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Abstract - The structure of leucettidine (]}), a new naturally occurring pteridine deri-
vative in Leucetta microraphis, has been revised to 6-(1-hydroxypropy))-t-methyllumszine.
Unambiguous symtheses of |3 and fits 3-methyl isomer [4 prove the correct structore, which
can also be depicted frem comparisons of pKa values, UV- and NMR-data.

Introduction. - In 1981 Cardellina and Heinvaldz isolated a minor metabolite from
leucetta microraphis, a Calcareous sponge common in éermudan waters, and called it
leucettidine. Its structure was deduced from various spectral data including high
resolution mass spectrometry to determine the empirical formula C'OM‘2N403. NMR -
spectra to elucidate the nature of the substituents and IR- and UvV-spectra to find
the lumazine (pteridine-2,4-dione) chromophor as the basic nucleus of this novel
pteridine derivative. Comparisons of the physical data of leucettidine (1;) with
those of various model substances from literature led to the assignment of the 6-
(1-hydroxypropyl)-3-methyl-pteridine-2,4(1H)-dione structure (]4). The location of
the methyl group at N-3 was derived only from comparisons of chemical shift datas,
whereas the more precise structural distinctions on the basis of the UV-spectral
properties have been completely overlooked. It can be seen easily from the repor-
ted Uv-data of leucettidine that the methyl! group cannot be located at N-3 but at
N-1, as reported ear\ier3. since anion formation of an N-1 substituted lumazine is
always associated with a small bathochromic shift of the long wavelength absorption
band, whereas substitution at N-3 causes a much stronger shift due to a more pro-

noynced resonance stabflfzation of this anion species‘. In order to prove the new

3.5 of leucettidine we syncthesiceu tiie two isomeric 6-(1-hy-

structural assignment
droxypropyl)-1-(13) and 3-methyl lumazine (14) in form of their racemates by unanm-

biguous routes.

Syntheses. - Regifoselective syntheses of 6- and 7-substituted pteridines respec-
tively via the Gabriel-Isay condensat1on6 between a 5,6-diaminopyrimidine and an
appropriate t,2-dicarbonyl component is still a difficult task and leads in most
cases to isomeric mixtures difficult to be separated by chromatographical means.
The n-electron deficiency of the pyrazine mofety on the other hand allows the di-
rect introduction of carbon side chains by a radical nucleophilic substitution ac-
cording to the fundamental investigations of Minisci et al.7'8 with various nitro-
gen heterocycles. We have shown9 for the first time that the lumazine system fis
also prone to easy radical acylations which proceed selectively at C-7 as the most
n-electron deficient center in the molecule. In order to direct the incoming radi-
cal nucleophile to (-6 the adjacent position has to be blocked by a substituent.
This reaction behaviour of the lumazine molety in mind prompted us to apply 1- ()
and 3-methyl-7-methylthiolumazine (§) to radical acylations. These compounds were
obtained from 1- (]) and 3-methyl-7-hydroxylumazine (z)'0 respectively in three
steps including first treatment with POCIJ/KCI at 80-90° to achieve a selective
conversion to 7-chloro-1-methyl- (}) and 7-chloro-3-methyllumazine (5)1‘. second
with sodium hydrogensulfide to form the corresponding 7-mercapto derivatives 3 and
33713
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§" and finally by methylation with methy! iodide in dilute sodium hydrogencarbo-
nate to give ] and § in good yfelds. Introduction of the propionyl side chain was
performed by the system 9r0910na1dehyde/?e"/tert.buty1hydroperoxide in aqueous

acetic acid generating the propfonyl radical and leading to 1-methyl- () and 3-

methyl-7-methylthio-6-propionyllumazine (]Q) respectively in 78 % yfeld each.

0 2 0 " 0
o’LNl N’j‘(}i 0 Nl ’11:' ! ’1(}1
CH R H .
1
/ \

0 0 @
M)in\ E-crery &C‘/INI ~CHCH
o’*n NP SCHy R R R?

ChHy

'

1(cw H "
tlH ch T
l s{c, H S 1
0 0l ¢! H CHy SH 0 0
" Na L-CHCH 7i1CH H SH HG N\IE—CH;CH;
[ 8 H o sch |
0PN~ N
ChH

. \\‘ ‘// 12

0 0
8 Gt 6
Ay
ChH H
n H

During desulfurization experiments to remove the methylthio group it became evi-
dent that the usual Raney nickel treatment is not successful due to the known dif-
ficu?ties'z encountered with thiopteridines in general, Minor success was achieved
by a strongly deactivated Raney nickel in a less polar solvent and much improve-
ment resulted from the use of aluminum-copper alloy in alkaline medium. Under these
conditions § was converted directly into 6-(1-hydroxypropy))-1-methyllumazine (}3)
obviously via 1], whereas the fsomer ]Q reacted cleanly with desulfurization to
3-methyl-6-propionyllumazine (12). Sodium borohydride reduction transformed 12 in
55 % yteld into 6-(1-hydroxypropyl)-3-methyllumazine (]4).

