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ABSTRACT 

Ac~amide stat~nary pha~s for Ngh-performance 1N~d chrommography w~e synthefized by a 
succesfive ga~phase moNficm~n of fil~a gd with ~aminopropyltfi~hoxyfihne and benzo~ chlofid~ 
benzo~ or ~eafic aod. Derivatization of amino phas~ wi~ c a r b o x ~  a~ds ~ ~mpe~tu~s  above 15~C 
~ q ~ s  no activation of carbox~ groups or the u~ of condenfing reagent. The ~N~nary pha~s pro- 
duced we~ ~uNed by IR s p e c ~ o m ~ .  The formation of amide groups on the am~oprop~sil~a surNce 
was confirmed and the presence of ~aNe e~e~ffpe surface compounds with filanol groups was d~ecmd. 
The effect of the pH of the duent on the retention of nude~ add componen~ on ac~am~e ~ationa~ 
phases was ~v~figm~d. ExamN~ of ~e  chromamgmpNc ~paration of nudeoNd~, amino add 
enanfiom~s and NNome~ of N-~,3mpoxyprop~arbazo~ are preened .  

INTRODUC~ON 

Chem~M~ bonded s~ica ~ationary phases (SP~ for high-performance liquid 
chromatography (HPLC) are at present prepared by modification of silva gel with 
organos~icon or other compounds in a solvent. However, there is an alternative 
synthetic approach. Wik~rrm et al. [1] and Nawroc~ and Aue [2] described a 
gas-phase m~hod for the silanization of SPs for HPLC, confisting in ~eatment of 
filica gel with organos~icon compound vapou~ at reduced pre~ure. TNs, owing to the 
possibility of carrying out the modification at elevated ~mperatures, confideraNy 
sho~ens the rea~ion fim~ wNch ~sM~ in a den~ monohyer of modified coating, and 
also ~quires no organic sNven~. Comparison of the chromatographic p r o p e ~ s  of 
the prepared matefiMs with those of SPs synthesized by standard m~hods demon- 
strated the former to have improved charac~fistics (high effidency and good 
symm~ry of peak~. 

Hence the capabilities of the ga~phase modification of SPs for HPLC deserve 
a thorough study. From the Nmd papers [1,~ it is dear that this m~hod can ~eld 
Ngh-quality organosil~on coatings. However, the synthesis of many SPs also includes 
subsequent stages such as the bonding of mo~cMes of various organic modifiers and 
derivatives ofcarboxylic adds ~-N, amino ands ~-8], era., to active functionM groups 
(amino, hMo and epoxyMk~) of immobilized fiNnes. In contrast to filaniNng reagents, 
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many of these compounds at ordinary (and sometimes also at deva~d)  ~mperatures 
are in a solid ~ r y ~ h n O  sta~, which at first ~ance would seem to preclude their use in 
the ga~phase method for the defivatization of SPs. However, under a modera~ 
vacuum (of the order of 10 ~ TorO and at elevated ~mperatures (150-300°C), even 
such ~ m o ~  non-volati~ substances as amino adds and nucleic acid bases can 
sublimate without decompoMtion [9 11]. We used this property pre~ously in a 
ga~phase modification of highly dispersed pyroge~c silicas with some amino acids 
[1~ and oxopyfimidines [13]. It was asce~ained [1~ that the carboxyl groups of amino 
acids react relativdy readily with amino~k~  groups of Mlica under vacuum at 
~mperatures above 150°C with the formation of the corresponding surface amides, 
without the need for conden~ng reagent .  This approach can apparently be employed 
also for other c a r b o x ~  adds, e s p e d ~  monofuncfion~ types. 

In this work we employed the ga~phase method for the succes~ve modification 
ofsifica gel with ~aminopropyltf iethoxysihne and benzo~ chlorid~ benzo~ or ~earic 
add  and examined the IR spectra and chromatograph~ prope~ies of the SPs produced 
for examples of separations of nud~c  add componen t ,  enantiomers of amino acids 
and oligomers of N f f Z 3 - e p o x y p r o p ~ a r b a z o ~ .  

