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A B S T R A C T  

The ~ p ~ n  of  28 (~S)-~-alkyl-e-amino ~ s  ( A A A ~  wi~  ~ e  ~ m c t u ~  H2NC(R~)(R2)COOH 
(R a,R 2 = alkyk arMk~, wh~h  may be ~ r t he r  ~ b s t i t u t e ~  R ~, R 2 ¢ H) was sys~mat icM~ ~ v ~ f i g N e d  by 
~pi l la ry  g ~  c h r o m ~ o ~ a p h y  on the ~ n a r y  phase N m ~ h ~ p ~ y f i ~ x a n e  (C~Si l  ~ ;  the AAAs  were 
~ e d  ~ N ~ r  N ( O ) - p e n m f l u o m p m N o n ~  ~ F P ) - A A A  ( ~ (  + )2-alkyl ~ (alkyl - ~ b ~  m ~ o ~  a rd  
~ m ~ h y b ~ b ~ ) .  ~ s d ~ d  ca~s ,  (R,~-3,3-dimethyl-2-but~ ester~ ( R , ~ - 3 - o ~  esters, ( ~ S ) - 2 - d o d ~  
esters and ( ) m e n ~  esters were also emNoyed. B~eline resolution was acNeved ~ r  these AAAs  by 
defivatization w i ~  s ~ N e  McohMs. By ~ i n g  AAAs  of known absolute configuratio~ it w ~  p ~ f i b ~  ~ 
~ N ~ h  tke ~ d e r  of  em~gence  ~ (S)-AAAs b e ~  (R)-AAAs ~ r  P F P - ( ~ - A A A  ( ~ (  + ) ~ M k ~  es te r .  
This is the oppof i~  duf ion  o r d ~  to ~ a t  of  ~ a m i n o  adds  h a ~ n g  a C' -hydrogen ~ o m .  In sp i~  of  thNr 
oppof i~  duf ion  orde~ on achiml ~ a f i o n a ~  phases, conformationM analysN of PFP ( ~ (  + )-2-alkyl ~ m ~  
of  ( ~ - ~ a m ~ o  adds  and ( ~ - A A A s  ~ o w s  ~ ~ e y  h a ~  the ~ m e  b ~ n ~ s  cNmhff .  

I N T R O D U C T I O N  

As a consequence of the substitution of the C%hydrogen atom of protein amino 
adds by alkyl or Mkaw1 groups, the resulting chirM ~Mkyl-~amino acids (AAAs) of 
the ~pe H2NC(R~RZ)COOH (R ~ ¢ R 2 ¢ H) show ~ffemnt chem~M and chrom> 
mgrapNc beha~ou~ to thdr parent compounds [1,~. In sNm of the in.easing in- 
. res t  in the use ofcNrN and nonmNrM AAAs as s~ficMly constrained, n o m p r o ~  
amino acids, e.g., ~ r  pepfide drug de~gn [3,~, the wsmmatic ~v~tigafion of thdr 
chiral a n M ~ M  p r o p e ~ s  is still hamp~ed by the ~ct that only a ~w mcem~ and 
no optically pure AAAs am curmn~y comm~dally avNhNe (see gxpefimentML 
al~ough ~ereosdecfive w n ~ m ~  IN and enzym~ ~Me&up resolutions of (R,S)- 
AAA amid~ [6] have been described. 

The natural m~rohemrogen~ff of the 2%mer peptide antiNotic paracelsin 
served as a posfible modal ~ r  m v ~ & p h a ~  ~ m ~ n  mechaNsms in high-per- 

a Pa~s  of t ~ s  p a p ~  w ~ e  p ~ n ~ d  ~ the S),n~os~m on Chira5~ and Biolog#M A c t i ~ ,  TOb~gen, 
April5-8, 198& and ~ e  EUCHEM ConJbrence on New Trends ~ Peptide Synthesis, Port-Camargue, April 
25-29, 1988. 

~ M. L. is also at the U n t e ~ u c h u n g ~ n s t i t ~  des Sanitfitsdienstes der Bundesweh~ DW000 S teWar t  
50, F.R.G. 
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~rmance fiq~d chrom~ography (HPLC) ~ ,~  and, in the case of syn~etic hom~Aib  
oligopeptides, the thin-Nyer chrom~ograph~ ~cogNtion of 3 ~ h d ~ M  conform~ 
tions of the~ peptid~ [9] has been ~alized. Fu~her, by using ~aminNsobu~ric acid 
( ~ m ~ h ~ M a n ~  ~ m ~ h ~ N a n ~  Aib) and isovM~e (2-Nh~MaNne, Iva) as highly 
spedfic mark~ compounds ~ r  the deWction of a unique group of polypeptide anti- 
biotics of the peptaibol ~m~y, it was shown that these AAAs are common m~abo- 
lites of certain genera of funN [10,11,1~ and that Aib and Iva, th~efo~,  are neither 
exceeNnNy ra~ amino acids ~ the Nosph~e nor, ffoccurring in ~ m e n t ~  necessar- 
ily of e ~ r ~ f M  origin [13]. 

