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(E)-Urocanic add,  a m ~ o r  metabolRe of hisfidine [1,~ and a naturally occur- 
~ng sunscreen, accumulates in the skin and is eventually excreted in sweat [3,4]. This 
compound, which undergoes E ~- Z photoisomerization, is one of the m~or  UV light 
absorbers in the epidermis [5,@ Recent studies, howeve~ have revealed additional 
photobiological properties, i.e., photochem~al binding to DNA and photoimmuno- 
suppressive activity for the Z isomer [7-10]. These observations rule again~ the use of 
urocanic acid as a sunscreen and led us to undertake a study of urocanic acid long- 
chain esters. 
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The ~parat ion of the E and Z Nomers of urocaNc esters has a twofoN inmre~: 
photochemical, as it is necessary for the study of E ~-~ Z ~omefizafion and of the 
pos~ble photocydoadNfions;  and N~oNcal ,  for the study of the influence of the 
configuration on the immunosuppr~Nve properties. 

Although separations of urocanic add  [1 1 1~ and m ~ h ~  urocanate isome~ 
have been repormd [15], those of for lon~chaln esters have not. We ~ e ~ f o r e  set out 
to separate the E and Z isomers of n-dodec~ urocana~ and to d~ermine ~ e  propo~ 
tions of mixtures of these compounds by chromatography. 
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EXPERIMENTAL 

In~rumentat ion  and procedure 
PhotoNomefization reactions we~ carried out in a Rayonet-type reactor (New 

En~and U l ~ a ~ o ~ 0  at 254 nm u~ng 10-ml qua~z tubes on a rotating rack. 
TNnNayer chromatography (TLC) was done on 2.5 x 7.5 cm ~lica gel 60 & 

plates (250-~m layeO (Whatman) with UV detection at 254 nm. The solvent was 
c ~ o r o f o r m - m ~ h a n ~  (95:5, v/v). 

A 20 x 2 cm I.D. cNumn of silva gel (250 400 mesh) (Fluka) was used for the 
preparative separation of  the Z isomer from a 160-mg mixture of Z and E isomers 
(Z:E  ~ 75:25) using chloroform-m~hanol  (95:5, v/v) as eluent. The elution was 
followed by TLC. The fi~t ~omer appeared after 75 ml of eluent and was pure in the 
tw~ve following 3.5 ml-fractions coHected. 

High-performance fiq~d chromatography (HPLC) was performed using a sys- 
mm con~sfing of a Mflfipore Wate~ unit (Mod~ 510) with an automatic gradient 
c o n ~ M ~  a W a ~  A~oc.  990 photoNode array de~ctor  and a Wam~ A~oc.  ~Po- 
rasil (10 ~m) column (30 c m x  4 mm I.D.). The demection wav~ength was set at 310 
nm, where both isomers absorb. The duent was ch lo ro fo rm-~han~  (HPLC grade) 
(85:15, v/v) after ha~ng been fiRered over Mflfipore membranes (0.22 ~m). The flow- 
rate was of  0.7 ml/min. 

UV spectra were recorded on a H e w ~ - P a c k a r d  HP 8451 A spe~rophotom- 
eter. I R spe~ra were recorded on an FT-IR Per~n-Elmer 1760 X spe~rophotommer. 
N M R  spectra were recorded in deuterochloroform on a Bruker AC 80 apparatus. 

Chemica~ 
(E)-Dodec~ urocana~ was obtained by esterification [1~ of urocaNc acid (Al- 

drich). Its purity was checked by TLC (Rv = 0.21). 
PhotNsomefization was achieved by a 2-h kraNafiom at 254 nm of a 6.5 • 10 -~ 

mol l-~ solution of 160 mg of (E)-dodecyl urocana~ in 80 ml of butanol at 35°C. 
A~er having evaporated the solvenL the separation of the Z isomer was pe~ 

formed by colum chrom~ography ufing the procedure described befog.  The twdve 
~actions contai~ng the isomer elu~d fi~t were evapora~d to Nve 110 mg o f a  sofid 
ofm.p.  61°C (uncorrected). This compound obtained in ca. 90% ~ d d ,  was ~entified 
as the Zisomer  by TLC [Re (E) = 0.21; Re (Z) = 0.4~ and ~H N M R  spe~ro~opy:  
- C H = C H  COO(CH2)~CHa:  E isom~, 6H~ = 6.73 ppm, 6H~ = 7.58 ppm, 
~H~,H~) = 16 Hz; Z i s o m ~ ,  6H~ = 5.60 ppm, 6H~ = 6.83 ppm, J (H~H~ = 13 Hz. 

