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SUMMARY

Amines and amino acids have been condensed with a 

mixture of N-TFA-R-prolyl chloride and N-TFA-S-(1-^H)-prolyl 

chloride and the resulting four diastereoisomers have been 

separated by Gas Chromatography into two peaks. The amount 

of each diastereoisomer formed was then determined by Chemical 

Ionisation Mass Spectrometry. The steric purity of the 

enantiomeric mixtures was calcuated from these values and the 

calculated values were always found to be within 5% of the 

expected values.

The procedure was then repeated using a mixture of

N-TFA-R-thiazolidine-4-carboxylic acid chloride and 
2N-TFA-S-(1- f^-thiazolidine-A-carboxylic acid chloride. 

Calculated steric purity measurements were again obtained 

within 5% of the expected values although samples had to be 

kept refrigerated after preparation.

The method is not dependent on diastereoisomer formation 

going to completion.
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INTRODUCTION

The unambiguous determination of optical purity is of con

siderable importance. For example, since there is a large degree 

of configurational uniqueness of the metabolites utilised in many 

biochemical processes then the search for optical activity becomes
an important experiment for the presence of extraterrestrial 
• (1 ) 'biogeny . Also the retention of partial loss of optical purity 

in the course of a reaction can often give valuable information 
concerning the reaction mechanism provided the optical purities of 

the starting materials and the product are known Accurate

knowledge of optical purities is especially important in the area 
of peptide synthesis as a small amount of optical impurity in the 

monomers can lead to, a polypeptide of low biological activity^.

Several criteria of optical purity have long enjoyed general
( A )acceptance, but as has been pointed out by Elielv , none is

completely reliable. Specifically, resolutions have been regarded

as complete when the crystalline enantiomer or precursor diastereo-
isomer is unchanged in melting point or rotation upon further
crystallisation and/or when the two enantiomers are obtained in
states of equal optical purity i.e., with equal specific rotations.

While these criteria have given correct estimates of optical purity

there are many instances where they have failed to yield the

desired information and have given estimates which have fallen far

off the m a r k ^ ’ as will be shown by the following example.
(7)Crawford 1 had resolved trifluoropropan-2-ol as the quinine salt 

of/3-(l-trifluoromethylethoxy) propanoic acid and reported
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[a]^= -2.63 (neat) for the pure enantiomer. But this value led 

to an incongruous result, when the stereoselective reduction of 

1,1,1-trifluoroacetone by the Grignard reagent from (+)-1-chloro-2- 

phenylbutane was investigated by Feigl et aliav ' as their product 

had [a]^ = -3.47. On the basis of chromatography of the
(-)- O-methylmandelates, the optical purity of the reduction product 

could subsequently be unambiguously established, and was found to be 

62% (i.e. [a]^ = -5.6 for the pure enantiomer).

Several approaches have been used for the determination of 

optical purity of an enantiomeric mixture. In 1940 Graff, Ritten-
(Q)berg and Foster described a method whereby both S- and R- amino 

acids could be determined in biological materials by an isotope 
dilution method which involves adding a quantity (m grams) of 

labelled racemic A(SA and RA) with specific activity SQ to a test 

sample of unlabelled optically active A(n grams) and reisolating the 

racemic A. The specific activity of the reisolated racemate (Ŝ ) 

is then related to the optical purity (p) of the test sample by:

26

q _ S m(rrn-n)
i --------

2 2 2 * (m+n) - n p

This method was later developed by Berson and B e n - E f r a W ^ . The 

isotope dilution technique has been used to determine the optical 

purities of several compounds but requires considerable amounts 

(10-100mg) of isotopically labelled materials. Other methods in

volve the simultaneous analysis of the stereoisomeric components

and involve techniques including polarimetry, NMR spectroscopy and 
differential microcalorimetry. The first of these, polarimetry,
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requires mg amounts of analytically pure sample and the absolute 
rotation of the pure enantiomer must be known

The NMR approach usually involves diastereoisomer formation 
(or the use of an optically active solvent ^  ̂ ) and necessarily 

requires measurabLe chemical shift nonequivalence for a set of 

signals due to corresponding groups in the two diastereoisomers. 

Since no physical separation of the diastereoisomers in the mixture 

(SASB and MSB) is required the NMR method is applicable to the 

determination of optical purities of compounds which owe their 

chirality to deuterium substitution since the optical purities of 

such compounds cannot be determined by the isotope dilution method 
or by gas chromatographic (GC) methods because the physical

properties of such enantiomers or diastereoisomers are too similar
* (2 ) to permit separation by physical methods .

While the previously described methods of determining 

optical purity have been rather limited in their usage, extensive 
research has been carried out into the application of the gas 

chromatographic (GC) separation of diastereoisomers as the basis for 
a convenient method for the determination of optical purity '
/ «4 Q X MQ\ / 1/ \ *

1 1 . The advantages of this analysis over conventional

polarimetric measurements are that chemical impurities are separable 
during chromatography and that a steric purity measurement can be 

done on a mixture. In this method the enantiomers (SA and RA) 
are converted into a mixture of diastereoisomers (SASB and MSB) by

reaction with a chiral reagent SB. Conditions are chosen so that
SAthe ratio (r) of enantiomers —  is equal to the ratio of the

SASBdiastereoisomers —  —  • The optical purity can then be
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r* “ 1calculated from /r +  ̂ . However, two conditions have to 

be satisfied. First the chiral reagent B must be optically pure 

or its optical purity must be known and second, there must be no 

kinetic resolution in the reaction which transforms the mixture 

of enantiomers into the diastereoisomers. The first requirement 

can be met by using a chiral reagent, preferably a natural product, 
whose optical purity can be determined by classical methods (i.e. 

biochemical transformation, isotope dilution, nuclear magnetic 
resonance spectroscopy). The second requirement is more difficult 
to establish as the system has to be tested to ensure that the 
reaction goes to completion and ideally the two rates of diastereo- 
isomer formation should be determined.

( n)In their study Halpern and Westley used N- trifluoro- 

acetyl-S-prolyl chloride as a resolving agent for the separation of 
neutral amino acids. They reported that as little as 0.1ug of each 
diastereoisomer could be detected. This represented a considerable 
improvement in the measurement of optical purity by polarimetry 

since amino acids have small specific rotations and thus at least
( 1A)10ug of optically pure material is needed. Gil-Av et alia 

demonstrated the measurement of optical purity of a series of •

2-n-alkanols as determined by polarimetry and gas chromatography 
of the a-acetoxypropanoates. Their results agree well within the 

limits of experimental error. The optical purity of a compound 

can thus be estimated by the gas chromatographic method without 

knowing the specific rotation of the pure enantiomer. •

Most of the recent papers concerning the determination of 

optical purity and the separation of diastereoisomers by GC have
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dealt with the separation of derivatives of amino acids .

These have included N-trifluoroacetylamino acid esters of (-)—
menthol (16),(18) and of several n-alkan-2-ols ̂  ̂  ̂ ^  ̂ as well

• • • (17)as derivatives in which an a-chloroisovaleryl or
(2 1)a-chloropropionyl residue was attached at the amino function.

Dipeptide derivatives have also been studied 1 1 .
In addition esters of n-alkan-2-ols (12), (14) and  ̂ ^ menthol(25)

and the N-trifluroacetyl -S-prolyl derivatives of a series of amines 
(19) have been examined. Another GC approach uses stereo

selective sorption of enantiomers on a chiral stationary phase. 

Although simpler in principle, separation of enantiomers by GC on 

optically active substrates is less convenient in practise than 
prior conversion to diastereoisomers and subsequent separation on 
conventional achiral substrates. The method has been used with 
some success to separate amino acid derivatives on capillary 
columns coated with N-trifluoroacetyl-S-isoleucine lauryl ester^).

The work described in this thesis was devoted to the 
development of a GC-Mass Spectrometric (MS) technique for the 

determination of optical purity which overcomes the problem of 
kinetic resolution during diastereoisomer formation. Such a GC/MS 

method has been suggested in the literature^^. The method in
volves the conversion of the enantiomeric mixture (SA and RA)

into diastereoisomers by reaction with a chiral reagent mixture 
* *(RB and SB ), where SB contains a stable isotopic label. The

* xdiastereoisomeric mixture containing RARB, RASB , SARB, SASB is
% %then separated by GC into two peaks RARB, SASB and RASB , SARB 

which are monitored by methane chemical ionisation MS to determine



6.

SASB* RASB*the ratio---^RARBan d-----/SARB * The enantiomeric purity
of SARA can then be calculated from these ratios and they should 

be the same, as the rate of formation of SASB* is the same as that 
for the enantiomer RARB, similarly RASB* forms at the same rate as 

SARB. Therefore the steric purity measurement is not dependent 
on the reaction going to completion.
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DISCUSSION AND RESULTS
(1 )Initially we chose«(.-chloroisovaleryl chloride (1 ) 

as a resolving agent. This compound has been used as a chiral
11 ) preagent for the GC resolution of amino acids . R-( H^)-

• ( 2 ) 2 valine (2 ) was used to prepare S-( H^)- -chloroisovaleryl

chloride (3) and S-valine (4) was used to prepare R-<*-

chloroisovaleryl chloride (1), (Scheme 1 ). A combination of

these acid chlorides was used as a resolving agent and condensed

with several amino acid methyl esters. However, we found the

mixed reagent to be unsuitable for the determination of optical
purity by the proposed method because the GC retention times of 

2the S-( ) - -chloroisovaleryl amino acid methyl esters were
substantially lower than the corresponding unlabelled compounds.

