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Abatrae-The previously synthesised (l-37), (38-75). (76-93), (96104), (IOM 17) and (I M-129) fragments of the 
analogue were combined making extensive use of the DCCI/HONSu method. Tie final coupliig involved the (l-75) 
and (76-129) subfragments. Aggregation of the latter fragment caused problems in purification by routine gel 
filtration methods employing Enzacryl K2 or Sephadex LH60. The fully protected (l-129) product was partially 
purified by washing, tbe.n deprotected and purified by gel filtration and ion exchange chromatography. Satisfactory 
removal of the acetamidomethyl group used for cysteine protection could not be achieved. 

Throughout the preceding series of papers we have 
attempted to show that large polypeptide fragments may 
be assembled by total synthesis to the standards of 
purity acceptable to organic chemists. Certainly much 
effort was directed towards obtaining full sets of analy- 
tical data for the peptide fragments which frequently 
have molecular weights up to about 5tMO. The six 
assembled fragments were those which had been ori- 
ginally envisaged for the synthesis of the hen egg-white 
lysozyme analogue’3 shown below complete with pro- 
tecting groups. 

The first step in the sequence of events shown in the 

*Deceased June, 1978. 
tPresent address, Department of Chemistry, University of 

Manchester Institute of Science & Technology, Sackville Street, 
Manchester M60 IQD. 

lirst paper of this series’ leading to the synthesis of the 
1-75 fragment, requires combination of the protected 
(l-37)3 and (38-75)’ fragments. The intermediate stages 
in this assembly are shown in Scheme I. 

The Adoc. (I-37)eOPh (48) was subjected to phenyl 
ester cleavage under our standard conditions employing 
trifluoroethanol as the solvent.’ In the presence of 
dimethylsulphide at pH of IO.5 the addition of hydrogen 
peroxide brought about cleavage in I h, acidification 
yielding the required Adoc. (l-37)aOH (48s). In this case 
thin layer chromatography adequately showed the 
difference between the starting, phenyl ester and the 
corresponding acid. 

The N-a-protecting group was removed from Bpoc. 
(38_75).OPh (93) under the standard conditions6 which 
employ 0.05 M HCI in 90% trifluoroethanol to bring 
about the cleavage of the Bpoc protecting group, using 

Table I. 
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kkc.(l-37).OPh J.3wc.(38-75).OPh 

kkx.(l-37).OH Cl-H;.(3'&75).OPh 

L (93a) 
Pdx.(l-75).OPh 

(151) - 

Scheme I. Synthesis of the fully protected Adocjl-75).OPh fragment (151)$. 

dimethylsulphide as a scavenger to prevent side reac- 
tions. Purity of the product could again be assessed 
from thin layer chromatography and an approximate 
estimation of the extent of cleavage was made by check- 
ing the UV absorbance of the ether washings at 258 nm. 

The peptide acid (48s) and rhe hydrochloride (93a) 
were coupled by the DCCI/HONSu method. On this 
occasion a mixture of HMPA,DMF and DMA were used 
as solvent with N-methylmorpholine being used as the 
base. During the reaction the physical consistency of the 
reaction changed dramatically by changing from a mobile 
solution at the beginning of the reaction to a rather 
gelatinous consistency after 24 h. After a further 4 days 
reaction the product was purified by gel filtration 
chromatography using Enzacryl K2 eluting with NMP.’ 
Although the crude product had a reasonably acceptable 
amino acid analysis, the gel filtration purification could 
clearly be seen to improve some of the amino-acid ratios. 
A portion of the Adoc. (I-75)eOPh (151) was then 
deprotected using 90% TFA containing mercaptoethanol 
and anisole. The resulting product was chromatographed 
on Sephadex G50 eluting with 50% acetic acid. Ion 
exchange chromatography of the material isolated from 
the Sephadex G50 column showed a single component 
with a highly satisfactory amino acid analysis. 

The second portion of the lysozyme analogue span- 
ned the sequence (76-129). and the method of assembly 
is shown in Scheme 2. 

Bpoc*(lOS-I 17)*OH (139~) was prepared from the cor- 
responding phenyl ester (13!3)’ by phenyl ester cleavage 
under the standard conditions5 using DMF as solvent. At 
pH 10.5 the cleavage was complete after I h and 
acidification gave the required product in 93% yield. The 
hydrochloride of the protected (I 18-129) fragment (1500) 
was prepared from the corresponding Bpoc compound’ 
by cleavage of the N-a-protecting group under the 
standard conditions” at pHO.5. In this case the hydro- 
chloride was isolated in a yield of 81%. 

The peptide acid (13%) and the hydrochloride salt 
(ISOa) were then coupled by the DCWHONSu method 
using HMPA as solvent and N-methylmorpholine as 
base, a second addition of DCCI and HONSu being 
made after 24 h. After a total reaction period of 6 days 
the reaction mixture was diluted with DMF and applied 
to an Enzacryl K2 column eluting with DMF. The major 
peak obtained centred around a (Ve/Vt) value of 0.48 
was rather broad and hence the peak was divided into 
four parts and the fractions evaporated separately. 
Amino acid analyses of these fractions and TLC in- 
dicated that a satisfactory purification had not been 

Bpoc.(l18-129).mut 

I 
(150) - 

Bpc.(105~117).oH 
I 

(139a) 
I- 

Cl-H;.(118-129)OBut 
(150a) 

I- 

Bpoc.(76-93).OPh 
(113) - 

EQoc. (94-104).OPh 
I 

Epc.(105'129).0EsLlt 
(122) - (152) - 

Cl-H;.(105 ~129).od 
(152~1) 

I - 
Epc.(94-129)oBut 

(153) 
l- 

Scheme 2. Synthesis of the fully protected Bpoc$76429)*OBu’ fragment (154). 
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achieved. The fractions were therefore recombined and 
applied to Sephadex LH60 eluting with NMP.” The 
major peak in this case eluted with a (Ve/Vt) ratio of 0.53 
giving an isolated yield of 34%, however, a little material 
appeared to elute at the void volume. When the material 
from the peak at (VelVt) 0.53 was reapplied a major peak 
eluted again at (Ve/Vt) 0.53 along with a small peak again 
at the void volume. This observation was the first in- 
dication that some aggregation of the protected peptides 
was occurring. The homogeneity and identity of the two 
products was demonstrated by TLC and by paper elec- 
trophoresis of the deprotected product. Amino acid 
analysis after acid hydrolysis or enzymic digestion in- 
dicated a good degree of optical purity. The integrity of 
the tryptophan residues was also indicated from the 
enzyme digest result. 

