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A tetratetracontapeptide amide corresponding to the entire amino acid sequence of porcine
hypothalamic growth hormone releasing factor (pGRF) was synthesized by a conventional solution
method, by assembling nine peptide fragments followed by deprotection with 1 M trifluoromethane-
sulfonic acid-thioanisole in trifluoroacetic acid. The synthetic peptide was as active as synthetic
human GRF-44-NH, in an in vitro assay. A new substituted hydrazine, 2,2,2-trichloro-tert-
butoxycarbonyl hydrazine, was employed for the preparation of a hydrazide containing Glu(OBzl).
In the deprotecting step, Me,Se was employed to facilitate acidolytic cleavage of protecting groups,
as well as reduction of Met(O).

Keywords——porcine growth hormone releasing factor synthesis; substituted hydrazine;
reduction of Met(O); trifluoromethanesulfonic acid deprotection; thioanisole-mediated deprotec-
tion; in vivo GRF activity

Following the structural elucidation of human pancreatic tumorous peptides with high
intrinsic growth hormone releasing activity,>* growth hormone releasing factor (GRF) has
been isolated from various mammalian hypothalamic tissues and chemically charac-
terized.>

We wish to report the solution synthesis of a tetratetracontapeptide amide correspond-
ing to the entire amino acid sequence of porcine GRF (pGRF), the structure of which was
determined by Bohlen ez al.® in 1983. This factor possesses the same sequence as human GRF
(hGRF), except for replacement of three residues at positions 34, 38 and 42, i.e., Ser, Arg and
Ala of hGRF with Arg, GIn and Val, respectively.

The methods we employed here are essentially the same as employed for our previ-
ous synthesis of h\GRF-44-NH,.'” Amino acid derivatives bearing protecting groups remov-
able by 1M TFMSA-thioanisole in TFA!! were employed, i.e., Arg(Mts),'? Glu(OBzl),
Asp(OBzl) and Lys(Z). Met was protected as its sulfoxide.!® Eight peptide hydrazides
and the C-terminal dodecapeptide amide were selected as building blocks to construct
the peptide backbone of pGRF by the azide procedure'® (Fig. 1). Of these, six fragments,
[2], [5], [6], [7], [8] and [9], are available from our previous synthesis of hGRF,'® and frag-
ment [3] from our previous synthesis of hGRF-37-NH,.** Fragment [4] (position 23—24)
was prepared by the usual hydrazinolysis of Z(OMe)-Leu—GIn-OBzl obtained by the
mixed anhydride procedure.'® The C-terminal fragment [1], which covers the area of species
variation between hGRF and pGRF, was synthesized according to the scheme illustrated
in Fig. 2. Starting with Z(OMe)-Arg(Mts)-Leu-NH,,!” the protected pentapeptide,
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positions

1—6 [9] Z(OMe)-Tyr-Ala-Asp-Ala-Ile-Phe-NHNH,
7—10 [8] Z(OMe)-Thr-Asn-Ser-Tyr-NHNH,
11—14 [7}] Z(OMe)-Arg(Mts)-Lys(Z)-Val-Leu-NHNH,

15—18 [6] Z(OMe)-Gly-Gln-Leu-Ser-NHNH,
19—22 [5] Z(OMe)-Ala-Arg(Mts)-Lys(Z)-Leu-NHNH,
23—24 [4] Z(OMe)-Leu-GIn-NHNH;,
25—27 [3] Z(OMe)-Asp(OBzl)-Ile-Met(O)-NHNH,
28—32 [2] Z(OMe)-Ser-Arg(Mts)-Gln-Gln-Gly-NHNH——
33—44 [1] Z(OMe)-Glu(OBzl)-Arg(Mts)-Asn-Gln-Glu(OBzl)-
Gln—Gly—Ala—Arg(Mts)—Val~Arg(Mts)-Leu“—T\IH2

H-Tyr-Ala-Asp-Ala-Ile -Phe-Thr-Asn-Ser -Tyr-Arg-Lys-Val-Leu-Gly-
Gln-Leu-Ser ~Ala-Arg-Lys-Leu-Leu-Gln-Asp-Ile -Met-Ser ~-Arg-Gln-
GIn-Gly-Glu-~-Arg-Asn-Gin-Glu-Gln -Gly-Ala-Arg-Val -Arg-Leu-NH,

