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Abstract : The synthesis of lamprerojlavin (the hght emitter of the lumrnous mushroom, 
Lampteromyces japonicus) is described. Protected riboflavin was stereoselecrively 
glycosylared wirh ribofuranosyl imidate to give largely rhe a-product Chloroethyl group 
which could be removed under neutral condition conrrrbured to this synthesis. 

Lampteroflavin (Lf) 1 was isolated from the luminous mushroom, Lampteromyces japomcus, in 1987 

by Isobe et al 1) as its bioluminescence light emitter. We are interested in the unique structure of 1 among 

natural product, that ribofuranoside 1s connected to S-oxygen of riboflavin with a-glycosldlc bond. The 

isolated amount of 1 from nature was too small to study the bioluminescence mechamsm of L Japonlcus, SO we 

needed the synthesis of 1. Concerned with the stability of lampteroflavin, the isoalloxazme moiety was 

decomposed under reductive or basic condition and the glycosldic bond was cleaved in aqueous acid. For these 

reasons, appropriate protective groups were selected for the chemical synthesis of lampteroflavm. 

Stereoselective synthesis of glycofuranosldes, especially 1.2~cls-glycofuranos~de, was known to be the most 

challengingproblem.2) We decided to employ imidate method3) for the glycosldation because this was 

reported to be favorable for the fiN2 type substitution. TBDPS (tert- HO 0 H 

butyldiphenylsilyl) and p-methoxybenzyhdene groups were employed 

as the protective groups which could be deprotected under mtld acidic XX 
or basic conditions HO OH 0 

A commercially available startmg matenal, l-O-acetyl-2,3,5-ti- H H 
O-benzoyl-P-D-rtbofuranose 2 was converted to 2-chloroethyl P-D- HO H 
ribofuranoslde 3 with p-TsOH (p-toluenesulfomc acid) m 2- 

chloroethanol at rt from the requirement of a later deglycosldatlon under H 
non-acidic condition (Scheme 1) The benzoyl groups in 3 were 
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hydrolysed with KOH in MeOH to give the trio1 4 (In 98% 2-step 

overall yield), which was a mixture of o! and p isomer in approximately 
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1 : 19 ratio determined from tH-NMR mtegratlon of 1-H (a : 6 5.18 N’ NH 

ppm, d, J= 4.5 Hz, p : 6 5.06 ppm, s).4) Selective protection of 4 
1 0 

with TBDPSCl (tert-butyldlphenylsdyl chloride) and lmidazole m DMF 
latnpteroflavin 
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(N, N-dimethyl formamide) afforded the diol5 in 93% yield, which was further converted to 6 with p- 

methoxybenzaldehyde dimethyl acetal, PPTS (pyndmium p-toluenesulfonate) in CI-IZh The excess p- 

methoxybenzaldehyde dimethyl acetal reagent was hydrolyzed to anisaldehyde in acetic acid, and this 

aldehyde was further reduced into more polar anisyl alcohol with NaBH4 in EtOH. This alcohol was easily 

removed with column chromatography to afford 6 in 90% yield. The chloroethyl group in 6 was removed 

with sodium benzensulfinate and potassium iodide in DMF at 100°C to give 7 in 65% yield. The 

benresulfinate existed as valence isomers between S (IV) and S (VI). In aprouc polar solvent, the sulfer 

atom in the later (VI) exhibited higher nucleophilisity toward chloromethyl carbon5) An intermediate 8 was 

isolated in 35% yield, which was also converted to 7 with KOH in EtOH in 50% yield. Treatment of 7 with 

trichloroacetonittile in CH2Cl2 at 0°C gave trichloroacetimidate 9 as a thermodynamically stable p-isome+) in 

65% yield. 

