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SUMMARY 

The syntheses of a-ketoC2-’ 3C]glutaric acid and a-ketoC1,2-’ ’Cl 
glutaric acid were each achieved from commercial ”CH,I in 5 steps. 
CH,NO,, prepared in situ from ”CH,I and AgNO,, was treated with 

magnesium methyl carbonate, followed by acidified methanol to give 
0,N13CH,C0,CH3. Michael addition to methyl acrylate, followed by in situ 
nitronate formation and ozonolysis gave the dimethyl ester of a-keto 
[Z-”C]glutaric acid, which was deprotected with hydrochloric acid. 
02N’’CH,’3C0,CH3 was prepared from ”CH3N0, by reaction with aqueous KOH, 
followed by treatment with acidified methanol, and was converted t o  
1,2-’3C-cr-ketoglutaric acid in a similar fashion to that used for 
mono-labelled material. 

Keywords: a-keto[2-”C]glutaric acid, a-ketoC1 ,2-13C]glutaric acid, 
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a-keto acid, oxygenase, [’3Clnitromethane. 

INTRODUCTION 

a-Ketoglutaric acid is a co-substrate in many reactions catalysed by 

non haem iron-dependent oxygenases. ’a 

deacetoxy/deacetyl-cephalosporin C synthetase from Cephalosporium 

acremonium which catalyses the biosynthesis of cephalosporin from 

penicillin N (Scheme 1).lb 

a-ketoglutarate in these biotransformations we wanted to synthesise and 

incubate [2-”C]- and [1,2-’3C1-cr-ketoglutarate with deacetoxy/deacetyl 

cephalosporin C synthetase. 

syntheses of these labelled compounds.‘ 

Currently we are investigating 

In order to investigate the role of 

In this publication we describe short 

The key step in our strategy was the ozonolysis of a nitronate, 

generated by the treatment of a precursor nitro group with base as has 
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been reported by McMurry et., (Scheme 2) .  Thus "CH,NO, (1) was 

prepared,' and used in situ, from "CH,IS (silver nitrite, diethyl ether). 

Reaction of ( 1 )  with an excess of magnesium methyl carbonate ( 4  equiv.)6 

gave a magnesium chelate which was treated with acidified methanol to 

yield the desired methyl nitroacetate ( 2 )  [17% from methyl iodide 

(2.0 g)]. Michael addition of (2) to methyl acrylate proceeded smoothly 

to give dimethyl a-nitroglutarate ( 3 )  (79%) . '  Reaction of (3) with NaOMe 

generated the nitronate (b), which was ozonolysed3 in situ, to give after 

work up dimethyl a-keto[2-"C]glutarate ( 5 ) .  Deprotection (hydrochloric 

acid, reflux) gave the desired [2-'3C]a-ketoglutaric acid [5% from 

I3CH,I]. The only problematic steps in this sequence were the preparation 

and reaction of ''CH,NO, and the low yield [for ( 1 )  -f ( 2 ) ]  obtained may 

reflect t h e  small scale on which the reaction was carried out. 

The synthesis of a-ket0[1,2-'~C]glutaric acid was achieved from 

methylnitro[l,2-'3C]acetate which was prepared using the classical method 

from nitromethane.' Thus reaction of '3CH,N0, (1) with aqueous KOH 

(reflux) gave the di-potassium salt of nitro[1,2-"C]acetic acid ( 6 )  

which was treated with acidified methanol to give methyl ester ( 7 )  [49% 

from I3CH,I (2.3 g)]. Conversion to a-keto[1,2-13C]glutarate was 

achieved in an analogous manner to that used for the monolabelled material 

[13 % from '3CH,I].(Scheme 4). 

