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Studies on Amino Acids and Peptides. Part 6.1 Methods for Introducing 
Thioamide Bonds into the Peptide Backbone: Synthesis of the Four 
Monothio Analogues of Leucine Enkephalin t 
Kim Clausen," Michael Thorsen, and Sven-Olov Lawesson 
Chemical Institute, Department of Organic Chemistry, University of Aarhus, OK- 8000 Aarhus C, Denmark 
Arno F. Spatola 
Department of Chemistry, University of Louisville, Louisville, Ky. 40292, U.S.A. 

A methodology for preparing peptide analogues in which a thioamide bond replaces the normal amide 
bond is described. Thus, the synthesis of the three leucine enkephalin analogues [Phet4]-, [Glyt2]-, and 
[Tyrtl] -leucine enkephalin and the attempted synthesis of [Glyt3] -leucine enkephalin is reported. The 
replacement of an amide group in position 4 is most conveniently achieved by thionation of Boc-Phe- 
Leu-OBzl using Lawesson's Reagent (LR), followed by deprotection of the Boc-group and segment 
coupling with Boc-Tyr( BzI)-Gly-Gly-OH. Final deprotection is accomplished by using liquid H F- 
anisole. Single thioamino acid residues are introduced in positions 1, 2, and 3, respectively, by using 
protected amino acid dithio esters, which are prepared in high yields in a four-step reaction sequence 
starting from the N-protected amino acids. 

Among peptide backbone modifications the replacement of an 
amide bond by a thioamide bond has until recently attracted 
relatively little attention.'-I2 This may be explained by the 
lack of general synthetic methods for the preparation of 
endothiopeptides. 1 Actually, only one other report describing 
the synthesis of fully deprotected endothiopeptides has 
appeared so far; * l  Jones et a/.5 synthesized an analogue of 
deamino-oxytocin with the terminal amide replaced by a 
thioamide group, Ried et ~ l . , * - ~  Mock et Campbell and 
Nashed,' and Bartlett et aL1* have reported methods leading 
to  Nu-protected endothiopeptides, and we 'I* have reported a 
method leading to  Na-protected endothiodipeptide esters and 
endothiodipeptide ester salts; the latter method has been 
adopted by Brown ef al.'l in the synthesis of endothiodi- 
peptide salts and protected endothiotripeptides. 

As has been shown by an X-ray crystallographic investig- 
ation l 2  of the protected endothiodipeptide Z-Glyt-Gly- 
OBzl §*'I the replacement of an amide bond by a thioamide 
bond does not change the geometry of that particular bond. 
However, it is expected that the presence of a thioamide bond 
will influence the formation of secondary structure of the 
polypeptide chain due to the lowered tendency of sulphur l 3 * l 4  

as compared to  oxygen to  participate in conformation- 
stabilizing hydrogen bonding. One field of peptide chemistry 
where the incorporation of thioamide bonds might be of 
special interest is in connection with structure-function 
studies of biologically active peptides, e.g. the enkephalins." 

t Presented in part at the 17th European Peptide Symposium, 
Prague, Czechoslovakia, August 1982. 
* Present address: Department of Chemistry, University of Louis- 
ville, Louisville, Ky. 40292, U.S.A. 
1 The name endothiopeptide is used for peptide derivatives con- 
taining one or more -C(S)NH- function(s) in the peptide backbone. 
0 Abbreviations for the amino acids and protecting groups are 
those recommended by the IUPAC-IUB Commission on Bio- 
chemical Nomenclature, Pirre Appl. Chem., 1974, 40, 3 17. Chiral 
amino acids are of the L-configuration. 
', The -t added to the amino acid symbol designates the thiocar- 
bony1 analogue of the respective amino acid residue as proposed by 
Jones et U I . ~  Alternatively, thiodipeptide analogues may be named 
as amide bond replacements (e .g .  [Tyry.f[CSNH]Gly'-*]-leucine 
enkephalin) as recently proposed (A. F. Spatola, et al. in ' LHH-R 
Peptides as Female and Male Contraceptives,' eds. G. I .  Zatuchni, 
J. Shelton, and J .  J.  Sciarra, Harper and Row, Philadelphia, 198 I ,  
p. 24). 

This paper will report on a general and efficient method for 
preparing free endothiopeptides applied to the synthesis of 
the four possible monothio analogues of leucine-enkephalin : 
[Leu', Phet4]-, [Leu', Glyt3]-, [Leu', Glyt2]-, and [Leu5, 
Tyrt '1-enkephalin. 

Results and Discussion 
The proposed synthesis of the four monothio leucine enke- 
phalin analogues, (9), (31), (37), and (41), was mostly based on 
well-established methods of peptide synthesis, with due regard 
to  the inevitable amendments that are caused by the introduc- 
tion and presence of a thioamide group. 

The [Leu', Phet4]-enkephalin analogue, (9), was prepared 
by the route shown in Scheme 1. The protected dipeptide 
Boc-Phe-Leu-OBzl, ( 1  ), was thionated by using 2,4-bis(4- 
methoxypheny1)- I ,3,2,4-dithiadiphosphetane 2,4-disulphide 
(Lawesson's Reagent) (LR), as described previously to 
give the corresponding protected endothiodipeptide Boc- 
Phet-Leu-OBzl (2), in high yield. In analogy with the method 
(HBr-AcOH) used for removal of Z groups from protected 
endothiodipeptide~,' the Boc group was easily removed 
from (2) by using ~ M - H C ~  in dioxane to give the HCI salt (3). 
Next the fully protected monothio pentapeptide analogue (8) 
was obtained by a (3 -$- 2) segment condensation of the pro- 
tected tripeptide Boc-Tyr(Bz1)-Gly-Gly-OH, (7),  and (3) by 
using the DCC method [for details concerning the preparation 
of intermediate (7) see Scheme I and Experimental section]. 
The structural proofs of (l)-(8) were based on 'H and 
n.m.r., i.r., and mass spectra (see section on spectroscopy). 
The known compounds were furthermore identified by their 
m.p.s and specific optical rotations, the unknown by micro- 
analyses (Table 1). For final removal of the protecting groups 
a preliminary experiment with Z-Glyt-Glj-OBzl as substrate 
revealed that the H F  method as developed and recently re- 
evaluated by Sakakibara et indeed effected removal of 
the Z- and OBzl-protecting groups without affecting the thio- 
amide bond. Compound (lo), a colourless crystalline com- 

H F-anisole 
ZAG ly t -G Iy-OBzl H -G l y t -G l y-0 H 

pound, was characterized by 'H and ''C n.m.r., i.r., u.v., and 
mass spectra, and microanalysis (Experimental section). The 
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Phe Leu 

I S 

- OH (9) 

Scheme 1. Preparation of [Leu5, Phet4]-enkephalin 

R 
I I  

PhCHIO--C-CI EiOH 
Cl-Hj+N-CH*-cN L Z-NH-C]H,-CN L A - - -  - - -  

NaOH, aq., 0 "C 

Scheme 2. 

'H n.m.r. spectrum in D 2 0  showed only two singlets assign- 
able to the two methylene groups (all other hydrogens are 
exchanged with the solvent). The I3C spectrum showed four 
lines assignable to the thiocarbonyl, carbonyl, and two methyl- 
ene carbons. In  the U.V. spectrum characteristic n+n* absorp- 
tion was observed. Mass spectroscopy gave the molecular ion 
M+'  and a fragment corresponding to loss of HzO from the 
molecule. The Boc-, Bzl-, and OBzl-protecting groups of (8) 
were cleaved simultaneously by using liquid H F  with anisole 
added as a scavenger to avoid Tyr ring benzylation, and the 
free monothiopentapeptide (9) was subjected to Sephadex gel 
filtration and was further purified to homogeneity by reverse- 
phase high-performance liquid chromatography (h.p.1.c.). 
The purity and structural proof of compound (9) was estab- 
lished by and based on t.l.c., analytical h.p.l.c., amino acid 
analysis, and FAB mass spectrometry 2o (see Experimental and 
spectroscopy sections). 

For the preparation of the three remaining monothiopenta- 
peptides two different approaches were examined. From the 
literature it is known that simple thionoesters and dithioesters 
are thioacylating r e a g e n t ~ . ~ I - ~ ~  Ried et ul.2-4 used Na-protected 
amino acid thionoesters of the type XNHCHRC(S)OEt 
(X = Tos-, Z-, Pht<) to prepare N"-protected endothiodi- 
peptides. We synthesized Z-Glyt-OEt (14) as described 
before ' e 3  starting from aminoacetonitrile hydrochloride 
through the sequence shown in Scheme 2 (the Pinner synthe- 
sis 26).  Physical properties of the known compounds (1 1)-(14) 
are given in Table 2. In addition, spectroscopic data for com- 
pound (14) are given in the Experimental section. As a test for 
its thioacylating ability (14) was allowed to react with HCI. 

Gly-OEt to give Z-Glyt-Gly-OEt, (1 5 ) ,  in 35-58% yield 
depending on the reaction conditions. However, when (14) 
was allowed to react with HCI-Phe-Leu-OBzl (25), and HCI. 
Gly-Phe-Leu-OBzl (33), complex reaction mixtures were 
formed with evolution of H2S and it was not possible to 
isolate the desired Z-Glyt-Phe-Leu-OBz1 (23), and 2-Glyt- 
Gly-Phe-Leu-OBzl (24). The evolution of H2S can be ex- 
plained by the formation of an imino ester: 

S 
I 1  

R-C-OEt i H,N-R'--t 

SH 

R-C-OEt 
I 
I 

N HR' 

OEt 
I 

___) R-GNR' 
- HIS 

Because of these unpromising results with amino acid 
thionoesters we turned to N-protected amino acid dithioesters. 
Mock et aL6 used Bz-Gly-Glyt-SEt to prepare Bz-Gly-Glyt- 
Phe-OH; but no details with respect to the synthesis of the 
dipeptide dithioester were reported. Similarly, Campbell and 
Nashed used Bz-Glyt-SEt and Bz-Gly-Glyt-SEt to prepare 
Bz-Glyt-Phe-OMe and Bz-Gly-Glyt-Phe-OH, respectively. 

