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EMEHETERONE: SYNTHESIS AND STRUCTURAL REVISION 

Aklhlro Ohto*, Akihiko Ko]rma, and Yutaka Aoyagr 

Tokyo College of Pharmacy 

1432-1 Harinouchi, Ilachloj~. Tokyo 192-03. Japan 

Abstract - Emeheterone, a fungal metabolite, was synthesized 

from DL-phenylalanine. aased on the results of this synthesis. 

the structure of emeheterone was redetermined as 3.6-dlbenzyl- 

2-hydroxy-5-methoxypyrazine 4-oxide. 

In a prevzoui paper, the uxzdation of 2-hydroxy-3.6-dilsobutyl-5-mettioxypyraaine 

by permalelc acid ( P M A )  was found to occur at N-1 and the synthesis of 2-hydroxy- 

3.6-d~isobutyl-5-inctl10xypyrnzine 4-oxlde was conducted in three steps from 

2-l~ydroxy-3.6-d~isobutyl-5-mettioxypyrazi.~ Based on the results. 3.6-dlbenryl-2- 

hydroxy-5-methoxypyraz~ne 1 !l! - end 4-oxldes !Z) were synthes~zed i n  the present 

study. The ir and 'H-~lmr spectra and melting polnt of the latter compound agreed 

with those of emohetcr~ne.~ It thus became evident that the structure of 

emchcterone should be revised. The present study was carried out for this purpose. 

En : benzyl 

OH Emeheterone (reported2) 
DL-Phcnylalanlne anllydrlde (3) ,3 prepared from DL-phenylalanlne by refluxlng i n  

ethylene glycol, was heated with a mixture of phosphoryl chloride and a small 

amount of phosphorus pentachloride at llO'C rn a sealed tube to give a mixture 

of 3.6-dibenzyl-5-chloropyraz~nc !:14 and 3.6-dlbenryl-2.5-dichloropyrazine ( 2 ) .  4 

These compounds were separated from each othcr by silica gel column chromatography. 

Compound - 4 was converted to the corresponding methoxypyrarinf (51, which was then 

oxidized with permaleic acld to glve 3.6-dibenryl-5-methoxypyrazine 1-oxidc ( 2 ) .  

The s ~ g n a l  of the pyrazine ring proton of 1 in 'H-nmr spectrum appeared in a field 

hlgher than that of 6 , 5  ~ndicating that the oxidation of 4 occurred posslbly at - 

N-1. 

Compound 1 was heated with acetic anhydride under reflux to afford a mixture of 



6-(a-acetoxybenzyll-i-beeeyl-5-meth0xypyrazinc ( 8 )  and 2-acetoxy-3.6-dibenzyl- 

5-methoxylpyrarine ( 2 )  1 : 1 . 6  These were successfully separated by ~llicil gel 

column chromatography. In the structure of the former I!), the position of the 

acetoxyl group was not confirmed. iiowcvcr. the rearrangement of acetoxyl group 

from the N-oxlde group appeared likely to take place at the ne~ghbor~ng benzyl 

group. Compound 9 was hydrolyzed by heating i n  methanol-water containing potasslum 

carbonate to give 3.6-dibenzyl-2-hydrony-i-methoxypyraz~ne (gi. 

Bn 

6 - 
/ 

a) in ethylene 

c) NaOMeiMeOH, reflux, d) PMA, room temperature 

e) Ac,O, reflux, f) 10% K,C031MeOH, reflux - 10 

The oxrdatron of the 2-hydroxy-5-methoxypyrazinf ( 1 0 1  with permalelc acrd gave 

a monox~de. The product showed a red coloration wrth ferrlc chloride, thus 

indicating that oxldatlon may occur at N-1 to grve the 2-ilydroxy-5-mathoxypyraz~n~ 

1-oxide (i]. However, the melting polnt and spectral data of - 1 were not identical 

with those of emeheterone and thus a study on synthesis of 3.6-dlbenzyl- 2-hydroxy- 

5-methoxypyrarlne 4-oxlde (21 was made. Following the method r ~ p o r t c d . ~  compound 

