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SYNTHESIS OF THE 27-37 FRAGMENT OF A LYSOZYME ANALOGUE 
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and R. G. TYSON 
The Robert Robinson Laboratories, University of Liverpool, P.O. Box 147, Liverpool, England 
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-Two syntheses of the fully protected 27-37 fragment have been carried out. The results 
indicate that ccuulina of the 27-32 and 33-37 fragments is superior to the alternative 27-29 plus 
30-37 approach. - - 

Here we describe the synthesis of the (27-37) 
fragment of our lysoxyme analogue,’ the sequence 
of this fragment being given below. 

Asn.Trp.Nva.Cys.Ala.Ala.Lys.Phe.Glu.Ser.Gly. 
27 30 33 37 

The strategy of maximal protection has been 
used and the overall methodology follows that out- 
lined in a previous paper.’ 

By inspection of the fragment it is clear that 
there are no racemisation free coupling points for 
fragment condensation and in the initial mode of 
synthesis it was decided to construct the molecule 
by fragment coupling at norvaline. This tri- plus 
octapeptide route could be critic&d since it in- 
volved the stepwise build up of the (30-37) oc- 
tapeptide. Whilst this is by no means impossible, in 
general we have found it best to restrict stepwise 
syntheses to approximately the hexapeptide, level, 
as yields and reaction times are often unacceptable 
when working on fragments over this size. 

The tripeptide fragment was synthesised by the 
route outlined in Scheme 1. 

coupling, the protected dipeptide acid (33) was 
obtained in virtually quantitative yield although a 
trace of the phenol remained after work up. A 
small sample was purified further for total charac- 
terisation and the remainder taken through to the 
next step in the slightly impure form. Hyd- 
rogenolysis for 7 hr in a mixture of methanol and 
10% aqueous acetic acid over 5% W/C catalyst 
gave the crystalline dlpeptide acetate in 95% yield. 
If the corresponding 10% catalyst was used in this 
reaction, it was found that several minor impurities 
were observed; this may be attributed to side- 
reactions involving tryptophan. The dipeptide ace- 
tate was coupled to p-biphenylylisopropoxycar- 
bonylasparagine N-hydroxy-succinimide ester in 
the presence of triethylamine, and the protected 
tripeptide acid (34) was obtained in 57% yield. The 
active ester used in this reaction was prepared, as a 
dry foam, by a 3 hr reaction at 0” immediately 
before use. This was done in order to minimise any 
decomposition of the active ester as we found that 
during a longer reaction time, or prolonged storage, 
significant quantities of the cyclic imide shown 
below were formed. The route to the protected 

BpocNH&- ’ 
F 
d 

(30-37) sequence is shown in Scheme 2 starting ._ _ . . 
Scheme 1. Synthesis of the protected (27-29) tripeptide (34). with the coupling of a-2,4,5-tri-cblorophenyl y-t- 

butyl benxyloxycarbonylglutamate to the serine de- 
N-Benxyloxycarbonyltryptophan 2,3,5trichloro- rivative illustrated. As the resulting protected di- 

phenylester was coupled with norvaline by a sah peptide (35) was contaminated with 2,4,5-trichl- 
orphenol it was converted to the hydraxide (3!ia) 

t Deceased, 256.1978. without further purification. The hydraxide (3%) 

* Present address: University of Manchester Institute of was treated with t-butyl nitrite under standard con- 

Science and Technology, P.O. Box 88, Manchester, Eug- ditions and the resulting axide coupled to glycine 
land. phenyl ester hydrobromide to yield the protected 

*Present address: M. R. C. Laboratory of Molecular tripeptide (36). Residues 31 to 34 were then intro- 
Biology, Cambridge. duced as their 2,4,Mrichlorophenyl esters; the 
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8cheme 2. Synthesis of the protected (30-37) octapeptide (42). 
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yield at each step being in the 80-90% region. 
acetamidometh-N-p-Biphenylyliiopropoxycarbonyl- 
S-yl-cysteine (41) was prepared by treatment of S- 
acetamidomethyl cysteine hydrochloride with p-bi- 
phenylyloxycarbonyl axide in the presence of tetra- 
methylguanidine. The cysteine derivative (41) was 
then coupled to the p-toluenesulphonate of the 
dydrogenolysed heptapeptide (40) using the N,N’- 
dicyclohexylcarbodiimide method incorporating N- 
hydroxysu ccinimide as an additive. The final pro- 
duct (42) being obtained as a white glassy solid 
after purification by chromatography on silica gel 
eluting with chloroform/isopropanol (9/l). 

