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SITE SELECTIVE ALKOXYMETHYLATION OF IMIDAZOI4,S-blPYRIDINES: 
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Abstract - The alkylation -lions of 2-aryl-1(3)H-imidazo[4J-b]pyridines (equivalml to 1- 

d-purines) with alkoxymuhyl chlorides and bromoacetonivilc arc desuibcd. The svuctlrral 

assipmenla of the p n d w  wen made by rhs use of twodimsnsional I H - ~ H  NOE (NOFSY) and 

sdcctive INEFl (NAPI') I3c nmr experiments utilizing polailation wnsfa  from csrban-bound 

hydrogens in the alkyl side chains to sdsted resananca via long-range 31CH muplings. 

Although three isomeric N-alkyl dsrivatives d d  arise fmm a single heferocycle based on 

mnsidaarim of lauomaic equillibaa, however, the d m  exhibit marked site sclstivity evm 

under quite d i f f m t  d o n  mnditim. Thus. N-3 dkyl derivatives arc pmdud wdusively in 

basic (Et3N/NaH) nonpolar media following an SEZfB mshanisrn. Solvent dfsls mz evident in 

a loss of N-3 vs N-1 sdeetivify far akylafion whm the polar a p t i c  salvmt DMFis used. Under 

neutral mndi t im d i m  dkylatim omm al the N-4 position following an SE2' &sm. The 

overall site selectivity aplxars to be govaned by the relative d v i t y  of individual nwlmphilic 

sites ratha than tAe tautomrie mmpsition id solution. 

INTRODUCTION 

R-1 publications have called attention to the rational design of DNA sqm.cc  sdscive agents based on structural modilicauoo of 

naturally occurring and existing synthetic DNA minor groove binding agents and their efficacy as anticancer, antiviral and 

anIiremvirsl As pad of an ongoing pmpm on such agents in our labmatnies, we recently rrportcd the synthesis and DNA 

binding cbaracraistics of errraio bis-imidazo[4,,5hJpyridine analogs of Hoechst 332~8.~ huiog the murse of this synthesis. that 

required the use of an N-protected 2-melhonyphcoyl-3H-imidazo[45-b]pyridine intermcdiatc, we obsewed an unusually hgh rile 

sdeetivity ol imidazopyridinc daivatives towards N-alko~~methylation r d o n .  This prompted us to investigate further two rclaled 
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issurs of chemical inteest. The Tist was the heunambiguous demninaflon of the sllucture of the pmducts by appropriate ~ u .  based 

methods which would obviate the need for pnparing authmtic sample via alternative chemical mutes. The second issue was that, 

once we are able Lo &ate the s l l u c m  with the chemistry of the site selectivity. it was of intsre~t m assess the variation. in the 

reaction wnditions to provide the he possiblc isomem exclusively. 

A numba ofimidam[45-bl- and imidazo[45clpyridio*i have bcrn ncollly pnpared for medicinal use as cardiotonicdrugs3 and non- 

benzodiaqine anxialytics4 In the Latter ease, a range of elaborate procedures is used for obtaining regioisomeric N-aestamido 

derivativa. The chemistry deaibed here affords convenient and dim methods for achieving similar results for related wmpounds. 

Studies on the mechism ofalkoxymethylation readoos under different wnditions are also warranted because such new N-substimed 

Haechst 33258 wmpounds exhibit novel bifunctional DNAiprotein binding activity.56 Therefore such informarion would be useful 

for the design of more poleot DNA sequeocc selective minor gmove binding agents based on Haechst 3 3 2 ~ 8 . ~  

RESULTS 

The imidazo[45-blpyidine daivatives (1) d (3). end bmzirmdarde (2) were -via an oxidative cyclcdehydmgdon sfraqy 

shown in Scheme I. Thus, the reaction of 23-diaminopyridine with p-methoxybenzaldehyde in nitrobenzene afforded 2- 

methoxyphmyl-1(3)H-imidazol45-blpyridine (3). Similarly, 6-muhyl-23-diaminopyridine and 4-methyl-1.2-phenylenediamine 

provided 1 and 2 respecli~ely.~ It was observed that the use of two equivalents of aldehyde in these d o n a  led Lo the formation of 

N-methoxybenzyl substituted product (e.g. 11). As depicted in Scheme I, the production of imidazopyridine might occur by a 

multistep praxss involving initial Schiff base formarion followed by intramolecular cyclization and subsequent aromatimion via 

n i t r o b e  mediated oxidation to 3. The mle of nimbenvne as an oxidant in the last step is supported by the f m  that altanative 

oxidizing agmts like quiaone can also be smploysd /=\ 

Scheme I 
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The question of orientation of the reaction products expected for the hctions involving electmphilic attack at nitrogen atoms in 

imidazopyridine is analogous to the situauon f a  unsymmeuieally substimtd imidmles and benlimida~oles.~ Alkonymethylation 

m t i o n s  of the dor~nentiooed heterncycles containing two or three potentially nudmphilic centers were studied with various 

alkoxymethyl chlorides and with brom-tonilrile. The prodw isolated from these reactions were identified an the heis of their 

spectroscopic pmpenies ( m  and mass specval analyses). 