10 was benrylated to 3.6-dibenryl-2-benryloxy-5-mft110xypy~-azin ( I l l .  whlch was 

oxidized with permalelc acid to glve a mlxture of monoxides. 3.6-dibenzyl-2- 

benzyloxy-5-methoxypyrazine 1-oxide (l2) and 4-oxide (11) ( 3 : 4 ) .  The products 

could bc separated from each other by sillca gel column chromatography. These 
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compounds  c o u l d  b e  distinguished f rom e a c h  o t h e r  by  their 1 3 ~ - n m r  s p e c t r a . '  I n  

t h e i r  13c -nmr  s p e c t r a ,  C - 2  of 2 a n d  of  C-5 o f  s i g n a l s  c o u l d  be observe:; i n  

a f i e l d  h l g h e r  t h a n  t h o s e  of - 1 1 ,  r e s p e c t i v e l y .  

The h y d r o g e n o l y s l s  o f  - 1 2  u s l n g  5% Pd-C gave i. Under  t h e  same c o n d i t i o n s ,  2 was - 

o b t a i n e d  f r o m  1 3  a n d  t h e  p r o d u c t  showed n o  c o l o r a t ~ o n  w i t h  f e r r l c  c h l o r i d e .  The - 

s p e c t r a l  d a t a  a n d  m c l t l n g  p o l n t  o f  2  w e r e  c o m p l e t e l y  identical w l t h  t h o s e  o f  - 

e r n e i ~ e t e r o n e . ~  The  ir s p e c t r u m  of f r n e i ~ f t e r o i l e  showed a b a n d  a t  1640  cm-' d u e  t o  

a n  srni~ic g r o u p ,  a n d  t h u s  en l c i r e t e rone  may e x l s t  p r l r n a r l l y  in the p y r i r ~ n o n e  fa r : ,  

0 0 

a) BnBr, tetrametylammonium bromide, in 10% KOHICHCI, 

b) PMA, c )  H, I 5% Pd-C, in ethanol 

EXPERIMENTAL 

No c o r r e c t i o n  was made for a n y  of t h e  m e l t ~ n g  o r  " o i l i n g  p o m t s .  '~l-~rnr s p e c t r a l  

d a t a  w e r e  o b t i l l n e d  w l t h  V i i r l on  EM-390 o r  B r u c k e r  AM-400 i n  CDC13 u s l n g  TMS as  

t h e  l n t e r n a l  s t a n d a r d .  I 3 C - ~ r n r  s p e c t r a  w e r e  t a k e n  i n  CDCl3 w l t h  B r u c k e r  AM-400 

u s i n g  TMS a s  t h e  i n t e r n a l  s t a n d a r d .  F o r  co lumn  c h r o m a t o g r a p h y .  Wakoge l  C-200 IWAKO 

P u r e  C h e m i c a l  I n d .  L t d . .  Tokyo !  was  u s e d  a s  t h e  p a c k l n g  m a t e r i a l .  Med lum-p re s su re  

c o l l m n  c h r o m a t o g r a p h y  was c o n d u c t e d  u s i n g  a UVILOG ALPC-100 a s  t h e  pump, UVILOG 

5 I I I a  a s  t h e  U V  d e t e c t o r  (Oyo-Bunko K i k l  C o . .  L t d . .  Tokyo1 a n d  Klesel g e l  60  [Merck  

AG. D a r m s t a d t !  a5 t h e  p a c k l n g  material. The  f o l l o w i n g  i n s t r u m e n t s  w e r e  u s e d  t o  

o b t a i n  o t h e r  s p e c t r a l  d a t a .  I r  s p e c t r a :  J a p a n  S p e c t r o s c o p i c  Co. A-100; Ms: t l i t a c h ~  

M-808 s p e c r o m e t e r .  



