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Abstract: N-lkrmtnal Fmoc group of lhe fully prolecled peptide resin prepared by stepwise solid phase pelide 

synthesis in combmation with Nn-Fmnc protection, TFA-slable side-chain protections including newly developed 2- 

adamantyloxycarbonyl (2-Adoc) group, and TFA-cleavable solid support, was temporarily removed to give the polar 

intermediate,profmgment. which was favorable for Ihe purification by reversed phase mode ralher than the N-terminal 

protected homolog. The purified profragment could be readily converted to the N-terminal protected fragmenl by 

treatment with Fmoc-OSu in short period for use in convergent solid phase peptide synthesis. 

Convergent solid phase peptide synthesis, which involves the preparation of protected peptide fragments by 

stepwise solid phase peptide synthesis, followed by their purification and their assembly on the solid support, has 

been employed for the synthesis of some large peptides. 2 This strategy is particulary useful for overcoming the 

difficulties in the synthesis of large peptides, although some problems remain to be solved. One of the most 

critical problems in the convergent strategy, also common in solution phase peptide synthesis, is the unpredictable 

poor solubility of the protected peptide fragments, which makes their purification as well as their characterization 

and the subsequent fragment condensation difficult. 

Recently, we reported the development of a new amino-protecting group, 2-adamantyloxycarbonyl (2- 

Adoc), and its application to the solid phase synthesis of protected peptide fragments corresponding to the 

sequences 25-35, 36-45, and 46-53 of metallothionein-like growth inhibitory factor (GIF)_3*4 The solubility of 

the protected fragments in organic solvent were actually improved by employing 2-Adoc. However, generalized 

method to further purify the protected peptides prepared by solid phase method have not been developed, and are 

now required in order to improve the convergent solid phase peptide syntheGs.2 

A possible strategy to facilitate the purification of the protected peptide fragments is achieved by 

introduction of the polar function into the molecule. Previously, it was reported that 3- and 4-picolyl protections 

of the side-chain functions of Ser, Thr, Asp and Glu could facilitate the purification of the protected peptide 

fragments.5 The protected peptide fragments containing picolyl groups were actually more polar than the benzyi 
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homologs, and their purification by reversed phase MPLC was achieved successfully. However, the use of polar 

protecting groups would decrease the soluhility in the organic solvent due to their hydrophilicity, while the 

solubility of the protected peptide fragments in water was actually enhanced. In addition, these protecting groups 

can not be removed by HF or 1 M TFMSA-thioanisole/TFA, final deprotection and cleavage’ reagents in pePtide 

synthesis, and the additional depmtection step, catalytic hydrogenation or electmlysis, is required. Recently, it 

was also reported that the temporary deprokction of NE-amino protecting group of Lys could facilitate the 

purification of the protected fragment because of enhanced solubility in water-containing solvent due to the 

polarity of NE-amino function.6 As shown in Fig. I a, the chain elongation in this strategy was depending on 

Ekx-chemiatry, and the photolytic cleavage was employed to retain N a-E30c and side-chain protective groups. 

The improvement of the solubility of the protected peptide in revresed phase medium due to its own polarity of 

the temporarily regenerated functional group is unique and efficient, although it is well known that photo-cleavage 

from Nbb resin is not quantitative, and gives highly contaminated pmduct.217 Here, we report the improved 

strategy to facilitate the purification the protected peptide intermediates, which involves 1) the removal of N- 

terminal Fmoc group following the stepwise solid phase synthesis of the protected peptide resin in combination 

with Na-Fmoc protection, TFA-stable side-chain protections and TFA-cleavable Wang resin. 2) cleavage from 

the resin by TFA to retain side-chain protections, 3) purification by reversed phase HPLC, and 4) reprotection of 

N-terminal amino function by Fmoc group (Fig. 1 b). The efficiency of Z-adamantyl type protective groups in this 

strategy is also described. 

To evaluate the above strategy, N-terminal Fmoc groups of the protected peptide resins la, 2a and 3a, 

prepared previously,4 were removed with 20 o/o piperidine in DME The resultant peptide resins were treated with 

4 b) 
Boc SPPS on Nbb rewn 

+ 

Fmoc SPPS on Wang resin 

Boc-V-A-L-L-K(Fmoc)-A-L-Y(Dcb)-G-Nbb r&n 4 
20% pIpeMIne-DMF 

4 

photolysis 
H-K(2-Adoc)-D(2-Ada)-C(Acm)-V-C(Acm)-K(2-Adoc)-Q-Wang resin 

4 

TFA 
HPLC 

50% piperidine-DMF H-K(2-Adoc)-D(2-Ada)-C(Acm)-V-C(Acm)-K(2-Adoc)-G-OH 

Fmoc-OSu (2 eq) 

Seohadex LH-20 
Boc-V-A-L-L-K-A-L-+(Dcb)-G-0l-i 

TfaOEt (20 eq.) 

