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Process Development for Large Scale Synthesis of TRH

Dong Hyeon Kim, Pritam Thapa, Radha Karki, Yurngdong Jahng and Eung-Seok Lee”*
College of Pharmacy, Yeungnam University, Kyongsan 712-749, Korea

Abstract — TRH (thyrotropin-releasing hormone) was chemically synthesized utilizing solution phase peptide chemistry
for the process development of large scaled synthesis. All the synthetic steps performed in relatively mild conditions, higher
yields, easier preparations, minimum racemizations, and separation and purification by recrystailizations.
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Fig. 1 - Structure of TRH.
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A345)7] 9sfel v} ARk A2BE B8
A9 12, BA ) FHOR D]
Sh= g A4 5) A gl A9

B Q72 919 208 FE719 YACE §oI3k TRH
of PhFEA AEEE ApEsie] olof 2k,

AE

Alef & 717]

B Ao ALE-8E A9k Sigma®} Aldrich Chemical Co. %
o] A& Ak FAL AES ARSI T Aol AEsok
g A-g-, S 8713 110°ColA] A3l AME-3HA a1, argon
gasE x| $He Aeolld WSSl on] HA| A= syringeE ©]
B3to] Arlsta, Gvlle AP viE Aol CaH,2 5535t
AF2-31 T}, Thin layer chromatography(TLC):= MerckAHS)
Kieselgel 60 F,; 5 023131, TLC €yl #-BuOH : HOAc:
EtOAc: H,0=1:1:1:1(v:v:v:v)¥ CH,Cl,: MeOH : HOAc
=90:10: v:v:v)¥}  i-Propanol : HOAc : H,O : ammonia=
1:0.02:05:003(v:v:v: Vo= 331 spotd- UV, L, ninhydrin
ghaAlek 9l CLZ 2 3 1% KI starch® 2¢181%ith. NMR
(nuclear magnetic resonance) spectrai= tetramethylsilane-3
R 25 542 3] g9 Qo] gl Aol CDCL Y
DMSO-d:E 8vE 3l Bruker ARX 300300 MHz, FT)o.&
Z43)%iTt.

R

1-Benzyl 2-(2,5-dioxopyrrolidin-1-yl) 5-oxopyrrolidine-
1,2-dicarboxylate(Z-pGlu-ONSy, 3) - 1-(Benzyloxycarbonyl)-
5-oxopyrrolidine-2-carboxylic acid(Z-pGly, 1, 6.00g, 22.80
mmole)'¥ 9} N-hydroxysuccinimide(HONSu, 2, 2.76g, 23.94
mmole)s 7 1 4-dioxane(30 miel] =]t 0°Coldd 1,3-dicyclo-
hexylcarbodiimide(DCC, 4.94 g, 23.94 mmole)E 713+ §& &%

AR dRo® geln] mHkskal 20°CelA 16A1K wRksk]

o} HEg g ofste] 2R At AdESat s
AASE - FALE ethanol(60 m)= AE7F310] 95.3% T8(7.83 g,
21.73 mmoD)E FHEYE Airt.

TLC#-BuOH : HOAc : EtOAc: H,0=1:1:1:1, viv:v:vV)
R=0.84,

TLC(CH,Cl,: MeOH : HOAc=90:10:1, v:v:v) R, =0.72

mp=135.6~136.2°C

'H NMR(300 MHz, CDCly) & 7.44(2 H, m, phenylic H),
7.37(3 H, m, phenylic H), 5.38(1 H, d, /=12.15 Hz, benzylic
H), 526(1 H, d, /=12.15Hz, benzylic H), 4.98(1 H, m, Z-
pGlu9) «-CH), 2.87(4 H, s, succinimide), 2.74(1 H, m, Z-
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pGlu), 2.64~2.393 H, m, Z-pGlu).

Sodium 2-(1-(benzyloxycarbonyl)-5-oxopyrrolidine-2-car-
boxamido)-3-(1H-imidazol-5-yl)propanoate(Z-pGlu-His-
ONa, 6) - Histidine(4, 2.15g, 13.88 mmole)Z} NaHCO5(1.17
g, 13.88 mmole)E E(54 mhHell ¥4 3] o)1, Z-pGlu-ONSu
(3, 5.00 g, 13.88 mmole)Z 1,4-dioxane(27 m)oll =< ¥ 20°C
oM histidine -NaHCO, 8o ¥ wie] 7}s3it. Hhg-jo] ¥
A Hobt oA Tl = F-Aa8) FdEe] v 34d s
] 20°ColA 447E Idksolch. WhEAE ofeiel of i AlA
Fn AAE AHES 1 4-dioxane(10 m) O = AlASHSICE 4
£-2 F3}al methanollM] AAAsI 4 22 e 544
AL 704% 55413 g, 9.77 mmo)=E. FTH

TLC®-BuOH : HOAc : EtOAc: H,0=1:1:1:1, v:v:v:V)
R=0.59,

TLC(so-propanol : H,O : HOAc : NH,OH=1:0.5:0.02:
0.03, v:v:v:v) R=039

mp=143.1°C(decomposed)

