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Scandium-Mediated Opening of Aziridine Carboxylates: A Facile Synthesis of Aryl
Substituted Tryptophans
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Abstract: The treatment of enantiomerically pure L-serine-derNed as heating in chloroform at 78°C under screw-cap sealed-tube
Cbz- orN-Fmoc-aziridine carboxylates with indole derivatives in the conditions. Additionally, the reported yields vary between 3-269ih
presence of a stoichiometric amount of Sc(@T)dichloromethane at the majority in the low 30%, and in our hands, tended to be lower upon
0°C or RT gives the aryl-substituted and protected tryptophamprolonged heating. We intended to find a mild and high yielding
derivatives in good yields. Attempts to catalyze the reaction are alssynthetic method which could eventually be used in solid phase
reported. synthesis.

The ubiquitous and important nature of amino acids in biology/nterest in lanthanide-mediated organic transformations has recently
biochemistry and chemistry, justifies the ever increasing researchained momentum with applications ranging from aldol condensdtions,
interestt During the preparation of a series of short peptide ando enantioselective Diels-Alder cycloadditiohs,allylation of
peptidomimetic sequences, we needed to synthesize a variety of indolldehyde€ Michael additions, glycosylations® and epoxid& and
substituted tryptophans in order to alter tryptophan side-chaimziridine!?® opening. Recently, ytterbium triflate was successfully
interactions and to further increase the diversity element in our intendezmployed to catalyze the alkylation of indoles by electron-deficient
chemical librarie€ A survey of the literature for the preparation of such olefins3 We sought to explore the possibility of other Lewis acid-
systems revealed few methotisyith one seemingly suited for our mediated additions of substituted indoles to aziridinocarboxyftates.
needs. In 1989, Sato and Kozikowski reported on the treatment dfhus, we prepared benzyl29-N-benzyloxy carbonyl-2-aziridine
protected aziridine carboxylates with indoles to give the correspondingarboxylate 2 from L-serine benzyl est¥t and screened most
tryptophang. While this method is appealing, the reactions are sluggishcommercially available lanthanide triflates, including both yttrium and
require the presence of typically 2-6 equivalents of zinc triflate, as wekcandium triflates as Lewis acids for this reaction. We wish to report
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Table 1
Entry Indole Derivative Aziridine Reaction Time  Temperature Sc(OTf)z Yield ®
(equivalent)
R4 Rg Rs R4 Rs

1 H H H H Cbz 15h 0°c 2 31%

2 Me Me H H Cbz 25h 0°C 1 84%

3 Me Me H H Fmoc 12h RT 1 85%

4 H Me H H Cbz 15h 0°C 1 66% (84%)

5 Me H H H Cbz 50h 0°c 1 69%

6 H Me H MeO Cbz 20h 0°C 1 72% (88%)

7 Bn H H H Cbz 50h 0°c 1 429%

s .
® —{D@ Me H H Cbz 6.0h 0°C 1 51%
\
8 H Me H NO, Cbz 30h RT 1 22%
o 2 No

10 H Me o H Cbz 15h oc Reaction

1 Ac H H H Cbz 15h RT 1 No
Reaction

Notes : (a) Products for entries 1-9 are called 3.1 - 9; (b) Isolated yields after silica gel chromatography; yields in parentheses are based on consumed
aziridines; (c) Yield was based on the indole derivative. The only isofated product was from the opening of aziridine 2 by one of the two tethered
2-methylindoles
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herein that a variety of substituted indoles of ty@eld to aziriding, in 1.0 equiv) and 1,2-dimethylindole (1.0 equiv.) were mixed in
the presence of Sc(OEf)n dichloromethane at 0°C or RT, to give the dichloromethane at 0°C, followed by the addition of Sc(@Tf).0
corresponding substituted and protected tryptophans in good yieldequiv.) The mixture was stirred at 0°C under nitrogen for 3 h and
Scheme 1; Table 1. worked up as usual to give only 5% of 1,2-dimethylindole-derived
product as compared to 84% vyield in entry 2, Table 1. This result is

A representative procedure for the aziridine opening by 1 oindicative of a possible chelation of the amino acid ester to scandium.

dimethylindole (Entry 2) is as followJo a solution of 1,2-dimethyl
indole (18.6 mg, 0.128 mmol) and benkyCBz-2-aziridinecarboxylate
(20 mg, 0.064 mmol) in dichloromethane (1 mL), at 0°C was added
Sc(OTf) (32 mg, 0.064 mmol) under nitrogen atmosphere. The reaction RO'iZiN—,_—H
mixture was stirred at the same temperature for 3 hours. Water was o Se
added, and the mixture was extracted with dichloromethane (3x10 mL).

