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1. INTRODUCTION

For the past two decades, cation-exchange chromatography has been the main
method for the quantitative analysis of amino acids. In 1965, Lamkin and Gehrke!
started a comprehensive study of the N-trifluoroacetyl-n-butyl (TAB) ester derivative
for the gas-liquid chromatography (GLC) of the amino acids. Through the efforts
of Gehrke and co-workers® ¢, GLC has become a routine analytical method for
amino acids. This method has been applied world wide to a large variety of biological
and geochemical samples. A comprehensive review on the gas chromatography of
amino acids has recently been presented by Hugek and Macek” (415 references).

With mixtures of amino acids, ion-exchange or GLC retention data is in-
sufficient for unequivocal identification of the amino acids present. One major
advantage of the GLC method is the ease of interfacing the gas chromatograph with
a mass spectrometer while ion exchange can not readily be interfaced with the mass
spectrometer. The combination of gas chromatography-mass spectrometry (GC—MS)
gives one, through the GLC retention data, MS structural confirmation and elution

* Contribution from the Missouri Agricultural Experiment Station, Journal Series No. 17749
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band homogeneity, a much greater assurance as to the identification of the amino
acids present.

Since both protein and non-protein amino acids have been identified in
biological systems®, primitive and Jovian atmospheric experiments®!°, and in the
Murchison meteorite!’»'?, a comprehensive study of the MS fragmentation and
structural correlations of the amino acids would be advantageous. The use of GC-MS
would permit one to identify the presence of an unusual or unexpected amino acid
in biological and extraterrestrial samples. For example, Gehrke et al.'® found a major
peak in Apollo 11 through 17 samples with the retention characteristic of glycine,
which by GC-MS was identified as di-n-butyloxalate.

Volatility of the amino acids for MS is obtained by blocking either one or
both of the functional groups. Esterification and acylation are often the preferred
methods to increase the volatility of amino acids for these investigations. Amino acid
ethyl esters dissociate under electron impact to give simple spectra with the base peak
in each corresponding to the resonance stabilized ion as described by Biemann er a/.*>.

: +
R-CH « R-CH
i !
+NH,  :NH,

Andersson ef al.’® have studied the mass specira of the N-acetyl amino acid
methyl esters and have found that the acetyl group introduces more complex frag-
mentaticn patterns.

Manhas et al'® have reported on the unusual fragmentation of the N-tri-
fluoroacetyl methyl and ethyl ester derivatives of some amino acids when compared
to the N-acetyl methyl esters. This group delineated the role of the triftuoroacetyl
group in some of these unexpected fragmentation pathways for this derivative through
isotope labeling.

Gelpi et al.*? have studied the GC-MS of the TAB esters of the protein amino
acids with the exception of diacyl histidine and arginine. These authors present frag-
mentation pathways and partial spectra for the TAB derivatives obtained at 20 eV.
In our laboratory, using 70 eV ionization potential, a number of significant differences
have been observed in the spectra of these amino acids.

Lawless and Chadha?® have studied the GC-MS of the C; and C, aliphatic
amino acids as the TAB derivatives. They present spectra for a number of g-amino
acids, N-substituted amino acids, and 4-aminobutyric acid, but do not give corre-
lations of fragmentation and structure, in comparison with the protein amino acids.

Recently, Felker and Bandurski!® reported on the GC-MS of 20 amino acids
as the N(O)-perfluorobutyryl-O-isoamyl ester derivative. Their observed fragmen-
tation pathways were in generally good agreement with those by Gelpi er al.'? for the
TAB derivatives, although there were a number of significant differences. Again, no
comprehensive study was completed.

Previous authors'S:1? have reported that the various alkyl groups used for the
esterification produced little change in the fragmentation patterns for the amino
acids. For a comprehensive study of the structure and the fragmentation correlations,
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it would be desirable to select the N-trifluoroacetyl-n-butyl esters as the derivative of
choice, due to their state of development and wide use®®.

The subject of this investigation is the MS fragmentation of the TAB esters of
the amino acids. A later paper will discuss the fragmentation patterns of the trimethyl-
silyl derivatives as another frequently used derivative.

2. EXPERIMENTAL

The TAB derivatives were prepared by the procedure of Kaiser et al®.

