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Abstract: '$he Octapeptide Z-(Me)Leu-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(kte)Leu- 
(MeiVal-OBu was prepared by stapwise elongation starting from H-(Me)Val- 
OBu . Diphenylphosphinic mixed anhydrides were preferentially used 
throughout as they gave high yields of optically homogeneous products in 
this extensively N-methylated peptide. Tba above paptide and th? octa- 
peptide Z-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-(Me)Thr(Bu )-Abu-Sar-OBu were 
also prepared by the fragment consensation approach employing a variety of 
coupling methods. Ultimately, it was clear that the stepvise assembly gave 
the highest yield, and most homogeneous product. 

The cyclosporina are a group of potent faxounosuppressive compounds which have been isolated 

from Tolvoocladium inflatum Gams,' the general structure of the cyclosporins, based on X-ray 

crystallographic' and nmr data3 being shown in Figure 1. 

Cyclosporin A contains seven relatively hydrophobic, N-methylated amino acids, including 

N-methyl leucine and N-methyl valine. In addition, all cyclosporins contain the unusual "CQu 

amino acid (4R)-4-[(II)-2- butanyll-4,N-dimethyl-L-threonine) (MeBmt); this residue has the same 

optical configuration as threonine and has been synthesised in stereochemically pure form. 
4-6 

The majority of the other residues are invariant; however, a number of variations are known at 

position 2 and this gives rise to the range of known cyclosporins. 
7 

As the immunosuppressive property of cyclosporin A is known 8,Q to be intimately connected 

with the nature of the residues at positions one and two, we chose to attempt modification of 

the cyclosporin structure at these positions. An additional impetus for modification at 

position-2 was the knowledge that the norvaline-2 analogue of cyclosporin is considerably less 

nephrotoxic than cyclosporin A itself, which has an aminobutyric acid residue at this 
10 

position . 

The total synthesis of cyclosporins has been reported by two groups, 9.11.12 and in both, 

the same general route wing the fragment condensation approach with final cyclisation between 

the alanine residues has been used. These syntheses were facilitated using t-butyloxycarbonyl 

for amino group protection and a benzyl ester at the C-terminus. In a recent subsequent 
13 

paper the merits of benayloxycarbonyl and Q-fluoranylmsthoxycarbonyl have. been contrasted with 

the use of t-butyloxycarbonyl for amino group protection. These groups in combination with the 

h&(-2- oxo-3-oxasolidinyl)phosphinic chloride13g14 coupling reagent provided a means of 

All amino acids are of the L-configuration unless otherwise specified. and nomenclature 
follows IUPAC-ILJR Joint coassission on biochemical nomenclature (JCBN) Nomenclature and 
symbolism for amino acids and peptidas 1983. 
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Figure 1 Structural formula of cyclosporin A (R = CH2-CH3). 

assembling fragments of cyclosporins which was comparable to our own. 
15 

In the current paper we describe the synthesis of the octapeptides (1) and (2) using both the 

fragment coupling and stepwise elongation approach. 

Z-(ne)Leu-Val-(Me)Le"-Ala-D-Ala-(Me)Lau-(Me)Le"-(Me)Val-OB~t 

(1) 

Z-Ala-D-Ala-(ne)Leu-(Me)Lau-(Me)Val-(ne)Thr(But)-Abu-Sar-OBut 

(2) 

The synthesis of such peptides in optically pure form is not straightforward as the factors 

which influence racemisation are complex, 
15-17 and . there is an increased tendency with i- 

methylated amino acids towards racemisation. Recently we have demonstrated 
15 

that the 

diphenylphosphinic (Dpp) mixed anhydrides are advantageous for the coupling of N-methyl amino 

acids when benxyloxycarbonyl is used for amino group protection. This protecting group was 

generally removed by catalytic hydrogenolysis using palladium on charcoal catalyst. In the 

initial work, the use of phenyl esters for carboxyl group protection was explored, but it was 

rapidly apparent that many side reactions occurred in the synthesis of N-methylated peptides 

using this protection, particularly the formation of diketopiperazine with the concomitant 

expulsion of phenoxide. In the final strategy the tert-butyl ester protecting group of 

Andersonl* and RoeskelP was used; also, tert-butyl ether protection was used for the side chain 

hydroxyl group of threonine and hydroxyproline derivatives, as it is widely believed that better 

yields may be obtained when side chain hydroxyl groups are blocked. The tert-butyl ether and _ 

ester groups remain unaffected during peptide bond formation and are easily removed by 

acidolysis at the appropriate point in the synthesis without the use of basic conditions which 

might give rise to racemisation. 

N-methyl leucine. N-methyl valine and N-methyl threonine which were required for this work 

were prepared by the N-methylation procedure reported by Benoiton 
20.21 . The N-methylation of 

leucine and valine was straightforward; however, difficulties, were encountered with the 

synthesis of N-methyl threonine. Mass spectrometry of the product of N-mathylation of 

Z-Thr(OBut)-OR showed two intense peaks at m/z 324 and 310, corresponding to the q ethylated and - 
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non-methylatad threonine derivative respectively. The proton n.m.r. spectrum of tha product 

showed a broad signal at 6 5.8 due to the NH resonance,this being in addition to the signal at 6 

3.1 which was due to the N-methyl group protons. Thus only partial &methyl&ion had occured 

in line with previous observations by McDermott and Benoiton. 
20 

This difficulty may be 

attributed to staric hindrance of the side chain, as on attempted re-methylation of the 

partially methylated compound no change in the spectroscopic data was observed. Purified 

Z-(Ne)l’hr(But)-OH was finally obtained by separating the two compounds by silica gel chromato- 

graphy. 

The octapeptides (1) and (2) were initially synthesised by the fragment condensation 

approach, octapeptide (1) being simultaneously synthesised using a stepvise procedure. The usa 

of the fragment condensation approach was investigated, as it would reduce the length of time 

taken for the synthesis since the two subfragments could be prepared in parallel; also the 

fragment condensation approach had been used successfully by other workers. 9.11.12 The 

protected tripeptides (4) and (6) and the protected pentapeptide (10) were prepared by stepwise 

build-up according to the routes shown in Schemes 1 - 3. A variety of reaction conditions were 

studied, l5 and it was ultimately found that the diphenylphosphinic mixed anhydride procedure 

gave superior results in terms of both yield and optical homogeneity. 