The hydrochloride of the protected (105-129) fragment 
(152a) was then obtained by removal of the BPOC pro- 
tecting group from the fully protected fragment (152). 
This was achieved by acidolysis with 0.1 M HCI in 90% 
trifluoroethanol at pH 0.5 in the presence of dimethyl- 
sulphide.6 Cleavage was complete in 45 min giving a 95% 
yield of the required hydrochloride (152a). The carboxyl 
component Bpoc$9blO4).OH (122a) was prepared from 
the corresponding phenyl ester (122)” by a standard 
phenyl ester cleavage using 98% aqueous trifluoroethanol 
as the solvent,’ hydrogen peroxide and dimethylsulphide 
being added at pH 10.5. The cleavage was complete in 
35 min giving the acid (122a) in 90% yield. This acid was 
identical with a sample of the decapeptide acid which 
had been prepared by an abortive salt fragment coupling 
method earlier in the work. It should be noted that a 
small but perceptable cleavage of the Bpoc-N-a-pro- 
tecting group from this fragment occurred at this stage. 
However, this problem seems only to be appreciable 
when the amino-terminal residue is cysteine. Neverthe- 
less, the problem could be minimised by adjusting the pH 
of the trifluoroethanol to 9 whilst dissolving the protec- 
ted peptide. 

Coupling of the peptide acid (122a) and the hydro- 
chloride (152a) was again effected by the DCCI/HONSu 
method using a mixture of HMPA and DMF as solvent. 
A second addition of DCCI and HONSu was carried out 
after 2 days and a total reaction period of 4 days was 
allowed. At the end of this period the reaction mixture 
was diluted with a mixture of DMF and HMPA and was 
then chromatographed on Sephadex LH60 eluting with 
DMF.” As with the protected (105-129) fragment, 
aggregation was again observed but, on this occasion, in 
much greater amounts. Two widely separated peaks were 
observed at (Ve/Vt) = 0.25 and 0.47, the latter peak gave 
an isolated yield of the required fragment of 22% 
whereas the faster running peak gave a recovery of 76%. 
Both materials when rechromatographed showed both 
peaks indicating a reequilibration of the aggregates. Also 
both fractions when dissolved in HMPA and chromato- 
graphed on Sephadex LH60 this time eluting with 2M 
urea in DMF gave a single peak at (VelVt) = 0.52, in- 
dicating that the aggregate had been disrupted. The 
amino acid analysis of the product was satisfactory and 
enzyme digest again confirmed the integrity of the tryp- 
tophan residue and indicate a reasonable degree of opti- 
cal purity. As with the (105-129) fragment the com- 
bustion analysis was satisfactory after an adjustment for 
the level of hydration of the peptide. 

The acid labile amino-protecting group was then 
removed from the fully protected (94-129) fragment (153) 

by a 45 min treatment with 0.1 M HCI in 90% trifluoro- 
ethanol at a pH of 0.56. affording the free peptide 
hydrochloride in 91% yield. Bpoc. (7693)aOH (113a) was 
obtained from the corresponding phenyl ester (113) by 
cleavage under standard conditions as indicated in our 
earlier paper.” We found that it was important to moni- 
tor this reaction carefully as some cleavage of the Bpoc 
function from cysteine-76 was observed under the 
phenyl ester cleavage conditions in an analogous fashion 
to the (94-104) fragment. After a detailed examination 
we found that the loss of a-amino protection could not 
be brought below 2.5%, and this level although undesir- 
able could be tolerated. Coupling of the two fragments 
(113a) and (153a) to give the second major fragment (154) 
was again brought about by the DCCI/HONSu method 
using a mixture of HMPA in DMF as solvent, a second 
edition of DCCI and HONSu being carried out after 2 
days. During the complete reaction period of 5 days the 
reaction changed in consistency from a mobile liquid to a 
rather rigid gel. Precipitation of the product at the end of 
this period with brine gave a 91% yield of the crude 
product. As with the preceding large fragments, 
purification was attempted using Enzacryl K2 eluting 
with NMP.’ A major peak which eluted at (Ve/Vt) = 0.38 
gave a reasonable amino acid analysis but TLC of the 
protected material and electrophoresis and isoelectric 
focussing on the deprotected peptide showed that the 
material was slightly impure and therefore would require 
further purification. This was achieved by chromato- 
graphy on Sephadex LH60 eluting with NMP.” Indeed 
some aggregation was again observed but the bulk of the 
material eluted at a (Ve/Vt) ratio of 0.42 giving a 46% 
yield of the fragment Bpoc. (76129). OBu’ (154) which 
had a good amino acid analysis and was found to be 
homogeneous by TLC and isoelectric focussing of the 
deprotected material. Amino-acid analysis of material 
purified on Sephadex CM25 gave good ratios for the 
constituent amino acids. 

The routes shown in Schemes 1 and 2 thus provided us 
with the (I-75)” and (76129)14 fragments of the 
lysozyme analogue. Having obtained both fragments in 
a reasonable state of purity and in good quantities we 
were able to contemplate the assembly of the fully 
protected target molecule Adoc.(l-129)eOBu’ (155). The 
tinal coupling has heen carried out on three occasions 
and the results from each experiment were found to be 
internally consistent although, as might be anticipated for 
a molecule of this size, absolute reproducibility was 
impossible. The stages leading to the final coupling are 
indicated in Scheme 3. 

The Adoc$l-75)eOH (151a) was obtained by standard 
phenyl ester cleavage’ on the corresponding phenyl ester 
(151). In this case the cleavage was carried out in 

Fdoc. (l-75) .OPh 

I 

Bpoc. (76-129) .oE?Llt 
(151) (154) 

_&6) , +t7e 

Adoc. (l-129) .oEut 
(155) - 

Scheme 3. The fragment coupling route to Adoc.(l-129),0But 
(155). 



