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Abstract  - A s e r i e s  of new N-(5-benzofurazanoy1)-L-U-amino 

ac ids  (2) and e s t e r s  ( 2 )  have been prepared. The cd spec t ra  

of t h e  L-al iphat ic  and L-aromatic amino ac id  d e r i v a t i v e s  (2) 

disp lay ,  i n  organic so lven t s ,  s i g n  invers ion  f o r  t h e  measured 

Cotton e f fec t  (CE) bands. Comparable t rend i s  a l s o  observed 

f o r  t h e  respec t ive  amino e s t e r  analogues ( 2 ) .  This c h i r o p t i c a l  

behaviaur might be a t t r i b u t e d  t o  d i f fe rences  i n  conformational 

e q u i l i b r i a  of e i t h e r  s e r i e s .  ' H - N ~  and m s  spectra  of t h e  t i t l e  

compounas a r e  discussed. 

INTilODUCTION 

Recently we have repor ted on t h e  syntheses and c h i r a p t i c a l  p r o p e r t i e s  of a  s e r i e s  

of N-(5(6)-benzofuroxan0~1)-L- d-amino ac ids  and es te r s1  (11, Scheme 1 ). L- 

Al ipha t i c  and L-aromatic d e r i v a t i v e s  of exhibi ted c i r c u l a r  dichroism ( c d )  

1 curves t h a t  displayed s ign-reversal  f o r  c e r t a i n  Cotton e f f e c t  (CE) bands . In 

t h i s  context,  cd data  on the  "non-oxygenated" benzofurazan chromophore a r e  des i r -  

a b l e  f o r  comparison. Such s t u d i e s  a r e  h i t h e r t o  no t  repor ted,  and might a s  wel l  

shed l i g h t  on t h e  con t r ibu t ion  of t h e  N-oxide funct ion,  if any, t o  t h e  observed 1 

c h i r o p t i c a l  behaviour of compounds g. This prompted us  t o  i n v e s t i g a t e  t h e  

c h i r o p t i c a l  behaviour of model ~-(5-benzofurazanoyal)-~-o~anino ac ids  and e s t e r s  

(1, Scheme 1 ) .  The present  work descr ibes  t h e  syntheses and s p e c t r a l  p roger t i e s  

of compounds 2. 



RZSULTS AND DISCUSSION 

A .  SYNTHESES 

The N-(5-benzofurazanoy1)-L-M-amino ac ids  ( I ,  5-%, Scheme 1 and Table 1 )  were 

obtained by d i r e c t  benzofurazanoylation of t h e  appropr ia te  L-o(-amino a c i d  us ing 

5-benzofurazonoyl chloride 1 i n  a bas ic  medium (10% aqueous sodiun. carbonate,  o r  

2% aqueous sodiurr. hydroxide). The required a c i d  chlor ide  1 was prepared by t h e  

a c t i o n  of th iony l  chior ide  onto t h e  corresponding a c i d  (s), following standard 

2 
procedure . The parent  a c i d  ( 2 )  was i n  t u r n  obtained by s a p o ~ i f i c a t i a n  of t h e  

corresponding e t h y l  e s t e r  (2)3. The l a t t e r  e s t e r  was produced by deoxygenation 

of t h e  N-oxygenated acid  2 with t r i e t h y l  phosphite i n  absolute  e thanol  under 

reflux3. The ac id  2 was i d e n t i c a l  wi th  a n  a u t h e n t i c  sample obtained by mild 

4 oxidat ion Of 5-formylbenzofurazan , and was f u r t h e r  character ized by conversion t o  

4 t h e  corresponding methyl e s t e r  upon treatment wi th  diazomethane. 

The corresponding methyl e s t e r s ( ~ ,  2-9, Scheme 1 )  were prepared e i t h e r  by t r e a t -  

ment of t h e  pa ren t  ac ids  @-= with  diazomethane, o r  by i n t e r a c t i o n  between 5- 

benzofurazanoyl chlor ide  1 and t h e  appropr ia te  L-#-amino e s t e r  hydrochloride i n  105; 
1 aqueous sodium carbonate following analogous l i t e r a t u r e  procedure . Compound 10b 

was a l s o  prepared, though l e s s  conveniently,  by d i r e c t  coupling between t h e  ac id  

2 and L-phenylalanine methyl e s t e r  hydrochloride us ing diphenylphosphoryl az ide  - 
5 (DPPA) a s  t h e  coupling reagent . The phys ica l  da ta  f o r  compounds 6-10 a r e  given 

i n  Table 1 .  