hexa- plus pentapeptide coupling might result in a 
product which could be puritled more easily. The 
marginal disadvantage of this route was that, as 
envisaged, it involved two fragment couplings at 
points which were susceptible to racemisation 
whereas the former route only involved one such 
coupling. 

The protected (27-32) fragment was synthesised 
by the route shown in Scheme 3 below, utilising the 
previously synthesised fragment (34). 

The N”-protecting group was then removed from 
the fragment (42) by a 2 hr treatment with a mix- 
ture of formic acid, acetic acid and water (7: 1:2). 
The resulting formate was converted to the corres- 
ponding hydrochloride by treatment with hydrogen 
chloride in DMF in order to avoid any possibility of 
formylation in the subsequent coupling step. This 
hydrochloride was then coupled with the protected 
tripeptide acid (34) by the N,N’-dicyclohexylcar- 
bodiimide method with N-hydroxysuccinimide as 
additive. The crude undecapeptide (43) was ob- 
tained in 97% yield but could not readily be 
purified by gel filtration on Sephadex LH20 eluting 
with DMF. The only successful purification was 
achieved by chromatography on silica gel eluting 
with chloroform/isopropanol (5/l), unfortunately 
heavy losses were encountered and an overall yield 
of only 33% was achieved. 

The protected dipeptide (44), prepared by the 
active ester shown in 86% yield, was hydrogenol- 
ysed in the usual way and coupled with N-t- 
butyloxycarbonyl-S-acetamido-methylcysteine4 by 
the pivaloyl mixed anhyride. The resulting pro- 
tected tripeptide (45) was obtained in 85% yield by 
crystallisation from ethyl acetate/petroleum ether 
after removal of non-neutral materials by washing. 
The t-butyloxycarbonyl group was then removed by 
treatment with 2 M hydrogen chloride in dioxan 
using anisole as a scavenger- the hydrochloride 
(4f4a) crystallising from the reaction mixture. A 
slight excess of the protected tripeptide acid (34) 
was then coupled with the hydrochloride (4Sa) 
by the N,N’-dicyclohexylcarbodiimide/N-hydroxy- 
succinimide method using N-methyhnorpholine as 
base. After 2 days the mixture was filtered and the 
tiltrate applied directly to Sephadex LH20 eluting 
with DMF. The product (46) eluted with Ve/Vt = 
0.44 and was obtained in 53% yield by precipita- 
tion with water. 

In order to circumvent this problem we reconsi- The phenyl ester was removed by treating an 
dered the strategy of synthesis, reasoning that a aqueous DMF solution of (46) with 1 M NaOH in the 
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Scheme 3. Synthesis of the protected (27-32) fragment (IS). 

Bpoc.Asn.Trp.Nva.Cys(Acm).Ala.Ala.Lys(Adoc).Phe.Glu(OBu’).Ser(Bu?.Gly.OPh 

(43) 

presence of hydrogen peroxide.’ At pH 10.5 the 
cleavage was complete in 15 min as evidenced by 
tic and base uptake. During the cleavage 
dimethylsulphide was present in order to prevent 
the possibility of oxidation of the cysteinyl peptide. 
The crystalline protected hexapeptide acid was then 
coupled to the p-toluenesulphonate obtained from 
(38) (see Scheme 2) by the N,N’-dicyclohexylcar- 
bodiimide/N-hydroxysuccinimide method using N- 
methylmorpholine as base. After 2 days the mix- 
ture was filtered and the filtrate applied directly to 
a column of Sephadex LH20 eluting with Dh4F, the 
required undecapeptide (43) being obtained in 
68% yield. 

