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Abstract - 6-Am1no-23-dimorpholinoqu1noxal1ne (3) was allowed to react with 

bromoacetic acid in the presence of DCC to glve 6-(bromoacetyl)amino-23- 

dimorpholinoquinoxal~ne (4).  Five kinds of saturated fatty ac~ds  (C10, C12, C14, 

C16, and C i s )  were subjccted to thc dcrivat~zation 1~1th  compound (4)  w~thin  5 0  

min to afford the correspondmg fluorescent products (5a-e). All the peaks of the 

denvatired producls clearly separated within 15 min. The detection limit of  

decanoic acid (C10) was estimated to bc 10 ~molI10 KL mjection volume (SIN=4). 

The high-sens~tive determmatlon of biolog~cal substances such as carboxylic acids, amlncs, ammo acids, 

alcohols, and ketones IS indispcnsablc for d~agnosis of sickness, elucidation of physiological func~ion, 

and the chemotheraputic treatment.1 Recently, high sensitive and selecllve HPLC method with a 

fluorescence detector h a  received much attention for the detection of bloacuve substances and related 

compounds using fluorescence dcri\-atnation reagents?-4 In general, the following physlcal and 

photometric charactenstlcs are required for the fluorescence dcn\Wimtion reagent; 1) ~t emits Intense 

fluorescence, 2)  excmtion and emiss~on bands appear at longer wavelength region, and a d~fference In 

wavelength between two bands is wde ,  3) the derivatlmtion rapidly and quantitatively proceeds under 

mild conditions, 4) the fluorescence properly 1s not influenced by analyt~cal conditions, 5) the molecular 

size of the labelling reagent IS small, and 6) rhe Iabellmg reagent and denvatired product are swblc at room 

temperature. A vaiety of fluorescence denvatization reagents including b r o r n ~ m e t h ~ l , ~ - ~ ~  
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bromoacety1,11-14 diazornethy1,15,~6 amlno,I7,18 hydorarino,19 tr~fluoromcthancsulfon~~~o~~~ groups 

as reacting species have been developed for hlgh sensitlvc dctcrmlnation of carboxylic acids. However, 

some of these reagents have disadvantages in terms of stability and sensitivity, and thus deslgn and 

synthesis of new fluorcsccncc derivatmtion rcagents are still needed. 

Recently, in our laboratory, 2,3-disubstitutcd 6-aminoquinoxaline has been demonstrated to bc a ncw high- 

sensltlve fluorescence derivatiwtion reagent for carboxylic ac1ds.22 However, t h ~ s  compound requlrcd 

long der~vatlwtion tlme o w n &  to low reactivity of the amino group at C-6 ps i t ion  of the quinoxdlne ring. 

For thc purpose of improvement of this d~sadvantagc, we would like to descnbe here a synthesis of 6- 

(bromoacetyl)mlno-23-dimorpholinoquino~1nc and its applicat~on to a fluorescence dcrivatiwtion 

rcagcnt for fatty aclds. 

RESULTS AND DISCUSSION 

Synthesis and Derivatization 

Synthcs~s of 6-(bromoacety1)amino-2.3-d~morpholinoquane (4) and the lluorescence derivatization of 

Scheme I .  Reagents and conditions: I )  morphohne in DMF, rt; i i )  I-I?! 10% Pd-C in MeOH; 
iu) BrCH?COzI-liDCC in DiIF. 11; iv) ble(CH2),C02HI 18-crown-6lKI-IC03 in hkCN 

6-Amino-2,3-dimorphoI1noqu1nod1ne (3)  was sclcctcd as the substrate for the bromoacctylat~on, bccausc 

11 showed the most excellent fluorescence characteristics among four kmds of 23-disubstituted 6- 
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amincqu inoxa~ines~~  reported previously. 2,3-D1chloro-6-nitroquinoxaline (1lZ3 was treated with an 

excess of morpholine in DMF to give 2,3-d1morpholino-6-nitrqu1noxdinc (2). Compound (2 )  was 

subjected to the hydrogenition in the presence of 10% Pd-C to give 6-amino-2.3-dimorpholinoquinoxal~nc 

(3). The N-bromoacetylarion of conlpound (3) was carried out using three methods, and the results are 

summ&zed in Table 1. The first two methods (A and B) aflbrded 6-(bromoacetyl)amino-2.3- 

d~morpholinquinoxiline (4) In moderate yields, but a number of by-product spots were detected on TLC. 