Reaction of DL-Phenylalanrnc Antrydr~de (31 with a Mixture of POC13 and PC15 
- - 

A mlxture of 3 (20 g. 68 mmoll. POC13 (40 ml, 430 rnmoll and PC15 (ca. 5 g ,  24 

mmol) was heatcd at llO0C for 3 h l i t  a sealed tube. After b e i n g  cooled, the mixture 

was poured into ice water. The resulting mixture was made alkaline wlth powdered 

K2C03 and extracted wrth CHC13. The CtIC13 layer was drled over Na2S04 and the 

solvent was evaporated in vacuo. The residue was purifled by column chromatography 

elutlng with hexane to give - 5 and wlth a mixture of hexane-Et 0 19:ll to g r v e  2 

4. successively. - 

3.6-Dlbenzyl-5-cIiloropyraa1ne (41: colorless prlslns (hexane): mp 37-37.5'C (lit., 4 

mp 35.5-37~C): yleld: 6.2 g (3181. 

3.6-Dlbenzyl-2.5-dlchloropyraaaae (51; colorless prlsms (150-PrOH): rnp 117.5-118-C 

i l ~ t . . ~  mp 107-109.C): yleld: 9.2 g (41%1. 

Synthesis of 3.6-Dlbenzyl-5-mct1~oxypyraa1ne (6) 

A chloropyrazine (4) (70 g, 0.238 moll was added to a MeOH solutlon of NaOMe, 

prepared from Na (27 g, 1.2 g atom) and MeOH (600 mll, and thc reaction mixture 

was refluxed for 6 h. Following removal of the solvent by d~stillatron m viicuo. 

the residue was triturated wrth 1120 and extracted wlth CHC13. The CIICII layer 

was washed wlth saturated aq. NaCl and dried over Na SO4. Tho solvent was 
2 

cvaporatcd and the resulting or1 was purifled by distlllatlon. Colorless orl: 

bp l5O0C/O.0l torr: yield: 65.6 g (952-1: ms: m/z 290 (M+I: 1 -  9 M I :  6 

3.82 ( 5 ,  3H. 0CH31. 3.88 is. 2H. CH2Phl. 3.99 Is. 2H. CI12Ph). 7.06-7.22 (m. 10H. 

b e n z e n e  Hi. 7.82 ( s .  lH, pyrarme i l l  ppm: +. Calcd for C19H18N20: C, 78.59; 

11.  6.25; N. 9.61. Found: C. 78.60: H. 6.40: N. 9.64. 

Synthosls of 3.6-Dlbenryl-5-methoxypyrazine ].-Oxide (71 

A mixture of 5 (50 g. 170 mmol). 60% H202 (30 g. 520 mmoll and maleic anhydride 

155 g. 560 mrnoll I" CHC13 11.1 11 was allowed to stand for 12 h at room temperature 

and then washed wlth H20. 5% KHC03 and saturated aq. NaCl, success~vely. The 

organlc layer was worked up as usual to give 7, whlch was purified by - 

recrystalllratlon. Colorless needles (MeOHI: mg 102.5-103.5'C: yleld: 49.4 g  (959): 

1 
ms: m/z 306 ( M + I ,  289 (M+-OH); 11-nmr (90 MHz): 6 3.88 ( s .  ZH, CH2Phl. 1.99 is, 

311. 0CH3). 4.19 ( 5 .  2 CI12PI~), 1.13-7.43 (m. 101i. benzene H). 7.57 Is. 1H. 

pyrazine HI ppm; e. Calcd for C 191i18N202: C. 74.49: H. 1.92: N. 9.15. Found: 

C. 74.52; 11, 6.03; N. 9.08. 
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~eaction of 3.6-Dibenzyl-5-methooypyrdzine 1-Oxide (71 wlth Ac2g 
- 

R solution of 1 150 g, 163 mmoll I" Ac O 1400 mll was rofluxcd for 1.5 h. The 2 

reaction mlxture was concentrated to dryness and the oily residue was poured ~ n t o  

ice water. The mlxture was made alkallne wlth powdered K2C03 and extracted wzth 

CHC13. After the usual work-up of the CHCl extract, the product was purified 
3 

by s r l ~ c a  gal chromatography u s ~ n g  hcxane containing an increasing amount of Et20, 

to elute 9 and 8 ,  successively. Compound 9 was used for the synthesis of without 

further purification 

6 - ( a - A c e t o x y b e n z y l ) + b e n r y l - 5 - m e t h o x y p y r a z i n e  (8); Colorless o ~ l ;  bp 180'Cll 

torr: yield: 31.2 g 155%): ms: mjz 348 (Mi); ir (neat): 1740 (vCO) cm-l: l ~ - n m r  