(Me)Leu Val (Me)Leu 

1 Z-j-OH H-+-GBut 

SCm 1 Synthesis of the protected (4-6) fragment. 

(lie)Thr Abu Sar 

SC= 2 Synthesis of ;he protected (l-3) fragment 

Ala D-Ala (He)Leu (He)Leu (Ue)Val 

SCHWA 3 Synthesis of the protected (7-11) fragment. 

In order to carry out the fragment condensation bstween fragmants (4) and (10) the 

tart- butyl ester protection was removed from the protected tripeptide (4) by treatment with 90% 

TFA over two hours, giving the peptide acid (11). The pentapeptide (10) was then 

hydroganolysed over palladium charcoal giving the amino component (12) which was subsequently 

coupled to the peptide acid (11). Coupling of the fragments was investigated using the Dpp 

mixed anhydride method and the Castro reagent [(banzotriaeol-l-yl)oxy]tris(dimethyl- 

amino)phosphonium hcxafluorophosphate. 22 
the results being s-rised in Table 1. 

The octapeptide (2) was also synthesised by a fragment condensation approach utilising the 

sub-fragments (10) and (6). The protected tripeptide (6) was hydrogenolysed to give the amino 

component (13) which was than condensed with the peptide acid (14) derived from the protected 
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pentapeptide (10) by treatment with 90% trifluoroacstic acid. In addition to the two coupling 

reagents rmntioned above, di-isopropyl-carbodiimide in the presence of N-hydroxybeneotriazole 

was also evaluated. the results again being s-risad in Table 1. 

The Castro reagent (BOP) was investigated, as it was thought that this would provide a 

synthesis of optically pure peptide, as the rapid reaction is thought to lead to the formation 

of the hydroxyb-encotriasolyl ester which may preclude racemisation. Alternative evidence, 
17 

however, suggests that considerable racemisation can occur when hydroxybeneotriazolyl active 

esters are formed by the conventional reaction between DCCI and hydroxybenzotriaeola 

particularly vhen long reaction times are permitted. 

The results shown in Table 1 indicate that in the preparation of octapeptides (1) and (2) 

the use of the BOP reegent in Dw led to a heterogeneous product as indicated by hplc and the 

observed optical rotations were lower than those obtained by other methods. Surprisingly, the 

diphenyl phosphinic mixed anhydride procedure employing activation at -20°C for one hour led to 

a single peak on hplc with a higher optical rotation than had been achieved by other methods. 

The octapeptide (2). which was obtained by the di-isopropyl-carbodiimide procedure, showed at 

least three poorly resolved peaks on hplc. These results are similar to earlier findings 
23 

TABlRl -- Coupling methods used for the octapeptides (1) and (2). 

Peptide Coupling method+ Rection Yield [al; 

Time(h) X (c) 

(1) BOP/DNF 

(1) Dppcl/TRPa 

(2) 
(2) 

(2) 

(2) 

BCP/DMP 

INPIMP 

BOP/DNy 

Diisopropyl- 

carbodiimide/- 

HOBt 

(2) Dppcl/TRPa 

24 77 -127 

(1) 

42 27 -134 

(1) 

One peak on 

hplc. 

24 77 -83 Heterogeneous on 

48 43 (1) hplc. tic 

64 52 Unresolved by 

120 10 chromatography. 

18 25 -98 

(1) 

2 Peaks on 

hplc. 

unresolved by 

chromatography. 

Single peak on 

hplc. 

' Activation temperature was O'C except where indicated a -20'; 

a one hour activation period was used for all couplings. 

which indicate that condensation of the peptide fragments containing leucine at the C-terminus 

gives rise to racemisation when DCCI/hydroxybenztriazole is used for activation. 

Generally, low yields were encountered in the fragment coupling as indicated in Table 1, 

although somewhat higher yields were obtained using the BOP reagent. The various difficulties 

encountered using the fragment condensation strategy led us to consider a total stepwise 
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synthesis of the octapeptide (1). 

The octapeptide (1) was prepared from the pentapeptide (10) shown in Scheme 3 by further 

sequential elongation with Z-(He)Lau-OH, Z-Val-OH and Z-(Me)Lau-OH to give the hexa-. hepta- and 

octapeptides (IS), (16) and (1) respectively. The diphenylphosphinic mixed anhydride 

procedure 
15,24 was used for chain extension, and a 1.2-fold excess of the acylsting component 

was employed in order to maximise the yield. The efficiency of these couplings is exemplified 

by the yields obtained, (96. 75 and 94% respectively) and by the fact that single peaks were 

observed on hplc of each peptide. No indication of the presence of diastereoisomers was 

evident from the hplc or 'H nmr, although it is accepted that low levels of racemisation could 

conceivably pass undetected. 

The high yields and overall level of purity suggest that diphenylphosphinyl chloride is 

particularly efficient as a coupling reagent when the point of coupling involves sterically 

hindered and/or N-methylatcd residues. In addition. as has been found previously, 15,24 that no 

"wrong-way" opening of the mixed anhydride was observed; thus this mixed anhydride procedure is 

particularly advantageous for the assembly of extensively N-wthylated peptide such as cyclo- 

sporin A. The procedure thus permits stepwise assembly of large fragments of cyclosporin A and 

provides an alternative to the fragment condensation approach. 
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EXPHRIMgNTAL 

The general chromatographic and spectroscopic methods were those described previously, 15 

except that:- hplc was carried out using a Spectra Physics SPg700 fitted with a 25 x30.46 cm ODS 
Chromopak Cl8 column eluting with CH CN/H20 gradients at a flow rate of 1.5 cm /min. Gel 
filtration was carried out using Sep t dex LHZO or Sephadex GlO eluting with DMP and water 
respectively. Fractions were monitored by uv absorbance at 280 nm (Unicord III) or by optical 
rotation (Thorn-Bendix 143D polarimeter). In some cases column eluant was also monitored by 
hplc at 230 nm. 