7 a 
Fmoc-K(P-Adoc)-D(2-Ada)-C(Acm)-V-C(Acm)-K(2-Adoc)-G-OH 

Boc-V-A-L-L-K(Tfai-A-L-Y(Dcb)-G-OH 

Fig. I a) Ne-deprotectionlreprntect~n strategy and b) Na-depro&ctionfreptvtection stratgy 

RI -C(Acm)-K(2-Adoc)-C(Acm)-T(Bzl)-S(BzI)-C(Acm)-K(2-Adoc)S(Bzl)-C(Acm)-C(Acm)-R 2 1 

RI S(BTI)-C(Acm)-C(Acm)-P-A-E(O-Chp)-C(Acm)-E(O-Chp)-K(2-Ad~)-Cys(Acm)-R 2 2 

RI -A-K(2-Adoc)-D(O-2-Ada)-C(Acm)-V-C(Acm)-K(2-Adoc)-G-R 2 3 

la, Za, .?a; Rt=Fmoc, R2=Wang resm 

1 b, Zb. 3b; Fi1 =H, R2=0H 

1 c, 2c. 3c, R t =Fmoc, R2=OH 

Fig. 2 Amino acid sequences ad the side-chain protections of I, 2 and 3 
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TEA-phenol (955) to afford the sidechain protcctcd peptidcs having the unprotcctcd N-terminal amino function, 

1 b, 2b and 3b. l’ksc intermcdialcs sL!m jusl like IO hr: the precursor of Ihc fully protected peptide fragmcnl, 

therefore, these are re&d lo “vofragmcnl”. Profragmcnts. 2b and 3b. wcrc readily soluble in He-MeCN. 

and efficiently purified by prcparativc HPLX: using the standard H20-McCN mobile phase ryatcm. The 

rccovcries of them were ~70 %, and the homogcnciry of them wcrc ~95 o/n by analylical HPLC (Fig. 3b. and c). 

The profragment lb, containing three bcnzyl groups in I I aminn acid rcsiducs, was not soluble in H20-MeCN, 

P 

a) b) 

Fig. 3 Analytical HPLCpmfih ofthe~~~rri~e~pmfrugmne~lts, (a} lb, (h) 2b, and (c) 3b. Column: 
YMC-Axk R-Q-5, 4.6 x 250 tntn ((I), YMC-Pack Ptnteon-Rlf 4.6 x 250 mm (b, c). Solwnl 
system: A, H20 (0.05 % TFA); B, MeCN (0.05 %); A:B 80:20/cw 5 min, 80:20 to 20:80 in 20 min, 
and 20:80 for I5 min. 

hut soluble in H20-DMF. The rcuovcry on Ihc purification of I b was lower (ca. 20 %) than 2b and 3b 
presumably due to the low solubility of 1 b in the IiPLC medium. It was readily predicted that the solubilly of the 

profragment would decrease in proportion to the incrcasc of the numher of hydrophobic moiely like benzyl, and 

use of less hydrophobic, but not polar protecting groups i.e. 2-Adoc for Lys, 2-Ada* for Asp, and Chp9 for Glu 

were efficient to enhance the solubility of profragmcnt in HPLC medium. Actually, the HzO/MeCN soluble 

proCragmen6, 2b and 3b. contained ntl or one hcnzyl moiety, rcspcctivcly, while H20/MeCN insolubie 

pmfragment lb contained three benzyl groups. This result supports the cffectivencss of our efforts to develop 

P 

i 

0 

Fi . 4 
o& 

Convertion ofptwfragmertr 3b lo fiogment 3c. rr) n?action mirrrtre (i h) of 3b and Ftnoc- 
b) 3~ obtained via 

FSaci Protein RR 4.6 x 
rojragment, 

E 
c) crude 3c obtained by direct cleavage of3a. column: WC- 

50 mm (a), Waters Nova-ha Cllq 3.9 x IS0 mm (h, c). Solvent systems 
went same as those in Fig. 3. 
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new side-chain protective groups alternative to bcnzyl type ones including 2-Ada and 2-Adoc. Subsequently, the 

purified profragments 1 b, 2b and 3bto were converted to the N-terminal protected fragments lc, 2c and 3c, by 

the treatment with Fmoc-OSu (2 eq.) in the presence of DIEA (2 eq.) in short period (c 1 h, Fig. 4). The fragment 

lc, 2c and3c were obtained in good yield (~80 %) and with a high degree of the purity (~95 % by analytical 

HPLC) after gel-filtration with Sephadex LH-20. The protected fragments obtained are soluble in DMF in suitable 

concentration for fragment condensation. 

These results clearly demonstrated that profragment obtained by temporary N-terminal deprotection is 

favorable for the purification by reversed phase mode rather than the N-terminal Fmoc homolog in terms of 

improved solubility in HPLC medium. The conversion of profragment to fragment by the treatment with Fmoc- 

OSu in the presence of DIEA was completed in short period (~1 h), and the converted fragment was highly 

homogeneous without any purification. In addition, it is also expected that the profragment can be converted to 

the N-terminal Boc homolog, which can be used for further elongation depending on Boc-chemistry. In the 

profragment strategy, use of non knzyl-type TFA-stable protecting groups including 2-Adoc and 2-Ada was also 

efficient to facilitate the purification by HPLC, therefore, it was concluded that the combination of the 

profragment strategy with the use of 2-adamantyl-type protecting groups would be the most promissing approach 

to prepare the highly homogeneous protected peptide fragments for use in convergent solid phase peptide 

synthesis. 
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