The reac t ion  condi t ions  employed t o  prepared s e r i e s  I a r e  q u i t e  n i l d  so  t h a t  t h e  

cen te r  of c h i r a l i t y  is  expected t o  be unaffected; hence compounds I a r e  presumed 

t o  be o p t i c a l l y  pure. This is i n f e r r e d  from previous s t u d i e s  ind ica t ing  t h a t  

comparable a c y l a t i o n  of t h e  amino function, under s imi la r  condi t ions ,  l e d  t o  no 

de tec tab le  racemization1'6. 

B. SPECTRAL DATA 

Mass Spectra:  The h s  spec t ra  of compounds 2-11! show t h e  c o r r e c t  molecular ions  

expected f o r  t h e  molecular formulae. I n  both a c i d  5-% and e s t e r  2-10b deriva- 

t i v e s ,  bond cleavage a t  t h e  carboxy grouping produces t h e  aldiminium ion  

( >  5m), possibly  v i a  t h e  acylium ion  ( (2%) (scheme 2). Also, t h e  amide 

cleavage predominates t o  give t h e  benzofurazanoylium ion  1 a s  t h e  base peak except 

f o r  10a (65%) and (7%) where t h e  base peaks a r e  a t  m/z 148 and 162, - 



Scheme 1 
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respec t ive ly ,  a r e s u l t  of t h e  competing McLafferty rearrangement process.  The 

l a t t e r  rearrangement seems t o  be l e s s  important i n  t h e  v a l i n e  de r iva t ives  % a n d  

8b. The ion  undergoes f u r t h e r  fragmentation e i t h e r  v i a  l o s s  of carbon - 
monoxide o r ,  more favourably, v i a  extrusion of n i t r i c  oxide (NO) t o  f u r n i s h  

(4-71;) and d (12-ZW),  respect ively .  From e i t h e r  of t h e s e  ions ,  t h e  ni t reniux 

i o n  (poss ib ly  i n  e q u i l i b r i m  with  i t s  azepiniun ion) i s  then generated i n  

8-13% r e l a t i v e  abundance. 

It i s  worthnoting t h a t  d i r e c t  l a s s  of n i t r i c  oxide from t h e  molecular ion  i s  not 

observed i n  these  anide d e r i v a t i v e s  6 - 2 .  This process becomes important only 

a f t e r  t h e  amide cleavage has proceeded. However, t h e  ~:I-NO]+ peak is observed 



Table 1. Analyeses and Physical  Data o f  Compounds & ( 6 - 2 ) .  

% Analyses 

Calcd Found 

Compd. MP('C) Mol. Forclula C H N C H N 
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Scheme 2 

in the ms spectra of the parent acid 2 (25%) and the corresponding esters 2 and 
4 ( H Z % ) ,  but is absent in the rns of the acid chloride 1. In this context, - 
extrusion of nitric oxide from furazans and benzofurazan has recently been 

reported" as the most important framentation mode of the molecular ion. This 

primary step also prevails in the 5-chloro- and 5-methoxylbenzofurazans,whereas 
8 

it is quite unimportant in the 4- and 5-methylbenzofurazans . 
'H-plmr Spectra. The multiplicity-splitting pattern of the three protons (belong- 

ing to the benzofurazan moiety) in the 'H-nmr spectra of compounds 6-10 corresponds 
to an ABX system, of which H-4 represents the X portion. The latter proton's 

signal, in hexadeuterioacetone, is centered at 68.55 for the aliphatic acid 

derivatives &-&, whereas it is upfield shifted to 68.42 for the aromatic 

counterpart B. Comparable upfield shift is also observed, in the solvent 
deuteriochloroforrn, for the aromatic ester as contrasted to the aliphatic 

ester analogues (68.24 for 2-E, and 68.14 for 9). This shielding effect 

is probably the result of special "interaction" between the phenyl ring and the 

benzofurazan hetero-ring in 2, a factor absent in the aliphatic series 5-8. 



The '~-nmr spec t ra  of 5-2 a l s o  display protons '  s igna l s  t h a t  conform with  t h e  

d i f f e r e n t  ind iv idua l  amino a c i d / e s t e r  res idues .  