The stroctural assignments of the isomeric products were made by NOE and selective polarization transfer based I3c  m 

expaiments. The 'H nmr spectra w m  first analysed by inspection and by considering rclative chemical shift changes and matching 

specVal splittings. For instance, the upfidd set of ZH doublets due to the methanyphenyl substimat was assigned to the degenerate 

protom ortho to 0CH3, followed by identifieation of its mutually scalar coupled ZH doublet signal (due to CTiC6'-H). Similarly the 

signal f a  H-7 was asmibed a pasition further downfield from H-6 based on analogy with assignments in pyridinic compounds. The 

ambiguity regarding the lmtion of CHzOR substimen1 was resolved on Ihe basis of selective NOES obswed in the two-dimensional 

NOESY expaiments. A typical NOFSY s p s m  ahown in F i y n  1 illustram Lhis strategy of sVuctural assignmat for compound 

Figure I. Contour plot of 503 MHz 2D-NOFSY s p e e m  of mmpouod (71). Crasspda showing proton-proton through- 

space wnnectivities appear symmevically with respect to the diagonal. Also shown is the proton ID specuum xtlh 

resonance assignments. 
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The aoss peak for the CH2 p r o m  at 5.65 ppm and C27C6'-H protm af 8.04 ppm anfirms their spatial proximity as evidence far 

ether M- a NI-substihltion in the structure for 7. The absence of an NOE relationship in the same spectrum between the 

p u p  and proton H-7 further shows the position of the CH2OR p u p  to be ti3 a d  not N1. Although one can argue against sueh 

inferenct b a d  on a lack of NOE intnactim. the distinction between each type disomer based on fharacteristicNOESY specm was 

unambiguous in rhe case of imidazopyridine (3) where eecb produn (Lon*) m d d  be obtained in pure form. The NOE reaulu arr 

summarized in Figure 2. Additional sets of protons in dose proximity a x  also obsnved as indicaIed in Figures 1 and 2. 

Figure 2. S- of expeimenlal NOES used to elablisb tbc positton of methonymethyt substiluent in wee regioiaamers 

(Ik-e) obtained from the d m  of 2-arylimid.m[4,5blpyridinc (3). Numbers 2' and 3' on the &d drawings reprracnt 

the degenerate sets of protons mne~ponding to +ICB-H and C31CS-H. The NOE relationships charactaistic of specific 

s t r u c m w  were: Cg-H u C2K6s-H for 10.: Cg-H u C2dC6t-H and C7-H c-, Cg-H for lob; and Cg-H u Cg-H 

for 10e. 

Complementary alruchlral inlomarim was provided by I3c omr expaimmls invdving selstive polarization transfer from the side 

chain CH2 group p r o w  to the carbon c e n m  mmponding to31CH mupliugs of -7 Hz AU I3c nmr speem were first assigned 

(Wls U) using tbe reference data an 2-arylimidaro[45b]pyridine desmbcd by previous wolkm? Selective magnetization vansfer 
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expaiments, namely INAPT and devised originally by ~ a x . l O  w a e  next pxfomed which permitted the delwtian of 13c resonances fl 

to the proton signals selectively irradiated. For iostance. C-3a. C-2. and C-9 resonances were ohserved for smcture ( 1 W  Figure 3a). 

while irradiation of CH2 protons in lob corda te  exclusively with the C-7a, C-2, and C-9 signals (Figure 3b). 

Figure 3. 13c Nmr specua of compounds [lo. (a) and 10b @)I with the corresponding sdeftivs INAPT detection of the 

specific I3c  resonances that a p p  upm selective pulsing of CH2 protons of the methoxymethyl substitucnt. The 

modified N E K  pulse sequence described in d. 10 was optimized for polarization transfer via proton-carbon the-bond 

couplings of - 7 Hz Detection of marked signals was used in conjunction with ZD-NOE dam to wnlirm the rimctural 

assignmmts ar described in the t a t .  
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b 

Scheme I1 

Table 1. Yid& and dative Pnoportiom afisamaic produfls in tk alkoxymahylstion of imidazo[45-blpyndines 

Cammnd C.2 

4. 154.45. 

6. 154.45' 

6s 154.2I. 

7. 154.29. 

8a 152.52. 

10. 155.35' 

IOb 155.65. 

101 169.74 

IOd 164.29 

! I  IY.76' 
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Most informative of the relative conligurarions of the side chain in the two suuctures therefore was the diagnostic detection of C3, vs 

C7a signals for 10s and lob respedvely. % 13c INAPT expaiments, in mnjunction with 2D NOE dam, have thus provided 

unambiguous pmof of the relalive configurarions of the alkoxymethyl p u p s  in all the products shown in Table I. The mmplete 

spgea (NOESY. I3c, and I 3 ~ - 1 ~ ~ P l ' )  for cacb -pound have bgn submitted as supplementary material (Figures SI-S9). and the 

smretural assignments are summarized in Scheme I1 and Table I. 

The -tion of 1 in the presence of added base and in a nonpolar solvent (Method A) led to the formation of a single product in each 

ease. As shown in Schaoe I11 bath a. SE2cB mechanism). the production of N-alkoxymethyl derivatives plausibly o w u s  by a two 

step p-ss involving initial deprotonation followed by attaek on the alkylaring agent. In principle the possibility exists for 

reaction at any of the nitrogen centers in the -mts so that a mixture of products would be expected. However only one isomer is 

obIained under the h e d i t i m  employed for method A in the six examples studied. 

