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STEREOCHEMISTRY OF REACTION PRODUCTS OF
1,3-DIMETHYLTHYMINE EPOXIDE WITH AWMINES
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Abstract : Reaction of 1,3-dimethylthymine epoxide with amines afforded cis and trans adducts,
stereostructures of which were elucidated and treatment of trans adduct with boron
trifluoride etherate afforded cis adduct; mechanism for the isomerization is presented.

lluch attention has focused on the oxidations of nucleic acids and their components with active
oxygens and on the formation of nueleic acid-protein cross-linkages in relation to the study of
mutagenesis and carcinogenesis.l’2 Recently, we reported the oxidation of some pyrimidine

3,4 In this oxidation

bases with m-chloroperbenzoic acid as a representative of acylperoxide.
we supposed the epoxide (,1\_)5 as the reaction intermediate which was subjected to nucleophiles to
afford products.4 Then, we have envisaged the reaction of (1) with amine or amino acid as a
model reaction for nucleic acid-protein interactions. In the present communication we describe
the stereochemistry of the reaction products of (1) with several amines containing achiral amino
acid derivatives and the isomerization of trans adduct to cis adduct with boron trifluoride
etherate.

Treatment of (1) prepared in situ from trans-5-bromo-6-hydroxy-1,3-dimethyl-5,6-dihydro-
thymine and triethylamine1 with amine in tetrahydrofuran (THF) under reflux gave two products,
cis adduct (minor product) (2)6 and trans adduct (major product) (,12_)6, except the case of
ethylamine. The results were summarized in Table 1. Among those products, the stereo-
structures of (2d), (2f), and (83) were determined as shown in Scheme 1 by X-ray analyses.7
Therefore, it is clear that the major products (3d) and (3f) are trans adducts. On treatment
with boron trifluoride etherate in THF, (3a), (3d), and (3f) isomerized completely to cis adducts,
(22), (2d), and (2f), respectively, suggesting that trans adduct is prone to isomerize to cis
adduct. Other major products (trans adducts) also isomerized to the corresponding minor
products (cis adducts) as summarized in Table 2. Therefore, it can be concluded that all the
major products are trans adducts and all the minor products cis adducts.

No isomerization of (3) to (2) occurs during the addition reaction, because (2) was not obtained

on treatment of (3) with equimolar triethylamine hydrobromide and 0.5 equivalent of triethylamine
in THF under reflux for 24-48 h. Therefore, it would be reasonable to assume that the addition
reaction proceeds via both an epoxide (1) which gives trans adduct8 and an iminium intermediate

(1A) which gives cis adduct se]ectivelyz’9 by nucleophilic attack of amine. Assuming two routes,
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Table 1.  The Results of Addition Reactions®

Amine Products Ratio of 2:3 Total yield (%)b Reflux time
Ethylamine 3a 80.7 24 h
Tryptamine 2b, 3b 1 : 5.6 95.0 24 h
BAla-QEt 2'3, 3c 1 : 3.9 89.7 24 h
Benzylamine 2d, 3d 1 : 3.7 74.5 24 h
Gly-OEt 2, 3e 1 : 2.8 71.7 24 h
Morpholine 28, 3 1 : 2.6 62.3° 24 h
Neopentylamine 2g, 3g 1 : 2.4 quantitative 48 h

% Reactions were carried out with trans-5-bromo-6-hydroxy-1, 3-dimethyl- 5, 6-dihydro-
thymine, 1.5 eq. of NEt3, and 2 eq. of amine in THF under reflux. b Products were

isolated by preparative t.l.c.. ¢ 1,3-Dimethylthymine was obtained in ca. 20 % yield.
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Table 2. Isomerization of Trans Adduct (3) to Cis Adduct (z)a

Product Yield (%) BF3'Et20 Reaction condition
3a 2a quantitative 1 eq. 20 h at 50°C
3b 2b 79.4 2 eq. 20 h at r.t.
3c 2c 83.3 leq. 20 h at r.t.
3d 2d 88.8 1eq. 20 h at r.t.

Je 2e 64.0 1eq. 20 h at r.t.
3£ 2f 87.8 2 eq. 40 h at 60°C
I}g ,25 quantitative 1 eq. 20 h at r.t.

% Reactions were carried out with trans adduct and BFS-EtZO in THF under indicated

reaction condition.

Scheme 2

route a and route b, shown in Scheme 2 as mechanism of the isomerization, route b may lead to
two optically active cis adducts (a mixture of diastereomers) in the case of isomerization of an
optically active trans adduct prepared from a chiral amino acid. Since an optically active trans
adduct isomerized to one optically active cis adduct under a similar reaction condition,10 we

suggest that the isomerization reaction proceeds via route a.
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The present stereostructure establishment of the reaction products and the isomerization
procedure of trans adduct to cis adduct would be very useful for chemistry of the cross-linkage
of nucleic acid with protein or chiral amino acid.
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