On the other hand, method C gave the product (4)  in almost quantltatlve yield. 

Table 1 The N-Bromoacet) Idtlon of 6-Am1no-2,3-d1morphoI1noqu1no~d1ne (3) 

Method Reagent Condit~ons Y~eld  (4,701 

A BrCH2COCI Et3N ~n CH2C12 at 0 "C for 15 mln 55 
B BrCH2COBr 3M NaOH In dioxane at 5 "C for 30  min 66 
C B ~ C H I C O ~ H  DCC ~n DMF at rt for 4 h 97 

Reaction Time / min 

F~gure 1. The Reactlon Prof~le for Den\,at~zat~on of Decanolc Acld 5~1th Compound (4) 
[dccano1cac1d]=[4]=[18-cro\\~n-6]=7 mM, [KHC03]=0.21 M ,  El 368 and Em. 441 nm 

The den\.ati/ation trine is onc of the most important factors for the lluorescence derivalization reagent. The 

denvat~zation of decano~c acid with an equlmolar amount of compound (4 )  was carried out in the presence 
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of an equimolar amount of 18-crown-6 and 30-fold excess of K H C 0 3  in MeCN at room temperature, and 

the reaction profile is shown in Figure I. The derivatization smoothly proceeded wthin 50 mln, and the 

isolated yield of the derivatized product (5a) was actually 97%. Similarly, othcr four kinds of fatty acids 

were derivatized in the same fashion to give the products (Sb-e). It is noteworthy that the denvatized 

products (5a-e) emit a intense fluorescence. 

C h a r a c t e r i s t i c s  o f  UV-Vsible  and F luorescence  S p e c t r a  o f  t h e  Der iva t i zed  P r o d u c t s  

Spectral data of UV-visible and fluorescence of the derivatized product, 6-(0decanoylhydroxyacetyI~m1no- 

23-dimorpholinoquinoxaline (Sa) both in MeCN and in MeOH are listed in Table 2. Compound (Sa) 

showed the absorption maslmum at around 370 nm with & about 16000. 

Table 2. Absorption and Fluorescence Spectral Data of the Derivatlrcd Product (5a)  

Absorptlona' ~ luorescence~)  
Solvent 

A,,,lnm E Ex.lnm F~,,,,inm RFI"' 

MeCN 3 6 8  15950 368 44 1 1 .0  
MeOH 367 16150 3 6 4  443 0. I 

a )  [5a] = 1 s 10-'M. b) [Saj = 1 s 1 0 . ~  M, c) Relat~ve tluorcsccncc intensity 

(RFI) of 5a in MeCN is arbitrimly taken as 1.0. 

Table 3. The Influence of Water Concentration on the Relative Fluorescence Intensity 
of the Denvatired Product (Sa) In Aqueous MeCN 

Water Conc. Fluorescence Water Conc. Fluorescence 

% Ex./nm FA,,,/nm RFI") % Es.inm FA,,,,lnm RFIC) 

0 3 6 8  4 4  1 1.00 5 0  373  4 4 7  0 . 0 5  
10 3 7 0  445  0.11 6 0  373 447 0.04 
20  3 6 8  445  0.09 7 0  372 4 4 9  0.03 
3 0  373  446 0.07 8 0  371 4 4 9  0.02 
4 0  3 7 3  446 0.06 9 0  367  4 4 9  0.01 