Scheme 111 
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In order to explore thc origin of the site selectivity observed f a  mmpound (1) a mmparative study was undertaken of bemimidarole 

derivative (2). and imibpyr id ine  (3) under different d o n  conditions. In the case of 2 (enuy 6. Table I) a 50:50 mixture 

consisting of N3- and N l -  alkylated products (9n and 9h) was obtained. Consistent with the pK, values of <LO for 

bmzimib les . l l a  the basic conditions used f a  these reaftions suggest rhe anionic form of the hererocyde to bc the reactive species 

(i.e. an SE2cB mechsnism). but the producl disvibution ratio f a  the reaction of2 mrrelares well with the original presence of NIH 

and M H  t a u t o m  in equal amouot based on KT value of unity.ll The use of base and nonpolar solvent conditions for 3 @nuy 7. 

Table I) Led to a similar site selective d v i t y  as exemplified by 1 (EoW I, Table I). However, upon changing the solvent medium 

to DMF, both M -  and NI- derivatives were obtained in 4: 1 ratio as determined by the relative inteption ratio of the characteristic 

well separated 'H nmr signals of the two forms. The individual isomers were separated by chromatography and identified using 

characleristic NOES as desaibed above. The presence of two tautomers in a diluIe solution of 3 in DMF-d7 is indicated by two MI 

sigoals in a 2: 1 intensity ratio. The predominant form was ascribed to the N1H derivative by analogy with the previous 13c and 

nmr studies? Thus. the ppresence of two mutomas leads to a lws in site selectivity towards methonymethylatian when DMF is used 

as solvent. The m i o n  involves the mesomeric anion forms and the pmduct mmposition therefore appears to be a consequence of 

the relative nucleophilicity of the W nifrogen w t m  (i.e. N3>Nl>>N4). 

Under neutral conditions w h m  an $32' type mechanism is expected to be operative the reaction of 3 with methoxymethyl chloride 

(Entry 9. Table I) followed an alternative pathway (path b, Schcmc IU), in m n m t  to the other examples. A IH nmr time study (in 

DMF-d7) of d i r s t  d o n  of 3 with methoxymethyl chloride in the absence of added base indicated quatemizalion at the pyridinyl 

nimgen (N4) which was detnmined by the charaeteristie dodeld shift of the protons H-5 and H-7. The smcture of the quaternary 

species (IOd) was further motid by ID-NOESY and I3c INAPT experimenls. Subsequent addition of base followed by work-up 

provided purc 1 k a s  the sole pmduet. 

DISCUSSION 

The two mechanisms of elcctrophilic -tion between imidampyridines and alkoxymethyl halides. depending on the reaction 

mnditions (SEZcB and SEZ'). are summarized in Scheme UI. The selectivity of alkylatian d m  not appear to correlate with the ilutial 

tautomeric mmposition of the hetemeydes, enccpt in the case of benrimidmle (2). The nmr based methods described above for 

s m c d  analysis have provided means ofdinn and unambigolu determination of the isomeric srmctur*l thus obviating the need for 

elaborate procedures to obtain authentic samples. In pdcular,  the I3c  INAPI. wperiments demonstrare how only those I3c 

resonances that show long-range muplings to individual protons with 3 ~ ( ~ ~ )  = 7 Hz. cao be detected selectively and funher be 

ascribed to apedlic srmcturcs. 
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Although the diffnmce in orientation towards dectrophilic attack on multiple nimgm sitw can be related to the the presence of 

taulomac forms of the mamot (e.g pmduct ratio of IOdlOb in DMF vs benuae). this is unlikely to be the only cause for obsaved 

site selectivity, for two reas-: (a) the hereation involves the mwomeric miouic spmw in the basic media, and @) the original 

presence of two tautomem in 2: I ratio in DMF d o e  not correlate with the 4: I pmduct ratio. More plausibly, the course of the 

-tion appears to depend on the relative nactivity of the sites with secondary effecrs operative due to the hechange in the reaaion 

conditions. The mle of differing nuclmphilicity of the three nimgen centers in 3 is also evident at the stage of its preparative 

reaction (Scheme I) which, with the use of excess aldehyde. led to the formation of only the N3-methoxybazyl product (I I). 

The p d u a  ratios of 10. to lob  may also depend on the elstronic namre of the 2 - q l  substitueot of imidazopyridines. Far 

example. a rcccnt stud# showed that the use of a 6chlorophenyl (instead of 6methmyphenyl used in the present work) substiruent 

in a similar els(rophilic -tion led to the formation of NI-alkyl derivative (formally equivalent to lob) as the major pmduct. This 

result can be explained in tams of the effects on the rwpstive rates of the reaction (Nl- vs N3-) due to the electron withdrawing 

cblam substituent on the aryl ring, directly conjugated with the reactive centers of the heterocycle. Such modulation of 

reactivitylselstivity funha supports our condusion that the tautomeric composition of the reacmts is not the sole determinant in 

the orientation of such reactiom involving equilibriating multiple &ve eenurs. 

