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N-ACETYLATION AND N-FORMYLATION OF 
m-AMINOBENZOIC ACID BY 

CELL SUSPENSION CULTURES OF 
SOL A NUM LA CINIA T UM 

Two new biolransf(iriiiiition products. N-acetyl-iii-aminohenzoic acid and N-forinyl-rii-1iiiiino- 
bcnzoic acid wzre isolated from cell suspension cultures of Soliltirm7 /t/cNiiu/uin following 
aclmiiiistration of ni-aminobenzoic acid, and their structures wcre elucidated using one- and 
cLvo-dimensional ' H -  and "C:-NMR data. 

INTRODUCTION 

Various plant cell cultures are capable of glucosylating a variety of exoge- 
nously supplied substrates [ I ] .  The glucosylation of siiiiple phenols by vari- 
ous cell suspension cultures have been reported by Llmctaini er ul. [?-I. Cell 
suspension cultures of Scdi.1- nzcrtsuchu transformed salicyl alcohol into 
salicin and isolacin, whilst salicylic acid was bioconverted into salicylic acid- 
2-0-~I-D-gliicopyranoside and salicylic acid-7-0-:-l-D-gliicopyranoside [3] .  
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We have previously reported the glucosylation of salicyl alcohol into salicin 
[4], salicylamidc into salicylamide 2-O-~~-D-glucopyranoside [5],  p-amino- 
benzoic acid into p-aminobenzoic acid-7-O-0-D-glucopyranosyl estcr, 
o-aminobenzoic acid into o-aminobenzoic acid-7-O-~9-D-glucopyranosyl 
ester and o-aminobenzoic acid-7-O-P-D-( p-D- 1,6-O-glucopyranosyl)-gluco- 
pyranosyl ester by cell suspension cultures of Solunum mammosuiiz [6]. 
We have also found that cell suspension cultures of Solunurn Iucinintum 
transformed inoculated salicyl alcohol into salicyl alcohol-7-O-,?-D-gluco- 
pyranoside (isosalicin) 171 and salicyl alcohol-7-O-/?-D-( B- 1,6-D-gluco- 
pyranosy1)-glucopyranoside [S]. Interestingly, the cell suspension cultures of 
Solunum inammosum could also transform p-aminobenzoic acid into its 
N-acetyl and N-formyl analogues [6].  

Now we arc reporting the conversion of nz-aminohenzoic acid (1) by cell 
suspension cultures of Solunum lacir2iaturn into two new biotransformation 
products, N-acetyl-m-aminobenzoic acid (2), N-formyl-m-aminobenzoic 
acid (3)  and its structure elucidation, using a combination of one- and two- 
dimensional 'H- and "C-NMR. 

RESULTS AND DISCUSSION 

Incubation of the cell suspension cultures prepared as reported previously [7] 
with 1 followed by isolation (column chromatography and preparative 
TLC), gave a metabolite spot on TLC plate (Rf 0.49). Control experiments 
showed in the absence of cells, 1 (Rf 0.74) remained unchanged in the 
medium, and the metabolites were only formed when I was added in the 
suspension cultures. 

One- and two-dimensional NMR analyses of the isolated metabolite 
material showed that i t  was cn. 6 :  1 mixturc of N-acetyl-m-aminobenzoic 
acid (2) and N-formyl-m-aminobenzoic acid (3).  The HMBC spectrum of 
the mixture showed correlation between the amide proton (-NH) of 2 
(10.04ppm) and C-3 (138.4ppm). C-2 (120.3ppm) and C-8 (168.2ppm), and 
between H-6 (7.62ppm) and C-2 (120.3ppm), C-4 (119.8ppm), and C-7 
(169.8ppm). Correlation of H-8 (8.32ppm) of 3 with C-3 (137.4ppm) was 
also observed. Both metabolites showed HMBC correlations between H-2 
and C-4, C-6 and C-7 and between H-4 with C-2, C-3 and C-6. Correlations 
were also observed in the ROESY spectrum betwecn the -NH proton of 2 
and H-2 (8.04 ppm), H-4 (7.74 ppm) and -CH3 (H-9,2.11 ppm). 

To our knowledge, this is the first report of the biotransformation of 1 by 
suspension cultures of Sofunum luciniatum (see Fig. 1). This also appears to 
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be the first rcport of the isolation of N-acctyl-ni-aminobenzoic acid (2) and 
.Y-lbrmyl-n?-aminoben~oic acid (3) from natural sources. While the ability of 
various cell suspension cultures to perform various biotransft~rmstion reac- 
tions (glycosylation. hydroxylation. oxidation, reduction, etc.) of exogenously 
supplied substrates is well known [ I ] .  N-acetylation and N-fsormylation 
have. to date, only been observed for . S o / ~ / / i ~ / u i  I i ~ i i i i ~ u i i ~ ~  and .S 'o /rrrrrmi  
~ ~ w ~ w ~ ~ o s r ~ i i i  [6] suspension cultures. It  is yet to be known if  N-acetylation 
and N-formylatiou is a rnorc gciicral phcnomcna in this gcnus. or this capa- 
bility is confined to  certain substrates. Although suspension cultures o f  
.S'o/mr/u~i ~ J Z C ~ M Z M ~ O S I ~ M ~  14-61 and So/ctrrum /crc,irzioizrrir [7,X] could transform 
some other similar substrates into their glycosides analogue, the presence of 
thc glycoside of 1 could not be detected in this work. 