Uv Spectra (l'able 2 and Figure 1 ) .  The e l e c t r o n i c  absorption spec t ra  f o r  solu- 

t i o n s  of benzofurazan were recorded i n  t h e  l i t e r a t ~ r e ~ ' ~ .  Benzofurazan e x h i b i t s ,  

i n  t h e  solvent  e thanol ,  absorpt ion band around 268 nm (&=3400)  ascr ibed t o  
X 9 

n 3 e l e c t r o n i c  t r a n s i t i o n  . I n  compounds I the  uv bands of t h e  absorbing 

5-benrofurazanoyl chromophore experience bathochromic s h i f t s  a s  a  r e s u l t  of t h e  

conjugative e f f e c t  of t h e  amide carbonyl. Thus, t h e  uv spec t ra  of t h e  deriva- 

t i z e d  amino a c i d s  &-10a and t h e  respec t ive  e s t e r s  %-* e x h i b i t ,  i n  organic 

solvents ,  a s t rong  band a t  about 206 m,  and two medium bands c l o s e l y  located a t  

ca. 285 and 295 nm whose e l e c t r o n i c  t r a n s i t i o n s  a r e  probably of 7f--+7( or ig in .  

A low i n t e n s i t y  band i n  t h e  range 310-320 nm i s  a l s o  observed a s  a shoulder along 
t 

t h e  r i s i n g  t a i l  of t h e  medium bands, and is probably o f  n  -fl or ig in .  

Circular  Dichroism Spectra (Table 2  and Figure 1 ) .  The cd spec t ra  of 

N-(5-benzofurazanoyl) L-a-alanine, and -L-U-valine (z, g) disp lay ,  i n  methanol, 

pos i t ive  Cotton e f f e c t  bands a t  ca. 285 and 295 nm t h a t  coincide wi th  uv absorp- 

t i o n  maxima. Two s t ronger  Cii bands of opposi te  s igns  a t  ca.  250 and 217 nm 

(negat ive  and p o s i t i v e ,  r e spec t ive ly )  a r e  a l s o  recorded; t h e  former band coincides  

'vith a  uv minimum, ind ica t ing  t h a t  its e l e c t r o n i c  t r a n s i t i o n  is probably magnetic- 

d ipole  allowed, but e lec t r i c -d ipo le  forbidden i n  the  zero order.  The n  -f* 
e l e c t r o n i c  t r a n s i t i o n  i s  a l s o  o p t i c a l l y  a c t i v e  shoiiing a  p o s i t i v e  C 3  maximum a t  

about 310 nm ( shou lder ) ,  a l b e i t  with a  10.4 value f o r  the d i f f e r e n t i a l  d ichro ic  

absorption (A&). The conjugation bands a t  285 and 295 nm show a  two-fold inc rease  

i n  t h e  value ofA& (hyperchronic e f f e c t )  when goining from methanol t o  a c e t o n i t r i l e  

o r  dioxane, while t h e  shoulder located a t  longest  wavelength i s  red-shifted.  

Similar cd t rend i s  a l s o  observed f o r  t h e  corresponding e s t e r s  (2, 2) of t h i s  

L-#-aliphatic s e r i e s .  

The cd spectra  of the  aromatic L.4-phenylalanine and L-phenylglycine de r iva t ives  

(2, S )  i n  methanol a r e  s i m i l a r ,  but d i f f e r  from those of t h e  a l i p h a t i c  L-u- 

amino a c i d  counterpar ts  (z, E) i n  t h e  s igns  of t h e  C'. bands. In  t h e  former 

s e r i e s ,  s i g n  invers ion  i s  obser-fled f o r  t h e  Ci? bands located a t  longest  wave- 

lengths  ( p o s i t i v e ) ,  a s  we l l  a s  t h e  CE band a t  ca. 215 m (nega t ive ) .  Comparable 

cd t r end  is l i k e x i s e  observed i n  t h e  so lven t s  a c e t o n i t r i l e  and dioxane, s p e c i a l l y  
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f a r  the  intense highest energy band around 215 nn which i s  invariably negative. 

