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~-Z-Amino-3 ,6-d ihydro-3-methyl -7H- imidazol0[4 ,5 - f ]quinol in-7-one (2) 

has been synthesized from 6-bromo-5-nitroquinoline i n  seven steps. B io log ica l  

formation o f  2 from IQ (1) invo lves the add i t i on  o f  water from the medium, 

followed by ox idat ion.  

The formation o f  var ious mutagenic heterocyc l ic  amines on py ro l ys i s  o f  proteinaceous foods has been 

repor ted by many invest igators, '  and several reviews o f  the subject have appeared.' Mutagens of 

the imidazoquinoline o r  imidazoquinaxaline c lass o f  compounds a re  the mast potent  mutagens known i n  

the  Ames test ,  and the  parent compound o f  t h i s  group, 2-amino-3-methyl-3H-imidaloC4,5-flquino-line, 

or IQ (1) has been shown t o  be carcinogenic i n  mice las3 and i n  ra ts .  4 



Because o f  the s ign i f icance of IQ as a possible carcinogen i n  man, a knowledge o f  i t s  metabolic 

f a t e  i s  important t o  an assessment of i t s  carcinogenic potent ia l .  Some studies have been reported 

on the f a t e  o f  IQ i n  rats,  and i t  was shown t h a t  the major u r ina ry  mutagen i s  unchanged IQ, w i t h  

smal ler anounts o f  poss ib le  N-acetyl o r  3-N-demethylated products.5 I t  has a lso been shown t h a t  I Q  

i s  metabolized t o  an ac t i ve  N-hydroxy compound by cytochrome P - 4 4 ~ . ~  Recently we reported t h a t  IQ 

i s  converted t o  a metabol i te i d e n t i f i e d  as Z-amino-3.6-dihydro-3-methyl-7H-imidazolo[4,5-f]- 

quinolin-7-one (HOIQ) (2 )  by human fecal f ~ o r a , ~ ' '  and we have a lso shown t h a t  t h i s  metabol i te i s  a 

potent d i r e c t  ac t i ng  mutagen,' i n  cont rast  t o  IQ which requi res a c t i v a t i o n  by l i v e r  microsomal 

enzymes. 

Since HOIQ i s  p o t e n t i a l l y  a greater  cancer r i s k  than IQ i t s e l f ,  d u e t o  i t s  d i r e c t  ac t ing nature, i t  

thus became important t o  prepare i t  by synthesis, both as a conf i rmat ion o f  s t ruc tu re  and t o  

provide adequate mater ial  f o r  b io log ica l  tes t ing.  I n  addit ion, the mechanism of the unusual 

formation o f  an ox id ized compound under anaerobic condit ions i s  o f  i n te res t .  I n  t h i s  manuscript. 

we repor t  the synthesis of HOIQ and a study of i t s  metabolic formation. 

RESULTS AND DISCUSSION 

The f i r s t  synthet ic  route  to HOIQ t h a t  we attempted was a simple modi f ica t ion of the published 

route t o  IQ.' Oxidat ion o f  6-bromo-5-nitroquinoline 3' w i t h  ~ c h l o r o p e r b e n z o i c  ac id  y ie lded the N- 

oxide 4. Rearrangement o f  4 i n  the presence of ace t i c  anhydride gave the acetate 5, bu t  react ions 

o f  t h i s  compound w i t h  methylamine, under condit ions which were successful when appl ied t o  3. 
9 

f a i l ed  t o  e f fec t  a displacement of bromide. We thus sougnt an a l te rna te  route  t o  avoid t h i s  

problem. 

