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Abstract - Crystals of the title compound (31 belong to the orthorhombic 
space group Ebc2, with 5 = 8.718(1), b - 8.718(1), 2 = 18.351(2), 5 = 

12.570(2) A .  The structure was determined by direct methods and refined by 

least squares to a final value of R - 0.048. Two independent molecules were 

found in the asymmetric unit, each in a different conformation. Infrared 

and 'H nmr spectral evidence was compatible with intramolecular hydrogen 

bonding of the NH, group of the 4-carbamoyl function (to N3 in both crys- 

tallographically independent molecules). However, no evidence for defined 

conformations of the 5-methylamina group or the acyclic side chain at N1 was 

found in the solution studies. 'H nmr spectra of the 5-(N-acetyl-l- 

methylamino) derivatives ( 5  and 6) of 3 showed restricted rotation of the 

side chain. Conjugation of the 4-carbamoyl and 5-methylamino groups was 

apparent in the solid-state conformers and also from uu spectra of 5 and 6. 

Biological evaluation of 3 and its 5-desmethyl analogue in viral infected, 

neoplastic, and normal control mammalian cell cultures showed no inhibitory 

OP Cytotoxic effects at the highest concentrations tested. 

Dedicated to Prof. Gilbert Stark, on the ocoasion of his 65th birthday. 
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A dramatic recent advance in clinical antiviral chemotherapy has resulted from the discovery that 

9-[(Z-hydroxyethoxy)methyllguanine (acyclovir) is phosphorylated quite efficiently by herpes 

simplex viral encoded thymidine kinase.4'5 The resulting acyclovir monophosphate is converted to 

the di- and triphosphate levels by cellulsr host enzymes and the triphosphate is incorporated and 

complexed tightly at the genomic replication site by viral encoded DNA polymerases in infected 

cells.6 Mammalian host thymidine kinases treat acyclovir as a far inferior substrate. A second 

thwapeutic advantage results from the much lover incorporatian by, and inhibition of, cellular 

DNA p~lymerases.~ A large literature on acyclovir and related analogues has rapidly aocumulated 

at the chemical, pharmacological and clinical levels. 

Since the viral enzymes that normally catalyze phosphoryl transfer ta 05' of the pyrimidine 2 ' -  

deoxynucleoside, thymidine, aocept the somewhat remote 6-oxopurine analogue, acyclovir, as a 

substrate (while effectively rejecting the "thymine acyclonucleoside" analogue), it was of 

interest to evaluate an 'imidazole acyclonucleoside" analogue with all of the elements of the 

purin-6-one ring in a flexible acyclic arrangement. Coupling methods are Rnown to give N1 and N3 

isomers of unsymmetrically substituted irnida~oles.~'~ Regiospecific synthesis of imidazole Nl 

isomers with the desired purine-type substituents can be accomplished by ring cleavage of 

appropriate purine precursors. 10 

Treatment of 9-1(2-hydroxyethoxy)methyll-6-(dimethylainopurine (L)11'12 with methyl iodide in 

warm DMF resulted in formation of significant quantities of 3-methyl-6-(dimethylarnino)pu~ine in 

addition to the desired 9 - [ ( 2 - h y d r o x y e t h o x y ) m e t h y 1 ] - 3 - ~ e t h y l - 6 - ~ d i t h y 1 ) p i  iodide (?)  

I 
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salt. Clycosyl analogues of 2 are known to be thermally unstable presumably due to the "peri" 

repulsion of the crowded N3 and N9 substituents. 13 

Treatment of ! with methyl iodide in DMF at -O°C for three weeks resulted in deposition of 

crystalline ? in 55% yield. Aqueous ethanolic potassium hydroxide at reflux effected cleavage of 

the pyrimidine ring of ? with loss of formate (C2) and dimethylamine to give 3 in 82% yield after 

purification. 

X-PBY ~~ystallog~aphic analysis of 3 showed the presence of two independent conformational 

isomers. Stereoscopic views of the two molecules, showing their overall oonforrnation in the 

solid state and the atomic numbering scheme, are presented in Figure 1. Details of the molecular 

geometry are shown in Figure 2. 

Imidazole moieties. In both molecules, the five atoms of the imidazole rings are coplanar; the 

maximum deviations Prom the mean planes are 0.005(3) 1 in molecule A and 0.006(3) A in molecule 

8. On the other hand, all atoms attached to the rings, except H2, are significantly displaced. 

The torsion angles about C4-C6 and C5-N9 (Fig. 2) indicate the extent to which the carboxamide 

and - N-methyl groups are twisted from the imidazole rings. 