EXPERIMENTAL 

MaWr&& and equ~ment 
Materi~s and compounds used were ~ h s o r b  600 fil~a gel (5 ~m, spedfic 

surface area 550 mZ/g),  adenine, uradl, cyto~ne and guanine (Chemap~, Prague, 
Czecho~ova~a),  L- and D-amino adds, adenofin~ ufidin~ cyti~ne, guanofine and 
sodium salts of the co~esponding 5~monophospha~s (Rean~, BudapesL Hungary .  
IR spe~ra were recorded on a UR-20 spe~rophotom~er  (Kad Z ~ ,  Jen~ G.D.R.) in 
the range 1400 1900 cm ~ for filica gels in the form o f a  suspenfion ~ N ~o l  and for 
highly dispersed pyroge~c ~l~a in the form of th~  compac~d tablets, rR spe~ra of 
table~ under vacuum were measured with the use of a cell described dsewhe~ [1~. 

S t ~ n ~ s ~ e d  c~umns (64 × 2 mm I.D.) were packed with SPs by a suspenfion 
m~hod  (200 bar, isopropan~; HPP-4001 pump, Laboratornk P f i ~ r ~  Prague, 
Czecho~ovakia). A column of Separon C~s reversed-phase sorbent (ChemapO, 
Prague, Czecho~o~akia) was c o m m e r d ~  av~hb le  (Nauchpribo~ Orel, U.&&R.L 
Chromatograp~c an~yses were performed on Milikhrom 1A microc~umn chroma- 
tograph (NauchpriboO with a UV de~ctor  (operating range 190-360 rim). The 
dynamic modification of reversed-phase sorbents with N-octyl-L-proline was carried 
out by a procedure simihr to those described dse~here [15,1~. 

Gas-phase modification of SPs 
The conditions for the moNficafion of sifica gel with ~aminoprop~tr imhoxy-  

s~ane were ~milar to those described by Wiks~ tm et aL [1]. However, we used a 
reactor of  the fimplest de ign  posfib~ (F~.  1). Nfica gd was placed on the b o so m  of 
the rea~or  and evacuated for 1 h at 150°C. A~er coohng to room mmperature, the 
reactor was disconnec~d ~om the vacuum sys~m and a tube containing ~amino- 
p rop~ t r i~hoxy~hne  was placed in it (Fig. 1, stage I). A~er evacuation at room 
mmperature the stopcock was dosed and the b o s o m  zone of the reacto~ contaiNng 
the reagent~ was heated for 1 h at 150 170°C (II). Next, the excess of filane and 
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I I[ III 
Fig. 1. Scheme of the reactor and sequence of filica gd defivatizafion with (A) fiquid and (B) solid reagents. 
1 = Reacto~ 2 - jo inc  3 = ~opcock; 4 = to vacuum pump; 5 = fil~a gd; 6 - tube; 7 = reagen~ 8 - oven; 
9 = thermocouple. Steps: 0) preliminary pumping; (II) derivatizafion; 0IO removal of excess of reagent. 

volatile reaction products  were removed by evacuat ion at the moNficaf ion mmpera-  
ture (III). Defivafizat ion of the amino  phase ob tNned  with the Nd of b e n z o ~  ch~f ide  
was performed in a f imilar  manner .  The ~ea tmen t  was carried out  at 170°C for 0.5 h 
(Fig. 2). 

+ 

~ PS - C 

~g. 2. Ga>pha~ d e f i v ~ i o n  of a m i n o p m p ~ a  (AP~ ~ benzoyl c~ofid~ 

The sequence of steps in the modif icat ion of aminopropyls i l ica  g~  (APS) with 
solid reagents (benzoic and slearic aNd~  was the same as above, but  the reagen~ were 
in t roduced into the reactor by mixing them with Nl~a gel (Fig. 1). In stage II, 
evacuat ion of the reactor was cont inued.  Derivafizat ion (Fig. 3) was conducted at 
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~g. 3. G ~ h ~ e  defivafizafion of APS ~th benzo~ and s~afic adds. 

