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Abstract

The thiohydantoin derivative derived from amino acid was used for the stepwise sequence
Recently, SuZuKI‘®® reported the
mass spectrometric identification about a part of these compounds.

analysis of peptide or protein from the carboxyl termini.

In this paper, was described the mass spectrometric identification of thiohydantoins derived
from 20 amino acids.

Mass spectra were obtained with a mass spectrometer, JEOL model JMS-06H and samples
were introduced with a direct inlet probe. The molecular ion peaks and fragment ion peaks
were identified easily, because these peaks appeared differently every amino acids and special-
ly, it was easy discrimination between leucine and isoleucine.

It is suggested that mass spectrometry was one of the useful methods to identify thiohydan-

toins derived from amino acids.
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Fig. 2. Preparation of thiohydantoin phenylalanine
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1. #% Amino acid Thiohydantoin HiNf#c| 3%

4%} : amino acid ;(aginomoto $3% &), ammonium
thiocyanate ; (FIalSE T3tV ariit o] HRAEE), 6K
24l ;(calcium carbide & sl 85417 ¥ &gk
a A), 24 ;(KMnO, & msled mmmug 2.
B 1-1: 5-benzyl -2-thiohydantoin( thiochydantoin
derived from phenylalanine) ) #43%

L -phenylalanine 3.3g(0.02M) oj
k24 20m! 2} ammonium thiocyanate (NH,SCN)
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Fig. 3. Preparation of thiohydantoin aspartic acid
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ml & ok, BEEAETlA #Epetd & 5kl
— ol Hok 30 5fH il 5 %l triethyl-
amine & fmsted pH 6ol sEigAl71w, MIRAEES B
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Fig. 4. Preparation of thiohydantoin CM-cysteine
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Table 1. Properties of 5-substituted 2-thiohydantoins
Sample TH- Melting Point ( °C) TLC IR- NMR-
No. amino acid Found Literature chart chart
T-1 TH-gly 227 229-231 pure IT-1
T-2 TH-ala 165 165-166 " IT-2 NT-2
T-3 TH -val 140 139-140 " IT-3
T-4 TH-leu 176 177-178 ” IT-4
T-5 TH-ileu 128 132-133 " IT-5
T-6 TH-met 149 147-149 ” IT-6
T-7 TH-gln 187 189-191 ” IT-7
T-8 TH-thr* 258 264 ” IT-8
T-9 TH-phe 180 178-180 " IT-9 NT-9
T-10 TH-tyr 210 206-208 " IT-10
T-11 TH-lys** 195 189-191 " IT-11 NT-11
T-12 TH-glu 112 115-116 ” IT-12
T-13 TH-asn 240 252 # IT-13
T-14 TH-pro 172 173 " IT-14
T-15 TH-arg 150 148-150 ” IT-15 NT-15
T-16 TH -his T 277 220 " IT-16
T-17 TH-try 190 190-192 " IT-17
T-18 TH -ser soln. — " IT-18
T-19 TH -asp 220 221-222 " IT-19 NT-19
T-191 ATH-5- 98 — P IT-191
bz-asp
T-192 B-bz-asp 214 214-215 " IT-192
T-20 TH-cys soln. — " IT-20
T-21 TH-CM-cys 159-162 — " IT-21 NT-21
T-211 S-CM-cys 178 175-176 " IT-211

* : Dehydro comp.

** . g-acetyl comp.
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acetate : n-heptane ; formic acid=5:4:1

FE %ﬂﬁ*ﬁtﬁ%& (thiohydantoin g2} C=S 9}
~»r* 2 noo*ol EkEE BRik)

B 2-2: 58 ik A9 ER

¥M : Hitachi Recoding Spectrophotometer

HE 2-3: FAMR ik 29 EY

i - JASCO MODEL IR-S (infrared spectro-
photometer)

T 2-4: HRER He 29 Eed

B E4A%ETF MODEL JNM-MH-60-11, Va-
rian Co. T-60)