Fig. 1. Synthetic Route to pGRF

positions

33 Z(OMe)-Glu(OBzl)-ONp

1.Np

34 Z(OMe)-Arg(Mts)-OH
35 Z(OMe)-Asn-ONp

36  Z(OMe)-GIn-ONp 1. Np
2. TFA
37 Z(OMe)-Glu(OBzl)-ONp L Np 1. Np
38  Z(OMe)-Gln-ONp———————— | Np |2.Zn- 2. TFA
AcOH .
39 H-Gly-NHNH-Tcboc 2. TFA 1. azide

2. TFA

40 Z(OMe)-Ala-OH

41 Z(OMe)-Arg(Mts)-OH 1. mix.

42  Z(OMe)-Val-OH———— 1. mix. | 2. TFA
43—44 H-ArgMts)-Leu-NH,— 2. TFA

1. mix.
2. TFA

Z(OMe)-Glu(OBzl)-Arg(Mts)-Asn-GIn-Glu(OBzl)-Gln-
Gly-Ala-Arg(Mts)-Val-Arg(Mts)-Leu-NH, [1]

Fig. 2. Synthetic Scheme for the Protected Dodecapeptide Amide Z(OMe)—(pGRF
33—44)-NH, [1]

Z(OMe)-Ala—Arg(Mts)-Val-Arg(Mts)-Leu-NH,, was prepared in a stepwise manner by the
mixed anhydride procedure. Next, Z(OMe)-Glu(OBzl)-GIn-Gly-NHNH-Tcboc was pre-
pared by the succesive Np procedure'” with the aid of Tcboc-NHNH,,'® the protecting
group of which was found to be cleaved by Zn in AcOH'® more easily than Troc-NHNH,.2?
This peptide, after removal of the Tcboc group, was condensed with a TFA-treated sample of
the above pentapeptide amide. The resulting octapeptide chain was elongated to [1] in a
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TaBLE I. Amino Acid Ratios in 6N HCI Hydrolysates of Synthetic pGRF and Its Protected Intermediates

Protected intermediates

Synthetic
pGRF
28—44 25—44 2344 1944 15—44 11—44 744  1—44
Asp 0.90 1.96 2.03 2.19 2.20 2.13 3.06 3.87 3.98 (4)
Thr 0.84 0.83 0.96 (1)
Ser 0.74 0.83 0.85 0.94 1.68 1.70 2.45 2.56 2.69 (3)
Glu 5.97 6.13 7.60  8.10 9.11 8.86 8.83 8.82 8.40 (8)
Gly 1.88 1.99 2.14 2.30 3.17 3.09 3.16 3.23 3.15 (3)
Ala 1.03 1.00 1.10 2.10 2.12 2.10 2.12 3.85 4.01 (4)
Val 0.95 0.98 1.07 1.12 1.08 1.93 1.91 1.90 1.83 (2)
Met 0.88 0.74 0.85 0.92 0.91 0.86 0.82 0.83 (1)
Ile 0.94 0.89 0.96 1.00 0.99 0.99 1.74 1.86 (2)
Leu 1.00 1.00. 2.00 3.00 4.00 5.00 5.00 5.00 5.00 (5)
Tyr 0.81 1.66 1.66 (2)
Phe 0.75 0.89 (1)
Lys 1.01 1.06 2.17 2.02 2.03 1.92 (2)
Arg 3.75 4.16 4.54 5.79 5.75 6.55 6.50 6.46 6.14 (6)
Rec. (%) 80 73 69 65 74 77 78 92 67
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stepwise manner by successive addition of appropriate amino acid residues via the Np ester or
the mixed anhydride. ,

