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Abstract--The major anaerobic metabolite of the patent cooked food mutacarcinogen IQ 

is the oxidlsed product ~-OH-IC, wh~ch is itself a porerful direct-acting mutagen. 

  he "-methyl and N-methyl derivatives of ~-OH-TQ have been prepared to determine 

%hether the tautomeric form of 7-OH-IQ plays any role in its bioactivlty. Both N- 

methyl 7-OH-16 and O-methyl 7-OH-=& show comparable mutagenicity when tested directly 

against the ~ 9 8  strain of S. typhirnuriurn, indicating that the quinolone structure does 

not play a rnalor role in the mutagenicity of l-OH-IL. Nelther 7-OH-IL nor the 

methylated derivatives cleaved DNA in the presence of metal cations. 

The cooked-food mutagen 2-amina-3-methyl-3b-imidadd[4,5-flquinoline (IQ, 11 has been shown to be 

a carcinogen in rats1 and may thus play a significant role in the etialogy of  colon cancer. ~n 

the presence of human feces and also in the human intestine it is metabolized to the oxidised 

derivative 2-amino-3,6-dihydra-3-methyl-7h-iiidddo[4,5-flquinlin-l-on 11-Oh-IC, 21 .2'3 

significantly, although IL requires metabolic activation far its muragenicity. 7-OH-IQ is a 

4 
powerful direct-acting mutagen. The possibrlity thus exists that the carcinagenicity of IG is 

mediated in part through its conver1i0n to 7-OH-IQ in the human colan, followed by cancer 

inauction by I-OH-IQ. F O ~  this reason, it is essential to under~tana the origin of the direct 

actrng mutagenicity of l-OH-IQ. ~irect acting mufagens are normally presumed to be alkylating 

agentsO5 following the initial proposal that active carcrnagen metabalites act as electraphillc 

 reagent^.^ he thus initially elected to rest the hypothesis that 7-On-l& 121 functions as an 

alkylating agent. the structure of 7-OH-IL is predominantly the qulnolin-2-one form 2 rather 
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than the tavtomeric 2-hydroxyquinaline form 3; the evidence fox this is based an the 

~pectroscopic properties of the isolated metaboliteZa and on the structure of yuinolin-2-one 

i t s e ~ f . ~  it is thus passible that The o.0-unsaturated amiae function of 7-OH-IL a c t s  as a weakly 

electrophilic group by reacting as a Michael acceptor, and is thus the cause of its direct 

mutagenicity. The simpler o.8-unsaturated amide acrylamide has been shown to alkylate both 2 ' -  

deoxynucleasides and calf thymus DNA at ph 7.0 and 37'~,' and it has also been shown to induce a 

dose-dependent cyiatoxic effect in i 3 b / I 0 ~  1/2 and NIti/313 mouse fibroblast cells.' it is not, 

however, a d~rect acting rnuragen against five TA strains of Salmonella tvuhimurlum. 
10 

I£ ~-OH-IG is mutagenic by virtue of its ability to act as a Michael acceptor, then its Wmethyl 

derivative 4 should show comparable mutagenicity to the parent companna while rts G-methyl 

derivative 5 ,  ~hich lacks the a,a-unsaturated amide function, shav~d not show comparable 

mutagenrcity. ke thus prepared compounds 4 and 5 for mutaqenicrty testing. 

RESULTS &NO CISCLSSION 

The synthesis of N-methyl 7-OH-IQ 4 was achieved in a straighrfarrard manner from the known 

rntermed~ate 6-iN-acetyl-N-methylamiii1-5-nitttquinol-2 (61.2b 2lkylatian of 6 with methyl 

iodide in methanolic potassium Carbonate yielded the N-methyl derivative 7 exclusively. Mild 

hydrolysis of 7 followed by reduction and reaction with bromocyanagen yielded 4 in an overall 

yield of 608 from 6. 

 reparation of O-methyl 7-OH-I& 5 proved more drt~icult. lnrtlal experiments aimed at preparing 

5 by a direct alkylatian procedure showed that the N-methyl derivative always predominated, even 

when alkylatian *as carried out in aprotlc solvents.  he best yield of 0-methyl product was 

obtained by alkylation of 6-bromo-5-nitzo-21lBl-quinolinone I91 to give a 1:6 ratio of G-methyl 

(101 to N-methyl 1111 deriuatrves. ~ r e a r m e n t  of the 0-methyl derivative 10 with methylamine 

yielded the same amino nitia quinoline 14 as obta~ned by the route described below. 

