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Abstract - N-protected dipeptide esters have been converted into the

corresponding protected endothiopeptidesl+ using Lawesson's reagent,

1.

Methods of amino and carboxyl deprotection, and coupling of the thiopep-
tides with amino acids have been defined and used to prepare two examples
of novel N-protected endothiotripeptide esters with a single thiocamide

link.
dipeptide esters are considered.

Until recently there were very few reports in
the literature concerning the synthesis of
endothiopeptides.1'3 The introduction of
Lawesson's reagent by which amides are readily
converted in high yields into thicamides? has
given new impetus3°'b to this synthetic object-
ive. We are prompted by these recent disclos-
ures3 to report our interest in sulphur
analogues of biologically important peptides.
Our complementary studies in this area led us
to examine the scope of this reagent and to
determine whether the existing protection, de-
protection, and coupling procedures used in
conventional peptide synthesis are generally
applicable to these new systems.

It has been shown that both the amino and
carboxyl functions react with Lawesson's
reagent? 1 and so N-protected dipeptide esters,
2 were used. The thiopeptides, 3 shown in Table

1 were readily prepared from the corresponding
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Possible effects of the thicamide bond on the conformation of the

peptides, 2 in high yields according to the
generalised equation 1.

The same reaction conditions have been
employed for each substrate but no difference
in rate of thionation of the different dipep-
tide amide funtions has been detected, thus it
is improbable that selective thionation of tri-
and higher peptides will easily be achieved.
High resolution mass measurements (Table 1)
correspond to the expected molecular formulae;
the fragmentation patterns conform to those
previously described.3° All compounds were
homogeneous by TLC and NMR.

The 13c NMR, !H NMR and UV data on these
compounds are presented in Table 2 and the
linear relationship described by Clausen et a13a

whereby §(C=S)=1.62. §(C=0)-74.15 used to
obtain the calculated 13C chemical shift values
quoted. All data are consistent with N-Z-

endiothiodipeptide esters, 3.

n‘oguug:zz:;goﬂ

3

t The name endothiopeptide has been used previously for peptides with the thiocamide link in the

backbone.l'2
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The protective benzyloxycarbonyl (2)
group was removed from the doubly-protected
endothiopeptides, 3 by hydrogen bromide in
acetic acid at room temperature4 and the tert-
butoxycarbonyl (Boc) group similarly using tri-
fluoroacetic acid.5 In each case very good
yields of N-deprotected compounds were obtained
in the former as the hydrobromide and in the
latter as the trifluoroacetate salt.

The NMR spectral date of the N-deprotect-
compounds, 4 are collected in Table 3. Both
4a and 4b have prominent ions in their mass
spectra at M-B81 due to their parent amines.
Fragmentation in 4a occurs via the loss of
methanol and then CO and analogously in 4b
where the tropylium ion also figures prominent-
ly. In each case the base peak is at 30 mass
units [CH2=NH2]t

Attempts to remove the carboxyl protect-
ing groups from the doubly-protected peptide,
3a, selectively using alkaline hydrolysis
methods3P result in deep orange/red coloured

mixtures (by TLC).

free acid were obtained and so this deprotect-

Only poor yields of the

ion method was not pursued.

Removal of both amino and carboxyl pro-
tecting groups of 3a, 3b and 3d by HBr/AcCH
at 60° gave the endothiopeptides, 5, repre-
senting for the first time the preparation of
totally deprotected systems.

Surprisingly, double deprotection of the
ester 3d takes place much more rapidly than 3a
in the presence of hydrogen bromide in acetic
acid.

The lH- and 13c- mar spectra of 5 are
consistent with those expected for the endothio-
dipeptides (see Table 3).

In the case of 54 and 3d, the main

difference in the 13

C-NMR spectrum is the
absence of resonance at about 52.0 ppm for 5d,
the characteristic position of the methoxyl
carbon. Spectroscopic data were in accord

with endothicaminocarboxylic acids. The mass
spectra of these compounds give highest mass
ions of 100 mass units (-HBr-H,0) lower than
that expected and may be due to ions correspond-
ing to thiazolin-5-one, 7, or thioketopip-

erazine structures, 8.