(90 MHz): 6 2.13 i s ,  3H. COCH3). 3.93 ( 5 .  3H. 0CH31. 3.97 Is, 2H. CH2Ph), 7.00 

( s .  lH, CkjIOAclPh. 7.20-7.53 (m. 10H. benzene HI. 7.97 ( 5 .  1H. pyrarine HI ppm: 

Anal. Calcd for C21RZON203: C, 72.39: H. 5.79: N, 8.04. Found: C. 72.46: H, 5.82: - 

N, 8.07. 

Z-~~cetoxy-3.6-dibenryl-5-methoxypyra~ine (9); Pale yellow-grccn 011: yield: 19.8 

1 
g 13581: ms: mjr 348 IM*): ir ineat): 1770 ( ~ C O I  c m  ; L n m r  (90 M H ~ I :  6 2.14 

Is. 3H. COCI13). 3.80 Is. 3H. 0CH3), 3.87 ( 5 ,  2H. CH2Phl, 3.98 ( s ,  2 CI12Ph). 

7.07-7.23 (m. 10H, benzene H) ppm. 

Synthesis of 3.6-Dibeniyl-2-hydroxy-5-methoxypyraz~ne 110) 

h solution of 9 (17.0 g. 48.9 mmol). 106 K2C03 (100 ml) and MeOH (100 ml] was 

refluxed gently for 0.5 h. MeOH was then removed by dlstillatlon in v a c u o .  The 

resulting solution was extracted wlth CIIC13. The CHC13 extract was washed with 

saturated aq.  NaCl and worked up as usual to give a solld, whlch was purlfred 

by recrystalllzstlon. Pale yellow nccdlcs IMeOH): mp 168-168.5"C: yleld: 14.8 

1 g (99%): ms: mlr 306 (M+], 291 (M*-CH : H-nmr (400 MHz): 6 3.91 i s ,  3H. 0CH31. 
3 

3.98 ( 5 .  211. CH2Phl. 4.06 ( 5 .  2H. CH2Ph), 7.17-7.38 (m, 10H. benzene 11). 12.58 

( b r  5 ,  1R. OH or NH) ppm; 13c-nmr: 6 36.13 It. CH2Ph). 38.27 It, CH2Ph). 54.05 

lg, 0CH31, 126.24 Id), 126.47 (dl. 128.29 Id). 128.47 Id), 129.13 Id), 129.26 

id). 134.67 151. 138.15 i s ) .  138.65 Is], 140.47 Is], 150.30 Is. C-5). 153.18 ( 5 ,  

C-21 ppm: m. Calcd for Cl9Hl8N2O2: C, 74.49; 11.  5.92: N, 9.15. Found: C. 74.57: 

H. 5.89: N. 9.11. 



Ox~dation of 3.6-Dibenzyl-khydroxy-5-methoxypyrarine I101 

A solution of 90% H202 (227 mg. 6.0 mmoll and male~c anhydride (588 mg, 6.0 mmoll 

~n c1lCl3 (20 ml) was refluxed for 5 mln. After cooling, 10 (612 my. 2.0 mmoll 

was added to the solution. The reaction mixture was stirred for 1 day at room 

temperature. then washed wlth H 0 and worked up as usual. Thc product was purlfred 2 

by recrystallizatlon. 