The GC-MS spectra were obtained on a CEC-21-110 mass spectrometer
interfaced by 2 “Llewellyn type” silicone membrane separator to a Varian 1300 gas
chromatograph. Nominal mass numbers were obtained by direct hook-up to a Jeolco
JEC-6 Spectrum Computer. All elemental compositions reported in this investigation
were verified with high resolution measurements by peak matching to known peaks
in perfluorokerosene. The derivatives were chromatographed on 2 I m X 0.4cm
glass column containing 3% OV-101 on HP Chromosorb W with helium used as
carrier gas. Other operational parameters were: injection port, 250°; molecular sepa-
rator maintained at the approximate elution temperature of the amino acid; ion
source, 250°; electron voltage, 70 eV ; and scanning rate of approximately 8 sec per
decade. All scanning was done at the apex of the peaks. No serious bias of relative
intensity was observed due to changes in the concentration in the ion source during
scanning, as the reproducibility was satisfactory.

3. RESULTS AND DISCUSSION

A. Aliphatic amino acids

Figs. 1-11 present the mass spectra for the TAB derivatives for glycine,
alanine, valine, leucine, isoleucine, norleucine, «-aminobutyric acid, e-aminoiso-
butyric acid, sarcosine, N-methylalanine, and N-methylleucine. The basic fragmen-
tation pathways for these amino acids may be summarized as in Fig. 12. The frag-
mentations are in general agreement with those presented by Gelpi ef al.'’, however,
some significant differences were observed.

The intensities of identical fragment ions for isoleucine, leucine, and norleucine
differ sufficiently to distinguish these amino acids from one another. These differences
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Fig. 1. Mass spectral fragmentation of N-TFA-n-butyl ester of glycine.



124 K. R. LEIMER, R. H. RICE, C. W. GEHRKE

ALANINE
100 140
> g0 7
> . o
E : 1 121,
£ & i Xio CF3-§C-NH-CIHTC-IO_:C4H9
o ‘ cugléet 57
3 !
K] 57 it e MW =24
= 20 1417 9 H C 186 2
R ’ i ]

— —r-

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440
m/e

Fig. 2. Mass spectral fragmentation of N-TFA-n-butyl ester of alanine.
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Fig. 3. Mass spectral fragmentation of N-TFA-n-butyl ester of valine.
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Fig. <. Mass spectral fragmentation of N-TFA-n-butyl ester of leucine.
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Fig. 5. Mass spectral fragmentation of N-TFA-n-butyl ester of isoleucine.
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Fig. 6. Mass spectral fragmentation of N-TFA-n-butyl ester of norleucine.
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Fig. 7. Mass spectral fragmentation of N-TFA-n-butyl ester of a-aminobutyric acid.
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Fig. 8. Mass spectral fragmentation of N-TFA-n-butyl ester of a-aminoisobutyric acid.
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Fig. 9. Mass spectral fragmentation of N-TFA-n-butyl ester of sarcosine.
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Fig. 10. Mass spectral fragmentation of N-TFA-n-butyl ester of N-methylalanine.
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Fig. 11. Mass spectral fragmentation of N-TFA-n-butyl ester of N-methylleucine.

arise from varying abilities of the leucines to yield primary and secondary radicals,
and the resonance stabilization of the resulting fragment ions. Since neutral radicals
have the following stability order: tertiary > secondary > primary, cleavage for iso-
leucine is favored between the 2 and 3 carbons while leucine will cleave between the
3 and 4 carbons. These fragmentations occur in conjunction with the elimination of a
neutral species. Isoleucine eliminates a butoxy group or butene (mechanism presented
below) group in conjunction with the cleavage between the 2 and 3 carbons yielding
higher intensities for rfe 153 and 171 than do leucine and norleucine. Similarly,
elimination of the secondary carbon in conjunction with the loss of a butoxycarbonyl
group or butanol is preferred in leucine to yield mfe 140 and 166. The m/e 140 ion
was not reported by Gelpi et al.'?, while it was the third strongest ion in our spectrum.
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Fig. 12. Mass spectral fragmentation pathways of TAB ¢-amino acids.