3046 1. J. GALPIN et a/. 

aqueous trifluoroethanol, the pH being adjusted to 10.5 
with 0.1 M sodium hydroxide. Dimethylsulphide was 
added in the usual way as a scavenger prior to the 
addition of hydrogen peroxide. Thin layer chromato- 
graphy indicated that the cleavage was complete within 
I h and work up gave a 91% recovery of the required 
acid (151~). On this occasion the phenol liberated was 
estimated by UV absorption and an 80% yield for the 
cleavage was indicated. 

Cleavage of the Bpoc function from the fully protected 
(76-129) fragment (154) was readily achieved in 90% 
trifluoroethanol solution by treatment with 0.05 M HCI at 
pH 0.5 with dimethyl sulphide as scavenger. The 
cleavage conditions were maintained for 1.25 h at which 
time, workup gave a 98% yield of the corresponding 
hydrochloride (154r). A UV estimation of this cleavage 
could only be estimated to + 10% due to the scale of 
operations. 

The peptide acid (151a) and the hydrochloride (154s) 
were then combined once again by the DCCI/HONSu 
method, a (2: 1) mixture of HMPA and DMF was used as 
solvent and N-methylmorpholine as base. A second ad- 
dition of DCCI and HONSu being made after 24 h and a 
total of 5 days was allowed for complete reaction. Once 
again a dramatic change in viscosity was observed during 
reaction period and after 5 days brine was added to 
precipitate the crude product (155) which was washed 
with water, ether and isopropanol before drying. TLC of 
the isolated material was surprisingly good indicating one 
major component with a trace of fluoroescamine positive 
material remaining at the origin in each system. The 
amino-acid analysis of the precipitated material was 
exceptionally encouraging and it gave satisfactory ratios 
for the majority of the amino-acids present even though 
little had been done to purify this product. In fact, due to 
its high insolubility in a range of solvents including 
trilfuoroethanol, N-methylpyrrolidone and dimethyl- 
acetamide we concluded that our standard methods 
employing Enzacryl K2’ would be unsatisfactory and 
that further purification would be best achieved after 
deprotection. 

The precipitated protected protein (155) was deprotec- 
ted by treatment with 90% tritluoroacetic acid under 
nitrogen using anisole and mercaptoethanol as 
scavengers. After a 3 h treatment which was shown to be 
optimal by polyacrylamide gel isoelectric focussing, the 
product was precipitated by the addition of ether. This 
product ((156) having the sequence set out in the first 
paper of this series, was then chromatographed on 
Sephadex G75 eluting with 0.4% ammonium bicarbonate 
whereupon peaks were observed at (VelVt) values of 
0.33. 0.70 and 0.91 (see Fig. la). The peak at (VelVt) = 
0.70 contained the majority of the product, the latter 
peak containing anisole and other small molecules. The 
UV spectrum of materials contained in peaks (a) and (b) 
was compared and only peak (b) was found to resemble 
native hen egg white lysozyme. It was also found that 
octa-carbamidomethylated reduced hen egg white 
lysozyme (CHEL)” was eluted at a (VelVt) value of 0.66 
on the Sephadex G75 column. The material from peak (b) 
was then applied to Sephadex CM25 eluting on a gradient 
running from 0.1 M ammonium acetate pH to 0.4 M 
ammonium carbonate pH 8.5. Two peaks were obtained 
as shown in Fig. l(b). The weight destribution in the two 
peaks (c) and (d) being 1.2 and 4.6 mg respectively after 
dialysis. The samples were then run on polyacrylamide 
gel isoelectric focussing in comparison with HEL and 

Sephadex G75/0.4% NH4+HC03- 

OD280 

ODPSO 

Sephadex CM25 

lb 

JiL_ 
P” *.5 --_ 

t”cr.,*,“Q P” 
P” CA 

0 1 M NH4*OAc- 0 4M (NH4)2CO3 

Fig. 1. Chromatography of octa-Acm (I-129) (156). 

CHEL. Sample (c) had a pl of approx. IO whereas (d), 
HEL and CHEL showed a pl of approx. 10.5. However, 
it should be borne in mind that this was rather close to 
the limit of the gel. Sample (d) was subjected to amino 
acid analysis and the majority of residues were found to 
give reasonably acceptable values; tyrosine, however 
was noticeably low. Interestingly, a comparative analysis 
on CHEL again showed a low figure for tyrosine. Com- 
parison of the UV profile of the material from (d) with 
HEL and CHEL again showed a close similarity between 
the samples (see Fig. 2), thus supporting the fact that 
tryptophan was present in the correct ratio and that the 
tyrosine was also present in the correct ratio even though 
the ammo acid analysis had indicated a low value. 

Although we considered that at this point the charac- 
terisation of the octa Acm(l-129) protein (156) was 
rather inadequate, we decided to proceed further and to 
examine the removal of the Acm 810~~s.‘~ 

A sample of the material (156) was dissolved in 50% 
acetic acid and mercuric acetate added. After stirring for 
70min under nitrogen at room temperature mercap- 
methanol was added and the reaction mixture stirred for 
a further 19 h. The whole of the reaction mixture was 
then applied to Sephadex G15, on this occasion eluting 
with 0.1 M acetic acid. A sharp peak eluted at the void 
volume along with several other components at larger 
elution volumes. Pooling of the fractions at the void 
volume gave a yield of 53%, the UV profile of this 
material being the same as that before removal of the 
Acm groups and identical with HEL. The thiol content of 
this product was then estimated using Ellman reagent” 
giving a value of 4.01 SH groups per molecule using the 
ODzso value to estimate the protein concentration. A 
repeat of this experiment gave a value of 4.16 SH groups 

per molecule. As this value was only 50% of that anti- 
cipated, we then repeated these experiments in the 
presence of 8 M urea in the hope that this would bring 
about sufficient exposure of the Acm functions to the 
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on phosphorus compounds has been investigated in- 
tensively by members of our group.19 A very serious 
question, however, arises over the protection of cysteine 
residues since the low recovery of cysteine after removal 
of the acetamido-methyl function may well be the major 
factor in preventing us from obtaining a satisfactory 
product. However, the low thiol values we encountered 
may in fact only be a reflection of the highly convoluted 
nature of the o&a-km protein (155) although reoxida- 
tion experiments with native hen egg white lysozyme 
would suggest that this is not the case. We would there- 
fore conclude that some improvements in the protection 
of cysteine residues are urgently required. 

a) Natwd h.n .~g whlt. ,y.c.xym. (NEL) 

b) Otto-C~rb~mldom~thYl~l~d MEL ICHEL) 

c) Oet~-Acm(l-l20N15S) .,t.r CY2S Peak Id) 

d) (ISO) .,,., tr..tm.“, 10 ~“90”. AC,“. 

