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113. Dehydroalanine-Containing Peptides by AcOH-Elimination from 
0-Acetylserine Residues with DBU/LiCIO, in Tetrahydrofuran 

by Thimo L. Sommerfeld’) and Dieter Seebach* 

Laboratorium fur Organische Chemie der Eidgenossischen Technischen Hochschule, ETH-Zentrum, 
Universitatstrasse 16. CH-8092 Zurich 

(1 3.1V.93) 

The elimination of H,O from serine residues in peptides was found to be feasible by the following two steps: 
0-acylation with AcCl/pyridine in CH2CI, and treatment with an imidine base (DBU or DBN) in THF in the 
presence of large amounts of LiC104 (10 examples). Other Li salts such as LiBr and LiCl can also be used. No 
epimerization of the amino acid residues in the peptide could be detected under these conditions. Thus, a simple 
method for the preparation of peptides with dehydroalanine residues in high yield, directly from serine-containing 
precursors, is available. 

From Li-Salt Effects to Dehydropeptides. - The effect of Li salts on the rate and 
stereochemical course of reactions in organic solvents has been known for many years. 
Prominent examples are the Wittig olefination [ 11, the Diels-Alder reaction [2] [3], the 
[3 + 4]-cycloaddition of cyclopropanones with furans [4], and conversions involving 
organolithium compounds [5]. In 1989, we discovered a dramatic effect of LiCl and other 
inorganic salts on the solubility of peptides in THF [6]. The changes of the peptide 
structure by LiCl were demonstrated for cyclosporin A in THF solution, using NMR- 
spectroscopic methods [7]. The effect was exploited for improvements in the solution [8] 
and solid-phase [9] peptide synthesis of certain amino-acid sequences. In the course of the 
latter work, we found that peptides can be detached from resins - without removing 
acid-labile protecting groups - by transesterification using the imidine base DBU (1,8-di- 
azabicyclo[5.4.0]undec-7-ene) in the presence of LiBr in alcohols [lo]. When carrying out 
tests to learn, whether these conditions are compatible with the protecting groups com- 
monly employed in peptide synthesis, we found that serine moieties are dehydrated by 
DBU/LiCl in the presence of 4-A molecular sieve, albeit slowly and in poor yields [l I]. 
This was the start of a project, the results of which are reported herein. 

Peptides A containing dehydroamino acids have been studied for a long time 
(Scheme I ) .  They are normally made by incorporating a dehydroamino-acid residue into 
a peptide (E +A) [ 121 [ 131, and there are various methods of preparing suitable derivatives 
for this purpose (for reviews, see [14-17]), such as dehydration of serine and threonine 
(E’+E) [ 18-24], N-chlorinationldehydrochlorination of an amino-acid derivative 
( E + E )  [25-281, or Wittig-Horner olefination using tl -phosphonylated glycine precur- 
sors (F+E) [29]. For further methods of preparing dehydroamino acids, we can only refer 

’) Part of the projected Ph. D. thesis of T.S.,  ETH-Zurich. We gratefully acknowledge a stipend given to T.S. by 
the Verband der Chemischen Industrie (D-Frankfurt). 
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to the literature (30-451. There have also been reports about introducing a double bond 
into an amino-acid residue of a given peptide, for instance by S-methylation of a 
S-Me-cysteine unit and Me$ elimination (B+A) [46] or by tosylation/dehydrotosylation 
of a serine moiety (D-iA) [47] [48], i.e. the same methodology described herein with 
acetate. 

The interest in dehydroamino-acid containing peptides is of course the fact that 
additions to the double bond -preferably stereoselectively - can furnish a host of peptide 
derivatives from a single intermediate (A+ G).  Examples are hydrogenations, additions 
of RMgX [49] or RHgX [50] [51] derivatives, most recently of glycosyl bromides using tin 
hydride methodology [52]. 

Results. - The serine-containing tri- and tetrapeptides for the present study were 
synthesized according to the standard procedure [53] of the mixed-anhydride method 
(using isobutyl chlorocarbonate). Since, as mentioned above, the direct dehydration was 
not very successful, a two-step procedure was developed for the conversion to dehydro- 
peptides: Acetylation and elimination of AcOH (Scheme 2 and Table 1). 

Elimination was effected preferably by DBU in LiC10,-containing THF (ratio 0 - 
acetyl peptide/DBU/LiClO, 1 : 1.1 : lo). To keep the actual reaction temperature as low as 
possible (to prevent epimerizations of stereogenic centers [lo]), the base was added at 
-15O; reaction ensued around Oo. Instead of DBU, we have employed with equal success 
DBN (1,5-diazabicyclo[4.3.O]non-5-ene); on the other hand, only traces of the desired 
product could be detected, even at elevated temperatures ( > 50°), when tertiary amines 



e
 2 

Ta
bl

e 
1.