■ 2For example the GC retention times of S-( )- c* -chloroisovaleryl

-S-valine methyl ester (5) and R-<*-chloroisovaleryl-R-valine

methyl ester (6) were 9.0 and 9.3 minutes respectively. Such

partial separation of diastereoisomers is undesirable since the 
SASB* 'ratio --- /rare is variable over the GC peak.

We then investigated the GC behaviour of the
(3) .condensation products of N-TFA-prolyl chloride (7) with amino

acid methyl esters. This reagent has been shown to be a good
chiral reagent for the GC resolution of amines and amino acids 
(4), (5)

•

synthesised from commercially available S-( ) -proline (9) and 
the corresponding R-reagent (7) was synthesised from R-proline 
(10), (Scheme 2). k Again we found the mixed reagent to be un
suitable for the purpose of determination of optical purity as

p ■N-TFA-S-(H^)-prolyl chloride (8) was first
2t



SCHEME 1
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<3 HNCL/HC1
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the diastereoisomeric TFA-peptide methyl esters derived from

the deuterated species again had substantially lower GC retention

times than the corresponding unlabelled compounds. For example

the GC retention times of the labelled SASB* peptide (1 1 ) and

unlabelled RASB peptide (12) derivatives of valine (A) were 7.7

and 7.9 minutes respectively. The use of other isotopically
labelled derivatives of proline were then investigated. Since

the chromatographic properties of N and C labelled analogues
are essentially identical with that of the unlabelled compounds, . 
15 13N or C proline would be the best stable isotopically 

labelled analogues for this work. While both and 13C 
proline are available commercially they were too expensive for us 
to use.

2S-(1- H)- proline (13) was then synthesised by a
stereospecific exchange reaction of the * -hydrogen atom of
S-proline (10) in CCo(en)2 (S)-proJ (1A)^ with D^O in the

presence of Li^CO^. The optical purity of the S-(1-2H)-proline

(13) was checked by converting it to N-TFA-S-(1-^H)-prolyl

chloride (15) and condensing this with S-valine methyl ester.

The product (16) was examined by GC/MS. Only one peak of m/e

326 was present on the GC trace indicating the optical purity of 
2the S-(1- H)-proline (13) but the MS indicated the presence of

some non-deuterated derivative (m/e 325) (12). The isotopic
purity of the labelled proline (13) was determined by converting

2it to the N-TFA-S-(1- H)- prolyl glycine methyl ester derivative 

(17) and measuring the intensities of the protonated molecular
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CH — —  CH.,
1 2 1 2
1 L hCH0 e

NI
COC F,

3

(7)

COCF,

(8)

H

(9) (io)
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3
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CH„
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0 3 )

( U )
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3
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CO— NH— CH— CH— CH,
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3

06)

COOCH,

COCF
3

(17)

CH, -C H — COOH

m 2

( 1 8 )

CH —  CH— CH —  C H -C H .
j I 2 | 3

NH_ CH.,3

(19)
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ions of the labelled (m/e 284) and unlabelled (m/e 283) 

compounds. The results of duplicate runs indicated that the 

isotopic purity of the S-(1-2H )-proline (13) was 83.28%.

A reagent solution of the N-TFA-S-(1-2H)-prolyl 

chloride (15) (SB*) and N-TFA-R-prclyl chloride (7 ) (RB) in 

CH2CI2 (approximately 0 .1 to 1 mg/ml) was then made up and this 

was used to make diastereoisomeric derivatives of amino acid 
methyl esters and amines.

In the condensation of the reagent (RB,SB#) with a 
R^S amine or amino acid (RA,SA) a diastereoisomeric mixture of 
RASB*, SARB,SASB* and RARB is formed (Scheme 3). This can be 
separated by gas chromatography into two peaks which contain 
RASB*, SARB and SASB*, RARB ■ A chemical ionisation mass 

spectral analysis of the intensities of the protonated molecular 

ions can be used to calculate the proportion of labelled to . 

unlabelled proline in each GC peak. This ratio can then be 

used to determine the optical purity of the amine or amino acid. 

If unequal amounts of the N-TFA-S-(1-2H)-prolyl chloride (15) 
and N-TFA-R-prolyl chloride (7 ) are used as the chiral reagent it 

is necessary to determine the ratio of the labelled to unlabelled 

proline derivatives from both GC peaks to obtain the optical 
purity of the compound. In both cases the results have to be 

corrected for the natural isotopic abundances and for the isotopic
purity of the labelled proline reagent. For this reagent .

RAsolution the —  ratio of the enantiomers is determined as

follows :



SCHEME 3
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MH,.—  CH— COOH «¿
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— 2— »
MeOH

R
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j
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J

I
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3
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Peak 1 : RASÖ*, SAR3 

Peak 2 : SA33*, RARB
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The intensity due to RA in the first GC peak =

(RASB- -A-B) + °-20°7 (RASB- SARB)

The intensity due to SA in the first GC peak =

(SARB-0.2007(RASB- SARB)

The intensity due to RA in the second GC peak =

(RARB - 0,2007 (SASB- J L  RARB) and 

the intensity due to SA in the second GC peak =

(SASB- RARB) + 0.2007 (SASB- RARB)

Combining the intensities due to RA in peaks 1 and 2 and 

dividing by the intensities due to SA in peaks 1 and 2 gives 
Formula 1.

Where x is the % of the natural isotopic abundances
calculated from the empirical formula of the M + 1 ion of the
Cl MS of the TFA-peptide methyl ester and 20.07 is the percentage

2of unlabelled S-proline in the S-(1- H)-proline used to prepare 

the labelled reagent.



FORMULA 1

RA = (RASB* - -j2-. SARB) + 0.2007 (RASES*- ^  SARB) + RARB - 0.2007 (SASB* - y^y RARB)

SA = (SARB - 0.2007 (RASB* - y^- SARB) + (SASB* - y2_ r a r e) + 0.2007 (SASB* - y^y RARB)
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We first applied the new procedure to the analysis

of "optically pure" commercially available amines and amino acids 
(7)(Table 1) . The reproductibility of the method was checked

by analysing an S-proline (10) solution of known optical purity 
RA(—  = 1.26) six times. (The concentrations of the standard

solutions were adjusted on the basis of the observed optical

purity of the commercially available amino acids and amines).
RAThe mean value of —  /<^ and the average mean were calculated from 

Formula 1 (x = 15.2%) to be 1.25 - 0.02 .

The reaction conditions from diastereoisomer formation

were checked by condensing five identical alanine (18) samples of 
RAoptical purity (—  /^= 1.32) with the resolving reagent and then

working up the reaction mixture after different time intervals
RA(0.5 min to 24 hrs.). The calculated —  values were then 

determined by GC/MS and were found to be 1.33 - 0.03. On the 

basis of these results, all other condensations were worked up 

within 30 minutes of adding the resolving agent.

In a similar manner a number of amine and amino acid ' 

solutions of known optical purity were analysed. In all cases 

the — values were within 5% of the expected values (Table 2 ) ̂ .

The technique was then used to monitor the progress of 
an optical resolution of 2-amino-4-methylpentane (19) and 2-methyl- 

piperidine (20) via salt formation with (+) -tartaric acid ^
~ The results indicated that after 3 recrystallisations (+)-2-methyl- 

piperdine (20) and (+)-2-amino-4-methylpentane (19) of 99.3% and 

94.3% enantiomeric purity respectively were obtained.



Table 1 :

diastereoisomeric N-trifluoroacetyl-R and S—(1— H)-prolyl derivatives of their methyl esters

Optical purity of some commercially available amines and amino acids as determined from the
2

Compound Uncorrected Intensities 

SARB RASB* RARB SASB*
Natural # 
Isotopic 
Abundance(%)

X

Calculated 
ratio 
RA = r
SA

Optical
Purity
r- 1
r+1

R-proline 2,277 10,958 36,180 5,499 15.2 369 0.995
S-proline 11,472 2,070 2,441 14,345 15 o 2 0.000847 0.998

R-alanine 1,950 10,367 14,283 1,977 13.0 459 0.996
S-alanine 14,126 1,908 1,926 9,936 13.0 0.00237 0.995

R-leucine 1,147 5,803 8,390 1,452 16.4 133 0.985
S-leucine 7,712 1,305 814 4,099 16.4 0.00552 0.989
S-valine 57,988 9,472 7,189 37,454 15.3 0.00604 0.988

rv>

cont.