170~C ~ r  0.5 h. A ~  ~ e  end of ~ e  reaction the excess of the solid reagent condensed 
in the cold zone of the reactor. 

The chem~M~ m o t t l e d  SPs produced were cham~efized by dementN analyfis 
data (TaNe I) and IR spe~ra On N~ol ,  Fig. ~ .  Be~re packing the cNumns, residual 
sflanol groups were Nocked by t ~ m e n t  with h e x a m e ~ s i l a z a n e  in toluene ~ C ,  
1N .  

[~o ~ 

I~oo ' ~oo ~ o o  ¢~ 
~g. 4. ln~a~ ~ c ~  o;(l) ~PS, (2) SAPS, (~) ~P$-~  a~  (~) ~P$-C in ~ .  
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RESULTS AND D~CUS~ON 

Modgi'cation pro~dure 
As mentioned above, a reactor of the f i m N ~ t  defign (Fig. 1) can be used ~ r  the 

gas-phase moNfication of ~ l~a  gel. The bot tom of the reactor s h o e d  be as wide as 
possible so that the sorbent will lie as a thin layer, because N g h ~  Nspe~ed sificas 
0 n d u N n g  silica gels with pa r t i t e  Nze of the order of  10 #m) tend to "bN1 up" on 
evacuation, par t ic~af ly  with concurrent heating. A low v N N N ~  of ~earic and 
benzo~ adds  at o~dinary ~ m p ~ u ~ s  and the impossiNfi~ of ~ m o ~ n g  ~ e  excess of 
the reagents ~ o m  the reactor do not prevent pure mamriM~ Le., contNNng n 9 
~ m N N n g  moNfie~ from bNng oNNned.  The exce~ add  condenses in Ne ~ a m o r  c o n  
zone as a dense cru~ and does not c o n t a m ~ e  silva gd  when it is uNoaded from the 
reactor. The time needed ~ r  APS acylation was less than 0.5 h in M1 instances (a~er 
0.5 h the ac~at ion ~ d d  does not increase with f u ~ h ~  treatmenO. 

IR spec~a of SPs and structure of modify&g coating 
The formation of amide groups on the APS surface was confirmed by the IR 

spectrometry. The IR spec~a (Fig. 4) for the three acylafion products (BAPS-C, 
BAPS-A and SAPS) exhibit absorption bands typic~ of secondary amides: amide I 
(Vc=o) at 1655-1670 cm-~ and amide II (6yn) at 1550-1570 cm-~.  Hence carboxyl~ 
adds  can be employed for the acylation of amino phases without the use of  condensing 
reagents or activation of carboxyl groups. At the same time, the presence in the IR 
spectra of  absorption bands in the region of 1760 cm -~ was unexpected. This 
absorption also rdates to Vc=o, but is characteristic of  esters of  carboxyfic adds  or 
chemisorption produc~,  formed on condensation of carboxyl (or acid chloride) 
groups with filanol groups on the ~ l~a  surface [1~ according to Fig. 5. 

+ -.x" a xo0.  
~8- 5. Formation o[ ~ p ¢  produc~ on c5¢misorpfion o[ c a r b o x ~  adds and acyl h ~  on 
hyd ro×~¢d  ~Sca sur~¢¢. 

