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Abstract:

The Fmoc/TAEA and Bsmoc/TAEA methods for the rapid,
continuous solution synthesis of peptide segments are shown
to be applicable to the gram-scale synthesis of short peptides
as well as, for the first time, to the synthesis of a relatively long
(22-mer) segment, (hPTH 13-34). In the latter case the crude
product was of significantly greater purity than a sample
obtained via a solid-phase protocol. The Bsmoc methodology
was optimized by a new technique involving filtration of the
growing partially deprotected peptide at each coupling-
deprotection cycle through a short column of silica gel.

Introduction

Scheme 1. Continuous synthesis of short peptides
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similarly
peptides of six to eight amino acid unit®Now we show
this technique to be easily adaptable for larger-scale syntheses
and, in one case, to the synthesis of a peptide built from 22
amino acid units. The key step of the process (Scheme 1)
involves deblocking via 4-(aminomethyl)piperidine (4-AMP)

The large-scale synthesis of peptides can be carried outyy tris(2-aminoethyl)amine (TAEA) which leads to the

by either classical solution methods or by continuous solid-

formation of adductd? or 2, respectively.

cies, for example the need to isolate and purify intermediates
in the former case and the problems of handling large
amounts of expensive resins or large excesses of reagents
in the latter. Upon considering how best to scale up the

phase syntheses. Each method suffers from certain deficien-

synthesis of biologically active peptides for clinical testing NH NHCH,CH.N(CH,CH.AH)
and eventual commercial production, it seemed desirable to N BT
combine the best aspects of both methods, thus leading to ) s

our examination of continuous solution techniques.

Results and Discussion

Previously, these continuous solution methods have been
used for the small-scale synthesis by Fmoc chemistry of short
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T Abbreviations not defined in the text: ACN acetonitrile; 4-AMP=
4-(aminomethyl)piperidine; Boe= tert-butyloxycarbonyl; Bsmoe= 1,1-diox-
obenzo[b]thiophene-2-ylmethyloxycarbonyl; DBF dibenzofulvene; DCM=
dichloromethane; Dcpree dicyclopropylmethyl; DEA= diethylamine; DIEA
= diisopropylethylamine; Dmcp= dimethyl(cyclopropyl)methyl; DMF=
dimethylformamide; Fmoe 9-fluroenemethyloxycarbonyl; N-HAPy& 1-(1-
pyrrolidinyl-1 H-1,2,3-triazolo[4,5-b]-pyridinylmethylene)pyrrolidinium hexafluo-
rophosphate 3-oxide; N-HATE 1-[bis(dimethylamino)methylene]-1 H-1,2,3-
triazolo-[4,5-b]pyridinium hexafluorophosphate 3-oxide; N-HBFUL-[bis(di-
methylamino)methylene]-1 H-benzotriazolium hexafluorophosphate 3-oxide;
hGRF = human growth hormone-releasing factor; HOAt7-aza-1-hydoxy-
benzotriazole; HOBt= 1-hydroxybenzotriazole; hPTH human parathyroid
hormone; MALDI= matrix-assisted laser desorption ionization; Kiminhydrin;
Pbf= 2,2,4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl; PFRhEentafluo-
rophenylalanine; reagentR TFA/thioanisole/1,2-ethanedithiol/anisole(90/5/3/
2); TAEA = tris(2-aminoethyl)amine; TFA= trifluoroacetic acid; TFFH=
tetramethylfluoroformamidinium hexafluorophosphate; Frtrityl = triphenyl-
methyl.
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These adducts can be removed by extraction with an aqueous
buffer of pH 5.5 without disturbing the growing peptide. In
addition, in contrast to the case for the solid-phase approach,
at any stage the growing peptide can be directly sampled
and analyzed.The MALDI mass spectrometric technique
represents a convenient method of following the reaction,
provided that sampling follows the deblocking procéss.
Potentially, continuous solution methods should be easily
adaptable both for large-scale syntheses and for the synthesis

(1) (a) Carpino, L. A.; Cohen, B.; Stephens, K. E., Jr.; Sadat-Aalaee, S. Y.;
Tien. J-H.; Langridge, D. CJ. Org. Chem1986 51, 3732. (b) Beyermann,

M.; Bienert, M.; Niedrich, H.; Carpino, L. A.; Sadat-Aalaee, D.Org.
Chem.1990, 55, 721. (c) Carpino, L. A.; Sadat-Aalaee, D.; Beyermann,
M. J. Org. Chem1990,55, 1673.

(2) Structurel represents a mixture of the two adducts obtained by addition of
4-AMP to DBF through either the secondary or primary amino functions.
See footnote 9 of ref 1b.

(3) For general methods of on-resin monitoring of solid-phase syntheses see:
Lloyd-Williams, P.; Albericio, F.; Giralt, EChemical Approaches to the
Synthesis of Peptides and Protei@RC Press: Boca Raton, FL, 1997; p
67.

(4) Moor, W. T. Solid-Phase Peptide SynthesisMethods in Enzymology
Fields, G. B., Ed.; Academic Press: San Diego, CA, 1997; Vol. 289, p
520.

