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N-Trifluoroacetyl-L-prolyl Amino Acid n-Butyl Ester Derivatives
for the Ultramicrodetermination of Amino Acids
by Mass Fragmentography

Hirosur Iwase and Asao Murar®
Central Research Laboratovies, Ajinomoto Co., Inc.D
(Received May 26, 1976)

The fragmentation of 46 kinds of N-trifluoroacetyl-L-prolyl amino acid #-butyl esters
upon electron impact is investigated for the ultramicrodetermination of amino acids by
mass fragmentography. - It is found that ion at m/e 166 is the common and base peak for
most of the amino acid. Characteristic ions for each a-amino acid are observed at m/e
(M—101) or (R-+29). Using mass fragmentography monitored at m/e 166, about 10-°g .
of amino acids can be detected.

Keywords mass spectrometry; mass chromatography; mass fragmentography;
ultramicrodetermination of amino acids; resolution of racemic amine acids

Recent advance in gas chromatography-mass spectrometry combination makes it possible
not only to characterize the molecular structure of micro-quantities but to determine the ultra=
micro-amounts of substances. The latter is achieved by selective monitoring a characteristic
fragment ion of gas chromatographic effluents to be analysed, referred as “mass fragmento-
graphy (MF).” '

Numerous gas chromatographic investigations for the analysis of amino acids have been
done up to the present and a well described review by HuSek and Macek?® was published re-
cently. Many mass spectrometric investigations of amino acids as their ethyl esters,® N-tri-
fluoroacetyl (TFA) #n-butyl esters,® trimethylsilyl derivatives,® and phenylthiohydantoin
derivatives® have also been reported.

It is not always true that the most suitable derivative for the gas chromatographic ana1y51s
is the most preferred one for the ultramicrodetermination of amino acids by MF. The desirable
derivative for MF is the one that has a high intensity of fragment ion commonly appeared for
all amino acids upon electron impact and that has a suitable volatility for gas chromatography.
Generating a specific ion for a given amino acid is also highly advisable because it can be used
for a diagnostic prove for the presence of given amino acids by MF or by mass chromatography
(MC).

From the point of view stated above, the authors would like to recommend the N—TFA-L-
prolyl amino acid ester derivatives, which have been investigated for the gas chromatographic
resolution of racemic amino acids by Halpern and Westley? and by the authors.® The mass
spectra and the fragmentation of N-TEFA-dipeptide methyl esters were thoroughly studied by
Weygand, et al.,% but mass spectrometry of N-TFA-L-prolyl amino acid esters was not investi-
gated.
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The present paper deals with the mass spectral data of 46 kinds of N-TFA-L-prolyl amino
acid n-butyl esters including «-, f-, ¥-, and a-methyl-amino acids, the possibility of ultramicro-
determination and the selective identification of amino acids by MF and MC. The present
paper also deals with the resolution of racemic amino acids by MF. ‘

Experifnental

Reagents and Materials——All solvents used in this study were of reagent grade. Amino acids were
obtained from Ajinomoto Co., Tokyo Kasei Co. and Sigma Chemical Co. * Trifluoroacetic anhydride, BSTFA
with 19, TMCS and hypovials were purchased from Pierce Chemical Co. The OV-101, Diatoport S and Chro-
mosorb W (AW), which were used to prepare the chromatographic column, were obtained from Gas Kuro
Kogyo Co., Hewiett-Packard Co. and Supelco. Inc., respectively.

Apparatus and Conditions——A Hitachi RMU-6MG mass spectrometer combined with 002 Datalizer
using HITAC-10- computer for an on-line data processing was used. Ionization energy and accelerating
voltage were 70 eV and 3000V, respectively. The ion source temperature was 210°. An all-glass jet-type
moleculat separator was used for the gas chromatograph and mass spectrometer interface. - To avoid the
catalytic decomposition on metal surface, a minimum length (15 cm) of gold tubing was used to combine the
column with the separator. Two glass columns, 50 cm X 3 mm i.d. packed with 1.5% OV-101 on 60—80
mesh Diatoport S and 1 mx 3 mm i.d. packed w1th modified OV-101.on 100—120 mesh Chromosorb W (AW)
after thermal and solvent treatment by the method of Aue, ef al.,* were employed. . The former column was
used for the separation of trlmethylszlylated amino acid derlvatlves and the latter was used for the other
amino acids.