Most equivalent bonds in the two molecules have the same lengths within experimental error. An 

exception are the values for C4-C5 which differ by 3.40. It is interesting that a review of C-C 

distances in imidazole groups revealed large fl~ctuations.~~ We compared the bond lengths to 

those in irnida~ole'~ and in three other imidazoles with a oarboxamide group at C4 and a nitrogen 

substltuent at C5, viz. AICR,'~ AICAR'~ and DTIC." The CbC5 bond is longer in molecule A than 

in any of the other molecules, but the difference is not significant when compared to AICA 

(1.380(7) 1) and AICAR (1.381(6) 1). A11 other bond lengths are  in good agreement with those in 

the other substituted imidazoles. A comparison with unsubstituted imidazole should reveal the 

influence of the substituents at C4 and C5 on the electronic structure in the ring. 

Table 1. Bond orders in imidazole rings. 

--- -- -- - 

Bond mol. A mol. B imidaaole 



Fig. 1. StereOSCOpiC views of molecule A (top) and molecule B (bottom). 

Fig. 2. Bond lengths ( A ) ,  bond angles, and torsion angles in molecules A (top) and B (bottom) 

Their estimated standard deviations are  0.003-0.005 1 and 0.2-0.3°, respectively. 
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Somewhat s u r p r i s i n g l y ,  t h a t  i n f l u e n c e  is r a t h e r  s m a l l .  Each bond i n  imidazo le  is e q u a l  In l e n g t h  

t o  a t  l e a s t  one e q u i v a l e n t  bond i n  t h e  s u b s t i t u t e d  i rnidazoles .  The c a l c u l a t e d  bond orders19 for  

e a c h  r i n g  bond i n  t h e  two molecu les  and i n  imidazo le  are l i s t e d  i n  T a b l e  1 .  The main d i f f e r e n c e  

can b e  seen i n  t h e  C2-N3 bond. The sum o f  t h e  bond o r d e r s  is 7.04 f o r  molecu le  A. 7.28 f a r  

molecu le  B. and 7.11 f o r  imidazole .20 Thus, it a p p e a r s  t h a t  t h e  e x t e n t  o f  e l e c t r o n  d o n a t i o n  by 

t h e  N-CH, group i n t o  t h e  r i n g  is b a l a n c e d  by t h e  wi thdrawal  due t o  t h e  -COHN, group.  The bond 

o r d e r s  f o r  t h e  C5-N9 bond are 1.38 and 1.30 i n  r m l e c u l e s  A and B, r e s p e c t i v e l y .  

I t  shou ld  b e  n o t e d  t h a t  t h e  carbamoyl  g roup  assumes t h e  same conformat ion  i n  b o t h  molecu les ,  viz .  

w i t h  t h e  C-0 bond c i s  t o  C4-C5. T h i s  can b e  r a t i o n a l i z e d  on s t e r i o  g rounds  s i n c e  in  t h e  a l t e r -  

n a t e  c o n f o r m a t i o n  (C-NH, c i s  t o  C4-C5) t h e  d i s t a n c e  between one o f  t h e  amido-hydrogen atoms and 

one o f  t h e  s u b s t i t u e n t s  a t  N9 would be t o o  s h o r t .  The obse rved  conformat ion  is f u r t h e r  s t a b i -  

l i z e d  by an i n t r a m o l e c u l a r  hydrogen bond i n v o l v i n g  t h e  amide group and N3. As a r e s u l t ,  t h e  

c a r b a m y l i m i d a z o l e  base  shows some r e semblance  t o  aden ine .  In o r d e r  t o  a c h i e v e  a n t i v i r a l  

a c t i v i t y  i t  may b e  necessary t o  impose a change o f  t h i s  conformat ion ,  making t h e  molecu le  

r e semble  t h e  a n t i h e r p e s  a g e n t  a c y c l o v i r .  
21 

There  are some s m a l l ,  b u t  probably s i g n i f i c a n t  d i f f e r e n c e s  between t h e  e n d o c y c l i c  a n g l e s  in  t h e  

two molecu les .  I n  molecu le  B, t h e  a n g l e s  a t  C4 and C5 are l a r g e r  than  i n  molecu le  A, w h i l e  t h e  

a n g l e s  a t  Nl and N3 are s m a l l e r .  In view o f  t h i s ,  and t h e  f a c t  t h a t  C4-C5 h a s  mare double  bond 

c h a r a c t e r  i n  molecu le  B ( T a b l e  1 ), one may c o n c l u d e  t h a t  C4 and C5 are more %'-hybridized i n  

molecu le  8. 
14 

The d i f f e r e n c e s  between t h e  o t h e r  a n g l e s  i n  t h e  two molecu les  are very l a r g e  and can b e  r e a d i l y  

a s c r i b e d  t o  t h e  d i f f e r e n t  conformat ions  o f  t h e  s u b s t i t u e n t  a t  C5. I n  molecu le  A t h e r e  i s  r epu l -  