The m/e 171, in the leucines, is also formed by e-cleavage to the amide niirogen.
This cleavage was found to be of minor impoitance by high resolution MS. No major
fragments, besides the M —101 (m/e 182), were found for norleucine.

The formation of the M—55 (VIII in Fig. 12) is formed by the mechanism
suggested by Benz and Biemann*', which may be depicted as follows:

3 -
:(l? CH~—CHaCH, -CH— CHCH
C CHa -

! I
H
R™ No7 R NG J

0=6+

Whether this fragmentation occurs as a two-step process as depicted above or as a
concerted mechanism is open to discussion.

The m/e 110, with elemental composition C;H3;NF;, was characteristic of the
N-methylated - and B-amino acids. The presence of this ion has not been observed
in any non-N-methylated amino acid. The origin of this ion is not understood at this
time. See sarcosine, N-methylalanine, and N-methylleucine, Figs. 9-11.

Figs. 13-18 present the mass spectra for the TAB derivatives for S-alanine,
f-aminobutyric acid, g-aminoisobutyric acid, N-methyl-g-alanine, N-methyl-8-amino-
butyric acid, and N-methyl-g-aminoisobutyric acid. Fig. 19 presents fragmeatation
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Fig. 13. Mass spectral fragmentation of N-TFA-n-butyl ester of f-alanine.
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Fig. 14. Mass spectral fragmentation of N-TFA-n-buty! ester of f-aminobutyric acid.
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Fig.'15. Mass spectral fragmentation of N-TFA-n-butyl ester of g-aminoisobutyric acid.
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Fig. 16. Mass spectral fragmentation of N-TFA-n-butyl ester of N-methyl-f-alanine.
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Fig. 17. Mass spectral fragmentation of N-TFA-n-butyl ester of N-methyl-8-aminobutyric acid.
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-RCH:C:O
< ° o
CE;C-LCH-CH-CO -CH-C-0-CH
R R R
xvu

]

o
CHCA-CHCH-C-OH &®
R R XV

0D

Pt
Xiv

Fig. 19. Mass spectral fragmentation pathways of TAB p-amino acids.
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pathways which explain the origin of many of the peaks for the 8- and the N-methyl-
B-amino acids. Some reasons for these fragmentation pathways will be discussed later.

Upon comparison of the spectra of the a-amino acids with the corresponding
B-amino acids, one finds the molecular ion to be more intense in the S-amino acids.
This is due to cleavage of the 1,2 bond in the e-amino acids, which is favored by the
a-cleavage to a carbonyl group and f-cleavage to the amide nitrogen with charge
retention on the amide fragment. The corresponding cleavage in the S-amino acids is
not favored due to the additional methylene group between the carbonyl and the
amide nitrogen.

The explanation also applies to the large M-—101 (structure I in Fig. 12) in
most a-amino acids, while this cleavage is of little importance in the S-amino acids.
That this cleavage is more favored in the a-amino acids is demonstrated by the large
percentage of the total ionization carried by the M —101 fragment. Compare alanine
and B-alanine with respect to this cleavage, Figs. 2 and 13. With either ¢- or f-amino
acids, this M —101 ion is further stabilized by substituents on the 2-carbon or on the
nitrogen atom. Thus compare glycine with leucine and N-methylleucine, Figs. 1, 4,
and 1i. The B-amino acids in fact yield a M —102 (loss of butoxycarbonyl and a
hydrogen) which is more intense than the M—101. An explanation for the stability
of the M—102 in the g-amino acids has been offered by Lawless and Chadha'®, and
earlier by Biemann et al.'*.

Relative to the ¢-amino acids, the f-amino acids show a more intense M —73.
This ion originates from the loss of the butoxy group from the ester portion of the
molecule (XVII in Fig. 19). Thus compare alanine, §-alanine, and N-methyl-g-alanine
(Figs. 2, 13, and 16). This fragment ion is not intense in the «-amino acids, but its
intensity in the g-amino acids is aided by stabilization of the charge as suggested by
Lawless and Chadha'® and depicted below:

O:
Z =
R—CH—CZ rR—CH—CZ g
. - - R |
R~ CH—N—C —CF;5 R—a—i-—zix—c—cs-z
E b

This is a rather characteristic ion for noting the difference of an «- and g-amino acids.