10.1021/0p0202179 CCC: $25.00 © 2003 American Chemical Society



of longer segments. In the present work, examples of both solubility of the growing peptide the C-terminal amide
types are presented. A large-scale rout@ to residue was protected by the dimethylcyclopropylmethyl
(Dmcp) residué? The standard procedure involves use of
dichloromethane for all steps: coupling, deblocking, and
washing. A disadvantage of this procedure is that during
was developed which in one batch led to the preparation of buffer extraction, the desired lower DCM layer must
up to 119 g of the acetylated tetrapeptidn this case continuously be drawn off at the bottom of the separatory
4-AMP was used as the deblocking agent. In many of the apparatus and repositioned for the next aqueous wash. If a
syntheses described here protected amino acid fluorides haveolvent of density lower than that of the aqueous medium
been used as coupling reagents, but in the large-scale routgould be used, all aqueous washes could simply be drawn
to 3 the inexpensive reagent diisopropylcarbodiimide (DIC) off to a waste bottle and discarded.
was also shown to be suitable. As a lighter solvent, ethyl acetate was examined, but the
A second short sequence, the octapeplifie results were not always satisfactory, probably because the
DBF-scavenging reaction leading to addRés significantly
retarded in ethyl acetate relative to DCM. A hybrid approach
was therefore adopted with coupling and deblocking being
for which the presence of the methyl ester unit and the carried out in DCM; however, prior to the washing steps,
hydrophobic N-terminal residue had previously caused two volumes of ethyl acetate were added, and the resulting
difficulties in the attempted solid-phase synthésigs also |ighter-than-water mixed solvent was used for the extraction
obtained via the Fmoc rapid solution-phase approach. Theprgcess. After evaporation of the mixed solvent and replace-
pure protected octapeptide was obtained in 69.2% yield with jent by fresh DCM, the next coupling reaction was then
the last amino acid being introduced as the BOC derivative ¢5rried out. In addition to simplifying phase separation, this
so that the final deblocking step would proceed to completion procedure made for more efficient removal of addathich
via treatment with TFA. The longer sequertse is less soluble in EtOAc—DCM (2/1) than in pure DCM.
H-Lys-His-Leu-Asn-Ser-Met-Glu-Arg-Val-Glu-Trp-Leu- Each coupling and _deblocking cycle_ took on average 1.5
Arg-Lys-Lys-Leu-Gln-Asp-Val-His-Asn-Phe-NH h. In the case 0% the first 12_ amino acids were added in 1
5 day, and the remainder, during the next day for an assembly
time of 34 h. If the assembly is interrupted, it is preferable
human parathyroid hormone (hPTH,-134)8 represents a  to store the material at the washed, Fmoc-protected stage,
sequence for which the Fmoc-based solid-phase approachsince reaction with TAEA invariably effects quick solution
presented some deficienciesn this case also the rapid  along with deblocking. Resolubilization of a growirfige
solution method was applied and led to the formation of a amino peptide was not always achieved.
crude product of purity significantly better than that of a When assembly o6 was initiated with 156 mg of
corresponding solid-phase synthésis. phenylalanine Dmcp-amide (90.24 mmol) and 0.36 mmol
As acylating agents, the isolated Fmoc amino acid (0.5 molar excess) of each Fmoc amino acid fluoride or a
fluorides® were used to effect rapid reaction in the presence comparable amount of the free amino acid and N-HATU,
of DIEA. The two amino acids which cannot routinely be the yield of fully protected amide was 325 mg (25.9%).
handled as preformed acid fluorides were introduced via peblocking of a portion, first via TAEA and then via reagent
N-HATU (His) or N-HATU/ HOAt (Arg).** To maintain R 13 gave free peptide in 70.6% yield which showed by
(5) Siwruk, G. A.; Eynon, J. S. Liquid-Phase Synthesis of Peptides and Peptide HPLC analySlS a purity of 88%. Of the .mln.OI’ Impurltles,
Derivatives. U.S. Patent 5,516,891, 1996. present, ES-MS data suggested contamination via material
©) ggﬁirfgr’ JC S;g'j{'dsgg?Eggfg;el";s" L. B Pansky, A; Eberle, A. N.; pearing a residual Boc function and an oxidized methionine
(7) Unpublished results, Biomeasure, Inc. residue. The crude product was of greater purity than the
(®) émﬁ nT19 lglgril?f%va. T.; Takai. M.; Sakakibara, .Chem. Soc., Chem.  corresponding material obtained by a manual solid-phase
(9) No attembts Wére m.ade to optimize the solid-phase synthesis. The conditionssynﬂ’]eSiS carried out in DMF on a Rapp Tenta Gel fésin
chosen were based on those used for other related syntheses carried out ifloading 0.14 meq/g) using a 5-fold excess of acid fluoride
Combinations may wellgive betie resuls than those described here- 1 s 2nd 30-min double couplings. For those steps which required
not our intention to compare the purities of the solution and solid-phase the use of N-HATU, 60-min triple couplings were used for
gtr:%ciu?;sb,lgutunr”;?rely to note that the solution method provides a product of {ha solid-phase synthesis that gave a 22% yield of the fully
(10) (a) cparpino,pL. A Sadat-Aalace, D.. Chao, H.G.; DeSelms, R Am. deblocked peptide. The crude products for the solution- and

Chem. Soc1990,112, 9651. (b) Kaduk, C.; Wenschuh, H.; Beyermann, So”d-phase Syntheses are Compared in Figures 1 and 2.
M.; Forner, K.; Carpino, L. A.; Bienert, MLett. Pept. Sci1995,2, 285.
(11) (a) Carpino, L. AJ. Am. Chem. S0d.993,115, 4397. (b) Carpino, L. A,;
El-Faham, A.; Minor, C. A.; Albericio, FJ. Chem. Soc., Chem. Commun (12) Carpino, L. A.; Chao, H.-G.; Ghassemi, S.; Mansour, E. M. E.; Riemer,

Ac—Ser-Asp-Lys-Pro-OH
3

H-b-PFPhe-GIn-Trp-Ala-Vab-Ala-His-Leu-OMe
4

1994, 201. All uronium/guanidinium salts used in the present work were C.; Warrass, R.; Sadat-Aalaee, D.; Truran, G. A.; Imazumi, H.; El-Faham,
the guanidinium isomers (N-HBTU, N-HATU, N-HAPyU). For a discussion A.; lonescu, D.; Ismail, M.; Kowalski, T. L.; Han, C.-H.; Wenschuh, H.;
of the two forms and methods for the synthesis of the corresponding Beyermann, M.; Bienert, M.; Shroff, H.; Albericio, F.; Triolo, S.; Sole, N.
O-isomers see: Carpino, L. A.; Imazumi, H.; El-Faham, A.; Ferrer, F.; A.; Kates, S. AJ. Org. Chem1995,60, 7718.

Zhang, C.; Lee, Y.; Foxman, F. M.; Henklein, P.; Hanay, C.; Mugge, C.; (13) Albericio, F.; Kneib-Cordonier, N.; Biancalana, S.; Gera, L.; Masada, R.
Wenschuh, H.; Klose, J.; Beyermann, M.; Bienert, Ahgew.Chem., Int. I.; Hudson, D.; Barany, GJ. Org. Chem1990,55, 3730.

Ed. 2002,41, 441. (14) Rapp Polymere, GmbH, Ernst-Simon Str., 9, D-72072 Tubingen, Germany.
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Figure 1. HPLC: Synthesis of hPTH (13-34) (a) solution phase, (b) solid phase.
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Figure 2. ESI/MS: Synthesis of hPTH (13-34) (a) solution phase, (b) solid phase.

Several runs were also made which involved stopping at 3.17 g (54.4%) of the fully protected 12-mer. If no base is
the stage of the 12-mer to examine the effect of base. With used in the coupling step, a comparable yield of 53.2% was
DIEA as base 850 mg of phenylalanine Dmcp-amide gave obtained. For sequences which begin with a small hydrophilic
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amino acid such as glycine, as in segment hPTH@), 6 with buffer extraction ofl or 2. In addition, less TAEA is
required since the deblocking process is significantly faster
in the Bsmoc case. Acceleration of Bsmoc- over Fmoc-
deblocking is seen wherever simple primary or secondary
the first step was modified by substitution of DEA/GENS amines are used for the deblocking step.
for TAEA/DCM in the deblocking step in order to avoid The Bsmoc process was first examined in the case of the
loss of the glycine unit in the aqueous washings. In this case,9-amino acid segmer&
foII9W|ng e\_/aporatlon of excess DEA and QEN, the H-Lys-Leu-Leu-GIn-Asp-lle-Met-Ser-Arg-Nji
residue is dissolved in DCM and treated with Fmoc-Leu-F. 9
The DBF present from the first deblocking step does not ) .
interfere in the coupling process and following addition of ©f human growth hormone releasing factor, hGRFH28).
TAEA is removed along with that generated in the second A Preliminary synthesis showed that, following the deblock-
step. The same technique can be used in any step in whicH"9 (TAEA) and aqueous extraction steps, a small spot
emulsion formation accompanies workup following TAEA &lways remained at the baseline upon sampling of the
treatment. As an example DEA/GEN deblocking applied reaction mixture by TLC analysis. If not removed at each
only at the octa- and undecapeptide stages in the cae of step the material responsible for this spot contributed to the
leads to a 30% increase in the yield of the fully protected SIow but steady build-up of an impurity which was visible
segment. as a diffuse background absorption by HPLC analysis. No
As a further improvement of the rapid, continuous process att€mpt was made to identify this material. To avoid this
for large-scale work we considered switching from Fmoc to Problem in each cycle, a step was added which involved
the more recently developed Bsmoc chemigtry. filtration through a short bed of silica gel of the partially
In this case, also previously examined for small-scale deblocked peptide dissolved in a mixture of ethyl acetate

syntheses, a simplification of the process is brought about&nd methanol.

