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Piperic A cid , 5-(3 ,4-M ethylenedioxyphenyl)-2,4-pentadienoic A cid, Piperoyl Coenzym e A , 
T h ioester, N-Succinim idyl p ip era te . Piperoyl Hydroxam ic Acid

P iperoyl-C oA , a po ten tial in term ediate  in the biosynthesis of piperine, the pungent principle of 
pepper, was synthesized via N-succinim idyl p iperate  and subsequent transesterification with C oA - 
SH. U V -spectropho tom etry  o f the H PLC -purified com pound revealed, besides a m axim um  at 
260 nm , a p ronounced  second absorp tion  m axim um  at 368 nm due to the th ioester linkage for 
which, as d e term ined  via the Fe3+-com plex of p iperoyl hydroxam ate and with [14C ]piperoyl-C oA ,
a m olar extinction  coefficient of 30.8 x 10 [cnrm ol 1

Introduction

It has long ago been suggested that the alkaloid 
piperine, the pungent principle of pepper (Piper 
nigrum, P. longum), is synthesized in plants from 
piperidine and piperoyl-CoA as the activated acyl- 
moiety [1], The correctness of this assumption still 
awaits proof, however, supporting evidence arose 
from the isolation of enzymes from barley [2, 3] and 
tobacco [4] that catalyzed an analogous formation of 
acid amides from cinnamoyl-CoA thioesters and var­
ious biogenic amines. With respect to piperine, it was 
thus decided to synthesize and characterize the still 
unknown CoA-derivative of piperic acid as a pre­
requisite for studies on the biosynthesis of this 
natural product.

Experimental

Analytical methods

The purity of synthesized compounds was checked 
by TLC on silica-gel plates in the following systems:
(1) toluene—ethyl form ate—H CO O H  = 5:4:1;
(2) CHC13—E tO A c—C6H 6—M eC O Et—light petrol = 
7 :1 :2 :3 :3 ;  (3) CHC13—M eO H —n-hexane = 
65:10:15; (4) C6H6-E tO A c -H O A c  = 85:14:1; (5) 
n-hexane—E t20  =  6:4; (6) 5% aq. HCOOH (cellu-

Abbreviations: C oA , C oA -SH , coenzym e A ; D C C , N ,N '- 
dicyclohexyl carbodiim ide; D C U , N .N '-dicyclohexyl urea; 
H P L C , high perform ance liquid chrom atography; TLC. 
thin layer chrom atography.
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lose MN 300). Hydroxamic acids were stained with 
acidic FeCl3-solution [5], thioesters and free CoA- 
SH by the “delayed” nitroprusside reaction [6].

Analytical HPLC of piperoyl-CoA and related de­
rivatives was done by an adaptation of the method 
given in ref. [7]; for details, see Fig. 2.

Mass spectra were recorded on a Varian MAT 
711. Melting points (uncorrected) were determined 
microscopically with a Kofler micro heat bench. 
C,H,N-analyses were performed by Sektion Analy­
tik und Höchstreinigung, Universität Ulm, and by 
Mikroanalytisches Laboratorium I. Beetz, Kronach.

Chemicals

Piperic acid was obtained by hydrolysis of piperine 
(Aldrich) [8] as pale yellow needles, m.p. 224 °C (lit. 
216—217 °C), recovery 82%. The product was pure 
as judged in TLC system (1) and gave the expected 
signals upon EI-MS. 3,4-Methylenedioxycinnamal- 
dehyde was prepared by reacting piperonal with 
acetaldehyde [9], yielding pale yellow crystals from 
EtOH-light petrol, m.p. 85 °C (lit. 84-85  °C); purity 
and identity of the aldehyde were confirmed by TLC 
(system 5) and EI-MS. Redistilled neutralized hy­
droxylamine was prepared according to ref. [10].