The presence o f ~ s ~ u N  ~lanol groups on a sila~zed sur~ce N not surpri~ng. In 
our o N N o m  it is ~f iNng that, despi~ the ex~eme h y d r N ~  un~aNli ty  of  ~ N O C O -  
bonds [1~, bands at 1760 cm ~ are observed ~ the IR spec~a of ac~amide SPs not 
only when s lo~d  in Nr On the p ~ n c e  o f w ~ e r  vapouO, but also when ex~amed from 
columns a f f~  o b m ~ g  the c h r o m ~ o g r a p N c  data described b d o w  ~he work involved 
e n d ~ a p N n ~  packing of c~umns,  their dufion with phosph~e  buffer sMutions of  
pH 3 7 and pNar  orgaNc soNen~ over a period of 2 month~.  As a resuR, no decrease 
in the ~ n f i t i ~  of  these bands was observed. 

T h e ~  unexpe~ed findings led ~o m o ~  d ~ N ~ d  IR spe~rom~r ic  studies of  the 
beha~our  o f f e r  surNce compounds both on NNsorb 600 microporous Nl~a gel and 
on non-porous pyrogen~ ~lica ~pedf ic  surNce area 300 m2/~.  In particuNr, it was 
a ~ t N n e d  that, in addition to a m ~ e  groups, ester chemisorption products also ~ r m  
on the sur~ce  of non-porous AP-fifica (Fig. 6) as a r e se t  of  the gas-phase a c ~ i o n  
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Vi~. 6. | n ~ a ~ d  s p e ~  of {I} non-porous s i l ~  u n t ~ d ,  (2~ ~a~ph~se ~c~a~d ~ith benzo~I c~o~de ~ 
170°C and (3) ~ × p o s e d  for 20 m~;  (~) microporous ~Hca ~ ~a~phase a c y ~ 8  ~i)h benzo~ c h ~ d e  ~ 
! 70°C ~nd ~r-e×posed; (~) non-porous AF-siI~a u n ~ e a ~  (6) ~ p h a s e  a c ~ d  ~ith benzo~l c~o~de m 
!70°C and (7) ~ e × p o s e d  for 20 rain. 

with carboxyhc adds  and benzoyl cNofid~ However, they turned out to be s tone o n ~  
under vacuum (Fi~ 6, curve 6), and in Nr they hydrdysed  in a ~w minutes ~urve  ~ to 
form hydrogen-bonded a~odaf ions  of carboxyl and filanol groups, of which the 
absorption Vc=o at 1720 cm -1 is characmfisfic [17]. Esmr surface compounds 
produced by the gas-phase ac~afion of dehydramd (unmo~fied)  silica are also 
hydrOytically unstable (curves 2 and 3). At the same time only p a n  of the es~r 
p rodu~s  are hydrMysed (Vc-o at 1720 cm 1) on microporous silica gel (curve 4), both 
on exposure to a humid atmosphere and on immerfion into wam~ wN~ the ~ NOCO 
band ~ m N n s  as a shoulder at 1750 cm -1. It follows that only those ester products 
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Ng. 7. Schema~c N a ~ a m  ~ ~ a m ~ e  SP ~ r ~  ~agmem: do~ed ~Non, ~ i n ~ s ~ b ~  m 
~ e m  moScOw; crosshatched ~Nom s~an~ed ~ r N ~ ;  and ~nN~h~ched ~Nom zones ~ n ~ N ~  
hydrNyficM~ gaNe es~r producu. 

wNch form in n a ~ o w  pores of  silica gd  are hydro~f icM~ stable. Hydrocarbon 
raNcMs appear to hydrophobize and " N o c ~ '  t h e e  po r~ ,  m a ~ n g  them ~ a c c ~ N e  to 
w a t e ~  