The most efficient preparation of 0-methyl 7-Oh-IQ 5 w a s  found to be by displacement of a 2 -  

chlaroquinoline derivative with sadlum methoxide. The known 6-methylamina-5-nitro-21IHl- 

quinolinane 1 1 2 1 ~ ~  was treated *ith phosphorus axychloride to give the 2-chloroquinoline 13. 

~eaction of 13 with sodium methaxide gave the 2-methoxyquinoline 14, rdentical vith the compound 

prepared by the method described above. Reduction of 14 and treatment with brornocyanogen gave 0- 

methyl 7-Oh-16 151. 

  he structures of the alkylated 7-OH-=& derrvatlves follow from thelr methods a£ preparation and 

their spectroscopic properties. in particular, the N-methyl derivatives consrstently showed an 

infrared absorption for an amide carbonyl group in the 1640-1670 cr.' range, while the a-methyl 

~eriv~tives shoved only absorption for the aromatic ring in the 1600-1630 range. In their 

'B "mr spectra the signal for the 6-methyl protons was consistently downfield of the signal for 



the N-methyl protons of the isomeric compound by about 0.3 pp",, and the vicinal cavpling constant 

of the 3.4-protons was slightly higher for the N-methyl derivative. 

The two methylated l-CH-I(. derivatives 4 and 5 were tested for mutagenicity against 5. 

tr~himuiium strain TA98 by the methods described previou~ly.~ Testing was carried out without 

metabolic activation by arochlar-induced S9 fractions so that only direct-acting mutagenicity was 

determined. The results are shown below i n  Table 1. 

Table 1 

hiutagenicity of I(, Analogs against S. typhiinuriurn TA58 

iamyovnd ne~ertants/~late Average 
net revertante 

Control Camuaund 

I€ 1 28, 30, 33 25, 27. 31 0 

7-OH-IL 2 28. 30, 33 445, 472, 524 455 

N-he 7-OH-IG 4 28, 30, 33 362, 382, 424 362 

0-Me 7-CH-IC 5 28, 30, 33 280. 291, 313 272 

The data of Table 1 indicate that there is E major difference rn dlrect-acting mutagenicity 

between the N-methyl and 0-methyl analogs 4 and 5. soth  compound^ show significant direct-actrny 

mutsgenlc effects on S_ tvphlmurium 1A98, although both compounds are slightly less active in 

this respect than 7-oh-IC itself. ~t thus appears that the mutageniciry of these compounds is 

not related to their ability to act as Mlchael acceptors. 

R second passible explanation of the mutagen~city of 7-OH-=& 1s that it cauld chelate metal 

catrons and thus facilitate metal-catalyzed oxygen-mediated DNA strand scission, analogous to 

that observed with a metal chelator such as 1.10-phenanthroline.~~ Bovever, a test of this 

hypothesis using Oh174 DNA and the method described by 8echt12 failed to reveal any CNA-cleaurng 

activity for 7-oh-IC. ?he precise mechanism of action of 7-OH-IC as a direct-acting mutagen thus 

remains to be determined. 

EXPERIMENTAL 

General experimental praceoures were as previously described.2b Dv spectra were measure6 in 

ethanal. 

6 - i N - A c e t y l - N - m e t h v l a m i i i ) - l - i i t h ~ l - 5 - n i i n o l i n 2 - o n e  (71. 