BzowAyqJ---&o~~/)o 
BzO OBz BzO OBz HO OH HO OH 

2 3 4 5 

6 6 
OMe OMe 

6 7 

,/SO,Ph 

RO- 

f 
- 

00 

6 ‘I R=TBDPS 

CMe 

9 

a) HOCHzCH2Cl /p-TsOH rt 12 hr; b) 1% KOH / MeOH rt 1 hr 2-step overall yield 98% 

c) TEDPSCl imidazole / DMF rt 30 min 93%; d) p-methoxybenzaldehyde dimethyl acetal / 

PPTS CH2Cl2 rt 1 hr AcOH-H20, NaBH4 / EtOH 91%; e) PhSOzNa Kl / DMF 1OO“C 

6 hr 65%; f) CCl3CN DBU / CH2C12 0°C 2 hr 65%. 

Scheme 1 

As a counterpart for the coupling with 9, the partially protected 13 was synthesized from commercially 
available riboflavin 10 in 3 steps. Tmatment of nboflavin with trityl chlonde in pyndine at 1 1O’C afforded 11 

III 63% yield. It was quantitatively converted with p-methoxybenzaldehyde dimetyl acetal in the presence of 

PPTS in DMF into 2’,4’-O-p-methoxybenzylidene acetal I2 m regtoselective manner. The structure of 6 

membered acetal was determined from the ‘H-NMR chemical shifts between 12 (3’-H, 3.5 ppm, m) and its 
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acetylated product (3-H, 5.2 ppm, t, J= 9.2 Hz). Selective hydrolysis of the trityl group in the presence of p- 

methoxybenzylidene group was anticipated to be difftcult because of their similar unstability under acidic 

conditions. We found that treatment of 12 with TFA in CI-Wlz for 30 min gave 13 in relatively good yield 

(Scheme 2). 

0 0 0 0 

10 11 12 13 
F& *ohJe 

a) T&l / Py llO°C 4 hr 63% ; b) p-methoxybenzaldehyde dimethyl aceta& PPTS / DMF 
rt quant; c) TFA / CJDClz rt 30min 60%. 

Scheme 2 

The crucial coupling reaction between the imidate 9 and alcohol 13 with BFa-Et20 in CHzC12 at 0°C 

produced the glycoside 14 (Scheme 3). The ratio of the a-isomer [l-H; 8 5.09 ppm, d, J= 4.00 Hz: FAB- 

MS; m/z= 983 (M+l)] and P-isomer [l-H, 8 5.22 ppm, s: FAB-MS; m/z= 983 (M+l)] was estunated to be 4 : 1 

after separation with TLC. The ratios of the a and p glycosidates were dependent upon the amount of BFs- 

EtzO.‘) The TBDMS group was cleaved with n-Bu4NF in DMF and then the p-methoxybenzylidene group was 

removed with TFA in CHzCl2 to yield 1. In case of the a-glycoside, these deprotection reacuons proceeded 

smoothly in good yield. The B-glycoside, however, the TBDPS group resisted under the same reaction 

condition as a-glycoside. A stronger condition caused considerable decomposiuon. This difference might be 

due to the hindered conformation of the B-glycoside.*) 

HO OH H 

* 

H 

HO H 

* 
b, c 

14 - 1 
a) BFs-Eta0 / CJ-BClz O°C 6 hr 48% ; b) nBu@JF / DMF rt 3Omin 80% ; 
c)TFA/CH2C12 rt 2 hr 

Scheme 3 
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The physicochemical data of the synthesised lampteroflavm such as HPLC retention time and PMR 

(Fig. l), FAB-MASS, UV and fluoresence spectra were identical with those of the natural lampteroflavin. The 

synthetic lampteroflavin has been provided for the aid of mechanistic studies on biolummesceqce of L. 

Japonicus. In other mechanistic studies on chemiiuminescence with Hz02 tn the presence of Fe(II), 

lampteroflavin exhibited the most efficient light production among other flavin compounds, such as nboflavm, 

lumlflavin, FMN, FAD, etc. The chemiluminescent studies will be reported shortly. 