s i o n  between 08 and t h e  3-methyl  group.  The s t r a i n  is r e l i e v e d  by push ing  C10 away from t h e  

i m i d a z o l e  p l a n e  ( t h e  d i s p l a c e m e n t  amounts  t o  0.636(4) A) and by widening t h e  a n g l e s  a t  C6. C4. C5 

and N9. As a r e s u l t ,  t h e  a n g l e s  C4-C6-NT. N3-C4-C6, and N1-C5-N9 are d e c r e a s e d .  D e s p i t e  t h e s e  

d i S t o P t i o n S ,  t h e m  is a s h o r t  c o n t a c t  (2.19 A. a f t e r  n o r m a l i z i n g  C-H bonds t o  1.09 A) between 08 

and one of t h e  methyl  hydrogen atoms. In c o n t r a s t ,  t h e r e  is an a t t r a c t i v e  i n t e r a c t i o n  (hydrogen 

bond)  between 08 and H9 i n  molecu le  8. Consequent ly ,  t h e  e n d o c y c l i c  a n g l e s  a t  C6. C4. C5 and N9 

i n  t h i s  six-membered r i n g  are much s m a l l e r  t h a n  i n  molecule  A, t h e  d i f f e r e n c e  between t h e  two 

sums amounting t o  30.5'. I n  f a c t .  t h e s e  a n g l e s  a re  s m a l l e r  t h a n  t h e  c o r r e s p o n d i n g  ones in  

A I C A ' ~  and i n  A I C A R ' ~  i n  which t h e  same i n t r a m o l e c u l a r  hydrogen bond was observed.  The dec rease  

o f  t h e  C4-C5-N9 a n g l e  b r i n g s  abou t  a l a r g e  i n c r e a s e  o f  t h e  N1-CYN9 a n g l e .  T h i s ,  and t h e  l a r g e r  

C5-Nl-Cl ' a n g l e ,  serve t o  i n c r e a s e  t h e  d i s t a n o e  between C10 and Cl'. 

R ~ y c l o  m o i e t i e s .  The conformat ions  o f  t h e  a c y c l i c  s i d e  c h a i n s  are f a i r l y  s i m i l a r  i n  b o t h  mole- 

c u l e s .  The a b s o l u t e  v a l u e s  o f  t h e  g l y c o s i d i c  t o r s i o n  a n g l e s  X ~ ~ [ C ~ - N I - C I  '-04'1 are t h e  same. 



molecule A with a negative yCN being analogous to an a-nucleoside and molecule B to a 8-nucleo- 

side. These torsion angles represent the preferred conformation of aoyclonucleosides in which 

C1' is a disubstituted carbon atom; we recently calculated a mean value of 96(12)0 for ten 

molecules.22 The conformation about the C4,-C5' bond is gauche, in agreement with the well known 

gauche e f ~ e c t . ~ ~  The overall conformation of the side chains is essentially the same as was 

observed in two of the three independent molecules of acyclovir. 21 

Most bond lengths a re  the same, within experimental error, in both molecules. The difference 

between the C5'-05' bonds can be probably attributed to larger thermal motion in molecule A. As 

commonly observed in nucleosides, the C1'-04' bonds are significantly shorter than the 04'-Cur 

bonds. All bond lengths are in very good agreement with those found in the same moiety in 

acyclovir. 21 

The bond angles also appear normal when compared to acyolovir. The wider angle at 04' in 

molecule B may be due to hydrogen bonding and packing requirements. In two molecules of a 

secoriboside the corresponding angles are 119.4 and 111.5'. 24 

Table 2. Distances and angles for hydrogen bonds. 

Distances. A Angles, deg. 

D - A - A at - - DM.& H...! H...A 
-2OPP 

D-H ...A - 

Hydrogen bonding and packing. Each molecule has four protons capable of participating in hydro- 

gen bonds and all of them do, although, owing to steric hindrance, the interaction of H9A is 

quite weak and could be called electrostatic attraction rather than hydrogen bonding. The 
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intricate network formed by these bonds may be depicted schematically as follows: 

The geometry of these bonds is given in Table 2. As commonly observed in X-ray analyses, the 

0-H and N-H bonds are not determined very accurately. By normalizing the covalent bond lengths 

to their nominal values of 0.91 and 1.04 A ,  respectively, one obtains corrected H...i distances 

whieh reflect more accurately the strengths of these hydrogen bonds. Most of the bonds are 

fairly weak. either because of unfavourable geometry in intramolecular interactions or as a 

result of bifurcation. 