Using caNHary gas chromNography (GC) and the N a s ~ o m e f i c  approach, 
Pollock [1~ demon~r~ed that (R,S)-Iva was p a ~  ~para~d as the Nqfifluoroac~ 
tyl (TFA)Iva (S)(+ ~ M k ~  esters (alk~ = mpenffl to n-octyl) but not as the TFA- 
Ira ( S ) ( + ) ~ b u t ~  es~r. The f o r m ~ n  of N-penmfluoroproNon~ (PFP)-(R,S)-Iva 
(S)( + ~3-m~h~-2-butyl esters was u~d for the revison of the configuration of Iva in 
the peptide anfiNotic antNmoeNn [15]. Chang et aL [1~ d e m o n s ~ e d  th~ a number 
of (R,S)-AAAs are ~paraNe as N-TFA isoprop~ esters on optical~ active diamide 
~ationary phases and we have reposed the ~paration of derivatives of selecmd 
(R,S)-AAAs using the chiral ~ationary phases C N r a ~ V a l  and XE-60 ~VM~S)- 
~phenyleth~am~e [1~. Fu~he~ it was shown lhat the ~s~ution of (R,S)-AAAs is 
also possible by chiral figand-exchange HPLC using either chiral addNve~ such as 
N-diMkyU~amino acids mgeth~ with Cun salts [18,1~, to duenu or by emNo~ng 
chiral ~ationary phases such as ChirM ProCu [1920-2@ Moreovea HPLC and 
pmcMumn defivatization of (R,S)-AAAs with ~phthM~Mdehyde together with N- 
acyl-~cysteine (acyl = acetyl, terL-but~oxycarbonyl) ~Z2325], defvatization of 
(R,S)-AAAs using MarCy's reagent ~1,2~ and th~qayer chrom~ography using 
CNralN~e ~ have also made the separation of (R,S)-AAAs po~iNe. 

EXPE~MENTAL 

Gas chromamgraphy 
A Hewl~>Packard Model 5880 A gas chrom~ograph eq~pped with a flame 

ionization detector and a 26 m x 0.22 mm I.D. wNlmo~ed opemmbMar (WCOT) 
fu~&sil~a cNumn coated with 0.21-~m d i m m h ~ p o D ~ x a n e  (CP-NI 5) (Chrom- 
pack, M~ddbur~  The N~hefland~ was used. The car6~ g~  was hdium at 100 kPa 
(1.0 ba D, the splitting ratio was ca. 1:30 and the i~e~or  and de~ctor mmp~amms 
were 250°C. 

Ahbrev~t~ns and sourr es ~['a-alkyL~-arn~o acids 
In order to have ~mp~ nomenclature and abbre~ation~ in this work AAAs 

are con~dered as being formM~ derived by substitution of a C°-hydrogen atom in 
a-amino adds by an alkyl group. Substitution of the Ca-hydrogen atom of Ala by an 
n-alkyl group (alkyl = ethyl to n-octyD thus leads to the homologous seres ~-E~AIa 
to ~-Oct-Ala (for abbre~afions of Mkyl groups, see the next paragraph) and sub- 
stitution of the C~hydrogen atom in a-amino-n-butyric acid (Abu) by an n-alkyl 
group (Mkyl = n-propyl to n-hexyl) leads to the homologous series ~-Prop-Abu to 
~-Hex-Abu ~ee also Fig. 1). 

Derivatives of the following AAAs were investigated {for racem~ AAAs the 
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prefix DL- is used as Nven by ~ e  m a n u ~ m u ~ ,  ~ r  enantiom~s (R,~- is used in this 
paper in order to avoid amNg~t i~  ~ }  D ~ m ~ h y N ~ a r t i c  ~ ( ~ M ~ A s ~ ,  DL-e- 
m e ~ N u m m ~  add (~-M~Glu), D ~ m e ~ o r N t N n e  ( ~ M ~ O r ~ ,  D b ~ m ~ h ~ s ~  
fine (e -M~Se~ D~-~methyl-m-methoxyphenylalanine (e-M~m-PheOM~, Db and 
~ m e ~ m f i n e  (~-M~TyO and Db and b~me~yl-O,4-Nhydroxyphenyl)M~ 
nine (e -M~Dop~ were purchased ~om Sigma (St. Louis, MO, U.S.A.), D ~ m e ~ -  
~ u d n e  (~-M~Le~ ~om Bachem (BubendorL Swi~edand) and D ~ h ~ p h e n y l -  
Nydne ~ - E b P h ~  from EMKA Chemie (M~kg~Nngen-Ta~a~en,  F.R.G.). 