H-Ser-Val-Ser-Glu-lle-GIn-Leu-Met-His-Asn-Leu-Gly-OH
6

by the ease of removal of byproducisand 8 formed A sec_:ond problem made evident du.ring the prelimingry
following the deblocking step by avoidance of the use of an synthesis involved the incomplete washing out of the residue
acidic buffer. derived from the excess of Bsmoc-GIn(Trt)-F used in the
introduction of glutaminé® Switching to Dmcp protectid@8
\ in place of the trityl group avoided this difficulty. When these
By NHOHLCHAGH.CHNNy,  HA-GHR-CONHOH,CHN(CH.CHAHL modifications were introduced into the protocol for the
, e . assembly of9, a 3 mmol run gave 3.6 g (69.3%) of the

completely deblocked 9-mer. LC/MS analysis showed several
Both 7 and8, the former derived from the protecting group unidentified impurities along with about 5% of the peptide
and the latter from excess amino acid fluoride, are soluble retaining a BOC residue (Figure 3). Presumably this could
in water or saturated sodium chloride and removed by simple be eliminated by a more complete final deblocking procedure.
extraction. There is less chance for emulsion formation than Detailed conditions and HPLC curves for each stage in the

Injection Notes: Sul (app 2 mg/ml) Lichrosphere RP-18,5u,3.2x250mm, #168574 A=0.1%TFA
B=20/80/0.1 20 to 80%B 25min, 220nm, 0.5ml/min. MS
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Figure 3. Fully deprotected GRF (21-29) obtained by the improved standard procedure.
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synthesis are shown in Table 1 and Figure-Bgupporting TLC System One: methylene chloride:acetone 9:2,

Information). With these modifications in the standard UV/ninhydrin
procedure for the rapid continuous Bsmoc protocol it is T System Two:n-butanol:acetic acid:
believed that this approach has advantages relative to the water 4:1:1, UV/ninhydrin

Fmoc approach, especially for larger-scale syntheses. For
shorter peptides the step involving filtration through a bed
of silica gel may be omitted.

A 4-L Erlenmeyer flask equipped with a magnetic stir
bar was charged with 45.9 g (0.221 mol)weproline-tert-
butyl ester hyrochloride, 113.9 g (0.243 mol) of Fmoc-Lys-
(BOC)-OH, and 1.2 L of methylene chloride. The suspension
was stirred, and 30.7 g (0.243 mol) of diisopropylcarbodi-

It is shown that peptides of-422 amino acids in length  imide and 22.4 g (0.221 mol) of triethylamine were added.
can be synthesized by rapid, continuous solution methodsThe mixture was stirred for 2 h. TLC (System One) indicated
using either Fmoc or Bsmoc chemistry. Deblocking byprod- that the reaction was complete. With the suspension being
ucts formed in the former case are removed with a phosphatestirred, 441 mL (3.661 mol) of 4-aminomethylpiperidine was
buffer, while in the latter simple aqueous extractions are added, and the mixture was stirred for 1 h. The suspension
possible. The latter method is thus experimentally simpler was filtered, the precipitate was washed with portions of
to execute. Earlier, small milligram-scale syntheses of such methylene chloride, and the filtrate was diluted to a volume
peptides have been described, whereas in the present worlef 16 L with methylene chloride. The solution was then
these techniques have been scaled up to quantitest®@  washed with 3x 8.0 L (total of 24 L) of 10% (w/v)

g. For the first time it was shown that the method can be phosphate buffer, pH 5.5. The methylene chloride solution
used for a longer sequence, namely a 22-mer. In the Bsmocwas dried over 300 g of sodium sulfate, and TLC (System

case the process was refined to improve the quality of the TWO) indigated completion of the reaction. The solution was

short bed of silica gel to remove a persistent polar impurity Mixture was vacuum-filtered, and the solid was washed with
present in small amount. 3 x 0.1 L of methylene chloride. The volume of this solution
was 1.2 L.
The solution was stirred, and100.0 g (0.243 mol) of Fmoc-
Asp(O-t-Bu)-OH and 30.7 g (0.243 mol) of diisopropylcar-
General. All peptides were identified by mass spectral pogiimide were added. The mixture was stirred for 1 h. TLC
analysis and in some cases amino acid analysis and, whergsystem One) indicated that the reaction was complete. With
possible, co-injection onto an HPLC column in the presence the suspension being stirred, 441 mL (3.661 mol) of
of an authentic sample. All new compounds showed con- 4-aminomethylpiperidine was added and the mixture stirred
sistent IR and NMR spectral data and elemental analyses offor 1 h. The suspension was vacuum-filtered, the precipitate
C, H, and N that agreed with the theoretical value8.3%).  was washed with portions of methylene chloride, and the
The phosphate buffer of pH 5.5 was prepared by dissolving filtrate was diluted to a volume of 16 L with methylene
90 g of NaHPQ-H,O in 500 mL of water. After complete  chloride. The solution was washed with-38.0 L (total of
dissolution 32.7 g of dibasic phosphate §NRO,; 99.5%) 24 L) of 10% (w/v) phosphate buffer, pH 5.5. The methylene
was added and the mixture stirred until totally dissolved. chloride solution was dried over 300 g of sodium sulfate,
The buffer solution was filtered if necessary and checked and TLC (System Two) indicated completion of the reaction.
with a pH meter to verify the pH. If necessary, dilute NaOH The solution was vacuum-filtered and concentrated to a
or H:PO, was added to adjust the pH. HPLC analyses were volume of 0.9 L. The mixture was vacuum-filtered, and the
carried out with the system A H,O (0.1% TFA). B= solid was washed with % 0.1 L of methylene chloride.
ACN (0.1% TFA) according to the various gradients given. The volume of this solution was 1.2 L. The solution was
Large-Scale Synthesis of Acetyl-Ser-Asp-Lys-Pro-OH.  stirred, and 93.2 g (0.243 mol) of Fmoc-SéB()-OH and
For this synthesis 4-aminomethylpiperidine was used in place 30.7 g (0.243 mol) of diisopropylcarbodiimide were added.
of TAEA.! The solvent volumes given for this preparation The mixture was stirred for 1 h. TLC (System One) indicated
could undoubtedly be reduced, but the synthesis was notthat the reaction was complete. With the suspension being
optimized. Below are the two TLC systems which were used Stired, 441 mL (3.661 mol) of 4-aminomethylpiperidine was
in monitoring the coupling and deblocking reactions: added and the mixture stirred for 1 h. The suspension was
vacuum-filtered, the precipitate was washed with portions
(15) Carpino, L. A.; Padykula, R. E.; Barr, D. E.; Hall, F. H.; Krause, J. G, of methylene chloride, and the filtrate was diluted to a
Dufresne, R. F.; Thoman, C. J. Org. Chem1988,53, 2565. volume of 16 L with methylene chloride. The solution was

