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The determination of the enantiomefic compofit ion of amino acids can be 
accomNNhed in one of three basic ways: prederivatizat~n of the enantiomers with 
a chiral reagent [1~ adNtion o fa  chiral reagent to the m o N ~  phase ~] or use o fa  chiral 
~at ionary phase (CSP) [3]. ARhough the first method is still the m o ~  effidenk R seems 
to be hmimd to anMyticN purposes. The second, e spedN~  the ~n-exchange sys~ms 
with chiral moNle phases on an achiral ~at ionary phase, Nlows the direct separation 
of underivatized amino acids but requires additional s~ps to isolate the desired 
enantiomer ~ o m  the components of  the moNle phase [4]. 

A wide variety of CSPs have been studied in the atmmpt to resolve racem~ 
amino adds  but none has yet been aNe to res~ve N1 of the common amino acids. Ea~y 
a~empts  with CSPs involved hgand-exchange chromatography on covMenfly bonded 
coppe~II )  ~ n  bprof ine  comNexes [5]. Kyba et aL ~] devdoped the synthes~ of 
optically active crown mhe~  bearing Nnaph t h~  units. By anchoring covNenfly some 
of these compounds,  called hosts, on silica gel or p~ysVrene  retire they were able to 
resolve many amino acids as guests mainly as their mmhyl ester salts in mixtures of 
organic solvents as d u e n ~  [7]. More recently, Shinbo et al [8] ex~nded the ~ situ or 
dynamic coating procedure first introduced by Kirkland and Dilks in 1973 [9] to the 
preparation of chiral crown ether packings for the chromatographk  separation of 
many racemic undefivat~ed amino adds  with dilute perchloric acid as the eluent at 
2'~C. 

However, the synthefis of such chiral crown ethers as highly pure enanfiomers 
Nways ~ q ~ s  extra r a s p u t i n  of racem~ m i ~ u ms  by mcry~al lkat ion of d~smmo-  
meric spedes [1~ or by liquid chromatography on a CSP [11]. For future separations of  
amino adds  on CSPs preparafiv~scNe sy~ems should ideally use cheap aqueous 
moNle phases without any pmderivafization. With the same approach we recently 
reposed  the synthefis of  new chiral m a c r o c y d k  ethe~ derived ~om D-manNtol as 
a source of an inexpenfive chiral ~amework and their immoNfization on an 
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o~adec~f i~nized  sihca [1~. We describe here the preparation and some of  the 
chromatographic charac~ristics of a fim~afly des~ned CSP. 

EXPERIMENTAL 

Reagen~ 
All common c h e m ~ s  and solvents were purchased ~om Aldrich (Strasbour~ 

France) or Prolabo (Paris, France) and were used without fu~her purification. 
o~-~-Phenylglydne and o-tryptophan were obtained ~om Fluka (Buchs, Swi~e~ 
land), (R) - ( - ) -  and (S)-(+ ~ 2 - p h e n ~ y ~ n ~  o ~ - 4 - c h ~ r o p h e n ~ a n i n e  and p - ~ o -  
o ~ - p h e n ~ a n i n e  ~om Aldfic~ and p -n i~o -~ -phen~an ine ,  o~-~yptophan and 
D ~ - p h e n ~ a ~ n e  ~om Sigma (St. Lo~s,  MO, U.S.A.). Rapid chromatography [13] 
was performed using Merck 9385 sifica gel (40 63 #m). The chiral crown ether 2 was 
immo~lized by dynam~ coating on a reversed-phase column (Merck 19637; 
LiChrospher 100 RP-18, end~apped,  dp = 5 pm). 

General 
1H and ~3C N M R  spe~ra were recorded u~ng a Bruker AM 400 spe~rome~r  at 

400.13 and 100.58 MHz, respective~, with tetram~h~silane or c~oroform as internal 
re~rences. Optic~ rotations were measured at 293 K using a Perkin-Elmer 141 
polarime~r and a 1-dm cell. A n ~ y t ~  chromatography was performed using 
a Waters A~oc.  Modal 6000 pump, a Rheodyne Model 7125 i~e~or ,  a Waters Model 
440 UV de~ctor  (254 nm) and a Spec~a-Phy~cs Model 4290 in~grator.  