9 Reaction o f  6-bromo-5-nitroquinoline 3 w i t h  methylamine as prev ious ly  described gave the 

aminoquinoline 7, which was acetylated t o  the acetamidoquinoline 8. Treatment o f  8 w i t h  _m 

chloroperbenzoic ac id  gave the N-oxide 9 i n  701 y ie ld .  Rearrangement o f  9 i n  the presence o f  

ace t i c  anhydride and sodium acetate, according t o  a l i t e r a t u r e  procedure.10 gave substant ia l  

amounts of desoxy mater ia l  (8) i n  add i t i on  to the desired rearrangement product. The desoxy 

product was presumably formed by a t tack  o f  acetate i o n  on the N-acetoxyquinolinium i o n  t o  g i v e  

methyl acetate and carbon dioxide, and the undesired react ion was avoided b y  the use of ace t i c  

anhydride alone f o r  the rearrangement. The Z(1H)-quinolinone 10 was obtained i n  50% y i e l d  a f te r  a 

work-up which included a m i l d  basic hydrolysis.  

Attempted conversion o f  10 t o  the desired desacetyl product 15 produced some m i l d  surprises. 

Hydrolysis w i t h  30% NaOH resu l ted  i n  displacement of t he  N-methylacetamido group by hydroxide i o n  

t o  g ive the 6-hydroxy-5-nitro-2(lH)-quinolinone 12. Reduction p r i o r  t o  hydolysis d i d  not  help, 

s ince the aminoquinolinone 13 simply underwent c y c l i z a t i o n  on treatment w i t h  base t o  g ive the 2,3- 
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dimethylimidazoquinolin-2-one 14. Vigorous hydrolysis i n  the presence of hydrochlor ic acid a lso 

y ie lded an unexpected product i n  the shape o f  5-chloro-6-(methylamino)-Z(1H)-quinolinone 11. 

Similar displacements of n i t r o  groups by ch lor ide i o n  have been reported when 4-nitroquinoline-N- 

oxides are heated w i th  hydrochlor ic acid." 

Conversion of the n i t roquino l inone 10 t o  the desired diaminoquinolinone 16 was f i n a l l y  achieved by 

m i l d  ac id  hydrolysis t o  the aminonitroquinolinone 15, followed by c a t a l y t i c  reduct ion t o  16. 

Completion of the synthesis was then brought about by the method prev ious ly  used to  make I Q . ~  

The iso la ted product 2 had iden t i ca l  chemical proper t ies  ( I H  nmr, t l c ,  ms) t o  the metabolite 

obtained from 1 9 , ~  and i t  also showed the same mutagenicity i n  the Ames assay.' 

The biochemical formation of compound 2 under anaerobic condit ions i s  surpr is ing, since formal ly  i t  

i s  an ox idat ion product o f  IQ (1). The hydroxylat ion o f  aromatic r i ngs  by microorganisms i s  an 

important step i n  the metabolism o f  various phys io log ica l ly  important compounds, and i t  occurs by 

three d i f fe ren t  pathways. Two o f  these pathways involve ox idat ion by dioxygen, w i th  ca ta l ys i s  by 

monooxygenases o r  by dioxygenases, and these are the normal pathways fo r  the aerobic metabolism o f  

aromatic compounds.12 A t h i r d  pathway involves the addi t ion of water fol lowed by hydride t rans fe r  

t o  an e lect ron acceptor, and t h i s  i s  the pathway tha t  has been demonstrated i n  the ox idat ion o f  

n i c o t i n i c  ac id  under anaerobic conditions.13 

Incubation of IQ i n  a cu l tu re  o f  the anaerobic bacterium Eubacterium moni l i forne VPI 13480, which 

metabolizes 19.' w i th  added ~ ~ " 0  (20% wt lvo l ) ,  y ie lded a sample of HOIQ (2)  which contained about 

12% ''0 as determined by mass spectrometry. Since a control  experiment ind icated t h a t  oxygen 

exchange of the amide wi th  water does not occur under the experimental conditions, t h i s  r e s u l t  

shows tinat the formation of HOIQ from IQ must involve an i n i t i a l  hydrat ion o f  the 1.2-bond of the 

qu ino l ine r ing, followed by ox idat ion o f  the resu l t i ng  dihydroquinoline. The e lect ron acceptor f o r  

t h i s  ox idat ion step i s  a t  present unknown. 

I n  conclusion, we have synthesized the unusual metabolite HOIQ, thus conf irming i t s  structure, and 

have determined tha t  i t  ar ises by a hydration-dehydrogenation sequence on the food mutagen IQ. 

