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Abstrdct - The structure of leucettidine (111, a new naturally occurring pteridinr deri- 
vative tn Lwettr microraphis, has been revised to 6-(I-hydroxypropylj-Gnwthyllurtine. 
Unrrkiguous syntheses of !J rnd its 3-methyl isoaer 1 
can also be depicted frux comparisons of pKa values, b 

prove the correct str%cton, tiich 
V- and N)(R-drta. 

Introduction. - In 1981 Cardellinr and Heinwald* isolated a minor metrbolite from 

leucettr microraphis. a Calcareous sponge common in Bermudrn waters, and called it 

leucettidine. Its structure uas deduced from various spectral data including high 

resolution mass spectrometry to determine the empirical formula ClLlH12N403, NMR- 

spectra to elucidate the nsture of the substituents and IR- Jnd UV-spectra to find 

the lumazlne (pteridine-2,4-dione) chroaophor as the brsic nucleus of this novel 

pteridine derivative. Comparisons of the physical data of leucettidine (111 with 

those of various model substances from literature led to the assignment of the 6- 

(l-hydroxypropyl)-3-methyl-pteridine-2,4(lH~-d~one structure (141. The location of 

the methyl group at N-3 was derived only from comparisons of chemical shift data, 

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-ddtd of leucettidine thdt the methyl group cdnnot be located at N-3 but at 

N-l, 3 
ds reported earlier , since anion formrtion of an N-l substituted lumrrine Is 

dlwdys associated with d small bdthochromic shift of the long rdvelength dbsorption 

bdnd, whereas substitution at N-3 causes d much stronger shift due to d more pro- 

nounce? resonailce stabilization of this anion species'. In order to prove the new 

structural dssignment3*' of leucettidine we synchesidev t;#e tito isomeric 6-(l-hy- 

droxypropyl)-I-(!21 and 3-methyl lumdrine (ii) in form of their rdcemdtes by unsm- 

biguous routes. 

Syntheses. - Regioselective syntheses of 6- and 7-substituted pteridines respec- 

tively vid the Gabriel-Isay condensdtion6 between d 5,6-didminopyrimidine and an 

appropriate 1,2-dicarbonyl component is still a difficult task dnd leads in most 

cases to isomeric mixtures difficult to be separated by chromdtogrdphic~l means. 

The n-electron deficiency of the pyrarine moiety on the other hdnd dllows the di- 

rect introduction of cdrbon side chains by d rddiCd1 nucleophllic substitution ac- 

cording to the fundamental investigations of Hinisci et al. 7.0 with various nitro- 

gen heterocycles. Ye hdve shown' for the first time that the lumdrine system is 

also prone to easy rddiCd1 dcyldtions which proceed selectively at C-7 ds the most 

n-electron deficient center In the molecule. In order to direct the incoming rddi- 

cdl nucleophile to C-6 the adjacent position hds to be blocked by d substltuent. 

This reactlon behaviour of the lundrine moiety in mind prompted us to spply I- (z) 

dnd 3-methyl-7-aethylthiolumazine (41 to rddical acylations. These compounds were 

obtained from l- (1) dnd 3-methyl-7-hydroxylumdzine i{)" respectively in three 

steps including first treatment with POC13/KCl at 80-90" to schieve d srlectlve 

conversion to 7-chloro-l-aethyl- (31 rnd 7-chloro-3-methyllumrllnr (1)". second 

with sodium hydrogensulfide to form the corresponding I-nercrpto derivatives 3 and 
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and finally By methylation with methyl iodide in dilute sodium hydrogrncarbo- 

natc to glve z and 4 in good yields. Introduction of the propionyl side chain was 

performed by tht systcn ptoplonrldchyde/Fe~* ftert.butylhydroperoxide in rqueous 

acetic acid gcntrrting the propionyl radical rnd leading to l-methyl- (0) Jnd 3- 

methyl-7-nrthylthio-6-propionyllum&zine (19) resprcttvcly in 78 f yield crch. 