On the bans  of  the above, the structure of  the mo~fy ing  coating of the SPs 
obtNned can be ~ p ~ n t e d  ~ h e m a f i c N ~  as fol~ws. Three ~ p ~  o f z o n ~  e ~ g  on the 
~lica gel surNce: (1) sur~ce  of mic ropo~s  inaccessible both to APTES mMecu~s and 
to the ac~at ing reagents used; ~ )  surNce of  na~ow pores inacce~ib~ to bMky silane 
mMecu~s, but p ~ m e a b ~  to c o m p a ~  m o~ cu~ s  of benzo~ add  and its chloride and to 
~near m o ~ c M ~  of~eaf ic  add~ a~er  ~ r m m i o n  o fe~er  surNce compounds the~  zones 
become i n a c c ~ N e  also to w a ~  and (3) surNce of broad pores and o u t , d e  sur~ce of 
silica gel pa r t i d~ ,  whe~on  the silaNNng coating forms and its f u ~ h ~  moN~cafion N 
effe~ed. It is the third type of zone that appears to be ~sponNNe for the 
c h r o m ~ o g r a p h ~  properties of  the SPs obtNned. 

The presence of ac~at ion b ~ p r o d u ~ s  on the surNce of the syntheNzed SPs 
prevents an accurate evMuafion of the e~en t  of  ~ a n s ~ r m a f i o n  of amino groups into 
amide groups. Based on the elemental anNysis data (TaNe D, it can only be stated that 
the result~g concentration of bonded acyl groups with benzo~ chloride used for 
deNvafizafion is approximately twice that obtained with benzoic and stea~c adds. 

TABLE I 

ELEMENTAL ANALY~S DATA AND CONCENTRATION OF BONDED GROUPS FOR G A ~  
PHASE M O D I ~ E D  STATIONARY PHASES 

SP A c ~ i n g  ~ a ~ m  C(%) N(%) H(%) Concen~afion of 
bonded group~ 
based on C(%) 

m m o ~  p m ~  2 

APS - 8.25 1.51 0.84 1.15 2.09 
BAPS-C Benzoyl chloride 18.10 0.95 1.58 1.17 2.13 
BAPS-A Benzoic acid 13.36 1.13 1.21 0.61 1.11 
SAPS Stearic acid 22.52 0.71 3.64 0.66 1.20 
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Ng. 8. Plot of retention ~ ' )  of nude~ add con~duen~ by 0) AP~ (I1) Separon C~8 and (1Ii) SAPS vs. 
~uent pH. (A) Nudeo~de Y-monophosph~es: ©, A M ~  ~ ,  G M ~  ~,  UMP; ~ ,  CM~ (B) Nu~eo~des: 
©, adeno~n~ ~,  guano~n~ ~,  ufiNn~ ~ ,  cyti~ne. (C) Nucleobases: ©, ademn~ ~,  guaNn~ ~,  uraol; 
~ ,  c~oNne. C~umm 64 x 2 mm I.D.; ~uenk phosph~e buffer at 100 ~,/m~: ~mper~ur~ amNent; 
d~e~iom UV at 270 nm. 

Since in the defivafization of aminoorganosilicas with acyl hafides the yield of surface 
amides is dose  to 100% (see, e.g., reL 18), for the carboxyfic acids in question h can be 
a~umed  to amount  to about  50%. According to our resul~ (unpubfished), such yields 
of  surface ac~at ion produc~ are observed also with aliphatic d i c a r b o x ~ ,  phthM~, 
aminobenzo~ and ~-amino adds.  

Reten6on qf nuc#~ acid componen~ 
Bonded SPs, containing amine and amide modifying groups, turned out to be 

faMy convement for the ffactionafion of nud~c  adds  ~, 12- The separa t~n of these 
compounds is improved owing to a concurrent action of the ~nic  and the hydrophobic 
mechamsms of retention. To ev~uate  the ion-exchange and reversed-phase (RP) 
properties of  the SPs ob t~ne& we studied the retention on them of nudeo~des  
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~g .  9. Not of retention ~ ' )  of  n u d d c  add  constituents on (1) BAPS-A and (II) BAP~C w~. d u e ~  pH. 
SymbMs and con~fions as in ~g .  8. 

Y-monophosphates, AMP, GMP, CMP, UMP and of the corresponding nuc~ofides 
and flee bases at various pH v~ues of the duent. 