Structures and Physical Data. - The newly synthesized compounds have been charac-
terized in their structures by elemental analysis, pK. determinations and their
UV- and NMR-spectra (Tab. 1). Comparisons of varifous physical dats of the corres-
ponding 1- and 3-methyllumazine derivatives indicate common molecular features,
which allow a structural differentfation between both series of compounds. The
1-methyllymazines are slways the weaker acids by sbout 0.5 px. unfts in compari-
son to the 3-methyl analog. from the UV-spectra can be seen that the N-1 substi-
tution causes a small bathochromic shift of the long wavelength absorption band
over the K-3 methyl isomer, and the NMR spectra locate the chemical shift of the
1-methyl always at lower field than the 3-methyl group despite the fact that the
latter is adjacent to two carbonyl functions. The best differentfation between 1-
and 3-methyllumazine derivatives, however, will be noticed from the UV-spectral
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Fig. 1 - UV-Absorption spectra of the neutrsl Fig. 2
and monoanion form of synthetic leu-
cettidine (]3).

- UV¥-Absorption spectra of the neutral
and monoanion form of 6-(1-hydroxy-
propyl)-3-methyllumazine (14).
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shifts on monoanion formation. The l-methy)l series shows & small bathochromic shift
of the long wavelength absorption band, whereas the deprotonation from N-1 in the
3-methy! series is associated with a much more distinct red shift due to a more pro-
nounced resonance stabilization in the monoanion form. The typical UV-spectral chan-
ges are reproduced in figure ! and 2,

Finally, the discrepancies of the physical data of natural and synthetic leucetti-
dine can be explained Dy the fact that the isolated material from natyral sources
was so far no analytically pure sample as seen from the lower extinction coeffi-
cients and the missing elemental ana!ysisz. which reveals 0.5 mol! of crystal water.

Acknowledgement., - | thank Dr. R. Charudbala for experimental help and the measure-
ment of the NMR-spectra and Mrs, M. Bischler for the determination of the pk‘ va-
lues and UY-spectra.

EXPERIMENTAL

U¥-Absorption spectra were measured with 3 Perkin-Elmer Lambda 5 spectrometer. The
?eterm1natlon of the pK‘ values was achieved by the spectrophotometric aethod‘3.
H-NMR-spectra are taken at 250 MHz with a Bruker WM-250 spectrometer; as standards
have the CHC13 and DMSO signals been used and the chemical shifts are recorded as
é-values in ppm. Schleicher & Schill precoated silica gel sheets F 1500 LS 254 were
used for TLC and Merck silica gel pFZSC for separations on preparative plates {(40x
20x0,2 cm)., Drying of the substances was performed in a BUch{ T0-50 oven under high

vacuum or in & normal drying oven at 100°C. N.ps. are not corrected.

7-Mercapto-1-methyllumazine (§)‘1. - Compound ;1‘ (2.4 g, 0.01 mol) was heated
with 2 g of NaSH in EtOH (20 m1) and HZO (80 ml1) for 30 min to 50° with stirring.
The clear solution was treated with charcoal, filtered and acidified with conc.
HCY to pH 0. The precipitate is filtered off, washcd with HZO and dried at 100°C
to give pure 7-mercapto-i-methyllumazine {(Found: C 37.32. H 2.88; N 24.55.

C,H N,O . Hzo {(228.3) requires: C 36.8Y; H 2.63; N 24.54 %) as a yellow micro-

S
6 42
crystaliine powder; m.p. >300°; yield 1.68 g (80 %).

J-Mercapto-3-methyllumazine (Q)l‘. - Compound 3" (2.4 g, 0.01 mol) was heated in
EtOH (20 m1) and H,0 (100 m1) with 2 ¢ NaSH for 30 min to 50° with stirring. The
clear solution was treated with 1fittle charcoal, filtered and then acidified with
S N HCl1 to pH O. The precipitate is collected, washed with uzo and dried at 100°
to give pure 7-mercapto-3-methyllumazine as a yellow crystalline powder; m.p,
>270° (decomp.); yield 1.79 g (85 %).

1-Methyl-7-methyimercaptolumazine (7). - Compound 3 (2.1 g, 0.01 mol) was dissol-
ved in 400 m) of 0.1 N NaNCO3. then 5 ml of CH3I added and stirred at room temp.
for | hour. The solutfon s neutralized with acetic acid, the precipitate collected
and then recrystallized from 500 m1 of NZO to give pure J-methyl-7-methylmercapto-
lumazine (Found: C 42.76;, H 3.58; N 24.97%. C3H8H4025 {224.2) requires: C 42.85;
H 3.60; N 24.98 %) as yellowish crystals; m.p. 266-268°; yield 1,57 g (70 3).