1,2.'5,6-D&O-~opropylidene-3 ~-bis-O-[ ( 2-chloroe~oxy )e~y~-D-mann#ol (1) 
A 5.25-g (20.0-mmol) amount of 1,2:5,6-di~opropyliden~o-mannitol (~om 

o-mannitol, m~hoxy-2-propene and p-toluenes~phonic add  [1~) was reacted in 
a two-phase sys~m with 100 ml of ~ 2 - c E o r o ~ h y l )  ~her  as solvent and reagent, 100 
ml of 50% sodium hydroxide solution and 13.60 g of  m~abut~ammonium hy- 
d rogens~pha~  (2 equiv) below 20°C for 14 h [15]. The mixture was ~luted with water 
(100 ml) and d ic~orom~hane  (100 mD, decanted and the aqueous phase was washed 
with dichlorom~hane (2 × 50 mD. The organ~ ex~acts were com~ned,  washed with 
water (2 × 50 ml), dried and concentrated. A~er evaporation of excess chloroethyl 
ether the resulting m a ~ f i ~  was purified by rapid chromatography ~5 × 5 cm I.D. 
column, e th~ acetate n-hexane (1:2, v/v) as ~uent to afford 7.13 g (75%) of 1 as 
a colou~ess oil: [~]~ = +14.9 o (c=16; CC~). M i c r o a n ~ y ~  c a ~ u ~ d  for 
C:oH36OsCl:, C 50.53, H 7.63, C1, 14.91; found, C 50.30, H 7.54, C1 15.41%. 

1,2:5,6-D~O-isopropylidene-3,4-O~ l,2-( 4-tert.-butylbenzened~ b~(oxyethoxy- 
e~yl) ]-D-mannB~ (2) 

A solution of + ~ r t . - b m ~ c ~ e c h ~  (1.03 g, 6 mmol) in m b m a n ~  O0 ml) was 
s h r e d  ~ r  30 rain at room ~ m p ~ u ~  under argon. To t~s  s ~ u t ~ n  was added dry 
po~s~um carbona~ (0.992 g, 6 mmoO and then, after ha~ng h e a r d  the ~s~ t ing  
m i ~ u ~  ~ a gentle reflux, 2.282 g O.8 mmoO of  1 were added. The ~s~f ing  solution 
was boiled for 5 h, ~lowed to cool to room ~ m p e m t u ~  and the butanol was 
evapora~d under ~duced p ~ u ~ .  The re ,due  was dissolved ~ d ~ o r o m ~ h a n e  (50 
ml), washed with ~stiHed water ~ x 20 mD and the organic phase was dried and 
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prepurified by dut ion through a neu~M Mumina column (about 30 g) with 100 ml of  
~hyl  acetate. A~er evaPoration, the resulting gum was purified by rapid chromato- 
graphy [15 x 5 cm I.D c~umn,  ethyl ac~a t~n-hexane  (3:2, v/v) as eluent to afford 
1.73 g ( 6 3 % )  of 2 as a homogeneous gum: [ ~  = +3.4  ° , [~]4~ = +11.6 ~ (c=2;  
CCl~). ~H N M R  (C2HC1~):61.28 (s, 12 H, ~butyl + t - m e t h ~ i s o p r o p ~ e n ~ ,  1.30 (s. 
3 H, 1-m~hylisopropylidene), 1.38 (2 ~ 6 H, 2-methyfisopropylideneL 3.48 (m, 2 H), 
3.6~-3.73 (m, 4 H), 3.74~.99 (m, 4 H), 4.02 (dd, 2 H, H-la /H-6a) ,  4.04 4.19 (m, 4 H, 
H - I ~ H - 6 e  + 2H) ,&32 (m,2 H, H-2/H-5), 6.80 (d, 1 H, H-5 ofca~chol) ,  6.90(dd, 1 H, 
H-4 of catech~,  1 H), 6.93 (d, I H, H-2 of camch~).  ~ C  N M R  (CZHCI~) : 6 148.30 
(C-4 of catechol), 146.78 (C-2 or C-1 of catechol), 144.33 (C-I or C-2 of catech~),  
117.83 (C-3 or C-5 of catech~L 113.45 (C-5 or C-3 of catech~),  112.42 (C-6 of 
camchO), 108.57 (ketal), 80.61 (C-3/C-4 o f m a n ~ t o l L  75.11 (C-2 or C-5 of mannitol), 
75.10 (C-5 or C-2 of man~tol ) ,  72.60 (C-1 or C-6 of mannitol), 72.44 (C-6 or C-1 of 
m a n ' t o O ,  70.76, 69.87, 69.19, 68.89 and 66.53 ~ rown  meth~eneO, 34.16 (~but~L 
31.45 (~buffl  me~yls),  26.57 and 25.31 (isoprop~idenes). M~roan~yf is :  c ~ c ~ a t e d  
for C~oH480~o, C 63.36, H 8.51; found, C 63.49, H 8.76%. 

