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Sumnzavy. After the intraperitoneal administration of high doses of 14C- and 3H-labelled 
retinoic acid (1) to rats three major urinary metabolites have been isolated in microgram amounts 
by use of column, thin-layer and high-pressure liquid chromatography. Their structures were 
elucidated by mass spectroscopy and Fourier transform 1H-NMR. spectroscopy as 2 (S-methyl- 
5-[2-(2,6,6-trimethyl-3-oxo-l-cyclohcxcn-l-~l)vinyl]-2-tetrahydrofurano1ie), 3 (5-[2-(6-hydroxy- 
methyl-2,6-dimcthyl-3-oxo-l-cyclohcxen-l-yl)vinyl]-5-methyl-2-tetrah~-drofuranone) and 4 (6-(6- 
hydroxymethyl-2,6-dimethyl-3-oxo-l-cyclohexen-l-yl)-4-methyl-4-hexenoic acid). In thcse me- 
tabolites the tctraene side chain of 1 is shortened and the cyclohexene ring oxidized. The radio- 
activity of 2 and 3 accounted for about 10% (0.9% of the dose) each, metabolite 4 for about 6 %  
(0.5% of the dose) of the total urinary radioactivity. 

1.  Introduction. - Retinoic acid (l), 3,7-dimetliyl-9-(2,6,6-trimethyl-l-c~~lo- 
hexen-l-yl)-2,4,6,8-nonatetraenoic acid (Scheme I), is the active principle of Airol 
ROCHE which is applied in acne therapy. I t  is also a potent growth-promotor in 
retinol-deficient rats [l]. However, retinoic acid is not like retinol a precursor of the 
retinal needed for the biosyntliesis of visual pigments [2] ,  altliougli it has been found 
to be a normal metabolite of both retinal and retinol [3-61. 

Scheme 1. Retiizoic acid 

'The search for metabolites of retinol or retinoic acid was intensified after there 
were suggestions that retinol and retinoic acid could be precursors of an unknown, 
active metabolite. After oral administration to rats, retinoic acid was rapidly ex- 
creted in the bile as retinoyl /I-glucuronide [7j. The retinoic acid metabolite isolated 
from the livers of rats fed large doses of retinoic acid has been identified as 13-cl.s- 
retinoic acid [S] . Publications concerning unidentified metabolites in rat urine after 
intravenous or intraperitoneal administration of retinoic acid are nuiiierous 1-61 
[:S-ll]. As a result of experiments done with retinoic acid radioactively labelled in 
various positions DeLuca & Roberts suggested that the metabolites in the urine of 
rats had a shortened side chain [9] [ l Z j .  

This paper describes the isolation, characterization and identification of three 
urinary metabolites after intraperitoneal administration of large doses of 15-[14C!- 
retinoic acid and 10,11-[3H]-retinoic acid to ratsz). 

1) Author to whom correspondence should be addressed. 
2) The configuration of the asymmetric centers of the metabolites 2, 3, and 4 has not yet been 

investigated. 
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2. Experimental. - Radioactive Compounds. The iollowing labelled retinoic acids were 
available : 15-[14C]-retinoic acid (59 pCi/nig) and 10,11-[3€I]-retinoic acid (273 pCi/mg). 

Arzimal €?xperivimt. To each of 36 male rats (Fullinsdovf Albino SPF,  380-420 g )  1 nil of a 
suspension of 1.07 g of rctinoic acid, 9.9 mg 10,11-[3H]-retinoic acid (2.7 mCi) and 20.3 mg of 
15.: ‘4C:-rctini)ic acid (1.2 mCi) in 40 nil of a 1 : 2 mixture of Tween 80/hraC1 0.9% was administered 
i111raperitone;~lly. The animals werc kept in metabolism cages and received food once a day 
(Safag 850/104) and water ad l ibi twn.  Urine and iaeces wcrc collected separately for 5 days. 