Corresponding cd behaviour is a l so  observed f o r  the  L-aromatic amino e s t e r  

analogues (z,  2). This phenomenon of s ign reversa l  was previously observed f o r  

the  L-aliphatic and L-aromatic s e r i e s  of the  respect ive N-oxygenated compounds 

(I)1, and i s  probably t'ne r e s u l t  of differences i n  r e l a t i v e  population of con- 

formational isomers i n  e i t h e r  s e r i e s .  Arguments along the  l i n e s  adopted i n  

previous, re la ted  work1 apply a l s o  here. Thus, it i s  assuxed t n a t  i n  the 
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Table 2. CD and UV Spec t ra l  Data of t h e  L-llerivatives 1-10, 

C 
i.10. so lvent  cod/ hma,(AE ) - 





6b - M 310sh(3.1), ZgS(5.0). 285(5.3),  275sh(4.7), 

207(24.6). 

A :12sh(3.3), 296(4.9). 285(5.2),  275sh(4.6), 

207(27.7). 

D 313sh(3.4), 295(5.0), 286(5.1),  278sh(4.8). 

207(27.0). 

C .. so lvents  used: M = Methanol ; A = Aceton i tr i l e  ; D = Dioxane. 

dsh = Shoulder. edE value could not be determined with certainty .  
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L-aromatic s e r i e s  (9,  10) a conformation predominates t h a t  allows " in te rac t ion"  

between the  phenyl moiety of t he  amino acid residue and t he  benzofurazan chromo- 

phwe. This aryl-heteroaryl " interact ion" i s  manifested i n  the  'H-nmr spec t ra l  

data;  t he  benzofurazanoyl protons'  s igna l  a t  lowest f i e l d  i s  upf ie ld  shif ted i n  

10 r e l a t i ve  t o  an invariant  pos i t ion  i n  the  a l i pha t i c  analogues 5-8 (vide supra).  - 

In  conclusion, s ign  inversion of c e r t a i n  CE bands, formerly reported f o r  t h e  

benzofurazan N-oxides (11)1, i s  a l so  recorded i n  t h i s  study f o r  the  non-oxygenated 

benzofurazan analogdes (I). Apparently, t he  or ig in  of t h i s  phenomenon appears t o  

be governed la rge ly  by conformational f a c to r s  t h a t  allow differences i n  " in te r -  

action" between t he  hetero-ring and the  L-aliphatic/L-aromatic amino acid residues. 

In  these systens, t he  N-oxide funct ion contr ibutes  l i t t l e ,  i f  any, t o  t h e  observed 

ch i rop t ica l  behaviour. In  con t ras t ,  the  N-oxidation e f f e c t  plays a dominant ro le  

t h a t  explains differences i n  t he  ch i rop t ica l  p roper t ies  of the  N-(2-quinoxaloy1)- 

10 L-U-amino acids  a s  compared t o  t he  corresponding quinoxaline N-oxides . 

EYPERIMENTAL 

L-a-amino acids  and the  corresponding e s t e r s  riere of Biochemical grade (Fluka). 

Merck s i l i c a  ge l  ( H F ~ ~ ~ + ~ ~ ~ )  was used for  preparat ive t l c  p l a t e s ,  with chloro- 

form a s  the  eluent.  

Melting points  were determined i n  cap i l l a ry  tubes on a Gallenkamp apparatus and 

a r e  uncorrected. Optical r o t a t i on  measurements were obtained with a Perkin-Elmer 

141 polarimeter i n  dirnethylformamide f o r  t he  ac ids ,  and i n  chloroform f o r  t h e  

e s t e r s  (c ,  1-2). '~-Nmr spectra  were recorded on JEOL - MH - 100 (100 MHz) o r  a 

Brucker-FX-90 (90 MHz) spectrometers using deuteriochloroform, o r  hexadeuterio- 

acetone a s  solvents  and te t rane thy ls i l ane  a s  an i n t e rna l  standard. Uv spectra 

were run with a Cary-17 spectrophotometer i n  c e l l s  of 0.01-0.05 cm pathlength. 

Cd spectra were recorded on a Jobin Yvon Dichrograph I11 Division d ' ins t ru-  

ments S.A f o r  solut ions i n  methanol, a c e t o n i t r i l e  and dioxane a t  2 0 ' ~  i n  c e l l s  

of 0.01-0.2 cm path length; concentrations were i n  the  range of 0.2-0.8 mg/ml. 

Mass spectra were obtained with a Varian CH-5 spectrometer (70 eV) using the 

d i r e c t  i n l e t  technique. 



Eiicroanalyses were carried out at the laboratories of Dr. F. Pascher/E. Pascher 

( Ronn-West Germany), and at Ul.1IST (zngland) . 

General Procedures. 