Septums and O-rings were heated at 200° for 16 hours in'an Abdelhalden apparatus connected to vaccum
line’ with. a cold trap (—78°. By this treatment, contaminant peaks from the septums or O-rings was
eliminated. ‘ - .

Preparation of Amino Acxd Derivatives: N-TFA-1-prolyl amino acid #-butyl ester derivatives were
prepared by the previously reported method.® Hydroxy amino acids and tryptophan, after esterification
and coupling with N-TFA-L -prolyl ch10r1de, were tr1methyls11ylated for the good elution by gas chroma,to-

graphy

Result and Discussion

Mass Spectra of N-TFA-vL-prolyl Amino Acid n-Butyl Esters

The mjfe values, the relative intensities (in %) of the molecular ions and the first to tenth
intense ions for each amino acid derivative are presented in Table I. For the base peaks the
lnten31‘cles were expressed by the relative abundances of the total ionization.

a~Amino Acids

=]

- The most intense ion of w-amino acid derivatives appears at m/e 166 with N7
the exception of proline, pipecolic acid and trimethylsilylated amino acid COCF; |
derivatives other than serine and hydroxyproline derivatives. This ion mfe 166
must be araised from N-TFA-r-prolyl group, and the structure of this may Chart 1

be con51dered as follows;

| o ‘_ VU (5
The base peaks of proline and pipecolic acid derivatives exist at m/e 70 <\N z ) and mfe
H

84 I\ﬁ/l , respectively. The relative intensity of the ion at m/e 166.from prolire and pipe-

H
colic acid derivatives are 61.6 and 51.39%,, respectively. For all the amino acid derivatives
studied here the ion at #/e 166 exists at least within first to fourth intensity,

Characteristic ions for each amino acid derivative are generally present at m/e (M 101),
(M—COOC,H,) and m/e (R+29), (amine fragment ion; R—CH=NH,*). Among natural com-