RadioasslAy Pvocedzwe. Radioactivity was measured by liquid scintillation technique using a 
L\+ziclear-Chicago Mark I Instrument with external 133Da standard. The scintillation cocktail 
cinployed consisted of dioxane (350 in]), toluene (50 ni l ) ,  ethylene glycol monomethyl ether 
(100 nil), naphthalene (40 g), and 2-(4’-t-butylphenyl)-~-(4”-biphenyli-l, 3,+oxadiazol (Butyl- 
P U D ,  CIBA) (3 .5  g),  

Radioactive areas on thin-layer platcs were eluted with ethanol bcforc measurement. Eluates 
containing radioactive material froni thin-layer chroinatogranis, high-pressure liquid chromato- 
graphy or  samples of urinc were added directly to  polyethylene counting T,ials containing 15 ml 
o f  scintillation medium. 

7 I z i i 7 - L ~ ~ ~  Chroinatogr~aphy ( T L C . ) .  Glass platcs (20 x 20 cni) coated with silica gel 60 I; 254 
(0..5 111111) were purchased froni 1;. Merck (Uarmstaclt). Prior t o  use they were washed with acetone 
and chloroform. Thc samples were applied to  the platcs in lines with a niicrodoser (Desaga). 
Solvent systems used in the development of the plates were: bcnzcnc/Z-propanol 5 : 3, 4:  1 ; 
hexane/acetonc 7 : 3 ,  3 : 2; chloroform/acetonc 3 : 2. UV.-light absorbing arms were scratched off 
and eluted with ethanol. 

Fligh-Pressure Liquid Chvolnatogvaplzy (HPLC.)  . Pumping system : d l  ilton R o y  mini pump 
(L4--240 d / h ,  5000 psi) ; pulse-damping: 1,IX 709 up to  1200 psi; dctcctor: Cecil CE 212 variablc 
wavelength IIV.-monitor with a 10 pl cell; column hardware: stainless s twl  tubing (internal 
diameter 3 nini), syringe injection port with septum; stationary phase : silica gel (Partisil 5 ,  
f tcevc -4 nggel), particle diameter 6 p. Solvent systems: pcntanc/tctraliytlrofuran/acetonitrile 
1.i : 4:  I or 5 : 9 : 6, ~iexanc/dicliloro~iicthane/acctonitrilc 5 : 3 : L. 

. l l a c c  S p ~ c ~ r o s c o p y  (LWS.). A11 mass spectra were obtained with an A E f - M S  9 mass spectro- 
nictcr using electron impact ionization, the high resolution data  with an --1EI-IfS 902/US 30 
s y t e m .  The samples were dissolved in 10 p1 of metlianol/dichlorometliane 1 : 1, transferred onto 
thc tip of  a ceramic rod, and after evaporation of the solvent in a nitrogcn stream introduced 
iuto the ion :source of the mass spectrometer (source temp.:  250’, electron ciiergy: 70 eV). 

P v o t o ~ z  .Magnetic Resonance Spectroscopy (lH-Ar~VIIZ.). The 1 H-NMLIR. spectra were run at 
00 MHz on a Rrukey HX 90j15 Fourier transform Spectrometer equipped Tvith a NicoZet 1083 
computer. The interferogranis were accumulated into 4 or 8 K of memory. Due to  the small 
sample quantities available (as little as 4 p g )  long-time accumulation of up to ca. 63 h (week end) 
\V;LS successfnlly applied (ca. 130 000 scam) yielding excellent signal t o  noise ratios in these spectra. 
The samples were dissolved in less than 0.2 nil o€ CDC13 (so-called 1000/, 11 quality) obtained froni 
C E A -  France and Sfohlev Isotope Che~?zicals. Cylindrical NMR. micro tulles (M’ilmad Glas Company,  
typt: 508-CP) were used. The D-signal of the solvent served as a field lock. The chemical shifts 
(in pptn) were referred to  the signal ol internal tctramcthylsilanc (fSTl18 = 0 ppm). 