Studies on the b io log ica l  a c t i v i t y  o f  HOIQ are i n  progress, and w i l l  be reported elsewhere.' 

EXPERIMENlAL 

k l t i n g  po in ts  (uncorrected) were determined i n  open capi l lar ies.  Proton spectra were obtained i n  

the ind icated solvent on an IBM WP-270 nuclear magnetic resonance (nmr) spectrometer; chemical 

Shi f ts  are reported i n  ppm downfield from in terna l  tetramethylsflane. S p l i t t i n g  patterns are 

designated as  singlet), d(doublet), t ( t r i p l e t ) ,  q(quartet), and m(multip1et). Coupling constants 

are given i n  Hertz. I n f r a r e d  spectra ( ir) were rec0rded.m a Perkin-Eliner instrument. U l t r a v i o l e t  

(UV) spectra were obtained from solut ions i n  ethanol on a Hitachi-Perkin-Elmer spectrophotometer. 
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k s s  spectra were obtained on a VG 7070 instrument operating i n  the e lect ron ion iza t ion  ( e l )  o r  

chemical i on iza t ion  ( c i )  mode. Flash chromatography was cdrr ied out  on E. Merck s i l i c a  gel (230- 

400 mesh) according to  the S t i l l  procedure.14 Thin layer  chmmatography was carr ied out  on E. 

Merck precoated s i l i c a  gel plates. 0 . b .  Microanalyses were performed by Micanal (Tucson. Az.) 

6-Brow-5-nitroquinol i ne-N-oxide(4). 

A so lut ion of 3 ( 1  g. 3.96 mmol) i n  CHC13 (5 m1) was cooled t o  0°C and t o  t h i s  so lut ion MCPBA (0.72 

g. 4.18 nnol) i n  10 ml of CHC13 was added dropwise a t  the same temperature. S t i r r i n g  was continued 

for 3 h, and the react ion mixture was kept overnight a t  O'C. The resu l t i ng  so lut ion was washed 

w i t h  saturated NaHC03 and then w i th  water. The organic layer  was d r ied  (MgS04) and evaporated 1_? 

x. Pur i f i ca t ion  by f lash chromatography (CHC13) afforded 4 (0.33 g, 31%) which c r y s t a l l i z e d  

from EtOH. mp 204-206'C: 'H nmr (CDC13) 7.29-7.51(2H.m). 7.94(1H.d,J=9.3). 8.59(1H.d.J=5.6). 

8.77(1H,d.J=9.3); eims nJL ( r e l a t i v e  in tens i t y )  270,268(~+',100.98). 254.252(30,30). 

240,238(36.34), 224.222(42,42), 196,194(25,27), 143(80), 127(90), 115(70); uv Anax 345 nm(c 5913). 

236(30107); ir(CHC13). 1550. 1360. 1270. 1260. 1160 cm-l. 

2-Acetoxy-6-brow-5-nitroauinoline (5). 

Compound 4 (64 mg, 0.228 m l )  was dissolved i n  5 ml o f  acet ic anhydride and ref luxed f o r  3 h i n  an 

N2 atmosphere. Solvent was then removed invacuo. The residue was basi f ied w i t h  NH40H and 

extracted w i th  CHC13. The organic layers were combined, d r ied  (Na2S04) and evaporated. 

Preparative t l c  (CHC13: EtOAc. 1:l) yielded 5 (22 mg, 30%) as brown needles from EtOH, mp 8>85'C: 

'H nmr (CDCI3) 2.43(3H.s). 7.40(1H.d,J=8.9). 7.92(1H.d.J=8.9). 8.01(1H.d.J=9.5). 8.12(1H.d.J-9.5); 

elms f i / l  ( r e l a t i v e  in tens i t y )  312.310(MC', 50.44), 2701268 (100,100). 224.222(20.22), 

196,194(22,25), 115(50); uv AmX 335nm (E 2713); 325(3488), 310(2713), 275(3100), 232(37209); 

ir(CHCI3). 1780. 1540. 1370. 1170 an-'. 