(16) (a) Carpino, L. A.; Philbin, M.; Ismail, M.; Truran, G. A.; Mansour, E. M. . 0
E.; lguchi, S.; lonescu, D.; El-Faham, A.; Riemer, C.; Warrass, R.; Weiss, washed with 3x 8.0 L (tOtaI of 24 L) of 10_/0 (W/V) .
M. R.; J. Am. Chem. S0d.997,119, 9915. (b) Carpino, L. A.; Ismail, M.; phosphate buffer, pH 5.5. The methylene chloride solution
g:ﬁgr GC A\}i/a':/lr?ans?uéi %E'Er;;e'r%”;[%@’gs&"ilei“’ D.; E-Faham, A was dried over 300 g of sodium sulfate, and TLC (System

(17) Ling, N.; Baird, A.; Wehrenberg, W. B.; Ueno, N.; Munegumi. T.; Brazeau, 1WO) indicated completion of the reaction. The solution was

( )P- Biochem. Bigphﬁ/sh Res. Coan%@MHlES, 854. . vacuum-filtered and concentrated to dryness. The residue was
18) Any amino acid which carries a hydrophobic group as part of the R-group : . . "
of species8 should be subject to this difficulty. The Asn analogue can be dissolved in _0'3 L of methylene_ chloride and vacuum-filtered,
handled similarly. and the solid was washed with 2 0.17 L of methylene

Summary

Experimental Section
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chloride. The filtrate was stirred, and 0.16 L (1.695 mol) of (b) Synthesis of Fmoce-Ala-His(Trt)-Leu-OMe (Two
acetic anhydride and 22.4 g (0.221 mol) of triethylamine were Phase) Without further purification the dipeptide described
added. The solution was stirred for 1 h. TLC (System Two) above (300 mg, 1.39 mmol) was dissolved in 5 mL of £H
indicated the reaction was complete. The solution was Cl,, and the solution was treated with 2 mL of TAEA with
concentrated to an oily residue. The residue was trituratedstirring for 10 min. The reaction mixture, initially containing
with 3 x 0.5 L of diisopropyl ether. The solid was vacuum- a white precipitate, was extracted with saturated NaCl
filtered, and the white solid was dried to yield 119.3 g (71%) solution (2x 4 mL), followed by a phosphate buffer of pH
of the fully protected tetrapeptide as a white solid. ESI MS 5.5 (3 x 4 mL). To the clear organic layer (10 mL) was
calcd [M + 1] 756, found [M+ 1] 756.6; [M+ Na] 778.7.  added 4 mL of 5% N#O, followed by 147 mg (0.47 mmol)
See Figures 4 and 5 (Supporting Information). of Fmoco-Ala-F. The mixture was stirred for 30 min, and
An Erlenmeyer flask equipped with a magnetic stirrer was the organic layer containing FmaeAla-His(Trt)-Leu-OMe
charged with 17.9 g (0.023 mol) of the white solid, and 0.179 [Nin(—)] was collected and washed with 5% NaHEB,0,
L of a 95% (v/v) solution of trifluoroacetic acid in methylene and NaCl. After drying over MgSQ the solvent was
chloride was added. The solution was stirred for 2 h, and €vaporated in vacuo to give a white solid, which after
HPLC (95/5 0.1% trifluoroacetic acid/acetonitrile isocratic 'eécrystallization from ChCl/hexane gave 300 mg (90%)
at 220 nm, 1.0 mL/min, 5m, C;s column) indicated that of the tripeptide ester as white crystalid, NMR (CDCls) 6
the reaction was complete. The solution was concentrated,3-84—0-96 (dd, 6, (CBCH, 1.3 (m, 1, (CH),.CH, 1.4 (d, 3
and the residue was triturated with<20.1 L of diisopropy! CHy;CH), 1.6—1.7 (m, 2, MECHCH,), 2.9 (d, 20 ImCH)),
ether. The solid was filtered to give the crude peptide which 3.7 (S{ 3, OCH, 4.25-4.4 (m, 3, CHCH) 4.5-4.8 (m- 3,
was purified by preparative HPLC on a Prochrom@@icon ~ L€U-His-Ala), 6.67 (s, 2, His), 7.0—7.8 (m, aromatic).
column (80 mmx 40 cm). The crude peptide was lyophilized ~ (€) Synthesis of Boa-PFPhe-GIn(Trt)-Trp-Ala-Val-
to reduce TFA and any residual solvents, dissolved in DjAIa-I_—hs(Trt)-Le_u-OMe. Without further purification the
deionized water and eluted with unbuffered water. Analytical fiPePtide described above (120 mg, 1.14 mmol) was
HPLC was used to follow the separation. Desired fractions 9iSS0lved in 5 mL of CHCl,, the solution was treated with

were combined, filtered with a 0.48n filter to remove any if?Ltﬁf TA.‘EtA' and the mr:xt;re_t\;]vas tstlrrtet(jj flil)r élo gm.
particulates, and lyophilized to a powder. The yield was er the mixture was washed with saturated NaCl

10.46 g (65.0%), based on the weight of tetrapeptide \r/rclalﬂ)jrr:(:I\?vvggdazyug?e%s?:afg r?wul_ffsvri’tr? ggls fnw%fhff
determined relative to a known standard. According to the ! 2

. : . 5% N&COs; was added followed by 62 mg (0.18 mmol) of
HPLC trace UV detection (220 nm) gave a final purity of Fmoc-Val-F. The reaction mixture was stirred for 30 min
99.7%. The analytical chromatogram of the purified product ) '

(with its corresponding peak denoted by an asterisk) is shown???.X]Ee Ao:gag;:rla;/err]xsc sgzarﬁ}e;d Sznn?;re?;igﬂ;{z 3\/2;"
in Figure 6 (Supporting Information). ESI MS calcd [M yele. b

i . repeated four times using FmoeAla-F (56 mg, 0.18 mmaol),
1] 488, fou_nd [M+ 1] 4_88.4, [M+ Na] 510.3. See Figure Fmoc-Trp-F (77 mg, 0.18 mmol), Fmoc-GIn(Trt)-F (110 mg,
7 (Supporting Information).

hesis of the P df f ide 41 0.18 mmol), and Boo-PFPhe-F (64 mg, 0.18 mmol). After
Sypt esis o the rot.ecte orm © Octap.ep'.u € an the last coupling was completed, the organic layer (20 mL)
carrying out this synthesis the assembly was initially stopped was collected, washed with,B (5 mL), 5% NaHCQ (5

at the tripeptide stage to verify b4 NMR examination mL), and saturated NaCl (5 mL), and dried over MgSO
that the methyl ester group survived treatment with the " <olvent was evaporated in vacuo to give a white
deblocking agent TAEA. Once this had been established, yqcipitate. Recrystallization from GBIx/hexane gave 170
the remainder of the synthesis was carried out without mg (69.2%) of the pure protected octapeptide; TLC using
stopping at any other stage. CHClyMeOH/HOAC (94/5/1) showed one spé¥ = 0.68);