W acid derivatives. 

Z-Ala-OH, Z-Val-OH. Z-Abu-OH. Z-Sar-OH. Z-Thr-OH and Z-hu-OH were s#thesised from the 

and Z-(He)Val-OH were syn$)esised from t+e correspondiqg 
method of Cheung and Benoiton. Z-(Me)Thr(Bu $-,,H, 

NO (C, H. N); Z-(Me)Leu-OH, m.p., 74 - 75OC [a] 
oil,o[a] 

2, N); Z-(Me)Val-OH. m.p., 69 - 70°C, [al: -Dg6.-402,5*!cc;.k 

Z-(Me)Val-OBu' and 

-OBut were each dissolved in methanol and hydrogenolysed in the 
presence of 10% Pd/C catalyst for twenty-four hours. The catalyst was removed by filtration 
and the filtrate evaporated to give an oil which was subsequently purified by fractional 
distillation (0.5 @fg). 

H-(Me)Val-OBu=:. colourless oil, (89% yield). b.p., 44OC. 
63.96; H, 11.30; N. 7.49. Found: C. 63.51; H, 11.10; N, 7.2%; 6 (220 MHz. CDCl j, 

C Calculated for C 0%.y44;c6H, 

d, 8-CH ), 1.47 (9H, s. oBut). 1.$7 (1H. m, p-C@. 2.39 (3H, s, N-b3), 2.77 (1H. d3, a-C-@. an; 
7.44 (id, br.d., N-H). & la7 (M 

II-(Me)Leu-OBut Colourless zii 
EI). 

Calculated for C 
65.51; H, 11.52; N, 6.95. 

(71% yield). b.p., 4g°C. 
Found: :, 65.82; H, 1135; N, 7.01%; 6 (220 MHz, CDCll+~?~ :(6:: 

~~d';~~~'~l,';",',.',T",~,,, 1&~201 (Ij , EI). 
m, j3-CH -). l.jS (9H, s. OBu ), 1.73 (lH, my y-C@, 2.37 (la, t. a-C-@, 
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General D- 

General tart-butvlation of C-terminal carboxvl group and hvdroxy side chain of amino acids 
Thy lj-beneyloxycarbonyl-N-methyl amino acid (0.21 mol) was d 

4 
solved in dichloromethane 

(300 cm ), in a pressure vessel containing concentrated H2S04 (5 cm )3. The butylation vessel 
was cooled to -40 to -6C°C, and condensed isobutylene gas (450 cm ) was added with gentle 
stirring. 
five days. 

The vessel was then sealed and thos reaction mixture stirred at roam temperature for 
The vessel was then cooled to -10 C, the seoal removed and excess isobutylene allowed 

to evaporate. The 
carbonate (25g/l50 cm 

golution was allowed to reach 0 C and then brought to pH 9 with sodium 

Y). 
The solvent was removed by evaporation and the oily residue was 

dissolved in ethyl ace ate, washed successively with lM NaHCC and water then dried over 
anhydrous NaTk. Solvent evaporation gave the &-butylate a' product which was generally 
purified by s 1 ca gel chromatography using one of a variety of solvent systems. 
Coupling using the diphenylphosphinic mixed anhydride method 

A solution of the N-protected amino acid (1.1 equiv.) and NMM (2 equiv.) in THP (2.4 &4/ 
cm3) was cooled to -20% and DppCl (1.1 equiv.) added. The reaction mixture was stirred for 
ten to twenty qinutes at -2O'C and a pre-cooled solution of the amino component (1 equiv.) in 
THP (2.4 &f/cm ) added. The suspension was stirred for one to two hours at -2O'C and at 
ambient temperature for 24 - 48 hours. The solvent was evaporated and the residue taken up 
into ethyl acetate, washed successively with brine, lM KHSO 
phase was dried over Na SO k' 

IM NaHC03 and water. The organic 

tf 
and evaporated to give a res dual oil or solid containing trace 

amounts of diphenylphosp in c acid. Products were generally purified by silica gel chromsto- 
graphy using a variety of solvent systems. 
Coupling using the DICI/HOBt method 

Diisopropylcarbodiimide (DICI) (1 equiv.) in DMP or THP (1 mtU2.5 cm3) was added to a 
mixture of the N-protected amino acid or peptide (1 eauiv.), the amino component (1 eq$v.), 
HOBt (1 equiv.) and NMM (1 equiv.). in DlIp or THP at 0 C. The mixture was stirred at 0 C for 
one hour and at room temperature for 12 - 20 hours. The precipitate was removed by filtration 
and the filtrate washed successively with l.M RHS04, NaHC03 and water, then dried over Na SO and 
evaporated to give an oil or solid which was generally purified by silica gel chroma ography t 4 
using various solvent systems or by chromat$;yPhz20n Sephadex LR20 eluting with DMP. 
COUDlinR USinR CSStrO realled [Bt-OP(NMe,).. r 1 

Benzotriazol-l-yl-oxy-tris-(dimathy~~ino7-phosphonfum hexafluorphosphate (1.2 equiv.) was 
added to a solution of N-protected amino acid or peptide 61 equiv.), the amino component (1 
equiv.), NM?4 (2 - 3 equiv.) in DMP or THP (1 mM/5 cm ) at 0 C, and the reaction mixture stirred 
at room temperature for 24 - 72 hours. The residue, after solvent evaporation was purified by 
silica gel chromatography or on a Sephadex LH20 column eluting with DHP. 

-1 
Z-Val-(Me)Leu-OBut (3) 

THP (md NMM (18.7 cm3, 
Z-L-V l-OH (36.84g. 0.14 mM) in THP (60 cm3) was activated with ?pCl (34.98, 0.14 r&f) in 

0.14 mM) and coupled with H-(Me)Leu-OBu (24.38, 0.12 mM) in THP 
(60 cm ) according to the general procedure. The mixture was stirred at -2O'C for one hour and 
room temperature for twenty-four hours. The solvent was evaporated and the residue worked up 
as described in the general method, final purification on silica 
(l/2) gave the title compound (51.2g. 