Comm~dally unavNNb~ AAAs w~e ~mhef i~d  ~ o ~  laborato~ a ~ o M ~ g  
to the Strecker procedure by reaction of the respective ketones (~om Fluka, Buchs, 
Swi~eflan~ wi~ pm~fium cyanide and ammoNum chloride and subsequent sapon- 
ification of the nRriles with hydrochloric acid. The AAAs were hberated from the 
hydrocNofid~ by ~e~ment with ~butylamine and purified by ~ ta l l i za t ion  from 
m~hano~wm~.  The ~Howing AAAs were syntheNzed O b b ~ a t i o n s  and other 
names used in the m~vant literature are Nven in p~emh~e~:  D ~ h ~ M a N n e  
(e-Et-Ala or ~ o v N ~  I,a), D ~ p m p ~ M a N n e  (e-Pro~Al& ~m~h~no~aline) ,  D~ 
~bm~MaNne (~-But-Ala, ~ m e ~ n o f l e u d n ~ ,  D ~ p e n ~ l N a N n e  (e-Pent-Aim 2- 
me~-2-aminoheNanNc add), D b ~ h ~ N a N n e  (~-He~Ala, ~me~yl -~aminoo~ 
mnNc a d ~ ,  D ~ h e N ~ a l a n i n e  (e-Hept-Alm ~m~hyl-~aminononanNc ~id), DL-~- 
o ~ M a N n e  (e-Oct-Ala, ~me~-2-aminodecanoic  add), Db~non~NaNne (~- 
Non-AN, ~me~yl-~aminoundecanNc ~id), Db~prop~-~-amin~mbmyric ~ id  
(~-Pro~Abu, ~ h ~ n o ~ M i n ~ ,  D ~ b m y l - ~ a m i n ~ m b m y r i c  ~ id  (~-But-Abu, 
~-eth~norleudne), D ~ e m y l - ~ a m i n o m ~ u f f r i c  acid (~Pen~Abm ~ h ~ - 2 - a m i -  
nohepmno~ add ) and D~hexyl-e-amino-n-b~yric add (~-Hex-Abu, ~ e ~ - ~  
aminoocmnNc ad~ .  Pure enantiom~s of ~ - A l a  and ~Prop-Ah w~e oNNned by 
digestion of the respective N-chlomac~yl- or N - t r i f l u o m ~  derivatives with acy- 
la~ I or c a ~ o ~ y p e N ~ e  ~1]. b ~ M ~ L e u ,  b ~ M ~ P h ~  ~ M ~ T y ~ O m ~  L-e-E~ 
Phe, D ~ E t - P h e ,  b~M~hom~Phe  and Db~M~hom~Phe were Ntis from Dr. J. 
Kamph~s (DSM R~ea~h,  Galen,  The N~hefland~ ~onfigumfion as defignamd 
by ~ e  suppfieO. ( ~ ( + ) ~ B u m n M ,  ( ~ ( + ) ~ p e m a n M ,  ( ~ ( + ) ~ o ~ a n ~ ,  (R ,~ -~  
dodecanoL (R,~-3-octan~ and (R,S)-3,3-dimethyl-~bmanM (pinacolic alcohol) 
were obtained from Fluka, (~(+)-3-methyl-~bmanN, ( ~ ( + ) ~ h e x a n M  and ( ~  
( + ) ~ h e N a n M  from Chem~M Dynamos (EHEMALOG) (Sou~ NNnfidd, N J, 
U.S.A.) and ( l ~ 2 S , 5 R ) ( - ) m e n t h ~  ~om ANrich ~teinh~m, F.R.G.). (~(+)-3-  
M~hyb~bmanM and ( ~ ( + ) ~ p e n m n ~  we~ Mso ~ n ~ e f i ~ d  in our N b ~ m ~ y  
a~ord~g  to procedures described in the hterature [27]. Penmflu~owoNo~c an- 
hydride (PFPA) w ~  o~ained from Ne~e (Rock ,M,  IL, U.S.A.), ~etyl  chloride of 
pro analyfi (p.a.) grade from Fluka and NcNomm~hane (p.a.) ~om Merck (D~m- 
stadt, F.R.G.). 

Procedures for de~vatizat~n of am&o acids for GC 
Aliphatic and aromaHc AAAs. About 0.6 mg of the AAAs in 0.1 ml of a 20% 

(v/v) solution of acetyl chMride in the respective akohol was sonicated and heated for 
1 h in a 1-ml Reacti-~M (Wheaton, Mffieville, NJ, U.S.A.). The m~ture was evap- 
orated to dryness in a ~ream of dry ~ o g e ~  the re,due was di~oNed in 100 #1 of 
d~hlorom~hane (DCM) and 25 #1 of PFPA were added. A~er 20 min at 100°C the 
reagen~ were removed in a ~ream of nitrogen, the re,due was d i ~ v e d  in 50 #1 ml of 
DCM and 0.8-~1 portions were su~e~ed to GC in the split mode. 
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T A B L E  I 

C O M P A R I S O N  O F  N E T  R E T E N T I O N  ~ M E S ,  t (rain), A N D  R E S O L U T I O N  F A C T O R S ,  x, A T  T H E  T E M P E R -  
A T U R E  T (°C) O F  N ( O ~ P E N T A F L U O R O P R O ~ O N Y L  D E R ~ A ~ V E S  O F  ( ~ 5 ) - ~ A L K Y b ~ A M I N O  A C I D  (S) 
( + ~ A L K Y L  E S T E R S  [ ( R , ~ - A A A s ]  O N  D 1 M E T H Y L P O L Y ~ L O X A N E  ~ L  5) 

C a r t i e r  gas ,  h d ~ m  (100 kPa) .  R ~ d u f i o n  ~ o ~  ~ i m l ~ s  a m  ~ g h ~ t  ~ o r s  in the series o f  M c o h d >  

( R , S ) - A A A  2-Butyl  ester  3 - M e t h y l - 2 - b u t y l  ester  2 -Penty l  ester  

t T ~ t T ~ t T ~ 

~ - E b A l a  12.20 80 1.016 7.30 I00 1.021 7.81 100 1 .024  

12.40 7.45 8.00 

~ - P r o p - A l a  10.97 90 1.015 8.37 105 1.019 6.87 I I0 1 . 0 3 8  +" 

I 1.13 8.53 7.13 

~ - B u b A l a  7.24 1 l0  1.022 8.52 115 1.031 + 7.06 120 1 .052  + 

7.40 8.78 7.43 

~ - P e n b A l a  7.64 120 1.025 8.71 125 1.034 + 5.90 135 1.053 + 
7.83 9.01 6.2I 

~ -Hex-Ala  7.94 130 1.028 8.93 135 1.035 + 7.48 140 1.056 + 
8.16 9.24 7.90 

~ - H e p t - A l a  8.21 140 1.027 9.08 145 1.033 + 7.61 150 1.054 ~ 
8.43 9.38 8.02 

~ - O c t - A l a  6.84 I55 1.025 9.28 155 1.032 + 6.39 165 1.047 + 
7.01 9.58 6.69 

a - N o n - A l a  6.89 165 1.029 9.20 165 1.028 + 5.12 180 1.041 + 
7.09 9.46 5.33 