lsolatiow of flac Uvinnvq’ Metabolites 2, 3 U J ~  4. The pooled urinc of 36 rats collected for a 
period of 5 days was adjusted to  p H  2 with 2 NHCI and chromatographcd on a column (75 x 6.5 cm) 
of Ambcrlitc XAD-2. After washing with 1.2 1 of water a fraction of a mixture of unconjugated 
metabolites could be eluted with 2.4 1 of ethyl acetate accounting for 69% of the urinary 3H- and 
G1;; of the urinary 14C-activity. The eluate was further chromatographcd on a column (60 x 5.5 cni) 
of silica gel 60 ( i l l evck ,  0.04-0.063 mm) using gradient elution (pentaiic/tlichloroiiiethane/ace- 
tonitrile/methanol). By this procedure three radioactive fractions (No. 6, 7 and 8) were isolated, 
containing about 40% of the 3H- and 10% of thel%activity. Upon TLC. with UV. and radioactiv- 
i ty detection and IIPLC. with UV. detection the fractions 6, 7, and 8 yielded compound 2 (15 pg),  
compound 3 (37 pg) ,  and compound 4 (60 pg) ,  respectively. Conipound 4 was methylatcd with 
diazometharie in ether for 3 min prior t o  HPLC. (Scheme 2 and Fig.2). 
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Scheme 2. Isolation of the twitzavy iiietabolites 2, 3, and 4 ofretinoic acid front rat uriize 
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Rat urine 

Ambcrlitc XhI)-2 
cluatc with ethyl acetate 

Eth?-I acetate extract 

Column chroinatography 
silica gel, gradient eluation 
pcntane/dichloromethane/acetonitrile/inethanol 

I 
fraction 6 fraction 7 fraction 8 

TLC. : benzene/ 
2-propanol 17 : 3 
hexanelacetone 
7 :3  

HPLC. : pentane/ 
tetrahydrofuran/ 
acetonitrile 
15:4:1 

TLC. : benzene/ 
2-propanol4: 1 
hexane/acetone 
3 : 2  

HPLC. : pcntane/ 
dichloromethane/ 
acetonitrile 
5 :9 :6  

'TLC. : chloroform/ 
acetone 3:2 

Mcthylation, CH2N2 

HPLC. : hexanel 
dichloromethane/ 
acetone 
5:3:2 

2 3 4 

3. Results. - In  the urine excreted during the first five days following dosage tlie 
content of  3H and 14C accounted for 9 and 3.2% of the dose, respectively. No parent 
cornpound could be detected in the urine. The structures of the three metabolites 
of retinoic acid (1) isolated from rat urine are shown in Scheme 3. The metabolites 
2, 3, and 4 contained only 3H and no 14C. Therefore it was obvious that the side chain 
was shortened by a t  least the last C-atom. Only 4 could be methylated by treatment 
with diazomethane. 2 and 3 had an UV. maximum at 260 nin (pentane/tetrahydro- 
furan/acetonitrile 15 : 4: 1)corresponding to an cc,P,y,d-unsaturated ketone. The 
structures of 2, 3, and 4 were deduced €rom mass and 1H-NMR. spectra. They all 
have a Cis-skeleton with a side chain, shortened by 4 C-atoms compared to the parent 
compound, and an oxidized cyclohexene ring. In order to simplify the following 

Schenic 3 .  Urinary metabolites sf vetinoic acid (yo of total urinary radioactivity arc: given in 
parenthesis) 

2 : R =CH3 ( loo lo)  4 (6%) 

3 : R =CH20H (10%) 
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w 
0 

lOpg/ 0.17ml CDC13 (lOO%D) 

1 -  I P  L- L 
G P P ~  5 4 3 2 1 

h ig  1 90 M H z  boouric,i f raiz\f(ww~ LI~-L\~JUI< spectra (solvent signal not shomn) of 2 (10 pg in 
0 17 in1 CUC13 133000 pulse\, 81<) and of 3 (32 pg In 0.17 ml CDC13, 62000 pulses, 4K).  Insert 

kidition o r  DzO (4200 p1119C5, 41%) Signals marked by asterisks arc due to  impurities 

disciussion of the spectroscopic data tlie numbering system given in Schzenzc 1 is 
a pplied tc) all compounds. 

Metaboli2e 2. ~ The elenieiital composition of 2 is deduced froni t lie inass spectrum 
as C16H2203. The fragmciitation of the molecular ion is well cornpatible with the 
presence of the lactone residue: Cleavage of the C(S), C(9)-bond (probably after a 
H-shift from CH3 at C(5) having made the C(S), C(9)-bond allylic) leads to two intense 
peaks at injc 163 (basr peak, CllH150) and 99 (GOY$ relative intensity, C~H702) .  