Ba) eluting with BtOAc/DCM 
91%). m.p., 54 - 56'C, [al - 67' (c 1.0, CE OH). 

Calculated for C H N 0 : C, 66.33; II, 8.81; N, 6.45. 
(220 MHz. CDCl j?,4 a891 i6B, 

Found: C, 6g.36; H, 8.98: N, 6.462; 6 
m, y-CH 

1.51 - 1.70 (2$ m, P-CH2, (He)Leu), 1:9I")i"yi (2H. m. 
1.02 (6~. m. p-CH3. Val) 1 45 (9H s OBU~)~ 

8-CH, Val, y-CH. [MejLeu). ;.05'(3H, s: 
N-CH3), 4.51 - 4.61 (lH, m, a-CH, Val). 5.08 (2H, s. Ph@ ), 5.21 - 5.30 (lH, m. a-CH(Me)Leu), 
5.63 (lH, d, N-H Val) an$ 7.37 (SH, s. ArH), I& 434 (5 ,&X), Rt 12.2 min. 
Z-(Me)Leu-Val-(Me)Leu-OBu (4) 
a) Hydrogenolysis 

Z-Val-(Me)Leu-OBut (3) (38g. 85 sM) in methanol (1M cm3) was hydrogenolysed over 10% PI/C 
(5g) at atmospheric pressure for twenty-four hours. The catalyfg was ryved by filtration and 
the solvent evaporated to give a white foam (22.5g. 93X), [a] 
(220 MHz, CDCl ), 0.88 - 1.09 (12H. m, y-CH (Me)Leu, 8-CH3 Vaq). 

- 25.3 C, (c 1.0, CH OH); 6 

1.92 (3H, m, d_CH y-CH (Me)Leu), 2.47 (lH3, 
1.45 (9H, 8, 0But),3 1.63 H 

a-C-H Val), 5.38 (G, t. 
m, S-CA Val). 2.97 (3H. 8, Y_CH&;).3.80 (lH, m, 

b) Coupling 
a-C-H (Me)Leu), and 7.29 (2H. br.. E2), & 300 (E , 

n THP (30 cm3) was activated using PpCl (19.9 g, 84 r&f) in 
and coupled to H-Val-(He)Leu-OBu 

cm ) according to the general coupling procedure, being stirred at 
(21g. 70 ti) in TRP (20 

-20°C for one hour and at 
room temperature for twenty-four hours. The residue, after solvent evaporation was worked-up 
as described in the general method and purified by silica gel chromatography eluting with 
CH C12/EtOAc (3:12$ 
(31.2g. 85%). [al 

Evaporation of the appropriate fractions gave (4) as a colourless oil, 
- 93.4 (c 1.0. CH OH). Calculated for C H N 0 : C, 66.26; H. 9.15; N. 

7.48. Found: Cp66.53; Ii, 9.25; N 3.59%; 6 (220 MHx. CDC?1)?10?68 - 1.12 (18H, m, 
(Me)Leu, 8-CH Val). 1.33 (9H. s. OB?), 1.64 H1.91 (6H P-tH2 

y-CH3- 
y-CH (Me)Leu), 2.05 (lH, m. 

8-C-E (Me)Valj, 2.87 (3H. s. N-CA,). 3.03 (3H. s, N-CH,;."i.71 - 6.79 (1H. m. a-CH Val). 5.15 - 
:6;5(:4". m, PhCH2. a-CH (Me)Leu): 6.61 - 6.70 (1H. br.?s.. 

_ , DCI), Rt 13.0 min. 
N-H Val), and 7.38 (59. 8. A&. & 

Z-Abu-Sar-OBut (5) 
Pivaloyl chloride (4.2 cm3 

33.8 mM) in THP (85 cm3) and hw; (3.7 cm 
33.8 q was added dropwise to a solution of Z-Abu-OH (8.0s. 

, 33.8 mM) at -18'C. and a total of 20 minutes allowed 
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for the fo gBetion of the mixed anhydride. A pre-cooled solution of H-Sar-OBut (2.96, 20 W) in 
THP (85 cm ) was than added, and the reaction mixture stirred at room temperature for twenty-two 
hours. The solvent was evaporated and the residue dissolved in ethyl acetate. The organic 
phase was washed successively vith saturated NaHCO 

2' 
10% H3PO , 

3 

NaHCO3 and brine. Solvent 
evaporation after drying (Na SO ), gave a residue w ich was sub acted 
graphy eluting with EtOAc/CH&341:3). 

to silica gel chromato- 
Evaporation of the appropriate fractions gave the title 

comeound (5) as an oil, (4.38, 59%); 6 (220 MHz. CDCl ). 1.0 (3H, t, CB Abu), 1.5 (9H, 2s. 
OBu ), 1.6 - 1.9 (2H. m. g- 
4.8 (lH, m, a-CH Abu), 5.1 

3.a(3H, 29, N-CIi3)? 3.6 - 4.4 (28. d? d, a-CH Sar), 4.6 - 
PhCE2), 5.9 (1H. br.d.. NH), and 7.3 (SE. s, ArH)* m/z 365; -a- 

R. 10.6 min.. 
Zc(Me)Thr(Bur)-Abu-Sar-OBur (6) 

Z-(Me)Thr(Bu');OH (1.18, 3.5 mM) in CH Cl (10 cm3) was activated using DppCl (0.28 3.5 
ml4) in C&Cl_ (5 cm'). and NW4 (0.4 cm?. 3.S2ti?. the resulting mixed anhvdride bainn couolid bv 

” . 

the ganerfl &&qdure~to H-Abu-Sar-OBuK-(0.7g. 3.5 r&f) which had been obtained by hydrogenolysis 
of Z-Abu-Sar-OBu- (5). the reaction mixture being stirred at -2O'C for ona hour and at room 
temperature for twenty-two hours. Tha product was worked-up as described in the general 
method, and the residue obtained was chromatographed on a silica gal column eluting with CH2C12/ 
EtOAc (1:3). gave the title compound as a white gum 

Calculated for C2 H4 N 0 : C, 62.80; H, 8.41; N, 
MHz, C&j, .?l.Bd- 0.90 (38, m, CH Abu) 
s, OBu &)Thr) 1.41 - 1.50 (9H 2 OBu' 
2s N-CA ) 3.;0 - 4.35 (2H d x'd 'a-CH 

iiH,'m, a-3; (Ma)Thr). 4.85 _' 5.00 ;lH, my 
a-CH Abu), 5.20 (ZH, s, PhCIJ2), 7.40 (SH, s, Arlj), and 7.51 lA, br.d., NH Abu); n& 536 (M+l, 
FAB); Rt 12.0 min. 