2 .diastereoisomeric N-trifluoroacetyl-R_ and S-(1- H)-prolyl derivatives of their methyl esters

Table 1: Optical purity of some commercially available amines and amino acids as determined from the

Compound Uncorrected Intensities
■ SARB RASB* RARB

R-1-phenylethylamine 1,0 72 5,163 24,163 4,455 15.2 29.4 0.934

S-1-phenylethylamine 9,094 1,651 743 3,308 15.2 0.0334 0.935

R-2-aminoheptane 299 1,258 8,949 1,491 16.3 0.0496 0.904

S-2-aminoheptane 13,773 1,395 2,374 2,909 16.3 113 0.983

SASB*

Natural # 
Isotopic 
Abundance (%) 

x

Calculated 
ratio 
RA = r
SA

Optical
Purity
r- 1
r+1

# Calculated from the empirical formula of the diastereoisomers

| The absolute value of r-1 
’ r+1

noro



N-trifluoroacetyl-R and S—(1— H)-prolyl derivatives of their methyl esters
Table 2: Optical Purity analysis of amines and amino acids as determined from the diastereoisomeric

2

Compound
Uncorrected Intensities 
SARB RASB* RARB *SASB

Natural 
Isotopic 
Abundance (%)^

X

Calculated
Ratio
-a/sa

Expected
Ratio
-a/sa

proline 9,498 7,510 9,141 4,711 . 15.2 1.28 1.26
proline 5,359 4,198 4,488 2,243 15.2 1.26 1.26
proline 18,119 14,387 15,658 8,505 15.2 1.23 1.26

alanine 11,297 3,137 3,338 7,088 13.0 0c2 11 0.216
alanine 7,183 3,398 4,170 4,539 13.0 0.551 0.571
alanine 4,139 6,987 9,330 2,884 13.0 3.45 3.39

leucine 3,367 4,003 4,447 . 1,984 16.4 1.99 2.06
leucine 3,373 1,917 2,639 2,365 16.4 0.718 0.699
leucine 4,263 1,387 1,357 2,715 16.4 0.237 0.237
valine 53,373 38,655 29,939 35,609 15.3 0.714 0.704
valine 16,439 9,602 9,529 15,603 15.3 0.475 0.490
valine 19,763 8,867 7,120 14,466 15.3 0.330 0.326
valine 46,426 16,785 12,724 30,900 15.3 0.234 0o245

cont.



pN-trifluoroacetyl-R and S-(1- H)-prolyl derivatives of their methyl esters
Table 2: Optical Purity analysis of amines and amino acids as determined from the diastereoisomeric

Compound Uncorrected Intensities 
SARB RASB* RARB SASB*

' Natural 
Isotopic 
Abundance (%)„

X

Calculated
Ratio
—a/sa

Expected
Ratio
RA/3A

1-phenylethylamine 6,010 2,911 11,750 5,661 15.2 1.30 1.25
1-phenylethylamine 1,951 1,518 6,652 2,297 15 .2 2.42 2.38
1-phenylethylamine 10,697 3,438 10,038 7,545 15.2 0.627 0.656

2-aminoheptane ' 2,372 1,213 5,462 1,317 16o3 2.34 2.32
2-aminoheptane A, 822 1,127 2,209 1,198 16.3 0.425 0.420
2-aminoheptane 2,076 643 2,080 720 16.3 0.958 0.970

# Calculated from the empirical formula of the diastereoisomers.
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The use of a resolving agent that could be made 

synthetically, and thus would be isotopically pure was then in

vestigated. Since both enantiomers of thiazolidine-4-carboxylic 
acid (24) are readily a v a i l a b l e ( S c h e m e  4) and deuterium can 

be incorporated into position 1 with deuteroformaldehyde

N-TFA-thiazolidine-4-carboxylic acid chloride (2 1) was investigated 
. (10) (1 1 )as a resolving agent 1 . For the derivatives of this

. R Aresolving agent the — ratio of the enantiomers is given by 
the Formula 2 :
FORMULA 2

RA RARB + (RASB* - —  SARB)

SA SARB + (SASB* - x RARB)
100

where x is the % of the natural isotopic abundances calculated from 

the empirical formula of the M + 2 ion of the Cl MS of the 
TFA-peptide methyl ester.

2S-(1- )-thiazolidine-4-carboxylic acid (2 2) was
synthesised from S-cysteine (23) and deuteroformaldehyde^10 ,̂

and R-thiazolidine-4-carboxylic acid (24) was synthesised from

R-cysteine (23) and formaldehyde. The N-TFA-acid chloride
derivatives of these amino acids were then synthesised and used as
a resolving agent. The reagent was first used to analyse

solutions of known optical purity of proline (10) and then
solutions containing valine (4) and alanine (18); and 2-
aminoheptane (25) and 1-phenylethylamine (26)combined (Tables 3 

(12) RAand 4) v . In all cases the - /^values were within 5% of .
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the expected values. Unfortunately, these derivatives proved 

particularly unstable and satisfactory analyses could not be 

obtained on samples that were not kept refrigerated after 

preparation. '



Table 3: Optical Purity of some commercially available amino acids and amines as determined from their2diastereoisomeric N-trifluoroacetyl-R and S (1- H^) -thiazolidine-4-carbamoylamino acid methyl 
esters and amides

Compound Uncorrected Intensities 
SARB RASB* RARB SASB*

Natural 
Isotopic 
Abundance (%)#

X

Calculated
Ratio

: r'SA

Optical
Purity
r- 1 j
r+1 *

R-proline 4.2 303.7 108.4 7.5 4.80 59.6 0.967
S-proline 53.7 6.5 6.2 223.1 4.80 0.0373 0.928

R-valine 1.4 70.8 6.8 0.7 4.80 45.6 0.957
S-valine 109.6 7.6 3.1 205.4 4.80 0.0184 0.964
R-alanine 3.1 156.8 74.5 6.2 4.80 38.4 0.949
S-alanine 22.3 3.3 3.6 60.6 4.80 0.0508 0.903
S-2-aminoheptane 133.9 1 1 . 1 26.4 264.7 4.80 0.0794 0.853
R-2-aminoheptane 3.4 85.A 98.8 7.8 4.80 27.1 0.929
S-phenylethylamine 20.6 1.7 2.6 42.5 4.80 0.0531 0.899
R-phenylethylamine 2.5 48.7 57.0 4.7 4.80 14.7 0.873

# calculated from the empirical formula of the diastereoisomers

Ì The absolute value of r-1
r+1



Table 4:
2N-trifluoroacetyl-R- and S- (1 - )-thiazolidine-4-carbamoylamino acid methyl esters and amides

Optical Purity analysis of amino acids and amines as determined from their diastereoisomeric

Compound Uncorrected Intensities 
SARB RASB* RARB SASB*

Natural
Isotopic
Abundance

Calculated 
Ratio 

# RA/
fSA

Expected
Ratio
RA/

'SA

proline 179.9 181.9 43.3 49.5 4.80 0.955 0.983
proline 121.4 223.3 35.5 14.5 4.80 1.89 1.88

proline 113. A 73.8 15.5 49.6 4.80 0.519 0.509
alanine and 182.6 318.0 146.3 46.2 4.80 2.05 2 .10

valine 147.8 67.8 26.1 39.4 4.80 0.469 0.449
alanine and 360.1 510.2 267.4 119 .0 4.80 1.63 . 1.61

valine 56.8 15.1 4.8 21.4 4.80 0.223 0.235
1-phenylethylamine 53.7 37.6 138.5 49.5 4.80 1.79 1.75
and

91.02-aminoheptane 324.9 318.6 315.4 4.80 0.631 0.646
1-phenylethylamine 324.6 51.4 148.8 369.0 4.80 0.270 0.265
and
2-aminoheptane 253.2 443.1 760.9 138.5 4.80 3.33 3.27

# calculated from the empirical formula of the diastereoisomers
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EXPERIMENTAL
Reagents were obtained as follows : Thionyl chloride 

and all S-amino acids from B.D.H. Chemicals Ltd. Poole, England, 

R-alanine, ^-cysteine and R_ and S-phenylethylamine from Fluka,

Buchs, Switzerland, R-proline from Calbiochem, San Diego, Cal.

U.S.A., R-leucine from Cyclo, Los Angeles, Cal. U.S.A., £  and S- 

2-aminoheptane from Norse, Newbury Park, Cal. U.S.A., and tri- 

fluoroacetic anhydride from Sigma, St. Louis, U.S.A.

All solvents used were analytical reagent grade and 

were supplied by Ajax Chemicals, Sydney, N.S.W., Australia.

D2O (99.7%) was obtained from the Australian Atomic Energy Commission, 
Lucas Heights, N.S.W., Australia.

PART 1

2
Preparation of £ and S-( H^)-2-chloro-3-methylbutanoyl (R, SJ

2
amino acid methyl esters and N-TFA-R and S-( H^)-prolyl (R, S) 

amino acid methyl esters,

G.C. separations were carried out using a 5 ft.
(2 mm I.D.) glass column coated with 6% Apiezon N on Chromosorb W
(80 - 100 mesh). The samples were chromatographed with nitrogen as
a carrier gas at a flow rate of 20 ml/minute. All samples were run
isothermally at 130°. Under these conditions the retention times
of the 2-chloro-3-methylbutanoyl amino acid methyl ester diastereo-

isomeric pairs were : valine (8.5, 9.3 min) and alanine (7.4,
28.7 min). The retention times of the ( )-2-chloro-3-methylbutanoyl

amino acid diastereoisomeric pairs were valine (8.2 , 9.0 min) and 

alanine (7.1, 8.4 min). The retention times of the
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N-trifluoroacetyl prolyl amino acid methyl esters were :

valine (7.9, 8.7 min) and alanine (7.3, 8.5 min). The retention
. 2times of the N-trifluoroacetyl-( H^)-prolyl amino acid methyl

esters were : valine (6.9, 7.7 min) and alanine (6.0, 7 .1 min) o

Preparation of B>-2-chloro-3-methylbutanoyl chloride

A mixture of concentrated hydrochloric acid (1.5 ml) 
and concentrated nitric acid (0.5 ml) was added to S,-valine 
(500 mg) at 40-50°C. After 20 minutes the mixture was extracted 
with ether, and the ether extracts washed with water and dried 

over anhydrous sodium sulphate. The solvent was removed under 
vacuum and the residue treated with thionyl chloride (1 ml) at • 
60°C for 1 hour. Excess thionyl chloride was removed under 

vacuum and the residue distilled to yield R_-2-chloro-3-methylbutanoyl 

chloride (360 mg. b.p. 150-152°C) which was dissolved in methylene 

chloride (100 ml).

