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Abstract:   The treatment of enantiomerically pure L-serine-derived N-
Cbz- or N-Fmoc-aziridine carboxylates with indole derivatives in the
presence of a stoichiometric amount of Sc(OTf)3 in dichloromethane at
0°C or RT gives the aryl-substituted and protected tryptophan
derivatives in good yields. Attempts to catalyze the reaction are also
reported.

The ubiquitous and important nature of amino acids in biology,
biochemistry and chemistry, justifies the ever increasing research
interest.1 During the preparation of a series of short peptide and
peptidomimetic sequences, we needed to synthesize a variety of indole-
substituted tryptophans in order to alter tryptophan side-chain
interactions and to further increase the diversity element in our intended
chemical libraries.2 A survey of the literature for the preparation of such
systems revealed few methods,3 with one seemingly suited for our
needs. In 1989, Sato and Kozikowski reported on the treatment of
protected aziridine carboxylates with indoles to give the corresponding
tryptophans.4 While this method is appealing, the reactions are sluggish,
require the presence of typically 2-6 equivalents of zinc triflate, as well

as heating in chloroform at 78°C under screw-cap sealed-tube
conditions. Additionally, the reported yields vary between 3-46%,5 with
the majority in the low 30%, and in our hands, tended to be lower upon
prolonged heating. We intended to find a mild and high yielding
synthetic method which could eventually be used in solid phase
synthesis.

Interest in lanthanide-mediated organic transformations has recently
gained momentum with applications ranging from aldol condensations,6

to enantioselective Diels-Alder cycloadditions,7 allylation of
aldehydes,8 Michael additions,9 glycosylations,10 and epoxide11 and
aziridine12 opening. Recently, ytterbium triflate was successfully
employed to catalyze the alkylation of indoles by electron-deficient
olefins.13 We sought to explore the possibility of other Lewis acid-
mediated additions of substituted indoles to aziridinocarboxylates.4

Thus, we prepared benzyl (2S)-N-benzyloxy carbonyl-2-aziridine
carboxylate 2 from L-serine benzyl ester14 and screened most
commercially available lanthanide triflates, including both yttrium and
scandium triflates as Lewis acids for this reaction. We wish to report
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herein that a variety of substituted indoles of type 1 add to aziridine 2, in
the presence of Sc(OTf)3 in dichloromethane at 0°C or RT, to give the
corresponding substituted and protected tryptophans in good yields,
Scheme 1; Table 1.

A representative procedure for the aziridine opening by 1,2-
dimethylindole (Entry 2) is as follows: To a solution of 1,2-dimethyl
indole (18.6 mg, 0.128 mmol) and benzyl N-CBz-2-aziridinecarboxylate
(20 mg, 0.064 mmol) in dichloromethane (1 mL), at 0°C was added
Sc(OTf)3 (32 mg, 0.064 mmol) under nitrogen atmosphere. The reaction
mixture was stirred at the same temperature for 3 hours. Water was
added, and the mixture was extracted with dichloromethane (3x10 mL).
The combined organic phases were washed with brine, dried over
Na2SO4, and concentrated under reduced pressure. The residual oil was
separated by flash chromatography (1:5 EtOAc/hexane) to afford
dimethyl N-CBz-L-Trp-OBn 3.2 (24.7 mg, 84%).

Using indole as a nucleophile, reactions with most other lanthanide
triflates were messy or led to no product, with the exception of
Yb(OTf)3, which induced a ~20% conversion of aziridine 2 to
tryptophan 3, along with other side products. The results depicted in the
Table15 clearly indicate that higher yields than previously reported by
other methods could be obtained in this reaction by using Sc(OTf)3 as a
Lewis acid at 0°C or RT. The enantiomeric purity of the reaction product
was examined by comparing the optical rotation of 3.1 ([α]23 –8.7o,
c=1.7 in CH3OH); with an authentic purchased sample of N-CBz-L-Trp-
OBn (Senn Chemicals AG; [α]23 –8.5o, (c=0.655 in CH3OH).4 To
further determine its optical purity, 3.1 was hydrogenated to tryptophan
using 10% Pd/C in ethanol. HPLC analysis of this amino acid using a
chiral column (Chiral Technologies Crownpak CR 4.6x150 mm, 10 mM
aq HClO4) revealed a 96% e.e. This minimal erosion of the
enantiomeric purity could also be associated with the starting aziridine.

Lower yields were obtained for those indoles with electron withdrawing
substituents. The reaction of aziridine carboxylate 2 with 5-nitro-2-
methylindole (entry 9) afforded only 22% of product after 30 hours at
25°C, while N-acetyl indole (entry 11) failed to give any product. Indole
(entry 1) and N-benzylindole (entry 7) gave lower yields as compared to
other substituted counterparts, presumably due to self condensation of
indole. Electron donating groups on indoles accelerated the reaction
(entries 2, 4, 5, 6 vs entry 1) while the presence of a hydroxy group
completely suppressed the Sc(OTf)3 mediated opening of the aziridine.
Interestingly, bis-N,N’-dialkyl 2,2’-dimethylindole (entry 8) gave the
product resulting from addition of only one indole ring to the aziridine
in an isolated 51% yield, thus opening the possibility of differentiating
the two indole moieties.

Elemental scandium, with a smaller radius than any other rare earth
element, has a chemical behavior known to be intermediate between that
of aluminum and other lanthanides.16 It is also known that various metal
triflates have been efficiently used to catalyze C-C bond forming
reactions such as Diels-Alder cycloadditions, and allylation of
aldehydes and imines.17 Yb(OTf)3 catalyzed aminolysis of aziridines
has also been reported.12 Attempts to catalyze the indole opening of
aziridine carboxylate 2 with up to 20% Sc(OTf)3 in the presence of a
variety of co-solvents and additives such as acids, tertiary amines, salts,
and other metals have not been fruitful yet.18 The possibility that the
produced amino acid ester is chelated to scandium, Figure 1, and thus
precluding a catalytic cycle, was investigated by the following
experiment: Na-benzyloxycarbonyl tryptophan benzyl ester (product
from entry 1) (2.0 equiv.), the starting aziridine carboxylate 2 (R5=Cbz,

1.0 equiv.) and 1,2-dimethylindole (1.0 equiv.) were mixed in
dichloromethane at 0°C, followed by the addition of Sc(OTf)3 (1.0
equiv.)  The mixture was stirred at 0°C under nitrogen for 3 h and
worked up as usual to give only 5% of 1,2-dimethylindole-derived
product as compared to 84% yield in entry 2, Table 1. This result is
indicative of a possible chelation of the amino acid ester to scandium.

Figure 1

In summary, the above described method is simple, does not require
heating and allows for simple purification of the end products. We are
presently extending this method to other aziridines and to various
carbon and heteroatom3 nucleophilic systems both in solution and on
solid support.
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