-3 
Z-(Ne)Leu-(Ma)Val-OBut (7) 

Z-(Na)Leu-OH (22.268, 84 &4) +TBP (25 cm3) was activated with 
DppCl 
(25 cm$,, according to the general procedure. 

v (9.36 cm3, 84 1&4) and 
19.92g. 84 mM) in THF (25 cm ). and coupled with A-(Ne)Val-OBu (13.09g, 70 &I) in THF 

being stirred at -20°C for one hour and at room 
temperature for twenty-four hours. -Solvant evapor&ion gave a residue which was washed in the 
usual way. the resulting oil being purified on a silica gel column aluting with EtOAc/DCM (1:2). 

of the oappropriate fractions ~~v;o.& title compound as a colourless oil (31.438, 
- 141.8 (c 1.0. CH OH). lit., 
C. 66.90; H. 9.d; N, 9.25. PO&d: 

- 136.5'. (c 1.0, CHCl ). Calculated for: 
C, 66.60; 8. 9.05; N,3 9.08; 6 (220 MHz, 

(Me)Val, y-CH (Me)Leu). 1.42 (9H s OBut) 1.59'- 1.82 (3H, 
(Me)aal) 2 91 (3H s N'-Ca') 2 i2 - 3 02 (3A 2s 

m3)vaij. i.02 (1;. ;, a-d iMejhu). i.25 (2;I, s: 
DCI), Rt 12.2 min. 

a) Hydroganolysis 
Z-(Ma)Leu-(Me)Val-OBut (7) (17.928, 0.04 &4) in methanol (100 cm3) was hydrogenolysed in 

the presence of 10% PI/C catalyst (lg) at atmospheric pressura. for twenty-four hours. The 
catalyst was removed by filwtion an$ the solvent evaporateP2to 826 e 
oily foam (11.078, 90%). [al 

the title compound as an 
- 123.6 (c 1.0, CH OH), lit., 

(220 MHz, CDC13), 0.84 - lt.fb (12H. m, 
[a] 

8-CH (Me)?al y-Cl! (Me)La$ 1.26 (3H 
- 118O (c 1.0. CHC13)i 6 

(He)Lau), 1.42 (9H, s, 
r-cff 

OBu ), 1.91 (1H. m, $-C-H (Me);al), 3.29 (3H. H, N-CH ),'2?08;~'br.s., 
NH). 3 02 (3A, s, N-CH3). 3.47 - 3.58 (1H. d x d, a-C-8). and 3.80 - 4.9 (12 d x d. a-C)H); & 
314 (& DCI). 
b) Coupling 

36 d) in THP (10 cm3) was activated with DppCi (8.528, 36 u&l) in THF 
36 mM) and coupled with H-(Me)Leu-(He)Val-OBu (9.428, 30 IJAM) in 'lXF 

The reaction mixture was stirred at -20 C for two hours 
and at room tamperature for twenty-four hours and worked-up as described in the general 
procedure. 
DCM (1:2). 

The residue obtained was purified by silica gel chromatography eluting with EtOAc/ 
Solvent evaporation 053 the apprgpriate fractions gavalfhe 

sticky white foam (14.858. 83%). [a], - 173.5 (c 1.0, CH OH), lit., 
le compound as a 
- 165.5O (c 1.0, 

CHC13). Calculated for: C H N 0 : C, 66.73; H, 9.28; i, 7.29. 
N. $.53X; 6 (220 MHz, CDCl y, ?_?.A a_ 1.09 (18H. m. P-CA (Me)Val, 

66.86; H, 9.41; 

OBu ), 1.23H- 1.87 (6H, m,3p-CH y-CH (Ne)Leu), 2.18 ?lH 
y-CH (He)Leu), 1.48 (9H. 8. 

8-CH (Me?)Val) 2.82 - 2.85 (3H 
s, N-CH Conf.), 2.87 (EH, 29, &H ), 4.15 - 4.76 (lH. d x'df'a-CH (Me)Val),'5.03 (la. t. a-Ci 
(Me)Leu?, 5.21 (2H, s, PhCE2), 5.52 (lH. t, 
PAB), R 13.6 min. 

a-CH (Me)Leu), and 7.34 (SH, s, Arti); m& 576 (M+l, 

Z-D-Alar(Ne)Leu-(Me)Leu-(Me)Val-OBu' (9) 
a) Hydrogenolysis 

Z-(Me)Lau-(Me)Leu-(Me)Val-OBut (8) (11.528. 20 &i) in methanol (100 cm3) was hydrogenolysed 
in the presence of 10% Pd/C catalyst for twanty-four hours. The solution, after removal of the 
$Jyst by filtration, was evaporated to give the title compound as a sticky foam (7.848, 89%); 

(c 1.3, CH OH); 6 (220 MHz, CDCl ). 0.74 - 1.14 (18H. m. 8-CH (Ma)Val, y-CR (Ne)Leu) 
1.48 (9H. d, 
(3H. 

OBuz), 1.6 - 1.94 (6H, III? g-CH , y-CH (Me)Leu), 2.19 ?lH, m, p-CH (lb&al). 2.4; 
N-CH ) 3 12 (?3H 

a-CH)~'a~??~ (&~b~?dH:,s~); ,/z ;42'(Mtl, ;AB;: 
N-CH3). 3.88 (2H. m. a-CA), 4.79 (1H. d. 

b) Coupling 
Z-D-Ala-OH (4.018, 

cm3) and 
18p) in THF (6 an3) was activated by DppCl (4.258, 

W (1.97 cm 
18 r&l) in THT (6 

18 mM). and 
H-(Me)Leu-(Me)Lau-(Ne)Val-OBAt (6.618. 

the rasul ing 
s 

mixad 
15 ti) in TAP (6 cm ). 

anhydride coupled to 
After stirring at -2OOC for two 



1770 I. J. GALPlN ef u!. 

hours and at ambient temperature for thirty hours the residue was worked-up as described in the 
general DppCl procedure and purified by silica gel chromatography eluting with BtOAc/DCM -(1:2). 
Solvent avaporati2n of the appropriate fractions gave the title compound as a colourlass oil, 
(6.8g. 80%); [al - 137.7O (c 1.0, CH OH). 
N, 8.66. FOUlI d! c, 65.00; H, 9.02; N? 