Nine fragments were assembled successively by the azide procedure according to the route
shown in Fig. 1. The products obtained from the coupling reactions of fragments up to [4]
were purified by precipitation from DMF or DMSO-DMF with appropriate solvents,
such as MeOH, AcOEt or ether, and the other products by gel-filtration on Sephadex
LH-60 using DMF as an eluant. Throughout this synthesis, Leu was used as a diagnostic
amino acid. Each intermediate was subjected to acid hydrolysis and the recovery of Leu
was compared with those of newly added amino acids in order to ascertain satisfactory
incorporation, after each condensation, as shown in Table I. The homogeneity of every
intermediate was further ascertained by elemental analysis and thin layer chromatography
(TLO).
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In the final step, the protected pGRF was treated with 1 M TFMSA—thioanisole in TFA
in the presence of m-cresol and dimethylselenide®” in an ice-bath for 90 min to remove all the
protecting groups employed. Dimethylselenide has proven to have an ability to accelerate the
cleavage of protecting groups and in addition to reduce Met(O) more effectively than
thioanisole under these acidic conditions.??’ The deprotected peptide, after being converted to
the corresponding acetate with Amberlite IRA-400 (acetate form), was treated with dil.
ammonia at pH 8.0 to reverse a possible N—O shift?? at the Ser and Thr residues and then
incubated with dithiothreitol to ensure the complete reduction of Met(O). The reduced
product was purified by gel-filtration on Sephadex G-25 followed by reverse-phase high-
performance liquid chromatography (HPLC) on a Zorbax (Shimadzu) BP-ODS column using
gradient elution with acetonitrile (30 to 40%) in 0.3%, TFA. The product thus purified was
converted to the corresponding acetate by using Amberlite IRA-400. Homogeneity of the
synthetic pGRF was ascertained by analytical HPLC and amino acid analyses, after 6 N HCI]
hydrolysis and enzymatic digestion.

When tested in an in vitro system according to Guillemin et al.,>® our synthetic pPGRF
(0.1—0.5 ug) stimulated the secretion of immunoreactive growth hormone in rats (Fig. 3) and
its potency was estimated to be equivalent to that of our synthetic hGRF-44-NH,.

Experimental

General experimental methods employed in this investigation are essentially the same as described in our hGRF
synthesis.!® An azide was prepared according to Honzl and Rudinger”’ with isoamyl nitrite and a mixed anhydride
was prepared according to Vaughan and Osato'®® with isobutyl chloroformate. Products were purified by
precipitation (A) using appropriate solvents or by gel-filtration (B) on Sephadex LH-60. Solvents used for (A): A-1,
MeOH-ether; A-2, MeOH-2-propanol; A-3, DMF-EtOH; A-4, DMF~-MeOH; A-5, DMSO-DMF (2:1)-MeOH;

TaBLe II. Physical Constants and Analytical Data of Fragment [1] and Its Intermediates

Analysis (%)

Puri. Yield mp [o]3 Calcd (Found)
Compounds proc. Rf, ) °C)  (in DMSO) Formula

C H N

Z(OMe)—(42—44)-NH, A-1 065 94 155—158 —11.7° C;5Hs3N,04S 5743 7.30 13.40
(57.15 7.16 13.32)

Z(OMe)~(41—44) NH, A2 063 69 198200 —10.0° CsH,sN;;O.,S,  56.10 7.06 14.40
(56.05 7.11 13.69)

Z(OMe)—(40—44)-NH, A3 077 66 195198 —18.0° Cs3HgoN;,0,,8, 5577 7.07 14.73
(55.53 7.09 14.61)

Z(OMe)~(38—39) A1 050 81 105—110 —2.0° C,H,ClLN,O  43.12 4383 11.98
NHNH-Tcboc (42.83 493 11.73)
Z(OMe)~(37—39) Al 062 95 136—140 —22° CyH,,CLN,O,, 4929 514 1045
NHNH-Tcboc (49.02 5.39 10.71)
Z(OMe)«(37—39)-NHNH, A-3 0.53 63 145—150 —0.6° C,sH;oNgOs- 53.58 6.26 13.39
1.5H,0 (53.74 592 13.21)

Z(OMe)~(37—44)-NH, A-4 055 76 222225 —18.0° C,H04NyOgS,- 5530 6.83 14.33
H,0 (5521 6.79 14.39)