EXPERIMENTAL 

Reactions were d e d  out under an i n a  atmosphere W2 or Ar) and the evaporations were paiormed in vacua using a rotary 

evaporator. The IH nmr spectra were m r d e d  at 400 or 500 MHz on B d a  WHWO and Varian Unity MO spsmmeters. All IH 

and I3c chemical shifts are reported in parts-pa-million downfield fmm teuamethylsilane. One-dimensional NOE measurements and 

two:dimeusional COSYiNOESY expaimmts were p d m e d  in degassed sample solutioos. High-resolution mass spsem (HRms) 

were determined using the electron ionilatim tcchniquc sn Associated Elsuical Indusuiw (MI) MS-9 and MS-50 focusing mass 

spectrometm. Ir spectra were oblained with a Nimlet 7199 FT spsmphotomets. and only the principal absorptions are reported. 

All starting organic chemicals were oblained from Aldrich Chemical al. and were used as redeved. Hplc grade solvents were used for 

chromatography. Anhydrous benvnc and THF were distilled fmm sodium betllophemne ketyl. Anhydrous DMF was distilled under 

reduced pressure from CaH2. Melting points were m r d c d  on a Fisher-Johns capillary spparatus. and me uncorrected. Kieselgel60 

(23040l mwh) oblained from E. Memk was used for flash chmmalography. 

General Synthetic P ~ o e e d u n r  Z,3-Diamlno-6-mcthylpyridiac was prepared by catalytic hydrogenation of 2-amino-6- 

methyl-3-nitropyridi& (3.06 g, 20 -01) dissolved in 1W ml EIOAe, using 10% PdC (320 mg). At the completion of ihe 

reaction, the catalyst was m o v e d  by filmtion through Celite and #he filuate was evaporated to afford 2.34 g of the product 2 (95% 
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&Id) which was used in the subsequmt step without further purification: mp 70-71 'C (ELOH); ir (KBr) vm, 3380,3320, 1650, 

1600. 1480 aW1; IH nmr ( C W 3 )  6 230 OH. s, CH3). 3.10 and 4.21 ( W  each. 2 br s. 2 x NH2. exch). 6.40 (IH. d. J = 7.5 HI. 

Ar-H). 6.78 (IH, d. J = 7.5 Hz. Ar-H). 

2-(4-Methoxyphenyl)-5-metbyl-3H-imld~zoI4,66lpyrldl.e was prepared by hating a mixture of 23-diamioo-6 

methylpylpyridine (1.48 g. 12 mmol) and 4 m e t h o x y ~ d e h y d e  (1.63 g. 12 mmal) in 25 ml nim-e at 150 'C for 18 h. The 

d o n  mixhuc was tbenmoled and nimbmrmc was evaporated undarrdufed prasure. The residue obtained was purified by silica 

gel flash chmmatography (I: I EtOAaHexime eluant) Lo alford 2.04 g of he  tide compound (71% yield): mp 231-233 'C (MeOH); ir 

W r )  v,, 3440. 1610. 1490. 1440. 1390. 1254 an-I; I ~ n m r  (CW3) 8 2.56 OH. s. 9). 3.84 (3H. s. 0CH3). 7.06 (lH.d. J 

= 8Hz. %-H).7.12 (2H, d, J = 8.5 Hz. C301C5o-H). 7.82 (IH, d, I = 8 Hz. +H). 8.14 (W,  d, J = 8.5 Hz, CZIC6@j; HRms 

dcd for C1&13N30 mlz 239.1058. found mlz239.1058 (M+. 100%). 224 (34%). 1% (19%); Calcd for ClqHl3N3O: C. 

70.29: H. 5.44, N, 17.57. Found: C. 7031; H. 5.42; N. 17.49. 

2-(4-Methoryphcnyl)-1(3)H-lmldalo[4~-b]pyldlne (3) was prepared following the same procedure as above using 23- 

diaminopylpyridine mpecfively. mp 187 'C (MeOH); IH nmr (DMSO-Q 6 3.80 OH, a. CH3). 6.93 (W. d. J = 8.5 Hz. C3dCs-H). 

7.06 (1H. dd. I = 5 and 8 Hz. C6-H). 7.78 (IH. d. I = 8 Hz. CTH). 8.11 (ZH. d. I = 8.5 Hz. QIC,y-H). 8.20 (IH, d. J = 5 Hz. C5- 

H). 

2-(4-MethoxyphenyI)-3-((4-metbolyphenyl)methy1)-3H-lmldazo[4,5-b]pyrld1e (11) was isolated from the same 

M & O ~  as abave for 3, when 2 mol equiv. olpmdhoxybcnzaldehydc was used ' h e  product (11) was purified by silica gel flash 

chromatography (EtOAc dual) .  mp 172-174 'C @OH); IH nmr (Dm-d7) 6 3.75 (3H, s. Ar-OCH3). 3.90 (3H, 8 .  C4-0CH3). 