6-(N-Rcetyl-N-methylamiiii-5-nitroq9iii1iii2- (6]2b (250 mg, 0.957 mmol) in He0H 120 mli was 

treateu with x2c03 (200 m g ~  after stirring £or 15 min CH I (1.5 m11 was added and the 
3 

suspension stirred overnight. lhe solvent was then removed and the residue fractianated between 
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H20 and ChL13. The organic layer was dried over Na2SG4 and evaporated, and the crude product was 

purified by flash chromatography (CtiC13, then cHCl3:MeOh. 98.21. to yield 7 1250 mg, 95%). mp 

223-226'1 1EtOHl: 'H Nmr ICOCI l 1.86 13H.sI. 3.19 13H.11, 3.76 13H. sl, 6.89 1lB. d. J-9.9 HII, 
3 

7.51-7.58 13H. m); eims, & [relative intensity1 275 (M', 41, 232 1551. 229 11001. 187 1451. 172 

1151, 159 1161, 130 1201. 84 135); u v  imaX 240 nm 16,1001, 238 144.400); ii ICHL131 1680, 1545, 

1440, 1220 cm-1. Lalcd far CI3Hl3N3o4: C, 56.72; H, 4.72. N. 15.27. Found: C, 56.69; H, 

4.70; N. 15.19. 

l - h i e t h y l - 6 - M e t h v l a n ~ n o - 5 - n i t t t c i u i i i l i n - 2  181. 

Compound 7 1200 mg, 0.727 mm011 was drssolved in 5% HC1 120 mll and heated to 70°L for 20 h in an 

N2 atmosphere. 'The salvtian was then baslfied with 10% NH40H and extracted with CHCl3. and the 

CHL13 fractions were combined, dried ovei Na25O4, and evaporated. Flash chromatography 1CtiLl3 

then CHCI :MeLh, 98.21 yielded 8 1165 my, 97%) which was recrystallized from EtOH, mp 237-240'~: 
3 

1 
H Nmr 1CDC1 l 3.04 13". d. J-5 hzl, 3.73 13H, S), 6.82 (Ih, 6, J-10 Hzl, 7.07 11H. bll, 7.13 

3 

(lk, d, J-9.6 nzl, 7.55 11H. d. 5-9.6 Hzl, 8.26 1113. d. ~ = 1 0  kzl; eims d ~ ,  (relative intensity1 

233 (M', 1001. 216 151. 203 1101, 187 1401. 172 1251, 158 1301. 143 1301, 130 1451. 117 1251. 103 

1321, 89 1301: uv imax 460 nm 12,400l. 244 136,000); ir IcHcI~I 3450, 2950, 1660, 1615, 1510, 

1470, 1350 cm-'. U. calcd far c 1 1 h l l ~ 3 ~ 3  : L, 56.65; R, 4.72; N. 18.02. ~ound: C, 56.65; 8 ,  

4.66; N. 17.96. 

2 - A m i n 0 - 3 . 6 - d i h y d r o - 3 . 6 - d i m e t h y 1 - 7 ~ - i m i d 4 , 5 - i 1 i - 7 -  (N-Me-7-OH-16, 4). 

Lompound 8 160 my, 0.257 mm11 was oissolved in EtOh 115 m11 and Raney Ni 11/2 spatula) *as 

added.  he reaction niixture was hydrogenate6 for 20 m m  at raom temperature with stirring.  he 

catalyst %as filtered off, and the filtrate was evaporated to 8 m1 and treated with BrCN 145 mg, 

0.42 moll, wlth stirring for 14 h at roam temperature. The crude hydrobromide product was 

fllte~ed off, baslfie6 ~ i t h  10% NH OH, and again filtered off.   he residue was washed with water 
4 

and flnally wlth EtOH. Recrystallization from EtOH afforded 4 139 mg, 6781, mp > 330'~: 'H Nmr 

(OMSOI 3.53 13H. 51, 3.60 13H. S), 6.50 llti, d. J-9.5 HI), 6.70 12H. 51, 6.98 11H. d. 5.8.7 Hzi, 

7.41 IIH, d. J-8.7 H ~ I ,  8.15 ilti, d. J-9.5 tiz~; eims m/? [relative intensity) 228 [M+. 1001. 213 

110). 199 1201. 185 (12). 129 (51, 114 (51, 83 (81; u v  imaX 365 nm 14.100l. 327 111,000l. 320 

112,8001, 270 116,500). 222 145,800); ir (KBrI 3400, 3150, 1638, 1600, 1540, 1440, 1330, 1235. 