10) W.A. Aue, C.R. Hasting, and S. Kapila, J. Chromatogr., 77, 299 (1973).
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TasLe I. Ten Peaks of Mass Spectra of N-TFA-L-prolyl Amino Acid #-Butyl Esters
Ami l;{[" Base peak ‘ 2nd peak :’;‘rd peék 4th peak. 5th peak Gtil peak 7th peak 8th peak 9th peak 10th peak
mino 17 Puepok mipetk Sopek Gnpeh PRpsh fhpdk Thper Thper PTpet MRS
N mle %W mle Zho %P mle % mle % mle % mle % mle % mle % mle % mle % mle %
Gly 324 65 166 27.8 167 346 41 3L1 29 237 69 177 27 4.1 .139 119 39 I1L9 96 9.9 57 9.7
. - 237 : m
Ala 38 42 165 244 167 6L1 41 216 ,%[ 183 2 180 194 173 139 161 2 159 pHous e 118
: 58 oy ' . 251 ; e
whba 32 35 166 206 167 67.2 plpdL9 41 B8 yTj 24 29 2.0 19 164 194 M6 6 1.1 2 17
72 i o g - 265 : ;
Nval 36 2.9 16 19.6. 167 68.8 p'o4l3 28 39,8705 200 20 2653, 41 261 1 7.2 194 B30 70 16
. ' : 72 265 ; E
Vil 36 17 166 18:8 167 63.0 28 43.6 plpg 417 T3, 40.6 41 276 20 2n5 139 155 89 133 70 13.3
; 86 ) ,
Nleu 380 3.4 166 191 167 76,0 pipg 4710775348 41 289 20 247 18 158 28 1.9 194 132 6 123
: , 86 279 - : ‘
Len 380 11 166 18.9 167 69.6 piPng50.20,%00 37.6 41 3L1 28 197 20 184 43 158 139 143 194 1.2
. 279 86
e 30 1.9 166 17.0 167 60.0 3 428 41 375 %366 29 309 28 22 69 71 19 149 57 U5
. . ‘ _ -4 86 o 219
wrtlen © 380 — 166 17.3 250 4L8 41 39.2 167 37.9 28 374 00353 20 30.0 75257 57 200 324 206
. : 114 307 ,
a-Aca 408 "13 166 206 167 67.2 pigp 3.0 41 305,777,280 29 218 48 195 139 B2 70 123 5 1.9
) S - 170 v 263 -
Pro 364~ 700228 28 6.6 166 616 41 236,10 195 1 w5, 2% 159 20 w7 e B4 2 100
) 84 : : 277 184 )
Pip a8 — o200 166 513 128 320,77 106 4 BF 28 167 2 152,00 184 5 B2 6 9.9
; 106 299 - a9 .
PG 00— 166 23.5 piho 615, 598 28034 167 34 41 216 2 206 6 M1 164 1L1 30 16
Phe 44 — 166 18.3 M3 72:8 28 65.0 204 438 167 22 91 21.2 41 187 M9 158 20151 20 13.1
Asp 438 5.6 166 221 167 705 29 2.7 41 25.6 57 2.3 28 M1 19 129 Rg128 27 120 W 113
Glu 452 - 166 18.9 167 58,5 29 31.8 41 29.3 28 27.9 8 235 57 19.7 194 14.9 56 14.8 }gliszg 13.0
Met 38 5.0 166 187 28 504 2N 30.1 61 20.8 41 27.6 32 287 29 228 167 208 23 17.9 19 113
Met(0) 414 — 166 199 41 30.0 6L 27.5 29 251 29 207 324 19.9 167 17.9 263 157 56 152 69 13.6
Met(O) 430 2.8 166 23.1 167. 63.6. 41 33.4 29 32.6 56 283 57 153 69 14.0 139 127 28 106 2% 9.7
Eth 412 2.7 166 17.8 XY 344 75 33.9. 20 27.6 41 26.3 324 269 167 20.9. 263 17.8 28 169 56 I5.1
CySH 370 1.7 166 2.3 167 283 41 250 69 175 29 13.8 57 153 69 14,0 139 127 28 10.6 53 7.2
Pen 38 — 166 17.8 2§ 424 29 35.5 41 33.0 28 205 167 240 34 170 70 159 55 150 73 13.3
Orn 54 45 166 206 70 75.4 14 28.8 23 2.8 41 204 167 199 19 108 71 104 194 100,28 93
Lys 588 3.3 166 20.9 84 42.0 70 39.8 167 19.6 277 189 41 18.0 128 17.8 139 10.1 14 9.9 ‘96 9.4
Ser 426 — 166 2.3 g 45.9 41 .20.8 29 21.2 167 183 69 139 27 1L8 9% 9.6 57 &5 5§ 7.5
Thr 440 — MW o146 166 984 qio 887 41 342 396 288 29 284 75 259 167 151 69 147 57 122
- 158 ' 73 aan 238 ' .
Hypro 452 — 166 15.2 o5 712 68 39.6 41 373 29 346 o 330,75 ,284 57 25.0 75 209 69 176
Tyr 52— 19 218 3. 543 292 513 166 -39.8 180 6.4 41 161 20 140 208 121 237 113 69 6.9
Tep 525 — 22 g1 P53 166 %6.8 130 354 208 190 41 106 2 93 6 60 T4 54 244 53
DoPA 590 5.1 /% 172 %7 810 166 69.4 380 50.0 179 229 268 2.2 41 177 29 18.8 45 9.8 26 8.7
f-Ala 338 47166 19.0 167 90.6 - 28 30.8 41 30.0 139 2.9 29 216 . 55 155 69 142 27 12.2 98 12.2
p-Aba 352 1.8 167 25.8 166 56.6 41 263 139 205 69 183 29 152 42 125 70 116 44 9.2 27 8.8
g-8iba 352 43 167 197 166 840 41 349 69 257 139 21.6 29 19.1 28 18.2 42 12.9 27 1.4 57 10.1
y-Aba 352 3.3 .167 185 166 92.2 41 37,4 139 23.9 8 177 28 174 20 171 69 169 112 4.6 27 12.6
AMCHA 406 - 1.4 167 22.1 166 747 41 2.5 139 '18.1 95 17.6 29 1.0 70 102 9 90 28 87 6 83
. . 58 e 251 ,
MeAla 352~ %131 167 9.2 166 73.4 .41 60.7 29 43.3 42 40.7 \ 1 335 27 268 57 267 69 25.8
; 72 o, 265 )
MeAba 366 — 167 16.0 166 92.1 7733842 41 355 20 351,20 346 139 236 42 201 & IT2 57 146
o 86 279 ag . 1
MeVal 380 — 166 159 p50,. 725 167 624 7 42.6 41 35.0. 42 263 70 245 139 17.0 43 160 69  15.6
- MeLew 304 — 167 4.7 166 86.8 g1, 865,00 416 21 408 57 214 29 23 139 20.2 42 188 43 178
Melle 9 — 166 1.8 };1043 67.4 167 56.8 M 38T AT 3Tz 29 300 42 235 27 228 139 219 144 218
MeMet 412 — 166 1.8 % 741 14 3.9 61 501 41 4.5 338 406 167 402 70 30.2 PEs2.2 2 21
MeGlu 466 1.1 166 4.3 167 67.7 98 544 41 424 pPo391 29 261,05 222 70 195 9 194 5 185
MeOm 588 1.0 166 18.2 8 73.3 277 42 167 23.5 41 22.3 128 219 70 187 139 1L8 42 1.2 69 102
MeTyr 516 — M 240 166 480 7% 443 306 302 180 189 41 155 29 131 308 81 60 7.0 42 6.8
MeTrp 539 — 2% 225 7% a1 42 208 203 243 20 225 100 18.0 41 142 45 187 5 IL1 74 10.7
MeDOPA 604 56 2% 2.4 . 714 166 52.6 268 25.6 894 215 179 17.9 41 1L9 29 IL7 269 9.7 395 7.5
a) relative mtensnt} (bns'e peak=100)
by per cent of the total jonization over m/e 10
; S,ch istic pe:ks Ior sulfur- amino acids; R, jons corresponding to amino amd sxde ch:m, @-Aba, @-antino-n-butyric acid, Nval,
line; Nleu, norl: prylic acid; Pip, pipecolic acid; PG, ph vlglyc i) Mel(O), Met(0,), ionine sulfone; Eth,
ethwmne Pen, penicillamine; 8-, Ala,ﬁ -alanine; §-Aba, f-amino-m-butyric acid; §-Aiba, B- ic acid; y-Aba, ¥ butyric acid; AMCHA, frans- 4-
) ic acid; Me, thyl. :
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mon amino acid derivatives, however, glycine, cysteine, serine, tyrosine, tryptophan and lysine,
do not produce these ions with the intensity larger than 29,. For the cyclic amino acid de-
rivatives (proline, pipecolic acid and hydroxyprolme) the ions at m/e (M—194), (N-TFA-L-
prolyl group) which are not observed for the other amino acid derlvatlves exist at m/e 170
(19.83%), 184 (13.4%,) and 258 (28.4%,), respectlvely