5.70 (W. s. CHZ). 6.85 and 7.05 (ZH earb. 2 4  J = 8.6 HZ Ar-H). 7.15 (W. d, J = 8.8 Hz. C3dC5,-H). 7.35 (IH. dd, J = 5 and 8 

Hz, C,-H). 7.80 (W. d. J = 8.8 Hz. %dC,j-H), 8.15 (IH, 4 J c 8 Hz. C7-H). 8.40 (IH. d. J = 5 Hz. Cg-H); I3c nmr (CDCI;) 6 

46.21 (CHZ). 55.11. 55.26 (C4-0CH3). 114.08 (Ar). \14.10 (C3dC54). 118.56 (Cd. 122.15 (C1s). 126.79 (C7). 127.76 (Ar). 

128.94 (Ar). 130.62 (%dC64). 135.06 (C7& 143.73 (C3.148.90 (C3.h 154.76 (CZ). 158.91 (Ar). 161.10 (Cq!); HRms cdcd for 

C21HlgN3q mlz 345.147!X found mlz345.1474 (M+. It@%). 225 (32%): && Calcd forQIH1&q: C.73.04, H. 5.50 N. 

12.17. Fouad: C, 73.12; H. 5.28, N, 12.33. 

O m d  methods for alkoxymsthyldon -lions wae as follows: M&d A. In a typical proccdm, a solution of alkyl halide (10 

mmol) in 5 ml was added dropwise to a stirred suspmsion of the hcfcroammatic derivative 1-3 (5 mmd) in 80 ml anhldrous 
\ 

benzene con-rig 2 @ Et3N at 0 "C. The redo1 mixture was allawed to wwo to 25 "C and them hcavd unda reflux for 4 h.  At 

the mmpletion of the metion, rbc reaUion mixture was panitioned between water and EtOAe, and the organic layer was removed. 
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washed with wata, dried %SO4) and evapaated to afford a solid -due which was d y d  before and after putilkation by silica 

gel flash chromatography (2: I E1OAc:Hexane duant). Mahod B. l l i s  p d  was similar lo method A in dl respeeu except for 

the use of anhydrous DMF in place of b c  as the d o n  aolvent. Method C involved ucatmcnt of rhe hererocyde derivative 

with dkyl halide in DMF. At the hepletion of the reaction as madtored by nmr of the diquou. Lriethylamine was added and the 

-tion mixture worked up as desaibed undm melhod A. 

3-Methoxymethyl-2-(4-mcthaxyphenyl)-5-melhyl-3H-imld.Eol4,5-b]pyridiac (4.) was obtained in 88% isolated 

yield from 1 and methoxymethyl chloride using method A. mp 109-111 'C (MeOHiHexane); ir (KBr) vm, 2980.2940.2830. 

IMX). 1500. I460 c m l ;  IH nmr (CDCl3) 6 2.64 (3H. s. C5-CH3). 3.54 (3H. s, CH20CH3). 3.86 (3H. n. C4*-0CH3), 5.60 (ZH. 

s, CH& 7.02 (2H. d, J = 8.5 Hz C3dC~n-H). 7.10 (IH. d. I = 8 Hz. Cg-H). 7.90 (LH. d. I = 8 Hz. C7-H). 8.02 (ZH, d. I = 8.5 Hz, 

C21C6~-H); 13c nmr (-3) 8 24.49 (C5-CH3). 5537 (C4--OCH3). 57.16 (OCH3), 72.87 (CH2). 114.24 (C3dC5*). 118.87 

( c d ,  122.14 (C1n). 126.86 (C7) 130.99 (C$61), 132.64 (CT~), 148.84 (C3& 153.20 (Cg) 154.45 (C;?), 16131 (C4*); f ikns 

dcd  for CI6Hl7N3% d z  283.1321, found miz 2%3.1320(M+, 113%). 252 (97%). 238 (21%); a. Calcd for C16H17N302: 

C, 67.W. H, 6.00, N. 14.84. Found: C. 67.74; H, 6.21; N, 14.%. 

3-Ethaxymethyl-2-(4-methoxyph~nyl)-CmelhyI-3H-lmidazo[4,5-b]pyridine (5.) was obtained in 92% isolated yield 

fmm 1 and ethoxymethyl dor ide  using method A. mp 122-124 'C (EcoWHexane); ir (KBr) v,, 2960.2920,2840.1610.1590. 

1530. 1480. 1460. 1420. 1400, 1360, 1300. 1260 em-1; IH nmr (U)Cl3) h 1.28 (3H. 1. I = 6 Hz CH3). 3.83 (2H. q. I = 6 Hz. 

CH2CH3). 3.90 OH. s. C4-0CH3). 5.68 (W, s. CHz), 7.08 (ZH, d. I =  8.5 Hz C3rlC5rH). 7.15 (1H. d, I = 8 Hz, Cg-H). 7.98 

(IH. d, I = 8 Hz, C7-H), 8.12 (ZH, d, I = 8.5 Hz C$61-H); I3c nmr (CDa3) h 15.08 (q). 24.47 (C5-CH3), 55.33 (Cqq- 

0CH3), 64.96 (w. 71.28 (N-CHZ). 114.18 (C3iCg*). 118.74 (w. 122.24 (Cld. 126.77 (C7). 130.99 (C9,dC6r). 132.63 (C7,). 