Significant chemical shift differences between the two amide proton signals were observed in 'H 

nmr spectra of 3 .  A larger shift magnitude was found in spectra determined in CD,CN than in 

(CD,),SO (A6 -0.64 ppm vs. -0.16 ppm, respectively. at ambient conditions). These results are in 

harmony with resonance conjugation of the "on-bonded electron pair of the amide nitrogen and 

intramoleoular hydrogen bonding of the proximate N-H to N3. Competition by the electron-rich 

oxygen of (CD,),SO would be expeoted to reduce the average lifetime andlor strength of the intra- 

molecular N-H...N3 hydrogen bond relative to its environment in CD,CN solution. 

Infrared speetra of 3 in CHC1, had intense carbonyl stretching bands at -1645 cm-', broad N-H 

stretching bands of low intensity at -3330 em-', and two sharp N-H bands of higher intensity at 

-3400 and -3520 cm". The frequencies and relative intensities of these bands were essentially 

Constant upon two- and four-fold dilutions. 

No m solution evidence was obtained in support of the independent solid-state conformations in 

molecules A and 6. The proton-decoupled 100.6 MHz "C n m ~  Spectrum of 3 in (CD,)=SO had a sharp 

singlet resonance at 632.86 far the 5-NHCH, carbon that was generated as a single frequency 

output by the computer system. No twinning of proton frequencies va9 observed at 400 MHz under 

various conditions in several solvents. Irradiation at the resonance frequencies of the 5-NHCH, 

methyl protons or the imidazole H2 failed to produce significant difference nOe enhancements at 

other proton frequencies. 

Spectra or solu~ions OP q in D,O, CD,OD, (CD,),So, and CD,CN at ambient conditions had differen- 



tially shifted, but similar peak patterns for the nonexchangeable protons (except for the doublet 

to Singlet peak change for NHCH, to NDCH,). Peak shapes for the AA'BB' spin system of the 

-OCHICH,O- side chain fragment ranged from a 'deceptively simple" apparent singlet for compound z 
in (CD,),SO and compound 3 in HCl/D,O/CD,CN to apparent triplet/quartet patterns with additional 

Splitting and lower intensity side-bands under various conditions. Irradiation at the hydroxyl 

proton triplet frequency of 3 in (CD,),SO resulted in simplification of the lover field "apparent 

triplet" to a "distorted doublet" vith a more nearly symmetrical form vith respect to the upper 

field methyleneoxy multiplet. 

Lowering the temperature of a solution of 3 in CD,CN from 35' to 25" to 0" to -30% Cresuted in 

slight alterations of the peak shapes of the AA'BB' multiplets when expanded to 1 Hz/cm. The 

higher field methyleneoxy Proton peak shifted to progressively higher fields relative to that of 

the lower, but the shifts were of the order of A6 -0.1 vs. -0.05 ppm, respectively, over the +35- 

to -30°C extremes. The peaks from the HZ, NCH,O, and NCH, protons remained at essentially 

constant shift values over this temperature range. 

Similar temperature effects uere observed with a solution of 5 in CD,OD. At 50PC, the higher 

field AA'BB' multiplet was shifted downfield relative to the position of the corresponding 

apparent triplet at -20DC and "broad singletN at -90°C. The shift difference was of the order of 

A6 -0.1 ppm over the +5Oe to -90°C extremes. A reversed trend of the same magnitude occurred 

with the peak from H2 (downfield shift upon cooling) whereas the peaks from NCH,O and NCH, 

remained at essentially constant shift values. The multiplet (50°C), apparent triplet (-20°C), 

and ',broad singlet" (-90%) resonance peaks from the lower field hydroxymethylene protons also 

remained at an essentially constant frequency. 

These results are compatible vith relatively rapid and conformatianally unrestrained motion of 

the (2-hydroxyethoxy)methyl side-chain. The greater upfield shifting of the oxymethylene proton 

peak relative to that of the hydroxymethylene proton peak upon cooling is oonsistent with an 

extended conformation of the side-chain. In the less hindered region perpendicular to the imida- 

zole ring, the oxymethylene protons might preferentially populate the shielding ring current 

cone. However, the small shift magnitudes do not offer convincing support. 

Treatment of 3 with acetic anhydride in pyridine resulted in formation of two more rapidly 

migrating (TLC) products. Silica column chromatography effected separation of the two diacetyl- 

ated derivatives. The mare rapidly migrating isomer had 'H nmr data consistent vith acetylatian 

of the hydroxyl and carbamoyl nitrogen functions. Three-proton NAc and OAc singlets and a three- 

Proton doublet (NHCH,) uere accompanied by two broad NH signals, sharp singlets for the HZ and 

NCH,O protons, and two apparent triplets (OCH,CH,O). No molecular ion peak for this diacetyl 

compound was observed and its treatment with methanolic ammonia at room temperature resulted in 
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regeneration of starting 3.  These results are in harmony vith its assignment as 4-(N-acetyl- 

carbamoyl)-l-C(2-hyd~0~yethoxy)methyll-5-ethylainoiidazole ( 1 .  The ultraviolet spectra of 

4 vere similar to those of 3 .  