The 1H-NMK. spectrum of 2 (Fig. 1) reveals the presence of a trans -CH-CH- 
unit (AB-type spectrum of H-C(7) and H-C(S), J A B  = 16 Hz) with signals a t  6.27 
and 5.81 ppn ,  the former being slightly broadened by an additional small spin 
coupling. This is caused by tlie protons of the CH3 a t  C(5), the signal of  which appears 



HELVETICA CHIWICA ACTA - Vol. 59, E'asc. 6 (1976) - Nr. 231 2225 

as a doublet ( J  N 1 Hz) at  1.77 ppin. The protons of the two geminal CH3 a t  C ( l )  
give rise to a singlet at 1.13 ppm, tlie CH3 at C(9) is identified by its singlet a t  1.55 
ppm. The complex rnultiplets between ca. 1.8 and 2.7 ppm are assigned to the re- 
maining CH2- protons. Therefore the 1H-NMK. data clearly proves the proposed 
structure 2 for this metabolite. 

Metabolite 3. - The molecular weight of 3 is deduced from the mass spectrum as 
275. As in tlie mass spectrum of 2,  the presence of the lactone ring is indicated by an 
intense peak a t  m/e 99 (base peak). The complementary fragment, nzje 179, is of 
relatively low abundance (15%). The loss of CHzO from the molecular ion, giving rise 

Fig.2. HPL-Chromatogvam of fraction 6 purzjked 
by T L C .  Peak 2 represents 2 pug of metabolite 2, 
peak 1 is due t o  an impurity. Solvent system. 
pentane/tetrahydrofuran/acetonitrile 25 : 4 : 1, 
flow: 0.53 ml/min, UV. detection a t  260 nm 
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to a peak at  inje 248, not observed in the spectrum of 2, reveals the presence of the 
Iiydroxymethyl moiety. 

In the 1H-NMR. spectrum of 3 (Fig. 1) the following relevant differences are ob- 
served in comparison to the spectrum of 2:  Obviously, instead of tlie two geminal 
methyl groups only one is left as seen from the intensity o f  the 1.11 ppni singlet (3 H).  
In addition, the newly appearing multiplet (AB-part of an ABX-type spectrum) 
around 3.5 ppm indicates the presence o€ a CHzOH group with the niethylen protons 
differently shielded due to the proximity of an asymmetric center. Upon addition of 
D20 the spin coupling of OCH2 with OH disappears. From these observations it 
follows that the hydroxymethyl group must be attached to C(1). 

Metabolite 4. ~ From the mass spectrum of the methyl ester of 4, taken under high 
resolution conditions, molecular weight and elemental composition are deduced as 
294 and C 1 7 H 2 ~ 0 4 ,  respectively. As in the mass spectrum of 3, the presence of a hydr- 
oxymetliyl group is indicated by an intense peak (base peak) a t  l ~ / e  264, due to the 
loss of CHeO froin the molecular ion. 

The 1H-XMR. spectrum of the methyl ester of 4 clearly indicate.; the presence of 
tlie same substituted cyclohexene ring as in 3 with relevant signals at  1.0s (3 H, H3C-C 
(l)), 1.78 (3H, H3C-C(5)), ca. 2 to 2.6 (ca. 6 H ,  CHz), and 3.37 and 3.72 ppm (ZH, 
OCH2). In addition, the presence of a (CHzCH=C(CH3))-unit is revealed by signals 
appearing at  2.95 (d,  ZH), 5.02 ( t ,  1 H), and 1.74 ppm (s, 3H).  These observations can 
be understood on tlie basis of structure 4 (the double bond in the side-chain is drawn 
in the t r a m  configuration, although no proof can be derived from tlie spectroscopic 
data). 