EXPERIMENTAL SECTION 

General Experimental Procedures 

N M K  spectra wcre determined at 400.13 MHz ( ' H )  and 100.62 (I") using 
an inverse 5 inin probe head installed in a Bruker DRX 400 spectroinetei-. 
Gradient selection was utilized in HMBC atid HSQC experiments. Chemical 
shift (6 ppm) are reported relative to solvcnt peaks observed for DMSO-d, 
( ' H  = 2.60 ppni; I3C = 39.5 ppm). Coupling constants are reported to a pre- 
cision of 20.2 Hz. "C-NMR signal multiplicity's ( r l .  or 4 :  .s suppressed) 
were determined using the distortionless enhancement by polarization trans- 
fer (DEPT) scciuence with a 135" detection pulse. Two-dirncnsional COSY 
and HMBC (80 111s mixing time) spectra were determined in absolute value 
mode, while 'I'OCSY. ROESY (250ms spin lock time) and HSQC spectra 
were determined in phase sensitive mode. 
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The TLC analyses were performed on silica gel F254 precoated plate 
(E. Merck); solvent system; EtOAc/MeOH/H20 77 : 13 : 10. 

Cell Suspension Culture and Biotransformation Conditions 

Cell suspension cultures were initiated from callus cultures of Solanum 
laciniatum Ait. (code sl-7), as previously reported [7]. The calli were culti- 
vated in 300 ml Erlenmeyer flasks containing 50 ml of modified Murashige 
and Skoog medium [9] supplemented with sucrose (30 gl-'), kinetin 
(2mglp'), N A A  (1 mgl-l) and casein hydrolisate (1 glp') on a gyrotary 
shaker (100 rpm) at 25 i I" under continuous light (cu. 1500 lux). 

Biotransformation experiments were typically performed by inoculating 
cells ( log  fresh weight) into the liquid medium (50ml) containing 1 
(750 mg I-') and incubated for 7 days. After 7 days the cultures were har- 
vested, filtered, weighed, oven dried at 40°C (until their water content was 
ca. 2%), and powdered [7]. 

Biotransformation of 1 and Isolation of 2 and 3 

The oven dried (40°C) powdered biomass (10.57 g) collected from 20 
Erlenmeyer flasks was refluxed (2h) in MeOH three times. The MeOH 
extract was concentrated under reduced pressure to afford a dark brown 
semi solid residue (2.90 g), which was submitted to column chromatography 
on silica gel 40 (70-230 Mesh ASTM) (E. Mcrck) using EtOAc/MeOH/ 
H20 77 ; 13 : 10 as eluent. Purification of the metabolite fractions by pre- 
parative TLC (precoated silica gel 60 GF 254; E. Merck) (solvent system 
EtOAc/MeOH/H20 77 : I3 : lo), yielded a mixture of 2 and 3 (1 6.0 mg). 

Metabolite 2 

'H-NMR(DMSO-d6,400.13 MHz): S= 10.04(~, lH, -NH),8.04(~, 1H,H-2), 

( s ,  3H, -COCH,); I3C-NMR (DMSO-d6, 100.6 MHz): S = 140.7 (C-l), 120.3 
7.74(d, 1H,7.8Hz,H-4), 7.62(d, IH, 7.5Hz, H-6),7.25(m, IH,H-5),2.11 

(C-2), 138.4 (C-3), 119.8 (C-4), 127.3 (C-5), 124.0 (C-6), 169.8 (C-7), 168.2 
(C-8), 24.0 (C-9). 

Metabolite 3 

'H-NMR (DMSO-d6, 400.1 3 MHz): S = 10.35 (br, s, IH, -NH), 8.32 (d, lH, 

H-6), 7.29 (m, lH, H-5). "C-NMR (DMSO-d6, 100.6MHz): S= 141.0 (C-l), 
1.6 Hz, H-8), 8.06 (s, 1 H, H-2), 7.74 (d, lH,  7.8 Hz, H-4), 7.68 (d, 1 H, 7.2 Hz, 
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120.3 (C-2), 137.4 (C-3), 119.9 (C-4). 127.5 (C-5), 124.6 (C-6), 169.6 (C-7). 
159.5 (C-8). 
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