During the course of this work coupling methods have 
improved considerably with the DCCI/HONSu’O and 
DCCI/HOBt methods2’ becoming common place. 
Nevertheless, we have developed two new coupling 
methods during the course of this programme, these 
being the Bates reagent22 and the triphenylphosphine- 
SO, reagent.23 

Fig. 2. Partial UV spectra for natural and synthetic materials at 
approximately the same concentrations. 

One of the major problems encountered in this 
research was the purification of large fully protected, 
rather hydrophobic peptides. In the main, for smaller 
peptides, LH20 chromatography eluting with DMF ser- 
ved us welL” however, during the programme we have 
developed the use of Enzacryl K2’ and Sephadex 
LH60” for the purification of large fully protected pep- 
tides. 

reagents. In this experiment values of 6.1 and 6.0 were 
obtained after gel filtration indicating that indeed some of 
the Acm groups were probably not accessible to the 
reagent in the earlier experiments. However, even under 
these conditions only 75% of the thiol groups present 
were liberated. Even with this number of thiol groups 
present the chances of correct oxidation of the product 
were incredibly small, nevertheless trial oxidations were 
in fact carried out under conditions identical with those 
required to oxidixe reduced hen egg white lysozyme at 
the same concentration.” Although we could readily 
regenerate the activity of hen egg white lysozyme using 
natural reduced HEL we did not observe any lysozyme 
activity for the synthetic material, thus we concluded 
that there was just too small an amount of the octa. SH 
synthetic protein present in our reaction product and that 
it was most likely that a narrow distribution of thiol 
species containing approx. 6 SH groups per molecule 
was present in the final product. 

Finally, therefore, we would say that the assembly of 
polypeptide chains of this size (in the region of 129 
residues) is certainly possible but that clearly enormous 
resources must be brought to bear in order to complete 
such a project. 

The general experimental techniques used, abbreviations and 
TLC systems are those which have been described in earlier 
papers in the series. In this paper theoretical amino-acid ratios 
are shown as a subscript following the amino-acid in question. 

Adoc*(l47)*OH (a). Adoc(I-37)OPh (48) (100 mg, 
0.018 mM) was dissolved in TFE and DMS (0.15 ml) added. The 
pH of the solution was adjusted to 10.5 with 2 M NaOH (I.14 ml), 
H20 (1 ml) and HsO, (tipI) added, and the solution stirred at 
that PH for 1 h. The PH was then brought to 3 bv the addition of 
1 M HCl before evaporation of the solvent. The residue was 
triturated with water and EtsO then dried over P,Os giving 
(55 mg. 56%), R,(ll) -0.4, R,(28) -0.1, cf. R&78) -0.6 for 
compound (46). 

CI_Hs+(~75).OPh (93a). Bpoc. (38-75)OPh (93) (94.0 mg, 
0.017 mM) was dissolved in TFE (2.2mll and water 10.2 ml) 
added. DMS (60~1) was added and the pH brought to g5 with 
0.5 hi HCI in 90% TF’E (aq). After standing for I h the solvent 
was evaporated and the residue triturated with Et,0 giving the 
required hydrochloride (85 m g, 92%) R,(23) -0.2 cf. 0.9 for 
(93). An approximate UV estimation of cleavage coproducts 
absorbing a 258 nm gave the yield as 77%. 

In conclusion therefore, we would claim that large 
polypeptides of the (l-75) or (76129) size can certainly 
be assembled, and that although the evidence is not fully 
convincing we believed that a peptide chain of 129 
residues (the linear sequence of the hen egg white 
lysozyme analogue) had been assembled. If this is true 
this would satisfy the first requirement of our activities, 
as stated by one of us (G.W.K.).’ That is, that we should 
demonstrate that a peptide of I29 residues can be 
assembled by the synthetic methods presently available. 
The major disappointment, however, must be that no 
material with lysozyme activity was obtained although 
this goal was considered to be subsidiary rather than one 
of the main objectives.’ 

It appears therefore that the majority of methods of 
protection are adequate for a peptide of this kind al- 
though the introduction of protecting groups which on 
cleavage do not give electrophilic species would be a 
considerable step forward. To this end protection based 

Adoc(I-75)OPh (151). Adoc(l-37)OH (&a) (86 mg, I6 rhf) 
and Cl-H,+(3&75).OPh (93a) (85 mg, 16 PM) were dissolved in 
a solvent mixture containina HMPA (I ml). DMF (0.5 ml) and 
DMA (0.2 ml). HONSu (5 rni 48 mM) &d a. solution of NMM in 
DMF (0.16 ml) (solution contained 0.1 mM/ml NMM) were added 
and the solution cooled to - 5”. DCCl (5 mg, 24 PM) was then 
added and the reaction mixture stirred overnight. After 24 h the 
reaction mixture had become gelatinous and thus a further por- 
tion of HMPA (0.2ml) added. The solution was cooled and 
further portions of DCCI (5 mg) and HONSu (5 mg) added before 
stirring for a further 4 days. Brine was then added to precipitate 
the product. The white precipitate being washed several times 
with water, IPA and Et20 &rally drying in vacua over P20J. The 
product obtained (130 mg, 79%). R((23) - 0.9 (streak extending 
0.7-0.9) R,(7) -0.8 had amino acid analysis: LyslOrns7.63 
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Asps7.53 Thrs3.42 Sers3.08 Glus5.10 Pro, 0.95 Gly,, 11.8 Ala,,, 
10.50 Vah 1.02. Nva, 1.23 Be, 1.07 Leu, 6.50 Nle, 1.07 Tn; 2.89 
Phes 2.79: This’material was then fur& puritied by gel filtration 
on Enzacryl K2 eluting with NMP. The major peak cluted at K,, 
- 0.18 and thus could be seoarated from (48a) IK.. - 03 for the _ _. 