 A
bb

re
vi

at
ed

 N
am

es
, N

um
be

rs
, Y

ie
ld

s.
 an

d 
Sp

ec
@

 
R

ot
at

io
ns

 of
 t

he
 S

yn
th

es
iz

ed
 O

lig
op

ep
tid

es
 C

on
ta

in
in

g 
Se

ri
ne

, 0
-A

ce
ty

ls
er

in
e,

 an
d 

D
eh

yd
ro

al
an

in
e 

R
es

id
ue

s. 
Fo

r 
de

ta
ile

d 
ge

ne
ra

l p
ro

ce
du

re
s,

 b
at

ch
 s

iz
es

, a
nd

 N
M

R
 sp

ec
tra

, s
ee

 E
xp

er
. P

ar
t a

nd
 T

ab
le

 2
. 

Se
r-

C
on

ta
in

in
g 

Pe
pt

id
e 

A
ce

ty
la

te
d 

Pr
od

uc
t 

A 
A

la
-C

on
ta

in
in

g 
Pe

pt
id

e 

B
oc

-P
he

-S
er

-A
la

-O
'B

u 1
 

B
oc

-P
he

-S
er

(0
A

c)
-A

la
-O

'B
u 

11
 (9

9%
) 

B
oc

-P
he

-d
 A

la
-A

la
-O

'B
u 

21
 (8

7%
) 

-
 1

3.
2 (

C
 =

 1
.1

, C
H

C
IJ

 
-
 2

9.
2 

(c
 =

 1
.0

, M
eO

H
) 

-
 2

9.
3 

(c
 =

 1
.0

, M
eO

H
) 

H
*N

-P
he

-S
er

-A
la

-O
'B

u 2
 

B
oc

-M
eL

eu
-S

er
-A

la
-O

'B
u 3

 

A
c-

Ph
e-

Se
r(

0A
c)

-A
la

-O
'B

u 1
2 

(9
0 Y

O
) 

A
c-

Ph
e-

d A
la

-A
la

-O
'B

u 
22

 (8
7 %

) 

B
oc

-M
eL

eu
-d

 A
la

-A
la

-O
'B

u 
23

 (9
1 %

) 

- 
73

.8
 (

c 
=

 1
.1

, M
eO

H
) 

- 4
4.

6 
(c

 =
 1

.1
, M

eO
H

) 

-
 24

.4
 (c

 =
 1

.0
, M

eO
H

) 

-
 23

.0
 (c

 =
 0

.5
, M

eO
H

) 

-
 6

3.
6 

(c
 =

 1
.0

, M
eO

H
) 

-
 86

.3
 (c

 =
 1

.2
, M

eO
H

) 

-
 22

.0
 (

c 
=

 1
.0

, M
eO

H
) 

-
 84

.3
 (c

 =
 1

.0
, M

eO
H

) 

+ 5
.7

 (c
 =

 1
.0

, M
eO

H
)a

) 

B
oc

-M
eL

eu
-S

er
(0

A
c)

-A
la

-O
'B

u 
13

 (9
7 %

) 

B
oc

-D
-A

la
-S

er
- A

la
-O

'B
u 

4 
B

oc
-D

-A
la

-S
er

(0
A

c)
-A

la
-0

"B
u 1

4 
(9

5 Y
O

) 
B

oc
-D

-A
la

-d
 A

la
-A

la
-O

'B
u 

24
 (8

5 %
) 

2 3 
B

oc
-P

he
-S

er
-V

al
-O

'B
u 

5 
B

oc
-P

he
-S

er
(0

A
c)

-V
al

-O
'B

u 
15

 (9
9 %

) 
B

oc
-P

he
-d

 A
la

-V
al

-O
'B

u 
25

 (8
9%

) 
B F b 

-
 1

2.
7 

(C
 =

 1
.0

, C
H

C
I,)

 
-
 20

.4
 (c

 =
 1

.5
, M

eO
H

) 
+ 4

.5
 (e

 =
 1

.0
, C

H
C

IJ
b)

 

A
c-

Le
u-

Se
r-V

al
-O

'B
u 

6 
A

c-
Le

u-
Se

r(
0A

c)
-V

al
-O

'B
u 

16
 (9

4%
) 

A
c-

Le
u-

d 
A

la
-V

al
-O

'B
u 

26
 (8

5 %
) 

B
oc

-A
la

-d
 A

la
-V

al
-O

'B
u 

27
 (

77
%

) 

-
 44

.1
 (c

 =
 1

.5
, M

eO
H

) 
-
 49

.4
 (c

 =
 0

.9
, M

eO
H

) 

-
 43

.3
 (

c 
=

 1
.0

, M
eO

H
) 