The characteristic ions for aromatic amino acid derivatives (phenylalanine, tyrosine, try—
ptophan, 3,4~ dlhydroxyphenylalanme (DOPA), oc—methyl—tyrosme, a-methyl-tryptophan and

«-methyl-DOPA) are listed in Table II.

.Tasre II. mle Value and Relative Intensity of Characteristic
Tons for Aromatic Amino Acids

Tons Phe Tyr®) = MeTyr® DOPA® MePODA® Trp®  MeTrp® -
Ar-CH=CX-COOC,H,» . 204 292 306 380 394 315 329
‘ R C(43.8)0 (51.8)  (30.2) (50.0) (21.5) .(4.4) (2.4
Ar-CH=CX-CO 131 219 233 307 311 242 256
o (8:3) (2.9 (=) =) (=) (=) (=)
Ar-CH, = - 91 179 . 179 . 267 . 267 202 202

(21.2) (100,0) (100.0) (84.0) (100.0) (100.0) (100.0)

‘@) trimethylsilylated
b) . w-amino acids: X=H, a- methyl amino acids: X= CHa .
¢) relative intensity, in %

In trimethylsilylated derivatives of threonine, tyrosine,

I - CHe-CH,- tryptophan, e-methyl-tyrosine, «-methyl-tryptophan and

\N /\CO*NH'CH a-methyl-DOPA, the ions having the structures of trimethyl-

COCFs silylated side chain appear as the base peaks. Trimethyl-

mfe 250 silyl ion (mfe 73, (CHg)Sit) is also common intense ion for
(methionine ; 30.19%, methionine the trimethylsilylated amino acid derivatives.-

sulfoxide ; 25.19%, methionine sul- © * . Sulfur-containing amino acid derivatives do not generate

fone; 9.795, ethionine; 34.4%,  th¢ jons at (R-+29) or (M—101) with relatively large inten-
penicillamine ; 42,49) s _ . .
- : sities but generate common intense ion at m/e 250 except for
Chart 2 cysteine. The structure of the ion is assumed to be as
follows; : :

Glutamic acid derlvatlve, though it has the common structure as 111ustrated above, does
not produce this ion.

The acidic amino acid derivatives produce the base peak at m/e 166, and the fragmentation
feature are similar to that of neutral amino acid derivatives. ' In addition, glutamic acid deriv-
ative generates the characteristic ions at m/e 296 (13.9%,), 186 (9.39,) and 84 (23.5%,).