If the two routes are compared it may be calcu- 
lated that the second route gives approximately 
double the yield found in the first instance. The 
major contribution to this improvement comes 
from the improved yield in the final fragment cou- 
pling. As may be seen from the experimental se-c- 
tion, the physical properties of the products from 
the two routes are identical. An important indicator 
of optical purity is provided by the close agreement 
of the optical rotations (-24.6” and -25.3” for the 
two routes respectively) as it is unlikely that such 
agreement would be obtained if significant racem- 
isation has occurred during any of the fragment 
couplings. The optical purity of the protected unde- 
capeptide (43) synthesised by the second route was 
confirmed by enxymic digestion of the S- 
acetamidomethyl fully deprotected peptide. The 
homogeneity of the deprotected peptide was also 
confirmed by paper electrophoresis at pH 2.8 and 
6.5 and by isoelectric focussing on polyacrylamide 
gels. 

The abbreviations, tic systems and general experimental 
methods are detailed in a preceding paper.9 

scheme 1 
Z-‘Dp-NM-OH (33). A soln of ZTrp-Ocp (50.6g, 

98 mA4) in Dh4F (75 ml) was added to a soln of H-Nva- 
OH (11.0 g, 93 mM) in water (25 ml) and the resulting 
soln stirred for 4 days. The solvent was evaporated and 
the residue dissolved in EtOAc (2OOml). this soln was 
treated with 3dimethylaminopropylamin~ (2.0 ml, 
16.7 mIK,) for 3Omin. This soln was washed with 10% 
citric acid, water and sat NaCI aq; drying and evaporation 
gave a foam which wan crystalliid from EtOAc- 
petrol- ether. A quantitative yield was achieved, how- 
ever tic indicated the presence of very slight traces of 
HOCp R,(17)-0.7. The bulk of this material was used 
directly in the subsequent coupling and a puriiied sample, 
obtained by repeated recrystallisation from EtOAc 
petroleum-ether, was used for the determination of 
analytical data; 
(c = 2, Dh4F), I?,(17)m&, ;(&::?8, 

[Ug4;zK 

% (Found; C, 64.66; H, 6.44; N, 9.06. C&H2,N3 ,.0.5H$ 
requires: C, 64.56; H, 6.32; N. 9.41%). 

&uc-A~~-T~~-Nu~-~H (34. The. slightly impure 
orotected diDCDt.ids? acid (33) (10.0 P. 23 rnh4) was dissolved 
in MeOH (k-k), 10% ‘aq;;ous kOH (i0 ml) and 5% 
Pd/C (1.5 g) were added and the solution hydrogenolyxed 
for 7 hr. Filtration and evaporation yielded an oil which 
cry&Used on tituration with E&O aivinn (8.0 a. 95%). 
m:p. 262” (dec), 

3 
(23)-0.55. Thi d&p&be au&e was 

dissolved in D (lOOmI) and added to Bwc-Asn- 
ONSu (11.7 g, 25 mh;l), TEA (6.2 ml, 44 mM) & then 
added and the soln stirred for 2Ohr. Bpoc-Asn-ONSu 
was prepared as a dry foam by reacting Bpoc-Asn-OH 
(13.9 g, 37.5 mhQ with HONSu (4.6 g, 40 mhi) and DCCI 
(9.1 g, 44 mM) in DMF (60 ml) at 0” for 3 hr. The mixture 
was filtered and evaporated, the resulting oil being diil- 
vcd in EtOAc (60ml) and cooled to -60” for 10 min. 
Filtration and evaporation yielded the rather unstable 
active ester (17.5g, 100%). The solvent was evaported 
and the residue dissolved in EtOAc. this soln was par- 
titioned with 5% citric acid, washed with water and sat 
NaCl aq then dried. Evaporation 8ave a crystallme pro- 
duct which was recrystaU&zd from EtOAc Petroleum-ether 
yielding (8.2g, 57%), m.p. 139”, [a]::-28.9” 
(c = 2, Dm, R,(l7)-0.4, R,(14)-0.55, APM digest (3 
days) ~nI.OITrpI.zONva,,., a blank accounted for the 
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observed high Trp, (Found: C, 65.10; H, 6.60; N, 10.35. 
CseH~1Ns0,.0.5H,0 requires: C, 65.04; 6.37; N, 
10.54%). 