6-Bromo-5-nitro-Z(lH)-qulnol ine(6).  

A so lut ion of 5 (22 mg, 0.07 mmol) i n  EtOH (1.51111) was ref luxed w i t h  40% aq methylamine (0.1 m l )  

f o r  1 h. Solvent was removed and the residue was p u r i f i e d  by preparative t l c  (CHC13: EtOAc. 1:l) 

tu give 6 (18 mg. 94%). mp >29O0C(MeOH): 'H nmr(OMS0) 6.71(1H,d,J=9.9). 7.44(1H,d.J=8.9), 

7.66(1H,d,J=9.9), 7.93(1Hsd,J=8.9); eims m / i  ( r e l a t i v e  in tens i t y )  270,268 (~+',50,50), 

224.222(22.20). 212.210(30.36). 196,194(35.40). 167(20), 115(100); uv )ImX 345 nm (~5376) .  

275(2150). 238(35483); i r  (KBr) 3000, 2900, 1620. 1510. 1460. 1420. 1340. 1220 an-'. 



&Methylamino-5-nitroquinoline (7). 

6-Bromo-5-nitroquinoline (10 g. 39.52 mmol) was heated under r e f l u x  i n  120 ml of ethanol, and t o  

t h i s  re f lux ing so lu t ion 40% aq methylamine (20 g. 258 mmol) was added dropwise over 1 h. A f te r  

re f lux ing fo r  another 3 h t l c  showed the absence o f  s t a r t i n g  material .  The so lu t ion  was then 

poured onto i c e  water and extracted w i th  CHC13. The organic f rac t ions  were combined, dr ied 

(Na2S04) and evaporated. C r y s t a l l i z a t i o n  of the residue from acetone gave yel low needles o f  7 (6.4 

g, SO%), mp 190°C ( l i t .  194'C); 'H nmr (CDCI3) 3.20(3H,d.J=5), 7.33(1H,d.J=9.7). 

7.50(lH.dd.Jl-8.9.Jp4.2). 8.09(1H,d,J=9.7). 8.69(1H.dd,Jl=4.2. J2=1.4), 9.15(1H, broad s). 

9.18(1H,d,J=8.9); elms r& ( r e l a t i v e  in tens i t y )  203(~+'.100), 186(12), 173(10), 156(40). 128(60). 

115(15). 101(30). 77(20) ; uv Amax 430 (E 23571). 315(20000), 245(66428); ir(CHC13) 3600. 3050, 

1620. 1540, 1220. 940 an-'. 

6-(N-Acetyl-N-methylamino)-5-ni t r o w i n o l e  ( 8 ) .  

Compound 7 (5 g. 24.63 m I )  was dissolved i n  acet ic  anhydride (50 ml) and pyr id ine (10 ml) and 

ref luxed fo r  8 h i n  an N2 atmosphere. Solvent was removed in and the residue was dissolved 

i n  CHCI3 and washed w i th  water. The organic l aye r  was d r ied  (Na2S04) and concentrated t o  a gum. 

Pur i f i ca t ion  by f l a s h  chromatography (CHC13) afforded 8 (5.25 g, 87%) which c r y s t a l l i z e d  from 

EtOAc, mp 84-85'C: 'H nmr (C0Cl3) 1.90(3H.s). 3.290H.s) 7.27-7.69(2H.m). 8.16(1H.d,J=8.4). 

8.38(1H.d.J=9), 9.10(1H.d,J=4.2); cims & ( r e l a t i v e  i n t e n s i t y )  246(M+lt,90). 238(10), 216(20 

204(45). 198(95). 170(30). 145(10); uv Amax 315nm(~3750). 307(3000). 218(39500); ir(CHCI3) 3050. 

1700. 1560. 1400, 1350. 1200 cmel. @. Calcd f o r  ClZH11N303: C. 58.77; H3 4.48; N, 17.14. 

Found: C, 58.49; H, 4.15; N. 16.88. 