Z(OMe)~(36-—44)-NH, A5 079 95 260 250.0° C,oH,;,N;5050S,- 54.08 6.84 14.75
(dec.) 2H,0 (53.99 6.75 14.85)

Z(OMe)~(35—44)-NH, A-6 046 87 260  —16.8° CgH;1sN30,,S,- 53.86 6.70 15.51
(dec.) H,O (53.85 6.66 15.29)

Z(OMe)~(34—44)-NH, A7 050 99 260 —18.3° CogH,soN,,0,5S;  52.88 6.75 15.42
(dec.) 3H,0 (53.15 6.86 14.94)

Z(OMe)~(33—44)-NH, A-8 052 99 260 —16.7° CyosH;s3N,50,68;- 54.46 6.64 14.00
(dec.) 2H,0 (54.25 6.52 14.77)
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TaBLe III. Physical Constants and Analytical Data of Fragment [4] and Its Intermediate

Analysis (%)

Puri. Yield mp [«]3 Calcd (Found)

Compounds proc. Rf, ©) ©C) (in DMSO) Formula
C H N
Z(OMe)—(23—24)-OBzl A-1 0.89 63 150—153 -9.5° C,;H3sN;O,  63.14 6.87  8.18
(63.14 6.84  8.01)
Z(OMe)-(23—24)-NHNH, A-1 0.50° 80 208—210 —5.7° CyoH3; NsOg 5490 7.14  16.01

(5473 717 16.04)

TaBLE 1IV. Physical Constants and Analytiéal Data of Protected pGRF and Its Intermediates

Analysis (%)

o 3 25
Compounds ;I:ruc:cls Rf \;;)l)d (in I[;%\?I S0) Formula Caled (Found)
C H N

Z(OMe)—-(28—44)-NH, A-6 0.43 70 —14.3° Ci3sHi0oN35055S, - 5221 6.64 15.44
5H,0 (52.39 6.46 15.43)

Z(OMe)~(25—44)-NH,  A-6 0.45 74 —10.8° Ci60H230N3504,Ss-  52.79  6.65 14.62
5H,0 (52.50 6.68 14.43)

Z(OMe)—-(23—44)-NH, A-6 0.40 84 —25.0° Cy71Hy40N,, 04,85+ 50.56 692  14.14
: 15H,0 (50.80 6.87 14.08)

Z(OMe)—(19—44)-NH, B 0.43 76 —-9.5° Cu00H305N40055Ss-  53.58  6.82  14.65
6H,0 (53.23 6.85 14.96)

Z(OMe)—(15—44)-NH, B 0.41 87 —20.0° C,2sH33,N5,06,S¢- 53.11 6.85 14.87
7H,0 (52.80 6.73 15.40)

Z(OMe)—(11—44)-NH, B 0.57 69 —14.5° Ci65H30:Ng2060S,- 5345 697 14.58
10H,0 (53.46 6.80 14.86)

Z(OMe)—(7—44)-NH, B 0.47 90 —13.3° CyssH410Ng,045S,- 53.61  6.87 14.70
8H,0 (53.35 6.82 15.16)

Z(OMe)—1—44)-NH, B 0.45 82 —16.0° C310Hu63N73046S,- 5395 6.80 14.40
10H,0 (53.76  6.68 14.73)

A-6, DMSO-DMF (1:1)-MeOH; A-7, DMSO-DMF (1:2)-AcOEt; A-8, DMSO-DMF (1 : 1)-AcOEt. Procedure
employed for (B): individual fractions (10 m! each) were examined by ultraviolet (UV) absorption measurement at
280nm and the fractions corresponding to the front peak were combined. The solvent was removed by evaporation
and the residue was treated with ether to afford a powder.

Analytical HPLC was conducted with a Shimadzu LC-4A model equipped with a Cosmosil (Nakarai Chem.
Co.) 5C4P (4.6 x 150 mm) column using linear gradient elution with acetonitrile (30 to 409, 20 min) in 0.3% TFA ata
flow rate of 1.0 ml/min.

TLC was performed on silica gel (Kieselgel 60 F,s,, Merck). Rf values refer to the following solvent systems: Rf;
CHCl;-MeOH-H,0 (8:3:1), Rf, n-BuOH-AcOH-pyridine-H,O (4:1:1:2).