+ co, + L-z 

DAOUDAC SYMlElXSE DACCDAC SYNIHETASE 
D-AA = & - ( D x  -aminoadipoyl) 
-KG = = -Iretoglutwale 

Scheme 1 

- - - C H  - 
1 Scheme 2 
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Scheme 3 
Reagents (i)AgNOfltzO. (ii) CH~0C02MgOCH3.xC0~COhWe~, (iii) CH30H/HCl, 
(iv) PhCH2(Me)~NOH/CHz=CHCOzCH~/dioxan/CH~OH, (v) NaOCHdCH3OH. (vi) 0 3 ,  (vii) HCI/HzO 

... i 
*CH31 - 'CH3NOz -KOzN*CH*COzK OzN*CHz+CO2CH3 

1 6 7 

v i  
9 8 

Scheme 4 
Reagents (1)AgNOfitzO. (ii) KOH/H20, (iii) CH3OH/HzS04. (iv) P~CH~(M~)~NOH/CHZ=CHCO~CH~/~~OX~~ 
/CHxOH. (v) NaOCH,/CH30H, (vi) 0 3 ,  (vii) HCI/H20 

* indicates position of 13C atoms 

EXPERIMENTAL 

Mel t ing  p o i n t s  were de termined  on a Kof le r  ho t - s t age  o r  Buchi 510 

a p p a r a t u s  and a r e  quoted uncor rec t ed .  I n f r a  r e d  s p e c t r a  were recorded  on 

Perkin-Elmer 681 o r  Perkin-Elmer 1750-FT I R  machines ( s  s t r o n g ,  m medium, 

w weak).  Proton n.m.r. s p e c t r a  were recorded  on e i t h e r  Bruker WH 300 o r  

AM 500 machines o p e r a t i n g  a t  300 and 500 MHz r e s p e c t i v e l y .  Carbon-13 

n.m.r. s p e c t r a  were recorded  on e i ther  Bruker AM 250 o r  AM 500 machines 

o p e r a t i n g  a t  62.9 and 125.8 MHz r e s p e c t i v e l y .  Mass s p e c t r a  were recorded  

on a V.G.  Micromass 30 F o r  VG 20-250. Thin l a y e r  chromatography was 

c a r r i e d  o u t  on Merck DC-Alufolien K i e s e l g e l  60 F,,, 0 .2  mm precoa ted  

p l a t e s  w i th  s p o t  d e t e c t i o n  by i o d i n e  vapour ,  quenching of U . V .  

f l u o r e s c e n c e  o r  10% ammonium molybdate i n  1M s u l p h u r i c  a c i d .  F lash  

chromatography was c a r r i e d  o u t  on Merck Kiese lge l  60. 

removed by r o t a r y  f i l m  evapora t ion  under reduced p r e s s u r e .  A l l  r e a c t i o n s  

were c a r r i e d  o u t  a t  room tempera ture  u n l e s s  o the rwise  s ta ted .  Reac t ion  

t imes  are recorded  i n  hour s  ( h )  and minutes  (min . ) .  Magnesium methyl 

So lven t s  were 
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ca rbona te  was prepared  by t h e  method o f  F inkbeiner  e t  a1.6 

s y n t h e t i c  procedure  as p rev ious ly  r e p o r t e d  was e m p l ~ y e d . ~  

S tandard  

["C] NITROMETHANE ( 1 )  

[13C]Methyl i od ide  (Ald r i ch  99.5 atom % "C, 2.00 g ,  14 m m o l )  was 

added dropwise t o  a v igo rous ly  s t i r r e d  suspens ion  o f  s i l v e r  n i t r i t e  

(3 .02  g ,  19.6 mmol) i n  d i e t h y l  e t h e r  ( 8  m l )  a t  O O C .  The f l a s k  was s e a l e d  

and p r o t e c t e d  from l i g h t  and s t i r r i n g  was cont inued  a t  O°C f o r  10 h and a t  

room tempera ture  f o r  14 h.  

i s o l a t i o n .  

