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Sz~rnmary. A convenient and simple synthesis of L-pyroglutamyl-L-histidyl-L-prolinamide is 
descril~cd. Two pathways using the  solid phase tcchnique have led to the pure tripeptide. 

Thyrotropin releasing hormone (TRH) was isolated from porcine hypothalamus 
by Schally et al. [l] and from ovine hypothalamus by Guillemin et al. [ Z ] ,  and proved 
to be identical with r*-pyroglutamyl-L-histidyl-L-prolinaniide [3]. A classical synthesis 
of this tripeptide was reported recently j4] ; the solid phase technique 151 used here 
gives better yields, is simpler and quicker. 

The following reaction scheme was used. t-Butyloxycarbonyl (Boc) is introduced 
in proline, glutamic acid or glutamine as the amine protecting group j6] using Boc- 
azide a t  constant alcaline pH. The purity of the Boc-aminoacids was checked by 
measuring the rotation and by thin-layer chromatography. The histidine imidazole 
group was protected with o,p-dinitrophenyl before condensation, as selective removal 
of this group can easily be performed by thiolysis a t  pH 8 [7]. 

Protected histidine was reacted with proline linked on the chloromethylresin in 
the presence of dicyclohexyl-carbodiimide (Dcc). The glutamyl residue was introduced 
in two ways: (A) Boc-pyroglutamic acid was condensed in the presence of Dcc; 
(B) Boc-glutam.ine dinitrophenylester j 81 was reacted with the dipeptide linked to the 
resin in dimeth:ylformaniide. The tripeptide was split from the resin by aminolysis 191, 
the imidazole -protecting group removed, and the glutamine converted into pyro- 
glutamic acid by boiling acetic acid [lo]. 

The tripept.ide was purified by Sepliadex G10 filtration followed by silica-gel 
chromatography. The pure material did not react with ninhydrin, as could be anti- 
cipated due to the presence of prolinamide and pyroglutamic acid. After silica-gel thin 
layer chromatography in several solvant systems [ll], the product gave a single spot 
when detected with Pauly's reagent. The optical rotation was of the order of the 
one published 141. After acid hydrolysis, the three initial aminoacids could be detected 
by spraying the thin layer chromatoplaque with ninhydrin. 
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Experimental. - 1. Preparatiovl o j  Boc-L-prolzne, Boc-L-glutamic acid and Boc-L-glutavrzine. 
Radiometer autotitrator TTT was used and the rcaction time extended to  l,.? time of the  usual 
duration to increase yields. 

Eoc-Pro 8.6 2 h %yo 134" - 60,O' (AcOH) 

BtJC-GlIl 10 3 24 h 82%) 158 - 3,O" (EtOH) 
noc-Glu 10.0 18 11 97 yo 116-1 18" - 16,l' (MeOH) 

Thin layer chromatography with silica gel ,Werc-k 5721 /0025 was performed using as solvants 
CtICI,-MeOH-.2cOH (85/10/5, a / v ) .  

2. ,V(im)-DNP~V-a-~oc-L-histidine. L-histitline mcth ylester tlihydrochloritl was prepared [12] 
(yield SOo/,, imp. 127-130", [ C C ] ~ ,  = + 16,0', c = 1 (MeOH)) antl the amine group protected with 
DOC in pyritline according to  1131 (yield 82:/,, n1.p. 137", [ x ] ~ ]  = -14", c = 1 (MeOH)); finally, 
tlinitrofluorobenzene was reacted with the imidazolc group according t o  [7j (yield 62%, 1n.p. 94", 
r a i ~  = .55,3", c = 1 (ethyl acetate)). 

3. Boc-L-pyroglutamir ucid was preparetl according to [14). This coinpoiintl is easier to  purify 
by crystallization than Boc-glutamic acid [15 1. 

4. Preparation of Boc-L-proline 1iv:ked f o  the resin, I ? .  Bio-beads resin SX2 200-400 mesh was 
reacted with chlorouicthyl-inrthyl-ether j16] in the  presence of tin(1V) chloride. The chloride 
content of the  tlried rcsiii was 1,37 inMol/g. Boc-proline (F,44 g) was hcatcd a t  90" for 50 hours 
with thc chloroniethylrcsin ( 2 , l  g) in presence of tlry c thanol  (6  nil) and trin-icthylarnine (0.42 nil). 
Thc resin content was 0,117 inMol Boc-l'ro/g. 