(from Lampteromyces japonicus) and 
synthetic lampteroflavm 

; I 1 i 5 . I ( 

Experimental section 

General Procedures. Proton and carbon nuclear magnetic resonance spectra were recorded on JEOL 

FX-90, FX-200, GSX-270, GX-500 spectrometers. All sample were dissolved m D20 or CDCb and chemical 

shifts are reported as 6 value in parts per mlllion relative to tetramethylsllane (tH and t3C 0 OOppm in CDCb) as 

Internal standard. Coupling constants (J) are given in Hz. Mass spectra were recorded on JEOL DX-705L 

Instrument. Fluorescence spectra were recorded on JASCO FP-770. 

The reactions were carried out under a positive nitrogen atmosphere Reacnons were momtored by thm 

layer chromatography (TLC) on Kleselgel sihca 60 F254 plates. Column chromatography was carried out using 

Fu~1 Davlson silica gel BW-820MH. 

CH2C12 was distilled from CaH2 for anhydrous reactions and DMF were dried wnh molecular sieves 4A. 

2-Chroloethyl 2”,3”,5”-tri-O-benzoyl-P-D-ribofuranoside (3) A solution of the I-O-acetyl- 

2,3,5-tn-0-benzoyl-P-D-ribofuranose 2 (89.0 g, 177 mmol) andpTsOH (18.3 g) m 2-chloroethnnol (600 ml) 

was stirred overnight at rt. The reaction nuxture was dduted with CHzC12 and then poured Into Ice contalnlng 

sat. NaHC03 sohmon. The aq layer was extracted with CH2C12 (x3), the combmed orgnmc layer was dried 

(Na2SO4) and concentrated under a reduced pressure to give the 2-chroloethyl 2”,3”,5”-trl-0-benzoyl-B-D- 

rlbofuranoslde 3 (122 g) as white crystals This matenal was used wnhout further purlflcatlon: IH-NMR 

(270MH~ . CDCQ 6 3 57 (2H: I; I= 5 6): 3 75 (lH_ tl~~l= 67, 01 54),4 (H& I&I_ 1= 55 J= 12 6 4 73- S6),4 (ll!, cl& 7, 6), 

4 76 (2H). 5 31 (IH. s), 5.72 (IH. d, J= 5 O), 5 88 (IH, dd. J= 6 9, 5 0). 7 30-7 60 (9H). 13C- 7 89 (2H). 8.00-S 08 (4H) ppm. 

NMR (22 SMHz, CDC13) 6 42.3, 64 9,68 5, 72 4, 75 6, 79 4, 105 8. 130-132 burn [alo= +40 6” (L= 1 24, CHCl3) FAB-MS 

m/~= 445 (M-C2H40Cl) Anal Calcd for C2sH250s C 64 12, H 4 77 Found C 64 H 4 85 19, 

2-Chloroethyl P-D-ribofuranoside (4). To a solution of the 7-chloroethyl 2”,3”,5”-trl-O-benzoyl-p- 

D-rlbofuranostde 3 (112 g) m MeOH (400 ml) was added 3.4% KOH-MeOH (w/w, 150 ml) After stlrrlng at 

rt for 3 hr, Dowex 5OW-X about 10 g was added, the Dowex 5OW-X was filtered wnh a glass filter and the 
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filtrate was COnCenttWd under a reduced pressure. Column chromatography (silica gel 465 g, 0%10% MeoH- 

CmCla) of the residue afforded the 2chloroe&yl P-D-ribofuranoside 4 (35.6 g, 2-step overall yield 98.7%): 

‘H-NMR (Z’OMHZ. w) 6 3.66-3.90 (SH, m), 4.00-4.10 (2H, m). 4.14 (1H. d, J= 4.8). 4.24 (1H. dd, J= 7.2.4.8). 5.10 (1H. a) 

ppm. 13C-~ (67.5MH~ IXO) 6 43.3.62.9, 68.1. 70.8, 74.2, 82.8, 106.9 ppm. [a]D= -45.8O (c= 0.73, MeOH). FAB-MS 

m/z= 133 (M-C2H4oCl). 