Chemical syntheses 

[2-14C]Piperic acid

3,4-Methylenedioxycinnamaldehyde (100 (j.mol.
17.6 mg) and 3.7 MBq (100 (nCi) [2-14C]malonic acid 
(NEN-DuPont; 100 |imol, 10.4 mg) were dissolved 
in 0.5 ml dry pyridine containing 10 .̂1 piperidine



U. Sem ler et al. ■ Synthesis o f  P iperoyl C oenzym e A T hioester 1071

and heated for 4 h at 85 °C. After cooling, the sam­
ple was diluted with water, acidified with 5 n  HCl 
and extracted 10-times with EtOAc. TLC (systems 1,
3, 4) of the organic phase revealed the formation of 
labeled piperic acid as minor component, together 
with large amounts of a second substance that was 
identified by TLC and EI-MS as 2-carboxypiperic 
acid (M + 262) [9]. The products were purified by 
semipreparative HPLC (Merck Lichrosorb Si-60,
7 [Am, column 2 5 0 x 7  mm, solvent: toluene — 
EtO A c = 75 :25, flow rate 2 ml/min). The dicarboxy- 
lic acid was subjected to thermolysis in quinoline at 
160 °C for 20 min [9, 11] resulting in the almost 
quantitative conversion to piperic acid as shown by 
TLC (systems 1, 4) after working up the reaction 
mixture as described above. The combined two frac­
tions of piperic acid gave a total recovery of 54%.

N-Succinimidyl piperate

To a stirred solution of piperic acid (5 mmol,
1.09 g) and N-hydroxysuccinimide (5 mmol, 0.58 g) in 
30 ml dioxane was added solid DCC in small por­
tions. After stirring overnight, precipitated DCU 
was removed by filtration of the resulting yellow 
suspension. The filtrate was evaporated in vacuo 
(40 °C); the dried residue was dissolved in boiling 
CHC13 and crystallized by addition of light petrol as 
yellow needles, m.p. 230—232 °C in 45% yield. The 
product was pure as shown by TLC (solvents 1 ,2 ). 
Elementary analysis gave 60.94% C; 4.16% H; 
4.42% N (calcd. for C 16H 13N 0 6: 60.95% C; 4.16% 
H; 4.44% N). MS (70 eV): m /z 315 (18%, M +), 201 
(100, M — succinimidyl), 173 (4), 171 (11, 201 u — 
CH20 ) ,  143 (11, 171u -  CO), 115 (36, 143u -  CO).

Piperoyl hydroxamic acid

To a solution of N-succinimidyl piperate (1 mmol, 
315 mg) in 20 ml dioxane was added 2 ml of redistil­
led hydroxylamine ( 2 2  m )  plus 2  ml of water to dis­
solve a slight turbidity. After incubation for 2 h at 
30 °C, the mixture was diluted with water, acidified 
with HC1 (pH 2), and the resulting suspension ex­
tracted 6-times with CHC13. The organic layer was 
dried (C aS 04), filtered, and evaporated in vacuo. 
The residual oil was crystallized from CHC13, yield­
ing pale yellow platelets, m.p. 159—160 °C (dec.) in 
43% yield. Their purity was confirmed by TLC (sys­
tems 1, 6). Elementary analysis gave 62.03% C; 
4.72% H; 6.11% N (calcd. for C 12H „ N 0 4: 61.80%

C; 4.75% H; 6.01% N). MS (70 eV): m lz 233 (33%, 
M +), 201 (100, M -  NHOH), 173 (32, 201 u -  CO), 
171 (20), 143 (27, 173u -  CH20 ) ,  115 (83, 143u -  
CO).

Piperoyl Coenzyme A

All steps were carried out in the dark to reduce the 
risk of photo-isomerization at the pentadienoic side- 
chain of the acyl moiety. CoA (free acid, Boehringer 
Mannheim; 36 mg, ca 40 ^imol) was dissolved in 4 ml 
0.1 m  N aH C 03. Under constant bubbling of N2 
through this solution, N-succinimidyl piperate 
(100 [imol, 30 mg) in 6 ml dioxane was added at 
room temperature in small portions over a period of 
45 min, with occasional readjusting the pH with 
bicarbonate. After standing for further 15 min, com­
pletion of the reaction was reached as shown by the 
“delayed” nitroprusside reaction [6], The mixture 
was diluted with water, chilled in ice, acidified with 
1 n  HC1 (pH 1.5), and extracted 4-times with 
EtOAc. The aqueous phase was passed through a 
1 jam membrane filter (Schleicher & Schiill RC-60) 
and subjected in 0.2 ml portions to isocratic semi­
preparative HPLC on Merck Lichrosorb RP-18 
(5 îm particle size; column 2 5 x 0 .7  cm; flow rate
3 ml/min; solvent: 48% methanol, 52% 0.01 m  