Scheme 2 
Z-Glu(OBu’)-Ser(Bu’)-N,Hs (3s). Z-Glu(OBu’)- 

CQ (28.5 g, 55 mM), Cl-H:-Ser(Bu’)-OMe (11.6 g, 
55mM) and TEA (7.7mL 55mM) were dissolved in 
DMF (200ml) and stirred for 4 days. Evaporation gave 
an oil which was dissolved in EtOAc (5OOml), this soln 
was washed in the usual way, dried and evacorated to 
yield a yellow oil (59.Og). The rum spectrum and tic 
R(26)-0.65, 0.57 showed this oil to be. a mixture of 
HGCp and (if!) in the approximate ratio 2 : 5. This mix- 
ture, co 5 mM of (3s) in MeOH (25 ml) was treated with 
hydraxine hydrate (1.0 ml, 21 mM) for 12 hr. Evaporation 
of the solvent and excess hydraxine gave a gum which was 
crystallised from a mixture of EtOAc and petroleum- 
ether giving (3Sa) (1.7 g, 69% based on CJ-H,+-Ser@u*)- 
OMe), m.p. 133-134”. [calf: +5.3” (c = 3, DMF). R(25)- 
0.6, (Found: C, 58.21;Hy7.68; N, 11.31. G,H&J,G, 
reauires: C. 58.28: H. 7.74: N. 11.33%). 

~-G~u(OBU’)-S;~(BU’)-~I~-~P~ (&). A wh of 
8.6M HCJ in dioxan (0.93 rnJ. 8mM) was added to a 
sobs of (35s) (0.99 a. 2 mMl in DMF (8 ml) at -30”. The 
temp was raised tld -25’ ‘and t-b&l &rite (0.93 ml, 
8.1 mM) added, after stirring for 15 min the temp was 
lowered to -30” prior to the addition of TEA (1.1 ml, 
8 mM). A precooled soln of Br-G-Gly-OPh (0.49g, 
2.1 mM) and TEA (0.3 ml, 2.1 mM) in DMF (7 ml) was 
added and the reaction stirred at 0” for 3 days. After 
filtration, evaporation gave a residue which was dissolved 
in EtOAc. Washing in the usual way, drying and evapora- 
tion give a solid which was crystalhsed from EtOAc and 
petroleum+ther yielding 36 (1.0 g, 82%), m.p. 121-122”, 
go-1.1’ (~‘3. DMF), 

rr,u, (Found: C, 62.67; 2 
(26)-0.4, Ser0.,,,Gluu9s- 

6.87; N, 6.98. t&H,,- 
NsO, requires: C, 62.62; H, 7.b; N, 6.85%). 

Z-Fhe-Glu(OBu’)-Ser(Bu’)-Gly-OPh (37). A sohr 
of (37) (14.1 g, 23 mM) in DMF (400 ml) was hydrogenol- 
vfied for 12hr in the presence of 8.1 M HCI) in dioxan 
(3.4 ml), 27.5 mM) and 10% Pd/C (2.0 8). Work up in the 
usual way yielded the corresponding hydrochloride 
R(25)-0.6. The hydrochloride was dissolved in DMF 
(iooml), Z-Phe-OCp (12.2g, 25.5 n&f) and TEA 
(3.22 ml, 23 mM) added, and the mixture stirred for 3 
days. Evaporation gave a residue which was dissolved in 
CHCls (5Oml). Washing in the usuaJ way, drying and 
evaporation produced a residue which was crystaUised 
from EtOAc and petrolemther giving (37) (16.Og. 
91%), m.p. 160-161°, [ag-5.9” (c=3, DMF), B,(26)- 
0.3, R(27)-0.8. Scr,~Glu,.,Gly,.~e~.~ +conecmd 
for decomposition by extrapolation, (Found: C, 64.36; H, 
6.97; N, 7.53. C,,H,,N,O,, requires: C. 64.72; H, 6.89; 
N, 7.36%). 