-
 23

.2
 (

c 
=

 1
.2

, M
eO

H
) 

-
 5

2.
0 (

c 
=

 0
.9

, M
eO

H
) 

-
 45

.9
 (

c 
=

 1
.0

, M
eO

H
) 

- 
46

.2
 (

c 
=

 1
.0

, M
eO

H
)')

 
2 

-
 37

.6
 (c

 =
 1

.0
, M

eO
H

)d
) 

2 
-
 46

.0
 (c

 =
 1

.0
, M

e0
H

)e
) 

2 
-
 56

.7
 (c

 =
 1

.0
, M

eO
H

) 

- 
67

.0
 (e

 =
 1

.0
, M

eO
H

) 

B
oc

- A
la

-S
er

-V
al

-O
'B

u 
7 

Bo
c-

A
la

-S
er

(0
A

c)
-V

al
-O

'B
u 

17
 (9

7 Y
O)
 

1 

- 
49

.6
 (c

 =
 1

.0
, M

eO
H

) 

-
 1

1.
0 (

c 
=

 0.
9,

 M
eO

H
) 

-
 39

.3
 (C

 =
 0

.9
, C

H
C

I3
) 

-6
1.

7(
c 

=
 1

.1
,M

eO
H

) 

4
 

Q
I 

h
 

B
oc

-V
al

-S
er

-P
he

-O
'B

u 8
 

B
oc

-V
al

-S
er

(0
A

c)
-P

he
-O

'B
u 

18
 (9

9 %
) 

B
oc

-V
al

-d
 A

la
-P

he
-O

'B
u 

28
 (8

7%
) 

- v
 

A
c-

Le
u-

Se
r-

Le
u-

O
M

e 9
 

A
c-

Le
u-

Se
r(

0A
c)

-L
eu

-O
M

e 
19

 (7
5 Y
O)
 

B
oc

-A
la

-A
la

-S
er

(0
A

c)
-L

eu
-O

M
e 

20
 (9

6 Y
O)
 

A
c-

Le
u-

d 
A

la
-L

eu
-O

M
e 

29
 (6

9 %
) 

B
oc

-A
la

-A
la

-d
 A

la
-L

eu
-O

M
e 

30
 (6

4 %
) 

B
oc

-A
la

-A
la

-S
er

-L
eu

-O
M

e 1
0 

") b,
 

') d, ') 

A
na

l. 
ca

lc
. f

or
 C

,,H
3,

N
3o

6:
 C

 5
6.

09
, H

 8
.1

1,
 N

 1
0.

90
,O

 2
4.

90
; f

ou
nd

: C
 5

6.
42

, H
 8

.3
7,

 N
 1

0.
87

. 
A

na
l. 

ca
lc

. f
or

 C
,,H

3,
N

3O
6:

 C
 6

3.
78

, H
 8

.0
3,

 N
 8

.5
8,

O
 1

9.
61

; f
ou

nd
: C

 6
3.

92
, H

 7
.9

6,
 N

 8
.4

3.
 

A
na

l. 
ca

lc
. f

or
 C

2,
H

3,
N

3O
6:

 C
 6

0.
43

, H
 8

.8
7,

 N
 1

0.
57

, 0
 20

.1
2;

 fo
un

d:
 C

 6
0.

24
, H

 9
.0

3,
 N

 1
0.

93
. 

A
na

l. 
ca

lc
. f

or
 C

2,
H

3,
N

3O
6:

 C
 5

8.
09

, H
 8

.5
3,

 N
 1

0.
16

,O
 2

3.
21

; f
ou

nd
: C

 5
8.

26
, H

 8
.4

6,
 N

 9
.8

7.
 

A
na

l. 
ca

lc
. f

or
 C

Z6
H

3,
N

3O
6:

 C
 6

3.
78

, H
 8

.0
3,

 N
 8

.5
8,

 0
 1

9.
61

; f
ou

nd
: C

 6
3.

88
, H

 7
.8

6,
 N

 8
.4

7.
 



HELVETICA CHIMICA ACTA - Vol. 76 (1993) 

Scheme 2 
r 

1705 

0 
n = 1,2 

1-10 

J 

DBU 
LiClOJMF 

15 to 20' 

-* PG 

11 -24 

1 

- I n  

21 -30 

such as Hiinig's base (EtN(i-Pr),) or Et,N were employed. Other Li salts, such as LiBr and 
LiCl have been tested as well, the former being as effective as the perchlorate, the latter 
somewhat less*). The reaction proceeds very slowly or not at all at room temperature in 
the absence of a Li salt or in an aprotic dipolar solvent such as DMF. 0-Acyl groups in 
the precursor peptide other than 0-acetyl have been tested as well. It turns out that 
benzoylation or pivaloylation/PhCO,H or t -BuCO,H elimination are also possible'), but 
much less efficient (lower yield of esterification and/or lower rate of elimination). 