~ - P r o p - A b u  8.23 105 n.r.  b 9.91 110 n.r.  10.36 1 l0 1 . 0 1 7  

- 10.54 

~ - B u b A b u  8.44 115 n.r .  9.93 120 n.r.  10.20 120 1.032 * 
10.53 

~ - P e n ~ A b u  8.65 125 [ .015 9.94 I30 1.014 10.25 130 1.041 + 
8.78 10.08 10.67 

~ - H e x - A b u  8.87 135 1.017 9.96 140 1.017 10.27 140 1.042 + 
9.02 10.I3 10.70 

~ - M e - L e u  7.49 105 1.023 7. I5 115 1.031 + 7.44 115 1 .038  + 

7.66 7.37 7.72 

~ -Me-Mel  6.58 135 1.029 7.48 I40 1.041 + 7.41 140 1.061 + 
6.77 7.79 7.86 

~-Me-Ser  8.53 95 1.033 7.79 105 1.035 + 6.44 110 1.057 + 
8.81 8.06 6.81 

~ - M e - A s p  10.50 130 1.014 c 8.85 150 1 . 0 3 3  ~ 

10.65 9.14 

~ - M e - G l u  8.04 150 1.016 8.08 165 1.016 6.79 170 1 .038"  
8.17 8.21 7.05 

~ - M e - O r n  6.57 145 1.027 8.95 145 1.030 + 5.78 155 1.062* 
6.75 9.22 6.14 
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2-Hexyl  ester 2 Heptyl  ester 2-Oclyl ester 

l T a t 1" ~ 1 T :g 

8.56 110 1,020 9.16 120 1.017 9,72 130 1,014 

8.73 9.32 9,86 

7,35 120 1.033 + 6.32 ] 35 1.03{I ' 8,07 140 1,029 + 

7.59 6.51 8,30 

7.32 /30 1.044 + 7.41 140 1.049 + 7,48 150 1,048 + 

7.64 7.77 7,84 

5_91 145 1,049 ' 7.26 150 1 . 0 6 2  + 7.15 160 1.060 + 

6.21) 7.71 7.58 

5.86 155 1,051 ~ 5.73 165 [.061 + 6.90 170 1.( t67 + 

6.16 6.08 7.36 

5.93 165 1.054- 5.64 175 1.064 + 6.62 180 1 . 0 7 1  + 

6.25 6.00 7.09 

5.93 175 1,054 * 5 51 185 1.062 ~ 6,37 190 t , 0 6 8  - 

6.25 585  6,80 

6,98 180 1,053 + 6.46 190 1.063 ' 6,05 200 1 , 0 6 8  + 

7.35 6.87 6,46 

10.98 120 1,009 I 1.26 131) 1 . 0 t  7 9,15 145 t . 6 1 7  

I 1.08 I 1.45 9,3I 

10.51 130 1,029 ~ 10.42 140 1 . 0 4 1  + 8,38 155 1 . 0 4 I  + 

10.82 10.85 8,72 

10.28 140 1,042 + 9.89 150 1.057 + 9,68 160 1.060 + 

10.71 10.45 10.26 

9.98 150 1,046 + 9.47 160 1.064 ÷ 9.09 170 1 . 0 6 9  + 

10.44 10.08 9~72 

7.82 125 1.029 + 8.15 135 1.031 + 8.24 145 1.027 + 

8.05 8,40 8.46 

7,38 150 1061 - 7,50 [ 60 1 . 0 6 7  + 7.16 170 1.066 ' 

7,83 8,00 7.63 

6,64 120 1.059" 6.75 130 t , 0 7 0  ~ 7.10 140 1 . 0 7 0  + 

7.03 7,22 7.60 

8,01 [70 1,024 7.17 190 1,018 9.56 200 1.032 

8.20 7.30 9.87 

7.01 185 1047 - 7.44 200 1,056 * 9.26 210 1 . 0 6 3  + 

7.34 7,86 9.84 

5_41 165 1.074 ~ 5.12 [75 1 , 0 8 8  

5_81 5.57 

[ C o ~ t t i m t e d  (~n p p .  1 t 4  ~ J 15 
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]ABLE 1 ( c o n ~  

(R,S)-AAA ~ B m ~  ~ 3-Melhyl-2-butyl ester 2-Pentyl ester 

t T ~ t T ~ t T ~ 

~-Me-Phg 6.37 140 1.024 7.06 145 1.027 + 7.12 145 1.067 + 
6.52 7.25 7.60 

~-E>Phg 8.75 140 1.016 9.66 145 1.012 7.98 150 1.055 + 
8.89 9.78 8.42 

~-Me-Phe 9.60 140 1.024 8.60 150 1.038 + 8.96 150 1.018 
9.83 8.93 9.[2 

~-Et-Phe 8.72 150 1.018 7.86 160 1.024 8.05 160 1.011 
8.88 8.05 8. I4 

~-Me-homo-Phe  7.53 160 1.02I 8.I7 165 1.026 8.24 165 1.049 + 
7.69 8.38 8.64 

2-Me-p-Tyr 6.79 160 1,019 8.82 160 1.027 7.39 165 1.011 
6.92 9.06 7.47 

~-Me-m-Tyr 6.21 160 1.031 8.08 I60 1.047 + 6.95 165 1.016 
6.40 8.46 7.06 

~-Me-p-TyrOMe 7.29 170 1.019 9.59 170 1.027 ~ 9.90 170 n.r. 
7.43 9.85 - 

~-Mc-n~PheOMe 6.65 I70 1.018 7.25 175 1.028 + 8.90 170 1.008 
6.77 7.45 8.97 

~-Me-Dopa 7.97 160 1.023 8.01 165 1.030 + 8.51 165 n.r. 
8.15 8.25 

" Basefine res~ution is ind~amd by a supe~cfipt "'plu~' sign. 
b n.r. = Not resolved. 
~ No defivatization ach~ved under the conditions used. 