2-Chloroethyl 5”-0-kv+butyldiphenyIsilyl-P-D-ribofuranoside (5). A solution of 2-chloroethyl 

P-D-ribofuranoside 4 (35.4 g, 166 mmol), rerr-butyldiphenylsilyl chloride (60.3 ml, 1.25 eq.) and imidazole 

(25.0 g, 2.5 eq.) in DMF (530 ml) was stirred for 30 min at rt. The mixture was diluted with C&cl2 and then 

poured into ice containing sat. NH4Cl solution. The aq. layer was extracted with CH2C12 (x3) and the 

combined organic layer was dried (NaaS04) and concentrated under a reduced pressure. Column 

chromatography (silica gel 700 g. 23 ether-hexane) of the residue afforded the 2-chloroethyl 5”-O-rert- 

butyldiphenylsilyl-P-D-ribofuranoside 5 as colorless syrup (69.8 g, yield 93.2%). ‘H-NMR (27OMHz, c~c13) 6 

1.07 (9H, s), 2.31 (lH, d, J= 5.2). 2.65 (lH, d, J= 3.4), 3.51 (2H, m), 3.63 (lH, m), 3.81 (3H, m), 4.05 (lH, dd, J= 5.7). 4.11 

(lH, m), 4.34 (1H. dd, J= 5.0), 4.98 (lH, s), 7.40 (6H. m), 7.68 (4H. m) ppm. 13C-NMR (5OMf-h. CDC13) 6 19.2, 26.8.42.6, 

65.1, 67.8, 72.0, 75.1, 83.5, 107.0, 127.5, 129.6, 133.0. 133.3, 135.3 ppm [a]D= -24.4” (c= 1.21, CHC13). Anal. Calcd for 

C24H3105ClSl; C 61.33, H 6.99. Found C 61.12, H 6.91 

2-Chloroethyl 2”,3’‘-O-p-methoxybenzylidene 5”-0-ferl-butyldiphenylsilyl-P-D-ribo- 

furanoside (6). To a solution of 2-chloroethyl 5”-0-fert-butyldiphenylsilyl-P-D-ribofuranoside 5 (66.6 g: 

148 mmol) in CHZ12 (660 ml) were added p-methoxybenzaldehyde dimethyl acetal(48.4 ml, 2 eq.) and PPTS 

(19 g). After 1 hr, the reaction mixture was poured into ice containing sat. NaHC03 solution. The aq. layer 

was extracted with CHXk and the combined orgamc layer was dried (NazS04), concentrated under a reduced 

pressu~ to give a crude product (188.5 g). This was dtssolved in a mrxture solvent of AcOH (168 ml) and 

Hz0 ( 6.7 ml) and stirred for 15 min. The reaction mixture was poured into ice containing sat. NaHC03 

solution and neutralized with K2CO3. The aq. layer was extracted with CH2C12 (x3), dried (NaSOd), and 

concentrated under a reduced pressure to give the crude residue (99.9 g). It was dissolved in EtOH (300 ml) 

and NaBH4 (2 g) was added. The reaction mixture was stirred for lhr, then AcOH (16.8 ml) was added and 

then concentrated under a reduced pressure. Column chromatography (silica gel 600 g, 1: 4 ether-hexane) of 

the resultant residue afforded the 2-chloroethyl2”,3”-0-p-methoxybenzyhdene 5”-0-tert-butyldiphenylsilyl-P- 

D-ribofuranoside 6 as colorless syrup (76.4 g, yteld 90.8%): ‘H-NMR (270MHz. CDCl3) S 1.11 (9H, s), (2H, 

m). (lH, m), (2H, 3.77 (lH, m), (3H, s), (lH, 4.66 (lH, 64). 4.82 (lH, d, 

J=6,4), 5.19 (lH, 5 75 (lH, s), (2H. 7.41 (8H, m). (4H, ppm 13C-NMR (22.5MHz. CDC13) 

105 8, 107.9, 113.6, 127.6, 127 9, 128.2, 129 ppm. [a]D= -29.0°(c=l.27, 

m/z= (M+l). for CwH3706ClS1, 47. Found C 65.31, 

2”,3”-O-p-Methoxybenzylidene 5”-0-tert-butyldiphemylsilyl-P-D-ribofuranoside (7). 