Synthesis of Fragment [1] Fragment [1] was prepared according to the scheme shown in Fig. 2. Purification
procedures, physical constants and analytical data are shown in Table II.

Synthesis of Fragment [4]—This fragment was prepared as described in the text. Data obtained for
characterization are listed in Table III.

Synthesis of Protected pGRF Nine fragments were condensed successively by the azide procedure.
Purification procedures, physical constants and analytical data are listed in Table IV. All protected peptides
decomposed at over 260 °C.

H—Tyr—A]a—Asp—Ala—Ile-Phe—Thr—Asn—Ser—Tyr-Arg-—Lys—VaI—Leu—Gly—Gln—Leu-—Ser—Ala—Arg—Lys—Leu—
Leu—GIn-Asp-Tle-Met—Ser—Arg—Gln~GIn-Gly-Glu-Arg—Asn— Gln—Glu—Gln—Gly—Ala—Arg—Val—Arg—Leu—NHz,
pGRF—44-NH, Z(OMe)-(pGRF 1—44)-NH, (100 mg, 14.4 umol) was treated with 1 M TFMSA—thioanisole in
TFA (3.5ml) in the presence of m-cresol (91 ul) and Me,Se (66 ul) in an ice-bath for 90 min, then dry ether was added.
The resulting powder was collected by centrifugation, dried over KOH pellets in vacuo for 30 min and dissolved in
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a) preparative HPLC b) analytical HPLC

15.7 min

inject. OD 280 nm
. inject. OD 280 nm

Fig. 4. HPLC of Synthetic pGRF

509 AcOH (10 ml). The solution, after being stirred with Amberlite IRA-400 (acetate form, ca. 1 g) for 30 min, was
filtered. The pH of the filtrate was adjusted to 8.0 with dil. NH,OH and after 30 min to pH 6.5 with IN AcOH. The
solution was incubated with dithiothreitol (111 mg) at 40 °C for 8 h and then lyophilized. The product was purified by
gel-filtration on Sephadex G-25 (1.8 x 90cm) using 1 N AcOH as an ¢luant. The fractions (4 ml each) corresponding to
the front main peak (tube Nos. 23—40, determined by UV absorption measurement at 280 nm) were combined and
the solvent was removed by lyophilization to give a fluffy powder; yield 60 mg (82%).

Subsequent purification was performed by reverse-phase HPLC on a Zorbax (Shimadzu) BP-ODS column
(7.9 x 250 mm). The above gel-filtered sample (10mg) was applied to a column, which was eluted with acetonitrile
(gradient of concentration from 30% to 40%, within 20min) in 0.3%; TFA at a flow rate of 3.0ml/min. The eluate
corresponding to the main peak (retention time 22.6 min, Fig. 4-a) was collected and the solvent was removed by
evaporation in vacuo. The rest of the sample (50 mg) was similarly purified. The product thus obtained was converted
to the corresponding acetate by Amberlite IRA-400 (acetate form) and finally lyophilized to give a fluffy white
powder; 12 mg (20%), total yield from the protected pGRF was 167;. [a]i —56.7° (¢=0.6, 1 N AcOH), Rf, 0.32. A
single peak in analytical HPLC: retention time 15.7min (Fig. 4-b). Amino acid ratios after aminopeptidase M
digestion (Merck Art. 24645, Lot. No. 2513445): Asp 2.07 (2), Gln (6) + Thr (1) 6.24 (calcd as Thr), Ser 3.08 (3), Glu
2.49 (2), Gly 2.86 (3), Ala 3.94 (4), Val 2.14 (2), Met 0.98 (1), Ile 1.93 (2), Leu 5.00 (5), Tyr 2.09 (2), Phe 1.09 (1), Lys
2.31(2), Arg 5.64 (6), Asn (2) N.D. (Recovery of Leu 78%). Anal. Calcd for CygH3e5N73066S - 9CH,COOH - 29H,0:
C, 46.15; H, 7.44; N, 16.58. Found: C, 45.84; H, 6.89; N, 16.98.
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