2Preparation of jj-2-chloro-( )-3-methylbutanoyl chloride
This compound was prepared in identical manner to

2 (1 )Rr2-chloro-3-methylbutanoyl chloride using JR_-( H ^ )-valine 

instead of S-valine.
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Preparation of R and £-( H,-,)-2-chloro-3-methylbutanoyl (R, ¿) 

amino acid methyl esters

Methanol (1 ml) was cooled in a dry ice-alcohol bath 

and thionyl chloride (0.1 ml) added dropwise. This solution was 

added to the amino acid (lOytumol) and the resulting solution re

fluxed for 30 min. The reaction mixture was then concentrated 

under vacuum and dry methanol (0.5 ml) added and the reaction mixture 

again concentrated under vacuum. To the residue was then added a

mixture of R-2-chloro-3-methylbutanoyl chloride reagent (0.55 ml)
2and S-2-chloro-( )-3-methylbutanoyl chloride reagent (0.55 ml)

and the resulting solution was adjusted to pH9 with triethylamine.
The reaction mixture was then washed in turn with water (2 ml)HCl 

(2 ml, 1 M) and NaHCO^ solution (10%, 2 ml) and then dried over 

Na^SO^. The solvent was then removed and the residue dissolved in 

dry methanol (0.20 ml) for GC analysis.
2Preparation of N-Trifluoroacetyl-S-( E-J -prolyl chloride

Trifluoroacetic anhydride (0.4 ml) dissolved in
P o

anhydrous ether was added to S - )-proline (100 mg) at -10°C.

After 10 minutes the flask was removed from the cooling bath and 
kept at room temperature for 2 hours. The ether and unreacted 

trifluoroacetic anhydride were removed under vacuum at room 
temperature. A solution of thionyl chloride (1 ml) in dry benzene 

(2 ml) was then added to the residue at 0°C and the reaction mixture 
kept at room temperature for a further 2„5 hours. The benzene and

unreacted thionyl chloride were then removed under vacuum at below 
40°C. The residue was dissolved in dichloromethane and the

2
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solvent then removed under vacuum. This process was repeated 

twice more. The residue was then transferred quantitatively to a 
volumetric flask with dry dichloromethane and made up to 100 ml. 
Molecular sieve (Linde Type 3A) was then added and the reagent 

stored at 0°C.

Preparation of N-Trifluoroacetyl-R-prolyl chloride

This compound was prepared in identical manner to 
2N-trifluoroacetyl S-( )-prolyl chloride using _R-proline instead

of S-(2H^)-proline.
2Preparation of N-trifluoroacetyl-R and ¿-( )-prolyl (R,

- amino acid methyl esters

Methanol (1 ml) was cooled in a dry ice-alcohol bath 
and thionyl chloride (0.1 ml) added dropwise. This solution was 
added to the amino acid (10/a.mol) and the resulting solution re
fluxed for 30 min. The reaction mixture was then concentrated 

under vacuum and dry methanol (0.5 ml) added and the reaction 
mixture again concentrated under vacuum. To the residue was then
added a mixture of N-trifluoroacetyl-R-prolyl chloride reagent

2(0.55 ml) and N-trifluoroacetyl-S-( H^)-prolyl chloride reagent 

(0.55 ml), and the resulting solution was adjusted to pH9 with 
triethylamine. The reaction was then washed in turn with water 

(2 ml) HC1 (2 ml, 1 M) and NaHCO^ solution (10%, 2 ml) and then 
dried over Na^SO^. The solvent was then removed and the residue 

dissolved in dry methanol (0.20 ml) for analysis by GC. .
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PART 2

Preparation of N-TFA-R and S-(l- H)-prolyl (R, S_) 

amino acid methyl esters and amides

Reagents were obtained as previously described.

Mass spectra were recorded on a Finnigan 3200 chemical ' 

ionisation mass spectrometer interfaced to a Finnigan Model 6110 
Data System. GO separations were carried out using a 5 ft (2 mm 

ID) glass column coated with either Tabsorb (Supelco) or 3% 0V-225 

on Gas Chrom.Q (100-120 mesh) (Applied Science Lab. State College 
Pen., U.S.A.)

The samples were chromatographed with methane as a carrier 
gas at a flow rate of 20 ml/minute. The following chromatographic 
conditions were used : alanine (Tabsorb) programmed 1 minute 

after injection from 160° at 6°/min; 2-aminoheptane (0V-225) from 
140° at 6°/min. 2-amino-4-methylpentane (Tabsorb) from 125° at 
4°/min; glycine (Tabsorb) from 160° at 6°/min; leucine (Tabsorb) 

from 170° at 6°/min; 2-methylpiperidine (0V-225) from 140° at 6°/min; 

1-phenylethylamine (0V-225) from 150° at 10°/min; proline (0V-225) 
from 200° at 6°/min; and valine (Tabsorb) from 150° at 6°/min.

Under the above conditions the retention times of the 

diastereoisomeric pairs were : alanine (4.1, 4.7 min), 2-amino- 

heptane (7.5, 8 .1 min), 2-amino-4-methylpentane (4.8, 5.3 min),

leucine (4.4, 4.7 min), 2-methylpiperidine (8.8, 9.2 min), 

1-phenylethylamine (7.2 , 7.8 min), proline (6.2 , 6.5 min) and . 

valine (3 .9, A . 6 min).

2
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Preparation of S-(1- H)-proline

To a slurry of trans- CCoCenJ^Br^U Br( 20.9g) '

and ¿-proline (5.75 g) in methanol (800 ml) at 60° was added 

LiOH.H^O (2.09g) in methanol (200 ml). The solution was refluxed 

for 45 minutes, diluted with water (3 1), and sorbed on Dowex 
50WX2 exchange resin (H+ form). Elution with HC1(1M) resulted in 

the separation of three major bands QCoien^BriMeOH)] ,
HCo(en)2 (S)-proQ + , and CCo(en)^I] , in order of elution.
The QCo(en)2 (S)-proO 2+ Cl^ (60-70%) was reduced to dryness 
on a rotary evaporator and dissolved in water and the solution 
neutralised (pH 5) with 0.5M LiOH solution. Addition of Nal 
and cooling resulted in a preferential crystallisation of one 
of the diasteroisomers&-CCo(en)2 (¿)-prd3 I^. This material was 

crystallised from warm water, and all fractions had similar 

rotations: - 279°; c *^545 - ^71° in water at 25° from

an 0.1% solution. Anal. Calcd for QCo(en)2 (S)-pro)] I2^ 20:

C, 19.1; H, 4.6; N, 12.4. Found C, 19.1; H, 4.7; N, 12.1.

A-CCo(en )2 (S)-proO (11 g) was dissolved in 
D^O (100 ml) and NaDCO^iO.lg) was added. The D^O was removed 
in vacuo and the residue was redissolved in D^O (100 ml) and 
LigCOs (2 g) added. The mixture was then left for 48 hours.
The mixture was then filtered to remove undissolved Li^CO^ and 

the pH adjusted to 1 by the addition of cone. HC1 (13 ml).’ The 

Co^+ was reduced to Co2+ by the addition of NaBH^ (1.2g) which 

was added slowly with vigorous stirring. The pH was kept less 

than 4 by the addition of cone. HC1. The reduced solution was 

diluted to 11 and was sorbed on AG50W-X8 cation exchange resin

2
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I p
(H form) and the S-(1-H)-proline was. eluted with ammonia 

solution (10%). The ammonia eluate was reduced to dryness at 40°C. 
The yield of S-(1-^H)-proline was 1.4g.

2The ¿-(1- H)-proline (80 mg) was converted to
2N-TFA-S-(1- H)- prolyl chloride and this was condensed with glycine

methyl ester as described below. The product was analysed by

GC/MS and the intensities of the protonated molecular ions

{m/e 283 and 284) were recorded for duplicate runs. These were

410, 2102 and 8392, 42526 respectively. After correcting for the

theoretical natural isotopic abundances of the M + 1 ion in the

Cl MS of the non-deuterated species (1 1 .55%) the average isotopic
2purity of the S-(1- H)-proline was calculated to be 83.28%.

(3)Preparation of N-Trifluoroacetyl-jj-prolyl chloride

Trifluroacetic anhydride (0.4 ml) dissolved in 

anhydrous ether (2 ml) was added to R-proline (100-120 mg) at 

-10°C. After 10 minutes the flask was removed from the cooling 

bath and kept at room temperature for 2 hours. The ether and 

unreacted trifluoroacetic anhydride were removed under vacuum at 
room temperature. A solution of thionyl chloride (1 ml) in dry 

benzene (2 ml) was then added to the residue at 0°C and the 
reaction mixture kept at room temperature for a further 2.5 hours.
The benzene and unreacted thionyl chloride were then removed under 
vacuum at below 40°C. The residue was dissolved in dichloro- 

methane (0.5 ml) and the solvent then removed under vacuum. This 

process was repeated twice more. The residue was then transferred 

quantitatively to a volumetric flask with dry dichloromethane and 
made up to 100 ml. Molecular sieve (Linde Type 3A) was then
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added and the reagent stored at 0°C.