R R
HoNCHCSNHCHCOH

- |
e

In an initial study of the conformational
consequences of the introduction of the thio-
amide group into petides, differential nOe
spectra were taken on compounds 2e and 3e.
Each spectrum was consistent with favoured
conformations 9 and 10 resulting from hydrogen
bonding between the amide N-H and carbamate
carbonyl oxygen atom. In the case of the thio-
amide 3e a strong (33%) enhancement of the
methylene protons was observed when the Ala-
methyl group was continuously irradiated.
There was no corresponding enhancement in 2e,
but instead an enhancement (14%) of the signal
due to the carbamate N-H proton when the methy-
lene protons were irradiated. These observa-
tions may correspond to different preferred
conformations about the carbamate C-O bond.
The thioamide proton is more acidic than
the amide one and this could bring about

stronger hydrogen bonding in 3e. The resulting
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depletion in electron density in the carbamate
C=0 might result in more double bond character
in its C-0 bond favouring the conformation
about the carbamate bond shown in 3e. In
conclusion, difference nOe at 400 MHz indicates
a significantly populated conformation (10)

for the endothiopeptide 3e.

It has been reported that thionation of
peptides with Lawesson's reagent takes place
with no appreciable degree of racemization.
This claim is based on a comparison of optical
rotations of samples of N-protected dipeptide



*PIAl3EQO 30U UOT IBTNOBTOW HOYJ-H O
*swnd S§9TANOTOD B PAUTBIQO §30Npoad q

.wwm 79 pnesuBrp np £q Posn 380Ul 1B SIATIBATISP 1Au0qaed01Yl Y} 103 sToquks ayl e

Endothiopeptides

15S0°997 L5509z sY0iN8tu8la  oewe -¢'z6 ot 4do-£19-3419-2 ud H H  Imowd 3
Istitoze  eciitwze  sYotNOTHSlo q oot oRO-B1V-381Y-2 ‘o fmwo two lmw e
6switzse  1svizse  sYolnlallo q 98 3K0-A19-39T1~2 o o Coywlmwim  Twows
toci-gce  s6zi°98¢  sYoCNlluOln  ct69 -0’89 €8 30 -A19-3944-7 13t H Thoud ZHoud
zoci e sezi'ste  sYoCNClHIlo  0°goi-STeOl 68 1240-£19~3419-00% udluo H i of¢tmo) g
£€80°967 £280°967 SYotN%'uElo  0°06 -0°¢8 76 aM0-K19-3419-2 13%%) H H THouwga =g
‘8qQ *o1E) Ja 2 yi ¢¥ . ¢
SSPW IIBINDOY  BIMUXOJ ' IOH do  pyeIx e(€) 39mpoag Juan3IIsqng
*€ *s13388 opridedTpoTIopuy pa1oa301d-N J0J vapq [BO18AYJ pu® SPIaIx 1} 81qel



‘009 ' 21 “Ip-oswa :%10ap ur paureIqo B13M 3z JO B1I03ds BUL q
*palels 9SIMIBYIO0 SSITUR 5,0 3I® £1DHQD UT PRUTWISISP 2ieM Bidads ayy w®

(090°91) <92 SS'y  0L°8 OZ'% 08'S L9 0°LY  (L'861)0°10Z  0°TZS 89S 4do~-£19-3419~2 3
(oo6°01)  oL2 oL'% OL'8 O1°S  06°S T°TLL 9ES (9°902)6°S0T  £°9¢  6°SSH aj0-21y-3eIV-2 @
(0oe‘11) 692 0E"y  02°6  SY°Y  $6°S L7898 9°9%  (§°%07)8°S0Z  €°S9 S99 2M0-A19-3971-2 P
(oocz1) 692 0T’y of'8 08y 08¢ $°891  8°9%  (H°EOTILYOT  9°T9  6°6SH 3R0-A19-7943~-Z 9
(00gzl) 99z o'y 0L'8 0T'%  §%°S y'89l 9y (8'002)0°l0T 1°TS €795} 1240-419-3£19-2 ¢
(ooLzy) 99z ov'y 09'8 ST'Y  06°S 8°89L L°9%  (8°002)S°00T v'¢S  8°9S| 2HO-A19-3419-2 B¢
- - - 0z°'y 00"t 08t SI°8 R TA S N S (-)v°891  8'€% L 961 qUd0-£19-419-2 3
m - - or'%  06°9 0%'% 09°S €72l €8y (-)z°€Ll  8°0§ 8°SSI SHO-BIV-BIV-Z @
z = - 00°% Ol°L o0Z°% 08§ T°0LL LtLy (-)0°ZL1 8765 §°9S4 HO~-L19-9T1-Z P
_m - - S6°¢  09°9 0S'v  0S°S 87691 7'y =)e"tLr €795 07951 SHO-£19-3Ud-Z D
B - - S0'%  SI°L S6°E  S9°S (AN TANR A { (-)L°691 €79y 7°9sL  1zEc-419-419-008 q
fut - - 00°% 00°L 06°€ 06°S 1172 S AR Y (=)L°691  §°v%  L°9S) SHO-A1D-A19-2  ®©Z
3 3 2 q 3 3 (*o18I)P - 4
(mu) (3) xemy (udd) 331Yys 1BOTWOY) (mdd) 331Yys [eorTWLY)
(E10HD) An HHN-H, HWN-O¢ ANOROD
S=%X : ¢ el X
0=x : 2z pHO8 m\.fo\m/_u_\opc
A o