NH4OAc, pH 6.5). The thioester containing frac­
tions were concentrated by rotary-evaporation 
(30 °C) and lyophilized. Traces of residual salt were 
eliminated by passage through a small column of 
Dowex 50 WX8 (H +, 50—100 mesh) in water. The 
eluate was lyophilized again, yielding 22 mg (65%) 
of piperoyl-CoA containing no UV-absorbing im­
purities as shown by analytical HPLC.

Radioactive piperoyl-CoA was synthesized in 
scaled-down reaction mixtures following the same 
strategy. It was found advantageous, however, to 
omit the isolation of the small amounts of labeled 
intermediary succinimide ester and to work with the 
crude reaction mixture from which only the precipi­
tated DCU had been removed by filtration. Under 
these conditions, recoveries of about 20% with re­
spect to the initial quantity of [14C]piperic acid were 
observed.

Results and Discussion

Synthesis o f  piperoyl-C oA

A variety of methods has been developed in the 
past for the chemical synthesis of acyl-CoA thioes-
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Fig. 1. Schem e for the synthe- 
sis of p iperoy l-C oA  (3) and 

C oA -SH  d  n  c  p iperoyl hydroxam ic acid (4)
~  — O y -a jsj.succiniijjjdyi p iperate  

(2). (1) Piperic  acid; N -O H - 
3  Succ, N -hydroxysuccinim ide.

O
NH2OH

R - C - N H O H

ters. Among these, the route via N-succinimidyl es­
ters as activated intermediates proved especially use­
ful. By this technique, for example, the CoA esters 
of hydroxycinnamic acids [12], tropic acid [13], gallic 
acid [14], and — quite recently — retinoic acid [7] 
have been prepared in good yield. This versatile pro­
cedure was thus chosen also for the intended synthe­
sis of piperoyl-CoA.

As depicted in Fig. 1, the free acid was converted 
to the reactive succinimidyl derivative which, in turn, 
could easily be employed for a subsequent transacy- 
lation step with CoA-SH, yielding the desired thioes­
ter. For convenience, we prepared a greater quantity 
of crystalline succinimidyl ester as a readily available 
and stable stock for the synthesis of piperoyl-CoA. 
However, as shown for the synthesis of [14C]piperoyl- 
CoA (c/. experimental section), it is not generally 
necessary to isolate this intermediate, particularly 
when very small quantities and/or expensive reagents 
are to be handled.

Rapid and convenient purification of piperoyl- 
CoA was achieved by reversed-phase HPLC. The 
isocratic system used by us (cf. Experimental) allows 
to work up comparatively large amounts of material 
within a few hours. The effectiveness of this method, 
which certainly supersedes previous column 
chromatography techniques utilizing DEAE-cellu­
lose [12, 13], sephadex G [14] or LH-20 [15] types, 
and polyamide [16], is documented by Fig. 2 which 
illustrates the complete absence of all likely conta­
minants originating from the synthetic procedure aft-

1
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Fig. 2. A nalytical H P L C  of purified p iperoyl-C oA  (1). The 
m inor peaks (1') and (1") are cis, trans-isom ers of the pen- 
tadienoic side-chain. A rrow s indicate the elution position 
of C oA -SH  (2), piperic  acid (3), and N-succinim idyl piper- 
ate  (4) as de te rm ined  at ap p ropria te  wavelengths (cf. 
T able I). C hrom atography  conditions (cf. [7]): L ichrosorb 
RP-18 (M erck), particle size 5 nm , 180 x  3 mm i.d .; solvent 
A  =  m ethanol. B =  0.01 m  N H 4O A c, pH  6 .5 ; linear gradient 
from 0%  A to 90%  A  w ithin 40 m in; flow rate 1 ml/min.
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er this HPLC-step. The minor peaks observed are 
due to inevitable stereoisomers of the piperoyl moie­
ty. Purity of piperoyl-CoA prepared by this means, 
as determined by UV-spectrometry (see below), usu­
ally reached 86—90%, i.e. values that are compar­
able with those of commercially available CoA-esters 
or free CoA-SH.