Foye and Kauffman " synthesized 2-Glyt-SEt (yield 2273, 
Hartmann et synthesized amino acid dithioesters of the 
type XNHCHRC(S)SEt (X = Bz, Ac; yield, 14.5-27%), and 
recently Storer et a/.29 have reported the synthesis of a series of 
protected amino acid dithioesters of the type X-Glyt-SEt 
[X = Bz, Ac, Bzl, PhCH2CH2C(0), Z; yield, 10-25%]. In all 
cases the reactions started from the corresponding nitriles, 
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NH-HCl NH 
EtSH 11 KICOl 11 HIS NH Z-NH-CHz-CN ___). 2-NH-CHZ-C-SEt - Z-NH-CH2-C3Et -+ [Z-Glyt-SEt J Z-Glyt-NH2 -NH, -EtSH 

(16) (17) (1 8) 
HCl (g) 

(1 1) 

Scheme 3. 

I .1 ;  
I 
S-NH+Ets 

I 
R iooc H - N Z i E ! H ,  

[ 
0 
II i NEt 

X-NH-CH-C-OH - X-NH-CH-C-O-P-GH,OMe 
i i ,+LR20 C 

X R 
a; Z H 
b; Boc H 
c ; BOC CH2-CaHIQ-CHzPh 

a 

S 0 

X-NH-CH-CLN(CH2)rCH2 X-NH-CH-C-N(CHZ)&HZ 
II n LR II n 

1 I 
R 

(20a-c) 
R 

(19a-c) 

SMe 
I n  

X-NH-~H-C=N(CH2)4CHz $ X-NH-CH-C-SMe I 

789 

I- li 
(21a-c) 

I 
R 

(22a-c) 

Scheme 4. 

which upon reaction with ethanethiol and hydrogen chloride 
gave the imino thioester salts (the Pinner synthesis 26), which 
were converted into the dithioesters with hydrogen sulphide 
in the presence of base (Na2C03 or pyridine). By using a 
procedure analogous to the procedure we used for the prepar- 
ation of 2-Glyt-OEt (14) (Scheme 2) we tried to prepare 
Z-Glyt-SEt (Scheme 3). 

However, the only product isolated in the last step, in which 
the imino thioester (17) was treated with HIS, was Z-Glyt- 
NH2 (1 8). The formation of this product is obviously due to 
the fact that the dithioester formed in the reaction of (17) with 
H2S is a much stronger thioacylating reagent than the cor- 
responding thionoester (14) and, therefore, it reacts im- 
mediately with the ammonia, which is eliminated during the 
thiolysis. Physical properties of the known compounds (16) 
and (18) are presented in Table 2. Preparation of the N-Z- 
protected amino acid dithioester Z-Glyt-SMe (22a), was 
achieved by a new and efficient method starting from the 
readily available 2-protected amino acid (Scheme 4). First 
the N-protected amino acid was transformed to the cor- 
responding piperidide (1 9). This was most effectively obtained 
through the mixed anhydride formed by reaction of the amino 
acid NEt3-salt with LR; this is a quite new and promising 
mixed anhydride method, which has been dealt with in a recent 
paper?' Next LR was used as thionation reagent to form the 
corresponding thiopiperidide (20). The thiopiperidide was S- 
methylated by reaction with an excess of Me1 in THF at 20 "C 
for 12-24 h. In the last step the dithioester (22) was obtained 
by thiolysis of (21). As a test for its thioacylating ability Z- 
Glyt-SMe (22a), was allowed to react with HClOGlyt-OEt 
giving 97% of the expected product 2-Glyt-Gly-OEt (1 5) .  
When 2-Glyt-SMe was allowed to react with HCkPhe-Leu- 
OBzl(25), and HCl.Gly-Phe-Leu-OBzl(33), respectively, the 

expected products Z-Glyt-Phe-Leu-OBzl (23), and Z-Glyt- 
Gly-Phe-Leu-OBzl (24), were formed in 93 and 89% yield. 
The structural proofs of (23) and (24) are based on 'H and 
n.m.r., i.r., u.v., and mass spectra (see spectroscopic section). 
Their physical data are summarized in Table 1. On trying to 
remove the Z groups by using 20 and 36% HBr-AcOH, de- 
composition of the monothio tri- and tetra-peptide occurred. 
In analogy with the successful strategy used in preparing 
[Leu5, Phet4]-enkephalin (Scheme l), we then turned to the 
Boc-protected amino acid dithioesters, which were prepared 
as described above for Z-Glyt-SMe. To our knowledge no 
Boc-protected amino acid dithioesters have ever been de- 
scribed in the literature before. All the glycine and tyrosine 
derivatives, (19)---(22), excepting compound (19a) are new 
compounds, which were characterized on the basis of 'H and 

n.m.r., i.r., u.v., mass spectral evidence, and micro- 
analyses (see section on spectroscopy). The physical properties 
of compounds (19)-(22) are summarized in Table 2. By 
using the Boc-protected amino acid dithioesters we succeeded 
in preparing the three remaining fully protected monothio- 
leucine enkephalin derivatives, the [Glyt3]-analogue by a 
(2 + 3) segment coupling (Scheme 5 )  and the [Glyt2]- and 
[Tyrt'l-analogues by stepwise procedures (Schemes 6 and 7) 
using DCC and DCC-HOBt mediated coupling. Compounds 
(25)-(30), (32)-(36), and (33)--(40), were characterized as 
described for compounds (1)-(8) (see section on spectroscopy 
and Table 1). The free enkephalin analogues (37) and (41) 
were obtained by using liquid HF-anisole as described for 
the preparation of (9). The purity and structural proofs of 
compounds (37) and (41) were established by, and based on, 
the methods used for compound (9) (Experimental and 
spectroscopy sections). When the fully protected [Glyt3]- 
analogue (31), was treated with HF-anisole as described above 
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Table 2. Physical and analytical data for amino acid derivatives (1 1)-(14) and (16)-(22c) 

PA) Calc. Analysis - Found M.p. ("C) . r -I r -l 

Found Reported C H N S I 
59-62 64" 

118-120 118-1 19 
(decom p.) 

55-56 58-59 '' 

30-3 1 27 

142-144 138-142 '' 
(decomp,) 

Not characterized, 
homogenous by t.1.c. 

141 -1 43 141-143 ' 
108-1 10 110-112* 

4 2 4  

Foam * 
59.48 
59.3 
71.21 
71.05 

9.15 11.56 
9.0 11.5 
7.8 1 6.39 
7.9 6.2 

73-74 61.62 
61.4 

6.89 9.58 
6.9 9.65 

10.97 
10.9 

68-70 

Foam t 

55.78 
55.85 
68.69 
68.05 

8.58 10.84 
8.6 10.85 
7.54 6.16 
7.5 5.95 

12.41 
12.45 
7.05 
6.9 

44.25 
44.2 

5.34 6.45 
5.4 6.5 

7.38 29.22 
7.5 29.25 

116-118 
(decomp.) 

134-1 35 
(decomp.) 

39.00 
39.0 

6.29 7.00 
6.4 6.95 

8.0 1 3 1.70 
8.25 31.9 

140-142 $ 54.36 
53.95 

6.25 4.70 
6.25 4.6 

5.37 21.27 
5.5 21.1 

60-6 I 

74-75 

121-122 § 

5 1.74 5.13 5.49 25.1 1 
52.1 5.15 5.45 24.85 
43.41 6.83 6.33 28.97 
43.45 6.65 6.25 29.0 
63.28 6.52 3.35 15.36 
63.3 6.5 3.3 15.3 

* [aID2* = +2.5 (c 1 .OO, MeOH). t 
'A. H. Cook, G. Harris, and A. L. Levy, J. Cliern. Soc., 1949, 3227. 
3971, 3756. 

= +41.7 (c 1 .OO, MeOH). $ [aID2' = + 161 .O (c 1 .OO, MeOH). § = - 6.2 (c 1 .OO, MeOH). 
D. M. Brunwin, G. Lowe, and J. Parker, J. G e m .  SOC. C ,  
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Scheme 5. Attempted preparation of [Leus, Glyt3]-enkephalin 
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Scheme 6. Preparation of [Leu5, Glyt2]-enkephalin 

OBzl (25) 

OBzi (32) 

OBzl (33) 

OBzl (34) 

OBzl (35) 

OBzl (36) 

OH (37) 

we were unable to isolate any compound with an amino acid 
analysis compatible with structure (31). Other methods for 
the preparation of compound (31) are now under investiga- 
tion. 