1078

't ¥819389 9p13dedipoTyiopus~zZ-N pue

Z ‘812189

ap136edip-Z-N 103 BI®Q AN PUP giHN-H; ‘WWN-Ogy 37 21QEl



1079

Endothiopeptides

*uoqaed Bualyiswm 103 IJIYs 8 mﬁnmo_an y§ sx9ys @

(P)6LI-GLL - L'zLl 9'L%  800T  S°€9 05°y - 0y - oZa PS
%6 ~16 - oLy - 06°¢ - ¢la B
(PYIEL-6Z1 1°99  S°L91  S'9y  8°96L 8°SY 05"y - $6°'¢ 088 g P~OSHA qy
®)ELI-1L1 - §'691 8°LY 0°86% L°ZY 0%'% 00°LI S6°€ §Z'8 o P-OSKC ey
g8 3 ° ) q ° P q G
e (@d) 3374 TwoTmau) (®ddy 3374s 1EaTWRYD juaatog punoduo)
du W0 WN-H |

S
Rarss

W00td0=X qy

_ _ AgaY ipg ‘vg ‘ey
mtcm.w pue 7 :spunodwod 103 sw mx.wx g
¢ pue 7z :spunodmoo 103 se cx.mx.mz iy

‘¢ “sap13dadipoTyIpuy PuUE ¥ * 810380 opl3dedipoly3opuy 10J BIBQ [EOT6A4d pue [B1308dS :f 21QBL



*£13a0 ur pourmxalsp 219m FIIvads YL >
19017 €5c = SSOEN6INSID 103 1B “Hy0l EgE = SSEW COY q

1611°19¢ = SSOENIZHIYD 03 cor®D *GIZI*L9E = ssSEW DOV ]

D. W. BrRowwN er al.

1080

8491 0°Z¢ 67691 6°0% Z°00T 4°8% L7961 6'€ S7°8 €% 9°6 1'% €£°L grTel-5°0el Ly H H H 99

0°691 6°9% €700 1706 9'€LL ZT°IS GT96l €'y 00'6 €% SS°L €% 6°S 0°601~0"80L 6L o Yo B9

1 T 3 3 P > ] T q 3 ) ] q Do z ¢4 A ¥

mzz..om i HWN-H| du pratx JUINITISANG

5 (mdd) 3314s 1eOTWaY)

0=X% ‘S=X : q9

0 A X
mzuthmwxm”ymxv/m\kymwxmzdwxﬂrxxxgn

g *§i93se apradediajoryzopua-Z-N jJo saiiladoig 1ed1shyd pue [ex3Idadg :y ATqEL



Endothiopeptides 1081

esters, obtained by dethiation of the corres-
ponding endothiopeptides prepared using the
reagent, with samples of original starting

Recent studies 10

N-protected dipeptide esters.
have shown that D?‘vzalkyloxycarbonyl protected
peptides are much more resistant to racemiz-
ation than N~acyl protected peptides under
reaction conditions appropriate for new peptide
bond formation.
we expected our peptides to retain their stereo
~chemistry and used high resolution (400 MHz)
1H-NMR spectroscopy to confirm this expectation
The methyl ester 3e, Z-Alat-Ala-
OMe contains two chiral centres and so racemiz-

As a consequence of the above

as follows.

ation at either centre would give rise to a
mixture of diastereoisomers. The LE-NMR spec-
trum shows overlapping doublets (1.46 and 1.47,
3H, J=7Hz) due to the methyl groups and two
pentets (4.60 and 5.05, 1H, J=7Hz) due to the
two methine protons further coupled (J=7Hz) to
N-H. Decoupling from N-H reduced each pentet
13C~-N!1R spectrum (Table 2)

contains thirteen lines only.