The c rude  product  was used  d i r e c t l y  wi thou t  

METHYL NITRO[2-"CIACETATE ( 2 )  

The e t h e r e a l  s o l u t i o n  of c rude  [ '3C]nitromethane was f i l t e r e d  through 

a c e l i t e  p lug  i n t o  a s t i r r e d  2.1 M s o l u t i o n  of magnesium methyl ca rbona te  

i n  N,N-dimethylformamide ( 3 0  ml). Afte r  s t i r r i n g  f o r  10 min. t h e  

tempera ture  was inc reased  t o  5OoC, and t h e  d i e t h y l  e ther  was removed by 

d i s t i l l a t i o n .  Af t e r  6 h a t  5OoC, t h e  mix tu re  was coo led  t o  room tempera ture  

and added dropwise t o  v igo rous ly  stirred anhydrous methanol (250  ml) 

con ta in ing  a c e t y l  c h l o r i d e  (40  ml, 0.56 mol) a t  -40° t o  -5OOC. The r e a c t i o n  

mixture  was allowed t o  warm t o  room tempera tu re  and s t i r r i n g  was cont inued  

for 15 h .  The mix tu re  was poured i n t o  d i e t h y l  e t h e r  (400 ml) and t h e  

r e s u l t i n g  s o l u t i o n  was e x t r a c t e d  wi th  water ( 5  x 150 ml), d r i e d  (magnesium 

s u l p h a t e ) ,  f i l t e r e d  and evapora ted  t o  g i v e  (2) as a ye l low,  mobile o i l  

(292 mg, 17% from methyl i o d i d e )  (c.f. 58% from u n l a b e l l e d  n i t r o a c e t a t e ,  

s e e  r e f .  6 ) ;  

1 7 6 0 ( s ) ,  1 5 6 5 ( s ) ,  1 4 4 2 ( s f ,  1406(s),  1 3 8 5 ( s ) ,  1 3 3 2 ( s ) ,  1 2 7 5 ( s ) ,  1 2 2 5 ( s ) ,  

1010(m), 780(m), 6 8 5 ( s ) ;  

5.18 ( Z H ,  d ,  JHc = 149 Hz, - I 3 C E , - ) ;  

decoupled)  53.6 ( O C H , ) ,  76.1 ( O , N l 3 L H , - ) ;  m/e ( d i r e c t  chemical i o n i s a t i o n  

[ N H , I )  138 (100 %, M + NH, ' ) ,  137 ( 2 % )  45 ( 2 4 % ) .  

Rf ( C H 2 C 1 , )  0 .55 ;  Ymax/cm-' ( l i q u i d  f i l m )  3030(m), 2970(rn), 

6~ (300 MHz, C D C 1 , )  3.86 ( 3 H ,  s, CH,O,C- ) ,  

6c (62 .9  MHz, C D C 1 ,  broad band 
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METHYL NITROC1 ,Z-”C]ACETATE ( 7 )  

An e t h e r e a l  s o l u t i o n  o f  [ ” C ]  n i t romethane  was prepared  ( v i d e  s u p r a )  

u s i n g  [”Clmethyl i od ide  (Ald r i ch  99.5 atom $ 1 3 C ,  2.28 g ,  16 mmol) and 

s i l v e r  n i t r i t e  (3.02 g ,  19.6 mmol). T h i s  s o l u t i o n  was f i l t e r e d  through a 

ce l i t e  p lug  i n t o  a s t i r r e d  s o l u t i o n  of potassium hydroxide 

(3 .75  g ,  67 mmol) i n  water (1 .7  ml). S t i r r i n g  was con t inued  f o r  1 0  min. 

and t h e  tempera ture  was r a i s e d  t o  5OoC t o  d i s t i l  o f f  the  d i e t h y l  e t h e r .  

S t i r r i n g  was s topped  and t h e  r e a c t i o n  mixture  was hea ted  under r e f l u x  ( o i l  

ba th  tempera ture  160°C) f o r  70 min. Af t e r  coo l ing  t o  room t empera tu re ,  

t h e  buf f -co loured  c r y s t a l l i n e  s o l i d  produced was f i l t e r e d  o f f ,  washed wi th  

anhydrous methanol and d r i e d  i n  vacuo. The s o l i d  was suspended i n  s t i r r e d  

methanol (10 m l )  a t  -30°C and concen t r a t ed  s u l p h u r i c  a c i d  (1 .3  m l )  was 

added dropwise.  The r e a c t i o n  mix tu re  was a l lowed t o  s lowly  a t t a i n  room 

tempera ture  wi th  s t i r r i n g  a t  t h i s  tempera ture  be ing  cont inued  f o r  20 h .  