3-Methyl-7-methylimercaptolumazine (§). - Compound § (2.1 g, 0.01 mol) was dissol-
ved in 900 m! of 0.1 N NAHCOJ. then 8 ml of CHJI added and vigorously stirred at
room temp. for 1 hour. Neutralfzation with acetic acid formed a precipitate which
was filtered off, washed with ”20 and recrystallized from 400 m1 of EtOH to give
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pure 3-methyl-7-methylmercaptolumazine (Found: C 42.81; H 3,53, N 24.97.
CSNBNQOZS (224.2) requires: € 42.85; M 3.60; N 24.98 %) as yellowish crystals;
m.p. 272-280°; yield 1.68 g (75 %).

1-Methyl-7-methylmercapto-6-propionytiumazine (§). - Compound | (2.2¢ ¢, 0.0
mol) was dissolved in & mixture of glacial acetic acid {60 ml1), trifluorcacetic
acid {15 m1) and nzo {5 m)) and then the solution cooled to 0°-5° fn an ice dath,
whereby separation of some starting material takes place. Propionaldehyde (3 ml)
is added and followed by simultaneous addition from two dropping funnels each
Feso‘ .7 nzo (5 g) in NZO {12 m1) and tert-dbutylhydroperoxide (2.5 ¢g) to the
stirred solution, A clear yellow solution {s obtained, from which after some time
a colourless precipitate separates. The solid 1s collected after 30 min, washed
with 520 and recrystallized from EtOH (500 m1) to give pure 1-methyl-7-methylimer-
capto-6-propionyliumazine (Found: C 46.10; M 4.25; N 19.62. C11H12N403S (280.4)
requires: C 47.14; H 4.31; N 19,98 %) as yellowish crystals; m.p. 280°;

yield 1.2 g (43 %).

3-Methyl-7-methylmercapto-6-propionylliumazine (1Q). - Compound § {(2.24 g, 0.01
mol} s treated analogously to the preceding procedure to give 1.8 g crude mate-
rial., Recrystallization from EtOH (500 ml) gave pure 1-methyl-7-methylmercapto-
6-propionyllumazine (Found: C 46.81; H 4.16; N 19.81%, C‘1H‘2N‘O3S (280.4) re-
quires: C 47.14; H 4.31; N 19,98 %) as yellowish crystals; m.p. 287°, yield
1.40 g (50 %).

3-Methyl-6-propionyllumazine (]3). - Compound ]Q (0.28 g, 1 mmol) was dissolved
in hot EtOH (100 m1), then subsequently added Raney-copper alloy (2 g) and 5 N

KOH (6 ml). A vigorous reaction takes place which is stopped after 1 min by addf-
tion of glacial acetic acid. The hot solution is filtered, the filtrate evaporated
to dryness and the residue dissolved in HZO. Several extractions with CNC13 are
performed, the organic layer dried over Nazso‘ and then concentrated to a small
volume. The work-up was done by preparative TLC on silica gel plates {(40x20x0.2 ¢m)
with CHCI3/Ne0H (9/1). The lower moving band s cut out, eluyted with CHCI3 and
gave on evaporation and crystallization from CHC13/n-hexane pure 3-methyl-6-pro-
pionyllymazine (Found: C 51.13; H 4.21; N 23.85. C|0"10N403 (234.2) requires:
€ 51.28; H 4.30; N 23.92 %) as colourless crystals; m.p. 234°, yield 0.094 ¢

(40 %).

6-{1-Hydroxypropyl)-1-methyllumazine (Leucettidine) (]3). - Compound 3 (0.56 g;
2 wmol) was dissolved tn EtOH (120 mi) and 5 N XOH (10 ml). To the boiling solu-
tion is added with stirring Raney-copper alloy (5 g). After 5 min was neutralized
with acetic acid, evaporated to dryness and the residue again dissolved in HZO.
The solution {s extracted with CHC13. the organic layer dried over N32504 and then
concentrated to a small volume. The extract is put onto preparative silica gel
plates (40x20x0.2 c¢cm) and developed with the system toluene/ethyl acetate/MeQH
(5/4/1). The slow moving band is cut out, extracted with CNC13. evaporated and
the residue recrystallized from CﬂCl3/n-hcxane to give 6-{1-hydroxypropyl)-1-
methyllumazine (Found: C 49.20; H 5.3V, N 22.73. C’0H12N‘03 . 1/2 H,0 (245.2)
requires: C 49.32; H 5.34, N 22.84 %) as colourless crystals; m.p, 195°;

yield 0.14 ¢ (34 %),
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Hydroxypropyl)-3-methyllumazine ({4). - Compound {2 (0.117 g; 0.5 mmol) was

suspended in Nzo {5 m1), then NaBH, (50 mg) added and the solution stirred at room

temp.
with
due
thyl}
C 50.

—
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for 1S min. [t is neutralized by acetic actd, then extracted several times
CHC13. the organic layer dried over Nazso‘ and finally evaporated. The resi-
s recrystallized from CNCI3/n-hexano to give pure 6-(1-hydroxypropyl)-3-me-
umazine (Found: C 50.67; H 5.06; N 23.46. C, . H,,N,0, (236.2) requires:
84, H 5.12; N 23.72 %) as colourless crystals;vmza.‘268°; ylald 65 mg (55
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