General fragmentation pattern for «-amino acid derivatives are illustrated in Chart 3.

~ Basic amino acid derivatives, ornithine and lysine, produce M—166 ions (/e 408 and 422,

L ‘ | ] .
respectively) which are formed by the elimination of \N/ radical from the molecular ions.

COCF
These basic amino acid derivatives produce the characteristic ions at m/e 70, 114 263 and m/e
84, 128, 277, respectively, with the relative intensities of about 20—75%,. The fragmentatlon
route of basic amino acid derivatives can be described as showed in Chart 4.
The base peak of these amino acid derivatives also exists at /e 166.

- The mass chromatogram of six amino acid derivatives, alanine, valine, leucine, proline,
aspartic acid and glutamic acid, are shown in Fig. 1, in which the monitoring ions are selected
at m/e 166 for the concurrent detection of the six amino acid derivatives at mfe (M—101), (R4-
28) and (R+-29) for the selective identification of the amino acid derivatives.
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‘ m/e 166 |
m/e 69 T / (PH
\ N""CO~NH-CH=C~0C.H,

R [ 1 o CFsCO m/le 324
- N
cot ch(:0

CF7 m/e 70 m/e 194
m/e 69

+ |
N N CO—NH- CH COOC4H9 """"" ~NH—CH-COOH
CFsCO CFsCO R+73

/e 139
e “‘(:C“)(L}{S —‘CXD()(LIJQ "’()Ch}h

J LIRS SO W W ;
N "CO—NH— CHo CO—NH=CH N "CO—NH—-CH—-CO"

|
CF:CO | CF:CO crbo
M-100 I\f—ml M-73

}
R+29

Chart 3. General Fragmentation Pattern for «-Amino Acid Derivatives

p- and y-Amino Acids

The base peak of the - and y-amino ac1d derivatives studied (f-alanine, f-amino-n-butyric
acid, f-aminoisobutyric acid and y-amino-z-butyric acid) except for g-alanine exists at mjfe
167. Theion at m/e 166 which is the base peak for most of «-amino acid derivatives exists as
the second intense peak with the relative intensity of 60—909%,. There exist no characteristic
or diagnostic peaks among first to tenth intense ions in the spectra of p- and y-amino acid de-
rivatives studied.

The peak at m/e (M—101), which was formed by the loss of COOC,H, group from the mole-
cular ions of a-amino acid derivatives were not observed for the g- and y-amino acid derivatives.
In contrast, the ions at m/e (M—73), loss of OC,H, group from the molecular ions), are ob-
. served in the spectra of g- and y-amino acid derivatives, but are not detected in «-amino acid
derivatives. These (M—73) ions, though their intensities are not so large, may be used for the
diagnostic proves for - and y-amino acid derivatives.

a-Methyl-a-Amino Acids

The fragmentation pattern of a-methyl-a-amino acid derivatives is very similar to that of
a-amino acid derivatives. The base peaks of a-methyl-amino acid derivatives always appear
at mfe 166 or 167 with the exception of a-methyl-alanine and trimethylsilylated amino acid
derivatives. The characteristic ions for neutral and acidic a-methyl-amino acid derivatives
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+ +
NH—TFA—Pro | Xn
(CHa)a —TFA—Pro (CHz)n —CH:OH _ (CH,)i=r(H
l -
TFA—Pro—NH—CH—COOC;Hs TFA—Pro—NH—CH— COOC.H, TFA——Pro/K'g’ NH
, | | i
M+{Orn * m/e 574(4.5) {m/e 408 (9.3) {m/e 334(5.7)
Lys : m/e 588(3.3) m/e 422(5.7) m/e 348(3.8)
—TFA—Pro—NH,
CH, BE
G (CHa )i (CHa )
(CH:)a-2 4 SO —CiHs K+ Py
| N COOC,Hs N~ cooH
TFA—Pro—NH—CH—COOC:H, H
{m/e 170(7.0) {m/e 114(28.8)
—COOC,H, m/e 184(2.3) m/e 128(178)
CH
i —COOC,Hs ~Co,
CIH
(C,Hz)n—-Z
TFA—Pro—NH=CH CCHZ),,
+
{m/e 263 (25.8) N=—CH
/e 277(18.9
"? ¢ (18.9) [1 {m/e 70(75.4;
m/e 84(42.0
TFA-Pro—-= I}I co
n COCF;:

Chart 4. Typical Fragmentation of Basic Amino Acid Derivatives

(«-methyl-alanine,  a-methyl-a-amino-z-butyric ' acid, «-methyl-valine, «-methyl-leucine, a-
methyl-methionine, and «-methyl-glutamic acid) appear at m/e (M—101) and at m/e (R-43)
that corresponds to amine fragment ions (R+429) of neutral a-amino acid derivatives. In
trimethylsilylated a-methyl-amino acid derivatives (x-methyl-tyrosine, ‘a -methyl—tryptophan
and a-methyl-DOPA), the ions havmg the structures of trlmethylsﬂylated side chain appear
as the base peaks.