The whi te  s o l i d  produced was f i l t e r ed  o f f ,  t h e  methanol evapora ted  and 

t h e  r e s i d u e  was p a r t i t i o n e d  between d ich loromethane  (40 m l )  and water 

(20  m l ) .  

d ich loromethane  ( 3  x 30 ml) and t h e  combined o r g a n i c  e x t r a c t s  were d r i e d  

(magnesium s u l p h a t e ) ,  f i l t e r e d  and evapora ted  t o  g i v e  ( 7 )  as a n  o range ,  

mobile o i l  (414 mg, 49% from methyl i o d i d e ) ;  

YmaX/cm-’ ( l i q u i d  f i l m )  3020(w),  2960(w), 1 7 2 0 ( s ) ,  1 5 6 5 ( s ) ,  1440(m), 

1405(w),  1385(m), 1 3 2 2 ( s ) ,  1255(m), 1215( s )  1 1 7 8 ( s ) ,  1010(w),  780(m), 

685(m); 6H (300 MHz, C D C 1 , )  3.88 (3H, d ,  J = 4 Hz, CE,O,”C- ) ,  5.19 

(2H, dd ,  JHc = 7 ,  149 Hz, -13Cfi , - ) ;  6c (125.8 MHz, C D C l , ,  broad band 

decoupled)  53.7 (OCH,), 76.1 (O,N”cH,-), 162.2 13c0,CH,); m/e ( d i r e c t  

chemical i o n i s a t i o n  [ N H , ] )  139 (100 %, M + N H , + ) ,  45 (60%) .  

The s e p a r a t e d  aqueous phase  was f u r t h e r  e x t r a c t e d  wi th  

Rf (CH,Cl,) 0 .55;  

DIMETHYL a-NITRO[2-’3CIGLUTARATE ( 3 )  

To a stirred s o l u t i o n  o f  methyl n i t roC2-”Clace ta t e  (2) (249 mg, 

2.1 m m o l )  i n  1 ,Q-dioxan  ( 2  ml) c o n t a i n i n g  a 40 $ s o l u t i o n  of benzyl- 

trimethylammonium hydroxide i n  methanol (60  ~ 1 )  a t  60-70”C was added 

dropwise ,  methyl a c r y l a t e  (185 p l ,  2.1 mmol). Af te r  15 h a t  60-70°C, 
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dichloromethane (5 m l )  was added to the cooled solution which was then 

vigorously stirred with 2M hydrochloric acid (8 m l )  for 5 min. More 

dichloromethane (20 m l )  was added and the separated organic phase was 

washed with water (2 x 20 ml), dried (magnesium suiphate), filtered and 

evaporated to give an orange oil which was purified by flash 

chromatography on silica gel (150 r n l  silica, 3 cm diameter column, eluting 

with dichloromethane) to give (3) as a pale yellow oil (336 mg, 79%); 

Rf (CH,Cl,) 0.5; Yma,/crn-' (liquid film); 2960(m), 1750(s), 1560(s), 

1440(~), 1105(~), 102O(W), 985(~), 830(~); 6~ (300 MHZ, CDC1,); 

2.38 - 2.55 (4H, m ,  -Cg,CK,-), 3.71 (3H, s ,  CbJ,O,CCH,-), 3.85 (3H, s, 

Cfi,0,C-'3C), 5.04 - 5.14 and 5.53 - 5.65 (1H. 2 x m 

(62.9 MHz, CDCl,, broad band decoupled) 86.5 (-'3~HN0,)-enriched signal 

only; m/e (direct chemical ionisation [NH,]) 224 (100 %, M+NH,+), 223 

(1%). 162 (25%). 