phenyl ester (48)] and (93a) [K,, - 0.10) ior the Bpoc compound 
(93)] although from the TLC data it was clear that no fluores- 
camine positive material was present in the crude product 
isolated. The yield of purified (151) was flmg, 48%), Rr(23) 
- 0.9, R,(7) 0.8, Lys/Orns 7.78 Asps 7.79 Thrs 4.35 Sers 4.63 Glus 
5.29 Pro, 0.80 Gly,, 11.00 Alars 10.10 Val, 0.89 Nva, 1.28 Be, 1.12 
Ley 6.37 Nle, 0.96 Tyrs 3.04 Phes 2.92. A portion of this product 
was totally deprotected by treatment with 9046 TFA (3 ml) con- 
taining mercaptoethanol (0.5 ml) and anisole (0.1 ml) and was 
chromatographed on Sephadex G50 eluting with 58% HOAc. The 
single peak (VelVt) = 0.56 from this chromatography was rech- 
romatographed on Sephadex CM25 using a gradient elution from 
0.1 M ammonium acetate (pH 6.5) to 0.4 M ammonium carbonate 
(pH 8.5). ‘Ibe material contained in the single peak had amino 
acid analvsis: LvslOm 8.53 Am 7.73. Thrr 3.77 Ser% 4.40 Glu, 
5.37 Pro,-095 Giy,, 10140 Alar0 994 Vrd, 1.14 Nva, 0.84 Be, 1.18 
Leb 5.98 Nle, 1.10 Tyr, 2.78 Phes 3.05. 

Bpoc(lOS-117)OH (139a). Bpoc(l0~117)~OPh (139) (877 mg, 
0.33 mM) was dissolved in DMF (8mi) and a mixture of 
DMF (2ml) and HZ0 (4ml) added dropwise followed by DMS 
(I.25 ml. 1.7 mM). The DH was adiusted to 10.5 with 0.5 M NaOH 
and 106 vol. H;O, (01033 ml, 0.33mM) added. After 1 h base 
uptake had ceased and the pH was adjusted to 4 with ice cold 5% 
citric acid. Water was added and the precipitated product filtered, 
washed with more water, Et,0 then dried giving the required 
peptide acid (1%) (0.78 g, 93%) R1(17) - 0.2, R,(2) - 0.6. 

Cl-Hs+(l18-129)*OBu (1SOa): Bpoc*(lM-129)GBu’ (150) 
(0.64g,O.34 mM)wasdissolvedinTFE(9ml)andwater(l ruBadded. 
DMS (1 ml) was then added and the pH brought to 0.5 with 
0.1 M HCI in 98% TFE (ao). After maintaininn that DH for 45 min . ., 
the solvent was evaporated and the residue k&d with Et,O. 
The resulting solid was washed with water and EtsO then dried, 
giving the required hydrochloride (0.48g 81%), m.p. > 230”. 
[alg -29.2” (c = DMF/HMPA I: 1). Rf(ll) -0.6, R&25) -0.1, 
(Found: C, 54.83; H, 7.75; N, 11.93; CaHrwN&SCI~4H20 
requires: C. 55.03; H, 7.97; N, 11.74%). 

Bpoc.(lOS-lb)*OBu (152). ‘TIE peptide acid (1390) (0.64g, 
0.25 mM), the salt (15Oa) (0.43 g, 0.25 mM) and NMM (2.5 ml of 
0.1 mM/ml solution in DMF’) in HMPA (10ml) was cooled to 0” 
and treated with HONSu (58mg. 0.5mM) and DCCI (65mg, 
0.31 mM). After 2 h at o”, the solution was allowed to attain room 
temperature for 24 h, then it was retooled and HONSu (29 mg, 
0.25 mM) and DCCI (33 mg, 0.16 mM) added. The reaction was 
allowed to proceed for 5 days, then the reaction mixture was 
diluted with DMF and applied directly to Enzacryl K2 eluting 
with DMF. The slightly impure product (0.78 g. 74%) eluted with 
(Ve/Vt) = 0.48 and was subsequently further purified by chroma- 
tography on Sephadex LH60. again eluting with DMF. The 
product (152) eluted with (Ve/Vt)=0.52 and was precipitated 
with water after pooling the appropriate fractions. After drying, 
the homogeneous product (152) was obtained in a yield of 0.37 g 
(34%). with m.p. >230”, [a]: t 1.6” (c=O.5, DMF), Rt(11) 
-0.8, R&25) -0.4 Rdl2) -0.6, LyslGm, 2.85 Arg, 0.98 Asp,299 
Sers 1.76 Gly, 3.08 Ala, 2.98 Val, 3.10 Leur 1.03 Nle, 1.04; 
(Enzyme digest pronase/APM) Trps 3.02 Lys/Grns 3.19 Arg, 0.98 
Cys (ACM) t Cys, 1.84 Asp, 1.00 Asn/Ser, 3.73 Gly, 2.92 Ala3 
2.89 Vals Leu, 1.13 Nle, 1.08 (Found: C, 58.48; H. 7.35; N. 12.50; 
C,,,Hs,,NrsO&9H,0 requires: C, 58.69; H, 7.68; N, 12.15%). 

Bpoc(9ClO+OH (lzk). A solution containing the phenyl 
ester (122) (0.5 g, 0.26 mM) in TFE (8 ml) was adjusted to pH 9 
with 0.5 M NaOH. Water (2 ml) and DMS (1.0 ml, 13.9 mM) were 
added and the pH readjusted to 10.5. Following the addition of 
100 vol. HzOz (0.026ml. 0.2mM) the cleavage was allowed to 
proceed for 35 min then the pH was brought to 3 with ice-cold 
5% citric acid. This solution was then poured into brine to 
precipitate the peptide acid (122a). After washing with water and 
Et,0 the homogeneous product was obtained (0.44 g. 90%). [a]:: 
-6.5” (c= 1, DMF), R,(ll)-0.2, R&5)-0.1, R,(23)-0.8. This 

material was identical in most respects with the same peptide 

acid prepared by a salt fragment coupling method. This product 
having m.p. >26@, [a]g- -5.8” (c= < DMF), R,(ll) -0.2, 
Rr(23) -0.8, (Found: C, 57.97; H, 7.47; N, 10.70; 
C9~Hl)lN1s021S.4H20 requires: C, 57.54; H. 7.74; N. 10.82%). 