The less rapidly migrating diacetyl derivative had 'H nmr three-proton singlets for NAc, OAc, and 

NCHI, a sharp singlet for HZ, and two well-separated singlets for the carbamoyl HNH protons. 

Apparent quartet and triplet resonances vere present for the OCH,CH,OAc AA'BB' protons, respec- 

tively, and the NCH,O methylene protons appeared as an apparent doublet vith the lover intensity 

side-bands of an AA' system. A molecular ion peak for a diacetyl derivative was present in the 

mass spectrum of this compound in harmony vith its assignment as 5-(N-acetyl-lj-methylamino)-1- 

C(2-acetyloxyethoxy)methyll-4-ca~bamoylimida~ole (5). 

Treatment of 5 vith methanalic ammonia resulted in deacetylation of the hydroxyl oxygen, only, to 

give 5-(~-acetyl-~-methylamino)-4-~arbam0yl-l-[(2-hydroxyethoxy)methyl3imida~01e ( 6 ) .  The 'H n m r  

spectrum of 6 had three-proton singlets for the NAc and NCH, groups plus a sharp singlet for H2 

and two well-separated singlets for the carbamoyl HNH protons. A complex four-proton AA'BB' mul- 

tiplet for the OCH,CH,O protons and a clean triplet for the OH proton vere present. A narrowly 

split apparent daublet with the low intensity AA' side-bands from the chemically nonequivalent 

NCHiO protons was again present in this 5-N-acetylated product. 

Further evidence for the conjugative donation of lane-pair electrons from the 5-NHCH, enamine 

system in 3 was provided by u v  spectral data. The uv spectra of compounds 3 and 4 had shoulders 

at 270-275 nm and maxima at 256 nm in acid solutions and maxima at 273 nm in aqueous base. In 

contrast, the uv maxima of the 5-N-acetylated derivatives 5 and 6 were shifted hypsochromically 

into the vacuum uv region. Only shoulder inflections at -230 nm uere observed. 

Compound 3 and its 5-amino (desmethyl) analogue vere tested in the viral-infected, neoplastic, 

and normal control cell culture systems described in ref. 12. Neither compound showed any 

inhibitory or cytotoxic activity at the highest concentrations examined. Since the favored 

conformation of the 4-carbamoyl function of 3 has the NH, rather than the carbonyl oxygen in the 

orientation anti to the 4,5-bond of the imidazole ring, it may be "recognized" by thymidine 

kinases as an adenine-type rather than the acceptable guanine-type analogue. Evaluation of an 

anti-4-ca~bonylimidazo1e analogue remains an interesting question. 

EXPERIMENTAL 

Evaporations vere performed at or below room temperature under water aspirator or mechanical ail 

pump vacuum. Merck silica on plastic sheets (no. 5735) was used for thin-layer chromatography 

(TLC) vith uu detection of products under a 2537 A lamp. Column chromatography was conducted 

vith Merck silica (no. 7734, 63-200 pm). NMR speotra uere determined under ambient operating 



c a n d i t i o n s  v i t h  (CD,),SO as s o l v e n t  u n l e s s  o t h e r w i s e  s p e c i f i e d .  

9-C(2-Hydroxyethoxy)methyll-3-methyl-6-(diethylanopuine I o d i d e  ( 2 ) .  A s o l u t i o n  of 1.0 g 

(4.2 m o l )  of  9-C(2-hydroxyethoxy)methyll-6-(dimetllylamino)purine (1) and 2 m l  ( 3 2  mmal) of  

methyl i o d l d e  i n  5 m l  o f  DMF was a l lowed  t o  s t a n d  for 3 weeks a t  -0% ( r e f r i g e r a t o r ) .  The 

PeSUlt lng c r y s t a l s  were c o l l e c t e d  by f i l t r a t i o n  and washed w i t h  ace tone  t o  g i v e  882 mg (55%) o f  

?: mp 238-242'C d w ;  'H nmr (100 MHz) 6 3.40 and 3.87 ( s  and s, 3 and  3 ,  N(CH,l,), 3.51 ( b r  s, 

4 ,  OCH,CH,O), 4.23 (s .  3, NCH,), 5.91 ( s ,  2,  NCH,O), 8.61 and 8.72 ( s  and 3, 1 and 1 ,  H8 and Hz) ;  

MS (FAWglycero l )  m/z 252 (MI-1-1; uu (0.1N HCl/H,O) max 286 nm (E 18,200).  min 247 nm ( E  3900). 