6-(N-Acet~l-N-meth~lamino)-5-nitroquinoline-N-oxide (9). 

A so lu t ion of mchloroperbenroic ac id  (4.95 g. 28.77 mmol) i n  90ml o f  CHC13 was added dropwise over 

2 h. to  a s t i r r e d  so lu t ion o f  8 ( 4  g. 16.32 mmol) i n  20 m l  o f  CHC13 a t  09C i n  an N2 atmosphere. 

The react ion mixture was s t i r r e d  f o r  an addi t ional  6 h a t  the same temperature and then kept 

overnight a t  O'C. The so lu t ion  was then treated w i th  a saturated so lu t ion  o f  NaHC03 and f i n a l l y  

w i th  water. The organic l aye r  was d r ied  (Mgi04) and evaporated invacuo. Flash chromatography 

(CHCI3, CHCI3:MeOH 95:5) gave 9 (2.98 g, 701) as a yel low sol id,  which was rec rys ta l l i zed  from 

EtOH, mp 181-182'C: 'H nmr (CDCI3) 1.88(3H,s), 3.25(3H,s), 7.50(1H.m), 7.64(2H.m), 

8.60(1H.d,J=5.6), 9.0(1H,d.J=9.4); cims & ( r e l a t i v e  in tens i t y )  262(~+1+.90), 246(60). 220(53), 

215(100), 199(85), 186(13), 170(20); uv Amax, 350 nm(e7000). 230(27666). 218(28000); ir(CHC13) 

3050, 1690, 1550, 1360, 1270cm-l. A x .  calcd. f o r  Cl2Hl1N3O4.11H20: C.53.33; H.4.44; N.15.55. 

Found: C.52.92; H.4.01; N.15.19. 
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€-(N-Acetyl-N-methylamino)-5-ni t roqui  no1 i n 2  (10). 

A so lu t ion  of 9 ( 2  g. 7.66 m 1 )  i n  50 ml of acet ic  anhydride was re f luxed f o r  30 h i n  an N2 

atmosphere. Solvent was then reamed in and the residue was bas i f i ed  w i t h  NH40H and 

extracted w i th  CHC13. The organic phases were combined, d r ied  (Na2S04) and evaporated. 

Pur i f i ca t ion  by f lash chromatography (CHC13 ---+ CHC13: MeOH, 90:lO) afforded 10 ( lg,  50%). mp 259- 

260°C (EtOH): 'H nmr (COC13) 1.86(3H,s), 3.21(3H,s). 6.90(1H.d,J=9.8). 7.46(1H.d,J=8.8), 

7.64(1H,d.Jm8.8), 7.74(1H,d.J=9.8). 12.05(1H.bd.s); cias, m/l ( r e l a t i v e  i n t e n s i t y )  262(M+1+,100), 

233(30), 22O(25). 2l5(7O). lgg( l2).  l86(25), 175(15); uv Amax 335 nm(c619O). 270(3809). 235(40952); 

ir(CHC13) 3675. 3050. 1690. 1550. 1440. 1240. 1050cm-l. Anal. Calcd. f o r  C12H11N304: C.55.17; 

H,4.2; N.16.09. Found: C.54.89; H.4.16; N.16.13. 

3,6-Oih~dro-2,~dimeth~l-7H-imidazoi4.5-flquino1in-7-one (14). 

A mixture o f  10 (50 mg. 0.19 m o l )  and 105 PdIC (10 mg) i n  5 ml o f  acet ic  ac id  was hydrogenated a t  

room temperature. A f t e r  3 h tne c a t a l y s t  was f i l t e r e d  off  and the f i l t r a t e  was evaporated. The 

residue was bas i f ied w i t h  NH40H and extracted w i th  CHC13, and the CHC13 f ract ions were dr ied 

(NaZs04) and evaporated t o  afford crude product. P u r i f i c a t i o n  b j  preparat ive t l c  (CHC13:WOH. 

