H], 7.1 [dt, 2H (7.7, 1), 7.0 [dt, 2H (7.7, 1)), 6.9 [d, 1H (9.5); d, 1H (9.5) DNP H-6 / €, 4.8 [ m, 2H
a-H's], 3.4 [m, 4H, B-H's], 2.0 [d (6.6), ethylidene CHjyl. CagH3oNgO,=766; SIMS (MB): 767 (M+H); IR (KBr): 1727
(WMB) doublet CO str in acid dimer, 1589 (M) NO, asym str, 1337 (VS) NO, sym str.

Compound 4. 1, 1'-ethylidenebis(N-acetyl-L-tryptophan methyl ester): clear oil, 2 eq. N-Ac L-trp Me ester, 1 eq.
CHZCHO in CHCl,, 48 h (45%). 'H-NMR (CDCly): 7.5 [d, 1H (8.2); d, 2H (7.6)], 7.4 [d, 1H (8.2)], 7.1 [m, 4H], 6.9 [s,

1H, H-2], 6.8 [q, 1H (6.5), ethylidene CH], 6.7 [d, 1H, (7.5), NH], 6.5 [s, 1H, H-2], 6.4 [d, 1H, {7.4), NH], 5.0 [ddd,
1H, a-H], 4.9 [ddd, 1H, a-H], 3.6 [s, 3H, COCH,], 3.4 [dd, 1H, B-H], 3.3 [s, 3H, CO,CH,], 3.3 [m, 3H, 8-H's], 2.1 [d,
3H (6.5) ethylidene CH,], 1.9 [s, 3H, NCOCH,], 1.8 [s, 3H, NCOCHg}. CjoH34N,04=546; SIMS (MB): 547 (M+H); IR
(KBr): 3381 (WM, B) bonded NH (trans) str, 3289 (WM, B), bonded NH (cis) str, 1742 (VS) CO str in ester, 1658
(VS) CO str in amide, 1535 (M, B) NH ipd in amide, 1213 (SM, B) C-O-C str in ester.
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