2. BR

Eoig B®E 29 HRE 4 RelA vehie wieh
7z} (Table 1),

3. % =&

(1) 217%) =¥ amino acid thiohydantoin % iEge
FOEE 1-10]4 Qo)A {LAES TEMMT, M,

300

320

WOME ik ~FER ] HREZNE WEsld-So] B
= 9o ,

(2) #igaerh threonine =} lysine &) A% TR,
RIMR Bl ¥ =R, BgE kB ~9E=9 KR
2 25 &% dehydroxy threonine #} ¢-acetyl-lysine
<] thiohydantoin 3% &8 7} dol Lol FEFEH )
lysine o] 7J-¢- NMR o] chart 8 %¥ thiohydantoinzg
o 1, 3 EHoll #EsEo v KFE &E 0=
10.0(b), 8=11.6(b) 224 1 A4 yeht 9lon,
efire]l B|He| Mool U= 2709 kFK 6=7.8
(b) 24 177 Jehd 3l Rer wel, acetyl =
efie) BF HaHH ALl MR

(3) #8% 1-2 9] thiohydantoin aspartic acid & 7
5 RIMR Rk 29E] BREEZYE HE ET
o] 7Fsshadch

F#tel f-benzyl aspartic acid= a—free 9] car-
boxyl el xR 3HE  carbonyl kot (&) B-benzyl
ester o] carbonyl Wadk7H(5) el 9l B-benzyl
aspartic acid ¢} acetylthiohydantoin 9] 7 %o =
type (1682cm™);

ester type(1745cm™), acetyl
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Table 2. Major peaks in the Mass Spectra of acetyl-TH

Aceuylthiohydantoin 1 2 3 4 5 6 M
glycine 43 60 73 88 116, 130 158
‘alanine 60 69 86 102 130 144 172
valine 60 84 116, 158 172 186 200
leucine 43 60 116, 129 158 172 214
isoleucine 57 79 116, 158 172 185 214
methionine 43 116, 129 132 171 190 232
phenylalanine 91 116, 206 220 248
a : thiohydantoin ring ‘
—— : molecular peak of thiohydantoin —_—
thiohydatoin g2} carbonyl 3 (1725cm ™)l gzl X 103uA 5y
3 7] carbonyl BRIk 7+ vieh} 9lch, Thiohydantoin 10+
aspartic acide] 73S+ B-free 2| carboxyl ol 3
Wik (1690 cm~) 9} thiohydantoin #Re] carbonyl # 8
(1732cm™) o gz sle Wikste] 2 7471 Vet 9l 6

123

w8, benzyl %] B2 700~800cm™ o} TH S
piEsyEe YE e @EElel g-{re) carboxyl £& ¥
BEtkaE o] RERWLE] 2

(4) &= REF methyl-2-thiohydantoin ( thio-
hydantoin derived from alanine) &} %58 RKikx =
HEajolt 268mpu (loge=4.20) 3 226.5mpu (log
€=3.36) o WARM7t e} ow Fax= 242
mp (loge=3.11) o} Veh} 9ct, ol & 3k-& Elmore
o] WA 2 47t chE ) od AE 3muy o]
oz plEse mEeln A= 268 mu o] Wk
fi thiofRkslel iz ¥+ thiocarbonyl #£9] »—
x* % noo* EHE ALEAch Acetyl FHiitol 3
o]} 12.5mgy blue shift & o} 281.5 mpo] Wk
7 el sl olzie 1418 ZRETF g a
cetyl #ol Fiimel o8 #%R7L MRS 7] el
I fERE ol

ol B YE EE{LEWEA 21482 amino
acid thiohydantoin #8487} deiZ&ol ®EZ= AU
4. WBRHW

5 4-1 Mass spectrum JERe] i, M -
AZETF JEOLCO JMS-06%, RiEA : HEHEA,
o] &3 Efr:75eV, o] &3k R : 300.A, HERE
: 0~180° C, chamber g : 300°C, AF X : o] &i§;

c

3r
14-
1y
TN \
a b
Detectable limitation of Alanine thiohydantoin

Fig. 6.
Total ion monitor, full scale 1X10~.A

1.5x10¢mm Hg, 4% ; 3.0x10" mmHg, set
mass range : m/e 10~500 max (10cm/secx 10 sec)
5. % R