H 
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During desulfuritation expcrimrnts to remove the methylthlo group it became evi- 

dtnt that the usual Rawy nickel trwtatnt Is not successful due! to the known dif- 

ffcultiesf* cncounterad with thioptcrldines in gcncrrl. Minor success wbs achieved 

by 8 strongly deactivated Raney nickel in (I less polsr solvent and much lmprove- 

mant resulted from the USC of blumlnum-copper blloy in rlksline mcdiun. Under these 

conditions 1 ubs converted directly into 6-(l-hydroxypropylj-l-m~thyllumazlne (14) 

obviously vtr 11, wherebs the isomer 1Q reacted clrbnly with desulfurirrtlon to 

3-methyl-6-propionyllumb~in~ (!?). Sodium borohydridc reduction trrnsforncd 12 in 

55 I yield into 6-(l-hyclroxypropyl)-3-ncthyllumbzine (14). 

StruCtureS bnd Physical obtb. - The newly synthcsirtd compounds have bean chrrrc- 

tcrired in their structures by l lcncntal analysis, pK, dcteralnrtions rnd their 

UV- bnd NNR-spectra (Tab. 1). Comprrisons of various physical drtr of tht corrcs- 

ponding t- and 3-methyllunaztnc derivatives lndicitc common molecular futures, 

which allow b structural differcntirtion between both series of compounds. The 

I-methyllumbt%ntS are rlwrys tht waker acids by about 0.5 pK, units in conprrf- 

son to the 3-methyl analog. from the UV-spsctrs can be seen that the N-l substi- 

tution CIUSCS b small bathochronic shift of the long wbvelcngth absorption band 

over the R-3 methyl isoncr, and tht NNR spectra locate the chemical shift of the 

I-methyl blWayS rt lower field than the 3-methyl group despite the fact that the 

lbtter is adjacent to two csrbonyl functions. The best differentiation between l- 

and 3-mathyllumrzine derivrtlves, however, will be noticed from the UV-spcctrrl 



fig, t - UV-Abrorption spectra of the Mutrr1 fig. 2 - UV-Msorptlm spectra of the neutral 
md mornion form of synthettc I&J- and mncrinfca fom of 6-(l-hydroxy- 
cattwm (lJ,. p~py;)-3~thyll~~gi~ (I$,. 
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shffts on aonoanlon formation. The l-methyl series shows b small bathochtoalc shift 

of the tong wavelength absorption band. whereas the dcprotonatlon from N-l in the 

3-methyl strles Is associated with a much more dlstlnct red shlft due to a aore pro- 

nounced resonance stablllzatlOn In the monornlon form. The typical UV-spectral chan- 

ges are reproduced in figure 1 and 2. 

Finally, the dlscrepancles of the physical data of natural and synthetic leucettl- 

dine can be explained by the fact that the isolated mattrlal from natural sources 

was so far no analytically purt sample as seen from the lower extlnctlon cotffl- 

cftnts and tht mlssjng l Itmenta1 analysir2, which rtvealr 0.5 mot of crystal water. 

Acknowltdgement. - I thank Or. R. Charubala for txperlnental help and the measure- 

ment of tht NUR-sptctra and Mrs. M. Blschler for the dtterninatlon of the pKa va- 

lues and UV-spectra. 

EXPERIWENTAL 

UV-Absorptlon spectra wert measured with a Ptrkln-Elatr Laabda 5 spectrometer. The 

dtttrmlnatlon of the pKa values was l chlevtd by the sptctrophotometrlc oethodt3. 
1 
H-NW-spectra are taken at 250 MHz with a Brukcr W-250 tptctromtttr; as standards 

have the CHC13 and WSO signals been used and tht chemical shifts are recorded as 

b-values In ppm. Schlelcher 6 SchUll precoated slllca gel shtrts F 1500 LS 254 were 

used for TLC and ?Itrck silica gel PFz5, for teparatlons on preparative plates (40x 

20x0.2 cm). Orylng of tht substances was perforntd in a Wchl TO-50 oven under hfgh 

vacuum or In a normal dryfng oven at 100°C. N.pr. are not corrtcted. 