The combined organic phases were washed with brine, dried over
Na,S0y, and concentrated under reduced pressure. The residual oil was
separated by flash chromatography (1:5 EtOAc/hexane) to afforfiigure 1
dimethylN-CBz-L-Trp-OBn3.2 (24.7 mg, 84%).

Possible Chelation Mode

In summary, the above described method is singdes not require

Using indole as a nucleophile, reactions with most other lanthanidB€ating and allows for simple purification of the end products. We are
triflates were messy or led to no product, with the exception ofresently extending this method to other aziridines and to various

Yb(OTf)3, which induced a ~20% conversion of aziridi2e to

carbon and heteroaténmucleophilic systems both in solution and on

tryptophan3, along with other side products. The results depicted in theolid support.

Table!® clearly indicate that higher yields than previously reported by
other methods could be obtained in this reaction by using S(@3 8

Acknowledgment The authors are grateful to Mr. Michael Fitzgerald

Lewis acid at 0°C or RT. The enantiomeric purity of the reaction producfor optical purity analysis of the synthetic tryptophan by HPLC.

was examined by comparing the optical rotatiorBdf ([o]2% —8.7,
¢=1.7 in CHOH); with an authentic purchased sampl&eZBz-L-Trp-
OBn (Senn Chemicals AGa[?® -8.%, (c=0.655 in CHOH).* To
further determine its optical puritg,1 was hydrogenated to tryptophan 1.
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 HCIQ,) revealed a 96% e.e. This minimal erosion of the2.
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 carboxylatevith 5-nitro-2-
methylindole (entry 9) afforded only 22% of product after 30 hours at
25°C, whileN-acetyl indole (entry 11) failed to give any product. Indole 3.
(entry 1) andN-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, &s entry 1) while the presence of a hydroxy group
completely suppressed the Sc(QTif)ediated 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. 4.

5.
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 lanthanid&lt 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 ofg.
aldehydes and iminég.Yb(OTf)3 catalyzed aminolysis of aziridines
has also been reporté®l Attempts to catalyze the indole opening of 7
aziridine carboxylate with up to 20% Sc(OT§in the presence of a '
variety of co-solvents and additives such as acids, tertiary amines, salts,
and other metals have not been fruitful &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: N;-benzyloxycarbonyl tryptophan benzyl ester (productg-

from entry 1) (2.0 equiv.), the starting aziridine carboxyfa{Bs=Cbz, 10.
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Representative spectrometric data for the products of entries 2, 4,
6, and 8 of Table 1.

3.2 IR(KBr) 3400(m), 1705(s) cihy 'H NMR (300MHz, CDC})

S 2.21(s, 3H); 3.24(dd, J=6.3, 14.4Hz, 1H); 3.32(dd, J=4.8,
14.7Hz, 1H); 3.58(s, 3H); 4.71 (ddd, J=8.0, 6.0, 5.5Hz, 1H);
4.95(d, J=12.1Hz, 1H); 5.06-5.14(m, 3H); 5.30(d, J=8.9Hz, 1H);
7.03(t, J=8.0Hz, 1H); 7.10-7.37(m, 12H); 7.43(d, J=7.7Hz,
1H)ppm. MS(DCI/NH) m/z:457(100%, M+1). Anal. calcd for
CogHogNo0O4: C, 73.66; H, 6.18; N, 6.14. Found: C, 73.85; H,
6.26; N, 6.22.