The presence of an alkyl substituent on the nitrogen atom, or carbon atoms 2
or 3 in the f-amino acids increases the stability of ions such as structure XVIII in
Fig.19, resulting from f-cleavage to the amide. This is illustrated by comparing -
alanine with g-aminobutyric acid and N-methyl-f-alanine, Figs. 13, 14, and 16.

Figs. 20 and 21 present the fragmentation pattern for the TAB derivative of
4-aminobutyric acid and 4-N-methylaminobuturic acid. Fig. 22 shows the fragmen-
tation pattern for 6-aminohexanoic acid. These three spectra are insufficient to draw
any general conclusions except that the fragmentation patterns for these TAB amino
acids are noct as simple as for the «- and #-amino acids. Each of these spectra show
cleavage 8 to the amide, a to the carbonyl group, and an M—73 ion (OC,H,) as
characteristic fragments. These ions are the same characteristic ions as observed for
the f-amino acids.
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Fig. 20. Mass spectral fragmentation of N-TFA-n-butyl ester of 4-aminobutyric acid.
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Fig. 21. Mass spectral fragmentation of N-TFA-n-butyl ester of 4-N-methylaminobutyric acid.
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Fig. 22. Mass spectral fragmentation of N-TFA-n-butyl ester of 6-aminohexanoic acid.
!

The 4-aminomethylcyclohexane carboxylic acid spectrum, Fig. 23, shows a
very different fragmentation pattern than that observed for the other TAB aliphatic
amino acids. The highest m/e observed was M —H,0, which was confirmed by an
exact mass measurement. The mechanism of this elimination is unknown. Other
unusual ions are M —69 (CF;) and M —126 (CF;~CONH-CH,). Additional character-
istic ions were M—55 (CH,), M—73 (OCH,), M—101 (CO.C,H,), and M—102
(CO,C;Hy-H). These fragments are in general the same as those observed for the -
amino acids, 4-aminobutyric acid, and 6-aminohexanoic acid.
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Fig. 23. Mass spectral fragmentation of N-TFA-n-butyl ester of 4-aminomethylcyclohexane carboxylic
acid.

B. Hydroxy amino acids

Figs. 24, 25, and 26 present the fragmentation patterns for the TAB derivative
of serine, threonine, and 6-hydroxy-2-aminohexanoic acid. Qur specira for serine
and threonine were in good agreement with those presented by Gelpi er al.'” with the
exception of a much more prominent ion for m/e 138 and 152, respectively. These
intense ions at m/e 138 and 152 are also in good agreement with the work of Felker
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Fig. 24. Mass spectral fragmentation of N,0-di-TFA-n-butyl ester of serine.
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Fig. 26. Mass spectral fragmentation of N,O-di-TFA-n-butyl-6-hydroxy-2-aminohexanoic acid.

and Bandurski!? for the N(O)-perfluorobutyryl-O-isoamyl esters, in which the corre-
sponding ions were found as the base peaks. These ions correspond to the loss of the
butoxycarbonyl group plus trifluoroacetic acid. For serine, a M —72 peak (m/e 281)
is observed rather than an M —73 as reported by Gelpi et al.*’. This ion must originate
from a double hydrogen rearrangement from the ester portion of the molecule result-
ing in a loss of a neutral fragment with the elemental composition of C,H:O.

The fragmentation pattern for the TAB derivative of 6-hydroxy-2-amino-
hexanoic acid differed from that for serine and threonine. The elimination of the
butoxycarbonyl group is much more prominent in this molecule (i/e 294). This loss
plus the elimination of trifluoroacetic acid yields m/e 180 as a very diagnostic frag-
ment. This might be explained as resulting from a McLafferty rearrangement involving
the long alkyl chain. The McLafferty rearrangement is not possible for serine and
threonine. The corresponding fragment for the loss of the butoxycarbonyl plus the
trifluoroacetate group is of little prominence in this molecule as compared to serine
and threonine.

