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We have shown that 4-thiouracil derivataves interact photochermically with primary
amines (1) We report now that irradiation of 1, 3.dimethyl 4-thiouracil ] in presence of a
tertiary amine such as triethylamine produces a mixture of tetrahydro-bipyrimidines whach
have been assigned d, 1 and meso structures 2a and 2b respectively

A methanolic (or aqueous) solution of 1, 3-dimethyl 4-thiouracil ] containing 5 % of tri-
ethylamine 1s irradiated (2) until the complete disappearance of the starting material The
two major reaction products are isolated after silica gel column chromatography 1n an over-
all yield of 60 %

Compounds2a (mp 194-195°) and 2b (mp 264-266°) display very sumilar analytical and
spectral data Both show the molecular ion in their mass spectrum at m/e 314 (Base peak
m/e 157) These photoproducts are 5, 6-dihydro 4-thiouracil derivatives as shown by their IR,
UV and NMR spectra (Table 1) These results suggest that 2a and 2b arise through coupling
of two identical hydropyrimdinyl radicals

The *>C NMR spectra of compound 2a and 2b show six signals (Table 2), one of which 1s
assigned to a secondary carbon and another to a tertiary carbon In order to determine which
carbon atoms are involved in the formation of the new bond 1, 3-dimethyl 5-deutero-4-thio-
uracil 1 (dl) was prepared (3) and irradiated to produce the bis-deuterocompounds 2a_ (dz) and
2b (dz). Their 13C NMR spectra are devoid of secondary carbon signal demonstrating that the
linkage between the two pyrimadines 1s at position C-6, This result 1s confirmed by inspection
of the H-5 signals of the proton NMR spectra of photooxydized products (4) 3a (mp 220-222°)
and 3b (mp 278-279°) In both 3a and 3b the two H-5 signals appear as the AB part of an ABX

system (J = 17 Hz) and are expectedly found at higher field than the multiplet due to H-6 (4c)

TheAa}:s:Lgnment of d, 1 and meso structures to compound 2a and 2b was accomplished by
observing changes in the proton NMR spectra of derivatives 2 and 3 in the presence of optically
active europium shift reagent:tris(3-trifluoroacetyl) d-camphorato)europium (III) (5) In the
spectrum of the d and ] 1somers {2a and 3a) the N-methyl signals are separated in the
presence of the optically active shift reagent (Table 1), thus distinguishing the d, 1 from the
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TABLE 1
R uv L NMR (8 , solvent CDGL,)
ppm 3
-1 P
N - - H
v {em ) Amax (1,17 CH3  Nig 5y CHy 5,50 He g
2a 1705 ¢ g5 = 23800 3 05"’ 3 70“ 3 33
4 17" 4 43"
4 387
o= 21300 17 3,45 333
2b 1700 283 3
3a 1720 _ 3 03 321 2 60 3 50
1670 3107
4 3% 4 427
2 -
4 27" 4 35"
3b 1740 3 09 318 2 55 3 45
_— st
1680 3,10

*After addition of optically active shift reagent

This signal 1s absent in the spectrum of the C5 51 deuterated compound

£

We have established that 4-thiouraci] derivataves are photoreactive towards amines To
our knowledge amine photoreduction, a well known reaction in the case of ketones (6), has
never been reported to occur with thiocar bonyl compounds Since, the photoreduction path-
way should be closely related for these two types of chromophores, we suggest the mecha-
nism depicted in the scheme to account for the formation of the photoproducts

The deutero compounds 2a (dz) and 2b (dz) have been photooxydized yielding 3a (dz) and
36 (dz) A noteworthy finding in their NMR spectra 1s the absence of the higher field H-5
signal which 15 observed in the spectra of 3a and 3b Accordingly, the protonation process
leading to the hydropyrimidinyl radical 4 1s stereospecific

The formation of reductive type dimers 2a and 2b proves that radical 4 15 an intermediate
in this photoreaction, Radicals of this type rmight be also produced 1n several kinds of photo-
reduction pocesses encountered so far with 4-thiouracils, such as photohydroxyalkylation by
alcohols (4b) and intramolecular rearrangements involving Norrish II hydrogen abstraction
processes (7) The various structural types of products 1solated in these photoreactions 1llus-

trate the reactivity of the 5-hydro 4-thiouracil radicals under different reaction conditions
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TABLE 2 (13C NMR Data)

C2 C4 N-CH3 C5 C6

2a 150 10 200,29 38 21 42 89 56 54
35 48

2b 150 00 189 70 37 70 43 20 55.70

35 70




304 No. 4

Acknowledgment We are very grateful to Dr J Polonsky for her encouragement and support

throughout this work
REFERENCES

1 - Previous communication
2 - AIO-Z M solution of compound 1 1s irradiated through Pyrex under N2 atmosphere with a
Hanau TQ 150 lamp during five hours
3 - 5-deutero 4-thiouracil was prepared by treatment of 1| with DC! according the procedure
reported for uracil by D V. SANTI, C F BREWER and D FARBER (1970),
J Heterocyclic Chem , 7, 903
4a -M G PLEISSand P A CERUTTI (1971) Biochemistry, 10, 3093
b-J L. FOURREY and P JOUIN (1973) Tetrahedron Letters, 3225
¢ - P JOUIN, Thesis, University Paris-Sud {(Orsay) (1973)

% -H L GOERING, ] N EIKENBERRY and G S KOERMER (1971) J Amer Chem Soc , 93
5913

b - Tr1s{3-(trifluoroacetyl) d-camphorato) europium was prepared according
V SHURIG (1972) Tetrahedron Letters, 3297 We thank M C FRAJERMAN for a gift

of the barium ~alt of d- TFA camphor

6- S G COHEN, A PAROLA and G H PARSONS (1973) Chemical Reviews, 73, 141,

7 -~ Work in progress in this laboratory