It should be pointed out that  the 1H-NMR. data given above would also be com- 
patible, in principle, with a second structure having the double bond shifted from 
C(8), C(9) to C(9), C(10). The following experiments, however, strongly militate 
against this possibility. A sample of the methyl ester of 4 was deuteriated (NaOCH3, 
CH30D, DzO, 16 h, 20"). After neutralization with acetic acid, remethylation with 
diazomethane and purification using HPLC. the deuteriated inethyl ester of 4 was 
investigated .by MS. revealing the incorporation of a maximum of 4 I>-atoms (15% D4, 
30% D3, 4O0L, Dz, and 15% D1). The 1H-NMR. spectrum, which was run from a sample 
of ca. 4 pg (total accumulation time 63 h) showed besides the disappearance of a part 
of the signals between 2 and 2.6 ppm, a significant cliange of the signal shape of the 
olefinic proton a t  5.03 ppm which now appeared as a broad singlet rather than a 
triplet. This is interpreted by the assumption that molecular species with CDz-CH= 
and CHD-CHy units were present which should give rise to superimposed broadened 
(by homoallylic coupling to the H3C-C(9)) singlet and doublet signals, respectively. 

Considering the mild deuteriation conditions, it caii be safely assumed that 
deuterium was incorporated in the neighborhood of the 4-ox0 group only, i.e. a t  
C(3) and C(7) and not next to the acid group a t  C(11) (the ester group being 
hydrolysed during the reaction). Thus, the subunit in question, CHz--CH-=, whose 
IH-KMR. pattern has been modified by deuteriation, must contain C(7) and conse- 
quently formula 4 must be the correct choice. 

4. Discussion. - The existence of a multiplicity of urinary retirioic acid meta- 
bolites has been published repeatedly !6] [9-111 [13] 1141. These metabolites were, in 
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part, characterized but not identified by MS. and 1H-NMR. spectroscopy. In 1974 
four urinary metabolites were isolated after injection of retinoic acid to rats and 
humans by Rietz et al. As they deduced from MS. and lH-NMR. spectroscopy the 
cyclohexene ring was oxidized to the cyclohexenone [15]. 

The metabolites 2, 3, and 4 described here have a Cl6-skeleton lacking the 4 last 
C-atoms of the retinoic acid side-chain, and also a cycloliexenone moiety. Sundaresaiz 
et al. postulated the existence of six urinary metabolites after intraperitoneal injection 
of 6,7-[14C]-retinoic acid into rats j16]. Of these the major metabolite was lacking a t  
least the C(14) and C(15) of retinoic acid since it was not isolated when 15-!14C]-or 
14-[14C]-retinoic acid was injected. This prompted these authors to  suggest a meta- 
bolic attack on the hydrogen atoms a t  C(11) or C(12) [ll]. 

Metabolite 4 perhaps represents the mysterious ‘compound 5’ isolated by Yagishita 
et al. after intraperitoneal administration of retinoic acid to rats j13]. They isolated two 
compounds from the intestine, ‘compound 5’ and ‘compound 9’. ‘Compound 5’ was a 
carboxylic acid derived from retinoic acid by loss of at  least the terminal C-atom 
(C(15)). I ts  UV. spectrum sliowed a peak a t  252 nm, and the IR. spectrum had an OH- 
absorption band and two bands for keto-groups. ‘Compound 9’ could be a lactone 
similar to metabolites 2 and 3. 

The metabolites 2, 3, and 4 could derive from retinoic acid by the metabolic 
pathway postulated by Roberts & DeLuca in 1967 [9] [lZ]. As a result of experiments 
done with radioactive retinoic acid, labelled in various positions, DeLuca & Roberts 
suggested that the metabolic degradation of the retinoic acid side-chain starts with 
oxidation a t  C(14) and loss of the terminal C-atom (C(15)) by decarboxylation. 
This decarboxylation would lead to an acid with 19 C-atoms. In  the experiments of 
DeLuca & Roberts about 1/3 of the dose of retinoic acid was terminally decarboxylated. 
A further oxidation a t  position 12 of this Clg-acid would yield a /3-keto acid. Since the 
/3-keto acid would not be stable, loss of propionic acid could occur leading to inter- 
mediates with a skeleton of 16 C-atoms which would be direct precursors of the meta- 
bolites 2, 3, and 4. It is still uncertain whether the metabolites 2, 3, and 4 are biologi- 
cally active. 
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