2”,3”-0-p-methoxybenzylidene 5”-0-tert-butyldiphenylsilyl-P-D-ribofuranostde 6 (9.18 g, 16.2 

mmol), KI (27.5 g), and sodium benzensulfinate eq) in (100 ml) was stirred 

The reaction mixture was with ether and into water. The aq. layer was with 

ether (x3) extracts were washed (HzO, sat and then concentrated 

gel g, 1: 3 ether-hexane) this residue afforded 2”,3”- 
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0-p-methoxybenzylidene Y-0-terr-butyldtphenylsilyl-P-D-nbofuranoside 7 (5.54 g) as colorless syrup: ‘H- 

NMR W’OMHZ. CDCt3) 6 1.10 (9H, s), 3.81 (3H, s), 3.6-3.9 (2H, m) , 4.46 (lH, m), 4.62 (IH, d, J= 10.5). 4.71 (lH, d, J= 

5.9), 4.81 (IH, d. J= 5.9), 5.50 (1H. d, J= 10.5). 5.74 (lH, s), 6.8-7.0 (2H. m), 7.35-7.5 (12H. m), 7.6-7.8 (6H, m) ppm. 

2”,3”-O-p-Methoxybenzylidene 5”-O-tert-butyldiphenylsilyl-P-D-ribofuranosyl trichloro- 

acetimidate (9). To a crude solution of 2”,3”-0-p-methoxybenzylidene 5”-O-tert-butyldiphenylsilyl-~-D- 

ribofuranoside 7 (4.37 g ; 8.64 mmol) in U-DC12 (21.7 ml), DBU (1.52 ml) and CCbCN (2.54 ml) were 

added dropwise at O’C and stirred for 2hr. The reaction mixture was directly purified by column 

chromatography (silica gel 86 g, 1:l ether-hexane) afforded 2”,3”-0-p-methoxybenzylidene 5”-O-rerr- 

butyldiphenylsilyl-P-D-ribofuranosyl trichloroacetimidate 9 (3.66 g, yield 65%) as colorless syrup: ‘H-NMR 

(27OMHz, CDC13) 6 1.15 (9H. s). 3.65 (lH, t, J= 10.7), 3.77 (1H. dd, J= 5.0). 3.83 (3H. s), 4.66 (lH, dd, J= 10.7, 5.0). 4.84 

(lH, d, J= 6.4). 4.95 (lH, d, J= 6.4). 5.80 (lH, s). 6.39 (1H. s), 6.93 (ZH, d, J= 8.5), 7.3-7.5 (8H. m), 7.6-7.7 (48. m), 8.46 (lH, 

brs) ppm.t3C-NMR (22.5MHz. CDCl3) 619.2, 26.8, 55.3, 63.7, 82.5, 85.1, 87.6, 105.8, 106.4, 113.9. 127.8, 128.1, 128.4, 

129.1, 129.8, 132.9, 133.2, 135.5, 160.5, 161.0 ppm. [a]~= -42.7“ (c= 0.88, CHCl3). Anal. Calcd for C3iH3406NS1C13; C 

57.32, H 5.24, N 2.16. Found C 57.22, H 5.26, N 2.12. 