C. Acidic amino acids
Figs. 27-30 present the mass spectra for the TAB derivative of aspartic acid,
glutamic acid, 2-aminoadipic acid, and N-methylglutamic acid. A molecular ion was

ASPARTIC ACID

268—

69"! (o] 240-+ O1
o l n'

TC NH - CIH C-= O C4H9

sy
w0, 7 SH2
s | g=o
< 80 ' o MW =341
Z s :
£ &
@ I 2 184 x Sy
£ 404 139 l 2“?0 - X10
= t 212 (
= 20 K 167 ; i L
= E g 99 ! i ! ‘L P28 e
e § ! i Jﬁ, R Lo
4 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 350 380 400 420 440
m/e

Fig. 27. Mass spectral fragmentation of N-TFA-n-butyl ester of aspartic acid.
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Fig. 28. Mass spectral fragmentation of N-TFA-n-butyl ester of glutamic acid.
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Fig. 29. Mass spectral fragmentation of N-TFA-n-butyl ester of 2-aminoadipic acid.

N-METHYLGLUTAMIC ACID

100 194 268+
6 ---; O CH, io — 57
>0 g 1S
2 57 22 Cr3-rC-N—?H1C-O‘:C4H9
= CH
2 &0 &9 268 1 2
3 CHy
ey il MW =269
2 g9 166 1
20 26 O-CH,
10 140 a4 i I
L 20 f il
40 60 80 100 120 140 160 180 200 220 240 2601 280 300 320 340 360 380 400 420 420
m/e

Fig. 30. Mass spectral fragmentation of N-TFA-n-butyl ester of N-methylglutamic acid.

not observed for aspartic acid or 2-aminoadipic acid, while the molecular ion was
2% of the base peak for giutamic acid and 5% for N-methylglutamic acid. As with
the e-amino acids, the most characteristic ions are the M —101 or the amide fragment
(I in Fig. 12), M—55 (VIII in Fig. 12), M—157 (loss of a butoxycarbonyl group and
butene from the ester portion of the molecule), and M —175 (loss of a butoxycarbonyl
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group and butanol). Gelpi er al.!” reported mfe 116, due to a McLaflerty rearrange-
ment, as being the characteristic ion for glutamic acid. This ion or the corresponding
ion for N-methylglutamic acid and 2-aminoadipic acid was not observed in this study.

D. Basic aliphatic amino acids

Figs. 31-33 show the mass spectra of the TAB derivative of lysine, ormthme,
and e-N-methyllysine. The spectra for lysine and ornithine are characterized by the
molecular ion, M —74 (loss of butanol), M—101 (I in Fig. 12), m/e 126 (S-cleavage
to the w-amide nitrogen), and M —214 (loss of a butoxycarbonyl group and trifluoro-
acetamide). The TAB derivative of e-N-methyllysine shows the same losses for lysine
and ornithine except that the M—214 is displaced by 14 mass units to M—228
showing the methyl group bonded to the s-amide nitrogen. This loss is characteristic
of the N-substituted w-alkylamide group and permits the location of this substituent.
As mentioned previously, the presence of the myfe 110 (C;H;NF;) also shows the
presence of N-methylation. Also present is the p-cleavage to the e-amide nitrogen
yielding m/e 140 rather than 126 for lysine and ornithine.
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Fig. 31. Mass spectral fragmentation of N N-di-TFA-n-butyl ester of lysine.

ORNITHINE

279-

.- 0 1 O
‘ 1y !

i
£qa 1 C—~ NH - CH-rC [e 2] CH
C31 el 49

g
-8
%

126 MW = 380

B &5 & 8
"
3

. (xw ;

)
LT e :39 153 1171181

A, X t

% Relative Intersity

380 M*

4 S0 80 100 120 140 150 150 200 220 240 260 280 300 320 340 360 330 400 420 440
m/e
Fig. 32. Mass spectral fragmentation of N,N-di-TFA-n-butyl ester of ornithine.
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E. Sulfur amino acids

Figs. 3437 present the spectra for the TAB derivatives of methionine, cysteine,
cystine, and 1-hydroxy-6-amino-3,4-dithiahexane-6-carboxylic acid.

The spectrum of methionine differs from that previously reported by Gelpi
et al.'” in that the same ions have quite different intensities. The m/e 227 (M—CH,=
CHSCHj) resulting from a McLafferty rearrangement has been reported as the base
peak; however, we found that this ion was only of 40% intensity. The ion m/e 61
(CH,=S-CHj;) was observed as the base peak. This ion results from p-cleavage to
the sulfur atom.