(a) Synthesis of Fmoc-His(Trt)-Leu-OMe.To a stirred IH NMR (CDCly) 6 0.7 (d, 6, (CH),CH), 0.9 (d, 6, (CH-
solution of H-Leu-OMeHCI (293 mg, 1.6 mmol) and Fmoc- CH), 1.35 (m, 2, CHLeu), 1.49 (m, 2, CkGIn), 3.03 (d, 2
L-His(Trt)-OH (1.9 g, 1.76 mmol) in 20 mL of C¥I, was CH,GIn), 3.26 (d, 2, CHHis), 3.7 (s, 3, OCH), 4.2 (d, 2,
added DIEA (85€ul, 5.1 mmol) and then N-HAPyU (691 CH,PFPhe), 4.45. (d, 2, Gfirp, 6.8 (s, 1, His), 6.9 (s, 1,
mg, 1.6 mmol). The reaction mixture was stirred for 30 min, His), 7.0—7.3 (m, 30, aromatic).
the reaction being followed by TLC (HCEMeOH, HOAC; Synthesis of Octapeptide 4To 90 mg of the protected
94/5/1). The reaction was stopped by washing wit®H5 octapeptide described above was added 2 mL of reagent B
mL), saturated KHS®(5 mL), H,O (5 mL) and saturated  [TFA, phenol, water, triisopropylsilane (8.8/0.5/0.5/0.2)]. The
NaCl (5 mL). After drying over MgSQ the solvent was  reaction mixture was stirred at room temperature2ia and
evaporated in vacuo to give a white solid which was poured into a centrifuge tube, which contained 10 mL of
recrystallized from hexane to give 1.0 g of the pure dipeptide anhydrous ether (cooled in a dry ice/ethanol bath). The
as white crystals (83.3%JH NMR (CDCl) 6 0.87—0.96 mixture was centrifuged twice, and the liquid was decanted
(dd, 6, Leu), 1,25—1.27 (m,1, MEH), 1.6—1.7 (d, 2, Cht away. The deblocked peptide was precipitated in the same
CH), 2.9—-3.00 (d, 2, His), 3.67 (s, 3, OGH4.3—4.4 (m, tube from methanol/ether. After the precipitate had separated,
3, Fmoc), 4.5 (m, 2, His-Leu), 6.65.(m, 2, His), #D.7.- the tube was centrifuged and washed with anhydrous cold
(m, 23, Fmoct+ Trt + aryl). ether three times. The solid was dried by passage of dry N
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gas over the surface for 30 min. The off-white precipitate HOAc, 9/1/1). The reaction was stopped by dilution with
(39 mg, 77%) was 97% pure based on HPLC analysis for 40 mL of ethyl acetate followed by washing with,®l (20
which the main peak was found at 20.88 min for the system mL, 10% NaHCQ (20 mL), H,O (20 mL), and saturated
B (10—40) 20 min, hold 5 min. Co-injection under these NaCl solution (20 mL). After drying over MgSQthe solvent
conditions with an authentic sample confirmed the identity was evaporated in vacuo to give an off-white solid, which
of the deblocked octapeptide methyl ester. See Figure 8was dissolved in 20 mL of Ci€l,. The clear organic layer
(Supporting Information). containing Fmoc-His(Trt)-Asn(Trt)-Phe-NHCIM@;Hs was
Amino Acid Analysis (University of Massachusetts Core trea_t?d with 7 mL of TAEA as described above foIIowe_d by
Facility) addition of Fmoc-Val-F (1.1 g, 2.5 mmol). After coupling,
the Fmoc group was deblocked using TAEA (7 mL). The
next five couplings were made in the same way with 1.1 g

number of amino acids

amino acid calcd found (2.5 mmol) of Fmoc-Asp(Q-Bu)-F, 1.6 g (2.5 mmol) of
glutamic acid 1 1.06 Fmoc-GIn(Trt)-F, 924 mg (2.5 mmol of Fmoc-Leu-F, 1.2 g
histidine 1 1.01 (2.5 mmol) of Fmoc-Lys(Boc)-F, and 1.2 g (2.5 mmol) of
alanine 2 2.07 Fmoc-Lys(Boc)-F in 40 mL of CkLCl,. After deblocking the
?’a“”_e i i-gi Fmoc group from the nonapeptide using TAEA and follow-
eucine :

ing the regular washing procedure described previously, the
Note: Trp and PFPhe did not show up in this analysis. Mass spectrometry glear organl_c Iayer containing the Fmoc_deblocked nqnapep_

(University of Nebraska): MS/FAB: calcd M 1074; found [M 1] = 1075.4. tide was dried over MgSf£and cooled to O C in an ice

See Figure 9 (Supporting Information). bath under M Fmoc-Arg(Pbf)-OH (1.6 g, 2.6 mmol), DIEA

Synthesis of h-PTH(23-34), H-Trp-Leu-Arg-Lys-Lys- (286732 - 2|'6 mdmﬁl)o’Binc;:SmIXtu;eGOf N_F:ATU (96((j)dmdg 't
Leu-GIn-Asp-Val-His-Asn-Phe-NH,. (a) Preparation of 6 mmol) an (353 mg, 2.6 mmal) were added to

Fmoc-Phe-NH-Dmep. To a solution of Fmoc-Phe-F (2 g, the reaction mixture which was stirred for 15 min in an ice
5.14 mmol) and kN-Dmcp-p-TsOH (2 g, 7.4 mmol) in 35 bath and for _lo_mln at room temperature. The reaction was
mL of CH,Cl, was added DIEA (2.4 mL, 14.8 mmol). The stppped by diluting with 80 mL of ethyl acetate and washing
reaction mixture was stirred for 15 min, diluted with 10 mL  With H20 (40 mL), 10% NaHC®@(40 mL), saturated NaCl

of CH,Cl, and then washed with 20 mL of.®, 20 mL of (40 mL). After the mixture was dried over MggOthe
10% NaH’CQ 20 mL of HO, and 20 mL of saturated NaCl solvent was removed to give an off-white solid which was
solution. After drying over MgS@the solution was evapo-  dissolved in 30 mL of CECl.. The clear organic layer
rated in vacuo to give a white solid, which was crystallized contained Fmoc-Arg(Pbf)-Lys(Boc)-Lys(Boc)-Leu-GIn(Tr)-
from ether/hexane to give 1.9 g (78.98%) of the amide as aASP(Ot-Bu)-Val-His(Trt)-Asn(Trt)-Phe-NH-Dmcp which was

white solid, mp 124125°C, which was used without further ~ tréated with 10 mL of TAEA for 15 min. Following the

purification in steps (b) and (c) below. regular washing procedure described above, Fmoc-Leu-F
(b) Synthesis of Fmoc-Trp(Boc)-Leu-Arg(Pbf)-Lys- (924 mg. 2.5 mmol) and Fmoc-Trp(Boc)-F (526.44 mg, 2.5
(Boc)-Lys(Boc)-Leu-GIn(Trt)-Asp(O-t-Bu)-Val-His(Trt)- mmol) were added sequentially. The fully protected 12-mer