95:5) afforded the unstable amine 13 (13 mg). Compound 13 (13 mg) was re f luxed w i th  20% NaOH ( lml )  

for 2 h. After t h i s  time water was relnoved from the react ion mixture and the product was 

d i r e c t l y  pu r i f i ed  by preparat ive t l c  t o  give 14 (4.4 mg, 36.79): 'H nmr (CD30D) 2.54(3H,s), 

3.72(3H.s), 6.60(1H.d,J=9.5), 7.15(1H.d.J=8.8), 7.57(1H,d.J=8.8). 8.40(1H,d.J=9.5); cims, & 

( r e l a t i v e  i n t e n s i t y )  214(i+lt,100). 199(10), 171(6). 

CChloro-6-methylaminoquinolin-2-one (11). 

A so lu t ion  of 10 (10 mg. 0.038 mnol) i n  5% HCl (1.51111) was re f luxed f o r  15 h i n  an N2 atmosphere. 

The so lu t ion  was bas i f ied w i th  NH40H, extracted w i th  CHC13 and the organic phases were combined. 

d r ied  ( N a p 4 )  and concentrated to  dryness invacuo. P u r i f i c a t i o n  by preparat ive t l c  (CHC13: 

EtOAc, 1: l )  afforded 11 ( 6  mg, 75%): 'H nmr(co3JD) 2.79(3H.s). 6.55(1H.d.J=9.8). 6.97(1H,d,J=9.0). 

7.14(1H.d.J=9.0). 8.09(1H,d,J=9.8); eims m/c ( r e l a t i v e  i n t e n s i t y )  210,208 (~+'32.100). 

195,193(8.25), 173(5), 166(7). 

6-Hydroxy-5-ni tro-2(1H)-quinolinone (12). 

Compound 10 (80 mg. 0.305 mmol) i n  2.5ml o f  30% NaOH was ref luxed fo r  4 h i n  an N2 atmosphere. 

Water was removed vacua and the residue was pur i f i ed  by f lash chromatography (EtOAc-*EtOAc:MeOH, 

70:30) t o  y i e l d  12 (60 mg. 95%;'~ nmr (CD30D), 6.36(1H,d.J=9.3), 6.70(1H.d,Js9.0), 

7.10(1H,d,J=9.3). 7.76(lH,d.J=9.0). 



6-Methylamino-5-nitro-2(1H)-quinolinone (15). 

Compound 10 (0.7 g, 2.68 mmol) was d isso lved i n  5% HCI (30 ml)  and heated t o  70DC f o r  24 h i n  an N2 

atmsphere. A f te r  t h i s  t ime a red  p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed w i t h  water and b a s i f i e d  

w i t h  NH40H. The basic s o l u t i o n  was ex t rac ted w i t h  a l a r g e  excess o f  CHC13. The CHC13 f r a c t i o n s  

were combined, washed w i t h  water, d r i e d  (Na2S04) and concentrated, t o  g i ve  15 (406 mg, 70%) as a 

red so l id .  R e c r y s t a l l i z a t i o n  from a c e t i c  ac id  g i ve  r e d  c rys ta l s ,  mp 310-313'C: 'H nmr (OMSO) 

2.92(3H,d,J=4.9), 6.60(1H,d,J=10), 7.30(1H.d.J=9.4), 7.5(1H,d.J=9.4). 7.73(1H.br s). 

8.25(1HSd.J=10), 11.89(1H.a); eims. ./l ( r e l a t i v e  i n t e n s i t y )  219(~+.,100). 2W( l5 ) ,  l85( lO).  

173(30), 128(15), 116(50), 89(15); uv Amax 470" (65555). 340(2777), 248(27777); i r ( K 6 r )  3500, 

2900, 1740. 1700. 1670. 1550, 1400. 1365. 1340cm-l. 

%Amino-6-methylamino-2(1H)-quinolinone (16). 