Preparation of N-Trifluoroacetyl-^-(1- H)-prolyl chloride

This compound was prepared in identical manner
2to N-trifluoroacetyl-ji-prolyl chloride using S-('l- H)-proline 

(80-100 mg) instead of R-proline.

Preparation of N-trifluoroacetyl-R and S-(1-^H)-prolyl (R, S) 

amino acid methyl esters
Methanol (1 ml) was cooled in a Dry Ice-alcohol bath 

and thionyl chloride (0.1 ml) added dropwise. This solution was 
added to the amino acid (10yjLmoles) and the resulting solution 
refluxed for 30 minutes. The reaction mixture was then concentrated 
under vacuum and dry methanol (0.5 ml) added and the reaction 
mixture again concentrated under vacuum. To the residue was then 
added a mixture of N-trifluoroacetyl-R-prolyl chloride reagent 

(0.55 ml) and N-trifluoroacetyl-S-(1-2H)-prolyl chloride (0.55 ml) 
and the resulting solution was adjusted to pH9 with triethylamine. 

The reaction mixture was then washed in turn with water (2 ml)

HC1 (2 ml, 1M) and NaHCO^ solution (10%, 2 ml) and then dried over 
Na^SO^. The solvent was then removed and the residue dissolved 

in dry methanol (0.20 ml) for analysis by GC/MS.

The following MH+ ions were monitored for alanine 

(297, 298), for leucine (339, 340) for proline (323, 324) and for 

valine (325, 326). ’

2
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Preparation of N-Trifluoroacetyl-R. and S-( 1- H)-prolyl amides 

To a solution of the amine (10¡xmoles) in dichloro-

methane (5 ml) was added a mixture of N-trifluoroacetyl-R-prolyl
. 2chloride (0.55 ml) and N-trifluoroacetyl-S-(1- H)-prolyl chloride

(0.55 ml) and the resulting solution to pH 9 with triethylamine.

The reaction mixture was then washed in turn with water (2 nil),

HCL (5 ml, 1M) and NaHCO^ solution (10%, 5 ml) and then dried over 
Na2S0 .̂ The solvent was then removed and the residue dissolved 

in dry methanol (0.20 ml) for analysis by GC/MS.

The following MH+ ions were monitored for 2-aminoheptane 

(309, 310), for 2-amino-4-methylpentane (295, 296) for 2-methyl- 
piperidine (293, 294) and for 1-phenylethylamine (315, 316).

Establishment of Reactions Conditions for formation of 

Diastereoisomers
Standard solutions of alanine were prepared by

dissolving S-alanine (270.62 mg) in distilled water (100 ml) and
R-alanine (358.29 mg) in distilled water (100 ml)„ 10 ml of both
solutions were then mixed and five 1 ml samples of the resulting
solution were freeze dried. The residues were esterified as
described above and treated with the mixed resolving agent (4 ml)
at pH 9 as described above. The samples were then worked up after

time intervals or 0.5 minute, 30 minutes, 60 minutes, 120 minutes
RA 'and 24 hours. The calculated —  ratios as determined by GC/MS 

were found to be 1.32, 1.36, 1.36, 1.26 and 1.36 respectively.

2
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Preparation of Reference Solutions of Amino Acids of known 
Optical Purity

Standard solutions of amino acids were prepared by 

dissolving ¿-proline (51.56 mg), S-proline (41.10 mg), ¿-alanine 

(162.17 mg), S-alanine (189.85 mg), R-leucine (43.96 mg), S-leucine 
(62.97 mg), S-valine (144.10 mg), and R,.S-valine (273.19 mg) in 

turn in distilled water (50 ml). From each solution a 2.0 ml , 

sample was withdrawn and freeze dried. It was then condensed with 
the mixed resolving agent as described above (Table 1 ),

The ¿  and S amino acid solutions were then used to 
.prepare reference samples of known optical purity by pipetting 
different volumes of each of the two enantiomeric amino acid 

solutions. For proline three samples were prepared each con

taining 1.0 ml of both the ¿  and S -proline standards, for alanine 
three samples were prepared containing 0.50 ml of the R and 2.0 ml 

of S-alanine standards, 1.0 ml of the R and 1.5 ml of S-alanine, 

and 2.0 ml of the ¿  and 0.50 ml of S-alanine; for valine four 

samples were prepared containing in each case 0.50 ml of the R, S

valine standard with 0.20 ml, 0.50 ml, 1 .0  ml and 1 .5  ml of S-valine 

for leucine three samples were prepared containing 1 .5  ml of the ¿ 

and 0.5 ml of S-leucine standard, 1.0 ml of both R and S-leucine, 

and 0.5 ml of R with 1.5 ml of S-leucine.
These reference samples were then freeze dried and 

condensed with the resolving agent (1-5 ml) as described above 

(Table 2).
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Preparation of Reference solutions of Amines of known Optical 
Purity

Standard solutions of amines were prepared by 

dissolving R-l-phenylethylamine (1 2 1 . 1 mg), S-l-phenylethylamine 

(95.2 mg), S-2-aminoheptane (110.26 mg) and R-2-aminoheptane 

(100.48 mg) in turn in dichloromethane (100 ml). A 2.0 ml sample 

of each solution was condensed with the mixed resolving agent as 
described above (Table 1 ).

The R and S amine solutions were then used to prepare 

reference samples of know optical purity by pipetting different 
volumes of the two enantiomeric amine solutions. For 1-phenyl- 
ethylamine three samples were prepared containing 2.0 ml of both 

R and S-l-phenylethylamine standards, 2.0 ml of the R and 1 .0  ml 

of S-l-phenylethylamine, and 1.0 ml of the _R and 2.0 ml of the 

S-l-phenylethylamine ; for 2-aminoheptane three samples were 

prepared containing 5.0 ml of the R and 2.0 ml of S-2-aminoheptane 
standards, 2.0 ml of the R and 5.0 ml of S-2-aminoheptane, and 

2.0 ml of both R and S-2-aminoheptane. These reference samples 

were then condensed with the resolving agent (1.5 ml) as described 
above (Table 2 ).

2Preparation of the N-Trifluoroacetyl-R and S-(l- H)-prolyl 
derivatives of (+)-2-methylpiperidine and (+)-2-amino-4- 

methy1 pentane
In separate experiments the racemic amine (5 g) 

was added to a warm solution of (+)-tartaric acid (8.4 g) in 

methanol (20. ml) and allowed to cool. The resulting tartrate



was recrystallised three times from methanol (20 ml, 10 ml and
(4) (5 )

8 ml) . A  sample of the (+)-tartrate salt of the amine

(1 mg) was then dissolved in Na OH (10%, 1 ml) and the solution 

extracted with dichloromethane (2 ml). The extract was dried 

over anhydrous Na^SO^ and treated with the mixed reagent as 

described above. Analysis by GC/MS indicated enantiomeric 

purities for (+)-2-methylpiperidine and (+)-2-amino-4-methylpentane 

of 99.3% and 94.3% respectively.
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PART 3

Preparation of N-TFA-R and S-(l- H ) thiazolidine-4-carbamoylamino 

acid methyl esters and amides

Reagents were obtained as previously described,

Mass spectra were recorded on a MAT-44 digital GC/MS. 

system. GC separations were carried out using an open-coupled 

25 m SE-S4 (Jaeggi) WCOT column, 0.3 mm I.D.

The samples were chromatographed with helium as a 
carrier gas at a flow rate of 2 ml/minute. The following 
chromatographic conditions were used : alanine, valine programmed 
1 minute after injection from 150° at 6°C /min; proline programmed 
1 minute after injection from 150°C at 10°C /min; 1-phenylethylamine, 

2-aminoheptane programmed 1 minute after injection from 150°C at 
4°C /min.and programmed at 10°C /min 9 minutes after injection.

Under the above conditions the retention times of the 

diastereoisomer pairs were : alanine (4.7, 5.0 min), 2-aminoheptane 

(6.7 , 7 .0), 1-phenylethylamine (10.1 , 10.7), proline (3.7, 4.1 min) 

and valine (5.9, 6.4 min).

Preparation of R.-thiazolidine-4-carboxylic acid
/ c. \

To a solution of R-cysteine hydrochloride^ (4 g) in 

water (10 ml) was added formaldehyde solution (2.5 ml, 40%) and the 

solution stirred for 3 hours at room temperature. The pH ' was 
then adjusted to 4 with pyridine, and ethanol (10 ml) added to yield 
crystals of R-thiazolidine-4-carboxylic acid (3 g, m.p. 196-197°C).

2



46.

Preparation of S-(1- ELj-thiazolidine-4-carboxlyic acid

This compound was prepared in identical manner' to 

R-thiazolidine-4-carboxylic acid using S-cysteine hydrochoride 

and deuteroformaldehyde instead of R-cysteine hydrochloride and 
formaldehyde.