Z-Lys(Adcc)-Phe-Glu(OBu’)-Ser(Bu’)-Gfy-OPh (38). 
The tetrapeptide derivative (37) (14.5 g. 18mM) & 
solved in DMF (400 ml) was hydrogenolysed for 14 hr in 
the presence of 8.8 M HCI in dioxan (2.5 ml, 22 mM) and 
10% W/C (1.8g). The corresponding hydrochloride, 
R(25) - 0.75. was obtained bv work UD in the usual wav. 
This salt (18)(16.0 g, 25 mM)*and TEA (2.66 ml. 19 rnM) 
were dissolved fn DMF (lOOmI) and the resulting soln 
stirred for 4 days. Evaporation gave a residue which was 
dissolved in CHCI, (4QOml), this soln was washed and 
dried in the usual way. A solid was obtained by evapora- 
tion, and this was recrystallised from EtOAc and 
petroleum-ether affording (38) (18.3 g, 90%), m.p. 190- 
191”. [a&17.2=’ (c =2 DMF), R(2I-O.7, J?,(27)- 
0.7, Ly~.,sSero.ssCilu,.,,Gly,.,We,.,, (Found: C. 65.21; 
H, 7.30; N, 8.09. CssH,sN,O,s requires: C, 65.27; H. 
7.37; N, 7.88%). 

Z-A&-Lys(Adoc)-Pbe-Gfu(OBu’)-Ser(Bu’)-Gly-OJ’h 

(39). The protected pentapeptide (38) (17.1g. 
16 mM) was dissolved in DMF (350 ml) containing 5.0 M 
HCI in dfoxan (3.8 ml, 19 mM) and hydrogenolysed for 
12 br over 10% W/C catalyst (1.6 g). Filtration and evap- 
oration yielded the corresponding hydrochloride as a 
white solid, this was dissolved in DMF (80 ml) and Z-Ala- 
OCp (7.7 g, 19 mM) added along with TEA (2.24ml), 
16 mM). After stirring at 20’ for 3 days the solvent was 
evaporated and the residue d&solved in CHCl,, this 
soln was subjected to an acidic and basic washing in the 
usual way then dried. Evaporation, followed by trituration 
with E&O gave (39) as an amorphous solid (16.1 g, 88%). 
m.p. 195-197”, [a]:: - 19.3” (c = 2, DMF). R(2) - 0.8, 
Ly~.,sSer,.,s.Glu,.,Gly,.csAla,.~, Pher.02 +corrected for 
decomposition by extrapolation, (Found, C, 64.15; H, 
7.43; N, 8.74. C,,Hs,O,,N, requires: C, 64.35; H, 7.35; 
N, 8.61%). 

Z-Ala-A&-Lys(Adoc)-Phc-Glu(OBu’)-Scr(Bu’)-Gly- 
OPh (48). A soln of (39) (15.4& 13.5 mM) in DMF 
(300 ml) was hydrogenolysed for 16 hr in the presence of 
5.0M HCl in dioxan (3.2m1, 16 mM) and 10% Pd/C 
catalyst (1.4 g). Work up in the usual wav save a 
homogeneous-white solid -R(2) - 0.42 which was-dissol: 
ved in DMF (lOOmI). Z-Ala-O& (6.4 P. 16mMI and 
TEA (1.89ml; 13.5 II& were added anz the soln s&I 
red for 4 days. At this stage the mixture still showed a 
ninhydrin positive spot on tic; the volume of the soln 
was reduced to 60 ml and additional quantities of Z-Ala- 
OCp (3.12 g, 8 mM) and TEA (0.38 ml, 2.7 mM) added. 
After a further 2 days the reaction was complete. 
Work up in a similar manner to compound (39) gave 
a white amorphous solid which was slowly reprecipi- 
tated from MeOH with Et-0 vieldine (48) (13.6 P. 
83%) m.p. 226228”, [old- li.7” (iL‘l.5, DM+j; 
R(2) - 0.7, R(25) -0.7, Ly~.,,Sere.,s*Glu,.,Gly,.,- 
AJax.utPhes.gs +corrected for decomposition by extrapola- 
tion, (Found: C, 63.48; H, 7.25; N, 9.25. Cs,HssOIsNs 
reouires: C. 63.56: H. 7.33. N. 9.27%). 