'H NMR(@300 MHz, DMSO-dg) & 854(1 H, d, /=7.71Hz,
CONH-), 7.59(1 H, d, J=0.71 Hz, imidazole H), 7.34(5 H, m,
phenylic H), 6.83(1 H, s, imidazole H), 516(1 H, d, /=12.8
Hz, benzylic H), 5.09(1 H, d, /=12.8 Hz, benzylic H), 4.67(1
H, dd, /=8.72 Hz, J=9.08 Hz, Z-pGlu?] o-CH), 4.42(1 H, m,
a-CH-His), 2931 H, dd, /=15.00Hz, j=5.64Hz, CH,-
imidazole), 2.841 H, dd, J=15.00Hz, J=7.93Hz, CH,
imidazole), 2.39(2 H, m, Z-pGlu), 2.27(1 H, m, Z-pGlu), 1.86
(1H, m, Z-pGlu).

Benzyl 2-(1-(2-carbamoylpyrrolidin-1-y1)-3-(1H-imidazol-
5-yl)-1-oxopropan-2-ylcarbamoyl)-5-oxopyrrolidine-1-
carboxylate (Z-pGlu-His-Pro-NH2, 8)-Z-pGlu-His-ONa(8,
500g 1180 mmole)? HONSw(2, 136g 11.80 mmole)E
DMF©25 mel 350)a 0°Cold DCC(2.44 g, 11.80 mmole)E 7t
3 F 22 Aa) 20°CE S Wk ot wkskith, 19
29 prolinamide(7, 1.35 g, 11.80 mmole)E 7}FstL 20°Col| A
16A17F 5o wRkatith Wk A-S ofwfgt & o dle] diethyl
ether(50 m)E 7}3t9] crude oilS AUt iRl crude oilE
gramd 60 m/¢] acetonitrile?} 10 m®} ethanol® A2 3t
743% 8435 g, 8.77 mmoDE FAAAS Agirh

TLC(iso-propanol : H,0 : HOAc : NH,OH=1:0.5:0.02 : 0.03,
viv:v:v) R=047

'H NMR(300 MHz, DMSO-dy) & 8.60(1 H, d, /=7.30 Hz,
CONH-), 8.10(1 H, s, imidazole-NH), 7.53(1 H, d, /=0.62
Hz, imidazole H), 7.64(6 H, m, phenylic H, Pro-NH,), 6.98
(1 H, s, Pro-NH,), 6.89(1 H, s, imidazole H), 5.16(2 H, s,
benzylic H), 4.70(1 H, dd, Z-pGlu8 o-CH), 4551 H, m,
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a-CH-His), 4181 H, m, Pro9 o-CH), 3501 H, m,
Prolinamide), 3.11(1 H, m, Prolinamide), 2.89(1 H, dd, CH,-
imidazole), 2.74(1 H, dd, CH,-imidazole), 2.39@2 H, m), 2.25
(1 H, m), 1.970 H, m), 1.814 H, m).

TRH(pGlu-His-Pro-NH,, 9) - Z-pGlu-His-Pro-NH,(@8, 2.77
g, 5.58 mmole)E F4 MeOH20 m)ol £33t 10% Pd/C
(80m@7h Hy, A hoIA AHE, ARFelA 3A17F B9} hydro-
genolysis ¥hg-2 ST WS AE celite® o F3laL o]NE 7+
5% 313 methanol-etherZ A2 43k 951% 58(1.92 g,
531 mmoD)® A4S YUt

TLC®-BuOH : HOAc : EtOAc: H,0=1:1:1:1, v:v:v:v)
R=0.23,

TLC(iso-propanol : H,O : HOAc : NH,OH=1:0.5:0.02 :0.03,
v:viv:v) R=0.30

'H NMR(300 MHz, D,0) & 8.64(1 H, s, imidazole H), 7.35
(1 H, s, imidazole H), 4.32(1 H, dd, pGlu®] o-CH), 3.76(1
H, m, o-CH-His), 3.59(1 H, m, Pro¥] «-CH), 3.271 H, m,
Prolinamide), 3.17(1 H, m, Prolinamide), 2.89(1 H, dd, CH,-
imidazole), 2.74Q1 H, dd, CH,-imidazole), 2.39¢2 H, m), 2.25
(1 H, m), 1.971 H, m), 1.81(4 H, m)

BC NMR(75MHz, D,0) & 21.8, 245, 256, 292, 295,
314, 471, 479, 51.8, 56.7, 60.5, 117.4, 132.8, 136.5, 171.6,
174.5, 176.8, 182.1.