to a quartet. The
The foregoing
data can only be explained in terms of one
diastereoisomer. The high signal to noise ratio
and the sharpness of the signals in the ‘n-mm
spectrum would allow the detection of isomeric
impurities down to perhaps 2-3%;
due to 3e were present in its NMR spectra.
The feasibility of synthesising higher

endothiopeptides by coupling with N-protected

only signals

amino acids at the terminal amino group was
confirmed by the reaction of the hydrobromide
salt of the endothiopeptide ester 4a with
Z-Ala-OH to give Z-Ala-Glyt-Gly-OMe 6a. This
preparation was carried out using standard
condition56 whereby the salt was neutralised
with triethylamine and the coupling promoted
by dicyclohexylcarbodiimide (DDX). This is
represented in Equation 3.

Z-Ala-OH + HBr.Glyt-Gly-OMe 4a -2ES.2OBG_

Z-Ala-Glyt-Gly-OMe 6a .... Eq. 3

Having branched from the amino terminal,
we investigated the alternative coupling at
the C~terminal end of an N-protected endothio~
This was achieved by utilirzing
a phenyl ester protecting group (first proposed
by Galpin et al’). Thus Z-Glyt-Gly-Gly-OMe, 6b,
has been prepared from 2-Glyt-Gly-OPh, 3f, and
glycine methyl ester according to Equation 4.

peptide ester.

TEA/

Z~Glyt-Gly-OPh + HCI.Gly~OMe
Y 3f Y Cl.Gly reflux 8hr,

Z~-Giyt-Gly-Gly-OMe 6 ... Eq. 4

Attempts to improve the relatively poor yield
{478} using an ester group which was more
susceptible to nucleophilic displacement, eg
p-nitrophenyl, by a free amino group have been
unsuccessful. Thionation of 2-Gly-Gly-OnFh
with 1 afforded several inseparable, unidenti-
fied products. Significantly p-nitrophenol
was also obtained from the reaction so that
thionation possibly led to an intramolecular
cyclization whereby the nitrophenate anion

was displaced by the thiono group.

To sum up, we have extended the range of
doubly protected dipeptide substrates for which
thionation using Lawesson's reagent proceeds in
high yield, defined a major conformer of an
N-Z-endothiopeptide ester and shown that the
conventional peptide deprotection and coupling
procedures are applicable to the synthesis of
endothiopeptides from smaller units containing
the thicamide bond.

EXPERIMENTAL

The abbreviations used are those in common
use and all the amino-acids have the L-configur-
ation. Other abbreviations are as follows*
TEA. triethylamine; DCM, dichloromethane;
DCC, N,N'-dicyclohexylcarbodiimide; nPh, 4-
nitrophenyl: DCU, N,N'~dicyclohexylurea; IPA,
isopropanol. Silica gel 60 (Merck No: 7747)
was used. The ‘a—m spectra were determined at
100 MHz using a Jeol PS100 spectrometer, unless
otherwise stated, and 13C-NMR spectra at
22.5 MHZ using a Jeol PX90Q spectrometer. The
1H-NMR spectra of Ze and 3e were determined on
A Brucker WH400 with a pulse length of 4us at
an angle of 45-50°. The differential nOe
spectra were run at 310 K with GM (LB-=0.85)
with 40 scans accumulated for each spectrum.
Tetramethylsilane was used as internal standard.
Mass spectra were recorded by PCMU (Barwell)

at 70ev. L

ll’l.s X

t, 1, was either
prepared by the literature prc:x:od\u:tz2 or a
compercial sample (Aldrich Ltd) was used.

Z-Ala-Ala-OMe, 2¢, was prepared from the
free acid by a standard esterification method
(SOClzfﬂeOH). 2-Gly-Gly-OPh, 2f, was prepared
using the method of Galpin et a_l_7, from the free
acid (Z-Gly-Gly-OH).