148.79 (Cja), l53.M (Cs). 154.45 (CZ) 161.22 (C4r); HRms dcd for CI7Hl9N3q d z  297.1478. found d z  297.1480 M+, 

64%). 253 (42%). 252 (100%). 239 (20%). 238 (14%):'m. Calcd for CI7Hl9N& C. 68.68: H. 639: N. 14.14. Found: C, 

68.88, H, 6.61; N. 14.02. 

2-(4-Methoxyphenyl)-3-octylory-5-methy1-3H-lmldazo[4,5-b]pyd (6a) was isolated in 95% yield from the 

readon of oclylonymelhyl chloride with I acmrding to method A. mp 148-149 "C (EtOWHexanc); ir (KBr) vm, 2930.2855. 

1610, 1480. 1420. I260 m r l ;  IH nmr (CDCI3) 6 0.86 (3H. 1. J = 6 Hz, CH3). 1.24 (10H. bra. 5 x w ) .  1.62 (ZH. m. CH2). 

2.66 (3H. s. C5-CH3), 3.75 (ZH. 1. I =Hz. w O C H 2 ) .  3.88 (3H. s. C4*-0CH3), 5.67 (2H. s. CH2). 7.05 (ZH, d. I = 8 5 Hz. 

CYIC5-H). 7.12 (lH, d. J = 8 HZ Cg-H). 7.94 (lH, d, I = 8 Hz, C7-H), 8.10 (2H. d, I = 8.5 Hz, C~KB-H) ;  I3c nmr (CDCIj) S 

13.47. 21.99, 24.36 (C5-CH3). 25.45,28.63,28.85,31.15,55.30 (C4t-0CH3), 69.42 (OCHz), 71.45 (N-CHZ), 114.15 ( C ~ I C ~ I ) ,  
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118.78 (w. 121.94 (CIr). 126.53 (C7). 130.91 (C2dCg,). 132.24 (C7& 148.58 (C3& 153.09 (Cg). 154.21 (CZ). 161.28 (C4*); 

HRms d c d  for C~3H31N3q mlz 381.2417. found mlz 381.2414 (M+. 100%). 268 (9%). 252 (93%). 239 (37%); u. Calcd for 

C&&%: C, 72.44, H, 8.13; N, 11.02. Found: C, 72.11; H, 8.36; N, 1138. 

3-MctboxyethorymethyI-3-(4-meth0xyphenyl)--metbyl-3H-lmidzo[4,S-b]-pyrldlne (70) war obtained in 92% 

isolated yield from I and mcthoxyethoxymethyl ehlnidc using method A. mp 118-119 'C (EtOH): ir W r )  v,, 2920.2840, 

1610. 1470. 1415. 1360. 1300.1253.1180. 1100 em-l: IH nmr (CIXl3) 6 2.67 (3H. s. C5-CH3). 3.41 (3H, s, CH20CH3), 3.62 

(2H, 1, J = 6 Hz, CHZ), 3.90 (3H. s, C4+OCH3), 3.98.(2H, 1, I = 6 Hz q), 5.76 (ZH, s, CHz), 7.06 (ZH, d, J = 8.5 Hz, C3iC5- 

H). 7.15 (IH. d. I = 8 Hz Cg-H). 7.98 (IH. d. J = 8 Hz C7-H). 8.14 (W. d. I  = 8.5 Hz C2dCgq-H); I3c nmr (CDCI3) 6 24.31 

(C5-CH3). 55.18 (Q-0CH3),58.82 (OC%), 68.47 (OCHZ), 71.33 (N-CHZ), 71.52 (OCHZ), 114.09 (CjK5r), 118.67 (Cd, 

121.91 (Clv). 126.65 (C7), 130.91 (C2JC6r), 132.46 (C7& 148.64 (C3& 152.93 (Cg). 154.29 (CZ). 161.15 (C4t); HRms d c d  

for C18HZ1N3q mlz 327.1583. f d  mlz 327.1582 @I+. 94%). 252 (97%). 239 (100%); M. Calcd forClgH21N3%: C, 

66.05: H. 6.42; N. 12.84. Found: C, 65.72; H. 6.18 N. 12.66. 

3-Cy~nometbyl-2~(4methoxypbenyI~S-metbyI-3H-Imida10[4~S-b]pyln (&I) ww obtained in 6046 yidd from the 

muion of 1 with bmmosEaonitrile in the pmena of NaH according to method B. Now the me of Ef3N failed to giveany produd 

in rhis caw. mp 111-112 'C (MeOH); ir W r )  v,, 1610. 1480. 1445. 1420. 1380. IMO. 1260 cml: IH nmr (CEXI3) 6 2.68 

(3H. s. C5-CH3). 3.89 (3H. s, Q-OCH3). 5.21 (2% s, CHZ), 7.07 (ZH, d, J = 8.5 Hz, C3dC5-H). 7.18 (IH, d. I  = 8 Hz. C6-H), 

7.79 (W, d. J = 8.5 Hz, C2K&l) ,  7.97 (IH, d. J = 8 Hz C7-H); I3c nmr (%) 6 2433 (Cs-C%), 31.32 (CH2). 55.49 

(C4-0CH3). 114.53 (CN). 114.88 (C3JCy). 119.83 (Cd. 120.28 (C1+. 127.38 (C7). 130.58 (C2Kg). 132.10 (C7& 146.98 

(C3a), 152.52 (CZ), 154.39 (Cg), 161.82 (C& HRms d c d  for C16H14N40 m/z 278.1168, f d  mlz 278.1160 @I+. 100%). 