3,6-~ibenryl-2-hydroxy-5-methoxypyrarine 1-Oxide (1): Colorless plates (MeOlil; 

mp 100-101°C: yield: 464 mg (72%); ms: mlz 322 (Mt), 305 (MI-OH]: l ~ - n m r  (400 

MHrl: 6 3.97 15 .  3H. 0Cl13). 4.11 is, 2H. CH2Ph). 4.24 ( 5 ,  2H, CH2Ph), 7.21-7.41 

(m, 10H, benzene I l l .  8.57 lbr s .  1H. OH or NOH) ppm: 13~-nmr: 6 30.11 It, CH2Ph), 

38.25 It. CH2Ph). 54.31 ( q .  0CH31, 126.64 (dl. 126.90 (dl, 127.97 i s ) .  128.44 

Id), 128.52 id). 129.13 (dl. 129.22 (dl, 136.39 i s ) ,  136.67 Is), 137.69 Is). 147.01 

I s ,  C-21. 150.42 I s ,  C-51 ppm; - Anal. Calcd for C19H18N203: C. 70.79; 1.1, 5.63; 

N, 8.69. Found: C, 70.84 H, 5.63; N. 8.72. 

Benzylatlon of 3.6-Dlbenzyl-2-hydroxy-5-methoxypy1azine (10) 

On a solution of 10 (7.0 g .  22.9 mmoll, BnBr (5.4 ml. 45.8 mmoll, 10% KOH (100 

mll and a catalytic amount of Me4NBr I n  CHC13 (100 ml) an ultrasonic operation 

was carried out at 30°C. After 1.5 days, the CtICI3 layer was taken, washed wrth 

H20, and saturated aq. NaCl, succeselvely. It was then worked up as usual. The 

product was purified by column cliromatography, elut~ng with hexane containig an 

rncreasing amount of El O to glve as a solid, which was purlfied by 2 

recrystallization. Colorless needles (hexanel: mp 56-57°C: ylcld: 7.25 g (80%): 

ms: mlr 396 (Mi); '~-nmr I400 MHz): 6 3.88 I s ,  3H. 0CH31. 3.98 I s .  2H. CH2Phl. 

4.03 ( 5 .  2H. CH2Phl, 5.30 Is, 2H. 0CH2Ph). 7.16-7.30 lm, 15H. benzene HI ppm: 

13c-nmr: 6 37.72 it. CH2Ph). 37.96 it, CH2Ph), 53.74 (q. 0CH3), 67.86 i I, 0CH2Phl. 

126.11 (dl, 127.55 (dl. 127.95 (dl, 128.21 (dl, 128.27 (dl. 129.23 (dl, 137.67 

Is]. 137.76 Is), 138.89 I s ) ,  138.99 Is). 151.82 Is. C-21. 152.69 I s .  C-5) ppm; 

Anal. - Calcd for C26H24N202: C. 78.76; H. 6.10: N. 7.07. found: C, 78.73: H, 6.16: 

N. 7.03 

Oxidation of 3.6-Dibenryl-2-benzyloxy-5-methoxypyraaine I111 

A solution of 90% H202 (340 mg. 6.0 mmol) and maleic anhydride (647 my. 6.0 mmol] 

in CHC13 (30 ml) was refluxed for 5 min. After cooling. 11 (824 mg. 2.0 mmol] 

was addcd to the solut~on. The mlxture was stlrred for 1 day at room temperature 
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and worked up as before to give oily products, which were pur~fied by medlum- 

pressure column chromatography using hexane containing an increasing amount of 

Et20, to give g and - 13. 

3,6-Dibenryl-2-benzy1oxy-5-metho~ypyrarie 1-Oxide (12); Colorless needles 

(hexane); mp 103-l04'C: yleld: 741 mg (30%): ms: m/z 412 (Mt), 395 (M*-OH): ' ~ - n r n r  

1400 MHz): 6 3.84 ( s ,  2H, CH2Ph1. 3.92 ( s .  3H. 0CH31. 4.24 i s .  2H. CH2Ph1. 5.24 

( 5 ,  2H. 0CH2Ph). 7.16-7.41 (m. 15H. benzene HI ppm; 13~-nmr: 6 29.74 it. CH2Ph1, 

