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Interaction of L-Ascorbic Acid with DL-/N-Methyl-B-hydroxytryptamine
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Abstract: The interaction of DL-N-methyi-B-hydroxyiryptamine 1 with L-ascorbic acid 2
procceds through the 2-C alkylation of 2 and the intramolecular acylation of the methylamino

group to y1e1d dlastereomenc 3-hydroxy-4-(indol-3-yl)-1-methyl- 3 (2,3,4-trihydroxybutyryl)-
pyrrolid-2-ones 4a and 5b. © 1997 Elsevier Science Ltd. All rights reserved.
L-Ascorbic acid interacts with 3-hydroxymethylindole or 4-hydroxybenzyl alcohol and their
derivatives to give ascorbigens -— 2-C-arylmethyl-3-ketohexulofuranosono-1.,4-lactones!2. The
investigation of the interaction of 2 with multifunctional (indol-3-yl)carbinol derivatives is particularly
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interaction of DL-N-methyl-pB-hydroxytryptamine (1), an indole analogue of epinephrine, with L-
ascorbic acid.

The reaction of 1 with an excess of 2 in citric-phosphate buffer at pH 4.2 yielded a mixture of two
products (4a, 5b)° as a result of 2-C-alkylation of ascorbic acid (to the intermediate 3) followed by the
intramolecular acylation; this mixture was separated by preparative TLCS. The presence of lactam
cvcles in 4a and Sb was proved by NMR spectroscopy using HETCOR through '3C-'H long-range
couplings experiments: cross-peaks were observed between the N-CHs protons and the carbonyl carbon
of the lactam cycle. The 3-C - 6-C moiety of ascorbic acid in isomer 4a represents a cyclic hemiacetal (1'-
C - 4-C), whereas in isomer Sb it exists as an acyclic trihydroxybutyryl residue. This implies that the
cyclic furanose intermediate 4b is unstable. The presence of the furanose cycle in isomer 4a was
confirmed by the specific chemical shift of 1'-C carbon atom (106.38 ppm) and the polarization transfer
from 4'-H to 1'-C in a selective INEPT experiment. Signals of carbonyls of the keto and lactam groups
were observed in '3C NMR spectrum of Sh. Signals 4-H in 5b are shifted upfield relative to 4a
(Tables 1 and 2). Among chiral atoms of 4a and 5b, there are two (3-C and 4-C of the lactam cycle)
whose stereochemistry is not preassigned by the stereochemistry of L-ascorbic acid. The absolute
configuration of 3-C atom is determined by the direction of the electrophilic attack of the substituted
skatyl cation at the 2-C atom of the L-ascorbic acid lactone ring'?. In all the ascorbic acid 2-C-
alkylations reported to date, such an attack was directed from the side opposite to the CHOH-CH,OH
fragment,” except for 2-C methylation of 2 yielding a mixture of the 2§ and 2R isomers, which can be
explained by the small size of the methyl group®. This suggests the S configuration at the 3-C of
compounds 4a and 5b.

The absolute configuration at 4-C of the 4a and 5b isomers was determined for their tri-O-
acetyl derivatives 6a and b. Acetylation of compounds 4a and Sb with acetic anhydride in pyridine at
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i. Basing on these data, we assigned to the indole residue at 4-C and the
C a cis-arrangement in 6b and, therefore in 5b, and a irans-arrangement in 6a
s led to the conclusion that the absolute configuration at 4-C is S in 5b and R in

-

NOE-difference experiments aiso showed that 2'-H and 3'-H protons of the carbohydrate residue
are close to the 2"-H and 4"-H protons of the indole ring in both isomers 6a and 6b. This proximity can
be accounted for by the lactone cycie deflection from the planar conformation resuliting in a pseudo-
equatorial position of the bulky indole substituent in both isomers, independently of the cis- or trans-

orientation of the substituents at 3-C and 4-C.
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The smooth formation of the amide bond in the reaction between 1 and 2 is noteworthy. Earlier,
the interaction of ascorbigen with ammonia or primary amines was shown to yield amides of
hexulofuranosonic acid, whereas ascorbigen failed to form amides with secondary amines!'. The
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In our case, intramolecular reaction conditions and thermodynamic stability of the five-membered
lactam formed make it possible for the secondary amide to be N-acylated by a lactone under mild
conditions.

in a modei experiment, N-butylamide of 3-hexuiofuranosonic acid 83 with an intact furanose
ring was obtained by incubating ascorbigen 7 (obtained from 2 and 3-hydroxymethylindole?) in N-butyl-
amine at 25°C.

Table 1. '"H NMR spectra (400 MHz) of compounds 4-6 (aliphatic moiety)

Compound 4-H 5-H 2-H 3'-H 4-H N-CH:s
/solvent
4.33 3.86;3.46 | 4.59 4,11 4,06; 3.58
4a in Jsa8.1 Ja259.6 J33.9 Jua5.5 Jap 9.0 3.00
CDsOD Jsu3.7 Jand.2
4.04 3.83;3.62| 4.00 4.29 3.41
5b in Js5a10.7 Jap9.8 J32.2 J46.1 3.02
CD-0OD Jsp 8.1
4.29 3.86;3.49 1 577 5.88 4.27,
6ain CDClz | Js..7.4 Jarn10.0 J33.2 J1a9.5 4.21 3.00
Js 3.2 J4v6.3 Japll.5
4.06 3.89;3.52| 5.08 5.92 3.86;
6b in CDCl; | Jsall.3 Jap9.3 J34.1 Jea5.7 3.80 3.02
Jsp 7.9 J146.6 Japil.5

Table 2. 3C NMR spectra (100.6 MHz ) of compounds 4-6 *

Aliphatic | 4ain 5b in 6a in 6b in Indole 4ain 5b in 6a in 6b in
moiety CD:OD | CD:OD | CDCls CDCls ring CDs;0D CDs;0OD CDCl: | CDCls

N-CH3; 30.30 30.60 30.32 30.35 2"-C 124.94 123.83 123.37 [122.70

2-C 175.15 | 174.27 | 170.12 | 168.51 3"-C 113.35 108.91 110.49 | 108.64
3-C 81.69 88.82 85.07 87.33 4"-C 119.98 119.95 118.92 | 119.78
4-C 37.27 45.79 39.35 44.86 5"-C 120.19 120.17 120.33 | 120.03
5-C 55.61 51.19 53.21 50.00 6"-C 122.47 122.72 122.73 1122.70

C 106.38 | 211.23 | 203.00 | 202.72 7"-C 112.40 112.16 111.67 | 111.19
C 78.45 76.27 74.05 74.98 3a"-C 128.56 128.55 126.96 | 127.32
3-C 77.64 71.88 68.64 69.23 7a"-C 138.17 137.67 136.35 | 136.53
4-C 72.17 63.91 61.57 61.34

* Signals of three OCOCH3 groups are at 171.26; 170.56; 170.23; 20.79; 20.50 and 19.99 ppm (6b) and at 170.39; 170.34;
170.23; 20.73; 20.62 and 20.38 ppm (6a).
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The structure of 8, which was confirmed by '3C NMR, implies that the 2-C alkylation of
ascorbic acid precedes the acyiation of the met‘nyiamino group and that the furanoside residues in

compounab qa dl’l(.l 6 lldVC al (.‘L'bUIlllbUIﬂllUIl l llt. blllll Ul lll(: LdUlUmCHL cqumorlum toa lurdﬂOblUC lIl
4a and to an acyclic trihydroxybutyryl moiety in 5b, 6a, and 6b may be connected with steric hindrances.
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