(1) HHBBAS &eslz] 94 total ion monitor o
9% g Fig 63 2o

2) KEhEmEEA QoA glycine, L-alanine,
L-valine, L-leucine, L - iso- leucine, L- methionine,
L-phenyl alanine ¢} acetyl thiohydantoing%¥#tel K
BEatol o3 magRe Table 29 2o,

(3) 217 amino acid thiohydantoin &% Mgsel H
BoH #RE oheol chart ¢} Table 3o]4 2 ub
s} 7,
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Table 3. Molecular peak and main fragment peaks of TH -amino acids

Chart TH- M+ M+ 100%

No. amino acid peak |peak% | m/e m/e % m/e % m/e %
MT-1 TH-gly 116 100 116 60 24 59 18 88 17
MT-2 TH-ala 130 100 130 60 27 42 27 102 21
MT-3 TH-val 158 64 116 43 33 41 32 60 20
MT-4 TH-leu 172 74 116 43 70 129 35 60 26
MT-5 TH -ileu 172 44 116 57 33 41 23 —

MT-6 TH-met 190 100 190 116 62 129 46 60 23
MT-7 TH-gln 187 43 170 59 86 128 65 60 36
MT-8 TH-thr 142 100 142 54 64 55 61 60 14
MT-9 TH - phe 206 36 91 65 19 —_ —
MT-10 TH-tyr 222 6 107 77 12 — —
MT-11 TH-1ys 229 70 43 170 40 187 32 128 20
MT-12 TH-glu 188 79 128 60 83 55 75 170 59
MT-13 TH -asn 173 100 173 128 100 59 65 156 34
MT-14 TH -pro 156 39 43 70 43 69 35 68 30
MT-15 TH-arg 215 — 41 155 73 127 68 60 62
MT-16 TH-his 196 57 81 60 11 — —
MT-17 TH-try 245 3 130 77 11 —_ —
MT-18 TH -ser 146 15 41 59 76 60 58 128 56
MT-19 TH-asp 174 79 128 60 99 41 74 59 40
MT-20 TH-cys 162 8 41 128 86 60 29 59 24
MT-201 TH-cySO;H 210 — 64 48 99 128 23 59 21
MT-21 TH-CM-cys 220 — 128 41 79 47 67 92 35
@® TH-valine : m/e=158 o) 4Fo|& peak, m/e
6. % = =116l fEge] iso-propyl 7} M3 fragment

(1) miE R sample o] 3y 2ol 43 #
HE 5 9&el #E=HY (100 mole),

(2) Acetyl thiohydantoin Fussm: MEREE - 1T
S BRET BAsoA YR acetyl #71 7heks @
i3l M-429 peak~} thiohydantoin #%mzae) 4
Fol-& peakel HEIS & 4 Asieh

(3) Amino acid thiohydantoin 5i&gso] 28 4ol
oAy wER2E g3 T @E Wi Efo] 4T
a3l ch, |

® TH-glycine : m/e=116 9] thiohydantoin g B
faol HESE 4Fole peak 9} thiohydantoin Zo)
s} glo}] m/e=59. 600 fragment peaks} viebr} 9l
122

® TH-alanine : m/e=130 2} 5rFo]& peaks} m
/e=102 o] carbonyl #¢] Bigol 213t fragment peak
7} velt 9le}, o] Wl methyl &= thiohydantoin 13
oA M= A Fe Ho| #kolch

peak7} viebu gl

@ TH -leucine : m/e=1720)] 4Fo]& peak, m/e
=129 & iso-propyl %2 HERol /3 peaksel A%
3ol methylene %7} BB 3] m/e=1160¢j fragment
peak 7} vieht gl

® TH-isoleucine : m/e=1720l 4rFo]-& peaks}
sec~butyl 27} MR 5to m/e=116+] fragment peak
7} et ok ook e EERe MRESE
leucine 7} isoleucine o] [E5jol HEsIch

® TH-methionine : m/e=1900] 5Fo°]& peak,
mfe=142= CH,-S- %7} Egs 2. A Z me-
thylene 7} #fR sko] m/e=129, m/e=116¢] frag-
ment peak 7} el gl