A s t i r r e d  heterogeneous mix ture  of 15 (0.32 g, 1.46 mw1) and 10h' PdlC (100 mg) i n  100 ml of a c e t i c  

a c i d  was hydrogenated a t  room temperature f o r  10 h. The c a t a l y s t  was removed by  f i l t r a t i o n ,  the  

f i l t r a t e  was evaporated, and the residue was bas i f i ed  w i t h  NH40H and ex t rac ted  w i t h  EtOAc. Organic 

phases were combined, d r i e d  (Na2S04), and evaporated invacuo. P u r i f i c a t i o n  by  f l a s h  

chromatography (CHC13---+CHC13: MeOH. 90:lO) y i e l ded  16 (135mg. 49%). 'H nmr (OMSO) 

2.70(3H.d.J=5). 4.09(1H,q.J=5), 5.23(2H,s), 6.21(1H.d,J=9.7). 6.48(1H,d,J=8.5), 6.90(1H,J=8.5), 

8.08(1H,d.J=9.7). 11.12(1H.s); eims, ( r e l a t i v e  i n t e n s i t y )  189(~+., 90). 174(98), 147(35), 

129(7). 119(10). 104(12). 92(8). 

2 - A m i n o - 3 , 6 - d i h ~ d r o - 2 - 3 - m e t h ~ l - 7 H - i m i d a ~ n o l i n - 7 - o n e ( H O l Q .  2). 

Cyanogen bromide (126 mg. 1.18 mmol) and 16 (113 mg. 0.5 m m l )  were d i sso l ved  i n  8 ml o f  MeOH and 

s t i r r e d  overn ight  a t  room temperature. Next day the hydrobromide 17 was f i l t e r e d  o f f ,  b a s i f i e d  

w i t h  1N NaOH so lu t ion ,  and f i l t e r e d .  The residue was washed w i t h  water and f i n a l l y  w i t h  EtOH. 

C r y s t a l l i z a t i o n  of the residue from EtOH y ie lded  2 (60 mg. 46.8%) as l i g h t  green i r i d e s c e n t  

c r ys ta l s ,  mp>360°C: 'H nmr (DMSO) 3.50(3H.s). 6.50(1H,d,J=9.5), b.bO(2H.s). 6.51(1H,d.J=8.5), 

7.30(1H.d.J=8.5). 8.10(1H.d,J=9.5), 11.48(1H.s); eims. ./l ( r e l a t i v e  i n t e n s i t y )  214(~+.. 100). 

199(30). 186(15). 171(20); uv Amax 360 nm (63333). 330(9444), 315(1111). 270(15555), 225(30555); ir 

(K6r) 3300. 3100. 1630. 1600, 1580. 1550. 1440, 1380. 1340. 1240, 1220 cm-l. 

1 The i s o l a t e d  product was i d e n t i c a l  ( H nmr, t l c ,  co - t l c )  w i t h  the  metabo l i te  i s o l a t e d  from feces. 7 

Metabolism o f  IQ i n  ~ ~ 3 .  
18 Bra in  hea r t  in fus ion (BHI) bro ths  (Oi fco)  were prepared us ing i 0, water (20 atom X ''0; MSO 

14 isotopes, Montreal. Canada) and supplemented w i t h  [ CJ I Q  (5  wglml). Each tube was inocu la ted 
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with 100111 o f  an a c t i v e l y  growing BHI cu l tu re  o f  Eubacterium moniliforme VPI 13480, a known 

metabolizer o f  1 ~ ' ~ .  The tubes were incubated anaerobical ly f o r  18 h a t  37°C af ter  which H O I Q  and 

the residue o f  the labe l led  substrate were extracted w i th  blue ~ o t t o n . ~  HOIQ was pur i f i ed  as 

previously describeda7 and analyzed by mass spectrometry. HOIQ prepared from ~ ~ ' ~ 0  had peaks i n  

the molecular i o n  region a t  m/l 214 (M'. 100). 215(13.6). 216(2.0), whi le HOIQ prepared from ~ ~ ~ ' 0  

as described had peaks a t  & 214 (M+. 100). 215(16.8). and 216(16.7). A control  experiment i n  

which HOIQ was incubated w i t h  ~~~~0 i n  BHI broth under the sane condit ions y ie lded recovered HOIP 

18 which contained no s i g n i f i c a n t  amount of 0. 
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