A c i d i c  a n d  b a s h  A A A s .  A b o u t  0.6 m g  o f  the  a m i n o  acid  in 300 ~l o f  2.5 M 

h y d r o c h l o r i c  ac id  in m e t h a n o l  were  h e a t e d  in a l - m l  Reacf i -v ia l  a t  100°C for  1 h. T h e  

r eagen t s  were  r e m o v e d  in a s t r e a m  o f  n i t r o g e n  a n d  the  r e su l t ing  m e t h y l  es te r  was  

t r anses t e f i f i ed  by a d d i t i o n  o f  100 ~1 o f  acetyl  c h l o r i d e  in the  r e spec t ive  a l k an o l  by 

h e a t i n g  at  100°C for  1 h. A c y l a f i o n  wi th  P F P A  was  ca r r i ed  o u t  as d e s c r i b e d  above .  

D e r i v a f i z a f i o n  o f  spa r ing ly  so lub le  A A A s  was  p e r f o r m e d  by s t i r r ing  wi th  a P T F E -  

c o a t e d ,  t r i a n g u l a r  s t i r r ing  bar .  D e r i v a t i z a t i o n  p r o c e d u r e s  a n d  t r e a t m e n t  w i th  n i t ro -  

gen were  ca r r i ed  ou t  in a h e a t i n g / s t i r r i n g  m o d u l e  f r o m  Pie rce  e q u i p p e d  wi th  an  alu-  

m i n i u m  b lock .  
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~Hex~ ester ~ H e ~  e ~  2-Ocffl ester 

l T ~ t T 7 t T ~ 

7.09 155 1.061 + 6.97 165 1.069 + 5.82 180 1.065 + 
7.52 7.45 6.20 

7.95 [ 60 1.052 + 7.63 170 [ .064 + 7.45 180 1.067 + 
8.36 8.12 7.95 

8.96 160 1.018 8.70 170 1.020 8.45 180 1.017 
9.[2 8.87 8.59 

7.79 170 [ .018 9.17 175 1.023 10.93 180 [ .023 
7.93 9.38 11.18 

7.89 [ 75 1.049 + 7.45 185 1.060 + 8.73 190 1.064 + 
8.28 7.90 9.29 

8.45 170 1.019 9.63 175 [ .021 8.97 185 1 ~025 
8.61 9.83 9.19 

7.78 170 1.022 7.25 180 1.023 8.47 185 1~025 
7.95 7.42 8.68 

11.38 175 n.r. 12.95 [80 n.r. 14.79 185 n.r. 
_ 

10.33 175 1.009 [ 1.99 180 1.012 13.68 [ 85 1,009 
[0.42 [2.13 13.80 

7.30 175 [ .014 8.29 180 1.016 7.63 190 1.020 
7.40 8.42 7.78 

RESULTS AND DISCUS~ON 

Se#ct ion o f  derivatives, staHonary phase and GC condit~ns 
In  a p r e ~ o u s  p a p e r  [1~,  it was  s h o w n  t h a t  s a t i s f a c t o r y  r e s ~ u t i o n  o f  N ( O ) -  

p e r f l u o r o a c y l - ( S ) ( + ) - 2 - a l k ~  es te rs  o f  s ~ e c ~ d  ( R , S ) - A A A s  was  ach i ev ed  by  use o f  

c a p i ~ a r y  c o l u m n s  c o a t e d  wi th  CP-Si l  19 CB ( C h r o m p a c k ) .  In  o r d e r  to  inves t iga te  

s y s t e m a t i c a l ~  the  in f luence  o f  the  r e spec t ive  alkyl  e ~ e r s  o n  the  r e s o l u t i o n  f a c t o r ,  we 

used  the  N ( O ) - P F P  es te rs  e x ~ u ~ v ~ y  a n d  100% d i m e t h ~ p o l y ~ l o x a n e  ( C P - ~ I  5) as a 

s t a n d a r d  s t a t i o n a r y  phase .  S u i t a b ~  i s o t h e r m ~  ~ m p e r a t u r e s  ( 8 ~ 1 9 0 ° C )  a n d  ca r t i e r  

gas  p r e s s u r e s  were  se lec ted  in o r d e r  to  o b t a i n  a b o u t  equa l  r e t e n t i o n  t imes  o f  ca. 7 12 
m i n  a n d  the  h i g h e ~  r e s o l u t i o n  f a c t o ~  for  the  v a r i o u s  d e t i v a f i v e ~  
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ResoNt~n of N(O)-pentafluoroprop~nyl-~-a~yl-~am&o acid 2-alkyl este~ 
Derivatives of 28 AAAs were investigated. Rmention times, ~othermM mmpe~ 

atures and resolution f a ~ o ~  (~  are Nven in Table I and for selected AAAs in Table 
I1. AAAs are grouped as the ~-alk~Nanines and the e-alkyl-~amino-n-butyric acids 
with increa~ng alkyl chNn ~ngths, and then as neutral, addic, basic and aromatic 
~d~chNn ~ m e t h ~  amino acids (Tab~ I; for nomenclature of AAAs, see Fig. I and 
ExperimentaB. Derivatives of (R,S)-AAAs for which baseline resolution was 
achieved are indicated by a supe~cr~t  "plus" ~gn on the resolution f a ~ o ~  in the 
tables. Sections of gas chromatograms of PFP-(R,S)-AAA ( S ) ( + ) ~ o c t y l  esters are 
shown in Fig. 2. Gas chromatograms of PFP-(R,S)-AAA ( S ) ( + ) 3 - m ~ h ~ - ~ b u @  
esters [1~ and selected gas chromatograms of the series (S)( + ) ~ p e n t y l  to (S)( + k2- 
heptyl e~e~  have been punished dsewhere ~ 1 2 Z 2 ~ .  The influence of the structures 
of the 2-MkanMs on the e values of the ~asm~omef ic  PFP-AAA 2-alkyl esters is 
d~cussed below. 