N-p-Bipl;cnylyli;opropoxy;orbonyl-S-occrayl- 
cysteine (41). p-Biphenylyloxycarbonyl axide (15.4 g, 
55 mM) and tetramethylguanidine (9.6g, 84mM) were 
added to a soln of S-acetamidomethylcysteine hydroch- 
loride (9.6 g, 42 mM) in DMF (150 ml) and stirred for 2 
days. Evaporation of the solvent gave an oil which was 
dissolved in water and extracted with EtsO. The aqueous 
phase was cooled to 0” and acidified with ice-cold 10% 
citric acid. The resulting oil was extracted into EtOAc, 
this soln was then washed with water, dried and evapo- 
rated to yield a dry foam (13.8g, 76%), (this dry foam 
may be converted into an amorphous powder by dissolv- 
ing in EtOAc and slowly adding this soln to rapidly 
stirred petroleum-ether) m.p. 39-40”, [u]g - 36.0” (c = 2, 
DMF). R(3)-0.3, R(17)-0.3. The compound was 
further character&d as the dicyclohexyl-ammonium salt: 
compound (41) (4.4g, 10 mh4) was dissolved in MeOH 
(25 ml) and DCHA (1.9 g, 10 mM) added. After 20 min 
the solvent was evaporated and the salt crystallised by 
trituration with petroleum+ther giving (5.5 g, 86%). m.p. 
93-98”, (Found: C, 66.70; H, 8.12; N, 6.60. 
C&&&0$ requires: C. 66.74; H, 8.07; N, 6.87%). 

Bpoc-Cys(Acm)-A&-Ala-Lys(Adce)-Phc-Glu(OBu?- 
.Srr(Bu’)-Gly-OPh (42). The derivative (40) (5.2 g, 
4.3 mM) was dissolved in DMF (120 ml) containing 4.7 M 
HCI in dioxan (1 ml, 4.7mM) and hydrogenolyued for 
15 hr in the presence of 10% PdlC (0.25 9). Work up in 
the normal way gave the hydrochloride in quantitative 
yield. This hydrochloride, Bpoc-Cys(Acm)-OH (41) (2.3 g. 
5.3 mM) and NMM (0.48 g, 4.3 mM) were dissolved in 
DMF (25 ml) and cooled to -20”. HONSu (1.2g, 
106 mM) and DCCJ (1.2 g, 5.6 mM) were added and the 
mixture stirred for 5 days after attaining room temp 
during the first 2hr. Filtration followed by evaporation 
yielded an oil which on trituration with EtOAc gave a 
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pale yellow solid. This was purified by chromatography on 
Silica gel 60 eluting with CHCI~PrOH (9/1), evaporation 
of appropriate fractions and reprecipitation from 
DMF/H20 gave the protected octapeptide (42) (2.8 g, 
45%), m.p. 234" (dec), [ a ~ -  17.3 ° (c = 1, DMF), Rf(2)- 
0.6, Rf(25)-0.7, Rf(27)-0.5,. Lyso.91Sero.ssGluLo4- 
Glyt.ooAla2.0oPheLol, (Found: C, 62.24; H, 7.27; N, 
9.44; S, 2.20. CTsHIo6017NIoS.H20 requires: C, 62.21; 
H, 7.23; N, 9.30; S, 2.15%). 

Scheme 3 
Z-Ala-Aia-OPh (44). A soin of Z-AIa-OC~ (64.4g, 

160 raM), TosO-H~-Ala-OPh (54.0 g, 160 mM) and 
TEA (22.4 nil, 160 mM) in DMF (300 ml) was stirred for 
3 days. The solvent was evaporated and the residue 
dissolved in EtOAc (500 ml). This soln was washed in 
the usual way, dried and evaporated to yield the crude 
product. Recrystallisation from EtOAc petroleum-ether 
gave (44) (51.2g, 86%), m.p. 126-127 °, [a~nt-45.2 ° 
(c=4,  DMF), Rf(25)-0.7, Rf(26)-0.4, (Found: C, 
64.73; H, 5.65; N, 7.79. C,20H22N205 requires: C, 64.85; 
H, 5.99; N, 7.56%). 