CI-H2+(105-129)GB~’ (152s). Bpoc(lOS-129)GBu’ (152) 
(0.342~. 0.081 mM) was dissolved in TFE (5.4 ml) and water 
(0.6 ml) added along with DMS (0.5 ml, 6.85 I&). Ihe pH was 
brought to 0.5 by the addition of 0.1 M HCI in 90% TFE (aq) and 
maintained at this value for 45 min until TLC indicated the 
cleavage to be complete. The solvent was evaporated and the 
residue triturated with Et,0 and washed with water and Et,0 
giving the required hydrochloride (152a) (0.31Og, 95%). R1(11) 
-0.3, R,(22) - 0.3. 

Bpoc(96129)OBu’ (153). The peptide acid (122a) (O.l6g, 
0.886 mM) and the salt (1Sk) (0.20 g. 0.05 mM) were dissolved in 
HMPA (I ml) and the solution cooled to 0” prior to the addition 
of HONSu (20 mg, 0.172 mM), DCCI (22 mg, 0.188 mM) and NMM 
(0.5ml of a 0.1 mM/ml solution in DMF). The reaction mixture 
was stirred for 2 days then retooled to 0” and further portions of 
HONSu (IO mg) and DCCI (II mg) added, stirring was then con- 
tinued for 4 days. The reaction mixture was diluted with DMF 
(3 ml) and HMPA (3 ml) and the resulting solution applied 
directly to Sephadex LH60 being eluted with DMF. The product 
was found to be located in two widely separated peaks having 
(A) (Ve/Vt) = 0.25 and (B) 0.47, the isolated material being iden- 
tical by TLC R,(7) - 0.8, R,(30) - 0.4 (see discussion of experi- 
mental above). Precipitation of the material contained in the 
major peak (Ve/Vt) = 0.25 gave (152 mg, 54%). Lys/Om, 4.98 
Arg, I.62 Asp, 5.08 Serl 3.16 Gly, 5.14Ala. 4.06 Val, 3.75 Be, 
0.87 Leu, 1.05 Nle, 1.05. The peak at (VelVt) = 0.47 gave (62 mg, 
22%), Lys/Oms 5.21 Arg, I.05 Asp, 5.00 Serr 2.88 Glys 4.97 Ala, 
4.02 Val, 3.34 Be, 0.88 Leu, 1.02 Nle, 1.07. A sample of (A) 
(IOOmg) was dissolved in HMPA (2ml) and DMF (2ml). This 
solution was then applied to Sephadex LH68 and eluted with 2 M 
urea in DMF giving a single peak at (Ve/Vt) = 0.52. [A sample of 
(B) similarly gave a single peak at (VelVt) =0.52]. After 
evaporation of the solvent and precipitation with brine the resi- 
due was washed with water. The hazy solution eventually yielded 
(153) (25 mg. 25%). m.p. > 230”. [a]b + 3.1” (c = 1, HMPA/DMF, 
4: I), [a]? -2.8” (c =0.5, TFE), R,(7) -0.4, Rf(30) -0.4. R,(ll) 
- 0.5, Lys/Om&67 Arg, 1.02 Asps 4.96 Ser, 2.59 Gly, 5.84 Ala, 
4.01 Val, 4.04 Be, 0.89 Leu, 1.04 Nle, 1.88, (promase/APM) Trp, 
3.00 Lys/OmJ 5.15 Arg, 0.97 Cys(Acm) +Cysr 3.30 Asps 2.06 
Asn/Ser,+ 4.50 Gly,+ 5.73 Ala, 4.02 Val, 4.18 Be, 1.18, Leu, 0.98 
Nle, 0.95 ( terror probably due to poor resolution), (Found: C. 
57.82; H, 7.43; N, 12.25; C~,HI1,N~~OUSI.lIH~O reouires: C. 
57.98; H, 7.67; N, 12.31%). -.- - 

CI-H,++J4-129)~0Bu’ (153d. BDOC@~-I~~)~OBU’ (153) 
(182 rni 0:032 mM) was dissolved in TFE (3.6 ml),’ water (0.4 mlj 
and DMS (0.2 ml. 2.74 mM) added and the pH brought to 0.5 by 
the addition of 0.1 M HCI in 98% TFE (as). After 45 min TLC 
indicated the cleavage to be complete and the solvent was 
evaporated leaving a residue which was triturated with Et,O. 
This solid was washed with water and Et,0 then dried giving the 
required salt (la) (165 mg, 91%). R,(7) - 0.6. 

Bpoc(76129)~OBu (154). Bpoc(7693).OH (113a)” (53 mg, 
0.023 mM) and the hydrochloride (15k) (I20 mg. 0.023 mM) were 
dissolved in HMPA (1 ml) and DMF (0.5 ml). NMM ho.23 ml) of 
a 0.1 mM/ml solution‘in bMF] was added and the solution cooled 
to 0” before treating with HONSu (5 mg, 0.046 mM) and DCCI 
(7 ma. 0.46 mhf). After stirring for 2 davs at room temperature 
the reaction mixture was rec&ed to @-and further portions of 
HONSu (3 mg) and DCCI (4 mg) added. The reaction mixture had 
set to a thick gel after a further 3 days and was precipitated with 
water, being washed with DMF, MeOH and Et20 to give the 
crude product (154) (165 ma. 91%). Lvs/Omq 4.68 Arat 1.00 ASD, 
7.10 Thr, 1.12 Ser, 4.19 Pro, l.ob Giy, 6.94 Ala, 7.06 Va& 4.92 
Nva, 1.27 Ile, 2.88 Leu2 2.18 Nle, 0.98. 

Purification was initially carried out on Enzacryl K2 eluting 
with NMP the required product being contained in the peak 
eluting with (Ve/Vt) = 0.38 giving Lys/Om5 4.78 Arg, 1.03 Asp, 
7.26 T-hr, 0.94 Sers 4.01 Pro, I.63 Gly, 6.94 Ala, 7.21 ValJ 4.61 
Nva, 1.10 Iles 2.71 Leu, 2.08 Nle, 1.29 TLC electrophoresis and 
isoelectric focussing showed that this material was slightly impure 
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and therefore further purification was carried out by dissolving in 
HMPA and rechromatography on Sephadex LH60 eluting with 
NMP. Some aggregation was observed, but the bulk of the 
material eluted with (Ve/Vt) = 0.42, work up giving (154) (84 mg, 
46%) RI(?) - 0.8, R,(23) - 0.6, Rt(31) - 0.6, Lys/Grns 4.46 Arg, 
1.01 Asp, 7.12 Thrr 1.12 Ser, 4.57 Pro, 1.01 Gly, 7.12 Ala, 7.31 
ValJ 4.71 Nva, 1.14 Be, 3.OI Leuz 2.61 Nler 1.61; deprotected 
material run on Sephadex CM25 eluting with 0.1 hi pyridinium 
acetate pH 6.5 (0.1 M wrt NaCI) running a gradient to 0.1 M 
pyridinium acetate pH 8.5 (I M wrt NaCI) gave Lys/Gms 5.05 
Argr 0.98 Asp, 7.00 Thr, 0.90 Sers 4.67 Pro, 0.98 Gly, 7.15 Ala, 
6.93 Val, 4.97 Nva, 1.05 Be, 2.64 Leuz 2.18 Nle, 1.05. 