S-0-Trityl riboflavin (11). A solution of riboflavin 10 (3.00 g, 7.98 mmol) and TrCl (3.33 g, 1.5 

eq) in pyridine (300 ml) was stirred at 1 10°C for 4hr, then cooled to rt. The reactton mtxture was concentrated 

under a reduced pressure. Column chromatography (silica gel 70 g, 0%-3% MeOHCHZ12) of the residue 

afforded the 5’-0-trityl riboflavin 11 (3.13 g, yield 63.4%) as yellow powder: ‘H-NIviR (27OMHz. CDC13) 6 2.43 

(3H, s), 2.48 (3H, s), 3.43 (lH, dd, J= 8.6, 4.7), 3.53 (2H, m), 3.75 (IH, m), 4.02 (lH, m), 4.27 (lH, m), 4.60 (lH, d, J= 4.0). 

4.72 (lH, d, J= 4.0). 4.83 (lH, dd, J= 12.7, 1.3), 5.12 (lH, dd, J= 12.7.6.0). 7.2-7.3 (6H, m), 7.4-7.5 (9H, m), 7.88 (lH, s), 8.06 

(lH, s), 8.74 (lH, brs) ppm. 

2’,4’-O-p-Methoxybenzylidene 5’-0-trityl-riboflavin (12). To a solution of 5’-0-trityl 

riboflavin ll(7.98 g, 12.9 mmol) andp-methoxybenzaldehyde dimethyl acetal(24.0 ml) in DMP (300 ml), 

PPTS (645 mg) was added and the mixture was stirred at rt for 4hr. The reaction mixture was diluted with 

CH2Cl2 and pouted into ice contaimng sat. NaHC03 solution. The aq. layer was extracted with CHzCl2 (x3), 

dried (NaS04) and concentrated under a reduced pressure. Column chromatography (silica gel 210 g, 3%-5% 

MeOH-CH2C12) of the resultant residue afforded the 2’,4’-0-p-methoxybenzylidene 5’-0-trityl-riboflavin 12 

(9.50 g, quant.) as yellow powder: ‘H-NMR (270MHz, CDC13) 6 2.42 (3H.s). 2.43 (3H, s), 3.38 (lH, dd, J= 9.8, 5.7), 

3.50 (lH, dd, J= 9.8, 2.8). 3.5 (lH, m), 3.80 (3H, s), 3.95 (lH, m), 4.26 (lH, m), 5.03 (PH, m), 5 60 (lH, s), 6.83 (2H, d, J= 

8.8). 7.30 (2H, d, J= 8.8). 7.2-7 3, 74-7.5 (15H.m). 7.92 (1H.s). 803 (lH, s), 863 (lH.brs) ppm. “C-NMR (22.5MHz. 

CDCb) 6 19.4, 21.3, 47.6, 55 3, 64.0, 80.2, 86.5, 100.3, 113 4, 143 9 ppm [aID= +56 6O (c= 0.40, CHCl3), FAB-MS ; m/s= 

737 (M+l), Anal. Calcd for C44H4007N4, C 71.74, H 5.44, N 7 61. Found C 71 74, H 5 44. N 7.54 

2’,4’-O-p-Methoxybenzylidene riboflavin (13). To a solution of 2’,4’-0-p-methoxybenzylidene 

5’-0-trityl-riboflavin 12 (1.00 g, 1.36 mmol) in CHzCl2 3Om1, trifluoroacetic acid (0.6 ml) was added 

dropwise at rt. Stirred for 30 mm, the reaction mixture was poured into ice contaimng sat. NaHCO3 solution 

and the aq. layer was extracted (x3). The combined organic layer was dned (Ns~S04) and concentrated under a 

reduced pressure. Column chromatography (silica gel 40 g) of the restdue with S%MeOH / CHX12 as eluent 

afforded 2’,4’-0-p-methoxybenzylidene riboflavin 13 (297 mg, yield 43.9%) as yellow powder: ‘H-NMR 
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(27OMHz. CDCl3) 6 2.19 (IH, brs), 2.39 (3H, s), 2.44 (3H, s), 2.46 (lH, br), 3.84.0 (3H. m), 4.31 (1H. m), 4.94 (IH, brs). 