5 .  Preparation OJ K-L-prolyl-L-h?stidyI-N(irn)-I~,?\rP-cc-Boc-pyroglutamic. acid (procedure A ) .  
R-Roc-prolinc (1,37 g) was introduced in the apparatus descrilied by Merrzfield [ 5 ]  and shaken in 
the prcsence of tlioxane (three portions of 10 In1 for 5 min each), HC14~/d ioxane  (10 ml, 30 inin), 
dioxane (3x  10 inl, 5 niin each), CHCl, (3x 10 nil, 5 min each), triethylarninelCHC1, (1:9, v/v) 
(10 ml, 10 niin), CI-ICl, ( 3  x 30 ml, 5 niin each), CH,C,I, ( 3 x  10 nil, 5 min each). Then N(im)-DNI'- 
N-a-Roc-His (647 mg) was suspended in 6 nil C,H,(:l, and shaken for 5 mill in presence of the resin; 
I k c  ( S O 0  mg/ml CH,CI,) (0,87 ml) was added and shaken lor 150 min, then C,H,Cl, (3  x 10 nil, 
5 inin each). The whole procedure was repeated, then Boc-pproglutamic acid (481 mg) was in- 
trotlucctl. The protecting group of pyroglutamic acid was rcmovctl with HCh 4 ~ / D i o x a n e  and the 
resin washed with acetic acid and  ethanol. Thc weight incrtase of the dried resin was 56 mg 
(yicld: 800/). 

6. ~ - h i ~ t i d y y E - N ( i ~ ~ ) - I ) N P - L - p r o l i n a m i d p - ~ .  The resin from 9 5 was suspended in 
dry incthanol saturated with NH, at 0" and shaken for 48 hours at room temperature [9]. After 
filtration, the resin was washed with methanol antl the so lvrn t  removed under vacuum at low 
t c  myerature. 

7. ~~-pyrogZzctamyl-~~-hrstid~~l-L-prolznamide. The resitluc was tlissolvctl in W,O/CH,OH (I :I, v/v) 
(10 ml) and the p H  adjustcd t o  8 with sodium carbonate. Thioethanol was added and the mixture 
left owmight  at room temperature [7].  Addition o f  glacial acetic acid brought the pfI to  3,s .  The 
solvents wore removed under vacuuni : the residue was tlissolvctl in water and dinitrophenol was 
extracted with ether. Thc aqueous layer was Creeze-driotl, taken u p  in water, and desalted by 
Sephadex G 1 0  filtration. The head fractions reacting with Pauly's reagent. were collected and 
Irwze-dried. The residue was purifictl b y  culum~i-ch~-oi~iatography on silica gel (Merck 7734, 
70-325 mesh ; eluent: CHCI,-CH,OH (30:60, v / u ) ) .  The fractions giving a color reaction with 
Pauly's reagent were collected, and the solvents removed under vacuum at. room temperature. 
The residue (50 mg) was dissolved in acetic acid antl freeze-dried. The product is hygroscopic. 
[ K ] ~  : 40 ' (c = 1 ; I ~ O H ) ,  yield 737: from resin liiiked proline. 

8 .  Preparation of R-L-prolyl-L-his tzd~l-~~(~~)-DNP-Wcc-Boc-L-gZutanzine (procedure B ) .  The 
procedure described in $ 5 was applied: to R-L-Boc proline (840 mg) and N(im)-DNP-Nx-Boc- 
z-histidine (200 mg), bu t  purified tiimethylformamide was used to wash the  resin instead of 
Cf7,CI2; tlinitrophenyl-~-~~ic-gluta~iiinc [ X i  (n1.p. 154- 1.5.j0, [air) = 35", (c = 1 ; dimethylform- 



HeLvs~rica (‘HInirc,i .\cT.\ - \’oL 54, 1;asc. I (1971) ~ Nr. 38 357 

amide)) (382 mg) was allowed to  react during 3 hours. ‘l‘he resin was proccsscd as described: thc 
weight increase amounted to a 89y0 yield. 

( I .  CyclizatiorL of L-glutarninyl-L-histill~l-i.~proliiiunizide. ’Hie repetition of the steps tlcscribcd in 
S 6 for aminolysis and 9 7 for thiolysis has Icd to ~-gluta~ninyl-~-histidyl-~-proliiia~nidc. Thc 
product was boiled 2 min in glacial acetic acid to  convert the glutamyl into the pyroglutaniyl 
group [lo]. The mixture was purified as described. The product is hygroscopic. [ulU = -39”, 
(L: = 1 ; .\cOH), pir:ld 6076 from the rcsine linked prolin. 

10. Cowparison of the peptides prepared by the procedures 4 and B .  Both products exhibit the 
same chromatographic behaviour in several solvent systems [I 11. After acid hydrolysis ( 6 ~  HCI, 
24 h under vacuum) and thin layer chromatography in 70% ethanol - H,O (95:s u / u ) ,  the two 
preparations gave rise to the threc initial aminoacids. 

11. Biological actavzty in Man.  A t  the dosc of 200 peg, thcsc prcparations arc ablc to elicit a 
large increase of circulating TSH in 8 normal children as well as in 3 untreated hypothyroid 
children [17] ; they have becn used to  differcntiatc hypothalamic from hypophyscal insufficiency 
C17j. No side effect was noted after intravenous administration. 

Thc, technical help of Miss M.-0. Delauizuy is gratefully aknowledged. 
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