The cysteine spectrum shown is similar to that presented by Gelpi et al.'’. We
found the m/e 314 and 239 ion rather than 313 and 240 as they reported. The m/e 314
is due to a rearrangement in the formation of the M —55 ion (VI in Fig. 12), while
mje 239 is explained by the loss of trifiuorothicacetic acid (CF;COSH). We did not
observe an m/e 250 as previously reported. This is probably due to the higher 70 eV’
potential used in ionization.
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Fig. 34. Mass spectral fragmentation of N-TFA-n-butyl ester of methionine.
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Fig. 36. Mass spectral fragmentation of N,N-di-TFA-n-butyl ester of cystine.
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The cystine spectrum is characterized by m/e 544 (molecular ion), 443 (loss of
a butoxycarbonyl group), and 240 (cleavage of the carbon sulfur bond with charge
retention on the carbon fragment). We did not observe mife 272 as previously reported
by Gelpi ez al.'?, while observing mje 273. This fragment must be due to cleavage of
the sulfur-sulfur bond and a hydrogen rearrangement.

The 1-hydroxy-6-amino-3,4-dithiahexane-6-carboxylic acid was prepared by
the method of Gehrke and Leimer®2. The mass spectrum of this compound is charac-
terized by the same fragmentations as observed for cystine. These ions are mfe 445
(molecular ion), mje 344 (loss of the butoxycarboayl group), mfe 240, 304, 141
(resulting from the cleavage of the carbon-sulfur bonds with charge retention on
both fragments), and m/e 272 and 173 (resulting from the cleavage of the sulfur—

suifur bond).

F. Aromatic amino acids

Figs. 38-46 present the mass spectra for the TAB derivatives of phenylalanine,
tyrosine, O-methyityrosine, monoacyihistidine, diacylhistidine, tryptophan, 1-methyl-
histidine, 3-methylhistidine, and N-methylphenylalanine. While the fragmentation of
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Fig. 38. Mass spectral fragmentation of N-TFA-n-butyl ester of phenylalanine.
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Fig. 39. Mass spectral fragmentation of N,O-di-TFA-n-butyl ester of tyrosine.
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O-METHYLTYROSINE

#-1¢ 246§ 57

216 :
Tyt - niv- el o L

g

% Relotivo Intenity
8 &8 & 8
3
r\
@"‘ “"
2
I
®
~

1
i
; O-cry
Ve ua! i 226 Gor'®
i w U5 W] : 347 M
40 &0 80 100 120 140 140 180 200 220 240 260 280 300 320 3-0 360 380 400 420 440
m/e

Fig. 40. Mass spectral fragmentation of N-TFA-n-butyl ester of O-methyityrosine.
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Fig. 43. Mass spectral fragmentation of N,N-di-TFA-n-butyl ester of tryptophan.
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Fig. 44. Mass spectral fragmentation of N-TFA-n-butyl ester of 1-methylhistidine.
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Fig. 45. Mass spectral fragmentation of N-TFA-n-butyl ester of 3-methytlhistidine.
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Fig. 46. Mass spectral fragmentation of N-TFA-n-butyl ester of N-methylphenylalanine.

the aromatic amino acids are very similar in this study with those of Gelpi e al.!?, the
relative intensities are considerably different. Tyrosine exemplifies these differences
with the m/e (intensity) and are reported here as 328 (16), 316 (25), 260 (85), and
203 (100). The analogous relative intensities reported by Gelpi et al.'” are 328 (6),
316 (5), 260 (100), and 203 (54). In this study a much greater charge retention was
observed on the aromatic portion of the molecule than has been previously reported.
Our data is in general support of the aromatic amino acid fragmentation pathways
presented by Gelpi et al.'’. The spectrum of N-methylphenylalanine clearly shows
the methyl group to be on the nitrogen due to the presence of the m/e 110 (C;H;NF5)
discussed earlier.

G. Proline and hydroxyproline

Figs. 47 and 48 show the complete mass spectra for the TAB derivatives of
proline and hydroxyproline. Our spectrum for proline is dominated by m/e 166 (loss
of a butoxycarbonyl group) as previously reported and a molecular ion at m/e 267.
We have not observed ions at m/e 193, 194, and 211 as reported by Gelpi ef al.'’, but
we did observe an m/fe 170 corresponding to the loss of the trifluoroacetyl group.