@ TH-glutamine : m/e=187 ol 4Fo|-& peak,
m/e=170 & NH, 7} s 2, -CH,—-CO—NH;7}
e 5lo] m/e=142, methylene %7} g3t m/e
=128 o) % fragment peak7} el gleh,
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TH —threonine : dehydro %2 s]o] 7] wfFo
m/e=142 )] 4r¥-o]-& peak, {usa~} thiohydantoinig
s} g gislo) (CH,—CH=C=NH)*2 s]o] m/
e=54, 550 %@yl fragment peakrs} vpebe} glel

@ TH —phenylalanine : m/e =206 o]} 4>F-¢] & peak,
tropylium ionoi sl m/e=91¢] fragment peak
7 He) ok,

@ TH-tyrosine : m/e=222¢) 45rFo]& peak 9}
m/e=107 o hydroxytropylium ion ol gyt %
Byl fragment peak 7} el glch

@ TH-lysine : lysine o] 4% @igge] efirol #4
ol gl& acetyl B+ #EE YA o4r) sl
m/e=2290) sF-ol¢ peak 7} vieh} o EHAE
K2 acetyl &7} 8K 3to] m/e=187, ammonia®) B
ol o8 m/e=170-S $4)5le] 2}l methylene
o) gl fragment peak 7} vebv 9lc,

@ TH -glutamic acid : m/e =188 ¢} 43F0]& peak
£ ul#3sle] H,O 7} #midt m/e=170, carboxyl %
7} B m/e=142, z4bo] EEN S mie=128ql 4%
#ayel fragment peak 7} viehut gle},

@ TH-asparagine : m/e=173 9] 4¥-0]& peak
¢} ammonia 7} B3 m/e=156, A< 3le] carboxyl
o) mEiRol 213 m/e=128 So) fragment peak 7}
vieb: 9let,

@ TH-proline : m/e=156¢] 4rF-o)-& peak 9
thiohydantoin 3Re] Mgxel Tl MEMsled Hmd ol
Lo|| ¢ 3to] m/e=68~70 0 45i%ny]) fragment peak
74 et gl

@® TH-arginine : 530l & peak & Y} oA
oto 1} ammonia 7} EEREIe] m/e=198 ¢ peak, I8
o| fljuet 7 MR le] mle=155, 127 of el
fragment peak 7} ve}v ok, 53 1559 peak =
arginine ¢ @ B3Ik

@ TH- histidine : m/e=1960] 4 Fol-& peak o}
pyrimidium ionel ghzk3H= m/e=81l9 fragment
peak 7} §§#Aye) o}

@ TH-tryptophan : m/e =245 o] 43Fo]& peak,
m/e=130 o= quinolinium ionof| g3k 5k fragment
peak 7} KfAyol ok,

@ TH-serine : m/e=146 &) 4rFo)& peaks} H,
O 7} #eme st m/e=128, #Al%3le{ methylene #71
g3l m/e=116 o} fragment peak 7} viebr} ok

(@ TH-aspartic acid : m/e=174 | 53Fo]2 peak

9 H,0 7} gngst m/e=156, carboxyl 37} #ipg
m/e=128 o #5%iyel fragment peakr} e} 9l
o},

@ TH - cysteine: m/e=162 2] & & 47Fo]2 peak
9} —SH #:7} ##sle] m/e=128¢) fragment peak
7} vrebt 9ok Cysteine o) 7% peptide F-oll MM
B 7%, cysteic acid £o2 #HiEs 7] wEe) TH-

cysteic acid & #3%3led mass spectrum & #E T

#E, HFolE peak & JehubA 2gAlgh —SOH %
7} s sted m/e=128, Ofeb SO; ol diskste m/e
=48, 64 o) ¥nq) frogment peak 7} vielt 9loh,

@ TH-S-Carboxymethyl cysteine : #3Fol-2
peak & vieh Q1= ghxiwk, H,O0 7} B sled m/e=
2020 —-S—-CH,-COOH~} #gisle m/e=128, m/e
=47 9] (CH,=SH)*, m/e=92¢ (HS-CH,~COO
H)* %o ##%nyel fragment peak 7} vbel} glwt,