Compound (Sa) showed an emission band at around 440 nm, but the relative fluorescence intensity in MeOH 

was one-tenth compared to that in MeCN. Furthcr, the inllucnce of water concentration in aqueous McCN on 

the fluorescence inlenslty of the denvatized product (54 was examined in the range of 0 to 9 0  70, dnd the 

results are sumrnarizcd in Table 3. Even in the presence of small amount of water the relative fluorescence 

intensity dramatically decreased 
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HPLC Diagram of  Five K inds  of  Fluorescent Derivatized Produc ts  

The detection l im~t  for the derivatized product (5a) was estimated by employng a reversed-phase HPLC 

equipped with a fluorescence detector under conditions shown in the EXPERlMENTAL section. A hnear 

relalionshp between the peak area and the amount of compound (5a) was observed in the range of 10 fmol 

to I nmolIl0 yL injection volume (a correlation coeffic~ent: 0.996). and thus the detection lim~t u'as est~matcd 

to be 10 fmolllO yL (SIN=4). The simultaneous separation of the denvatized producb (5a-e) of fwe kinds 

of fatty acids was attempted under h e  same HPLC conditions. A typical chromatogram of the derwatized 

products (5a-e) is shown in Figure 2. All the peaks were completcly separated within 15 mln. T h ~ s  result 

suggests that 6-(bromoacetyl)am1no-2,3-dimorpholinquinoxalne is applicable to a fluorescence dcrivatl- 

zallon reagent for saturated fatty acids. 

5 10 1; 
Retention Time I min 

Figure 2. Chromatogram of a Mnture of the Derivat~zed Products; 5a: Dccano~c A c d  
5b: Dcdecanoic Acid; 5c: Tetradecanoic Acid; 5d :  Hcsadewno~c Acid; 
5e: Octadecanoic Acid. 

EXPERIMENTAL 

Melting points were recorded on a Mel-Temp apparatus in open cap~llanes and are uncorrccted. 1R spectra 

m'ere recorded on a JASCO FTIIR-230 Infrared spectrophotometer. UV-Vis~ble and fluorescence spcctm 

were recorded on JASCO Ubest V-550 and JASCO FP-777 fluorescence spectrophotomcters, respectively. 
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'H NMR spectra were recorded on JEOL OX-270 and JNM-LA400D spectromelers and are reported in 

ppm (6) downfield from internal Me4%. Thin layer chromatographic (TLC) analyses were performed on 

silica gel 60F-254 with a 0.2 mm laycr thlchess. Column chromatography was carried out with Merck 

Keselgel 60 (230-400 mesh). HPLC was carned out w th  a JASCO 880-PU, a 875-UV and a 821-FP 

equipped with aJASCO 807-IT integrator by using a column pcked w~th a Finep~k SIL C18S (flow 'ale: 

1.0 mL1m1n; mob~le phase: MeCN; attenuation: 1 mV; response: fast; gun: 110; hex: 368 nm; kern: 441 

nm). Combust~on analyses were performed on a Yanaco h4l-3 CHN CORDER and a Pcrk~n Elmer Series 

I1 CHNOIS Analyser 240b. 

2,3-Dimorpholino-6-nitroquinoxaline (2) 

Morpholme (5  mL) was added dropwise to a solution of 2,3-dichloro-6-n1troqu1n(~xal1ne (1) (0.25 g, 1 

mmol) in DMF (5  mL) w th  stimng for 5 mln. The result~ng prec~pitate was collected by suctlon filtrat~on, 

washed w t h  H?O - (200 mL) and dncd in vucuo to give the product (2); mp 179-1W) OC (AcOEt-hesane); 

yield 0.35 g (W7o); IR (KBr) 1512 and 1345 cm-l;  IH NMR (CDC13, 270 MHz) 6=3.57-3.63 (4H, m), 

3.653.71 (4H, m), 3.86 (8H, m), 7.74(IH. d, J-93 Hz), 8.23 ( lH,  dd, k 2 . 3  and 9.3 HL), 8.60 ( l H ,  

d, J=2.3 Kc). A i f d .  Calcd for CI6Hl9N5O4: C. 55.65; H, 5.55; N, 20.28. Found: C, 55.79; H, 5.66; 

N, 20.22. 