Asn(Trt)-Phe-NH-CMe,C3Hs with Base. Fmoc-Phe-NH- was diluted with 50 mL of CKCl, and washed with kD,
CMe,C3Hs (850 mg, 1.8 mmol) was dissolved in 15 mL of 10% NaHCQ, and saturated NaCl. Solvent was removed,
CH,Cl, and treated with 7 mL of TAEA; the mixture stirred ~and the remaining solid was dissolved in EtOAe16 mL)
for 15 min. A white precipitate was formed which was and precipitated using hexane-Z0 mL). The white pre-
dissolved during subsequent extraction with NaCl. The Cipitate was collected by suction filtration to give 3.17 g
reaction mixture was extracted with saturated NaCl solution (54.44%) of the fully protected peptide. Of this sample, 200
(2 x 7 mL) followed by phosphate buffer of pH 5.5 €2 7 mg (0.06 mmol) was treated with 2 mL of GEl, and 1
mL) and saturated NaCl solution (1 7 mL). To the clear mL of TAEA for 20 min at room temperature. Dilution with
organic layer containing H-Phe-NH-CM&Hs were added 10 mL of CHCI, was followed by washing with saturated
Fmoc-Asn(Trt)-F (1.5 g, 2.5 mmol) and DIEA (438, 2.5 NacCl solution (2x 5 mL each), buffer (2x 5 mL), and
mmol). The reaction mixture was stirred for 20 min after Saturated NaCl (x 5 mL). Solvent was removed, and the
which 7 mL of TAEA was added directly to the same flask. residue was treated with reagent R (5 mL) for 2 h (left at
The reaction mixture was stirred for 15 min, and 5 mL of room temperature without stirring). Solvent was then evapo-
CH,Cl, was added. The resulting mixture was extracted with rated using a rotary evaporator fitted with a dry-+&&OH
two 7-mL portions of saturated NaCl solution followed by trap. Then 10 mL of cold CkCl, was added, and the solution
two 7-mL portions of phosphate buffer (pH 5.5). The clear was evaporated. This process was repeated three times, and
organic layer containing the Fmoc-deblocked dipeptide amide then 10 mL of cold dry ether was added and evaporated.
was dried over MgS® The dry solvent mixture contain-  This process was repeated three times, after which 10 mL
ing H-Asn(Trt)-Phe-NH-CMgC;3Hs was cooled in an ice bath  of cold dry ether was added, and evaporation was repeated
and there was added Fmoc-His(Trt)-OH (1.6 g, 2.6 mmol), again three times with this solvent. A white foam remained
DIEA (872 uL, 2.6 mmol) and N-HATU (950 mg, 2.6  which was dissolved in the minimum amount of dry MeOH
mmol). The reaction mixture was stirred for 30 min. The (1 mL) and transferred to a centrifuge tube. Ten milliliters
course of the reaction was controlled by TLC (CkleOH/ of cold (Dry Ice—EtOH) dry ether was added, and the test
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tube was centrifuged to collect all of the free peptide as the room temperature without stirring). Solvent was evaporated,

TFA salt. The resulting white solid amounted to 52 mg
(62.1%). MS-ES: calcd [M] 1396.01; found [M 1] 1397.3.
See Figures 10 and 11 (Supporting Information).

(c) Synthesis of Fmoc-Trp(Boc)-Leu-Arg(Pbf)-Lys-
(Boc)-Lys(Boc)-Leu-GIn(Trt)-Asp(O-t-Bu)-Val-His(Trt)-
Asn(Trt)-Phe-NHCMe,C3Hs Without Base. The synthesis

and the free peptide was collected, as described for hPTH-
(23—34). The free peptide amounted to 37 mg (70.56%).

The HPLC of the crude peptide is shown in Figure 1a (purity

88%). Some of the impurity involved residual undeblocked

Boc groups and oxidized methionine. The HPLC solvent

system involved B (5—40) 35 min, hold 5 min.

described under (b) above was repeated except that DIEA ES-MS (Biomeasure): Figure 2a; Calcd fM3/3] 935.7,
was omitted (no-base synthesis). The yield was 53.2%. Uponfound 936.7; Calcd [M+ 4/4] 702.0; found 702.9; Calcd

deblocking, the free peptide exhibited MS data MW M

1) found 1397.3. HPLC analysis showed a main peak at

[M + 5/5] 561.8, found 562.3.
Solid-Phase Synthesis of hPTH(1:334) 5. Conditions

15.85 min in agreement with data for the sample described and reagents were as follows:

above, B (5—40) 35 min, hold 5 min.

Rapid Solution Synthesis of hPTH (13-34) 5 in the
Presence of DIEA.A solution of Fmoc-Phe-NHCM€3Hs
(156 mg, 0.24 mmol) in 4 mL of C¥Cl, was treated with 3
mL of TAEA, and the solution was stirred for 10 min after
which 10 mL of CHCI, was added. The resulting solution
was extracted with two 7-mL portions of saturated NacCl
solution, two 7-ml portions of phosphate buffer (pH 5.5),

and one 7-ml portion of saturated NaCl solution. To the clear

organic layer was added Fmoc-Asn(Trt)-F (216 mg, 0.36
mmol) and DIEA (56.5:l, 0.36 mmol). The reaction mixture
was stirred for 20 min, after which 5 mL of TAEA was added

support quantity 05¢g

loading 0.14 meq/g

excess amino acid fluoride/acid 5.00x

DMF 1.4mL

DIEA 147ul

N-HATU 171 mg (0.45 mmol)

The synthesis was carried out manually on a Rapp Tenta
Gel resin (0.5 g) with loading of 0.14 meq/g, and a 5-fold
excess of each amino acid. The synthesis started with DMF
(5 x 2 mL) and CHCI, (3 x 2 mL) washes. The
deprotection of the Fmoc group was carried out by 10 mL
of 20% piperidine/DMF for 10 min. Washing by DMF (b

and the solution stirred for 15 min. The resulting mixture 2 mL) and CHCl, (3 x 2 mL) followed. Each coupling step

was extracted up to the 12-mer stage as described above fo

hPTH(23-34). After deblocking the 12-mer, 40 mL of ethyl
acetate was added (since washing in,ChH caused an
emulsion), and the resulting mixture was extracted with two
25-mL portions of saturated NaCl solution followed by two
25-mL portions of phosphate buffer. The organic layer was
removed, and the residue was dissolved in 10 mL o$-CH
Cl, and treated in the normal manner with Fmoc-Glu(O-t-
Bu)-F. Normal workup was followed by coupling with Fmoc-
Val-F (148 mg, 0.36 mmol), Fmoc-Arg(Pbf)-OH (233 mg,
0.36 mmol), Fmoc-Glu(Q-Bu)-F (154 mg, 0.36 mmol),
Fmoc-Met-F (135 mg, 0.36 mmol), Fmoc-SeBu)-F (139
mg, 0.36 mmol), Fmoc-Asn(Trt)-F (216 mg, 0.36 mmol),
Fmoc-Leu-F (128 mg, 0.36 mmol), Fmoc-His(Trt)-OH (223
mg, 0.36 mmol), and Fmoc-Lys(Boc)-F (170 mg, 0.36
mmol). The coupling for Fmoc-Arg(Pbf)-OH was carried out
as described for hPTH(234) at 0°C under N using
N-HATU (137 mg, 0.36 mmol) and DIEA (125.4l, 0.72