In s#u coat~g of  ~ e  crown e~er  2 
Commerc i~  o~adec~s i lan~ed ~fica @a. 2.3 g) was packed into a 250 × 4.6 mm 

I.D. ~ n l e s ~ e d  c ~ u m n  as a to luenedsopropan~  96% ethanol (1 : 1 : 1, v/v/v) ~urry 
under a pressure of  450 bar [1~. The column was then washed with cMoroform ~ 0  ml) 
and m ~ h a n ~  (50 mD and equil~rated with 100 ml of  m ~ h a n ~ - w a t e r  ~ 5 ~  v/v). To 
a solution of 250 mg of 2 in 55 ml of  dry m ~ h a n ~  were added 45 ml of  distilkd w a ~  
leading to a ~ight opalescence without any precipitation, lmmobi~zafion of the crown 
~her  on the packing was carried out by p u m ~ n g  the above solution at 0.5 ml/min at 
25°C. To achkve a reguhr  coat in~ the proportion c f m e t h a n ~  was decrea~d s~pwise 
~ o m  55% to 15% by pas~ng 5 x 50 ml o fappropf iam m ~ h a n ~ k  aqueous solution at 
0.5 ml/min. Finely,  the c ~ u m n  was careful~ equilibrated with ~stilled wa~r  (300 ml 
at 0.1 ml/min) and the amount  of  crown ether immo~lized on the filica (ca. 200 rag) 
was c ~ c ~ a t e d  ~ o m  the diffe~nce b~ween the initiM 250 mg and the recovered 
amount  of 2 a~er com~naf ion  and evapora t~n  of the d u ~ d  m ~ h a n ~ i c  s~utions.  

RESULTS AND D~CUS~ON 

Synthes& qf  the crown ether 2 and #s immobilization on C18 silica 
The synthesis cf  crown ether 2 according to Fig. 1 allowed us to investigate the 

effects of  the bulky tert.-but~ group on the catechol on chiral separation. Earlier 
results with rdated crown ethers where the 4-por t ion  on the catechol was substituted 
by a methyl or a ni~o group ~d to the condu~on  that a x-donor or ~-acceptor group 
on the ~at ionary phase could increase the separation factor of certain flee aromatic 
amino add  enantiomers. A more fipophihc crown ether was also expected to enhance 
hydrophobic interactions wRh the alk~l groups of the silanized silka. A tert.- 
butylcatechol dipotas~um salt in 25% excess was used to cydize 1 with maximum 
template efl~ct in boiling n-butanol; no ~a~ing  material could be seen a~er  5 h of 
reaction by thin4ayer chromatography.  No attempt was made to improve the 
moderate 63% yield (e.g., by u~ng neutral alumina instead of ~lica for the final 
purification). 
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1 

~g. I. T w ~  ~n~e~s of~own ~h~ 2 from ~ W ~ n ~ m ~ M ~ .  Bu = Buffl: Me = m~hyl, 

ReNacement of  m ~ h a n ~  with ac~onRfi~  as a misciNe organic solvent for ~ 
situ coating ~d to very ~ow loaNng as 2 was ~ther  insuffiden~ soluNe or not retained 
on the C~s p a c N n ~  depending on the proportion ofacetonitf i~.  A~ention was paid to 
careful equilibration of the packing before and a~er  the dynam~ coating. Reduced 
equilibration times or by-pas~ng some dilution steps afforded less effective packings 
with the same amount  of  crown ~her  immobilized on the silva. Therefore, the lack of 
homogenNty in the di~fibution of the adsorbed crown ether throughout the c ~ u m n  
can lead to different overall thermodynamic beha~our  of  the resMting CSP. 