The k'  versus pH curves of these compounds for SAPS and, for comparison, APS 
and a ~adifion~ ODS sorbent (Separon C18) are presented in Fig. 8, The elufion order 
of bases for SAPS and Separon C18 ~ytofin~ uradl, guanine, adenine, nudeofides 
and m o n o p h o s p h a ~  ~ the same. For APS in the m~or pan of the ~udied pH range it 
is uracil, cytofin~ guanine, ade~ne, U, A, C, G, and UMP, CMP, AMP, GMP, 
~spectivdy. For flee bases the ma~mum k' v~ues (1-6) were obt~ned with Separon 
C18 and ~wer values with SAPS. With APS the k' v~ues were ~ss than 0.5 for all ba~s 
over the entire pH range of 3-7. The reten~on of nucleosides on SAPS and Separon 
C1~ (ma~m~ly) was ~so approximately one order of mag~tude higher than for APS. 
F i n ~ ,  the ~ghest U v~ues for most of monophosphates, differing greatly from those 
on Separon C18 and APS, were obtained on SAPS. Thus, whereas SAPS behaves as 
a typic~ ODS sorbent in the separation ofelectroneutr~ compounds (nudeofides and 
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5 = a d e n o ~ n ~  p H ,  4 . 4 ~  o t h e r  c o n ~ f i o ~  as in N g .  8. 

cowespon~ng  baseO, both hydrophob~ and ionic interactions with the SP surface 
contribum to the re~nfion of nuc~otides. 

BAPS-A also exhiN~ similar chromatographic properties with respect to nudNc 
add  components (Fig. 9). There are a number of  in~gnificant differences from SAPS 
~hape of curves, spedfic U vNues). Deser~ng more attention, in our opinion, is the 
fact that this SP, in contrast to BAPS-C, which is dose  to it in the structure of  the 
bonded laye~ exhiN~ multiphase properties. The ion~xchange properties of  BAPS-C 
turned out to be suppressed because of the use of  a very active ac~at ing reagenL 
benzo~ cNofid~ in the ga~phase modification and a ~ u N ~  complem ~ansforma-  
fion of  amino groups into benzamide derivafive~ This is e~denced by the fa~  that the 
remntion of nudeofide Y-monophospha~s  on this SP, in con~ast  to BAPS-A and 
SAPS, has very low vNues (Fig. 9) and, moreove~ the dut ion order of  the components 
under anMyfis remNns unchanged over the entire pH range of 3 7. For the rest, 
BAPS-C is f imihr  to BAPS-A, but exhiNts a bmmr s d e ~ i ~ t y  in the ~para t ion  of 
nudeofides and flee bases. An example of the ~para t ion  o fa  mix tu~  of nuc~ofides is 
presented in Fig. 10. 

Separation of amNo add enant~me~ 
The following approach is very conven~nt  for the separation of amino add  

racemates on ODS sorbenU. The C18 SP ~ ~eated ~ s#u with a s~uf ion of a derivative 
of  an optically active amino add,  containing a long (C7-C18) linear hydrocarbon 
radicM [15,1~. Such compounds are ~ronNy sorbed and not washed away by aqueous 
duen~.  Enantiomers of  many amino adds  can be separamd with high selectivity 
coeff iden~ on the SP thus obtNned by l~and~xchange  chromatography. 

We ascertNned that a confiderable concentration (about 50% of the initial 
vMuO of polar AP groups on the SAPS surface does not affect the capability of  bonded 
stearic add  refidues for firm re~nfion of an optically active modifier of  such a type, 
N-o~yl-~-proline. TNs proline derivative is strongly sorbed both on a traditional ODS 
sorbent (Separon C18) and on SAPS, b~lding in the oc t~  chNn between hydrophobic 
radicals of  the SP (Fig. 11). 