Spectroscopic Section.-Spectroscopy on peptide segments 
and peptide derivatives. All the peptide segments and deriv- 
atives in Schemes 1, 5-7 showed the expected signals in their 
'H n.m.r. spectra (Experimental section). Upon converting 
C=O into C=S the amide NH proton shifted ca. 1.7 p.p.m. 
downfield. The I3C n.m.r. chemical shifts of diagnostic value 
are given in Table 3. For the protecting groups the shifts are as 
follows: Boc, tertiary carbon ca. 79.5 p.p.m., Me carbon ca. 
28.0 p.p.m., carbonyl carbon ca. 155.3 p.p.m.; 2, methylene 
carbon ca. 66.8 p.p.m.; Bzl, methylene carbon ca. 69.7 p.p.m.; 
OEt, methylene carbon ca. 61.0 p.p.m., Me carbon ca. 13.9 

p.p.m.; OBzl methylene carbon ca. 66.8 p.p.m. As expected 
the carbonyl carbon shifted ca. 30-34 p.p.m. downfield upon 
conversion into C=S. The assignments are in accordance with 
those published for segments of [Leus]-enkephalin 31 and those 
reported for protected endothiodipeptide esters.'** 1.r. 
spectroscopy showed the urethane band at 1 690-1 705 cm-', 
amide I at ca. 1 670 crn-', thioamide I1 at 1 485-1 525 crn-', 
and ester at 1 720-1 750 cm-'. The U.V. spectra of all thio- 
amide-containing peptides showed the characteristic X+R* 
absorption in the range 265-270 nm with E values in the 
range 8.8 x 103-1.7 x lo4. In the mass spectra the mole- 
cular ion [MI+' was only observed in a few cases [with the 
protected dipeptides (l), (2), (4), and with the protected tri- 
and tetra-peptides (26) and (34)]. For the Boc-protected com- 
pounds a general trend was the loss from the molecular ion of 
56 ( M + *  - Me2C=CH2) and 73 (M+' - Me,CO*). 
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OH HCI-H 
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4~-HCI-dioxane 
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H F-anisole 
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Scheme 7. Preparation of [Leu5. Tyrt'l-enkephalin 

Table 4. 'H and 13C N.m.r. chemical shifts and U.V. absorptions of compounds (19a)-(22c) 

r- 

HI 

5.85 
5.55 
5.45 
6.45 
6.05 
5.85 
7.3 
6.75 
7.3 
5.80 
5.45 
5.25 

'H N.m.r.* 
I \ 

H 1" HIP 

3.95 
3.95 
4.85 2.90 
4.10 
4.05 

4.70 
4.60 

4.40 
4.30 

-5 3.00 

-5 3.6 

-5 3.05 

13C N.m.r.* 

C" 
44.8 
44.9 
50.7 
51.5 
51.5 
54.1 
41.1 
40.6 
55.9 
56.4 
56.4 
66.3 

CP C 
165.7 
166.0 

38.9 169.3 
194.4 
195.1 

42.4 200.8 
188.1 
188.2 

35.2 191 .O 
234.4 
235.5 

42.7 239.2 
* All n.m.r. spectra were obtained in CDCI3. t In each case U.V. spectra were obtained in EtOH. 

278 1.47 x 1 0 4  
278 1.48 x 104 
284 1.32 x lo' 

305 1.19 x lo' 
308 1.01 x 104 
308 1.13 x 104 

Spectroscopy on Gly and Tyr derivatiues (19)-(22). In the 
'H n.m.r. spectra the signals belonging to the Z, Boc, and Bzl 
groups were found where expected and in the 13C n.m.r. 
spectra the shifts for the protecting groups were as described 
above, The 'H n.m.r. chemical shifts of H, Ha, and HP, and 
the 13C n.m.r. chemical shifts of C", CP, and the carbonyl 
carbons are given in Table 4. Upon conversion of the piperi- 
dide (19) into thiopiperidide (20) the amide carbonyl carbon 
shifted ca. 30 p.p.m. downfield (from the amide region 
165.7-169.3 p.p.m. to the thioamide region 194.4-200.8 
p.p.m.). The carbons of the imino thioester groups in (21a-c) 
resonated in the region 188.1-191 .O p.p.m. Finally, the dithio- 
ester carbonyl carbons of (22a-c) were found in the range 
234.4-239.2 p.p.m. typical for dithioester~.~~ In the i.r. 
spectra the urethane band was observed at 1 685-1 715 cm-', 
the amide I (19a-c) at ca. 1625 cm-', the thioamide I 
(20a-c) at ca. 1290 cm-', the thioimidate C=N (21a-c)  at 
ca. 1 590 cm-', and the dithioester C=S band at ca. 1 160 cm-'. 
Compounds (20a-c) and (22a-c) showed expected x+n* 
transitions (Table 4). In  their mass spectra compounds (19), 
(20), and (22) gave molecular ions [MI + (possibly [A4 + 1 ] + *), 
with typical fragments ( M + '  - PhCH,'), (M+'  - PhCHz- 
OH) (Z-protected compounds), ( M + *  - Me2C=CH2), (M+'  - 
Me3CO') (Boc-protected compounds). 

FAB mass spectrometry on the thiopeptides (9), (37), and 
(41). In accordance with the findings of Barber et O I . , ~ O  who 

have described the positive-ion FAB mass spectra of leucine 
enkephalin, the FAB mass spectra of all three thioenke- 
phalins (9), (37), and (41) show the protonated molecular ion 
[M + H ] +  and intense diagnostic peaks at m/z values 136, 
120, 107, 91, and 86 corresponding to the following ions: 
H2A=CHCH2C6H40H-p (from Tyr), H2k=CHCH2Ph (from 
Phe), CH2C6H40H-p (from Tyr), CHzPh (from Phe), and 
H2N=CHCH2CHMe2 (from Leu). Also some of the sequence 
ions arising from C-terminal and N-terminal cleavages are 
observed (see Experimental sect ion). 

In conclusion we have developed a general and efficient 
method for the incorporation of thioamide linkages in pep- 
tides, the method of choice in the general case being the use of 
Boc-protected amino acid dithioesters, which are easily 
accessible from the amino acid precursors, and in the special 
case where the replacement is required at the C-terminal 
peptide bond an alternative route has been devised. The poten- 
tial value of this method has been illustrated by the facile 
synthesis of the four monothioleucine enkephalin analogues, 
and it is expected that the method will gain use for the facile 
incorporation of thioamide linkages into a wide variety of 
peptides of biological interest. 

The results of biological testing of the three leucine enke- 
phalin analogues (9), (37), and (41) will be published else- 
where. 

+ + 
+ 
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Experimental 
'H N.m.r. spectra were recorded at 60 MHz on a Varian 
EM-360 spectrometer. I3C N.m.r. spectra were recorded at  
20 MHz on a Varian CFT-20 spectrometer. SiMe4 was used 
as internal standard and chemical shifts are expressed in 6 
values. CDC13, (CD3)2S0, (CD3)2NCD0, or D20 were used 
as solvents. 1.r. spectra were recorded on a Beckman IR-18 
spectrophotometer. U.V. spectra were recorded on a Perkin- 
Elmer 402 spectrophotometer. Mass spectra were recorded on 
a Micromass 7070 F spectrometer operating at 70 eV using 
direct inlet, and FAB mass spectra were recorded on a Varian 
MAT CH-5-DF mass spectrometer, with samples introduced 
in glycerol and with an accelerating voltage of 3.000 V. 

H.p.1.c. was performed with a Du Pont 850 Liquid Chrom- 
atograph using C-18 reversed-phase Zorbax ODS columns; 
for preparativz purposes (250 x 6.2 mm i.d.) and for analyti- 
cal purposes (250 x 4.5 mm i.d.). Operating conditions were 
as follows: MeOH-0.25~ AmOAc (pH 4,1), gradient 30- 
40% over 20 min, flow rate 2 ml/min, column temperature 
50 "C, U.V. detection at 270 nm. R, of leucine enkephalin 
reference sample (analytical), 8.46 min. Elemental analyses 
were carried out by L ~ v e n s  Kemiske Fabrik, DK-2750 
Ballerup. Optical rotations were measured in a Perkin-Elmer 
241 polarimeter. Samples for amino acid analysis were pre- 
pared by hydrolysis with ~ M - H C ~  at 110 "C for 22-24 h and 
analysed on a Dionex D-300 instrument. Silica gel 60 (Merck) 
was used for chromatography. M.p.s are uncorrected. 

Lawessun's Reagent (LR).-This was prepared as described 
earlier .33 

Boc-Phe-Leu-OBzl (l).-To a mixture of Boc-Phe-OH 
(26.53 g, 0.1 mol) TosOH-Leu-OBzl (39.35 g, 0.1 rnol), and 
TEA (10.1 g, 0.1 mol) in CH2C12 (200 ml) was added DCC 
(20.6 g, 0.1 mol) at - 10 "C; the mixture was stirred for 1 h 
and then kept at room temperature for 10 h. The solution was 
filtered, the filtrate evaporated, and the residue redissolved in 
AcOEt (400 ml), filtered, and then extracted with 0 . l ~ - H C l  
(2 x 100 ml), 0 .5~-NaHC0,  (2 x 100 ml), and water (100 ml) 
(aq. NaCl). The organic phase was dried with MgS04, the 
solvent evaporated, and the residue recrystallized from 
E t20  (50 m1)-light petroleum (150 ml); yield 41.54 g (89%); 
6 (CDC13) 7.30 [5  H, s, Ph(OBzl)], 7.15 [5  H, s, Ph(Phe)], 6.55 
(1 H, d, J 8 Hz, H2), 5.15 (1 H, m, HI), 5.10 [2 H, s, CH2- 
(OBzl)], 4.4 (2 H, m, HIa, H 2 a ) ,  3.00 (2 H, d, J 6 Hz, Hip), 1.5 
(3 H, m, H2p, H2Y), 1.35 [9 H, s, Me(Boc)], 0.85 (6  H, m, H2&); 
vmsx, (CHC1,) 1700 (urethane), 1675 (amide I), and 1 735 
cm-' (ester); m/z 468 ( M + ' ) ,  412 (M+' -- Me2C=CH), 395 
( M + *  - Me3CO'j. 