Mass Fragmentography of Ultramlcroamounts of Amino Acids

, of the N-TFA-L-prolyl dipeptide-type derivatives, the ion at mle 166 was always observed
with a large intensity. In the case of a-amino acid derivatives with the exception of proline,
p1pecol1c acid and trimethylsilylated amino acids other than serine and hydroxyproline, the
ion at /e 166 was the base peak. The relative intensities to the total ionization (3},%) of
this ion is average value of 189, for a-amino acid derivatives, 179, for - and y-amino acid de-
rivatives. The latter amino acid derivatives showed lower 3},,% value than that of corre-
sponding to.a-amino acid derivatives. Because of large intensities of the ion of trlmethylsﬂyl—
ated side chain, the $,,% value of the ion at m/e 166 of tryptophan and hydroxy amino acid
derivatives are rather lower, 7.e., about 139,.
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For the purpose of sensitive and selec-
tive detection of amino acid derivatives by
MF, it seems to be advantageous that the
ion to be analysed, is in relatively higher
mass region and has a even mass number.
The ion at m/e 166 is satisfactory for this
purpose.

MF of about 0.9 ng of r-alanine, L-
valine, r-leucine, and L-proline monitoring at
mfe 166 is shown in Fig. 2. The limit of
detection of the amino acids, calculated from
Fig. 2, is about 10-1° g level (S/N=2). As
can be seen in Fig. 2, the concurrent ultra-
microdetection of 4 amino acids was carried
out by MF monitored at m/e 166.

Another merit of the N-TFA-r-prolyl
amino acid #-butyl ester derivative is that
this derivative is applicable to the mass
fragmentographic resolution of the ultra-
microamounts of racemic amino acids. Fig.
3 shows an example of the resolution of about
2.5 ng of pr-alanine, pL-valine, pr-leucine,
pL-proline,
n-butyl esters by MI forcused at m/e 166.

0 10

Retention time (min)

Fig. 2. Mass Fragmentogram of N-—
TFA-1-prolyl Amino Acid #-Butyl
Esters

column, glass, (50 cm x 3mm 1.d.), packed with
modified OV-101 on 100—120 mesh Chromo-
sorb W (AW); column temperature, 140°
monitored ion, mfe 166; Acceleratmg voltage’
3000V
ionization energy, 70 eV sample about 0.9ng of
each amino acid injected
1: alanine 3: leucine
2: valine 4: proline

A N 351
Il A\ N ggg
279 M*lOl
265
237
T T T 15101 T T 11(1)0.11\‘ T

Scan numbér‘

Fig. 1. Mass Chromatogram of N~TFA— -prolyl
Amino Acid #- Butyl Esters

1 alanine, 2 valine, 3 leucme 4 proline, § aspartxc acid,
6 glutarnic acid -
column, glass, (50 cm x 3 mm I.D.), packed with modified
OV-101 on 100-~120 mesh Chromosorb W (AW)
column temperature, programmed from 140° to 170° at the
rate of 5°/min
sample, about 500 ng each amino acid injected

pL-methionine, and pr-phenylalanine as their conversion  to N-TFA-L-prolyl

Fig. 3.

Retention time (min)

Mass Fragmentogram of N-TFA-L-
prolyl pL-Amino Acid #-Butyl Esters’ - *
column, glass, (1 mx 3 mm i.d.), packed with 1.5%, ov- .

101 on 100—120 mesh Chromosorb W ( AW)
column temperature, 180°

‘monitored ion, mfe 166, accelerating voltage, 3000 V-
, ionization energy, 70 eV: sample, about 2.5 ng of each pr-

amino acid injected

1: p-alanine 7: p-proline

2: r-alanine 8: n-proline

3: p-valine 9: p-methionine
4: y-valine 10: r-methionine

§: p-leucine 11: p-phenylalanine
6: v-leucine 12: v-phenylalanine
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