A~er saturation of dynam~M~ modified SPs w~h coppe~II)  ions [15,1~, we 
carried out the separation on them of racemates of a number of hydrophobic amino 
adds. All the steps of  modification of both SPs, thor  saturation with coppe~II)  ions 
and the separation of racemates were conduced  under identicN conditions, in the 
same sequence and with use of the same reagents. 
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Fig. 1 I. Coating of 0) Separon C~s and 0I) SAPS with N-octyl-~-profine. 

L-Enantiomers were dumd  f i~t  ~ M1 in~ances. This is accoun~d for by the f ad  
that only D~nanfiomers are capable of  incorporating their fide radicMs b~ween alkyl 
groups of reve~ed phases, whereas e-subsfituents of  L-enantiomers are only attracted 
to hydrophobic subs~a~ ,  owing to which the stability of  dias~reomeric ~ L  
comp~xes turns out to be lower than that of  D-L comp~xes [15,2~. 

R~ent ion  pa ram~ers  and s d e ~ i ~ t y  coeff iden~ for some enantiomer pNrs are 
presen~d in Table II, from which it is seen that a high s e r e n i t y  of  separation is 
attained on both SPs with the use of  the fimplest duenL water with an addition of 
a copper sMt. The m i Nm um  e~/e vMues were obtNned for m~h ion in~  v~., 1.62 (C~)  
and 1.68 (SAPS), duent  10 - ~ M CuSO4, and the m a ~ m u m  vNues for ~ u d n ~  v~., 2.51 
(Cas) and 3.24 (SAPS), eluent 10 -4 M CuSO~. H ~ h e r  k '  and e vMues for most 
enantiomer pNrs were obtNned on SAPS than on C~s. We b d ~ v e  that the k' increase 
stems from the fact that, apart  from comp~xaf ion with coordinat ion-unsatura~d 
copper ions, hydrophobic interactions with residuM AP groups of SAPS (as in the case 
o fnudeo t ide~  contribute to the retention of amino ands. The awe increase is probably 
also a ~ o d a ~ d  with a large number of  AP groups on this SP, which restrict the 
reve~ed-phase capability for r ~ N N n g  molecu~s of the dynam~ modifier. Thus, the 
N-octyl-L-proline concentration on the SAPS surface turns out to be ~wer  than that 
on Separon Cas; this can appropriately be compared with the "dilution" of  chemically 
bonded chirM groups ~ 1 ~ ,  w~ch  increases the e n a n t i o ~ c t i ~ t y .  Examples of  the 
separation of enanfiomers of  some hydrophob~  amino adds  on SAPS dynamically 
modified with N-octyl-L-proline are presenmd in Fig. 12. 

S e p a r a t i o n  o f  o l i g o m e r s  

As a further examp~ of the application of the acylamide SPs produced by the 
gas-phase modification, we present the separation of  ofigomers of  N-(2,3-epoxy- 
propyl)carbazole (EPC), used in xerography. Anaty~s of  the ofigomefic compof t i on  
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TABLE 11 

COMPARISON OF U AND ~ VALUES OF SOME AMINO ACID ENANTIOMERS ON N-OCTYL- 
b P R O M N G C O A T E D  SEPARON C~s AND SAPS 

C o n ~ t ~  as in Fig. 12. MoNle phases: (I) 10 a and (I1) 10 3 M CuSO4. 

Amino add  M o N ~  Separon C~s SAPS 
p h ~ e  

k;. k~ ~ kk ~a ~ , .  