5.32 (lH, brs). 5.63 (lH, s), 5.65 (lH, br), 6.81 (2H, dt, J= 8.5). 7.22 (2H, dt, J=8.5), 7.94 (lH, s), 8.06 (lH, s), 8.63 (lH, s) 

ppm. 13C-NMR (67.5MHz. CDCl3) 6 19.4, 21.4. 47 6, 55.3, 61.9, 77 1, 77.5, 79.1, 81.4, 100.5, 113.4, 117.9, 127.3, 129.5, 

132.0, 132.5, 135.4, 137.7. 148.4, 150.3, 156.9, 159.8, 160.1 ppm. [alp= -30.7’ ( c= 0.22, CH2Cl2+MeQH ), FAB-MS m/x= 

495 (M+l). Exact mass; Calcd for C2SH2607N4 495.1872. Found 495.1864. 

Coupling between 9 and 13. To a solution of 2’,4’-0-p-methoxybenzylidene riboflavin 13 (132 mg, 

0.268 mmol) in CHzCl2 (25 ml), a solution of 2”,3”-0-p-methoxybenzylidene 5”-0-tert-buthyldiphenylsilyl-B- 

D-ribofuranosyl trichloroacetimidate 9 (59.5 mg, 0.092 mmol) in CHiCl2 (5ml) was added after cooling to 

O’C, dil. BFs-Et20 (BFs-Et20,0.04 ml in EtzO, 2 ml) 0.1 ml was added. After stirring overnight at 0°C the 

reaction mixture was poured into ice containing sat. NaHCOs. The aq. layer was extracted with CHzCl2 and 

the combined organic layer was dried (MgS04) and concentrated under a reduced pressure. Puritication of the 

residue on preparative silica gel tic gave glycoside (a-product 14-o : 35.5 mg, B-product 14-p : 10.0 mg; 

total yield 42%). 14-a. tH-NMR (27OMHx. CDC13) 6 1.07 (9H, s), 2.38 (3H, s), 2.52 (3H, s), 2.73 (3H, s), 3.76 (3H. s), 

3 81 (lH, brs), 4.00 (3H, m), 4.31 (lH, brs), 4.39 (lH, brs), 4.58 (lH, m), 4.65 (lH, brs), 4.79 (lH, dd, J= 7.2, 2.3). 5.09 (lH, d, 

J= 4.0), 5.36 (lH, br), 5.62 (lH, s). 5.78 (lH, s), 5.82 (lH, br), 6.82 (2H, d. J= 8.6). 7.31 (2H, d. J= 8.6). 7.40-7.56 (8H, m), 

7.65 (lH, s), 7.68-7.76 (4H, m), 7.82 (lH, s), 7.94 (lH, brs) ppm. t3C-NMR (67.5MHx. CDC13) 6 19.3, 19.4, 21 4, 26.9.45.6, 

53 8. 55.3, 63.7, 77 2, 80.0, 80.1, 80.3, 81.2, 82 2, 99 3, 100.2, 108.9, 113.1, 113.2, 117.8, 127.2, 127.3, 127.7, 127 8, 

129.34, 129.67. 129.8. 123.0. 131.9, 132.4, 133 2, 133.6, 134.7, 134.8, 135.7, 135.8, 136.7, 146 5, 150.4, 154.5, 159.3, 159.6, 

159.7 ppm. [aID= +159.4’ ( c= 0.42, CHCl$, FAB-MS m/z= 983 (M+l) Exact mass: Calcd for C%H5s012N4Sr 983.3900; 

Found, 983.3901. 14-p. tH-NMR (270MHz. CDC13) 6 0 88 (9H, s). 2 43 (6H, s), 3.74 (3H, s), 3.82 (3H, s), 3.75 (2H. m), 

3.97 (3H, m), 4.10 (2H, m), 4.28 (lH, m), 4.40 (lH, m), 4.83 (lH, d, J=6.2). 4.91 (lH, dd, J=6.2, 2.5). 5.31 (lH, s), 5.41 (lH, 

brs), 5.52 (lH, s), 5 93 (lH, s), 6.72 (2H, d, J=8 7) 6.92 (2H, d, J=8.7), 7.06 (2H. d, J=8.7), 7.14-7.28 (6H, m), 7.42 (2H, d, 

J=8.7), 7.51 (4H, m), 7.57 (lH, s), 7.98 (lH, s), 8.47 (lH, s) ppm. 