5-zthoxycarbonylbenzofurazan (2). 5(6)-carboxybenrofuroxan2 (2 , 0.025 mol) and 
triethyl phosphite (20 ml) in absolute ethanol (200 ml) were refluxed for 3 h. 

The alcohol was evaparted in vacuo (120 mmHg); the residue was then steam- 

distilled, and the product was collected from the cooled distillate. Yield = 

78%; mp = 41-42'~  it'. mp = 42-43'~). 

5-Carboxybenzofurazan (2) .  Compound 3 (0.02 mol) in aqueous sodium hydroxide 

(5%, 80 ml) was heated on a water bath for 30-40 min. The resulting clear solu- 

tion was filtered, the cooled filtrate was acidified with j N  hydrochloric acid 

to pH 3, and the precipitated product ,was collected. Yield = 9V1; mp=160-161~~ 

 it^. mp = 159'~). 

5-'lethoxycarbonylbenzofu-azan (4). This ester .was obtained in almost quantita- 
tive yield by treatment of the parent acid 2 with diazomethane in ether,and was 

purified by vacuum sublimation (95'~/30 mm Hg). ~ ~ = 4 & - 4 5 ~ ~ .  Anal. calcd for 

C8H6N2O3:C,53.94; H,3.93; N.15.72. Found: (2.54.08 ; H,3.45 ; 1!,15.56. 

5-Benzofurazanoyl Chloride (1). The acid 2 (3.02 mol) and thionyl chloride 
(12 ml) in toluene (40 ml) were refluxed far 3 h. rxcess of thianyl chloride 

and toluene were removed in vacuo, and the oily residue was crystallized from 

petroleum ether as fine colourless needles. Yield =80-85%; mp =51-52'~. Anal. 

Calcd for C H N 0 Cl: c,46.05; H,1.66; N.15.34; c1,19.42. Found: C,45.82 ; 7 3 2 2 
H,1.59; N,15.27; ~1.19.36. 

X-(5-Benzofurazanoy1)-a-amino Acids (S-B, Table I). The acid chloride (1 , 
0.01 mole) was added, over 30 ain , to a stirred solution of the particular 
amino acid (0.02 mol ) in aqueous sodium hydroxide (576, 25 ml) or sodim 

carbonate (I%, 20 nl) at 0-5'~. The resulting violet-colau-ed solution was 

further stirred at ambient temperature w.til a yellow colouration was acquired 

(2-4 h.). The reaction mixture was then filtered, the cooled filtrate was 

acidified with 5N hydrochloric acid to pH 3, and the precipitated product 

was collected (compound 2 separated slowly upon cooling for overnight). Yields 
were in the range of 65-8%. 
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N-(5-Benzofurazanoy1)-*-amino Acid Xetnyl Esters (S-B, Table 1). (i) The 

particular acid (0.01 mol) in ether (50 ml) was treated with diazomethane 

in ether in the conventional manner. The solvent was then evaporated, and the 

residue was crystallized from the appropriate solvent. Yields viere in the range 

of 80-90%. 

(ii) 5-Benzofurazanoyl chloride (1 , 0.01 no1 ) in tetrahydrofuran (10 ml) was 

added dropwise to a stirred solution of the appropriate O(-amino ester hydro- 

chloride (0.012 mol) in aqueous sodium carbonate (1096, 60 ml) at 2-5'~. The 

resulting mixture was stirred for additional 20 min , diluted with water (40 nl), 
and extracted with diethyl ether or chloroform (2x30 ml). The combined organic 

extracts were dried (;9gS04), the solvent was evaporated, and the residue was 

purified by recrystallization from a suitable solvent. Yields were in the range 

60-7%. 

(iii) A solution of the acid (2 ,  0.01 mol) and DPPA (0.012 mol) in dimethyl- 

formanide (25 ml) was stirred at 0-5'~ for 30 min. L-U-phenylalanine methyl 

ester hydrochloride (0.012 mol) and triethyl amine (4 ml) were then introduced, 
0 successively; the reaction mixture was further stirred for 2 h at 0 C, and for 

6 h at room temperature. The solution was then filtered, the filtrate was 

diluted with cold water (150 ml), the precipitated product (s) was collected 

and purified on preparative tlc plates. Yield = 55%. 

This work was supported by the iiesearch Council-Yarmouk University. 'We are 

grateful to Prof. Dr. 2. Steiglich (Born Universitat, mi) for Instrumenta- 
tion facilities. 
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