{vas carried out by adding Fmoc-AA-F (0.45 mmol) for a
30-min period. At the end of the first coupling (Fmoc-Phe-
F, 175 mg) an acetylation was carried out to cap unreacted
amino groups. The procedure was as follows: (1),Clx

(4 x 1 min), (2) AcO (10 equiv) in pyridine-CH,Cl, (1:

19, 1 x 15 min), (3) CHCI, (4 x 1 min), (4) MeOH (4x

1 min), (5) CHCIx(4 x 1 min). For Fmoc-His(Trt)-OH and
Fmoc-Arg(Pbf)-OH, 0.45 mmol, 5 equiv of the acid in DMF
(1.2 mL) was used. After 1 min equivalent amounts of
N-HATU (171 mg), HOAt, and DIEA (147%L) in 0.2 mL

of DMF were added, and the solution was allowed to stand
for 60 min at room temperature with stirring. This process
was repeated twice. The following washes were carried out:
(1) DMF (4 x 1 min) and (2) CHCI, (4 x 1 min). A 50-

mg sample of peptideresin was deblocked using 20%
piperidine in DMF and washed as usual with DMF and,€H
Cly; the peptide-resin was suspended in TFAhioanisole-

1,2 ethanedithiol—anisole (90:5:3:2) for 2 h. The cleaved

mmol). Each coupling and deblocking on average took about peptide was filtered and washed with TF&H,Cl, (1:1)

1.5 h. The first 12 amino acids were coupled in 1 day and
the remainder the next day for a total time of 34 h. The fully
protected 22-mer was diluted in 40 mL of @&, and

(2 mL) and CHClI,; the combined solutions were evaporated,
chased with ether (5% 40 mL), and centrifuged to give the
crude peptide. The HPLC profile is shown in Figure 1b. The

washed with saturated NaCl solution; after solvent was yield was 22%. ES-MS (Biomeasure), see Figure 2b: Calcd

removed, the residue was redissolved in EtOAc and pre-

[M + 2/2] 1403, found 1404.6; Calcd [M 3/3] 935.7, found

cipitated using hexane. The white precipitate was collected 936.7; Calcd [M+ 4/4] 702, found 702.9; Calcd [M- 5/5]

using suction filtration to give 325 mg (25.9%) of the
protected peptide. To 100 mg (0.02 mmol) of fully protected
peptide there was added 2 mL of & and 1 mL of TAEA;

the mixture was kept at room temperature for 20 min, diluted
with 10 mL of CH,Cl,, and washed with saturated NacCl
solution (2x 5 mL), buffer (2x 5 mL), and saturated NacCl
solution (1 x 5 mL). The solvent was removed, and the
residue was treated with 5 mL of reagent R for 2 h (left at

561.8, found 562.5.

Rapid Solution Synthesis of hPTH 12 (6). To a
solution of 3 g (0.01 mol) of Fmoc-Gly-OH and Dcpm-OH
(1.25 g, 0.011 moal) in 50 mL of C¥Ll, was added a mixture
of DCC (2.06 g, 0.01 mol) and DMAP (0.122 mg, 0.001
mol). The resulting solution was stirred at room temperature
for 1 h, after which CHCI, was evaporated in vacuo, and
50 mL of ethyl acetate was added. The white precipitate
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(DCU) was filtered off, and the ethyl acetate solution was After removal of solvent, the residue was dissolved in EtOAc
washed with HO (20 mL) saturated NaHCsolution (20 and precipitated using hexane to remove most of the
mL), and saturated NaCl (20 mL) solution and dried over dibenzofulvene. The white precipitate was collected by
MgSQ.. After removal of solvent, the residue was crystallized suction filtration and dissolved in G&l, for the next
from EtOAc—hexane to give 2.9 g (76.71%) of white coupling. The same process was used in deblocking the Fmoc
crystals, mp 118119°C. The ester (400 mg) was deblocked group from the 11-mer. The collected 12-mer amounted to
by treatment with 8 mL of ACN and 6 mL of DEA at room 950 mg (37.43%). It is to be noted that the use of DEA in
temperature. The resulting solution was stirred at room place of TAEA, for these two steps only, improved the yield
temperature for 1 h, the solvent was removed, and the residueby 30%. A sample (200 mg, 0.79 mmol) of the fully
was dissolved in EtOAehexane (1:1) and evaporated. This protected peptide was tested in 2 mL of £HY/1 mL of
process was repeated three times to remove all of the DEA.TAEA. After 20 min of stirring at room temperature, the
To the residue of H-Gly-OCH(4Hs), was added, without  solution was diluted with 10 mL of C}€l, and the whole
removing residual dibenzofulvene, 10 mL of &, fol- washed with saturated NaCl solution 25 mL), buffer (2
lowed by 530 mg of Fmoc-Leu-F. The resulting mixture was x 5 mL), and saturated NaCl solution (5 mL). The solvent
stirred for 20 min, after which 7 mL of TAEA was added, was removed, and the residue was treated with reagent R (5
and the reaction mixture was stirred for 15 min. Then 5 mL mL) for 2 h atroom temperature. The solvent was removed
of CH,Cl, was added, and the resulting mixture was extracted as described for hPTH(234), and the free peptide was
with two 10-mL portions of saturated NaCl solution followed collected as a white solid, yield 63 mg (60.01%). By HPLC
by two 10-mL portions of phosphate buffer. To the clear analysis the peptide was 98% pure. ES-MS: MW calcd
organic layer containing the dipeptide ester was added Fmoc-1328.9; found [M+ 1]: 1327.6 (Figure 12, Supporting
Asn(Trt)-F (900 mg, 1.5 mmol). The reaction mixture was Information). The HPLC conditions were as follows: B+5
stirred for 20 min, the course of the reaction being controlled 50) 30 min, hold 5 min (Figure 13, Supporting Information).
by TLC (CHCKL/MeOH/HOAc, 9/1/2). Five milliliters of Standard Procedure for Bsmoc/TAEA Large-Scale
CH,CI, was added, and the resulting mixture was extracted Synthesis of Peptides in Solution on a Scale of 3 mmol.
with saturated NacCl solution and buffer solution as described To the crude Bsmoc-Arg(Pbf)-NH-Dmcp (0.7299 g, 1 mmol)
above. The clear organic layer containing the Fmoc-de- prepared as described below (A) and dissolved in 10 mL of
blocked tripeptide ester was dried over MgS®he dried DCM was added 0.75 mL (5 mmol) of TAEA. After stirring
solution was cooled in an ice bath under&hd Fmoc-His- for 0.5 h at room temperature the DCM was removed in
(Trt)-OH (929 mg, 1.5 mmol), DIEA (262L, 1.5 mmol) vacuo, and the residue was stirred with 10% NaHCO
and N-HATU (570 mg, 21.5 mmol) were added. The reaction solution (25 mL) for 16-15 min. The mixture was extracted
mixture was stirred for 30 min. The course of the reaction with EtOAc (3 x 20 mL), and the combined organic extracts
was controlled by TLC. The reaction was stopped by diluting were washed with saturated NaCl solution{25 mL) and