6-Amino-2,3-dimorpholinoquinoxaline (3)  

A solution of 2,3-dimorpholino-6-nitroqu1nosaline (2) (0.7 g, 2.03 mmol) In dlst~llcd MeOH (300 mL) 

was hydrogenated for 2 h in the presence oS 10% Pd-C (0.2 g) under hydrogen atmosphere. Altcr 

removal of thc catalyst, the solvent was evaporated to glve the product(3) as grayish yelloa ponders; mp 

229-231 "C; yield0.59 g(935"); IR(KBr): 3448 and 1109 cm-I; IH NMR (CDC13, 400 MHz) k 3 . 4 3 -  

3.50 (4H, ml.3.57-3.64 (4H, m), 3.83-3.87 (8H, m), 6.W (IH, dd, J S . 5  and 2.4 Hz), 6.93 (IH, d, 

J=2.4 Hz), 7.55 (IH,  d, JS.5 Hz). Anal. Calcd for C16H21NsQ: C, 60.94; H, 6.71; N, 22.21. 

Found: C, 60.92; H, 6.68; N, 21 9 6 .  

6-(Bromoacety1)amino-2,3-dimorpholinoquinoxaline (4) 

Method A 

To a solution of 6-am1no-2,3-dimorpholinoqu1no\-aline (3) (27 mg, 8.5 x10-5 mol) and Et3N (13 mg, 

1 . 3 ~ 1 0 - ~  mal) In dry CH2CI2 (10 mL) \\.as added bromoxetyl chloride (20 mg, 1.3 x10-4 mol), and 

then the reaction mixture was stirred at 0 "C for 15 min. The reaction mixture was poured onto ice water. 
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The organic layer was washed with H20 (20 mLx2) and saturated NaCl (20 mL), and then dried over 

anhydrous Na2S04. At-ter evaporation of the solvent, the residue was chromatogra*'hed on silica gel with 

CHCI3-acetone-EtOH (100:5:1) mixture to give the product (4) as pale brown powders; mp l a - 1 8 5  T; 

yield 20 mg (55%); IR (KBr) 3 4 4 ,  1671 and 1117 cm-1; I H  NMR (CDC13, 400 MHz) 6=3.52-3.64 

(8H, m), 3.81-3.90 (8H, m), 4.07 (2H, s), 7.55 ( lH ,  dd, J=2.2 and 8.9 Hz), 7.70 (IH, d, J=8.9 Hz), 

8.00 (IH, d, J=2.2 Hz), 8.32 ( lH,  br s). A~ial. Calcd for C18H22N59jBr. 1.3H20: C, 47.03; H, 

5.10. Found: C, 47.18; H, 4.92. 

Method B 

To a solution of 6-amino-2.3-dimorpholinoquinoxaline (3) (100 mg, 0.32 mmol) in dry drosane (10 mL) 

was added bromoacetyl bromide (83 mg, 0.41 mmol) and 3M NaOH (0.14 mL, 0.41 mmol), and then the 

reactlon mixture was stirred at 5 "C for 30 min. The reaction mixture was diluled \nth H2O (30 mL) &nd 

the mixture was cxtracled w th  CHC13 (100 mL). The organic layer was xvashed with H20 (30 mL\3), 

and drled ovcr anhydrous Na2S04. After removal of the solvent, the same work-up gave the product (4) 

(92 mg, 66%). 