Calculated for: C 5H58N40 . c. 64.90; A, 9.04; 
8.67%~ 6N (220 MHx, CD+, 0.71 - 1.11 (ISa, 

(Me)Val, y-CH (Me)Leu), 1.35 (3R, d, CH D-Ala), 
=t P-c83 

y-CH (Ma)Leu? 2.17 (XI, m, P-CH (Me$alf. 2.78 
1.42 (SE, s, OBu 1, 1.48 - 1.82 (68, m, g-CI$, 
- 2.98 (68, 4s. NCH Conf.), 3.02 (3H. 8, 

N-CW ). 4.69 (la, d x d. a-CH D-Ala), 4.74 (lN, m, a-CR (Mee)Val), 5.11 ?2H, 8, 
5.663(2H. m, a-CH (Me)Leu), 5.72 (JH, d, NH D-Ala), and 7.39 (SH, 8, ArH); m/z 
13.0 min. 
Z-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBut (10) 
a) Hydrogenolysis 

Z-D-Ala-(Me)Leu-(Me)Leu-(Me&l-Ogut (9) (6.428, 10 mM) in methanol (50 cm3) was hydro- 
genolysed in the presence of 10% Pd/C catalyst for twenty-four hours. The catalyst was removed 
by filtration and2$he filgrate 
(4.761. 93%); [a] 

evaporated to give the title urnspound as a sticky white foam, 
- 126 (c 1.2, CH OH): CDCl J, 0.77 t 1.11 (18ff. ID, g-CJ 

Fe', y-CH (MeqLeu). 1.16 - 1.27 (31f, d. C E!a!?i.lS (921, s, 

1' 
y-CH ?&&au), 2.07 (2Ii, br.8.. 

z - 1.83 (6H II) 
), 2316 (lH, m, g-CR ("e)V::; '; ,';'", 94 3 01 i9H: 

seri s of singlets, N-CH3). 3.85 lH, g, a-CH D-Ala), 4.72 (lH: d: a&'&)V~l), and 
4.55 (2H, 2t. a-CR (Me)Leu); m& 512 (N+l, FA8). 
b) Coupling 

lg.8 I& in THP (4 cm31 was activated using DppCl (2.55g, 10.8 mM) in THF 
cm , 10.8 EM) and coupled to H-D-Ale-(Xa)Leu-(Me>Leu-(Ne)Val-Abut (4.68g, 9 

to the standard procedure. The reaction mixture was stirred at 
-20°C for one hour and at ambient temperature for twenty-four hours. The residue obtained 
after work-up by the general method was purified by silica gel chromatography using CH2C12/EtOAc 
(2:l) as eluant. Evaporation of, the ygropriatd, fractions gave the title compound as a white 
solid (5.18g. 88%); m.p., 52 - 53 C; [al - 168 (c 1.1, CHCl ). Calculated for C H N 0 : 
C, 63.55; H, 8.86; N, 9.75. Found: Cp63.34; H, 8.96; N, 9397%; 6 (220 NHx, CDC?s):3057? - 

1.46 (QH, s, OBu >: 1.49 - 
1.04 (18H. a, 0-p (Me)Val, y-C (Me)Leu). 1.31 (3H, d, CH D-Ala)' 1.39 (38, d, d L-Ala) 

y-CN (Ke)Leu),32.19 (6, m, 8-CH (MelValJ, 2.79 I 
m, a-CH L-Ala), 4.74 (lR, d x d, a-CA (Ife)Val), 
5.49 - 5.56 (2H, III, a-CH (Ma)Leu), 5.66 (lH, d, 
8. ArH); r& 717 (M+l, PA8), Rt 13.0 min. 

)Leu-OH (11) (%25g, 0.44 r&f) in THYP (4 cxi3) was activated using DppCl 
n TRF (5 cm ). and NMN (0.07 cm , 0.60 I&_ and couoled to 

H-Ala-D-Ala-(Ne)Leu-(MefLeu-(Me)Vel-OBu' (12) (0.278, 0.45 &I .in THP (5 &a-') according to the 
general DppCl coupling method. The reaction mixture was stirred at 0 to -5OC for one hour and 
at room temperature for forty-two hours. The residue, after solvent evaporation was applied to 
a Sephadex LH20 column aluting with DMF. Evaporation of t. appwriate gractions gave the 
title compound as a white foam (O.l3g, 27%); m.p., 65 - 67 C; [a] - 134 c (c 1.0, CH OH). 
Calcylatad for C5 H98N8011 : C, 63.87; H, 9.22; N. 10.48. Found : ? 63.59. H 9.29. N 13.33; 
the H (250 Mhz) gpectnss was essentially the same as that obtained b:low f& &ter& iroduced 
by stepwise assembly; la/s 1073 (M+l, PAB); Rt 13.6 min. - 

syntbesia of the o ctaDentide Z-~a-D-hZa-(mk)Lsu-Vrl-(~)lw-(Ib)TM~=)-Abu-Surd (2) b% 
tbefraRmntun&eatialaDDrol 