Preparation of N-trifluoroacetyl-ij-thiazolidine-4-carboxylic 
acid chloride

Trifluoroacetic anhydride (0.4 ml) dissolved in 
anhydrous ether (2 ml) was added to R-thiazolidine-4-carboxylic 
acid (80-100 mg) at -10°C. After 10 minutes the flask was 

- removed from the cooling bath and kept at room temperature for 
2 hours. The ether and unreacted trifluoroacetic anhydride were 
removed under vacuum at room temperature. A solution of thionyl 

chloride (1 ml) in dry benzene (2 ml) was then added to the residue 
at 0°C and the reaction mixture kept at room temperature for a 

further 2.5 hours. The benzene and unreacted thionyl chloride 
were then removed under vacuum at below 40°C. The residue was 
dissolved in dichloromethane (0.5 ml) and the solvent then 

removed under vacuum. This process was repeated twice more. The 

residue was then transferred quantitatively to a volumetric flask 
with dry dichloromethane and made up to 100 ml. Molecular sieve 
(Linde Type 3A) was then added and the reagent stored at 0°C.

2
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Preparation of N-trifluoroacetyl-S-( 1- H^-thiazolidine-A- 

carboxylic acid chloride

This compound was prepared in identical manner to 

N-trifluoroacetyl-R-thiazolidine-4-carboxylic acid chloride using 

S-(1- F^-thiazolidine-A-carboxylic acid instead of R-thiazolidine- 
4-carboxylic acid0

. 2Preparation of jj and ¿-(1- H^-thiazolidine-A-carbamoylamino acid 
methyl esters

Methanol (1 ml) was cooled in a Dry Ice-alcohol bath
and thionyl chloride (0.1 ml) added dropwise. The solution was

added to the amino acid (10-20 jutmoles) and the resulting solution
refluxed for 30 minutes. The reaction mixture was then concentrated

under vacuum and dry methanol (0.5 ml) added and the reaction mixture
again concentrated under vacuum. To the residue was then added a

mixture of N-trifluoroacetyl-R-thiazolidine-4-carboxylic acid
2chloride reagent (0.5 - 1.0 ml) and N-trifluoroacetyl-S-(1- H^)- 

thiazolidine-4-carboxylic acid chloride (0.5- 1.0 ml) and the 

resulting solution was adjusted to pH 9 with triethylamine. The 
reaction mixture was then washed in turn with water (2 ml) HCL 
(2 ml, 1M) and NaHCO^ solution (10%, 2 ml) and then dried over 
Na^SO^. The solvent was then removed and the residue dissolved 

in dry methanol (0.10 ml) for analysis by GC/MS.

Preparation of Reference Solutions of Amino Acids of known 

Optical Purity '

Standard solutions of S-amino acids were prepared 

by dissolving S-proline (189.63 mg), _S-valine (250.91 nig) and

2
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S-alanine (126.39 mg) in turn in distilled water (500 ml).

Standard solutions of ¿-amino acids were prepared by dissolving 

¿-proline (38.77 mg), ¿-valine (22.51 mg) and R-alanine (53.54 mg) 

in turn in distilled water (100 ml). From both proline solutions 

a 1.0 ml sample was withdrawn and freeze-dried. From the S-valine 

and S-alanine solutions 1.0 ml samples were withdrawn, combined 
and freeze dried. From the ¿-valine and ¿-alanine solutions 1.0 ml 

samples were withdrawn, combined and freeze dried. These samples 

were then condensed with the mixed resolving agent as described 

above (Table 3).

The R and S amino acid solutions were then used to 

prepare reference samples of known optical purity by pipetting 
different volumes of the enantiomeric amino acid solutions. For 

proline three samples were prepared containing 10.0 ml of the ¿ and
10.0 ml of the S-proline standards, 20.0 ml of the R and 10.0 ml of 
the S-proline, and 10.0 ml of the R and 20.0 ml of the S-proline.

For alanine and valine two samples were prepared; the first contained

10.0 ml of each alanine and valine solution, the second containing 

20 ml of the S and 15 ml of the R-alanine standards and 20 ml of 
the S and 10 ml of the ¿-valine standards. 1.0 ml aliquots of 
these reference samples were then freeze dried and condensed with 
the mixed resolving agent (1.5 ml) as described above (Table 4).

Preparation of Reference Solutions of Amines of known Optical Purity
Standard solutions of amines were prepared by dissolving 

R-1-phenylethylamine (106.78 mg), S-1-phenylethylamine (194.59 mg), 

R-2-aminoheptane (159.68 mg) and S-2-aminoheptane (114.65 mg) in
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turn in dichloromethane (100 ml). From each solution a 5.0 ml 

sample was withdrawn and condensed with the mixed resolving agent as 

described above (Table 3). The R and S amine solutions were then 

used to prepare two reference solutions of known optical purity 

by pipetting different volumes of the enantiomeric amine solutions. 

The first contained 5 ml of the R-2-aminoheptane and S-1-phenyl- 

ethylamine solutions and 2 ml of the S-2-aminoheptane and R-1- 

phenylethylamine solutions. The second contained 2 ml of the 

R-2-aminoheptane and S-1-phenylethylamine solutions and 5 ml of the 

S-2-aminoheptane and R-1-phenylethylamine solutions. The resulting 

solutions were then condensed with the mixed resolving agent as 

described above (Table 4).
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APPENDIX

GC Cl MS outputs of commercially available amino acids 

and amines (Table 1),

R-proline 53 

S-proline 54 

R-alanine 55 
S-alanine 56 

R.-leucine 57 
S-leucine 58 

S-valine 59 
R-1-phenylethylamine ' 60 

S-1-phenylethylamine 61 
R-2-aminoheptane 62 

S-2-aminoheptane 63

GC CI MS analyses of amino acids and amines

(Table 2),

proline 64 - 66

alanine 67 - 69
leucine 7 0 - 7 2

valine 7 3 - 7 7
1- phenylethylamine 78 - 80

2- aminoheptane 8 1 - 8 3
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GC Cl MS analysis of (+)-2-methylpiperidine 84
GC Cl MS analysis of (+)-2-amino-4-methylpentane 85
GC Cl MS analysis of N-TFA-(1-^H)-prolyl glycine

methyl ester 86 - 88
GC Cl MS analysis of alanine (establishment of

reaction conditions) 89 - 93

GC ci MS outputs of commercially available

amino acids and amines (Table 3).

R-proline
S-proline

R-alanine, R-valine 

S-alanine, S-valine 
S-2-aminoheptane, R-1 -phenylethylamine 

R-2-aminoheptane, S-1-phenylethylamine

94

95
96 - 98 

99 -  102

103 - 105 
106

GC Cl MS analyses of amino acids and amines 

(Table 4)

proline

alanine, valine
2-aminoheptane, 1-phenylethylamine

107 - 109 
110 - 115 
116 - 117



R03Z07
37, 0V-225 200/6 CI/CH4

324,1

323,1



009 OOS 00t7
LLÜÜiJlLaLUiLlillijIiüixUiU [iLlxiiil.tlU

' V S vHO/IO 9/002 S22-A0 /X 8?, SW/3S 11260b

(



' S S WO/I3 9/091 g y o s a t í i  be* sw/os bonoio



R18N07 GC/MS #37 TRBSORB 160/6 CI/CH4

• l

/ \
J V  A

1} 11111U * |} 11111 MT|1 PTn7TT|TT Uf 1 > 111M fTTTìlTpTTTTl‘i

ZOO 300 400

293.1

297.1

500



H u a i ü l  Ö L '/ r iS  4 B  IH B S Ü K Ü  l / D / 6  C I / C H 4 57.



■8S
tiH3/T3 9/flZT FM KflH I F.q BUI/3R qOIBOH



R19019 SRMPLE 6C/MS 21 NEW TfìBSORB 150/6 CI/CH4



Q Q V  Q Q £  Q D Z

09
o i /□ q i h\] y,r; tb sw/gb tcmziti



H12612 GC/Î1S 9b 37. OY-225 61.

316

200 300 400 500



3 / k J c - i .  3 ü ü  / l u  A t ,  a w  i. a w / j j  t a i a t a m

H 9 C I H

•29 9/QC1 922-AD 7Í SOI SW/D9 Vl9£l t i



R13606 GC/M5 IDI 37, DV-225 140/6 63.

303

310

200 300



003 OOS 001/

•*79 t'HO/IO 9/000 SOO-AO 7X SS SW/09 800600



609203 GC/MS 56 37. OV-225 260/6 CI/CH4

324-1

323 -1



gg¿ ggg d o s

W 3 / T 3  9/0Û2 S22-A0 7X 23 SW/39 0I260H



018N05 GLVMS #35 TflBSORB 160/6 CI/CH4 67.

293.1

; \

h

l\
n

i

> i

297 .1

Í I
l

/\
~TîTjTîT|t|TnTiTrrT|TTTpii npi ¡ i w p  Pirn p pp p ppppppi

200 300 400 500



R18N06 GC/MS #36 TRBSORB 160/6 CI/CH4

“1 298-1

yfjfjffrr Trim 11 n_rpT| 11111 ' I'T# TynTyi ; 11111 t> J i i M111 O']
ZOO 300 400 500



R18N08 GC/MS #38 TRBSORB 160/6 CI/CH4

A

< >

J

» ! 111111 * IM M M i|* i U M U * I} J U M n Tvy

00 300 400or

298.1

297.1

500



R091OZ BC/RS SO TRBSÜRB Ì7 0/B  CI/CH4
70.