Liquid liquid ex~act~n exp~imen~ 
Chir~  ~f fe~nt ia t ion  in com~exat ion  of the enant iom~s  of p h e n ~ y d n e  by 

crown ether 2 was d a s ~ c ~  measu~d  by 1H N M R  a~er par t i t io~ng p h e n ~ y d n e  
m~hyl  es~r  p ~ c ~ o r a ~  b~ween water and chloroform [6]. For t~s  purpos~ 28A4 mg 
of 2 (0.05 mM) were dissolved in 1.0 ml of  CZHCls and shaken ~ r  1 min at 0°C with 1.0 
ml of  lithium p ~ c h ~ r ~ e  (4 M) in 2H20 conta i~ng 40.33 mg (0.2 raM) of ~cemic  
p h e n ~ y ~ n e  m e ~ y l  ~ t e r  hydroc~oride.  The mi~ure  was allowed ~ ~ ~ r  30 rain 
at 0°C and, the organic layer was then ca~ful ly ~ p a r ~ e ~  dried over l i~ ium 
p ~ c h ~ r ~  f i l ~ d  and its ~H N M R  s p ~ t r u m  immediat~y ~ken  at 27°C. The most 
ob~ous  change was ~ e  splitting o f ~ e  singlet o f ~ e  benzyfic proton on the a ~ m m ~ c  
cen t~  o f ~ e  guest into two b~oad over lap~ng sin~ets around ~95 ppm, which ~ d  not 
allow ~ p a r a ~ d  ~ g ~ f i o n .  The ratio of  expanded aromatic signal sur~ces (10 
H ~ c m )  up- and downfi~d Dora 7.00 ppm led to a guest /ho~ (G/H) ~ c ~ o m ~  of 
1.15. The s~it t ing of the ~ a s ~ o m e f i c  m e ~  groups of  the guest into two w~l 
~ p a ~ d  ~ n ~ s  ~ 3.73 ppm ~ r  ~ e  R and at 3.64 ppm ~ r  ~ e  S enanf iom~ with an 
a p p r o ~ m a ~  ratio of  63:37 in ~ v o u r  of  the R i som~  was unexpe~ed. 

In order to ~ h  the a ~ l i ~  of chiral ~ c o g ~ t i o n  of 2 towards Dee ~ c e m ~  
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phen~Nydnm a more polar organic phase (23.1% C~H~CN in CeHCIa) was used at 
0°C and ~d to variable resul~ in rdat ion to the proportion of perchlofic add  inifia~y 
added to the aqueous phase. An excess of  add  0nitiM pH < 1) caused partiM 
h y d r o i d s  of  the isopropylid~ne groups but Nso impo~ant  comp~xat ion (G/H 
around 1). Duplication of the run with an aqueous phase ofinitiM pH 3 did not cause 
any hydrolyfis o f k ~ N  but only a mode~  extraction (G/H < 0.2). T~plication with an 
aqueous phase of initial pH 2 did not improve significantly the ex~action rate of Dee 
p h e n ~ y d n e  but caused a shght measurable hydrolygs of the promctNe groups 
(around 5%). No splitting of the d n N ~  around 4.95 ppm could be observed, even on 
heating the isolated and dried chloroform solution to 40°C. 

In brieL ho~  2 was able to ex~act  p h e n ~ y d n e  as a flee add  or as i~ r e ~ d  
methyl e~er  when assodated with the perchlora~ anion. M ~ o r  changes in chem~al 
shi~s and multiplidty in the 1H N M R  spectra and unusuM~ low solubihfies in 
C2HC13 were proof  of  the rapid formation of highly structured 1:1 complexes with an 
enantiomefic excess of  at ~ast  26% in the case of the meth~ ester salt. 

Chromatograph~ experimen~ 
Eafl~r  r e s ~  showed that no ~esolution of racem~ p h e n ~ y d n e  m ~ h ~  es~r  

could be observed with such a related crown ether immoNlized on a C18 s~ica when 
dilute perchlofic add  was used as the ~uent,  ~ though a high capadty  factor was 
measured for t~ s  compound ~ a p a d t y  facto~ U = 17). No a t~mp t  was ma~e to ~udy 
other amino add  methyl esters or diffe~nt  mo~ le  phases as the final aim was the 
~ s o ~ f i o n  of ~ee amino adds  which were tested as rec~ved, without any predefiva- 
tization. 