Adoc(l-75)OH (1%). Adoc(l-75)OPh (151) (120mg 
II.6 rrM) was dissolved in TFE (5.8 ml). H,O (0.6 ml) and DMS 
(0.6 ml) added and the pH adjusted to lb.5 with 0. I M NaOH. A 
solution of HzOs [O.l ml of a solution containing 100 vol. H202 
(0.1 ml) in HZ0 (lOml)] was added and the cleavage allowed to 
proceed for 1 h. The pH was then brought to 3.5 with ice cold 
10% citric acid and concentrated prior to the addition of a 
saturated solution of NaCI. The resulting precipitate was filtered, 
washed with Et,0 and dried giving the required peptide acid 
(151~) (IO7 mg, 91%). Rd23) -0.8, R,(7) -0.7 (cf. 0.9 and 0.8 
respectively for the corresponding phenyl ester). A UV estima- 
tion of the phenol liberated indicated an 80% yield of phenol. 

CI-H,+~~6-129)~OBu’(154a). Bpoc(76129)~0Bu’(1~)(1 I I mg, 
13.8 lrM) was dissolved in TFE (9ml). H,O (0.9ml) and 
DMS (0.9 ml). At this stage the react&r mixture was very hazy 
but adjusting the pH to 0.5 with 0.05M HCI in 90% TFE (aq) 
rapidly brought about a clear solution. The reaction mixture was 
maintained at pH 0.5 for 1.25 h then evaporated to give a dry 
foam which was triturated with Et,0 giving (154a) (IO5 mg, 96%). 
R&7) -0.2, Rr(23) -0.4 ]cf. 0.8 and 0.6 for the corresponding 
Bpoc derivative (WI. A UV estimation indicated complete 
cleavage. 

Adoc(l-129)OBu’ (155). Adoc(l-75)OH (151s) (105 mg, 
9.89 FM), CIlHz’(76129)~OBu’ (154a) (77 mg, 9.89~M) and 
HONSu (4.6 mg. 22 FM) were dissolved in a mixture of HMPA 
(2 ml) and DMF (I ml). After cooling to 0” a solution of NMM in 
DMF (0.1 ml) was added (0.1 m/ml NMM) along with DCCI 
(4.6mg, 22rM) and the reaction mixture stirred overnight at 
room temperature. The solution was retooled and further por- 
tions of DCCI (2.3 ma) and HONSu (2.3 ma) added before stir- 
ring for an additional-4 days. The solution,which had increased 
in viscosity during the reaction period, was then poured into 
brine to precipitate the product. The resulting solid was washed 
with water, Et,0 and IPA before drying over P,O, which gave the 
crude product (170 mg, 91%) R,(3) - 0.8, RI(IS)-streak to 0.6, 
R,(7) -0.8, Rr(17) -0.6, a trace of fluorescamine positive 
material remained at the origin in all systems. AAA:Lys/Gm,s 
12.08 Arg, 1.00 Asp,, 14.81 Thq 5.50 Ser,a 8.27 GluJ 5.27 Pros 
2.08 Gly,, 17.93 Alar, 16.98 Cyss 8.06 Vab 5.93 Nva, 2.51’ Be, 
4.29 Leus 8.27 Nles 2.04 Tyr, 2.94 Phes 2.82 (carried out in the 
presence of NpsCl; t occurred at the buffer change). 

The isolated material was only slightly soluble in a wide 
variety of solvents and trial ael filtration chromatoaranhv in TFE. 
NMP-or DMA with Enzac&l K2 or Sephadex LHbOindicated 
that deprotection of this material followed by further purification 
would be the best course of action. 

Deprotection studies on Adoc+129).OBu’ (155). The depro- 
tection experiments were run many times and therefore the 
experimental details which follow may be taken as representative 
of the whole series of experiments. The precipitated protein (155) 
(24mg. 1.7rM) was treated with anisole (0.3ml) and mercap: 
toethanol (0.3 ml) then dissolved in 90% TFA faa) (3 ml) under N, 
in the dark. After 3 h Et20 was added to precip&te the produci 
which was washed with Et,0 then dried and dissolved in 0.4% 
NHI+HC03- prior to being applied directly to a Sephadex G75 
column. Peaks were observed at (Ve/Vt) (a) 0.33, (b) 0.70 and (c) 
0.91; peak (a) contained 1.4mg (b) 7.1 mg and (c) anisole and 
other small molecules present. Material from (a) did not have the 
required UV profile whereas the material in peak (b) resembled 
native HEL. Also a marker, octa-S-carbamidomethylated- 
reduced HEL (CHEL) eluted at (Ve/Vt)=O.66 on the G75 
column. 

The material from peak (b) was then applied to Sephadex 
CM25 eluting on a gradient running from 0.1 M NH,OAc (pH 6.5) 
to 0.4 M “(NH,)+ZO,” (pH 8.5). The two peaks were obtained as 
indicated in the discussion section, the peak at lowest pH giving 
(c) (1.2mg) and that at higher pH (d) (4.6mg) after dialysis 
against distilled water and lyophilisation (see Fig. I). 