Anal. Calcd. f o r  C,,H,.IN,O,: C ,  34.84; H ,  4.78; 1, 18.47. Found: C, 34.83; H, 4.89; N ,  

18.47. 

4-Carbamyl-l-C(2-hydroxyethoxy)methyll-5-(methy1a01inoimidazole (1) .  A s o l u t i o n  of 900 mg (2.37 

mmol) of 2 i n  18  m l  of 50% EN KOH/H,O/EtOH was heaced a t  r e f l u x  f o r  1 h. The cooled s o l u t i o n  was 

n e u t r a l i z e d  v i t h  Amber l i t e  IR-120(H*) r e s i n ,  f i l t e r e d ,  and evapora ted .  The r e s i d u e  was chromato- 

graphed on a s h o r t  column of s l l i c a  g e l  (25 g )  u i t t l  20% EtOHKHCl,. A p p r o p r i a t e  f r a c t i o n s  Mere 

pooled,  evapora ted ,  and t h e  r e s i d u e  was o r y s t a l l i z e d  from 95% EtOH t o  g i v e  418 mg (82%)  of 3: rnp 

124.5-126°C; 'H nmr (400 MHz) 6 2 .92 (a,  J = 6 Hz, 3 ,  NCH,), 3.49 (m,  4 ,  OCH,CH,O), 4.70 ( t ,  J = 

5 Hz, 1 ,  OH), 5 .33 ( s ,  2 ,  NCH,O), 6.05 ( q ,  J = 6 Hz, 1 ,  NKH,) ,  6.79 and 6.95 ( 8  and 3, 1 and 1 ,  

CONH,), 7 .35 (3, 1 ,  HZ); MS m/z 214.1067 ( c a l c d .  f o r  Mi:  214.1066); uv (0.1N HCl/H,O) s h o u l d e r  

270 nm ( c  7600) .  max 256 nm ( s  8 2 0 0 ) ,  min 225 nm ( E  33001, (0.1N NaOH/H,O) max 273 nm ( c  94001, 

min 228 nm ( r  5000) .  Anal. Caicd. f o r  C.H,,N,O,: C, 44.85; H, 6.59;  N ,  26.15. Found: C, 

44.63; H ,  6.65: N ,  26.27. 

A c e t y l a t i o n  of  3 .  A s o l u t i o n  of 600 mg (2 .8  m o l l  of 3 i n  5 m l  of p y r i d i n e  was coo led  t o  0°C and 

t r e a t e d  v i t h  600 mg (5.9 m o l )  of Ac,O. A f t e r  2 h, comple te  d i sappearance  of 3 had occur red  and 

two mare r a p i d l y  m i g r a t i n g  (TLC. 10% MeOH/CHCl,l p r a d u o t s  were observed .  Evapora t ion  o f  vola- 

t i l e s  fo l lowed  by column chromatography (100 g o f  s i l i c a  g e l .  5% MeOH/CHCl,) gave 250 mg (30%)  of 

t h e  more r a p i d l y  migrating produc t  which was c r y s t a l l i z e d  from CHClJPhCH, t o  g ive  4-(3- 

acetylcarbamyl)-l-[(2-acetyloxyethoxy)methyll-5-(methylaminoimidazole ( 4 ) :  mp 88.5-91°C; 'H 

nmr (CDCI,, 200 MHz) 6 1 .66 ( 8 ,  3 ,  NAc), 2.08 ( s ,  3 ,  OAo), 3.01 ( d ,  J - 6 Hz, 3 ,  NCH,), 3.70 and 

4.24 (AA'BB' m, 2 and 2 ,  OCH,CH,OAc), 5.31 (3, 2 ,  NCH,O), 5.99 ( b r  s, 1 ,  N F H , ) ,  6.55 ( b r  s, 1 ,  

CONF+l, 7.10 (s. 1 .  HZ); uv (0.1N HCl/H,O) s h o u l d e r  274 nm, max 256 nm, min 226 nm (0.1N 

NaOH/H,O) max 273 nm, mi" (220 nm, (MeOH) max 274 nm, mln 216 nm. 

The l e s s  r a p i d l y  m i g r a t i n g  p r o d u c t  was c r y s t a l l i z e d  from MeOH/PhCH, t o  Bive  203 mg (24%) o f  5-(3- 

acetyl-~-methylamino)-1-[(2-acetyloxyethoxy)methyll-4-~a~bamylimidzole : mp 184-186°C; 'H 

nmr (400 MHz) 6 1.69 ( s ,  3 ,  NAC), 1.96 (s ,  3 ,  OAc), 3.00 ( s ,  3 ,  NCH,), 3.65 ("q",  2 ,  OCH,), 4.10 

("t". 2 ,  CH,OAc). 5.29 ("d", 2 ,  NCH,Ol, 7 .25 and 7.42 ( s  and s. 1 and 1 ,  CONH,), 6 .98 (s ,  1 ,  HZ); 



HETEROCYCLES, Vol 25, 1987 

MS m/z 298.1278 (ca lcd .  f o r  Mt: 298.1277); uv (0.1N HCl/H,O) and (MeOH) shoulder  -228 m (0. lN 

NaOH/H,O) shoulder  -230 nm. 