'3CE-N0,); 6c 

DIMETHYL a-NITRO[1,2-'3C]GLUTARATE ( 8 )  

The procedure described above was repeated using the following 

quantities of reagents; methyl nitro[l,2-'3Clacetate ( 7 )  (551 mg, 4.6 

mmol), 40 % benzyltrimethylammonium hydroxide in methanol (140 111) and 

methyl acrylate (410 pl, 4.6 mrnol). The crude product was purified by flash 

chromatography on silica gel (250 m l  silica, 3 em diameter column, eluting 

with dichloromethane) to give (8) as a pale yellow oil (528 mg, 56%); 

(CH2C1,) 0.50; Ymax/Cm-' (liquid film) 2960(m), 1740(s), 1710(s), 1560(s), 

1440(w), 1370(m), 1260(m), 1205(~), 1175(m); 6~ (300 MHZ, CDC1,) 

Rf 

2.38 - 2.66 (4H, rn ,  -CbJ,CE,-), 3.71 (3H, s ,  CbJ,O,CCH,-), 3.85 (3H, d, 

h C = 4  Hz, CE,0,13C-), 5.04 - 5.14 and 5.53 - 5.65 (IH, 2 x rn ,  "CG-NO,); 

6c (125.8 MHz, CDCl,, broad band decoupled) 86.5 (135H-N02), 164.6 

(-'3~0,CH,)-enriched signals only; m/e (direct chemical ionisation 

CNH,]) 225 (100 %, M+NH,+), 224 ( 1 % )  163 (55%). 

DIMETHYL a-KETO[2-'3C]GLUTARATE (5) 

Sodium (31 mg, 1.3 mmol) was added to anhydrous methanol (14 m l )  at 
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O°C. A solution of a-nitr0[2-’~C]glutaric acid dimethyl ester (3) 

( 2 6 2  mg, 1.3 mmol) in anhydrous methanol (15 ml) was added and stirring at 

O°C was continued for 10 min. The stirred mixture was then cooled to 

-78OC and ozone was passed through the solution for 75 min. After purging 

the solution with oxygen for 20 min, the methanol was evaporated in vacuo 

to give a pale yellow oil containing a white solid. This residue was 

partitioned between dichloromethane (30 ml) and water (30 ml) and the 

separated aqueous layer was further extracted with dichloromethane 

( 3  x 30 ml), the combined organic extracts being dried (magnesium 

sulphate), filtered and evaporated to give a pale yellow oil which was 

purified by flash chromatography on silica gel (100 ml silica, 3 em 

diameter column, eluting with dichloromethane). This gave (5) as a pale 

yellow oil (153 mg, 69 % ) ;  Rf (CH,Cl,) 0 . 2 ;  Ymax/cm-’ (liquid film) 

2960(m), 1740(s), 1697(s), 1440(s), 1260(s), 1205(s), 1175(m), 1075(m), 

1038(m); 6~ (300 MHz, CDC1,) 2.63 - 2.73 (ZH, CS,CO,CH,), 3.13 - 3.20 
(2H, m, ”CO-CH,-), - 3.68 (3H, s, Cg,O,CCH,-), 3.87 (3H,s, Cg,0,C-’3CO); 

6c (62.9 MHz, CDCl,, broad band decoupled) 192.3 (-l32O-)-enriched signal 

only; m/e (chemical ionisation [NH,]) 193 (100%. M+NH,+), 133 (50%), 

116 (38%), 101 (40%). 

DIMETHYL a-KET0[1,2-”C]GLUTARATE (9) 

The procedure described above was repeated using the following 

quantities of reagents; sodium (54 mg, 2.4 mmol) and nitr0[1,2-’~Olcr- 

glutaric acid di-methyl ester (8) (481 mg, 2.3 mmol). The crude product 

was purified by flash chromatography on silica gel (100 ml silica, 3 ern 

diameter column, eluting with dichloromethane) to give ( 3 )  as a pale 

yellow oil (316 mg, 77%); Rf (CH,Cl,) 0.2; Ymax/cm-’ (liquid film) 