• I  L ÏH3/13 g/O/T FMISFIHI IR  SW/.T9 F.DIRDH



R09104 GC/MS 52 TRBSORB 170/6 CI/CH4

340-2

339-2

200 300 400 500



00¿_ 009 DOST. 00? 000

WO/13 9/091 9909901 02 SW/33 319WÜS 0I06IÜ



001 009 OOS 001 009

t'HO/IO 9/0SI 9909901 £2 SW/33 319WÜS 020610



R19021 SAMPLE GC/MS 24 TRBSORB 150/6 CI/CH4



fl19022 SAMPLE 90/MS 25 TRBSORB 150/6 CI/CH4



R19023 SfìMPLE GC/MS 26 THBSORB 150/6 CI/CH4

326-1



QQS QQt' 0Q£ QQZ

81 Ql/QSl SSS-AD ZB SW/99 9Q9ZIH



QI/QSI S22-AO '/.£CB SW/09 Z092IH



R12609 GC/MS 94 37. OV-225 150/10



R1360Ö BC/MS 102 37, GV-225 130/6 81.

'310

303

500



A13609' GC/MS 103 3/ OV-225 130/6 82.



83.fl 13611 GC/MS 104 ÜV-225 130/6

310

303



1414624 GC/MS 90 37. OV-225 140/6 84.



ODS Q Q ï DOS DOS

S8 I# NP3 88 SW/33 219108



H09107 GC/MS 64 TABSORB 1Z0/6 C I/CH4 
# 235 -23 0

100



00o



'¿3 tHo/ia 9/B9Ìggosgtn ta sw/æ büiboh



R09109 GC/fIS 64 TRBSORB 160/6 CI/CH4 88.

284-1

283-1

400 500 600 700



R09110 GC/MS 59 TRBSORB 160/6 CI/CH4

298,1

297,1



R09112 GO/MS 60 TRBS0RB 16G/6 CI/CH4 90.

298-1

297-1

2 0 0 300 400



91.R09113 SC/MS 61 TABSORB 160/6 CI/CH4

298-1

297-1



R09114 SC/MS 62 TRBS0RB 160/6 CI/CH4 92

298.1

297-1



R09115 SC/fiS S3 TRBSORB 160/6 CI/CH4

298.1

297.1



9 4 .

PC I B ™ 4- 5 0i ,,u b
PSOU = 0 .0 r, b
YELE = 1 62 V
CEM I = 0 2 0 in A
YSEM = 1 9 8 0 C
# NASS T I NE

1 3 Lt 1 . 3 "Z. OII ..

3 4-1 . 3 3 .. 7
3 4-1 . 3 4" .. i

2 34- 3 II 3 „ 2
;x L.X ii 3 „
3 4- 3 H 4" „ 1

T i-”- T .1 L::' L- .1. . 2 5 0 0 0
TGCO = 2 2  5 0 c
TGCS = 2 5 0 °C
TG CI.= 2 5 5 0 C
TS 01.1 = 1. 9 5 °c

i i r r  ei.is i t y

0 .. 0 0 . 0
1+ „ 2 1 0 0 . 0

"1 0 8 '+ 1 0 0 > 0

0 . 0  0 . 0
3 0 2 . ? 2 lt 6 8 . 8

7' 5 6 . 9



ÍO

: Li : L: i Li

# C  O  C  TH] co m rn co o mizr o m

VDU1



0 " 0 £ If 0
0 " 0 £ 3 1- 0 ’ £
£ " g ' HM»»| Ho 9
s ■0 S £ £ " L<\ 1
0 " 0 0 !• 0 " l
0 " 0 0 !• ••I-, " 0
0 " 0 0 I- r  - 4ì il
0 “ 0 0 ■[.. I- ■ ..i::..

...I... I SI.13.1 kl I
i,":i . i.1r"''-•...-I o 0 0 Z = 1.10 S ...I...

’""I .. £ £ 3 .1 0  0  J...
... J o 0 £ Z = S 0 0 1
0 6 = 0  0  0  J...
0  o 0 £ Z = I 0  0  1

" y £ ‘ £ I  £
B ' C|'•»' MIMI £ ’ £ -h £III H .»•#.I1 £ ' 1 1 £
|,i* 'T J £ " 1 1 £ 3
"h " !::::! £ ” £ “h £•hi. h ,**t(b £ " £ -'i£
t " r £ ‘ £ I- £
" '"i £ ' £ I- £ l-

Ul .1. S S U UJ #
1 1 0 6 13 = UI3SA

0 0 ■ 0 := I W30
,""i 9  0  " 0  = 3 1 3  A
i::l 11 0 ’’ 0 =nOSd
i::l 'r  Z £ +i = a i o d

*96



5—* O _I ZZ 111
O CO 111 LU CO
LL LL I> O

•
M

ill'-



Cl
co
Cl



PC I B 
PSOLI 
U E L. E 
CENI  
US EM

"I" H-

i .. i

n  b
i. j

i. j

I :
0  :
if"'*

M

1 31 5
~x:t I I«::¡ 
“X  lj "X 
“X Li T

'•L"X
“X
“X L|O
O  ■+ «

:;ir i

Mill« M

•:;ir 
. !•

hi... i

i* ,ii

i,,,,i

MX
G



pò i—i #  <_ O  C  ~ü “Uco m m có ô miro —*



101

P  C  I  B  = ' t  3  9 ...u h 1 C  C  .1.
•■'"‘i lü!" i‘"ii i"J  l:;;J

P S O L I - 0  „ 0 n  b T" G c  0  = ••i •»•li LiJ itoiti
G E L E - 0  .. 0  6 'v' T  G; C  S = 2  5  0

C E N  I  - 0  .. 0  0 ITI 1..1 T  G C 1..= 2  S S ,::

C S E  N - 1. 9  S  0 •v1 T  S  0 1 .1 := 1  9  3

3 1 .  5



102

P C  I Ei: = h- '+1. ,U b T  G; L...- i. ::::: ....
P S  O U  = 0  0  n b T  G C  0 . 1 b
1 1 P  I P  .
V LÜ 1— L... ... 0  „ 0  6  0 T" G C  S  = 2  H

c e  r i  i  = 0  0  0  m A T  G f": 1 a P !“

c  s e  r i 2  0  3  0  U
....... M.s"''à01.1 = "1 $



103

P C I B =  V 5 2 ...u b TGC I = 2 5 0 ° C
PSOLI = 0 .. 0 n b 1 LJ L..’ LJ::::: ci! 0 L-
VELE! =: 1. 6 2 0 1 L"' L,- b>::::: 2 5  0 ° C
C E N I = 0 „ 2 0 l'ï'l l""i 1 L? L-1.......::::: 2 3 b C
OS EÍ1 = 2 0 3  0 0 TSOI.1 = •1. 9 9 ° C
# i l  A S S T I NE I N TENS I TV

1 32? . 't • 1 ,•* '.«• H 1 •••i **:;¡:*.!• ‘'.il**„ 9 1 0 0
32? . 't ;:::i „ e Ü:::;! i:J Ll" 1 0 0
**ÜT* " Ü1' MT * *!i'*K ••h,** 1 0 1. ‘‘.yImmh„ 5 1 0 0
3 3 3  „3 1 0 ;::i i:::;.;i

.....i.. 0 "1 0 0
ci! 3 ci! y „ T ç , " p'•ii*1 u i 11 "1 S

3 2  9 . 't- ;::i „ 0 ci! li::1 T „ ;::i 1 0 0 2MHI|I •••••!• |M<M «M|l|*•w* d i. 1. 0 „ 1 ll" S 7 1 9 't 8“T ":;r i:::;' "T O w» h 1 0 ;:::i •••«ut i #,'!i
X

0
0
0
0

k?

0

T I MH = 0
í ;; í



10A

Li" ' t  ...ij h

n  b
i. i

i'* n ili

i. i ;i il :i o

7 :; P  C| I..|.
jilllll lililí.