Nofleucine II 3.63 7.00 1.93 5.00 I1.00 2.20 
Leucine 1 2.32 5.82 2.51 4.83 15.67 3.24 

I1 2.27 5.36 2.36 3.58 8.41 2.35 
Norvaline II 1.13 2.36 2.09 1.46 3.92 2.68 
Valine I 1.50 3.64 2.42 1.50 4.17 2.78 

II 1.05 2.18 2.08 1.50 3.58 2.39 
Tyrosine 1 3.40 7.33 2.16 10.17 21.08 2.07 

I1 3.05 5.91 1.94 5.50 12.91 2.35 
Phenylalanine I1 11.18 18.27 1.63 4.41 12.42 3.22 
Methionine 1 3.95 7.45 1.89 3.I7 5.33 1.68 

|1 1.91 3.09 1.62 2.83 4.75 1.68 

of  EPC on the ODS SP demons~ams  the presence of  chMns containing 2-13 
monomef ic  units (Fig. 13B). N o  separation occurs on BAPS-A; all c o m p o n e n ~  are 
retNned very weak~ .  A partial separation is achieved on BAPS-C (Fig. 13C). The 
application of  SAPS, despi~ the presence of  about the same number of  re ,dual  AP 

L 

o ~ 1~ rain 

L 

o ~ ~b ~ 

Fig. 12. Enanfiomefic resolution of hydrophoNc amino acids on N-o~-L-p ro l ine -coamd SAPS. 
I - Norva~n~ 2 - nofleudne: 3 - phen~Manin~ 4 and 7 = vahne: 5 - tyrosineg 6 - leucine; 
8 = m~hioMne. Column, 64 × 2 mm I.D.; duen~ ,  (1 5) 10 3 and (6 8) 10 4 M CuSO4 at 220 #l/min; 
~mperature,  amNent; de~ction, UV at 240 nm. 
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A 

5 ~ 2 0  

. . . . .  , . . . . . . . .  rain 

c ~ 10 

I , ' , , I ~ n  

0 5 

~8. 13. ~ r a ~ n  ~EPC ~ m e ~  on ~ )  SA~, (B) Scparon Ct8 and (C) BAPS~; I = ~-~,3~pox~ 
~op~a~az~¢  ~ o n o m ~ ;  2 = d~er; etc. C~umn, 64 x 2 mm [.D.; ~uem~ a c e ~  at 1~ ~ 
~mper~u~, am~¢~; d~e~on, UV at 300 nm. 

TABLE Ill 

C O M P A ~ S O N  OF U AND ~ VALUES OF EPC O ~ G O M E R S  ON SEPARON Ca8 AND SAPS 

Con~fions as in ~g .  13. 

n Separon C18 SAPS 

k', ~.+ tin k~ ~n+ ~m 

1 (monomeric) 0.42 0.15 
1.74 4.33 

2 0.73 0.65 
1.17 1.42 

3 0.86 0.92 
1.30 1.29 

4 1.12 1.19 
1.24 1.16 

5 1.39 1.38 
1.26 1.42 

6 1.75 1.96 
1.28 1.37 

7 2.24 2.67 
1.27 1.40 

8 2.85 3.77 
1.29 1.35 

9 3.67 5.08 
1.26 1.45 

10 4.63 7.38 
1.28 1.32 

11 5,92 9.77 
1.24 1.46 

12 7.33 14.23 
1.23 1.34 

13 9.00 19.00 

~ , + ~  1.26 1.36 
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groups as on the surface of BAPS-A, ~ d e d  good results (Fig. 13A); all the 
compounds under analysis a~  well r~ained and are separa~d with high s~ecfi~ty 
coeffiden~. The ~,+ ~/, values obt~ned in the separation of EPC on SAPS exceed the 
corresponding values for Separon C~8 by a factor of 1.08 on average (Table III). 

Hence the gas-phase modification of amino phases with carboxyEc acids is an 
u~abofious, rapid and effident m~hod for the synthes~ of ac~amide SPs, which 
req~res no activation of c a r b o x ~  groups or the use of conden~ng reagent. As the 
y~ld of amino groups ac~ation is about 50%, these phases cont~n both hydrophob~ 
and anion-exchan~ng groups, which can contribute to the ~paration process 
~ m ~ t a n e o u ~  hence such SPs are convenient for the separation of various classes of 
compounds. 
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