277 (55%). 263 (8%); &&. Calcd iorCI6Hl4N40: C. 69.06, H. 5.M. N. 20.14. Found: C. 6932; H. 5.28, N. 19.88. 

1(3)-MethoxymethyI-2-(4-meth0xyphenyl)-5-methyl-l(3)H-bcnEimlduole (90 & 9b). An inseparable 1:l mixture 

of 9a and 9b was obtained in %% yield from 2 imd methoxymethyl chloride according to method A. The individual assignments 

w a e  made on the basis of charactsistic NOFa in the ZD cxpsimmt an the mix* of two iaomaic forms: N(1)-methoxymethyl-2- 

(4-mcthoxyphenyl)-IH-bendmida2oI~ (9a): IH N m  (CDCl3) 6 2.50 (3H, s. CH3).3.43 (3H. a. OCN$3.88 OH, s. C49-OCH3). 

5.44 (W, s, CHZ), 7.m (W, d. I = 8.5 Hz. C3dCg-H). 7.14 (IH. d, J = 8 Hz C6-H), 739 (IH, d. 1  = 8 HZ C7-H), 7.60 (IH, s, 

C4-H). 7.86 (W. d. J = 8.5 Hz. C.$6A): and f o r N ( 3 ) - m e t h o r y m e t h y l - 2 - ( 4 m & o x y p h m y l ) - y I - 3 H - l e  (9b): IH 

Nmr (CDC13) 6 2.52 (3H. a. CH3). 3.42 (3H. a. OCH$. 3.88 (3H. s. C4n-0CH3). 5.43 (ZH. s. CHZ), 7.03 (W. d. 1  = 8.5 Hz, 

C3iC5t+l). 7.14 (IH. d. J = 8 Hz. Cg-H). 7.29 (IH. s. Cq-H). 7.68 (IH, d. J = 8 Hz. C7-H). 7.87 (W. d. I =  8.5 Hz. C2K6m-H); 
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H8ms calcd for C17HlgN202 miz 282.1369. found d z  282.1365 (MC. 100%). 251 (90%). 237 (30%); Anal. Calcd for 

C17H18N2q: C. 7234; H. 638: N. 9.93. Found: C.72.66 H. 6.60, N. 9.68. 

N(3)-methoxymethyl-2~(4-methoxyphc.)rl)-3H-lmld[4,5-blpyrldie (LO.) was isolated in 97% yield from 3 and 

methoxymethyl chloride using method A. mp 98-100 'C (MeOWHeme); 1~ nmr (DhPd7) 6 3.53 pH. 3 . 0 9 ) .  3.93 (3H. s. 

C4-0CH3).5.72 (ZH, s,CIEZ),7.20 (W,d, J=8.8 Hz,C3JC5-H),738(1H,dd, J=4.8and7.9Hz C6-H), 8.10 (2H.d. 1-8.8 

Hz, +ICB-H), 8.12 (IH, dd, J = 1.5 and 7.9 Hz C7-H), 8.42 (IH, dd. 1 = 1.5 and 4.8 Hz, Cg-H); I3c ( C M 3 )  6 5533 

(C4t-OCH3). 57.18 (OCH3). 73.06 (CH2). 114.26 (CyIC51). 118.94 (C& 121.83 (C1.). 126.83 (C7). 131.09 (QIC6*). 134.87 

(C7,). 143.67 (Cg) 149.27 (C3& 155.35 (CZ) 161.47 (Cqt); HRm d c d  for C1+I15N3q miz 2691165, found miz  269.1163 

(MC. 100%)),238(92%): u. CalcdforCI+II~N3%: C.66.9l;H.5.57.N. 15.61. Found: C.67.16;H. 5.76: N. 15.80. 

N(l)-metboxymethyl-2-(4-mcthaxypheayl)-IH-imld~zo[4,5-b]pyrldioc (lob) was isolated from a mixture of 10s and 

IOb h t  farmed in 92% toral yield in the hereaction of 3 with methoxymethyl chloride accading lo method B. separation and 

purification was accomplished by silica gel flash chromaIopphy W A C  eluent). mp 120-122 'C (MeOWHexaue); IH nmr (DMF- 

d7) 6 3.46 (3H. s. OCHj). 3.93 (3H. s. C4eOCH3). 5.71 (ZH, a. CH2), 7.20 (ZH. d. J = 8.8 Hz. C3dC5&). 7.35 (IH, dd. 1 = 4.7 

and8.2Hz.C6-H),8.03(2H.d.J=8.8Hz,~iC6~-H).8.26(1H.dd,J=l.5and8.2HzC7-H),8.50(1H.dd,J=1.5and4.7Hz, 

Cg-H); I3c nmr (lX€l3) 6 5534 (CqcOCH3). 56.63 (OC%). 75.28 (CH2). 114.23 (CyC5,). 117.89 (C6). 117.99 (C7). 128.56 

(C7=). 121.19 (CI% 131.37 (+iC,jt), 145.13 (Cd. 155.45 (C3a). 1%.65(CZ). 161.50 (C4+; HRm calcd for C1$IJ'1302 miz 

269.1165, found mi2 269.1164 (M+, IOO%), 238 (94%); Anal. Calcd far C1$1J'13q: C. 66.91; H, 5.57; N, 15.61. Found: C, 

66.73; H. 5.22; N, 15.48. 