Amide bondE B/33t7] A3 UNHER! A B O 2= acid
chlorideE o] &3t ¥, DCCE o] €31+ W, symmetric
anhydride 7} active ester ¥ X mixed anhydridety So] ¢l
O 1819 B ALo] 739 racemizationd] WAL HAidlE 4
S active ester S AMESETA} 5110 TAjof Aleko] Al
o7 AHE mixed anhydride] = A %5151t}

TS AN o Z go) AMSHE N C2 WS A%
31512 pyroglutamic acid(pGlu)2] 73-%- amide groups] FA&
£ benzyloxycarbonyl(Cbz or Z) group® = protectiondt 73-$-2¢
protectiond}A] 231 ¥}E HkEof| AMgEl= 5 71| W og A)
T3t

Pyroglutamic acid(pGlu)2} N-terminals B3 8kA] 9231 217
pGlu®ll 1-hydroxybenzotriazole hydrate(HOBT)E ©]-8-3} active
ester ¥H-3-¥ 3} isobutylchloroformate((BCF)E 0] €3+ mixed
anhydride™& A =3F1 0, ERIER] 952 Firg-Eo) A3
o7 o AAE o g% Yo} AR g},
histidine®] -§-viQl DMF % THFol| A< 54| go} ukg-2] =
o] 2|11 F 88 V)E3th

pGlu®] N-terminaks benzyloxycarbonyl(Chz)® K &3t 3155
13} HOBT, N-hydroxy-5-norbonene-2 3-dicarboximide(HONB)
2 N-hydroxysuccinimide(HONSu)S- ©]€-3 active ester {h-&
13} isobutylchloroformate(IBCF)S ©18-3F mixed anhydrides]
< AE3I8lth HOBTE o]83t Hh3-2] 39 FibEo] g A
A om go) go} o] WhHE o] 83z Zlo] AdakA| ¢
otor, IBCFE ©] 43t mixed anhydride 9H3-2) 79 oA 2
AHgo] T AAEN o 8o Wit 9 7 7 wee] A
- histidine®} f7]-8wlol] et G =7} Ro} whgo] AH3) 7
] g F o7 AlZH o). Histidine2 & 2 83|35}
U f718ulelle A &3li7t HA) o H R histidine®] ol
gt S ANdsh] 13t =olx g0l kst active
ester?) HONB%} HONSuZE: ©]83}0] 22} ihg-2 Asith
HONB ®h&-9] 734 BAsaS Az o £ 782 93
o}, 3RS ¥l B AldAo] golatA] kot AEsk] dsk
o}, HONSuE ©]-&-3t 8hg-9] 239 Fakzo] A=A ¢ 2t
Au)gl glo] ¥hgo] fojstAl & o AAge] golstod
ARE9] Fe, FAE ARer AUAoR & TEE S
A3k F, ¥4 14-dioxaneo| Z-pGlu(1)3} HONSu(2) 2
DCC% ®h-$-3to] AAIE active ester?] Z-pGlu-ONSu(3)E
ethanol® AA7F3lo] 953%2 &5 I, o]F NaHCO,
Z7) &ol histidine(@)®} FENE : 1,4-dioxane=54:27, v:v)
ol wkesle] AP HAES methanolZ AHZA 31 70.4%
2 &7 Z-pGlu-His-ONa(6)5 ¢ A tHScheme 1), A ES
methanolol|A] 23 F<et WX Fe ZpGlue] 2l+F27) 7
gigEo] Yehda AAES TR #slol TLC % 'H NMR
< SIS AT £ spectad I T QIO 93]
2 A4 Qlo] ol AAES o Wgof] AR A
o] FEEE BY 7 v o AEEH

Z-pGlu-His-Pro-NH,(8)2] A&t gH-eS 27 $3}od
HOBT & HONSuZ |83} active esterd®} DCCE o]-43t 3t
S =3kt

HOBTE ©]§% §h&-o] A9 Ahz o= yigo] 2 23x|A]
WU FARES] Aol wokew, AgdH AHE(e.dhe] A
o] olatA] A3t DCCE o838 Hhg2l A% AtiF o
2 52 78 AdA o] golskA] gkebx] AAst Mol of
yglon], ubde HONSuZ olg3 gAdHo] £ 583 &
e A W Boldt AW 9 olvE 7H A
Z-pGlu-His-ONa(6)2} 1 Z=°] HONSu(2)E DMPel| =21 & 1
=] DCCY 1 292 prolinamide(7)E 718k AR AHE
S acetonitrile®} ethanol(6: 1, v: v)E B33t Z-pGlu-His-
Pro-NH,(8)S 74.3% &= Atk ¢ dh3olM Akgd T3
Al W Aok vl &g Ags] 1 S FABRs Zo] FadhH,
ggo] SIS A9 PAEC] T s W 83 A
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Scheme 1 - Synthesis of TRH.
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pGlu-His-Pro-NH,
(TRH, 9)

o B AL 70.4%2] FE2 Aek 2 FHEC] TLC
% 'H NMR 224l ojsia uﬂ° Eraigons AR 9
o] thE Whgell AMgslols Fgai mheb $582 S7IsIsIth
Z-pGlu-His-ONael HONSus} DCCE 7}t ¥ prolinamide®
7¥ste] Z-pGlu-His-Pro-NH, 2 €231 0™, #F2 0% hydro-
genolysis ¥Fg-¢] 28] TRHZ 23Ut}
£ Aol gste] TRHE vlwd] foloiA e &

U= TAMS sl o R AlESelS 7|ofskelet AksET).
ZHAe| Br&d
o] BEL 2007dE AREE7ER)e] Aoz auik)
0] 2]9-g ol FalE A7 (R11-2007-040-02004-0).
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