Boc-Phet-Leu-OBzl(2).-Compound (1) (9.36 g, 0.02 mol) 
and LR (4.04 g, 0.01 mol) were heated in anhydrous benzene 
(50 ml) at 80 "C until the starting material was consumed (40 
min, as monitored by t.1.c. in 500,/0 Et20-light petroleum). 
After evaporation of the solvent the residue was chrom- 
atographed on  a silica gel column (4.5 x 20 cm) in 30';/, 
Et20-light petroleum which yielded the product (2) as a 
colourless oil; yield 8.91 g (92%); 6 (CDC1,) 8.25 ( I  H, d, J 8 
Hz, H2), 7.25 [ 5  H, s, Ph(OBzl)], 7.15 [ S  H, s, Ph(Phe)], 5.1 5 
( I  H, m, HI), 5.10 [2 H, s, CH2(0Bzl)], 4.65 (2 H, m, HIa, 
HZa), 3.05 (2 H, d, J 6 Hz, HIp), 1.6 (3 H, m, HzP, H2Y), 1.35 
[9 H, s, Me(Boc)], 0.85 (6 H, m, El2'); vm,\, (CHCI,) 1 690 
(urethane), 1 485 (thioarnide II), and 1 730 cm-' (ester); A,,,',,. 
(EtOH) 270 nm (E 1.0 x lo4); mlz 484 ( M + ' ) ,  428 (M+' - 
Me2C=CH2), 411 (M+' - Me3CO'). 

HC1-Phet-Leu-OBzl (3).-To compound (2)  (7.26 g, 0.01 5 
mol) was added 4hl-HCl-dioxane (80 ml) and the mixture was 

stirred for 30 min. The solvent was evaporated and the 
residue recrystallized from MeOH (20 m1)-Et20 (1 50 ml); 
yield 5.35 g (85%); 6 [(CD,),SO] ca. 1 1  (1 H, br, H2), ca. 9 
(3 H, br, H3N+), 7.30 [ lo  H, m, Ph(OBz1, Phej], 5.15 [2 H, s, 
CH2(0Bzl)], 4.8 (2 H, m, Cla, CtQ), 3.2 (2 H, m, HIP>, 1.8 
(3 H, m, H2P, H29, 0.9 (6 H, m, H2&); vmax. (KBr) 1 490 
(thioamide 11) and 1 750 cm-' (ester); A,,,. (EtOH) 268 nm 
(E 1.04 x 104). 

Boc-Gly-Gly-OEt (4).-This was prepared as described for 
( I )  from Boc-Gly-OH (17.52 g, 0.1 mol), HCIGly-OEt 
(13.96 g, 0.1 mol), TEA (10.1 g, 0.1 rnol), CH2CI2 (200 mlj, and 
DCC (20.6 g, 0.1 rnol); reaction time 21 h. It was recrystallized 
from E t20  (100 m1)-light petroleum (75 ml); yield: 23.55 g 
(90%); 6 (CDCljj 7.15 (1 H, t, J 6 Hz, Hz), 5.65 ( ?  H, t, J 6 
Hz, Hi), 4.20 [2 H, 9, J 7 Hz, CH,(OEt)], 4.00 (2 H, d, J 6 Hz, 
HZa), 3.85 ( 2  H, d, J 6 Hz, Hi"), 1.45 [(9 H, S, h/Ie(Boc)], 1.25 
[3 H, t, J 7 Hz, Me(OEt)]; vIIIay. (CHCI,) I 700 (urethane), 
1 675 (amide I),  and 1 730 cm-' (ester); m/z 260 (/M+'), 204 
( M + '  - Me2C=CH2), 187 (M" - Me3CO'). 

HClGly-Gly-OEt (5).-This was prepared as described for 
(3) from (4) (22.12,0.085 mol) and 4 M-HC1-dioxane (450 ml) ; 
it  was recrystallized from EtOH (200 ml)-Et20 (50 ml); yield 

br, H3N+), 4.05 [2 H, q, J 6  Hz, CH2(OEt)], 3.85 (2 H, d, J 6 
Hz, H29,  3.55 (2 H, s, HIa), and 1.15 [3 H, t, J 6 Hz, Me- 
(OEt)]; V ~ ~ ~ .  (KBr) 1 675 (amide I) and 1 730 crti ' (ester). 

15.83 g (95%); 6 [(CD,),SO] 9.1 (1 H, t, J 6 Hz, H,), 8.3 (3 H, 

Boc-Tyr(Bz1)-Gly-Gly-OEt (6).-To a mixture of Boc- 
Tyr(Bz1)-OH (9.29 g, 0.025 mol), (5) (4.92 g, 0.025 mol), and 
N-ethylmorpholine (2.88 g. 0.025 mol) in dioxane (50 ml) was 
added HOBt (3.65 g, 0.025 mol) (incl. 8% water) at -10 "C 
followed by DCC (5.15 g, 0.025 rnol); the mixture was stirred 
thus for 5 h, and then kept at room temperature for 16 h. The 
solution was filtered, the residue washed with AcOEt, and the 
combined filtrate evaporated. The residue was taken up in 
AcOEt (150 ml), and then washed with 0 .5~-NaHcO,  (4 x 25 
ml), 0 . l ~ - H C l  (2 x 25 ml), and water (10 ml). The organic 
phase was dried with MgS04, the solvent evaporated, and the 
residue crystallized from AcOEt (50 m1)--light petroleum (1 00 
ml); yield 12.06 g (9473; 6 (CDCI3) 7.25 [5 H, s, Ph(Bzl)], 
6.90 [6 H, m, H2, H3, C6H,(Tyr)], 5.35 ( 1  H, d, J 8 Hz, HI), 
4.90 [2 H, s,  CH2(Bzl)], 4.30 ( I  H, m, Hla), 4.10 [2 H, q, J 7 
Hz, CH2(OEt)J, 3.9 (4 H, d, J 6 Hz, H2n, H3a) ,  2.95 ( 2  H, m, 
Hip), 1.35 [9 H, s, Me(Boc)], and 1.20 [3 H, t, J 7 Hz, Me- 
(OEt)], V ~ , ~ ~ ,  (CHC13) 1 700 (urethane), I 680 (amide I ) ,  and 
I 750 cm-' (ester). 

Boc-Tyr(Bz1)-Gly-Gly-OH (7).-To compound (6) (6.1 6 g, 
0.012 mol) dissolved in MeOH (50 ml) was added 1M-NaOH 
(13 ml, 0.013 mol), and the mixture was stirred for 1 h. The 
mixture was then neutralized by addition of IM-HCI ( 3  ml), 
and evaporated. Water (50 ml) and IM-NaOki (20 ml) were 
then added, and the mixture was extracted with AcOEt 
(3 Y 25 ml). By addition of IM-HCl (35 ml) the mixture was 
acidified to pH 2-3, and extracted with AcOEt (4 x 50 ml). 
The combined extracts were washed with water (10 ml), and 
dried ( MgS04), evaporated, and solidified by addition of 
AcOEt (20 ml) followed by Et20  (20 ml); yield 4.80 g (827:); 
15 [(CD,),SO] 8.15 ( 2  H, br, H2, H3), 7.35 [ 5  H, s, Ph(Bzl)], 7.05 
[5  H, m, C&(Tyr), H,], 5.05 [2 H, s, CH2(Bzl)], 4.15 (1 H, 
m, Hla),  3.8 (4 H, d, J 6 Hz, HZa, H3a) ,  2.90 ( 2  H, m, HIp) ,  and 
1.3 [9 H, s, Me(Boc)]; vnlJU. (KBr) 1 690 (urethane), I 670 
(amide I), and 1 725 cm-I (C02H); m/z  440 (A4 - C02H*). 

Boc-Tyr( Bz1)-Gl y -Gl y -Phet-Leu-OBzl (8) .-This was 
prej>ared as described for (1) from compound (7) (2.43 g, 0.005 
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mol), compound (3) (2.11 g, 0,005 mol), TEA (0.51 g, 0.005 
mol), CH,CI, (50 ml), and DCC (1.03 g, 0.005 mol); reaction 
time 22 h. Because of the low solubility of this compound in 
AcOEt, the CH2Cl, was not evaporated, but after filtration 
the CHzClz phase was extracted with water (4 x 25 ml), 
O.~M-HCI (2 x 25 ml), NaHC0, (satd.) (2 x 25 ml), and 
water (25 ml); it was recrystallized from AcOEt (150 ml), 
yield 4.17 g (98%); 6 (CDCI,) 9.75 (1 H, br, H5), 7.9 (3 H, m, 
H2, H3, H4), 6.8--7.4 [19 H, Ph(OBz1, Phe, Bzl), C,Hj(Tyr)], 
5.9 (1 H, br, HI), 5.2 (2 H, m, H4a, HSa), 5.15 [2 H, s, CH2- 
(OBzl)], 4.80 [2 H, s, CH,(Bzl)], 4.2 (5 H, m, Hla, HZa, H39,  
2.9 (4 H, br, ClP, GP), 1.6 (3 H, m, GB, C59, 1.40 19 H, s, 
Me(Boc)], arid 0.85 (6 H, m, H5&); vnmu. (CHCI3) 1 700 
(urethane), 1 650 (amide I) ,  1 520 (thioamide II), and 1 740 
cm-' (ester); A,,,,. (EtOH) 270 nm (E 1.13 x lo4). 