N(4)-methaxymethyI-2-(4-meth0xyphe~yl)-4H-lmldzo[4,5.b]pyrldle (10c) was oblained in 96% yield from 3 and 

methonymethyl chloride wing method C. mp 111-113 'C (E1OAc); IH nmr (DMFd7) 6 3.49 (3H. s, 0CH3), 3.89 (3H, s. Cq.- 

OCH3). 6.12 (W,  s, ' 3 2 ) .  7.10 (2H.d, I =8.8Hz. C3dC5'-Y).7.25 (IH, dd ,J=  6.4 and73 Hz, G-H), 8.20 (IH. d. J = 7 3  Hz. 

C7-H). 8.24 (IH. d. J = 6.4 Hz. C5-H). 8.42 (2H. d. J = 8.8 Hz. C&iC+H); 13c MU (Dm-d7) 6 55.70 (C4,-0CH3). 5802 

(OCH3). 83.44 (CH2), 112.97 (Q, 114.50 (CyiC5~). 127.89 (C7). 12836 (CI% 130.14 (+iCg.), 130.22 (Cg) 146.77 (C7& 

155.53 (C3& 161.91 (Cqr). 169.74 (CZ); HRms d c d  for C15H15N302 m i l  269.1165. found m/z 269.1161 (M+. 100%). 238 

(70%); Calcd fo1C1+~&%: C. 66.91; H.5.57: N. 15.61. Found: C.66.80, H.5.46, N. 15.88. 

N(4)-methoxymethyI-f(4-methoxyphenyl)-l(3)H-imidazo[4,5-b]pyrldlnlum chlorlde (10d) was characterized by 

nmr analysis of an aliquot obtained from the reaction mix& prior to the headdition of E13N (d preparation of 10c according to 

method 0. IH Nmr (DMFd7) 6 3.60 (3H, s. q). 3.96 (3H, 8 .  C4-0CH3). 6.33 (ZH. s, CH2). 7.22 (2H. d. J = 8.8 Hz. C3Ky- 
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H), 7.83 (IH, dd, I =  6.4 and 7.8 Hz. Cg-H), 8.67 (2H. d, J = 8.8 Hz. $/C6+H). 8.69 (IH, d , l  = 7.8 Hz, C7-H), 8.92 (IH, d, J = 

6.4 Hz. C5-H); I3c n m  (DMF-d7) 6 56.16 (Cq-0CH3). 58.59 (OCH3). 90.68 (CH2). 115.51 (C3K53. 118.64 (Cs). 120.55 

(Clt). 128.63 (C7). 131.56 (+Kg-). 134.27 (C7J. 136.24 (q. IM.55 (C3& 160.46 (Q) 164.29 (3. 

Nmr SpedrOSCOpy. Two dimensional NOESY experiments were p r i m e d  on non-spinsing samples in the phase-sensitive mode 

according to the hypermmplex m e t h ~ d l ~ ~ . ~  0. a Varian Unity 500 MHznmr speetmmeta by use of standard NOESY pulse sequence 

provided in the Varian vnmr software. Data were acquired with the Earrier frequency at the m t e r  of the specuum and quadrahlre 

detection for a sweep width of 4MO Hz (adjusted to cover the entire range of the resonances) in both the 11 and12 dimensions. 

Datasets consisted of 512 FIDS (11) and 2048 data paints in 12. A relaxation delay interval of 2.0 s and mixing time of 0.5 s were 

used. In order to avoid mucation of the free induction dsays, a skewed sinsbcll apodidon function was set int-tively to ensure 

that the interfarograma dsayed to mo in both 11 and 12 dimensions. The baseline corrections were performed according to the 

procedure of O t t i ~ g . ~ ~ ~  The wntour plots for 2D expeiments wac umshuclcd for publication after symmeuiration. 

I3c  Nmr speelra were obmined with and without gated broad-band proton dccaupling at 125 MHz on a Varian Unity 500 

spefuometa. Typically a45" pulse was used to acquire 32K data points over a 10 kHz spacvsl widow. Data were weighted with 

1.2 Hz line broadening prior to Fourier transformalion. Expaimcnts for selective polarization transfer from IH to I3c optimired f a  

thrre-bond couplings [3~(~.H) = 7 Hz] were performed by utililing the MAPT pulse sequence devised by Bax.1° The lraosmitter for 

proton pulses was adjusted at the cater  of preselecled proton resonance of interest and attenmkd to deliver 'soft' 13.9 ms 90" pulses 

which mrrcspands to a 20 Hz excitation band width (narmw enough to selectively pulse only a single moolmce). Dephasing and 

r e f m i n g  delays were each set to 15 ms to permit mapetisation transfer thmugh long m g e  coupling without any loss due to T2 

relaxation. Hard 8 y 90' I 3 c  pulses were implanted in the cenw of soft proton pulses and broadband proton decoupling was 

employed during acquisition. Data wae Fourier I r ans fmd after weighting with 1.2 Hz line broadening. 
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