Z-Ala-D-Ala-(Ma)Lau-(Me)Lc 
usi@g DppCl (0.2~ 0.6 ml4) in Tlil 

(14) (0.4g. 0.15 mM) in THF (6 cm31 was activated 
and NMN (9.1 cm , 0.9 mM) and coupled to H-(He)Tbr- 

jBut&Abn-Sar-OS? (13) (0.3g, 0.6 ti> in THP (6 ax ) according to the general DppCl coupling 
procadure. The reaction mixture was stirred at -20°C for half an hour, -10°C for half an hour 
and at room temperature overnight. The residue, after solvent evaporation, was applied on a 
Sephadex LR20 column aluting with DMP. Evaporation of tha2~pprop~iate fractions gave the title 
compound as a white foam (O.Zg. 2X); m.p., 85 - 87OC; [al 

t!. 
- 98 (c 1.0, CH OH). Calculated 

: C. 61.05; H, 8.82; N, 10.55; Found : 61.38; A, 8.89; i, 10.46%; 6H (25@ 
1.04 (2lH, m, g-CH (MeJVal, y-CH (Me)Leu and Abu), 1.14 (9H, s, OBu 

d 8-CR (Me)Thr) 139 - 132 (6H dx d CH 
-'l.E0?6H m &H' of Ab; (M&au) 1182 

of Ala, D-Ala), 1.44 (9A, a, 

8-CH (Me)&): 2.83 - 3.14'(158, 
-32.00 (2H, m, 

aaries of singlets 
y-CH (Ma)Lau), 

N-CH ), 3.19 (IH, d. 
a-CH Sar), 3.50 - 3.53 (lH, m, 8-CH (Ma)Thr), 4.23 - 4.40 (18, m, a-CH Al:). 4.h - 4.89 (4H, m, 
a-CH), 4.94 - 5.10 (lH, m. a-CR. Abu), 5.12 t2H, s, Ph-CH2), 5.15 - 5.42 (2H. ID, a-CB (Me)Leu), 
6.55 (lH, d+ NH D-Ala). 6.91 (lH, d, NH L-Ala), 7.36 (SH, 8, ArH), and 8.01 (1H. br.s., NH-Abu); 
a&1044 (M, CI), Rt 12.0 min. 

SYnt.lmsisofoctaDWtide(1)bYthestelWi8eurWedWe 
Z-(Me)Lau-Ala-D-Ala-(l4a)Le.u-(Ne)Leu-(Me)Val-O3u~ (15): 
a1 Rydrogenolysis 

Z-Ala-D-A~-(~e)~u-(Ma)~u-(Ne)Val-OBut (6) (29.868. 50 I#) was dissolved in methanol (200 
cm3) and hydrogenolysad in the presence of 10% Pd/C catalyst (2.78). at atmospheric pressure for 
twenty-four hours. The catalyst was removed by 
the title compound as a foam, (23.68, 95%); 
(220 NHs. CDCl 1, 0.76 - 1.09 (18H. m, 8-CH 
1.36 (3H, d, $H Ala). 
(Me)Leu). 2.20 (IH, m. 

1.45 - 1.48 (9H, 
H-CH (Me)Val), 2.83 
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br.s., m D-Ala), 3.75 - 3.66 (lH, d x d, a-CA (Me)Val), 4.72 - 4.90 (2H, m, a-CH Ala, D-Ala), 
5.56 (2H, 2t, a-CH (Me)Lau), and 7.33 - 7.89 (2H, br.m., NH.,); & 583 (M+lr FAB). 

s activated using DppCl (14.lg. 59.7 mM) 
59.7 mn) ., and coupled to 

H-Ala-D-Ala-(Ma)Lau-(He)Lau-(Me)Val-OBu= (29g, 49.7 raM) in THF (30 cm“), according to the 
general procedure. The reaction mixture was stirred at -2OOC for three hours and at ambient 
temperature for thirty hours. The reaction was vorked-up as describad for the general DppCl 
method. and the residue obtained was purified on a silica gel column eluting with CH2C12/EtOAc 
(2:l). Solvent evaporation of ;he apwpriate fractions gave the title compound aa a white 
solid (36.lg. 96%); m.p., 47 - 48 C; [aI - 173' (c 1.0, CH OH). Calculated for C H N 0 
C. 63.91; H, 9.10; N, 9.95; Found: C, 64?12; H, 9.32; N, 9.801; 6 (250 MHz, CDCl ) 857g6-61?01 
(24J& P-CH (Me)Val, y-CH (Me)Leu). 1.25 - 1.34 (6H. d x d. !H D-Ala, Ala)? i.44 (9H. s, 
OBu ), 1.3 (3H, m. y-CI?(Me)Leu), 1.58 - 1.85 (6H. m. p-Cl& ?Me)Leu), 2.17 (lH, m, P-CH 
(Me)Val), 2.77 - 3.00 (9H. series of singlets, -NCH ), 4.39 ( t. a-CH L-Ala), 4.71 (lH, d, 
a-CH (Me)Val). 4.63 - 4.87 (W, m, a-CH D-Ala, (Me)?eu). 5.14 (;H. s, 5.39 - 5.50 (2H, 
q , a-CH (Mg)Leu), 6.57 (lH, br.d., NH D-Ala), 6.88 (lH, br.s., 7.38 (SH, s, ArH); 
m& 844 (M DCI), R 13.0 min. 
Z-Val-(Me~~u-Ala-D-kla-(Me)Leu-(Me)Leu-(Me)Val-OBut (16) 
a) Hydrogenolysis 

Z-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBut (15) 35.811. 42.4 n&l) in methanol (200 cm3) 
was hvdronenolvsed in the presence of 10% Pd/C catalyst at one atmosphere for thirty hours. 
The catalyst was removed by-filtration and the filtfate-evaporated to gibe the title compound as 
a white foam, (28.3g, 94%). m.p., 50 - 52OC; [a] - 155.4' (c 1.2, CH OH). Calculated for 
C H7 N606 : C, 62.39; H, 9.93; N, 11.82. 
&l 9. 0.76 - 1.03 (24p, m, 

Found? C, 61.98; H, 9.79; N,3 11.88%; 6 (250 MHz, 
P-CA (Me)Val y-CH (He)Leu), 1.24 - 1.36 (6H, d x !, CH Ala 

D-~1:). 1.45 (9H. s. OBu ), 1.58 -2.90 (6H,'m, B-?H (Me)Leu), 1.98 (3H, m, Y-CH (Me&u)! 2.1; 
(lH, m. P-CH (Me)Val). 2.76 - 2.99 (12H. series20f singlets, 4.03 (lH, br.d., -NH 
;;;)$),$;;4 - 5.50 (SH, m, a-CH), 6.26 (1H. br.d., NH Ala). 8.3rtfjk br.d., NH D-Ala); m/z - 