Method C 

A solutron of bromoacetic x r d  (0.88 g, 6.3 mmol) and DCC (I  3 g, 5.3 mmol) in dry DMF (35 mL) was 

stirrcd for 1 min at rt. To the mixture was added dropwise a solution of 6-amino-2.3-dimorpholino- 

quinosdine (3) (0.2 g, 0.63 mmol) in dry DMF (5 mL), and then the reaction mrxturc -,as slrrred for 4 h. 

After removal of the solvent, AcOEt (100 mL) was added to thc residue, the precipitated N,N'-  

drcyclohexylurca was filtcred olf, and then the filtrate \vas cvaporaced off. The crude producL was 

pur~fied by column chromatography on silica gel with CHC13-acetone-EtOH (100:S:l) mrxturc and 

subsequent recrystallizatron from CHCI3-herme misture to gwe the pure product (4) (0.27 8, 97%). 

Gene ra l  P rocedu re  for  Derivatization of Fa t t y  Acids with t he  Reagent  (4). A Typical  

Example;  6-(O-Decanoylhydroxyacetyl)a1nino-2,3-di1norpholinuinoxaline (5a) 

To a solution of 6-(brom~cetyl)amino-2,3-dimorpholinqu1noaline (4) (30 mg, 6 . 9 ~ 1 0 - 5  mol), 

decanoic acid (12 mg, 7710-5 mol), and 18-crown-6 (18 mg, 7 510-5 mol) in dry MeCN (10 mL) was 

added KHC03 (210 mg, 2 .1~10-3  mol), and then the reaction mlsture was stirred for 50 mln at rt. Alter 

evaporatron of the solvent, the residue was punfied by column chromatography on sllica gel wth CHC13- 

acetone-EtOH (100: 102) mixture to grve thc product (5a) as pale ycllon. powders; mp 116-117 "C; yreld 

36 mg (98%); 1R (KBr): 3299 (vN-H), 1748 (vC=O), 1673 (vC=O), and 11 17 cm-1 (vC-0-C); I H  
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NMR (CDCk270 MHz) 6=0.87 (3H, t, J=6.6 Hz, -CH3), 1.23-1.41 (12H, m, -(CH2)6-), 1.651.77 

(2H. m, -CH2CH?_COO-), 2.49 (2H. t, J=7.4 Hz, -CH?COO-), 3.54-3.63 (8H, m, -CHFk-N-CHk-), 

3.82-3.90 (8H. br s, -CH2-O-CH2-), 4.74 (2H. s, -0CH2-CO-), 7.57 (IH, d 4  J=2.1 and 8.8 Hz, C7- 

H), 7 . a  (IH, d, JS.8 Hz,  C8-H), 8.00 (1H. d, J= 2.1 Hz, CS-H), 8.06 (IH, br s, -NH-). Anal. 

Calcd for C28H41N505: C, 63.73; H, 7.m; N, 13.27. Found: C, 63.1% H, 7.90; N, 13.10. 

6-(O-Dodecanoylhydroxyacetyl)a1nin0-2,3-dhorphouinoxdine (5b) 

mp 9698 "C; yield 37 mg (98%); IR (KBr) 3304 (vN-H), 1748 (vC=O), 1673 (vC=O), and 11 17 cm-1 

(vC-GC); I H  NMR (CDC13, 270 MHz) b=O.M (3H, t, 5 6 . 6  Hz, -CH3), 1.22-1.12 (16H. m, 

-(CH2)8-), 1.65-1.77 (2H, m, -CH2CH?COO-), 2.49 (2H, t, J=7.6 Hz, -CH?COO-), 3.53-3.63 (8H, 

m, -CH2-N-CH2-), 3.82-3.88 (8H, br s, -CH2-O-CH2-), 4.73 (2H, S, -0CH2-CO-), 7.57 ( lH, dd, 

J=2.2 and 8.8 Hz, C7-HI, 7.68 ( lH, d, 5 3 . 8  Hz, C8-H), 8.00 (IH, d, J=2.2 Hz, Cg-H), 8.W (lH, br 

s, -NH-). Anal. Calcd TorC3oH45N505~0.2H20: C, 64.42; H, 8.18; N, 12.52. Found: C, 63.30; H, 

8.21; N, 12.13. 