I-Mercapto-l-nethyllumarlne (2)". - Compound 3" (2.4 g. 0.01 mol) was heated 

with 2 g of NaSH In EtOH (20 ml) and H20 (BO ml) for 30 nln to 50' with stlrrlng. 

Tht clear solution was treated with charcoal, filtered and acldlfltd with cont. 

HCI to pH 0. Tht prectpitate Is filtered off, wasScd with H20 and dried at 100°C 

to give purt 7-mercapto-l-methyllunarine (Found: C 37.32; H 2.88; N 24,55. 

C,H6N402S . H20 (228.3) requfrts: C 36.81; H 2.63; N 24.54 s) as a yellow mlcro- 

crystalline powder; m.p. 2300'; yield t.66 g (80 X). 

7-Mercapto-3-methyllumazine ($f". - Compound f" (2.4 9. 0.01 molf was hertad in 

EtOH (20 ml) and H20 000 ml) with 2 g NaSH for 30 aln to SO" wlth stirrlng. Thd 

cleat solution was treated with llttlt charcoal, filtered and then rcldlfled with 

5 N HCl to pH 0. The precipitate Is collected , washed wlth H20 and drltd at 100' 

to give pure 7-ntrcapto-3-methyllumazine as a yellow crystalline powder; m.p. 

~270' (decomp.); yield 1.79 g (85 I). 

I-Methyl-7-mtthylmercaptolunaltnP (!I. - Compound 2 (2.1 g, 0.01 nol) was dlssoI- 

vcd tn 400 ml of 0.1 N NaHC03, thtn 5 ml of CH31 added and stirred at room temp. 

for 1 hour. The solution Is ntutrallrtd with rcetic acid, the precipitate collected 

and then recrystallized from 500 ml of H20 to glvt pure l-mtthyl-7-methylmi3rcaPto- 

lumazlne (Found: C 42.76; H 3.58; N 24.91. C8H8N402S (224.2) requirts: C 42.85; 

H 3.60; N 24.98 1) as ytllowlsh crystals; m.p. 266-268*; yield I.51 9 (70 1). 

3-Ntthyl-7-methy~mercaptolumazlnc (4). - Compound Q (2.1 g. O.Ol,aol) was dlssol- 

vtd In 900 ml of 0.1 N NaHC03. then 8 ml of CH31 added and vigorously stirred at 

room temp. for 1 hour. Neutrallratlon with acetic acid foracd a precipitate which 

was filtered off, washed with H20 and recrystalllxed from 400 ml of EtOH to gfve 
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pure 3-methyl-7-•rthylnrcrptolumazfne (Found: C 42.81; H 3.53; N 24.97, 

CaH8W402S (224.2) rcquircs: C 42.85; Ii 3.60; N 24.98 I) as yrllorfsh crystals; 

m.p. 272-280"; ylrld 1.68 9 (75 X). 

I-Methyl-7-•rthylmrrcepto-6-propfonylluaezfne (2). - Compound z (2.24 9. 0.01 

mol) was dfrsolvrd in a l fxtura of 9lecfal acttfc ecfd (60 ml), trifluororcttfc 

acid (t5 ml) and H20 (5 ml) and thtn tht solutfon cooled to O*-5" in an ice bath, 
whtrtby separation of some starting materfrl takes placer. Propionsldchydt (9 ml) 

Is ad&d and follorcd by sfaultaneous rddltfon from two dropping funntls each 

FeS04 . 7 Ii20 (5 g) in H20 (12 ml) and tcrt-butylhydropcroxide (2.5 g) to thr 

stfrrcd solution. A clear ytllow solution is obtafned. from which after somt tint 

a colourless prccfpftate separrtes. The solid is collected after 30 mfn. rrshed 

rfth H20 and recrystallized from EtOH (500 ml) to give pure l-methyl-7-mrthylner- 

cspto-6-propionyllumazfne (Found: C 46.10; H 4.25; N 19.62. C,,H12N403S (280.4) 

rcqulrcs: C 47.14; H 4.31; N 19.98 I) as yillorfsh crystals; n.p. 280"; 

yfald 1.2 g (43 'I). 