II



105

P C  I ES = '+ 5  3  ,u b "J" G;;C  ï = 2  !:;> 0

P S  O U  = 0  0  n b T  G C  0  = 2 .0i 5
C E L E  - 1 E  ci 0 T  G C  S  = 2  5 0

C E  r i  I  = 0  2  01 rn A T  G G 1..=
•••••;, i:::" i:::;;
Imiim ’n't̂ 'hi'*

O S E  1-1 = 2  0  3  0  0 T  S G 1.1 ■= 1 9  9

1 0 '■••il

c

....... ...... ....J,.



to

w w f u i u O J W f y f x )
u IU1(ô î ô (îJC>J\1\J

W Ó I - F - F W W - r - F

• V = .: : I  -J -J M O )

\j 00 ̂  ©  \l

-t- 00 II) ©
r O ^ M y i | V ) © 0 o C M

Ul \j U0 -i O) O ) LO N-

^  ft>

ON 5—1 CO OO C0:
© 0 O \ i ^ < 3 > C ö © ©

0 ) 1 0  ü*"J 0 :- o :l \ j  \ j



# í f r s% /
í f Tl n

( f t m m ( f i Q
m “ 7r o 1----5

_ < 1----: m c r o
© 11 i! li il il
j>
COfu ©
coCÒ : © -F

(A
V :

ro
: V :

f :  :

ro
r

=fu>
©
ro

Z—1 ; :

cr

m
—i —i H H —i
co © © © ©

r----: o í } ( ) o n
“7 c r CO

: i.i ï—

- t ii i! fi fi fi
m

(Ö ÍO ro io IO IO
:----: © © Ul : V : ©
H © © © 00 ©

n u  i } i ) i ) o



107

P C I B = 3 8 4- ...u b T G C I = 2 5 0 ° C
PSOU = 0 ,0 i-, b T G C 0 = 'x* o r"-

I i mi m  I m i t i  ^IMI^ * ****

0 E L E = "162 0 1 G 0 S -::: 2 5 0 ° C
C E N I= 0 „ 20 ÏÏÎ í""l T G C1.= 2 b b IJ u
0 S E l"1::::: "1 8 8 0 0 T S 01.1 = "1 9 6 0 G
it 1 1 H T I 11 Ë I ri T E M S I T V

1 3 4- "1 „ 3 Il l l i l i u 0 0 0 .. 01
3 't 1. .. 3 "'z •!;;;• 17' 9 9 1 0 0 .. 01
3 4-1 „ 3 Z

J- 4- 3 .. 3 1. 0 0 „ 0

2 3 4 '3 .3 I (IH ^  Il 1 Mil 11 0 „ 01 0 „ 0
3 4-3 „ 3 . . . . . i 1 „ 1 8 1. „ 9 1 0 1 „ "1
3 4-3 „ 3 h- „  i H- 9 „ 5 11 '-I- „  3



108

PC I B = 4-2 4" ,,u b T L...- 1= 2 5 0 C
PSOU= 0... 0 n l::i " Ï " i;;;:;: c 0 = 2 2 9 0 C
0 E L b : . 1 b 2 0 T G; C: S;= 2 '"i- 9 C
OEM I = 0 20 i'i "i HI TG C1. = 2 5 6 ° C
OSE I 'I = 1 93 0 0 TS 01.1 1. 9 6 ° C
# l'v'l A S S; T I ME I M1" E I' i S I "i" V

1 3 'f 1 „ 3 *1 * « » * ̂ II l lttMl 0 0 0 •• 0
3 4-1 .. 3 ....i. . • • • 1 ¡21. „ '"1" 1 0 0 .. 0
3 '•!• 1 .. 3 4" .  1 ":;ir5 „ 5 1 0 0 0

2 3 b' 3 . 3 0 „ 0 0 .. 0
3 4- 3 .. 3 .... "X "x "i ■;;? "X Ci

3 b 3 .. 3 4- „ 1 .................i 4" 5 4- 0 .. S



ro

lì ; Li Li

t t c o c i r n
co rn m (/> ó  
m m  u  *™*

109.



110.

P C  I B  =  4 - 4 - 2 , , u  b

P S  O L I  =  0 . 0 n  b

0  E  L  E  =  0  0  6 i, J

C E N I -  0 ,. 0  0 iti ■

O S E  fi =  2 0 8 0 0

#  ri a  s  s T  I N E

1  3 1  5 . 3 4 - 7

3 1  5  .. 3
.-1 

H J.

3  4 - 3  .. 3 5  .. 9

3  4 -3 . 3 6  .. 4 -

2  3 1 7  .. 3 4 - „

3 1 7  .. 3 5  1

3  4 - 5  .. 3 5  „ 9

3  4  5  .. 3 6  „ 4 -

T G C  I = i:¿ b  0 ° C

T  G  C  0  ■= 1 9 1 ° C

T  G  C  S  = i;::::! 4 - 9 ° C

T G C I .= i;::::!-5  6 ° c

T S O I .1 = 0  1. 0 c

I M T E M si I T V

1 . 2  9 0 1  0  0 . 0

!::::! 9 c:i 1  0  0 . 0

...... „ 8 1  0  0 . 0

„ 8 1  0  0 . 0

2  0  8 „ 1  6  -1 . 3
..y .......

1.. 4 "
*

5  4 . 7

1 . 5 .. 1 . 2  6 .. b

-1i:...1. 4 ' 4  4 - 5 . 8 0
0
U
ì
\
Ì
O
J
©
<
S
®
®



111

P C  I B * 't '"i" 1. ,,U fci T G C  ! = 2  5  0  0 C
P S O U  = 0  .. 0 n In

»«•IMI .ill. .Ml. ,MI,

1 G  i.: i.i = 1 8 3  ° C
G  E  L  E  = 0  .. 0  6 'v1 T  G  C  S  = 2 .15 0i 0 C
C E M  I 0  .. 0  0 ITl H T  G  C 1.= o s . rI.IIMI •ill* ‘I..*

^  S E E  II = 2  0  3  0 T  S  0 1.1 = •1. 9  8  ° C
5  ' t



•c n  c u t i

co mm cô o  m i r o ^  n — mero
H i! li II II 

<3
* re 3  ©
3 ) =3 = = = 3  -T

‘ J ®  ©  * -r 
3  3  3 ) 3  i 0

J r
C  Jj C  ~

H H H H HCO C ) ij > ) i¿ >
o o  o  o  od i CO O  ;—E
I! H il H II

ro oc oc  ̂oc
=1 \ )  U f  I J i ü  > j ;

;— 1 i_.=! Cö €2: CC:

O O O
O  O  O  O  ( )

rv)





4

L n u i \ | \ i O J w U l u l

( ^ i f ^ O J O j C M W C N ü J

#  C_ C ) <_ "Ö D
co m m co c > m i r o «

___i ' i H  i__ *JJ
_i II II li II II
3>_
co ro ro
: : r* V:  : r : V :  _i_

i_XJ ( \j -I = —4
: V : : V : : :* V :  L

O i ü i  ü i H-
- - Z -Z

-T (D - '

z z : z z z î il
r = =

: _z. : *. :

T j

m
H H h

: r : r . : i . : i . i : _ =V -■ --I .* .* .* -_r
:--: : = : : r = = ï : !

OJ O ï -4 1-4 r o  -T  -T  DO / i i î i i  ( i =—:
11 > \J lJ } f_xj O i \i O i i U —4 ii Ü Ü Ü ü
z r z = z r z z m
- r  oo r o l r—4 i_VJ 1=4 1J ) /

( j j  ì l i  i l i  Pli ; \\j
- z *. *: : : : : j: : :* * : :

z._J\ -¥ L-N -J i\o<2 = ui ̂  -r ü
r z r z r

i£> C=0 P.P ̂  S

: *- : : : : •. :

: : : : : : : : : :

: II II : : : : î

u>



•vu



115

i«

•i* • • • * 11 • 
•i*.
.!



116

P C I B = P tS ,,u b TG C  I = 2 5 0 ° C
P S 0 U := 0 .0 ri b TG C 0 ::::: 2 0 S ° C
7ELE = 0 .. 0 6 7 TGG S = •::>s f) ° C
C E N I- 0,. 0 0 Ili 1.1 T 3; C1.........:::::

c
. . . , ! U ° c

7 S E M= 2 03 0 1, 1\r T S 01.1 = 1 9 9 ° c
# ri a s s T I N !::::: I hTEMS I T .1ï

1 327 .. 7 6 7 ■3 2 1' .. 9 1 0 0
327 .. 7 ;: : i 0 31 S ., le 1 0 0
3 3 3 .. 3 1 0 1 i.t. . 9 1 0 0
3 3 3 .3 1 0 .. S 1 t> to .. s 1 0 0

2 32 9 . Li- . . . . .  ^  . . . . . . . 9 1 . 0 •p
3 2 9 » h- 7 „ 0 3 1 5 7 Q *>:'
3 3 5 3 1 0 ,. 1 5 7 *

h

3 3 5 .3 1 0., ; ;:i ri 7 •••••••« -P
. . . . . . .

I .  ■;< I .  . .



117.

P C I B  = 4 Li-0i .xi b T  G C I = 2 5 0 ° C
P  S  0  LJ = 0 .. 0 n b T  G C 0  2 0i 8 ° c
'v1 E  L  h. =: "1 fc' il:::!! 'v1 T  G C S 2 5 0 ° c
C E  M I = 0 .. 0  P iti H 1 U 1...1. 2 5 G • ° c
U S E N -  2 0 3 0 U T S 01.1 = "1 9 9 ° c
#  n  a s s T  I l'I E I M T E M S I T !.. J 1

1 3 2 7  .. 4
.... .......
•n* Il 1

i-::li*titt 'ni' ***#*' M Imiim 1 0 0
3 2 7 . 4 ;:::i „ e e 0 9 1. 0 0
3 3 3  3 1. 01 .. "l '•a:; l. ç, 1. 0 0
3 3 3 . 3 1. 0i 8 •‘1 L. 1. 0 0

2  3 2 9 . 4 6 7 4 4 3  "1 .■•i ..;i i:::".1. ,•••“ ...J
3  2  9 . 4 ; ::i.. 0 1. 3  8 .. 5 1. 8
3  3  5 .. 3 1 01 „ 1 5 1 .. 4 1 5....... ...... .......
'•..J ■•...•* S..* Il 1 0 .. 8 Ò  t"' l' J  .. t í

O  U  '"7
i!. 1 r‘


	The determination of steric purity of amines and amino acids gas chromatography and mass spectrometry
	Recommended Citation

	tmp.1448513779.pdf.vK0c4