6-(0-Tetradecan~ylhydroxyacetyl)amino-2,3-dinorpho1ininoxae (5c) 

mp: 9-100 "C; yield 33 mg (82%); IR (KBr) 3349 (vN-H), 1746 (vC=O), 1676 (vC=O), and 11 12 cm-1 

(vC-0-C); I H  NMR (CDCl3, 270 MHz) 8=0.85 (3H, t, J S . 5  Hz, -CH3), 1.21-1.36 (20H. m, 

-(CH?)lo-), 1.63-1.76 (2H. m, -CH?CHzCOO-), 2.49 (2H, t, J=7.6 Hz, -CH2COO-), 3.52-3.61 (8H, 

m, -CH2-N-CH?-), 3.80-3.87 (8H, br s, -CH2-O-CH2-), 4.71 (2H, S, -0CH2-CO-), 7.57 (IH, dd, 

J=2.2 and 9 Hz, C7-H), 7.67 (IH, d, J=9 Hz, Cg-H), 7.99 ( lH, d, J=2.2 HL, C5-H), 8.03 (1 H, br s, 

-NH-). Aual. Calcd for C32H49N505: C, 65.84; H, 8.46; N, 12.0. Found: C, 65.7; H, 8.65; N, 

11.84 

6-(0-Hexadecanoylhydroxyacetyl)amino-2,3-di1no~ho1ininoxaie (5d) 

mp 100-101 "C; yield35 mg (82%); IR (KBr) 3303 (vN-H), 1741 (vC=O), 1676 (vC=O), and 1118 cm- 

(vc-0-C); IH NMR (CDCb, 270 MHz) 6=0.88 (3H, t, 54.6 Hz, -CH3), 1.22-1.38 (UH,  m, 

-tCH2112-). 1.66-1.78 (2H. m, -CH2CH2COO-), 2.49 (2H. t, J=7.5 HL, -CH?COO-), 3.56-3.60 (8H, 

m, -CH?-N-CH2-1, 3.82-3.89 (8H, br s, -CH?-0-CH2-), 4.73 (2H, s, -0CH2-CO-), 7.56 ( I H ,  dd, 

J=2.3 and 8.8 Hz, C7-HI, 7.68 (1H, d, JS.8 Hz, C8-H), 7.99 (lH, d, k 2 . 3  HL, C5-H), 8.03 (IH, br 

s, -NH-). Atral. Calcd fbr C34H53N505 0.1H20: C, 66.55; H, 8.74; N, I1.Jl. Fbund: C, 66.38; H, 

8.9; N, 11.27. 

6-(O-Octadecanoylhydroxyacetyl)amino-2,3-dimorpholinuinoxaline (5e) 
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mp 104-105 "C; yield 36 mg (81%); IR (KBr) 3303 (vN-H), 1742 (vC=O), 1676 (vC=O), and 11 18 cm- 

(vC-0-C); 'H NMR (CDC13, 270 MHz) 6=0.88 (3H, t, J=6.5 Hz, -CH3), 1.21-1.39 (28H, m, 

-(CH2)14-). 1.6&1.% (2H. rn, -CH2CH?COO-), 2.49 (2H, t, J=7.6 Hz, -CH$OO-), 3.56-3.60 (8H, 

m, -CH2-N-C!&-), 3.83-3.89 (8H, br s, -CE2-O-CH2-), 4.73 (2H, s, -0CH2-CO-), 7.57 ( IH,  dd, 

J=2.5 and 8.8 Hz, C7-H), 7.68 ( lH,  d, J=8.8 Hz, C8-H), 8.00 (IH,  d, J=2.5 Hz, Cg-H), 8.02 (IH, br 

s, -NH-). Anal. Calcd for C36H57N505: C, 67.57; H, 8.98, N, 1094. Found: C, 67.36: H, 9.17; N, 

10.88. 