(S) ( + ) - 2 - B u l l  esters [1427-30]. Most AAAs were separamd more or less 
satisfactori~, but in no case was complete baseline resolution achieved. ~-Prop-Abu 
and ~-Bu~Abu were not resoNed. In most instances the use of these esters is less 
advantageous in comparison with those described bdow. 

( S) ( + ) -3- Me~yl-2-butyl e s ~  [2 ~29~31]. I n compari son with the (S)( + )-2- 
butyl esters an increase of ~ was achieved in most instances together with baseline 
resolution of the enanfiomers in many instances. Howeve~ ~-Prop-Abu and ~-Bub 
Abu were again not resolved. ~ -M~Ph~  ~-M~Phe, ~-Et-Phe, ~M~m-PheOMe and 
Me-Dopa were baseline resolved and the best ~sduf ion  of ~-M~Tyr and analogs 
was also obtNned by use of this reagent. The ~gn~candy  increased resolution of 
AAAs by es~rification with branched 2-alkanols is also demon~ra~d  for (R,S)-3,~ 
N m ~ h ~ - 2 - b u t a n ~  (Nnacofic alcohob in some sdecmd cases (Table II). This reagent 
pro~des the highest resdufion f a ~ o ~  for e-EbAla and =-M~Phe. However, this 
alcohol also shows ~gnificant kinetic discfim~ation ~0,3~. 

(S)(+)-2-PenO'l  e s ~  [142K29~0~ Most afiphafic ~ d ~ c h ~ n  AAAs 
showed basefine resolution with this reagent. ~ - M e P h ~  x-EbPhg and e-Me-homo- 
Phe showed baseline msolufiom in contrast to e - M e P h ~  ~-EbPhe and hydrox~amd 
aromatic AAAs, which exhibi~d incomNme separation. This beha~our was also 
found for the (S) (+)2-hex~ ,  (S)( + )2-hept~  and (S)(+ ~ o ~  esmrs of these aro- 
matic AAAs. 

(~) g) ~1 0) g) 0) 

H2N COOH H2N COOH H2N COOH 

(1) (2) (1) (2) (1) ~) 

Fig. 1. (R)-~Ethylalanine (~-Et-Ala, isovMine), as an examNe of an ~Nk~-~am~o add, might befi)rmal- 
@ derived ~om Nther ~AN [= (S)-Ala] by C~-hydrogen substitution by an ~h~ grou~ or ~om ~Abu [-  
(R)-Ab~ (Abu, ~-amino~-butyr~ acid) by C~-hydrogen substitution by a m~h~ grou~ Numbe~ ind~am 
the priority of C ~ substituen~ accord~g to the Cahn-lngoM P~Mg rule. Form~ subsfitu~on of the 
C~-hydrogen by alkyl groups in Ala and Abu kads to the ~r~s ~NkyI-AN and ~Mkyl-Abu, respectively, 
or, in general, to ~-Mkyl-~-amino ands. 
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Fig. 2. GC of N(O)-pentafluoropropionyl~R,S)-~-alkyl-e-amino add (S)(+ ?2-octyl esters on dimethyl- 
polysiloxane (CP-Sil 5). Net retention times (min) at ~othermal temperatures (c:£, Tab~ I) are given. 
Cartier ga~ h~ium at 100 kPa (1.0 bar). 

(S) ( + )-2-Hexyl [14,29], (S) ( + )-2-heptyl [14] and (S) ( + )-2-octyl esters 
[14,2830]. In compar ison with the pentyl esters, higher ~ were found for these esters 
for aliphatic AAAs.  ~-Me-Phg, ~-E~Phg and ~-Me-homo-Phe were basdine  resolved 
and the other  a r o m a t ~  A A A s  were partially resolved by use o f  these a~oho l~  with 
the exception o f  ~ - M e - T y F O M ¢  which remained unresolved. In most  instances in- 
crea~ng ~ values were found in the series o f  pentyl to octyl esters, with the highest ~ 
values for (S)(+ ~2-octyl  esters (Fig. 2). An  exception is ~-Et-Ala, which exhibited 
decrea~ng ~ values on going f rom the pentyl to the octyl ester. 

(R,S)-2-Dodecyl, (R,S)-3-octyl [30] and (R,S)-3,3-dimethyl-2~butyl esters 
[2~2930]. Bt is unders tood that by derivafization o f  (S)-AAAs with (R,S)-2-alka- 
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TABLE 11 

COMPA~SON OF NET RETEN~ON ~ M E ~  t (rain), AND RESOLUTION FACTOR~ m AT THE 
TEMPERATURE T (°Q OF N(O)@ENTAFLUOROPRONONYL DERIVATIVES OF (S)-~A~ 
K Y ~ A M I N O  A ~ D  ~ ,~-~ALKYL ESTERS ~ - A A A ~  ON CP-SIL 5 

Cartier gas, hdium (100 kPa). 