5-(~-Acetyl-~-methylamino)-4-~a~bam3yl-l-C(2-hydroxyethoxy)methyllimida~01e ( 5 ) .  A 150-mg (0.5 

mrnol) sample of 5_ was t r e a t e d  v i t h  10 m l  of  NH,/MeOH ( sa tu r a t ed  a t  0%)  a t  room temperature 

Overnight. Evaporation of v o l a t i l e 8  and c r y s t a l l i z a t i o n  of t h e  res idue  from MeOH gave 104 mg 

(81%) of 6: DIP 170-172°C; 'H nmr (400 MHz) 6 1 .70 ( s ,  3 ,  NAc), 3.01 ( s ,  3,  NCH,), 3.46 (AA'BB' 

m, 4, OCH,CH,O). 4.72 ( t .  J - 5 Hz, 1 ,  O H ) .  5.28 ("d". 2,  NCH,O). 7.23 and 7.41 (s and 3, I and 

1 ,  CONH.), 7.96 (3, 1 ,  HZ); MS m/z 256.1174 ( ca l cd .  f a r  M + :  256.1172); uv (0.1N HCl/W,O) and 

(MeOH) shoulder  -228 m ( c  9800). (0.1N NaOH/H,O) shoulder  -232 nm ( E  9900). Anal. Calcd. f o r  

C,,H,.N,O,: C ,  46.87; H ,  6.29; N ,  21 236. Found: C, 46.60; H ,  6.24; N,  21 .82. 

X-Ray Analysis  of 2 .  Precession photographs of a c o l o r l e s s  c r y s t a l ,  measuring 0.4 x 0.4 x 0.1 

mm, showed sys temat ic  absences corresponding t o  space  groups p 2 ,  or Pbcm. In  view of t he  

absence of c h i r a l  c e n t e r s  and t he  presence of e i g h t  molecules i n  t h e  u n i t  c e l l ,  t h e  l a t t e r  space 

 POU UP was chosen f o r  da t a  co l l e c t i on .  The c r y s t a l  was mounted on a CAD4 d i f f r ac tome te r  and t h e  

following da t a  were obtained:  

orthorhombic, a = 8.718(1),  2 = 18.351(2) ,  2 = 12.570(2) A .  Y = 2011.0 A s ,  p c  = 1.42 g cm-'. Z - 
8 (20%. CuKo,, A = 1.54056 A ) .  r (O00)  = 912, u(CuKu) = 8.86 om-'. 

Unit c e l l  parameters vere determined from a leas t - squares  refinement of  22 high-order (41<0<54') 

r e f l e o t i a n s .  I n t e n s i t i e s  vere measured with N i - f i l t e r ed  CuKa r ad i a t i on ,  us ing  w/2B scans with 

va r i ab l e  scan ranges and speeds. Two s tandard  r e f l e c t i o n s  uere oani ta red  a t  r egu l a r  i n t e r v a l s ;  

t h e i r  i n t e n s i t i e s  f l uc tua t ed  by t 3 1  dur ing  t he  d a t a  c o l l e c t i o n .  There vere 2187 unique r e f l e c -  

t i o n s  v i t h  20 S 15Z0 of which 74 with < 3 o ( I )  were oms ide r ed  unobserved. The i n t e n s i t i e s  vere 

Corrected fop Lorentz and po l a r i z a t i on  f a c t o r s ;  absorp t ion  co r r ec t i ons  uere cons idered  unneces- 

sary .  

The s t a t i s t i c s  of E values c l e a r l y  ind ica ted  an  a c e n t r i c  space group which had t o  be  ~ c a Z ,  (no. 