H-Tyr-Gly--Gly-Phet-Leu-OH (9).-To a mixture of 
compound (8) (0.852 g, 0.001 mol) and anisole (1.5 ml, ca. 0.01 5 
rnol) in a 100-ml polyethylene bottle was added anhydrous 
H F  (20 ml) at 0 "6; the mixture was then kept at 0 "C for 30 
min. The H F  was removed by using a plastic water-suction 
pump. The oily residue was treated with Et,O (50 ml), where- 
upon the product solidified. The Et,O was decanted and the 
residue washed with E t20  (2 x 25 ml). The solid material was 
transferred to a 100-ml round-bottomed flask by using MeOH, 
and the solvent evaporated; yield 0.68 g. A portion of this 
material (350 mg) was dissolved in 30% AcOH-H20 (5 ml) 
and subjected to a Sephadex G-15 column (100 x 2.8 cm), 
flow rate 20 ml/h, monitored by U.V. at 270 nm. The fractions 
eluting from 375-575 ml were pooled and lyophilized; yield 
305 mg. A portion of this material (20 mg) was chromato- 
graphed by reverse-phase h.p.1.c. Final lyophilization from 
20% AcOH-H,O yielded 11.2 mg (53% *). Homogeneous by 
t.1.c. in Bu"OH-AcOH-H20 (5 : 10: l), RF 0.61; analytical 
h.p.1.c. R ,  16.61 min; amino acid analysis: Tyr 1.01, Gly 
2.08, Phe 1.01, Leu 1.00; FAB mass spec.: m/z  572 ( [ M  i 
HIS,  5 7 3 ,  352 ([Gly-Phet-Leu]+, 2.4) 295 ([Phet-Leu]+, 1 I ) ,  
278 ([Tyr-Gly-Gly]+, 16), 221 ([Tyr-Gly]+, 12), 136 (78), 
120 (IOO), 107 (31), 91 (loo), and 86 (28). 

H-Glyt-Gly-OH (lo).-To a mixture of Z-Glyt-Gly- 
OBzl' (0.744 g, 0.002 mol) and anisole (1 ml, ca. 0.009 mol) in 
a 100-ml polyethylene bottle was added anhydrous HF (20 ml) 
at 0 "C, and the mixture was kept at 0 "C for 30 min. The H F  
was removed b y  using a plastic water-suction pump. The oily 
residue was treated with anhydrous Et,O (25 ml), whereupon 
the product solidified. The Et,O was decanted and the residue 
washed with anhydrous Et,O (3 x 25 ml). The material (0.34 
g) was recrystallized from water (2 ml)-EtOH (20 ml); yield 
0.273 g (920;,); m,p. 191 "C (decornp.) (Found: C, 31.45; H, 
5.2; N, 18.05; S: 20.35. Calc. for: C, 32.42; H, 5.44; N, 18.90; 

and 3.95 (2 H ,  s, HIa); & (DzO) 197.72 (CA, 176.64 (C,), 
51.45 (CZa),  and 48.64 (Cia); v ~ , , : ~ ~ ,  1 510 cm-' (thioamide 11); 
h,,,,. (H,O) 265 nm (E: 8.69 x lo3); m/z 148 ( M + ' ) ,  130 

S, 21.64%) 6 (D,O/DDS) 4.7 ( s ,  HZO), 4.25 (2 H, S, M z a ) ,  

~ - I  
- 

(P;H--cH,-cs-N H--cH,-co). 

Phenylmethyf Cyunamc.thylccrrhamate (1 1 ).--To a mixture of 
aminoacetonitrile hydrochloride (46.25 g, 0.5 mol) and 50% 
benzyl chloroformate-toluene (170.5 g, 0.5 mol) was added 
4~-aqueous NaOH (250 ml, 1.0 mol) at 0 "C during 20 min. 
The toluene phase was separated and the water phase extracted 
with Et,O (2 *: 400 ml). The combined organic phases were 

* Based on the assumption that the product exists as the rnonoace- 
tate salt. 

dried (MgS04), evaporated, and crystallized from Et,O (100 
m1)-light petroleum (25 ml); yield 72.7 g (77%). 

Ethyl 2-PhenylmethoxycarbonyZaminoethanimidate Mono- 
h-vdrochluride (1  2).-This compound was prepared according 
to the method of Mengelberg; 34 yield (93%). 

Ethyl 2-Pheny Imethoxycarbonylaminoethanimidate (1 3).- 
This compound was prepared according to the method of 
Hirotsu et al.; 35 yield (91%). 

Z-Glyt-OEt (14).--To a solution of compound (13) (20.8 g, 
0.088 mol) in Et20  (250 ml) was bubbled a stream of H2S at 
0 ° C  for 2 h. The resulting yellow solution was filtered, the 
filtrate evaporated, and the residue was chromatographed on a 
silica gel column (7 x 15 cm) in CH2C12. Crystallization from 
Et,O (50 m1)-light petroleum (50 ml); yield 17.12 g (77%); 6 
(CDCI,) 7.3 [5  H, s, Ph(Z)], 5.55 (1 H, br, Hl), 5.05 [2 H, s, 

HLa), 1.35 [3 H, t, J 7 Hz, Me(OEt)]; 6c (CDCI,) 217.5 

(Z)], 51.7 (C,.), 13.3 [Me(OEt)]; vnlaX. (CMCI,) 1 715 (ure- 
thane) and 1050 (thionoester); h,,,,,. (EtOH) 243 nm (F. 
5.9 x lo3); nz/z 253 ( M + ' ) ,  192 ( M + '  - 'SEt), 146 ( M + '  - 

CH,(Z)], 4.55 [2 H, 9, J 7 Hz, CH,(OEt)], 4.05 (2 H, d, J 6 Hz, 

[C(S)O], I 56.0 [O-C(0)-NH], 68.6 [CHZ(OEt)], 66.6 [CHZ- 

PhCH20.). 

Z-Glyt-Gly-OEt (1 5).7-(a) From Z-Glyt-OEt (14). To a 
solution of HCI*Gly-OEt (0.70 g, 0.005 mol) and TEA (0.51 g, 
0.005 mol) in AcOEt (10 ml) was added compound (14) (1.27 
g, 0.005 mol) and the mixture was stirred for 28 h at 20 "C. 
The reaction was monitored by t.1.c. in 10% AcOEt-CH,Cl,. 
The solvent was evaporated and the residue chromatographed 
on a silica gel column (2 x 15 cm) in 10% AcOEt-CH,CI, to 
give starting Z-Glyt-OEt (0.40 g) and compound (1 5) (0.64 g, 
41%), m.p. 82-84 "C (lit.,7 82-84 "C). By using 2 equiv. of 
TEA and a reaction time of 21 h, at 20 "C, 0.24 g of starting 
Z-Glyt-OEt arid 0.54 g (35%) of ( 1  5) were obtained; by using 
10 equiv. of TEA, a reaction time of 23 h, at 20 'C, 0.30 g of 
starting Z-Glyt-OEt and 0.90g (58%) of (15) were obtained; 
by using 5 equiv. of TEA and 10 ml of toluene, a reaction time 
of 4 h, at 80 "C, 0.16 g of starting Z-Glyt-OEt and 0.90 g 
(58%) of ( I  5) were obtained. 

(b) From Z-Glyt -SMe (22a). To a solution of HCl*Gly-OEt 
(0.140 g, 0.001 mol) and TEA (0.101 g, 0.001 mol) in Et,O 
(I0 ml) was added (22a) (0.255 g, 0.001 mol), and the mixture 
was stirred for 28 h at  20 "C. The reaction was monitored by 
t.1.c. in 10% AcOEt-CH,CI2. After addition of AcOEt (10 ml) 
the mixture was filtered, the solvent evaporated, and the 
residue chromatographed on a silica gel column (2 x 15 cm) 
in 20% AcOEt-CH2CI2; yield 0.30 g (97%). 

Ethyl 2-Phenylmethoxycarbonylaminoethaneimidothioate 
Adonohydruchloride ( 1  6).-Compound (1  1) (34.2 g, 0.18 mol) 
and ethanethiol (16.8 g, 0.27 mol) in dry Et,O (300 ml) were 
treated with HCl(g) at -5 "C for 25 min. After 5 min the 
solution became clear and after 10 min a white material 
started to precipitate. Stirring was continued at  20 "C for 1 h. 
The mixture was filtered and the precipitate was washed with 
d r y  Et,O (2 x 25 ml) and then dried in a desiccator and 
crystallized from CHC1,-light petroleum ( 1  : 1);  yield 42.1 g 
@ 1 %). 

Ethyl 2-Phenylmethoxycarbonylaminoethanimidothioate 
(&7).-Conipound (16) (42.1 g, 0.146 mol) in Et,O (500 ml) 
was stirred vigorously with ~ M - & C O ~  (40 ml; 0.16 mot) for + h. The Et,O phase was separated, dried (MgS04), and then 
evaporated to give (17) (36 g, 98%), which was used without 
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further purification or characterization in the following reac- 
tion. 

2-Glyt-NH, (18).-To a solution of compound (17) (17.71 
g, 0.07 mol) in dry Et,O (200 ml) was bubbled a stream of H2S 
at  0 "C for 1 h. The solvent was evaporated and the residue 
chromatographed on a silica gel column (4.5 x 15 cm) 
starting with CH2C12 (500 ml) and then with Et,O to give (1  8) 
as the sole product. Crystallization from CHCI, (500 ml) 
yielded pure Z-Glyt-NH, (7.86 g, 50%). 