2960(m), 1740(s), 1692(s), 1440(m), 1245(s), 1075(m), 1038(m 

MHz, CDC1,) 2.63 - 2.70 (2H, C!,CO,CH,), 3.11 - 3.21 (ZH, rn, 

3.67 (3H, s, CH,CO,CK,), 3.89 (3H, d, 5 ’ 4  Hz, C~,O,”C); 6~ 

CDCl,, broad band decoupled) 160.9 (CH,O,”5-), 192.2 (CH,O, 

; 6~ (300 

1 3-c0-csZ-), 

125.8 MHz, 

3C’’cO); m/e 
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(chemical ionisation CNH,]) 194 (100 %, M+NH,+), 193 ( 1 % )  133 (27%), 116 

(80%), 101 (45%). 

a-KETOC2-’3C]GLUTARIC ACID 

A stirred mixture of a-ket0[2-’~C]glutaric acid dimethyl ester (5) 

(56 mg, 0.3 mmol), water (250 ~ 1 )  and concentrated hydrochloric acid (150 

i l l )  was heated under reflux for 2 h. The reaction mixture was evaporated 

to dryness to give a buff-coloured crystalline solid which was 

recrystallised twice from ethyl acetate/hexane to give the title material 

as a white, crystalline solid (26.1 mg, 55%); m.p. 108 - 109°C (commercial 

unlabelled a-ketoglutaric acid m.p. 113 - 115OC; 6~ (500 MHz, (CD,),SO) 

2.37 - 2.43 (2H, m -CH,CO,H), 2.89 - 2.95 (2H, m, -’3CO-C&-); 

(125.8 MHz, (CD,),SO, broad band decoupled) 27.6 (-CH,CO,H), 34.9 

(-’3CO-5H2), 195.3 (s,-l3gO-, enriched), other (natural abundance) 

carboxyl carbon signals not visible; 

192 (M = H+ - disodium salt); H.P.L.C. retention time (Hypersil ODS 

reverse-phase column, eluting with 0.2% aqueous formic acid) identical to 

commercial unlabelled material. 

6c 

m/e (fast atom bombardment, Ar’) 

a-KETOC 1 ,2-’ 3CIGLUTARIC ACID 

A stirred mixture of a-ketoC1 ,2-’3C1glutaric acid dimethyl ester (9) 

( 4 4  mg, 0.25 mmol), water (200 ~ 1 )  and hydrochloric acid (100 p1) was 

heated under reflux for 2 h. The reaction mixture was evaporated to 

dryness to give a buff-coloured crystalline solid which was recrystallised 

twice from ethyl acetate/hexane to give the title material as a white. 

crystalline solid (21.5 mg, 59%); m.p. lll°C (commercial unlabelled 

a-ketoglutaric acid m.p. 113-115OC); (21.5 mg, 59%); m.p. 111OC 

(commercial unlabelled a-ketoglutaric acid m.p. 113 - 115OC); vmax/cm-’ 

(KBr disc 

(m), 1407 

639 ( s ) ;  

2.94 (2H, 

3097 (broad, s ) ,  1710 ( s ) ,  1693 (s), 1668 ( s ) ,  1445 (m), 1426 

(m) 1324 (m), 1275 (51, 1225 (m), 1087 (m), 1032 (m), 878 (m), 

6H (300 MHz, (CD,),SO) 2.36 - 2.42 (2H, m, -CH,CO,H), 2.88 - 

m,-”CO-CH,-); 6c (125.8 MHz, (CD,),SO, broad band decoupled) 
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27.6 (-CH,CO,H), - 34.9 ( - 1 3 C O - c H , - ) ,  162.4 (-13c0,H, e n r i c h e d ) ,  175.7 

(-CH&O,H),  195.3 (-'320-CH,-, e n r i c h e d ) ;  m/e ( f a s t  atom bombardment, 

ArC) 193 ( M  + H+ -disodium s a l t ) ;  H.P.L.C. r e t e n t i o n  time (Hyper s i l  ODS 

reverse-phase  column, e l u t i n g  w i t h  0.2% aqueous formic  a c i d )  i d e n t i c a l  t o  

commercial u n l a b e l l e d  material. 
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