3.4 IR(KBr) 3398,3350 (m), 1707 (s) ¢hH NMR(300MHz,
CDCly) & 2.24(s, 3H); 3.22(dd, J=6.3, 14.5Hz, 1H); 3.28(dd,
J=4.8, 14.5Hz, 1H); 4.72(ddd, J=8.1, 6.0, 5.0Hz, 1H); 4.97(d,
J=12.1Hz, 1H); 5.08(d, J=12.0Hz, 1H); 5.06(d, J=12.0Hz, 1H);
5.10(d, J=12.0Hz, 1H); 5.31(d, J=8.5Hz, 1H); 7.00-7.14(m, 4H);
7.23-7.33(m, 9H); 7.42(d, J=7.7Hz,1H); 7.76(brs, 1H) ppi6.
NMR(75MHz, CDC}) 6 188.9, 171.9, 135.3, 135.1, 132.8, 128.5,

128.3, 128.2, 128.1, 125.0, 121.3, 119.6, 117.9, 110.3, 105.§-,7'

67.3, 66.9, 54.8, 27.5, 11.6ppm. MS(DCI/jJHn/z: 443(100%,

M+1), 460 (80%, M+NH"). Anal. calcd for GHygN,O,: C,  18.

73.29; H, 5.92; N, 6.33. Found: C, 73.08; H,6.08; N, 6.17.
3.6 IR(KBr) 3354 (m), 1713(s)chh. 'H NMR (300MHz, CDC})
3 2.21(s, 3H); 3.19(dd, J=6.3, 13.8Hz, 1H); 3.25(dd, J=6.0,

'16.
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14.0Hz, 1H); 3.76(s, 3H); 4.72(ddd, J=8.0, 6.0, 5.0Hz, 1H);
4.98(d, J=12.2Hz, 1H); 5.06-5.12(m, 3H); 5.33(d, J=8.1Hz, 1H);
6.76(dd, J=8.8, 2.5Hz, 1H); 6.94(d, J=2.2Hz, 1H); 7.10-7.13(m,
3H); 7.26-7.34(m, 8H); 7.64 (brs,1H)ppntiC NMR(75MHz,
CDCly) 6 172.0, 155.8, 154.2, 136.2, 135.1, 133.8, 130.4, 128.5,
128.3, 128.1, 128.0, 111.0, 110.9, 105.4, 100.4, 67.2, 66.9, 55.9,
54.8, 27.6, 27.5, 11.6 ppm. MS(DCI/MHN/z: 473(20%, M+1).
Anal. calcd for GgH,gNoOg: C, 71.17; H, 5.97; N, 5.93. Found:

C, 71.18; H, 6.01; N, 5.88.

3.8 IR(KBr) 3397(s), 1743(s), 1686(s) cm*H NMR (300MHz,
CDCly) & 1.22-1.38(m, 4H); 1.54-1.76(m, 4H); 2.19(s, 3H);
2.37(s, 3H); 3.23(dd, J=6.0, 14.1Hz, 1H); 3.30(dd, J=4.2, 15.0Hz,
1H); 3.94(t, J=7.7Hz, 2H); 4.00(t, J=7.4Hz, 2H); 4.69(ddd, J=8.2,
6.5, 5.0Hz, 1H); 4.92(d, J=12.1Hz, 1H); 5.05(d, J=12.1Hz, 1H);
5.07(d, J=12.2Hz, 1H); 5.10(d, J=12.2, 1H); 5.28(d, J=9.0Hz,
1H); 6.22(t, J=0.7Hz, 1H); 7.00-7.40(m, 16H); 7.42(d, J=7.7Hz,
1H); 7.51(d, J=7.3Hz,1H)ppm*C NMR(75MHz, CDC}) &
172.0, 136.2, 135.9, 134.8, 134.0, 130.6, 128.5, 128.3, 128.2,
128.1, 128.0, 127.3, 120.8, 120.4, 120.0, 119.3, 119.2, 117.9,
108.9, 108.8, 105.4, 99.9, 67.2, 66.8, 54.9, 43.2, 43.0, 30.1, 30.0,
26.8,12.8, 10.3 ppm. MS(DCI/Njim/z: 656(100%, M+1). Anal.
caled for GH4sN3O,4: C, 76.92; H, 6.92; N, 6.41. Found: C,
77.08; H, 7.06; N, 6.28.
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Among the additives we tried: HMPA; triflic acid; triflic
anhydride; acetic acid, £, Pyridine, LiBr, CeC}-(H,0),
molecular sieves, Zn dust, ZnCEn(OTf), Ti(iPrO), and various
others.
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