#® @M

HEE ¥ peptide CRio2Helg Fhais A
A HEseln —me (kA& HH amino acid
thiohydantoin 85 5 15/ Wik, 482 8,
25 (RBES EAsY] Fusdew, TR, M
gp, IR, NMR o} Aszre ®gsdss Mlstad
v}, o] Z threonine-2& dehydro {L&%, lysine &
s—acetyl {baE =l YA

o] Zol o3t HEST KR ERE BRS AT W
R RE glols AR @A WA AR
mass spectrum ] 75 e Ak

=8, 2FES B HRE oA FIHEER
ol 7hedrt.

axmz Ckife2 e FxaHis ¢ amino
acid thiohydantoin s&iftol o8 @R A
Hihd Aojztn EH=EAL

# OE
AERS Mo F4A gAR Rk RSN K

8K gk mholA REY #EE £

— 67—



x K

(1) F. Sanger ; Biochem. J., 39, 507 (1945)
(2) F. Sanger ; Biochem. J., 45, 563 (1949)
(3) W. A. Schroeder ; J. Am. Chem. Soc., 74, 5118

(1952) W. A Schroeder, J. Le Gette; J. Am.

Chem. Soc., 75, 4612 (1953)

(4) C. B. Anfinsen, R. R. Redfield, W. L. Choate, J.
Page, W.R. Carroll ; J. Biol. Chem., 207, 201
(1954) R. R. Redfield, C. B. Anfinsen; J. Biol.
Chem., 221, 385 (1956)

(5) T. Ando, M. Yamasaki, E. Abukumagawa :
J. Biochem., 47, 82 (1960)

(6) H. S. Rhinesmith, W. A. Schraeder, L. Pauling;
J. Am. Chem. Soc., 76, 609 (1959)

(7) P. Edman ; Arch. Biochemistry, 22, 475 (1949)

(8) P. Edman ; Acta chem. Scand., 4, 277;4, 283
(1950)

(9) P. Edman and G. Begg ; European J. Biochem.,
1, 80 (1967)

(10) John J.-Pisano, Thomas J. Bronzert; J. Biol.
Chem., 244, 5597 (1969)

(1) V. M.-Stepanoo, V. F. Krivtsov ; Zhurnal obschei
Khimii ; 35, 53 ; 556 ; 982 (1965)

(19 H. Maeda, H. Kawauchi ; Biochem. Biophsys.

Res. ‘Comm., 31, 188 (1968)

BESAE

03 FNEM, AFAR SRR BREHE; £td
~7F ¢ bEEHe, R, X1, 91 (1969)

(14 S. Katsuki, J. E. Scott, 1, Yamashida ;. Biochem.
J., 97, 25c¢ (1965)

(15 W. R. Gray, B. S. Hartley ; Biochem. J., 89, 59
(1963)

{16 S. Akabori, K. Ohno, K. Narita ; Bull. Chem.
Soc., Japan, 25, 214 (1952)

10 K, BB BOE L2 OKE, RER) #%
ST, BEG, 4, 257 (1956)

(19 H. Matsuo, Y. Fujimoto, T. Tatsuno ; Biochem.
Biophsys. Res. Vomm., 22, 69 (1966)

19 S. G. Waley, J. Watson ; J. Chem. Soc., 2394
(1951)

(0 George R. Stark ; Biochemisty, 7, 2, 1796 (1968)

@1) Laurence D. Cromwell and George R. Stark ;
Biochemisty, 8, 12, 4735 (1969)

(02 Saburo Yamashita ; Biochem. Biophys. Acta, 229,
301 (1971)

©#9 Tateo Suzuki, shinichi Matsui, Katura Tuzimura;
Agr. Biol. Chem., 36(6), 1061 (1972)

@) BREX, NEM, WTR; ARLSBHE 79(4),
10 (1958)

@5 D. T. Elmore and J. R. Ogle ; J. Chem. Soc.,
4404 (1957)