(S)-AAA 2-Dodecyl ester 3-Octyl ester 3,3-Dimethyl-2-butyl ester 

t T ~ l T ~ l T ~ 

~-Et-Ala 10.16 170 n.r." 8.75 130 n.r. 9.26 100 1.024 +~ 
- - 9.48 

~-Me-Leu 8.31 185 1.024 + 7.84 145 1.013 7.69 120 1.022 
8.51 7.94 7.86 

~-Me-Phe 7.15 220 1.029 + 7.90 180 n.r. I0.97 150 1.057 + 
7.36 11.59 

~-Mc-Tyr 8.05 220 1.045 + 8.37 185 n.r. 7.18 170 1.053 + 
8.41 - 7.56 

a n.r. = not resolved. 
~ Basefine resolution is indicated by a superscript "plu~' ~gn. 

nols ac tual ly  the 2-a lkanols  are resolved.  As ~ does not  change when ( R , S ) - A A A s  are 
resolved with (R) or  (S) -2-a lkanol~  r e s p e c t i v d ~  for N m p l i d t y  the t e rmino logy  that  
fo~ows is used]. This tendency for higher  ~ values with increaf ing chain length of  the 
2-a lkanols  is exemplif ied by (R,S) -2-dodecanol  for selected (S ) -AAAs ,  giving basel ine 
resolut ion  for ~-Me-Leu,  e -Me-Phe  and ~-Me-Tyr  ( T a b ~  lI). ~ - E b A l a  was not  re- 
solvable  with (R,S)-2-dodecanol. (R,S)-3-Octanol, in s t r iking con t ras t  to (R,S)-2- 
octanol ,  gave no resolut ion  for ~-Et-Ala ,  e -Me-Phe  and ~-Me-Tyr  and low resolut ion 
for ~ -Me-Leu  ( T a b k  II). Remarkab ly ,  (R,S)-3,3-dimethyl-2-butanol gave the highest  
~ values for all der ivat ives  inve~ iga ted  of  ~-Et-Ala ,  e -Me-Phe  and ~-Me-homo-Phe, 
but  not  for ~-Me-Leu  (@, T a b k s  I and II). ~ - P r o p - A b u  was par t ia l ly  resolved by 
3 ,3-d imethyl -2-butanol ,  but  the resolut ion coeff ident  (~ = 1.014) was lower than that  
with 2-pentanol  (e = 1.017) under  the same condi t ions  (@, Table  I). By ana logy  with 
pro te in  amino  a d d s ,  f ignificant d ias te reomer ic  ~ac f iona f ion  would be expected for 
A A A s  by esterificafion with this ~er ica l ly  highly c o n ~ r a i n e d  a lkano l  ~0,32].  

(1RQS,5R) (-)-Menthyl  esters [2~33]. E x c ~ n t  resolut ion was achieved for 
a r o m a t ~  A A A s  by e~ef i f ica t ion  with ( - k m e n t h o l ,  in par t icu la r  for those which 
were unsat is fac tor i ly  resolved by ( S ) ( + k 2 - a l k a n o N  (Table  l I I ) .  However ,  no sep- 
a ra t ion  was ob ta ined  for ~-a lkyla lanines  by esterif icafion with ( - k m e n t h o l  and,  as a 
m ~ o r  d i s a d v a n t a g ~  low der iva t iza t ion  ~ d d s  were ob ta ined  with this reagent ,  which 
did not  increase on ~anses te r i f ica t ion  of  the respective methyl  esters. 

Rda~ve der&atizat~n y#lds of AAAs with a~oho~ 
The rda t ive  def iva t izaf ion  ~ e l d s  o f  the isomeric amino  a d d s  Ossumed  to give 

equal  flame ~ z a f i o n  de tec tor  r e sponse~  valine (VM), norval ine  (Nva)  and i s o v a l ~ e  
(Iva) were ~ v e s f i g a ~ d  on C P - ~ I  5 by der iva t iza t ion  with 1- and  ~ p r o p a n M .  Wi th  
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TABLE III 

COMPARISON OF NET RETENTION ~MES, t (raiN, AND RESOLUTION FACTOR~ m AT THE 
TEMPERATURE T ( Q  OF N(O)@ENTAFLUOROPRONONY~(~-~ALKY~AMINO ACID 
(1 ~2&5~(-)MENTHYL ESTERS ~R,~-AAAs] ON CP-SIL 5 

Carfer gas, h~um (1~ kPa). 

(R,~-AAA t T ~ ~,~-AAA t T ~ 

~-EbPhg 7.10 195 1.030 +" ~-Me-p-Tyr 7.74 200 1.048 + 
7.31 8.11 

~-Me-Phe 9.73 190 1.039 + ~-Me-m-Tyr 7.55 200 1.064 + 
10.I1 8.03 

e-Et-Phe 8.36 200 1.041 + e-Me-p-TyrOMe 9.02 210 1.032 + 
8.70 9.31 

e-Me-homo-Phe 10.23 200 1.016 ~-Me-m-PheOMe 8.32 210 [.047 + 
10.39 8.71 

° Basd~e ~s~ufion ~ ind~a~d by a supe~cfipt "plug' fign. 