The spectrum for hydroxyproline is dominated by m/e 16%, loss of a butoxy-
carbonyl group and trifluoroacetic acid, as observed for serine and threonine. Other
characteristic fragments were observed at mzfe 278 (M —101) and 379 (molecular ion).
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Fig. 47. Mass spectral fragmentation of N-TFA-n-butyl ester of proline.
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Fig. 48. Mass spectral fragmentation of N,O-di-TFA-nr-butyl esters of hydroxyproline.
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Fig. 49. Mass spectral fragmentation of N-TFA-#-butyl ester of 2-pyrrolidone carboxylic acid.
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Fig. 50. Mass spectral fragmentation of N,N,N-tri-TFA-z-butyl ester of arginine.

H. 2-Pyrrolidone carboxylic acid

Fig. 49 presents the mass spectrum of the TAB derivative of 2-pyrrolidone
carboxylic acid. This spectrum is characterized by m/e 180 (loss of a butoxycarbonyl
group) and m/e 152 (loss of CF; and C,HgO from the ester portion of the molecule).
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I. Arginine

Fig. 50 presents the mass spectrum of the TAB derivative for arginine. The
spectrum shows the guanido group was diacylated and m/e 139 and 292 include the
guanido group or a portion of it. This spectrum is characterized by m/e 518 (molecular
ion), 449 (M —CF;), and 304 (loss of a butoxycarbony! group and trifluoroacetamide).

4. CONCLUSIONS

This study presents complete mass spectra and diagnustic criteria for the
N-trifluoroacetyl-n-butyl ester derivatives of 48 amino acids. The ¢-amino acids are
characterized by simple spectra with the molecular ion, M —55, and M —101 as the
most structurally important ions. In contrast, the -amino acids are characterized by
a larger molecular ion, M—73, an M—102 more intense than the M —101, and g-
cleavage to the amide group. The m/e 110 with elemental composition C;H,NF; is
characteristic of the N-methylated amino acids. The presence of this ion has not been
observed in any non-N-methylated amino acids.

The addition of other functional groups to the aliphatic ¢-amino acids such
as sulfhydryl, disulfide, carboxyl, guanido, amino, or hydroxyl groups increase the
complexity of the resulting mass spectrum. Sulthydryl and hydroxy groups eliminate
thiotrifluoroacetic acid and trifluoroacetic acid with other c-amino acid cleavages.
The disulfide group is characterized by C-S and S-S bond cleavage with charge
retention on both fragments. The presence of guanido and amino groups result in
B-cleavage to these functional groups in the a¢-amino acids. The introduction of an
additional carboxyl group results in 1,2-cleavage as the predominant fragsmentation.
Aromatic substituents on the e¢-carbon results in the fragment ions of R and M—R.

This research has delineated the diagnostic criteria for distinguishing the N-
trifluoroacetyl-n-butyl ester of the - and B-amino acids from each other, the presence
of N-methylation, and other functional groups in the amino acids.
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6. SUMMARY

Complete mass spectra for 48 N-trifluoroacetyl-n-buty! esters of amino acids
are presented. The spectra are discussed in terms of their common fragmentation
pathways and factors controlling the formation of fragments.

The aliphatic a-amino acid TAB derivatives were generally characterized by a
molecular ion, M —355 (C,H,), and M —101 (butoxy carbonyl). The addition of other
functional groups to the aliphatic ¢-amino acids increases the complexity of the mass
spectrum. The hydroxy and sulthydryl amino acids are characterized by the loss of
the butoxycarbonyl group plus trifluoroacetic acid or ftriflnorothioacetic acid. The
dicarboxylic ¢-amino acids are characterized by a predominant M —101, while the
basic amino acids have an additional fragment originating from f-cleavage to the
w-amide group. The sulfur amino acids have additional fragments due to cleavage
of the carbon-sulfur and sulfur—suifur bond with charge retention on either portion
of the molecule.
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Typical fragments for the aromatic e-amino acids were R, M—101, M—R,
and the molecular ion. Proline and hydroxyproline were characterized by M—101,
and the molecular ion. Hydroxyproline also gave M —215 as was observed for the
hydroxy amino acids. Arginine was characterized by a molecular ion, M—CF;,
M —214 (butoxycarbonyl and trifluoroacetamide) and ions indicating di-trifluoro-
acetylation of the guanido group.