-1 
l200 cm . ~ a l c d  for c ~ ~ H ~ ~ N ~ o :  h+ 226.1011. pound: M 228.1010. 

6-Bramo-2-methaxy-5-n~~ro~uiii1iii 110) and 6-bramo-l-aeihy1-5-iittt-2(1H)-aulnolinane 111). 

A large excess of CH I was added to 6-bramo-5-nitro-21lHl-qulnolinone 191Zb 10.9 g, 3.383 mm11 3 

and X2C03 10.92 91 in 100 m1 of LMF, and the mixture was stirre6 for 18 h at r a o m  temperature. 



Solvent was then removed and the residue was dissolves in CHC13 and washed vith water. 

The organic layer was dried (Na2S041, evaporated, and purified by flash chromatography ('H c1 l. 
2 2 

Early fractions afforded 10 1122 mg, 1381, mp 123-12S°C 1EtOhl: 'H ~ m r  (i0c1~) 4.07 (3h, 

7.04 IlH, d. 5-9.2 h.), 7.76-7.86 1311, m); eims m/? (relative intensity1 284, 282 (hi', 98, 1001. 

255, 253 125, 301, 236, 236 (25. 301, 208, 206 (18, 181, 192 (301, 171 1251, 157 (551, 127 (501, 

114 (1001; uv, A m a X  332 nm (2,1001, 328 12,1001, 222 (64,5001; ir 1CHc1 1 1600, 1530, 1480, 1380, 
3 

1300 ~10.~. later fractlans of the column yielded 11 10.77 g, 82%) which was crystallized from 

EtOH, mp 175-178'1: 'H Nmr ILDCl31 3.72 13H. sl, 6.84 (IH, d, J-9.7 Er), 7.36 ilk, a, J-8.9 H%), 

7.45 ~ I H ,  d. 5=8.9 tir), 7.77 (IH. d. J-9.7 Hzl; eims m/? iielative intensity 284, 282 (M+, 38, 

401, 238, 236 116. 181, 226, 224 (10, 101. 210, 208 112, 141, 198 1101, 167 il01, 157 (201, 145 

1181, 114 (401, 102 1351, 87 1481. uv A 343 nrn (5,7001, 240, 145,500); ir (CHC1 1 1660, 1580, 
m?. 3 

1535, 1360, 1230 

6-Methvlamino-5-nltr0-2 chlaroqulnone 113L. 

6-~ethylamino-5-nitro-21l~l-quinalinane 1 1 2 1 ~ ~  (200 mg, 0.913 mm011 was added to P O C I ~  (5 m11 and 

heated to 100'~ for 1 h. The reaction mixture was then poured into rce water and extracted with 

CH2C12, and the oryanrc fractions bere combined, washed with water, dried (ha SO l and 
2 4 

evaporated. Purification by flash chromatography ('h cl l afforded 13 1166 mg, 7761 as a yellow 
2 2 

1 
salrd, mp 140-142'~ ( L ~ ~ L I ~ I :  H Nmr (CDLI I 3.19 (3k, d. J=5 HBI, 7.35 (l", a, J-9.7 HZI, 7.47 3 

(lti, d. .I-8.9 hzl, 8.00 (lh, d. J-9.7 Hzl, 9.00 (1H. bsl 9.12 ilB, d. Je8.9 Hzl; elms 

(relative intensity) 239,237 (M*, 45. 1001, 222,220 (8, 181, 204 ~ I O I ,  191 1351, 176 (201, 164 

1301. 155 (181, 127 (401, 97 (421, 83 1401, 71 (501; u v  AmaX 432 nm 12,9001, 320 12,5001, 260 

il2,2001; ir 1IHCl3J 3420, 2960, 1620, 1570, 1500, 1400, 1340, 1200, 1170 cm-1. A&. ialcd for 

C H N O Cl: c, 50.42; h, 3.36; N. 17.64. Found: C, 50.50; H, 3.16; N. 17.45. 
1 0 8 3 2  

2-Methoxv-6-methvlamiii-S-n5ttt0uiiiline (14L. 