Samples were run on polyacrylamide gel isoelectric focussing 
being compared with HEL and CHEL being stained with 
Coomasie Blue. Sample (c) had a pl of IO whereas (d), HEL and 
CHEL all showed a pI of 10.5, however, this was rather close to 
the limit of the gel. AAA (6 M HCI, 24 h, IloD) for (d) gave: 
Lys/Gm,sl3.33 Arg, 1.00 Asp,, 15.71 Thr, 6.19 Serlo 9.76 Glur 
5.26 Pros 2.62 Glyrs 18.27 Ala,, 16.96 Vab 6.45 Nva, 1.88 Be, 4.91 
Leus 8.07 Nles 2.19 Tyrs 1.69 Phes 2.32. A parallel analysis on 
CHEL gave: Ly% 5.12 His, I.12 Arg,, 11.22 Cys(CH,COrH), 
7.18 Asp,, 19.69 Thr, 5.68 Serlo 7.08 Glus 5.61 Pro2 2.40 Glyrr 
12.00 Alar2 12.00 Vab 6.02 Mets 2.49 Ile6 5.54 Leus 7.26 Tyr3 2.53 
Pher 3.04. The UV profiles of material from (d), HEL and CHEL 
were virtually identical (see Fig. 2) supporting the integrity of the 
tryptophan side chain. 

Study of Acm removal from octu-Acm(l-129) (155). Similar 
material to that obtained above by gel filtration and ion exchange 
chromatography was used in the two following experiments. 

(a) The material (155) (10 mg) was dissolved in 50% HOAc and 
Hg(OAc)s (IS.1 mg) in 50% HOAc (0.17 ml) added. After stirring 
under Nz for 70min at room temperature mercaptoethanol 
(0.7 ml) was added and the reaction mixture stirred for I9 hours, 
during this time the reaction mixture became hazy. The whole 
reaction mixture was then applied directly to Sephadex GI5 
eluting with 0.1 M HOAc. A sharp peak eluted at the void volume 
along with several other components with larger elution volumes. 
Pooling of the fractions at the void volume and UV estimation of 
protein at 280nm indicated a yield of (53%). The UV profile of 
the material being the same as that before removal of the Acm 
groups and identical with HEL (see Fig. 2). 

The thiol content of the product was then estimated using the 
Ellman reagent giving a value of 4.01 SH groups per molecule 
(using OD, to estimate protein concentration using em = 37017 
calculated for the lysozyme analogue, HEL l zro=357l2). A 
repeat of this experiment gave a value of 4.16 SH groups per 
molecule. 

(b) The experiment was then repeated in duplicate after adding 
urea to a concentration of 8 M. This brought the SH content to 
6.15 and 6.00 after gel filtration on Sephadex Gl5 eluting with 
0.1 M HOAc. 
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earlier papers in this series. 

‘G. W. Kenner, Pmt. Roy. Sot. Lend. A 353,441 (1977). 
sG. W. Kenner, R. Ramane and R. C. Sheooard. Tetrahedron 35. 
2767 (1979). - 

. . 

‘I. J. Galpin, F. E. Hancock, B. K. Handa, A. G. Jackson, G. W. 
Kenner, R. Ramage and B. Singh. Ibid. 35.2791 (1979). 

‘I. J. Galpin, B. K. Handa, A. G. Jackson, G. W. Kenner, P. 
McDowell. S. R. Ohlsen and R. Ramaae. Ibid. 36. 2259 (19801. 

‘I. J. Galpin, P. M. Hardy, G. W. Ken&r; J. R. McDermott, R. 
Ramage, 1. H. Seely and R. G. Tyson, Ibid. X5,2577 (1979). 

6B. Riniker, B. Kamber and P. Sieber, He/u. Chh. Acto I, 1086 
(1975). 

‘I. J. Galpin, B. K. Handa, G. W. Kenner, S. Moore and R. 
Ramage. 1. Chmmotogr. 123, 237 (1976). 

‘I. J. Galpin, G. W. Kenner, B. A. Morgan, P. Noble and R. 
Ramage, Tetmhedmn A. 3031 (1981). 

?. J. Galpin, G. W. Kenner. R. Ramage and W. D. Thorpe, 
Tetmhedmn 37, 3037 (1981). 



3050 1. J. GALPIN cl al. 

‘q. I. Galpin, A. Ci. Jackson, G. W. Kenner. P. Noble and R. 
Ramage,-/. Chromatog. 147,424 (1978). 

“I. 1. Gal~in. D. Hudson. G. W. Kenner. P. Noble and R. 
Ramage, ?&hedron 37, %Y25 (1981). 

‘*I J Galpin, A. Hallett, G. W. KCMC~, P. NoMe, R. Ramage and 
J: I.i. Seely, Tetmhcdron 37, Ml7 (1981). 

“I. J. Galpin, B. K. Handa, D. Hudson, A. G. Jackson, G. W. 
Kenner, 3. R. Oblsen, R. Ramage, B. Singb and R. G. Tyson, 
Peptides 1976, Proceedings of 14 EPS (Edited by A. L&et), 
Edition de I’ flnivenitl de Bnuellu, Bnuellu p. 241. (1976). 

“G. W. Kenner, I. J. Galpin and R. Ramage. Peprides. Proceed- 
inps of 6 APS. (Edited bv E. Gross aod I. Mcienbofer). D. 431. 
(lh9i 

lsD M; Watson, Ph.D. Thesis. University of Liverpool (1971). 
16D: F. Veber, J. D. Milkowski, S. L. Varga, R G. Denkewalter 

and R. Hirschmann, /. Am. Chem. Sot. 94,5456 (1972). 

“G. L. Ellman, Arch. B&hem. Biophps. 82,70 (1959). 
“V. P. Saxena and D. B. Wetlaufer, Biochemistry 9, SO15 (1970). 
19A. G. Jackcon, G. W. Kenner. G. A. Moore, R. Ramage and W. 

D. Thorpe, Tetmhcdmn L.&en 3627 (1976). 
mE. Wtinsch and F. Drees, Chcm. Brr. 99. 110 (1966); F. Wey- 

xaod. D. Hoffmann and E. Wiinsch. Z Natunfonch. 216.426 

*‘W. K6nig and R. Geiger, Cha. Ber. 103,788 (1970). 
zA. J. Bates. I. 1. Galoin. A. Hallett. D. Hudson. G. W. Kenner. 

R. Ramage’ and R. ‘C. .Sbe.ppard.. He/o. Chik Acfa SE, 688 
(1975). 

231. J. Galain. G. W. Kenner and A. Marston. Biooot. Chem. 8. 
323 (IWi,. 

9. J. Galpin, G. W. Kenoer, S. R. O&en and R. Ramage, 1. 
Chmmatogr. 106, 125 (1975). 