1-propanol, Nva (unbranched ~d~chNn) and VN (branched fid~chNn), both having 
C%hydrogen atoms, gave equal peak areas in GC, and are therefore a~umed to Ove 
100% rdative defivafization yields (r.d.y.), whereas Iva (alkyl-substituted C%hydro- 
gen a tom~ gave 80% r.d.y. With 2-propanol, Nva gave 100%, Val 77% and Iva 37% 
r.d.y. This d e a r ~  shows the steric hindrance resulting ~om the f id~chNn branching 
of the amino acids and ~om the branching of the Mcohols. Furthe~ by analogy with 
protein amino adds ~ ,  for the determination of the ratios of enantiomers of AAAs 
using the dias~reomefic approach a posfible kinet~ disc~mination ~0,3~ in the 
e~efification process has to be evMuated, in particMar for highly branched alcohols 
such as 3,3-dimeth~-2-butanol. 

Elut%n order and a ~ n m e n t  of absoNw configuration of AAAs 
As pure or enriched enantiom~s of AAAs (cf., ExperimentN) were ava~aN~ 

the elution order of enanfiom~s as their PFP-AAA ( S ) ( + ) ~ M k ~  esters was deter  
mined unamNguous~ for these AAAs. In all instances the (S)-AAAs eluted before 
the (R)-AAAs when ufing (S)(+)-2-alkanols, and (R)-AAAs before (S)-AAAs a~er 
esmfification with ( R ) ( - ) ~ b m a n M .  By analogy this is assumed to be valid for all 
AAAs inv~tigamd and also for AAAs which a ~  s~u~urM~ rdamd. This dution 
o r d ~  of AAAs is the opposim o f t h ~  of  a m ~ o  adds ha~ng a C~-hydrogen atom. The 
elution orde~ opt~M rotation and absolu~ configuration of AAAs have also been 
correlated by chiral figand~xchange chrom~ography ~ .  

Configuration and e~fion order of ~lk), l-a-am&o acids" as compared w#h pro~& 
am&o acids 

F~bush and Gil-Av [34 p ~ n m d  a modal ~ r  the elution order of enantiome~ 
ic N - T F A ~ m ~ o  acid esm~ of  the general a p e  C F 3 C O N H C H R C O O R '  on a c h i l l  
' ~ r ~ d o "  phase. They p o ~ e d  that the order of em~gence is dependent on the 
relative effective ~ze o f  the substituents H, R and COOR'  at the ~ y m m ~ f i c  carbon 
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C2~CO~N ~ 

CH3 (CHg~ 

~g .  3. Scheme of spatial a ~ a n ~ m e m  and b ~ n ~ s  c N ~ y  of N ~ F ~ ~  ~ i d  (~ (  + ) ~ M ~  
~ s  ~ r  ~ a ~  adds  (R ~ = H, R ~ = Mk~, M ~ r ~  ~ d  ~ r  ~ M k ~ + a ~  ~ (W = Me, Et: R a - 
alkyl, M k a r ~  bMMn~s o f R  ~ > R~). 

atom. FNbush [3~ appfied a fimilar modal to the separation of d h s ~ r e o m e r c  a-ace- 
toxypropioNc 2-Mk~ esters and found for the ~ ( = S,S) isomers, which showed the 
longer remntion time of the ~ - ~  pair, that the substituen~ on both asymmmrc 
carbon atoms are arranged in the same direction with regard to their fize in decreas- 
ing order C%~k~ess  chirality'~ when ~ewing the m d e c ~ e  along its long axis. 

This is also true for ~as~reomefic  e~ers of protNnogeNc a m ~ o  acids, but the 
co~esponding ~ m ~ h y l - ~ a m i n o  acids show the oppo~te order of dution, although 
the respective derivatives of amino adds and AAAs do have the same b ~ n e s s  
cNrMRy (Fig. 3). On chirM stationary phases, however, enantiomeric es~rs of amino 
acids and AAAs, such as N-TFA- l -p rop~  esters, show the same elufion order for R- 
and S-enantiomer~ ~spectivdy. 

C O N C L U ~ O N S  

Systematic investigation of the separation of  28 dia~ereomer~ N(O~PFP- 
(R,S)-AAA (S)(+ ~2-alkyl esters ~efies (S)(+ ~2-butanol to (S)(+ ~2-octanol and 
(S)( + )-3-methyl-2-butano~ with in selected instances the use of 3,3-dimethyl-2-buta- 
nol, (R,S)-3-octanol, (R,S)-2-dodecanol and ( -  ~menthol] by GC on dimethylpolysi- 
loxane showed that no one alcohol made the baseline separation of all AAAs pos- 
sible, but that basehne resolution could be achieved for most AAAs by use of an 
appropriate alcohol (see tables and Fig. 2). The most difficult AAA to resolve as 
diastereomefic esters on CP-Sil 5 are those which have the relativdy s m a l ~  differ- 
ences in sizes of the geminal alkyl groups, i.e., ~-E~Ala (Iva) and ~-Prop-Abu (@, 
Tables I and II). 

For determinations of the ratios of enanfiomers in a ce~ain (R,S)-AAA, not 
only the optical purity of the alkanol employed but also the kinetic discrimination in 
the esterificafion process as a function of the branching of the alcohol and of the 
fide-chains of AAAs have to be determined. 

(S~AAAs are eluted before (R)-AAAs in the cases of diastereomerc PFP- 
(R,S)-AAA (S)(+)-alkyl esters and the use of achiral ~afionary phases. This is the 
oppo~te elution order to that of ~-amino acids ha~ng a C%hydrogen atom, where 
R-(= ~) enantiomers elute before S-( = L) enantiomers. However, with respect to 
their bulkiness chirality [3~ (~e., arrangement of alkyl and aryl s u b ~ u e n ~  in de- 
creasing orde~ @, Fig. 3), PFP-(S)-AAA (S)( + )-2-alkyl esters show the same dut ion 
order as PFP-(R)-AA (S)(+ ~2-alkyl esters. 
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