29) v i t h  two molecules i n  t h e  asymmetric u n i t .  I n  o rde r  t o  avoid re-indexing of a l l  r e f l e c t i o n s ,  

t h e  a l t e r n a t i v e  space  group rbc2 ,  was chosen uhich has  t h e  following equ iva l en t  pos i t i ons :  5 ,  x, 
. . - 

2 ;  5. 1, Xtz; 5 ,  '!q, &z; 5 .  %+I, 2. The s t r u c t u r e  was determined by d i r e c t  methods v i t h  t h e  - 

a i d  of t h e  computer program MILT AN^^.^^ Of t h e  20 s t a r t i n g  s e t s  subjec ted  t o  tangent  refinement,  

t h e  s o l u t i o n  with t h e  h ighes t  combined f i gu re  of  meri t  y ie lded  an E map on which a l l  30 atoms i n  

t h e  asymmetric un i t  could be loca ted .  Refinement was ca r r i ed  out  by t h e  block-diagonal  l e a s t -  

squares  procedure. Anisotropic temperature parameters uere used f o r  nonhydrogen atoms, while 

hydrogen a t o m ,  loca ted  on d i f f e r ence  Fourier maps, vere r e f i ned  v i t h  i s o t r o p i c  parameters. The 

Sca t t e r i ng  f a c t o r s  were taken from the  I n t e r n a t i o n a l  Tables  f o r  Y-Ray ~ r y s t a l l o g r a p h y ~ ~  and t h e  

oxygen curve was correc ted  f o r  anomalous d i spe r s ion .  Throughout t h e  refinement t h e  func t ion  



Table 3. Final atomic coordinates and thermal parameters.? 

-- - 
Atom x/a - - - y/b - Z / C  - - U 

-eq 

Nl A 10478(2) 2714(1) 6608(2) 312 

C2A 10803(3) 2620(1 ) 7669(2) 410 

N3A 10244(3) 2022(1) 8045(2) 402 

C4A 9470(3) 1689(1) 7191(2) 349 

C5A 9611 (3) 2120(1) 6285(2) 352 

C6A 8618(3) 1017(1) 7385(2) 38 2 

N7A 8812(4) 718(1) 8347(2) 493 

08A 7748(3) 137(1 ) 6711(1 526 

N9A 9113(3) 2085 (1 5261 (2) 468 

ClOA 8933(5) 1404(2) 4694(3) 562 

C1 'A 11026(3) 3303(1) 5933(3) 432 

C4'A 9377(5) 4237(2) 6548(3) 539 

04'A 9861 (2) 5663(2) 434 

C5'A 8425(4) 4858(2) 6144(3) 565 

05'A 7016(3) 4599(2) 5805(3) 711 

NIB 5457(2) 2520(1 ) 4291(2) 408 

C2B 6190(4) 2426 (2) 3333(3) 483 

N38 5716(3) 1855(1) 2818(2) 45 4 

C 48 4582(3) 1558(1) 3457(2) 387 

C5B 4421(3) 1961(1) 4375(2) 377 

C6B 3141 (3) 896(1) 3189(2) 40 1 

NIB 4164(4) 541 (1 2322(2) 528 

088 2658(3) 683(1) 3758 (2) 534 

N9B 3372(3) 1848(2) 5178(2) 503 

Cl 08 3884(6) 1837(3) 6274(3) 720 

C1 'B 5711(4) 3137(2) 5012(3) 495 

C4'B 4249(5) 4043(2) 4114(3) 623 

04'8 4462(3) 3613(1) 5043(2) 51 4 

C5'B 3310(5) 4107(2) 4397(3) 623 

05'8 4185(3) 5180(1 5048(3) 680 

3 1 1  values were multiplied by 10'. 

- S O 4  - 
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w( F - F was minimized and a f a c t o r  o f  0.8 was a p p l i e d  t o  a l l  s h i f t s .  The f a l l o w i n g  
- I I-el 
weigh t ing  scheme was used d u r i n g  t h e  f i n a l  s t a g e s :  w = u , . ~ , ,  where u, = 1 f o r  F  <8 w, - 

I--oJ . - - 

8/1%( far 15117, u, = s i n ~ 0 . 7  f o r  IF0(S0.7, w, - 1 f o r  )5)>0.7.  T h i s  scheme made t h e  

a v e r a g e  v a l u e s  of  ?(ATZ) independen t  o f  F  and s i n % .  A f t e r  t h e  f i n a l  c y c l e  t h e  a v e r a g e  para- 
1-01 

mete r  s h i f t  e q u a l l e d  0.20 and t h e  l a r g e s t  one 1.00. A f i n a l  d i f f e r e n c e  F o u r i e r  map showed no 

s i g n i f i c a n t  f e a t u r e s .  Three  s t r o n g ,  low-order r e f l e c t i o n s  s u f f e r e d  from secondary  e x t i n c t i o n  

e f f e c t s  and were given  zero w e i g h t s .  The f i n a l  c o n v e n t i o n a l  r e s i d u a l  index  R is 0.048 and t h e  

we igh ted  index  R i s  0.058 for 2110 obse rved  r e f l e c t i o n s .  F i n a l  a t o m i c  p a r a m e t e r s  a re  l i s t e d  in  -" - 
T a b l e  3. 
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