* 
b) Ci;biing 

Z-Val;OH (11.45s. 45.6 p) in THF (30 cm3) was activated using DppCl (10.79g. 45.6 mM) in 
THY (30 cm') and NMM (5.0 cm , 45.6 n$l) 
Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBu 

and the resulting mixed anhydside coupled to H-(Me)Leu- 

(27g. 38 &I) in THF (30 cm ). as describad for the 
aeneral DPDC~ couplina procedure. The reaction mixture was stirred at -2O'C for two hours and __ - -_ 
at room temperature for forty-five hours. The reaction was worked-up as described in the 
general procedure and the residue subjected to chromatography on silica gel eluting with C 
EtOAc (2:lb. Bvq2oration "of the solvent gave the title compound as a white foam, (26.9g. 
m-p., 69.5 C; [al : C. 63.58; H, 9.08; N, 
10.38. Found: t 
Val. (Me)Val. y-CB (Me)Leu): 1.31'- i.34 (6H' d% d CH Ala D- la) 

;3.1346;lH (;.A;' ~3~~..;8%.ca~c"td~~r ~$;$7$+l _ 

- 1.60 (3H, m, y-h (Me)Leu). 1.58 - 1.84 (BH, m, b-CH3 (MejLeu, 
1.44 (9H s OBu ). 1.43 

1.06 (30H. p, B-CH 

m, b-CH (Me)Val), 2.76 - 3.01 (12H, series of sing&s 
1.69 (lH, m,'&H Val), 2.14 

-NCH ), 4.36 (IH, m, a-CH Ala), 4.46 
, m, a-CH Val), 4.68 (lH, d. a-CH (Me)Val), 4.61 - 4.84 (lH, 2, a-CH D-Ala), 5.03 - 5.13 (4H. 

m, PhCH a-CH 
7.01 (zfi: br.m.. 

(Me)Leu), 5.34 - 5.45 (2H. m. a-CH (Me)Leu), 6.58 $lH, br.d.. NH D-Ala), 6.82 - 
NH L-Ala, Val), and 7.23 (SH, s, ArH); m/z 943 (M , DCI); Rt 13.6 min. 

Z-(Me)Leu-Val-(Me)Leu-L-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBut (17 
a) Hydrogenolysis 

3 Z-Val-(Me)Leu-Ala-D-Ala-(Me)Leu-(Me)Leu-(Me)Val-OBut (16) (268. 27.5 ti) in methanol (100 
cm ) was hydroganolysed in the presence of 10% Pd/C catalyst for two days. Evaporation of the 

of the catalyst. gave the title compound as a white foam. (20.9611, 94%); 
- 138.9' (c 1.2, CH OH). Calculated for C H N 0 : C, 62.25; H, 9.84; 

N, 12.10. Found : DC. 62.20; H, 9.65; N; 12.23%; 6 (250 MHz ‘&!19)7, 80.71 - 1.06 (3OH 
y-CH (Me)Leu, 8-CH Val. (Me)Val), 1.23 - 1.33 (6H,H2d. CH -Aia. D-ala) 1.44 (9H s, Oiuty' 
l.403- 1.61 (3H, m.3y-CH (Me)Leu), 1.50 - 1.84 (6H, m, P-CH ?Me)Leu), 1.2; - 1.99 (;H. m, 8-C; 
Val, (Me)Val), 2.11 (2H. br.. NH ). 2.78 - 3.01 (12H. se&es of singlets NCH ), 4.38 (1H. m, 
a-CH Ala). 4.45 - 5.44 (6H. a-CH &e)Lgu, (Me)Val, Val, D-Ala), 6.68 (lH, br.d.? NH D-Ala), and 
6.95 (lH, br.d., NH L-Ala); m/z 809 (y , DCI). - 
b) Coupling 

THF w)( 
8.56g. 30.7 mM) 'y3y7 (10 TV) was activated using DppCl (7.26g. 30.7 mM) in 

and NMM cm , 30.7 rdi) and was Soupled to 
H-Val-(Me)Leu-Ala-D-Ala-(Me)~u-(Me)Lau-(He)Val-OBut (20.7g. 25.6 mM) in THF (50 cm ), according 
to the general coupling procedure. The reaction mixture was stirred at -2OOC for two hours and 
at ambient temperature for forty-five hours. The solvent was evaporated and the reaction 
worked-up as described in the general procedure. The residue was subjected to chromatography 
on silica gel eluting with BtOAc/C 
the title compound as a white 

Evaporatiot of t*4appropri$.e fractions gave 
94%); m.p., 75 C; [al 

Calculated for C 7H9 N 011 : C, 63.87; H, G.22; N, 10.48; Found: 
- 133.1 (c 1.2. CA OH). 

,SH (250 MHz, CDC15, C?..sk - 1.04 (36i-i. "c 8-CH 
dl 63.74; H, 9.23; N, 10:33X; 

x d. CH Ala D-da) 1.44 (9H 
Val, (Me)Val. y-CH (Me)Lau), 1.31 - 1.34 (6H. d 

OBu ) 127 - 1.60 (3H q , y-&(Ma)Leu) 1.61 - 1.70 (8H. m. 
P-CH (de)Le:), 1.98'(1H, m. &i;al). 2:15'(1H. m. 8-CH ?Me)Val), 2.79 -'3.06 (15H, series of 
sing ets. f NCH,). 4.39 - 4.49 (1H. m. a-CH Ala). 4.69 - 4.95 (3H. m. a-CH D-Ala. Val. (Me)Val). 
5.03 - 5.23 (& , m, a-CH (Me)Leu,-PhCH ), 5.29 1 5.52 (ZH, m, h-dH (ne)Leu). 6.56 (1H; br.h.. h 
D-$la), 6.51 (lH, br.d.. NH Val), 6.82 (1H. br.d.. 
(i , XI). Rt 13.6 min. 

NH L-Ala), and 7.28 (SH, s, ArH); m& 1072 
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