Method a. Compound 13 1130 m9, 0.548 mall was added to a solution of sodium methoxide prepared 

by dissolving 2.8 g of Na in 80 11 of anhydrous methyl alcohol, and the reaction mixture was 

reflvxed for 2 h, after which time tlc showed the absence of starting material. Ihe salvent was 

removed, the resldve fractionated between water and C H C ~ ~ ,  and the chloroform fractions combined, 

dried (Na2sC41 and evaporated. Crystallization of the residue from E ~ C H  gave 14 as needles 178 

mg, 61%) mp 163-165-C; 'H Nmr (CLCl31 3.14 (3H. d. J=5 h.), 4.00 13H. S), 6.99 (lB, d. J-9.5 

hnl, 7.23 (1H. d. J=9.3 H z ) ,  7.90 (1H. d. 5-9.3 Hzl, 8.72 (1H. bsl. 8.99 (1H. d. J-9.5 Hzl; eims 

m/z (relative intensity) 233 (M+, 1001. 216 1151, 203 1101, lb7 (251, 172 (151, 158 1221, 144 

(301, 129 (251. 116 1121. 102 1151, 89 (101; uv A 445 nm (10,3001. 325 (8,4001. 255 (38,300). 
,"a% 

235 (43,000); ir[c~~l31 3000, 1635. 1515, 1485. 1400, 1380, 1280 cm-1. m. Lalcd far 
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C H N O ' C, 56.65; H. 4.72; N. 18.02. Found: C, 56.51; H, 4.59; N. 17.86. 11 11 3 3' 

Method b. 6-Bromo-2-me thoxy-5 -n i t t t 9n i i i l i ne  1101 144 mg, 0.154 mmoll was treated vith 339 

methylarnine in EtGB (5 m11 and the solution was refluxed for 24 h. solvent was then removed G 

m and the residue was purified by flash chromatography (ckcl31 to afford 14 130 mg, 8381, 

identical with that prepared by method a. 

2-Amino-7-methoxv-3-methyl-3H-imida2oL4,5-f]uinline (0-Me-7-Oh-TC, 51. 

A stirred heterogeneous mixture of 14 (33 mg, 0.141 mm011 and ~ a n e y  ~i 11/4 spatula] in 10 m1 of 

EtoH was hydrogenate6 for 15 min at room temperature. The catalyst was removed by filtration and 

the filtrate was concentrated to 5 m1 and treated with BiCN (30 mg, 0.28 mm011 far 14 h. %he 

hydrobromide was then flltered off, basiiied with 10% N B  OH and again filtered off.   he resrdue 
4 

was washed vith water and with MeOH and crystallized from M ~ O H  to yield 5 (17 mg, 52a1, mp 293- 

296'~: 'H Nmr (DMSOI 3.58 L3h, sl, 3.93 (3h. 11, 6.51 (2H. S), 6.90 (Ih, d. J-8.8 Hzl. 7.31 (1H. 

d, Ji8.7 H z ) ,  7.55 (lh, d, J=8.7 Hz), 8.41 (lh, d, J=8.8 Hz); eims m/? (relative intensity) 226 

(Mi, 1001. 199 1281, 185 (201, 167 (101. 157 (101. 129 (121, 98 (501. 84 1721; uu A 345 nm max 

(4,6001, 310 (5.700). 300 [6,900), 260 (48,3001, 219 (44,800); ir [CHC131 2950, 1615, 1580, 1580, 

1460, 1430, 1410, 1350 'a-'. Calcd far i H N 0: ~'228.1011. ~ound: M 228.1011. 
12 12 4 
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