BOC-Cys(Acm )-Ala-Ala-OPh (45). Z-Ala2-OPh (44) 
(12.9g, 35 raM) in DMF (350m i )  was hydrogenolysed 
overnight in the presence of Tos.OH.H20 (6.7 g, 35 mM) 
and 10% Pd/C (1.7 g). After checking that the cleavage 
was complete by the Rf(23)-0.6 the soln was filtered 
and the filtrate reduced to 200 ml. BOC-Cys(Acm)-OH 
(11.8g, 40mM) was dissolved in 50% CH2CI2/DMF 
(80 ml) and cooled to - 10  °, Ply. CI (4.6 g, 40 raM) and 
TEA (5.7 ml, 40 raM) were added and 15 rain allowed for 
activation. The DMF soln from the hydrogenolysis was 
added together with TEA (4.9 ml, 35 mM) and the reac- 
tion allowed to attain room temp overnight. Evaporation 
yielded a residue which was dissolved in EtOAc; the 
soln was washed with 5% NaHCO 3, 5% citric acid and 
sat NaClaq. After drying, an equal volume of petroleum- 
ether was added to bring about crystallisation, this yielded 
(4b') (15.1g, 85%), m.p. 173-174 °, [ a ~ - 4 8 . 5  ° (c=2,  
DMF), Rf(25)-0.6, Rr(27)-0.50, (Found: C, 54.06; H, 
6.67; N, 10.67. C23H34N,,OTS requires: C, 54.10; H, 
6.71; N, 10.97%). 

Bpec-Asn-Trp-Nva-Cys(Acm)-Aia-Ala-OPh (46). 
The protected tripeptide (45) (2.6 g, 5 mM) was dissolved 
in a 2 M HCI in dioxan soln (25 ml) containing anisole 
(2.5 ml). After stirring for I hr, (&rm) had crystallised out, 
the soln was filtered and the product washed with Et20 
yielding (2.3g, 100%), Rf(17)-0.3, Rf(23)-0.3, 
Rf(25)-0.2. A soln of (4,~) (2.3 g, 5 raM), the tripeplicle 
acid (34) (3.6 g, 5.4 mM) and NMM (0.55 ml, 5 raM) was 
cooled to -20°; HONSu (1.3g, 10.8mM) and DCCI 
(1.3 g, 6.3 raM) were added and the soin stirred for 2 
days. After filtration the mixture was applied directly to 
Sephadex LH20 ehiting with DMF. The product, having 
Ve/Vt = 0.44, was obtained by precipitation with water 
and washing with Et20 yielding (46) (2.8 g, 53%) m.p. 
180-182 °, [a~D~--4.2 ° (C=2, DMF), Ry(17)-0.65, 
Rf(25) - 0.5, Rf(27) - 0.2, Aspo.gsAla2.oTNvaLoo, (Found: 
C, 59.95; H, 6.24; N, 11.51. Cs4H6sNgOtlS.2H20 re- 
quires: C, 59.81; H, 6.41; N, 11.63%). 

Bpoc(27-37) OPh 
First mute---CI-H~(30-37)OPh (42a). The fully pro- 

tected octapepfide (42) (1.5 g, 1 raM) was treated for 2 hr 
with AcOH/H.CO2H/H20 (7/1/2) (25 ml). The solvent 
was evaporated and the residue thoroughly triturated with 
EtOAc and Et20. The resulting white solid was treated 
with 0.046 M HCI in DMF (50 ml, 2.3 mM) for 10 min 
then evaporated and the exchange process repeated. Fi- 
nally trituration with EUzO yielded (42a) as a white 
amorphous solid (1.2 g, 92%), Rf(25)-0.4. 