The p-amino acids gave more complex mass spectra than the ¢-amino acids,
with typical ions being the molecular ion, M —73 (OC,Hg), M—102, and M—(RCH-
CO,C,H,). In contrast to the e-amino acids, M—101 was of minor importance
although usually present, while M —102 was larger than the M —101 ion. The ion
M —73 was often base peak for the f-amino acids while not usually present in the
a-amino acids.

Mass spectra of four additional amino acids, 2-pyrrolidone carboxylic acid,
4-aminobutyric acid, 4-N-methylaminobutyric acid, and 6-aminohexanoic acid are
presented and discussed; these spectra were more complex than for the «- and §-
amino acids.

The mfe 110 (C3H;NF;) ion was characteristic of the N-methylated amino
acids, including &, 8, aromatic, and -N-methylated amino acids. The presence of
this ion has not been observed in any non-N-methylated amino acids.

REFERENCES

W. M. Lamkin and C. W. Gehrke, Anal. Chem., 37 (1965) 383.

C. W. Gehrke, D. Roach, R. W. Zumwalt, D. L. Stalling and L. L. Wall, Quantitarive Gas—

Ligquid Chromatography of Amino Acid in Protein and Biological Substances, Analytical Bio-

chemistry Labs., Columbia, Mo., 1968.

D. Roach and C. W. Gehrke, J. Chromatogr., 43 (1969) 303.

D. Roach and C. W. Gehrke, J. Chromarogr., 44 (1969) 269.

C. W. Gehrke, K. C. Kuo and R. W. Zumwalt, J. Chromatogr., 57 (1971) 209.

F. E. Kaiser, C. W. Gehrke, R. W. Zumwalt and K. C. Kuo, J. Chromatogr., 94 (1974) 113.

P. HuSek and K. Macek, J. Chromatrogr., 113 (1975) 139.

A. L. Lehninger, Biochemistry, Worth Publishers, New York, 1970.

M. S. Chadha, J. G. Lawless, J. J. Flores and C. Ponnamperuma, in R. Vuvet and C.

Ponnamperuma (Editors), Molecular Evolution, Vol. 1, North Holland, Amsterdam, 1971.

10 C. Ponnamperuma, F. Woeller, F. Flores, M. Romiez and W. Allen, Advan. Chem. Ser., 80 (1969)
280.

11 K. Kvenvolden, J. G. Lawless, K. Perin, E. Patterson, J. Flores, C. Ponnamperuma, I. R. Kaplan
and C. Moore, Nature (London), 228 (1969) 923.

12 K. A. Kvenvolden, J. G. Lawless and C. Ponnamperuma, Proc. Nat. Acad. Sci. U.S., 68 (1971)
486.

13 C. W. Gehrke, R. W. Zumwalt, K. C. Kuo, C. Ponnamperuma, C. Cheng and A. Shimoyama,
Geochim. Cosmochim. Acta, 2 (1973) 2249.

14 K. Biemann, R. Seibl and F. Gapp, J. Amer. Chem. Soc., 83 (1961) 3795.

15 C. O. Andersson, R. Ryhage and E. Stenhagen, Arkiv Kemi, 19 (1961) 417.

16 M. S. Manhas, R. S. Hsich and A. K. Bose, J. Chem. Soc., ¢, (1970) 116.

17 E. Gelpi, W. A. Koenig, J. Gilbert and J. Oro, J. Chromatogr. Sci., 7 (1969) 604.

18 J. G. Lawless and M. S. Chadha, Anal. Biochem., 44 (1971) 473.

19 P. Felker and R. S. Bandurski, dnral. Biochem., 67 (1975) 245.

20 C. W. Gehrke, K. C. Kuo and R. W. Zumwalt, J. Chromatogr., 57 (1971) 209.

21 W. Benz and K. Biemann, J. Amer. Chem. Soc., 86 (1964) 2375.

22 C. W. Gehrke and K. R. Leimer, unpublished results.

IN b

000N W