Negative results were encountered in an attempt 
to synthesize piperoyl-CoA according to a more 
recent method employing intermediary 1-acyl- 
imidazole [17], This fact, together with the reported 
failure of synthesizing 2-decenoyl-CoA (in contrast 
to the good yields obtained with other aliphatic 
acids) [17] and a very recent note on this question
[7], clearly indicates the unsuitability of this proce­
dure for the preparation of a,ß-unsaturated acyl- 
CoA esters.

Finally, it should be mentioned that N-suc- 
cinimidyl piperate served also as an efficient inter­
mediate in the synthesis of piperoyl hydroxamic acid 
(cf. Fig. 1). This compound was required for the 
quantitative estimation of piperoyl-CoA concentra­
tions (see below) and could not be prepared satisfac­
torily by the classical route via methyl piperate [18].

Properties o f  piperoyl-C oA

The UV-absorption spectrum of piperoyl-CoA as 
an important characteristic is depicted in Fig. 3. It 
shows a maximum at 260 nm due to the adenine moi­
ety of CoA and a second peak in the long-wave UV 
at 368 nm representing the absorption of the thio- 
ester bond. This latter maximum disappears upon 
cleavage leaving a new peak at 336 nm, the absorp­
tion maximum of free piperic acid (cf. Table I). The

Wavelength (nm)
Fig. 3. U V -absorption  spectrum  of piperoyl-C oA . (— ) 
Spectrum  of the th ioester; (— ) spectrum  afte r hydrolysis in 
0.1 n  N aO H  or 1 m  N H 2O H . B oth spectra reco rded  in 
0.1 m potassium  phosphate buffer, pH  7.0.

Table I. Spectral characteristics o f piperoyl coenzym e A  and of re la ted  
piperoyl derivatives.

Com pound Solvent ^max
[nm]

8
[cm2 m ol-1]

Piperic acid 0.1 m  K-Pi, pH  7.0 X,: 306 (sh) n.d.
X2: 336 n.d.

N-Succinimidyl p iperate m ethanol 315 (sh) n.d.
\ 2: 360 n.d.

Piperoyl hydroxam ic acid.
Fe3+-complex aq. dioxane 540 2.2 x  106

Piperoyl-C oA 0.1 m  K-Pi, pH  7.0 X,: 260 21.5 x 106
X2: 368 30.8 x 106

K-Pi, potassium  phosphate  buffer; sh, shou lder; n .d ., not determ ined.
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resulting difference spectrum displays a maximum at 
376 nm.

As a prerequisite for the calculation of the molar 
extinction coefficient e of piperoyl-CoA, the exact 
concentration of this compound had to be deter­
mined. This was done, after hydroxylaminolysis of 
the thioester, by the hydroxamate assay of Lipmann 
and Tuttle [5]. Based on the spectral characteristics 
of the piperoyl hydroxamate-Fe?+-complex (Ta­
ble I), an e368 of 30.8 x  106 [cm2 mol-1] was calculated 
for the thioester linkage. This result was confirmed 
by comparing the absorbance of [14C]piperoyl-CoA 
with its specific radioactivity. This exceedingly high 
e-value allows the reliable measurement even of min­
ute quantities of piperoyl-CoA; for instance, a con­
centration of only 1 nmol/ml corresponds to an Em  
of 0.031. The observed value is in line with an ap­
parent trend, in both qualitative and quantitative 
terms, regarding the absorption of the thioester 
bond. Average values of e232~ 4 .5  x  106 for aliphatic 
CoA esters [13, 19, 20], e272- 3io~7 x  106 for benzoyl- 
CoA ’s [14, 21, 22], and e311_355 ~ 20  x  106 [cm2 mol-1] 
for cinnamoyl-CoA’s [12, 16, 23] have been deter­
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Summarizing the data reported above, it is evident 
that piperoyl-CoA is easily accessible by chemical 
means. Its photometric characteristics should pro­
vide a convenient and sensitive tool for enzymatic 
studies on the postulated metabolic role of this 
thioester.
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