Bpec(27-37)OPh (43). A mLxttae of (42a) (0.448, 
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0.34mM), the protected tripeptide acid (34) (0.338, 
0.5 mM) and TEA (0.5 ml, 0.35 raM) in DMF (8 ml) was 
treated with HONSu (0.12g, 1 raM) and DCCI (0.11 g, 
0.55 raM) at -20  ° for 1 hr, then at 20 ° for 3 days. Further 
portions of (34) (0.11g, 0.16raM), HONSu (30rag, 
0.35 raM) and DCCI (35 mg, 0.17mM) had to be added 
in order to ensure complete reaction. F'dtration and evap- 
oration gave a residue which was triturated with EhO and 
EtOAc, giving the crude (43) (0.63 g, 97%) as a pale 
yellow solid. Purification by chromatography on silica gel 
60 with CHCI3tPrOH (5/1) gave the pure (43) (0.165 g, 
33%), m.p. 255°dec, [a~D2-24.6 ° (c=1,  DMSO), 
Ry(25)-0.6, Rf(27)-0.25, Lyso.97Aspo.93Ser089Gluo99- 
Glyl.o2Ala2.ooNvao.91PheLot, (Found: C, 61.58"; H, 6.90; 
N, 10.74. CgsHtsIO21NIsS.H20 requires: C, 61.78; H, 
7.04; N, 11.03%). 

Second route--Bpoc(27-32)OH (46a). Compound 46 
(0.79g, 0.75 raM) was dissolved in DMF (24mi) and 
water (6ml); DMS (1.5ml) was added, and the pH 
brought to 10.5 with 1 M NaOH. 100 Volume HzO 2 
(0.08 ml, 0.8 mM) was added and the pH maintained at 
the above value for 15 rain with 1 M NaOH. The pH was 
then brought to 3.5-4.0 by the addition of ice cold 5% 
citric acid and the solon volume reduced by evaporation. 
Pouring into sat NaCI aq gave a ppt which was washed 
with water and ether, then dried giving (46a) (0.64 g, 88%), 
m.p. 148-150 °, [a]24-14.7 ° (c= 1, HMPA), Rf(17)- 
0.1, (Found: C, 57.36; H, 6.33; N, 12.37. 
C,tsH61NgOttS.2H20 requires: C, 57.18; H, 6.50; N, 
12.51%). 

Tos.O-H'~(33--37)OPh (~a). A soln containing (38) 
(5.3 g, 5 raM), Tos.OH.H20 (1 g, 5.3 raM) and 10% Pd/C 
(0.5 g), was hydrogenolysed for 12 hr. Filtration and evap- 
oration gave a residue which was solidified by trituration 
with Et20, filtration and drying gave (~a)  (5.6 g, 100%), 
m.p. 173-174", [ a ~ + 6 . 3  ° (c=2,  DMF), Rf(25)-0.7. 

Bpec(27-37)OPh (43). The protected hexapeptide acid 
(46a) (0.99 g, 1 raM), the p-toluenesulpbonate (38a) 1. I 1 g, 
l mM) and NMM (0.11m l, l mM) were dissolved 
in DMF (14ml) and cooled to -20". HONSu (0.25 g, 
1.2 mM) and DCCI (0.25 g, 1.2 raM) were added and the 
mixture stirred for 2 days. After filtration the crude 
mixture was applied directly to a column of Sephadex 
LH20 eluting with DMF. The product, having Ve/Vt 
0.38, was obtained by precipitation with water and wash- 
ing with Et20, yielding (43) (1.3 g, 68%), m.p. amorph 
chars at 255 °, [ a ~ - 2 5 . 3  ° (c = 1, DMSO), Rf(25)-0.6, 
Rf(27)- 0.25, Lyso.96ASpo.99Sero.ssGluLosGly Lo3Alal.97- 
Nvao.~PheLo2, (Pronase/APM) TrPo.sTLYSo.94- 
Cys(Acm)o.91Asn/Ser2.07Glu LIt GlyLooAlaL96Nva Loo- 
PheLo4, (Found: C, 61.25; H, 7.17; N, 10.68. 
CgaHI31NIsO21S.2H20 requires: C, 61.20; H, 7.08; N, 
10.92%). 
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