General Method for the Preparation of the Piperidides 
(19a--c).-N-Protected amino acid (0.1 mol), TEA (10.1 g 
(0.1 mol) and LR (20.2 g, 0.05 mol) in CHzClz (100 ml) were 
stirred for 5 min at 20 "C. The reaction mixture was then 
cooled to - 15 "C and piperidine (17.03 g, 0.2 mol) was added 
dropwise (strongly exothermic) for 4 h. The temperature was 
raised to 20 "C and the reaction mixture stirred for 4 h. The 
solvent was evaporated and AcOEt (400 ml) added. The 
organic phase was extracted with water (4 x 100 ml), 4 ~ -  
NaHC03 (4 x 25 ml), O.IM-HCI (4 x 25 ml), and water 
(25 ml), The organic phase was dried (MgS04) and evapor- 
ated. The residue was chromatographed on a silica gel column 
(7 x 20 cm): (19a) (eluted wiLh Et,O), yield 21.0 g (76%), 
recrystallized from AcOEt-EtzO (1 : 1); (19b) (eluted with 2% 
MeOH-CH,CIz-5% MeOH/CHZCl2), yield 19.7 g (81%); re- 
crystallized from light petroleum; m / z  243 ( M  + l), 186 
( M + *  - Me,C=CH), and 169 ( M + '  - Me3CO*); (19c) eluted 
with 5% MeOH-CH2C12, yield 30.87 g (70%), m / z  438 ( M + ' )  
and 365 (M+' - Me,CO'). 

General Procedure for Preparation of the Thiopiperidides 
(20a-c).-Compound (19) (0.05 mol) was heated with LR 
(10.1 g, 0.025 mol) in benzene at 80 "C for 20-30 min. The 
benzene was evaporated and the residue subjected to column 
chromatography (7 x 20 cm) starting with CHzC12 until a 
P,S by-product [2,4,6-tris(4-met hoxy phenyl)-l,3,5,2,4,6-tri- 
oxatriphosphorinane 2,4,6-trisulphide '1 was eluted. Com- 
pound (20a) was eluted with Et,O and crystallized from 
AcOEt (15 m1)-Et,O (300 ml); yield 12.77 g (87%); m/z 292 
(M+' ) ,  201 ( M + '  -- PhCH2'), and 184 ( M + '  -- PhCH,OH). 
Compound (20b) was eluted with Et,O, and crystallized from 
light petroleum; yield 10.96 g (85%); m/z 258 ( M + ' ) ,  202 
(M+'  - Me,C=CH), 185 (121'' - Me3CO'). Compound (20c) 
was eluted with 5% AcOEt-CH2CI,; yield 12.36 g (56%); m/z  
455 (M+'  + I ) ,  421 ( M + '  - SH'), 399 ( M + '  - Me,C=CH), 
and 365 ( M + '  - Me,C=CH -H2S). 

General Procedure for Preparation ojCompounds (2 1 a-c).- 
Compound (20) (0.04 mol) and Me1 (28.39 g, 0.20 mol) in 
THF (25 ml) was stirred for 12 h at 20 "C. The excess of Me1 
was evaporated at 20 "C to give a thick slurry, which was 
crystallized from the following: (21a) EtOH (100 m1)-Et,O 
(200 ml), yield 14.14 g (81%); (21b), EtOH-Et,O (1 : 6), 
yield 13.76 g (8673; (21c), EtOH-Et,O (1 : 3), yield 20.88 g 
@8"/,). 

General Procedure for  Preparation of the Dithioesters (22a- 
c).-Into compound (21) (0.03 mol) in EtOH (50 ml) was 
bubbled a stream of H,S at 0 "C for 40 min, during which 
time the solution turned orange-red. The solvent was evapor- 
ated and the residue chromatographed on a silica gel column 
(4.5 x 20 cm): (22a) eluted with 10% AcOEt-CH,CI,, and 
recrystallized from Et,O (50 m1)-light petroleum (50 ml), yield, 
7.15 g (9333, m/z 255 (M"),  208 (M+'  -- SMe'), 164 (M+'  - 
PhCH,') and 147 (M+'  - PhCH,OH); (22b) eluted with 
5% AcOEt-CH,Cl,, and recrystallized from Et,O-light petro- 
leum (1 : 5), yield 5.52 g (83%), m/z 221 (M+' ) ,  206 (M+' - 
CH,'), 165 (M+' -. MezC=CH2), and 148 (M+' - -  Me,CO*); 

(22c) eluted with 5% AcOEt-CHIClI, and recrystallized from 
Et,O, yield 11.4 g (91%), m/z 417 (M+'). 

Z-Glyt-Phe-Leu-OBzl(23).-To a mixture of compound 
(25) (4.05 g, 0.01 mol) and TEA (1.01 g, 0.01 mol) in Et,O 
(50 ml) was added (22a) (2.56 g, 0.01 mol) at 20 "C and the 
mixture was stirred for 21 h (monitored by t.1.c. in 10% 
AcOEt-CH,CI,). AcOEt (50 ml) was added and the mixture 
filtered. The solvent was evaporated and the residue chrom- 
atographed on a silica gel column (4.5 x 20 cm) in 
AcOEt-CH2C12 to 20% AcOEt-CH2Cl, to yield starting 
(22a) (0.21 g) and (23) (5.33 g, 93%); 6 (CDCI,) 6 8.6 (1 H, d, 
J 7 Hz, H,), 7.25 [lo H, m, Ph(Z, OBzl)], 7.10 [5  H, s, Ph- 
(Phe)], 6.15 (2 H, m, HI, H,), ca. 5.5 (1 H, m, H2a), 5.10 [2 H, 
s, CH2(0Bzl)], 5.05 [2 H, s, CHI(Z)], ca. 4.5 (1 H, m, HJa), 
4.10 (2 H, d, J 6 Hz, HIa), 3.10 (2 H, m, H29, 1.5 (3 H, m, 
HJP, HJY), and 0.80 (6 H, m, H39; vmx. (CHCI,) 1 700 (ure- 
thane), 1 675 (amide I), 1 500 (thioamide 11), and 1 740 cm-' 
(ester); h,, (EtOH) 268 nm (E 1.07 x lo4); m/z 541 (M+'  - 
H2S). 

Z-Glyt-Gly-Phe-Leu-OBzl (24).-To a mixture of (33) 
(4.62 g, 0.01 mol) and TEA (1.01 g, 0.01 rnol) in E t20  (50 ml) 
was added (22a) (2.56 g, 0.01 mol) at 20 "C; the mixture was 
stirred for 26 h (monitored by t.1.c. in 30% AcOEt-CH2C1,). 
The mixture was worked up as above for (23); yield 5.66 g 
(89%), 6 (CDCl,) 9.1 (1 H, m, H2), 7.6 (2 H, m, H,, H4), 7.25 
[lo H, s, Ph(Z, OBzl)], 7.10 [5  H, s, Ph(Phe)], 6.25 (1 H, m, 
HI), 5.10 [2 H, s, CHz(OBzl)], 5.05 12 H, s, CHI(Z)], ca. 4.6 
(2 H, m, HJa, H49, ca. 4.2 (4 H, m, Hla,  HIa),  3.00 (2 H, m, 
H3P), 1.6 (3 H, m, HqP, HdY), and 0.8 (6 H, m, H4&); vmX. 
(CHC1,) 1705 (urethane), 1670 (amide I), 1 500 (thioamide 
II), and 1 730 cm-' (ester); AmX. 265 nm ( E  1.10 x lo4); m/z 
631 ( M + '  - 1) and 598 ( M + '  - H2S). 

HC1-Phe-Leu-OBzl (25).-This was prepared as described 
for (3) from (1) (28.08 g, 0.06 mol) and 4~~HCl-dioxane (320 
ml); crystallization from MeOH (50 m1)-Et20 (150 ml); 
yield 22.7 g (93%); 6 [(CD,),SO] 9.25 (1 H, d, J 8 Hz, H2), 
8.35 (3 H, br, H3N+), 7.30 [5 H, s,  Ph(OBzl)], 7.15 [ 5  H, s, 
Ph(Phe)], 5.10 [2 H, s, CH2(0Bzl)], 4.25 (2 H, m, HIa, HZa) ,  
3.05 (2 H, m, HID), 1.60 ( 3  H, m, H20, HIY), and 0.85 (6 H, m, 
HZ6); v , , ~ ~ .  (KBr) 1 670 cm-I (amide 1) and 1 705 cm-' (ester). 

Boc-G 1 yt-Phe-Leu-OBzl (26) .-This was prepared as 
described for (23) from compound (25) (2.03 g, 0.005 mol), 
TEA (0.51 g, 0.005 mol), Et,O (25 ml), and compound (22b) 
(1.11 g, 0.005 mol); reaction time 22 h. Silica gel column 
(4.5 x 15 cm) in 5% AcOEt-CHzCI2 to 20% AcOEt-CHICl,; 
yield 2.41 g (89%) 6 (CDCl,) 8.65 (1 H, d, J 7 Hz, H,), 7.30 
[5  H, s, Ph(OBzl)], 7.15 [5  H, s,Ph(Phe)],6.15 (1 H, d, J 8  Hz, 
H,), 5.25 (1 H, m, HI), 5.15 (1 H, m, HZQ), 5.10 [2 H, s, CHI- 
(OBzl)], 4.4 (1 H, m, H39, 4.05 (2 H, d, J 7 Hz, HIa), 3.15 (2 
H, m, HIP) ,  1.5 (3 H, m, H3B, H3Y), 1.45 [9 H, s, Me(Boc)], 
0.85 (6 H, m, H39; vmX. (CHCI,) 1700 (urethane), 1690 
(amide I), 1 500 (thioamide II),  and 1 730 cm-I (ester); hmx. 
(EtOH) 270 nm (E 1.1 x lo4); m/z 541 (M"), 507 (M+'  - 
H,S), and 451 ( M + '  - Me,C=CH - HIS). 