3-Mtthyl-7-mtthylntrcapto-6-propfonyllumaxine (!gl. - Compound 8 (2.24 g, 0.01 

mol) fs treated analogously to the prtccdfng procodurc to gfvc 1.8 g crud@! nrta- 

rtal. Racrystallizatfon from EtOH (500 ml) gsvc pure 1-methyl-7-methylmtrcrpto- 

6-proplonyllumrrfne (Found: C 46.81; H 4.16; N l9.81. C,,H12N403S (280.4) rc- 

qufres: C 47.14; H 4.31; N 19.98 S) 4s yellowish crystals; n.p. 287'; yield 

1.40 g (50 1). 

3-Ilcthyl-6-propfonyllumazine (12). - Compound 19 (0.28 g, 1 mm011 ~4s dissolved 

in hot EtOH (100 ml), then subsequently added Raney-copper alloy (2 9) end 5 N 

KOH (6 ml). A vigorous rcactfon takes place which is stopped sftcr 1 afn by addf- 

tion of glecirl acetic acid. The hot solution ts fflttred, the filtrrtc cvrporated 

to dryness and the rtsidue dissolved In H20. Scverrl extractions rfth CHC13 are 

p@rformed, the organfc layer dried over Na2S04 and then concentrated to & small 

volume. The work-up was done by prcpsrltfve TLC on stlfca grl platts (40x20x0.2 cm) 

with CHCl3/NeOH (P/l). The lower moving bend is cut out, eluttd with CHCl3 and 

gave on rvsporatfon and crystallization from CHCl3/n-hexane pure 3-methyl-6-pro- 

pionyllumatine (Found: C 51.13; H 4.21; N 23.85. C,0H,0N403 (234.2) rcquircs: 

C 51.28; H 4.30; N 23.92 $1 as colourless crystals; m.p. 234'; yield 0.094 g 

(40 I). 

6-(l-Hydroxypropyl)-1-methyllum4rfn~ (Leucettidint) (1J). - Compound 0 (0.56 g; 

2 emol) was dfssolvcd in EtOH (120 ml) and 5 N KOH (10 ml). To the boiling solu- 

tion is added with stlrrlng Raney-copper alloy (5 9). After 5 nfn was neutralfrrd 

wtth acttic acfd, evsporsted to dryntss and the residue sgafn dfsrolvcd in H20. 

The solution Is extrrcted with CHC13, the organic layer dried ovtr Ne2S04 and thtn 

concentrated to a small volume. The extract is put onto preparsttve silfcr gel 

platts (40x20x0.2 cm) and devcloptd with the systtm toluene/cthyl acetato/ReOn 

(5/4/j). The slow moving band is cut out, extrrcted wfth CHCl3. evaporated and 

the residue recrystallized from CXC13/n-haxane to give 6-(l-nydroxypropyl)-l- 

methylluner~ne (Found: C 49.20; H 5.31; N 22.73. CIOtf12N403 . l/2 Ii20 (245.2) 

rcqutrcs: C 49.32; H 5.34; N 22.84 II) es colourless crystals; m.p. 195"; 

yfcld 0.14 g (34 %). 
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6-(l-Hydroxypropyl)-3-~ethyllu~~x~ne (If). - Compound 14 (0.117 g; 0.5 mm01) U&I 

suspended in N20 (5 ml), then NaSHI (50 rg) added and the solution stirred at room 
temp. for 15 mtn. It is neutralized by acetic dctd, then cxtrrctrd several tfors 

with CHCl3, the organic layer dried over Na2S0, and finally evaporated, The rrsi- 

due is recrystallized from CHCl3/n-hcxrne to give pure 6-(l-hydroxypropyl)-3-me- 

thyllunrrine (Found: C 50.67; H 5.06; N 23.46. C10H,2N403 (236.2) requires: 

C 50.84; H 5.12; N 23.72 5) as colourlcss crystals; m.p. 208'; yield 65 "9 (55 I). 
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