with 40 mL of ethyl acetate and washing with® (20 mL), water (2x 25 mL). Without drying, the solvent was removed
10% NaHCQ (20 mL), H,O (20 mL), and saturated NaCl in vacuo. The residue was dissolved in 10 mL of DCM and
solution (20 mL). Solvent was removed, and the residue wasthe solution treated under stirring with Bmoc-3e8(1)-F
dissolved in 15 mL of CEKCl,. The clear organic layer (0.5782 g, 1.5 mmol) and 0.35 mL (2 mmol) of DIEA. After
containing Fmoc-His(Trt)-Asn(Trt)-Leu-Gly-©CH(CsHs), 2 h of stirring, TAEA (1.5 mL, 10 mmol) was added, and
was treated with 8 mL of TAEA as described above, the resulting mixture was stirred for an additional 0.5 h. DCM
followed by addition of Fmoc-Met-F (560 mg, 1.5 mmol), was removed in vacuo and the residue treated exactly as
Fmoc-Leu-F (530 mg, 1.5 mmol), Fmoc-GIn(Trt)-F (919 mg, given above. Additional coupling and deblocking steps were
1.5 mmol), Fmoc-lle-F (530 mg, 1.5 mmol), Fmoc-Glu(O- carried out in the same way. HPLC analysis after both
t-Bu)-F (640 mg, 1.5 mmol), Fmoc-Sé&Bu)-F (578 mg, coupling and deblocking could be used to follow the course
1.5 mmol), Fmoc-Val-F (509 mg, 1.5 mmol), and Fmoc- of the synthesis. Depending on the length of the peptide and
Ser(tBu)-F (578 mg, 1.5 mmol). After the last coupling, the the sequence of amino acids, HPLC analysis may not be able
fully protected 12-mer was diluted with 10 mL of GEl, to separate the fully protected from the Bsmoc-deprotected
and washed with D, NaHCQ, and saturated NaCl solution, segments. For the system described here, this point was
and the solution was dried over MggQ\fter removal of reached at the stage of the 15-mer. In addition an unidentified
solvent, the residue was dissolved in EtOAc and precipitated material leading to a diffuse background absorption built up
using hexane. Chromatography over silica gel using GHCI as the chain was extended. This material was avoided by
MeOH (9:1) gave the main spot as 120 mg (4.7%) of the using an improved procedure which is described in detail
correct peptide. The low yield can be explained, since the under (C) below for the 9-mer.

Fmoc-deblocked 8- and 11-mers led to emulsion formation  Improved Standard Procedure for the Solution Syn-
during the washes with buffer. To improve the yield, instead thesis of hGRF (21—29) 9 via the Bsmoc/TAEA Method

of using TAEA for deblocking the Fmoc group from the 8- at a 3.0 mmol Scale. (A) Bsmoc-Arg(Pbf)-NH-DmcpTo

and 11-mers, DEA was used following the directions given a solution of Bsmoc-Arg(Pbf)-OH (6 g, 9.24 mmol), pTsOH
below. After coupling of Fmoc-Ille-F all the solvent was H,N-Dcmp (3.66 g, 13.5 mmol), and DIEA (6.6 mL, 36
removed, and 15 mL of ACN/DEA (7:8) was added; the mmol) in 100 mL of DCM at 0°C under a nitrogen
reaction mixture was stirred at room temperature for 1 h. atmosphere was added a mixture of N-HATU (3.42 g, 9
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mmol) and HOBt (1.38 g, 9 mmol}y.The reaction mixture  with AcOEt (3 x 25 mL), and the combined organic extracts
was stirred at ©for 30 min and 1 h atoom temperature.  were washed with saturated sodium chloride solutiorx (2
An additional 100 mL of DCM was added, and the mixture 25 mL). Without drying, the solvent was removed in vacuo
was extracted with water (100 mL), 10% NaH&@00 mL), and the residue dissolved in 25 mL of AcOEt/MeOH (1:1)
water (100 mL), and saturated NaCl solution (100 mL), dried which was flash-filtered though a bed (height40 mm,
over MgSQ, and the solvent was removed in vacUde diameter= 30 mm) of silica gel 60 (EM, 236400 mesh
residue was dissolved in EtOAc and flash chromatographedASTM. The bed of silica gel was washed with an excess of
using a silica column and EtOAc as eluent. After solvent ACOEt/MeOH (1:1) (approximately 75 mL). The combined
was removed in vacuo, there remained 6.4 g of the amidefiltrates were concentrated to dryness in vacuo.
as a foam. Yield: 97.4 wt %. The crude product according (D) Cycle 1: Coupling of 1-H-GRF29 with Bsmoc-Ser-
to 'H NMR analysis was pure enough to be used as such to(t-Bu)-F and Deprotection of the Resulting 2-B-GRF29.
initiate the synthesis. The residue (1.4468 g) (obtained as described above) was
(B) Deprotection of Bsmoc Arg(Pbf)-NH-Dmcp. TAEA dissolved in DCM (30 mL) and the solution treated under
(2.25 mL, 15 mmol) was added in one portion to a solution Stirring with Bsmoc-Ser(t-Bu)-F (1.7346 g, 4.5 mmol) and
of Bsmoc-Arg(Pbf)-NH-Dmcp (2.1897 g, 3 mmol) in DCM  DIEA (1.05 mL). The reaction mixture was kept stirring at
(30 mL) under stirring and at ambient temperature. After 1 ambient temperature overnight. The next day TAEA (4.5
h (HPLC indicated the absence of the starting material) the mL,10 mmol) was added in one portion to the mixture, and
reaction mixture was worked up as mentioned in the after 0.5 h the reaction was complete (by HPLC). The
“Standard Work-Up Procedure” described below. Yield reaction mixture was worked up as mentioned in the

1.4468 g (95.1%) of 1-H-GRF29 as a white powder. “Standard Workup Procedure” described above (C). Yield:
(C) Standard Procedure for Working-Up the Reaction 1.7580 g (90.0%).
Mixture After Deprotection with TAEA. DCM was The remaining cycles were carried out similarly with the

removed in vacuo, and the residue was stirred with 10% full details of the synthesis collected in Table 1 and Figure
NaHCQ; (50 mL) for 10-15 min. The mixture was extracted ~3a—i (Supporting Information). Complete deblocking of the
protected 9-mer using TFAAD/EDT/thioanisole for 2 h
(19) In model studies it was shown that this “mixed” system afforded less lactam under N gave a sample (3-6 g, 69-3%) for which the major
side product during the coupling process. For the model coupling of Fmoc- peak showed the correct molecular Weight: ESI MS calcd

p-Arg(Pmc)-OH+ Dmcp-NH, at 0°C in DCM for 30 min the percent of . :
lactam and amide, respectively, were as follows: M + 1]_ 1102.6; fognd [M+ 1] 1102.4. See Figure 14,
Supporting Information.

coupling system lactam amide
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