HC1-Glyt-Phe-Leu-OBz1 (27).-This was prepared as 
described for (3) from compound (26) (2.17 g, 0.004 mol) and 
4~-HCl-dioxane (25 ml); yield 1.82 g (95%); 6 [(CD&NCDO- 
SiMe4] 11.35 (1 H, br, HI), 8.95 (3 H, br, H3N+), 7.25 [lo H, 
m, Ph(OBz1, Phe)], 5.20 (1 H, m, HIa) ,  5.15 [2 H, s, CH2- 
(OBzl)], 4.5 (1 H, m, Hf), 4.10 (2 H, m, HIa), 3.20 (2 H, m, 
HIP), 1.65 (3 H, m, HJB, HJY), and 0.90 (6 H, m, H39; vnUx 
(KBr) 1 660 (amide I), 1 520 (thioamide IT), and 1 735 cm-' 
(ester); Lax. (EtOH) 268 nm (E 8.8 x lo3). 
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Boc-Tyr(Bz1)-GIy-OEt (28).-This was prepared as de- 
scribed for compound (6) from Boc-Tyr(Bz1)-OH (9.29 g, 
0.025 rnol), HCl*Gly-OEt (3.49 g, 0.025 mol), N-ethylmor- 
pholine (2.88 g, 0.025 mol), dioxane (50 ml), HOBt (3.65 g, 
0.025 mol) (incl. 8% water), and DCC (5.15 g, 0.025 rnol); 
crystallization from AcOEt (100 m1)-light petroleum (200 ml) ; 
yield 10.66 g (93%); 6 (CDC13) 7.30 [5 H, s, Ph(Bzl)], 6.90 
[ 5  H, m, Hz, C&(Tyr)], 5.2 (1 H, d, J 7 Hz, HI), 5.00 [2 H, S, 
CH,(Bzl)], 4.35 (1 H, d, J 7 Hz, HIa), 4.15 [2 H, 4, J 7 Hz, 
CH,(OEt)], 3.90 (2 H,  d, J 5 Hz, HZa), 3.00 (2 H, m, HID), 1.35 
[9 H, s, Me(Boc)], and 1.25 [3 H, t, J 7 Hz, Me(OEt)]; v,,,. 
(CHCI3) 1700 (urethane), 1670 (amide I), and 1735 cm-' 
(esterj, ,q!z 383 (M+'  - Me3COo). 

Boc-Tyr(Bz1)-Gly-OH (29).-This was prepared as de- 
scribed for (7) from compound (28) (9.1 3 g, 0.02 rnol), MeOH 
(75 ml), and 1M-NaOH (21 ml, 0.021 mol). Recrystallized from 
AcOEt (60 ml)-Et,O (100 ml); yield 6.77 g (79%); F 

7.1 [5 H, m, HI, C6H4(Tyr)], 5.05 12 H, s, CHz(Bzl)], 4.20 (1 
H, m, Hia), 3.80 (2 H, d, J 5 Hz, Hp), 2.90 (2 H, m, HIfi), and 
1.30 [9 H, s, Me(Boc)]; v,nax. (KBr) 1 700 cm" (urethane), 
1650 (amide I), and 1725 cm-' (C0,H); m/z 355 (M+'  
- Me3CO'). 

[(CD,)ZSO] 8.25 (I H, t, J 6 Hz, HZ), 7.35 [5 H, S, Ph(Bzl)], 

Boc-Tyr(Bz1)-Gly-Glyt-Phe-Leu-OBzl (30).-This was 
prepared as described for (8) from (29) (1.29 g, 0.003 rnol), (27) 
(1.43 g, 0.003 mol), CH,CI, (30 ml), TEA (0.30 g, 0.003 mol), 
and DCC (0.62 g, 0.003 rnol); reaction time 48 h. Because of 
the low solubility of the product in CH2C12, this solvent was 
evaporated and AcOEt (50 ml) was added. The mixture was 
filtered, the AcOEt evaporated, and the residue chromato- 
graphed on a silica gel column (4.5 x 15 cm) in 5% MeOH- 
CHZCl2; yield 2.34 g (92%); crystallization from EtOH 
(10 ml)-Et,O (100 ml); 6 (CDC13) 8.85 (1 H, d, J 8  Hz, H4), 7.1 
[22 H, m, H2, H3, Hs, Ph(OBz1, Phe, Bzl), C,H4(Tyr)], 5.4 
(2 H, m, Hi, H4a), 5.10 [2 H, s, CH2(0Bzl)], 4.95 [2 H, s, 
CH,(Bzl)], 4.2 (4 H, m, Hla, HZa, H3(5, HSa), 3.15 (4 H, m, 
H2P, H 4 9 ,  1.60 (3 H, m, H,P, H59, 1.40 [9 H, s, Me(Boc)], and 
0.85 (6 H, m, H5'); vn,<,\, (CHC13) 1 700 (urethane), 1 680 
(amide I), 1 510 (thioamide TI), and 1 740 cm-I (ester); h,,,,,. 
(EtOH) 268 nm (E 1.7 x lo4). 

Attempted S,ynthesis of H-Tyr-Gly-Glyt-Phe-Leu-OH 
(3 I).-The procedure was as described for the preparation 
of (9), starting from (30) (0.852 g, 0.001 mol); yield after 
H F  treatment 0.69 g. This material (350 mg) was subjected 
to a Sephadex (3-15 column as described for (9). The 
fractions eluting from 340-610 ml were pooled and lyo- 
philized; yield 295 mg. This material (20 mg) was chrom- 
atographed by reverse-phase h.p.1.c. and four main fractions 
with R,s and amino acid analyses as follows were collected : (a) 
8.81 min, Tyr 0.33, Gly 1.00, Phe 0.27; (b )  16.79 min, Tyr 
0.26, Gly 0.72, Phe 0.27, Leu 0.19; ( c )  (main fraction) 17.93 
min, Tyr 0.31, Gly 0.68, Phe 0.32; (d) 24.1 1 min, Tyr 0.22; Gly 
0.53, Phe 0.22, Leu 0.16. 

Boc-Gly-Phe-Leu-OBzl (32).-This was prepared as de- 
scribed for (1) from Boc-Gly-OH (5.26 g, 0.03 rnol), (25) 
(1 2.1 5 g, 0.03 mol). CH2Cl2 (75 ml), TEA (3.03 g, 0.03 mol), 
and DCC (6.18 g, 0.03 rnol); yield 15.6 g (99%); 6 (CDCI3) 
7.30 [5 H, s, Ph(OBzl)], 7.15 [5 H, s, Ph(Phe)], 6.95 (2 H, mi, 

(2 H, m, HZ6, H3u), 3.80 (2 H, d, J 6 Hz, Hla), 3.00 (2 H, d, 
J 6 Hz, HZB), 1.60 (3 H, m, HjP, HSY), 1.40 [9 H, s, Me(Boc)], 
0.85 (6 H, m, H3&); v,,,,, (CHC13) 1 700 (urethane), 1 650 
(amide I), and 1 740 cm-I (ester); m/z 469 ( M + '  - Me&= 
CH). 

H2, H3), 5.40 (1 H, t, J 6 Hz, Hi), 5.10 [2 H, S, CH,(OBzl)], 4.8 

HC1-Gly-Phe-Leu-OBzl (33).-This was prepared as 
described for (3) from (32) (13.13 g, 0.025 mol) and 4 ~ -  
HC1-dioxane (150 ml). On evaporation a foam formed, 
which could not be crystallized; yield 11.05 g (96%); 6 
[(CD,),SO] 8.85 (2 H, m, H,, H3), 8.35 (3 H, br, H3N+), 7.35 
[5 H, s, Ph(OBzl)], 7.25 [5  H, s, Ph(Phe)], 5.20 [2 H,  s, 
CH,(OBzl)], 4.5 (2 H, m, HZa, H3a), 3.0 (2 H, m, Hza), 1.65 
(3 H, m, H3D, H3Y), and 0.90 (6 H, m, H3'); vImx. (CHCI,) 
1 650 (amide I) and 1 725 cm-' (ester). 

Boc-Glyt-Gly-Phe-Leu-OBzl(34).-Th~ was prepared as 
described for (23) from (33) (4.62 g, 0.01 rnol), TEA (1.01 g, 
0.01 rnol), Et,O (50 ml), and (22b) (2.21 g, 0.01 rnol); reaction 
time 22 h ;  monitored by t.1.c. in 30% AcOEt-CH,CI,; silica 
gel column (4.5 x 15 cm) in 10% AcOEt-CH,C12 to 50% 
AcOEt-CHzC1,; yield 4.33 g (72%); 6 (CDC13) 9.1 (1 H, br, 
H,), 7.55 (3 H, br, H3N+), 7.25 [5 H, s, Ph(OBzl)], 7.10 [ 5  H, 
s, Ph(Phe)], 5.95 (1 H, br, HI), 5.10 [2 H, s, CHz(OBzl)], 4.6 
(2 H, m, H3a, H49,  4.15 (4 H, m, HIa, H z a ) ,  3.00 (2 H, m, H39, 
1.6 (3 H, m, H4@, H49, 1.45 [9 H, s, Me(Boc)], 0.85 (6 H, m, 
H4'); h,lL,x. 268 nm (E 9.20 X lo'); vnlas. (CHCl,) 1 700 
(urethane), 1670 (amide I), 1500 (thioamide 11), and 1730 
cm.' (ester); m/z 598 ( M + ' ) ,  542 (M+'  - Me,C=CH,). 