The UV spe~ra we~ recorded in butanol: E ~ o m ~ ,  2 m ~  = 292 nm, ~ = 19 200 
1 mol -~ cm-~; Z isomer, 2 m a  x ~ 302 nm, e = 17 100 1 mo1-1 cm -~ 

The IR spectra were recorded in carbon tetrachlofide: E isomer, v~,(ffe~ = 
3470 cm-~ (sharp band), v~n(bonded) = 3200-3425 cm a 0nmrmo~cNa~;  Z iso- 
mer, v ~ b o n d e d )  = 3258 cm-~ 0 n ~ a m ~ e c ~ a r  hydrogen bond). 

RESULTS AND D~CUS~ON 

The HPLC sepa~fion of an a n ~ d ~  minu te  of(Z)- and (E)~odec~  urocan~e 
is shown in ~g .  1. Under the conditions described above, the ~ m ~ n  t im~ w~e 15.25 
mR and 6.75 min ~ r  the Z and E isom~s, ~spe~ive~.  The weaker re~ntion of the Z 
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Fig. I. HPLC separation of an arfifidM mixture of (Z)- and (E)-dodecyl urocanate Nomera Column, 
pPorasH (10 pro) (30 cmx 4 mm I.D.); detection, absorption at 310 nm; mobi~ phase, chloroform-ethanol 
(85:15~ flow-rate, 0.7 ml/min; temperature = 20°C; injection: 15 pl of an approximate~ 10 3 mol 1 -~ 
solution. VMues on the y-a~s are absorbance un~s. 

Nomer  is p r o b a b l y  re la ted to the s ~ o n g  i n t r a m o ~ c u l a r  hydrogen  b o n d  in this m o ~ -  
cule, which is readi ly  seen in inf rared  spect roscopy.  This bond ,  a l ready  repor ted  for 
methyl  u rocana te  [17], is not  d i s rup ted  in the long-chain  ester. 

N ~~N~:_ _~?O~ - O (CH~ 11CH 3 

f h e  peaks  ob ta ined  in H P L C  were asf igned by analys ing the p r e v i o u ~ y  identi-  
fied pure  ~ o m e r s  separate ly .  Quan t i t a t ive  H P L C  was then under taken .  Ca l ib ra t ion  
was pe r fo rmed  by p lo t t ing  known  concen t ra t ions  o f  each isomer  agains t  peak  area.  
Unl ike  urocanic  a d d  [18], the isomers did  no t  show a devia t ion  f rom the Bee r -  
Lamber t  law in the concen t ra t ion  range tested (seven concen t ra t ions  f rom 4 • 10-5 to 
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5 - 10 3 tool 1-1). This HPLC m ~ h o d  was te~ed ufing two artifidN mNtures of Z 
and E isomer~ whose proportions were measured by w~ghing and chosen in the 
range expec~d in photochem~M experiments ( 4 5 % ~ Z ~ 7 5 % ) .  The resM~ ob- 
tained, Nven in Table I, illustrate the predfion of the m~hod.  

TABLE I 

TEST OF HPLC ASSAY OF (E) AND (Z)-DODECYL UROCANATE 

M~ture Z:E (w~ghing) Z:E (HPLC~ 

1 (Z:E ~ 3) 3.33 ± 0.03 3.35 ± 0.02 
2 (Z:E ~ 1) 0.92 ± 0.01 0.91 ± 0.01 

° V~ues ± S.D. (n = 4). 

Ha~ng  confirmed the pred~on of the HPLC anMy~s for these compounds, we 
set out to anMyse the mixture obtNned a~er a 2-h kradiation of a 6.5 • 10 .3 mol 1 -~ 
solution of (e)-dodec~ urocanate in butanol. Eight tubes were used in the rotating 
rack and anMysed s e p a r a ~  (two measurements for each tub0  by HPLC and ~H 
N M R  spectroscopy. The following resul~ were obtNned: Z : E  (HPLC) between 2.58 
(7Z12%9) and 2.62 (72.4:27.6) and Z : E  (~H NMR) between 2.57 (72:28) and 3.00 
(75:25). The resM~ obtNned by (he two m~hods  are dose, but those Nven by HPLC 
are more reprodudble. 

We therefore deeded to use HPLC to d~ermine the photo~afionnary ~ a ~  of  
the photoNomefization of (E)-dodec~ urocanam in butanol (6.5 • 10-3 tool 1-1), and 
found that it was reached a~er 1 h ofirr id~fion and cowesponded to the ratio Z : E  = 

2.6 ± 0.02. 

CONCLU~ON 

The preparative mmhod for the separation of (Z)- and (E)-dodecyl urocanam 
described has proved to be a readi~ appl~ab~ mchnique that allows the rapid pro- 
duction of large amoun~ of  these two isomer.  This will enab~ us to continue the 
study of  the bio~NcM acti~fies of these compounds, for in~ance the immunosup- 
presfion phenomenon. The quantitative anMyNs by HPLC of E and Z Nomer mix- 
tures greatly fadlitates the ~udy of  the photoisomerization of dodec~ urocanam in a 
wide range of sNven~ and concen~afions. 
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