ACKNOWLEDGEMENT 

This work was supported in part by a Grant-in-Aid for Scienuf~c Rcscarch (No. 07651038) from the 

Ministry of Education, Science, Sports, and Culture of Japan. 

REFERENCES 

1. G. Schwedt, N. Ichmose, and F. -M. Schnepcl,'Ke~ko Bunseki Kagaku,'Ballukan, Japan, 1987, 

pp. 56- 182. 

2. Y. Ohkura, Adv. Clrrornnrogr., 1989, 29, 221. 

3 .  M. Yamaguchi, Dojirl News, No. 68, 1!XB, 10. 

4. Y.  Ohkura, H. Kai, and H. Nohta, Uurrseki Kfrgaku, 19W,43, 259. 

5. H. Tsuch1ya.T. Hayashi, H. Naruse, and N. Tahagi, J. Clrro~rmrogr., 1982.23 

6. R. Farinotti, P. Siard, J.  Bouson, S. Kirkiacharian, B. Valeur, and G. Mahurler, J. Clrrornnrogr., 1983, 

269.81.  

7. M. Yamaguchi, S. Hara, R. Matsunaga, M. Nakamura, and Y .  Ohkura, J .  Cl~rumnrogr., 1985, 346, 

227. 

8 .  F. A. L. van der Horst, M. H. Post, J.  J. M. Holthuis, and U. A .  Th. Br~nkman, Clrrorrrarograpldc, 

1989,28,267. 

9. H. Naganuma and Y.  Kawahara, J. Clrrornatogr., 1989,478, 149. 

10. ti. Takechi, S. Kamada, and M. Mach~da, Clrem Pharrn. Bull., 1996.44, 793. 

11. W. D. Watlans and M. B. Pctcrson, Anal. Biochern., 1982, 125, 30. 

12. S. Kamada, M. Maeda, and A. Tsuji, J. Clrrorna~ogr., I=, 272, 29. 



308 HETEROCYCLES, Vol. 50, No. 1,1999 

13. S. Allcnmark, M. C. Bertilsson, and R. A. Thompson, Alrul. Biochetn., 1990, 185, 279. 

14. A. Takadatc, T. Masuda, C. Murata, T. Tanaka, and S. Goya, Bull. Chem. Soc. Jpn., 1995, 68,3105.  

15. N. Nimuraand T. Kinoshita, Atrul. Lerr., 1980, 13, 191. 

16. A.  Takadate, T. Tahara, H. F u J ~ ~ o ,  and S. G o y ,  Chetrr. I'l~urr~i. Brrll., 1982, 30,4120. 

17. Y. -M. Lee, H. Nakamura, and T. Nakajima, Atlul. Sci., 1989,5, 681. 

18. T.  Toyo'oka, M. Ishibashi, Y.  Takeda, K. Nakashlma, S. Akiyarna, S. Uzu, and K. I m a ~ ,  J. 

Cluo~twtogr., 1991,588, 61. 

19. M. Yamaguch~, T. Iwata, K. Inoue, S. Hara, and M. Nakamura, A~mlysl (London), 1990, 115, 1363  

20. Y. Yaska ,  M. Tanaka, T. Shono, T. Tctsumi, and J. Katakawa, J. Clrrottrurogr., 1990, 508, 133. 

21. K. Akasaka, H. Ohrui, and H. Meguro, Atrulysr (London), 1993, 118,  765. 

22. A. Kaloh, M. Takahash], and J. Ohkanda, Chet~i. Lert., 1996, 369. 

=. K. Tanka ,  H. Takahashi, K. Takmoto, M. Sug~ta, and K. M~tsuhashl, J. Hererocycl. Cl~etrr., 19%. 

29, 771. 

Received,  2nd J u l y ,  1998 