9
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Preparation of N-protected endothiopeptide

esters, 3.
Z-Phet-Gly-OMe, 3c, Z-Phe-Gly-OMe, 2c
(460 mg, 1.24 mM) and Lawesson's zeagentz, 1

(250 mg, 0.62 mM) were heated together at 95~
100° in sodium dried toluene (20 cm’) for 2 hr.
The reaction was followed by TLC on silica gel
(0%, ethyl acetate-dichloromethane). Evapora-
tion in vacuo gave a pale yellow oil which

was chromatographed (108 EtOAc-DCM, flash
chromatography) giving 3¢ (400 mg, 1.04 mM, 84%),
mpt: 68-69.5°C as a white solid which could

be recrystallized from MeOE/HZO. 3d And 3e

were obtained as colourless oils.

Removal of the Z-group from the N-Z-endothiopep-
tide esters 3.

Br8’,-Glyt-Gly-OMe, 4a. 3a,(640 mg. 2.2
mM) was stirred for 1 hour at 20°C in HBr/AcOH
(48% w/v, 10 cma) in a flask fitted with a caCl
drying tube. Dry ether (50 cmz) was then added
to precipitate more white solid and the whole
then filtered and the residue washed with ether.
This gave 4a (500 mg, 2.1 mM, 95% yield) as a
white solid, mpt: 171-173°C (decomp). (Found:
u"'-mar, 162.0475. csawuzozs requires
162.0461) .

2

Simultaneous removal of the amino and carboxyl-

protective groups.

Br-H2*-Glyt-Gly-oH, Sa. z-Glyt-Gly-OMe
3a (190 mg, 0.64 mM) and HBr/AcOH (48% w/v, 10
cm3) were stirred at 55°C in a flask fitted
with a CaCl; drying tube and a reflux condenser
for 6 hr, (1.5 hr. for 3d).
(50 cm3) was added to precipitate a white solid*
which was filtered amd washed with a small
This gave 5a (140 mg, 0.61 mM,
95% yield) as a slightly coloured solid, mpt:
91-94°C. (Found: M* HBr-H,0, 130.0201.
C4HgN0,S requires 130.0200).

On cooling, ether

amount of ether.

*For the deprotection of Z-Ilet-Gly-OMe, 34, a
reaction time of 1.5 hr at 20°C was sufficient.
Addition of ether did not precipitate the
hydrobromide 5d but the ether layer was extract-
ed with H0 (2 x 50 cm3) and the aqueous ext-
ract evaporated under vacuum to give a pale
orange solid (75 mg, 0.25 mM, 83% yield), mpt:

175-179°C (decomp.)

BROWN et al.

Removal of the Boc-group from 3.
TFA H,*-Glyt-Gly-0Bzl, 4b, Boc-Glyt-Gly-
OBzl, 3a (169 mg, 0.5 mM) was stirred in a
solution of 908 TFA (10 cm3) at RT for 0.5 hr.

The excess TFA was removed by toluene azeotrope
2 x 20 cmd) in vacuo to give a viscous oil
which solidified on standing to an off-white
solid, 4b, (140 mg, 0.47 mM, 94% yield), mpt:
129-131°C (decomp). (Found: M* TFAR, 238.0769
Cy1H14N202S requires 238.0773).

Preparation of N-Z-endothiotripeptide esters, 6

Z-Ala-Glyt-Gly-OMe, 6a. A suspension of
the salt, 4a (242 mg, 1.0 mM) and N-Benzyloxy-
carbonylalanine (223 mg, 1.0 mM) in DCM (5 cm3)

was added over 5 min. and the suspension stirr-
ed for a further 5 min. and then allowed to
reach RT. A solution of DCC (206 mg, 1 mM) in
DCM (10 cm3) was added slowly over 1.25 hr.
After stirring at RT for a further 20 hr., the
reaction mixture was filtered to remove DCU
and the solvent evaporated under vacuum. The
residue was subjected to medium pressure column
chromatography (5% EtOH in CHCl3), giving a
white crystalline solid, 6a, (290 mg, 0.79 mM,
798 yield, mpt: 108-109°C,

2-Glyt-Gly-Cly-OMe, 6b. Z-Glyt-Gly-OPh,3f,
(171 mg, 0.5 mM), glycine methyl ester hydro
-chloride (63 mg, 0.5 mM) and TEA (51 mg, 1!
equiv) were heated to reflux in IPA (25 cmd)
for 8.5 hr.
at 20°C).

(No apparent reaction occurred
After cooling, the solvent was evap-
orated in vacuo and the orange-brown residue
subjected to medium pressure column chromato-
graphy (30% EtOAc/DCM) to remove impurities.
This gave 6b as a white solid (83 mg, 0.24 mM,
47% yield), mpt: 130.5-132.5°C.
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