38.10 It. CH2Phl. 54.29 19. 0CH31. 73.71 it, 0CH2Phl, 126.51 (dl, 126.63 (dl, 

128.35 (dl, 128.40 (dl. 128.53 (dl. 128.66 (dl. 129.12 (dl, 129.14 (d). 133.48 

(51, 135.80 (sl. 136.87 ( s l .  138.03 (51. 143.38 ( 5 ) .  147.89 ( 5 .  C-2). 155.81 ( 5 ,  

C-51, ppm; m. Calcd for C26H2qN203: C, 75.70: H, 5.87: N. 6.79. Found: C, 75.77; 

H. 5.87; N. 6.82. 

3.6-Dibenry1-2-bcnzyl0xy-5-meth0~ypyra~ine 4-Oxide 1131; Colorless oil: bp 

1 
200"C/0.001 torr: yield: 989 mg 140%): ms: m/z 412 (Mi). 395 (MI-OH): H-nmr (400 

MHz): 6 3.85 is, 3H. 0CH3). 3.99 ( s .  2H. CH2Ph). 4.21 ( s ,  2H. CH2Ph). 5.38 ( 5 ,  

2 H .  0CH2Phl, 7.18-7.35 (m, 15H. b e n z e n e  H) ppm: 13~-nmr: 6 29.76 it. CH2Phl. 38.36 

t CH2Ph). 59.88 (q, 0CH3), 68.61 (t. 0CH2Ph). 126.64 (d), 128.05 Id). 128.17 

!dl. 128.37 (dl, 128.47 (dl. 128.50 (dl. 129.14 (dl. 129.31 (d), 133.75 (sl, 136.60 

( 5 ) .  136.81 Is), 138.04 1 s ) .  142.87 (5). 149.49 ( 5 ,  C-51, 155.13 1s.  C-2) ppm: 

High Resol. ms. Calcd for C --- 20H23N202 ( M t  - OH): 395.1758. Found: 395.1766. 

General Procedure for Hydrogenolysis of 3.6-Dlbenzyl-2-benryloxy-5-methoxypyraz1ne 

1- (121 and 4-Oxide(131 

A solution of g or 13 (412 mg, 1 mmol) in EtOH (5 ml) was s h a k c n  in the presence 

of 5% Pd-C (412 mg) in H2 stream. When the absorption speed of H slowed down 2 

(30 mrnl, the reactlon mlxture was filtered and the flltrate was concentrated 

in vacuo. The resldue was purifled by recrystalllzation. -- 

3,6-Dtbenzy1-2hydroxy5-methoxypyrazlne LOxide (1); Yield: 225 mg (7051. 

3,6-Dlbenzyl-2-hydroxy-5-methoxypyrazine 4 - O x i d e x ;  Colorless needles (benzene); 

mp 214-215.C mp 215-217°C): yield: 290 mg (9081: ms: m/z 322 (Mi), 305 

1 
(MI-OH): ir (KBr1: 1640 (vCO1 cm ; lll-nmr (400 MHz): 6 3.91 ( 5 ,  3H. 0CH31. 3.93 

(2H. S ,  CH2Ph). 4.20 (2H. S ,  CH2Ph). 7.21-7.45 !m. 10H. benzene Hi, 12.80 (br 

s .  1H. OH or NH) ppm: 13~-nrnr: 5 30.31 it. CH2Ph); 33.96 (t. CI12Phl. 61.62 lq. 

0CH3), 126.78 (dl. 127.53 ( d l ,  128.34 (dl. 128.43 (dl, 129.00 Id), 129.06 ( d l .  



1 2 9 . 5 0  ( d l ,  1 2 9 . 5 7  ( 5 1 .  1 3 5 . 7 8  ( 6 ) .  1 3 6 . 4 5  ( s ) ,  1 4 0 . 4 9  ( s ) ,  1 4 4 . 1 7  ( 5 .  C-51 .  1 5 8 . 3 5  

( s ,  C-21 ppm; Anal. C a l c d  f o r  CL9Hl8N2O3: C. 7 0 . 7 9 ;  H, 5 . 6 3 ;  N .  8 . 6 9 .  F o u n d :  C. 

7 0 . 8 6 ;  H. 5 . 5 7 ;  N .  8 . 6 6 .  
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