H C1.G ly t-G 1 y-Phe-Leu-QBzl(3 5).-This was prepared as 
described for (3) from (34) (2.99 g, 0.005 mol) and ~M-HCI- 
dioxane (30 ml); yield 2.59 g (97%); crystallization from 
MeOH (2 ml)-Et,O (30 ml); 6 [(CD3),NCDO-SiMe4] cu. 11 
( I  H, br, H2), 8.4 (5 H, m, H3, H4, H3N+) ,  7.30 [5  H, s, 
Ph(OBzl)], 7.15 [5 H, s, Ph(Phe)], 5.15 [2 H, s, CHz(OBzl)], 
4.6 (2 H, rn, Hqa, H59, 4.2 (4 H, m, Hla, HZa),  3.1 (2 H, m, 
H3@), 1.65 (3 H, rn, H4P, H49, and 0.85 (6 H, m, H4'7; vmX. 
(CHCI') I 650 (amide I), 1 520 (thioamide 11), and 1 750 cm-' 
(ester); h,,,,,, (EtOH) 268 nm (E 9.97 x lo3). 

Boc-Tyr(Bz1)-Glyt-Gly--Phe-Leu-OBzl (36).-This was 
prepared as described for (6) from Boc-Tyr(Bz1)-OH (0.93 g, 
0.0025 mol), (35) (1.34 g, 0.0025 mol), dioxane (20 ml), N- 
ethylmorpholine (0.29 g, 0.0025 mol), HOBt (0.36 g, 0.0025 
mol) (incl. 8% H,O), and DCC (0.52 g, 0.0025 mol); reaction 
time 48 h. Because of the low solubility of this compound in 
AcOEt, the reaction mixture was filtered, evaporated, and 
subjected to column chromatography on a silica gel column 
(4.5 x 20 cm) in 5% MeOH-CH2CIz; yield 1.78 g (84%); 
crystallization from EtBH (25 m1)-Et20 (100 ml); 6 
[(CD3),NCDO-SiMe4] 9.65 ( I  H, br, H3), 8.4 (3 H, m, Hz, 
H4, Hs), 7.2 [19 H, m, Ph(OBz1, Phe, Bzl), C6H4(Tyr)], 6.25 

(Bzl)], 4.4 (7 H, m, H I a ,  HZa, H3a, HJa, Idsa), 3.1 (4 H, m, HIp, 
HSP), 1.65 (3 H, m, HSB, HS7), 1.40 [9 H, s, Me(Boc)], and0.90 
(6 H, m, HSS), vn,,,\, (KBr), 1 700 (urethane), I 655 (amide I), 
and 1 740 cm 

(1  H, d, J 7  Hz, Hi), 5.2 [2 H, S, CHz(OBzl)], 5.1 [2 H, S, CH2 

(ester); h,,,,,. 266 nm (E  1.23 x lo4). 

H-Tyr--Clyt-Gly-Phe-Leu-OH (37).-This was prepared 
as described for (9) from (36) (0.852 g, 0.001 rnol); yield after 
H F  treatment 0.44 g. This material (200 mg) was subjected 
to a Sephadex G-15 column, and the fractions eluting from 
420-540 ml were pooled and lyophilized to yield 205 mg of 
material. This material (40 mg) was chromatographed by 
reverse-phase h.p.1.c. as described for (9) ; final lyophilization 
from 20% AcOH-H,O yielded 31.2 mg (56%) of material. 
Homogeneous by t.1.c. in Bu"0H-AcOH-H,O (5 : 10 : I ) ,  RF 
0.49; analytical h.p.l.c., R ,  14.76 min; amino acid analysis: 
Tyr 1.02, Gly 2.14, Phe 1.03, Leu 1.00 (Found: C, 51.7; H, 
6.75 ; N, 9.45 : S, 4.0. Calc. for CZsH3,N3O6S.3 AcOH.2 HzO: 

([M + HI+,  13%), 336 ([Gly-Phe-Leu]+, 4.1), 294 ([Tyr- 
C, 51.83; H, 6.78; N, 8.89; S, 4.07), FAB-MS: m/z 572 
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Glyt-Gly]+, 16), 279 ([Phe-Leu]+, 34), 136 (72), 120 (IOO), 
107 (12), 91 (38), and 86 (27). 

Boc-Gly-Gly-Phe-Leu-OBzl (38).-This was prepared as 
described for (1) from (33) (4.62 g, 0.01 rnol), Boc-Gly-OH 
(1.75 g, 0.01 rnol), CHzC12 (25 ml), TEA (1.01 g, 0.01 mol), and 
DCC (2.06 g, 0.01 mol); recrystallized from EtOH (15 m1)- 
Et,O (100 ml); yield 5.00 g (86%); 6 (CDCI,) 7.6 (3 H, m, H2, 
H,, H4), 7.25 [5  H, s, Ph(OBzl)], 7.05 [5 H, s, Ph(Phe)], 5.8 
(1 H, m, HI), 5.15 [2 H,  s, CH2(0Bzl)], 4.6 (2 H, m, H4=, H59, 
3.9 (4 H, m, HIa, HZa), 3.00 (-2 H, m, H3p), 1.65 (3 H, m, H4P, 
H,v), 1.4 [9 H, s, Me(Boc)], and 0.85 (6 H, m, H46); vmax. 
(CHCI,) 1 700 (urethane), 1655 (amide I), and 1740 cm-I 
(ester) . 

HCI-Gly-Gly-Phe-Leu-OBzl (39).-This was prepared as 
described for (3) from (38) (5.00 g, 0.0086 mol) and ~M-HCI- 
dioxane (50 ml); yield 4.25 g (95%); 6 [(CD,),SO] 8.6 (3 H, m, 
H2, H3, H4), 8.3 (3 H, br, H3N+), 7.35 [5  H, s, Ph(OBzl)], 7.20 
[5 H, s, Ph(Phe)], 5.15 [2 H, s, CH,(OBzl)], 4.5 (2 H, M, H3a, 
H49, 3.7 (4 H, m, Hla, HZa) ,  3.00(2 H, m, HJP), 1.65 (3 H, m, 
H4P, H4Y), and 0.9 (6 H, m, H46); v,,,~~. (CHCI,) 1 640 (amide I )  
and 1 720 cm-' (ester). 

Boc-Tyrt( Bz1)-GI y -G ly -Phe-Leu-OBzl (40) .-This was 
prepared as described for (23) from (39) (0.778 g, 0.001 5 mol) 
TEA (0.15 g, 0.0015 mol), Et,O (la ml), AcOEt (10 ml), and 
(22c) (0.626 g, 0.0015 rnol); monitored by t.1.c. in 5% MeOH- 
CH2Clz. The solvent was evaporated and the residue chrom- 
atographed on a silica gel column (4.5 x 15 cm) in 10% 
MeOH-CH2CIz; yield 1.23 g (96%); crystallization from 
EtOH (20 m1)-Et,O (150 ml); 6 (CDC13) 8.95 (1 H, br, H2), 
7.75 (3 H, br, H3, H4, H5), 7.2 [19 H, m, Ph(OBz1, Bzl, Phe), 
C,H,(Tyr)], 5.8 (1 H, br, Hl), 5.15 [2 H, s, CH,(OBzl)], 4.8 
(3 H, m, Hla, H2=), 4.3 (3 H, m, H3a, H4u, Hja), 3.00 (4 H, m, 
HIP, Hf),  1.65 (3 H, m, HSB, H59, 1.4 [9 H, s, Me(Boc)], 0.85 
(6 H, m, HS6); vltrax. (CHQ) 1 700 (urethane), 1 650 (amide 
I ) ,  1 500 (thioamide I I ) ,  and 1 730 cm-' (ester); h,,,,,,. (EtOH) 
268 nm (E 1.40 x lo4). 

H-Tyrt-Gly-Gly-Phe-Leu-OH (41).-This was prepared 
as described for (9) from (40) (0.852 g, 0.001 mol); yield after 
HF treatment 0.70 g. This material (350 mg) was subjected t o  
a Sephadex G-15 column and the fractions eluting from 
420-740 ml were pooled and lyophilized to yield 310 mg of 
material. This material (20 mg) was chromatographed by 
reverse-phase h.p.1.c. as described for (9); final lyophilization 
from 20% AcOH-H20 yielded 14.2 mg (70%) of material; the 
product was homogeneous by t.1.c. in Bu"0H-AcOH-H20 
( 5  : 10 : l), RF 0.63; analytical h.p.1.c. R,  12.59 min; amino 
acid analysis: Tyr 0.81, Gly 1.97, Phe 0.99, Leu 1.00; FAB- 
MS: m/z 572 ([M + HI+, 2.1%), 336 ([Gly-Phe-Leu]+, 2.2), 
294 ([Tyrt-Gly-Gly] , 2.5), 279 ([Phe-Leu]+, 4.7), 182 
([C,H,,NOS]+, 9), 136 (21), 120 (loo), 107 (46), 91 (50), and 
86 (42). 
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