Deprotection of TBDPS group on 14-a. To a solutton of 14-a (36.4 mg, 0.037 mmol) m a 

mixture solution of CI-DC12 (0.6 ml) and DMF (0.6 ml), n-Bu4NF (0.08 ml) was added dropwise at room 

temperature with stirring for 30 min. The reaction mixture was extracted with CH2Cl2 (x3). The combined 

organic layer was concentrated under a reduced pressure. Purification of the residue on preparatrve silica gel 

TLC gave 15a(23.6 mg, yield 85.5%): )H-NMR (270MHx. cDC13) 6 2 37 (3H, s), 2 54 (3H. s). 2,65 (3~. s), 3,74 

(3H. s), 3.67-3.81 (3H, m). 3 90-4 05 (3H, m), 4.34 (lH, d, J= 9.3), 4.41 (2H. m). 4.54 (lH, d, J= 9 3), 4.64 (lH, dd, J= 7.45, 

3.7), 4 71 (1H, m), 4.78 (1H, dd, J= 7.5, 1.5). 5.03 (lH, d, J= 3 7). 5.42 (IH, brs), 5 54 (lH, brs), 5.63 (lH, s), 5 73 (2H, d, J= 

8 7), 5.78 (1H, s), 6.80 (2H, d, J= 8.7). 7.27 (2H, d, I= 8 7). 7 51 (2H. d. J= 8 7), 7 62 (lH, s). 7.84 (lH, s)ppm. t3C-NMR 

(67.5MHz. CDCl3) 6 19.5, 21.5, 53.6, 55.3, 60.2, 61.9, 623. 79.3, 795, 799, 81.3, 83.3, 98.8, 100.2, 109.3, 113.1, 118.0, 

127 1, 127.3. 129.3, 129.9, 131 8, 132.4, 134 8, 135.0. 136.9, 146.5, 150.2, 156.8, 159 5, 159 6, 159.7 ppm FAB-MS m/z= 

494 (M+l) Exact mass; Calcd for C3sH400t2N4 745.2718 Found 745 2720. 

Synthesis of lampteroflavin 1. To a solution of 15-a (124 mg, 0.17 mmol) in CH2C12 (27.9 ml), 

TFA (0.2 ml) was added dropwrse at rt and stirred for 2hr. The reactton mixture was poured into ice contammg 

sat. NaHCOs solution and the organic layer was extracted with Ha0 (x3). Direct column chromatography 

(Cosmosil 75 CWOPN, O%-25% MeOH-H20) of aq. layer afforded the lampteroflavin. Purification with 

HPLC afforded 1 (52mg): ‘H-NMR (SOOMHx, DzO) 6 2.49 (3H. S). 2.61 (3H, S), 3 73 (lH, dd, J= 12.3.5.1). 3.81 (1H. dd, 
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J= 12.3, 3.4). 3.90 (1H. dd, J= 11.1. 2.6). 4.05 (2H. m), 4.12 (lH, dd. J= 6.0. 2.9). 4.20 (3H, m). 4.42 (lH, brs), 4.92 (lH, brs). 

5.11 (1H. brs), 5.22 (lH, d, J= 4.0) 7.84 (lH, s), 7.91(1H, s) ppm. FAB-MS m/z= 509 (M+l), Anal. Calcd for CzH2gOtoN4; 

C 69.37, H 5.58, N 5.68. Found : C 69.37, H 5.58, N 5.73. 
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