Baseline resolution o f r acem~ phen~glydne  was ob ta~ed  with pure water as the 
duent  with an ~ value of 1.92 at 0°C and 1.69 at 20°C. The R enantiomer was d u ~ d  
after the S enanfiomer. As a ~ c h i o m e ~ y  of 1 : 1 was measured for this complexation 
according to the ~ s u l ~  of the o n e p l a ~  extraction, one can use the general equation 
A (A G~ = - R T  In ~ to d~ermine the ~e~energy ~fferences at the two ~mpera ture~  
which were - 3 5 4  and - 3 0 5  c ~ / m ~ ,  ~spect iv~y.  The ~mpera ture  dependance of 
A(AG °) indicates that the more stable complex ~o~espond ing  to the most retained 
R enantiomer) depends to a large extent on the e n t h ~ c  term, whereas the kss stable 
complex ~o~espond ing  to the k a ~  retMned S enantiomer) is mostly d~ermined by 
the entropic ~ r m  [1~. A m a ~ m u m  ~ v~ue  of 2.2 was measu~d  when a c e t o ~ t r i k -  
water (20:80, v/v) was used as the ~uent  at 20°C. The retention time of the most 
retMned R enantiomer was only hMf that measured with pure water but the peak 
symm~ry  was poorer, suggesting ~ower complexat~n decomplexation kinetics. 

The best r e s ~  for ba~c t ryptophan were obtained when water was replaced 
with 10 4 M perchloric add  ~ a 80:20 mixture with a c ~ o ~ t r i k  at 0°C; in t~s  in~ance 
the capadty  f a ~ o ~  were twice as large with an ~ m o ~  total separation ~ about 49 rain 
(see Fig. 2). In contrask the ~ i ~ t y  was ~gnificanfly reduced ~om 1.32 to 1.24. 
Also, the L enanfiomer was ~uted first. 

Racem~ p h e n ~ a ~ n e  gave only a ~ n ~ e  peak whether pure wam~ wamr-  
a c ~ o ~ t r i k  or dilute perchlofic add  was used as the eluent. 

Racem~ p-m~o-D~-phen~Manine was tota~y res~ved when 10 -~ M perchloric 
a d d - a c ~ o n i t f i k  (80:20) was used as the ~uent  with an ~ v~ue  of 1.35 ~ee Fi~  3). Only 
p a ~ i ~  separation was observed under neu~M con~tions.  As for p h e n ~ y d n e ,  the 
D enantiomer was dumd a~er the L enanfiomer. 
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D b & C N o r o p h e n ~ M a N n e  was not  elumd wi tNn 1 h when a c ~ o n R f i l e - w ~  
(25:75) was used as the m o N ~  phase. N N ~  Ngher propor t ions  of a c ~ o n R f i k  nor  
other o r g a n ~  solvents in the eluent were tested as it was ~a red  that the crown ether 
could be leached out Dom the packing by less polar m o n k  pha~s .  

CONCLU~ON 

It can be assumed that the magNtude  of chiral recognit ion depends mainly  on 
the stefic bulk a round  the chiral centre, as the best sdecf i~ ty  was observed with 
racem~ p h e n ~ N y d n e .  If  we confider  the N H ~  group anchored in the centre and on 
the top of  the h ~ e r o t o p ~  cavity of the host the three others groups on the stereogenic 
centre differ greatly in bulk, in the order C 6 H 5 > C O ~ H > H .  On the other hand,  
~-~acking  i n f r a c t i o n s  are able to ~ a N l ~ e  one of the two ~asmreNsomef i c  
adsorbates;  p - N t r o - ~ - p h e n y l a h n i n e  was perfectly separamd ~ o m  its ant ipode but not  
~ - p h e n ~ a N N n e .  Fo rma t ion  of an additionM hydrogen bond b ~ w e e n  the hydrogen 
a tom of the c a r b o x ~  a d d  f u n ~ i o n  and one of the oxygen atoms of the ketal may 
provide a third useful ~ r a c t i o n  acco rd~g  to the dasficM t h ~ p N n t  modal. LaXly, 
an addic  medium or the addi t ion  of ace toNtf i~  to the moNle  phase f a v o u ~  strong 
p o ~ c l i p N e  interact ions b ~ w e e n  the o r g a n ~  cat ion and the oxygens of the c a t t y  but  
does not Nways increase selecti~tie~ In bfie~ at least three semi- independent  
interactions are involved in the chiral recoNfion process. 

We a ~  now checking s y s ~ m a t i c a l ~  the ch roma tog rah~  b e h a ~ o u r  of host 2 and 
r d a ~ d  compounds  towards aliphatic amino  adds  in va6ous  moNle  phases to improve 
our unders tand ing  of the chirM recognit ion process. 
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