To check for epimerization of stereogenic centers in the two-step procedure, the 
dehydropeptides were hydrolyzed to the free amino acids4), the enantiomeric purity of 
which was determined by GC analysis of the N-(pentafluoropropiony1)-isopropyl-ester 
derivatives [54] on the chiral stationary phase Chirasil-Val@ [55]. No racemization of the 
amino acids was discovered within the detection limits of this method'). 

Experimental Part 

1. General. Inorg. salts were dried at 100' under high vacuum (h.v.) and stored in a desiccator over P,O,. THF 
was freshly distilled from K under Ar. Other solvents were purchased from FIuka AG (puriss). DBU was distilled 
from CaH, and stored under Ar. Medium-pressure column chromatography (FC): Merck, silica gel 60 (4&63 
mm). TLC: silica gel 60 F254 (Merck), detection with CI,/TDM (N,N,N',N'- tetramethyl-4,4-methylenebis- 
[aniline]) reagent [56]. GC (amino acids): Chirasil- Val@ column (Macherey-Nagel, 25 m, 0.4 mm), Curlo-Erba- 
Fractovap-4160-HR GC; injector temp. 220°, detector temp. 220" (FID); carrier gas, 0.5 bar HZ; temp. program: 
3 min at 8 5 O ,  4"/min till 180". IR Spectra: Perkin-Elmer-241 spectrophotometer. 'H- and I3C-NMR spectra: 

,) 

') 

Higher concentrations of Li salts (30 equiv., up to saturated solutions) lead to slightly faster formation of the 
dehydropeptides in one examined case, but analysis by TLC showed the appearance of side products. 
The eliminations of AcOH, PivOH, and PhCOOH may all occur through E2 or Elcs mechanisms. Alternati- 
vely, AcOH can also be eliminated through an acetate-ester enolate in a refro-ene-type reaction. We have not 
spent any efforts towards determining the mechanism of the elimination step. 
A procedure, which of course destroys the dehydroalanine residues (-tpyruvate)! 
Since 24 contains a D- and an L-alanine residue, the configurational purity of this peptide could, of course, not 
be determined by this method. 

4, 

') 
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Bruker-WM-300 (300 and 75 MHz, resp.), Varian-Gem-200 (200 and 50 MHz, resp.); CDC1, solns., 6 in ppm rel. to 
internal TMS, Jin Hz and integrals ( I )  relative to each other. FAB-MS: VG-ZAB2-SEQ in a 3-nitrobenzyl alcohol 
matrix; in m/z (% of basis peak). Peptide numbering according to [57]. All intermediates not described herein have 
been isolated and fully characterized Rf, ‘H-NMR, I3C-NMR, and IR). The corresponding data can be 
obtained from the authors upon request. 

2. General Procedure for the Coupling of Amino Acids and Peptides (Mixed-Anhydride Method). Under Ar, the 
C-protected amino acid or dipeptide is dissolved in DMF. If the hydrochloride of this coupling component is used, 
1 equiv. of N-methylmorpholine (NMM) is added. In a second flask, an ice-cooled soln. of a C-protected amino 
acid or oligopeptide in THF is neutralized with 1 equiv. NMM. 1 equiv. ofisobutyl chlorocarbonate is added. After 
2 min, the former soln. with the first compound is transferred to the second flask. The first flask is rinsed with a 
small amount of DMF. The reaction mixture is allowed to warm up to r.t. As soon as no more starting material can 
be detected by TLC analysis, AcOEt is added, and the soln. is washed twice with a soh. of 5 %  citric acid in H20, 
then once with 1~ NaHC03 and 1~ NaC1. After a short period, drying (MgS04), filtering, and removing the 
solvents, the coupling products are normally isolated in pure enough form to be subjected to the following reaction. 

3. General Procedure for the Coupling of Amino Acids and Peptides (Active-Ester Method). Under Ar, the 
C-protected amino acid or dipeptide is dissolved in DMF and the soh. cooled with ice. The solid N-protected 
amino-acidp-nitrophenylester is added. The cooling bath is removed, and the soln. is allowed to warm to r.t. After 
12 has a maximum, most of the solvent is removed, AcOEt is added and twice washed with cold 2N aq. NaOH. The 
org. phase is washed with a sat. NaCl soln. and the solvent removed to dryness. Thus, a high yield of the desired 
tripeptide in pure form is obtained. For data of the ten peptides 1-10 thus prepared, see Tables 1 and 2. 

Table 2. NMR-Spectroscopic 
~~~~~ ~ 

IH-NMR ”C-NMR ‘H-NMR 

6 [ppm] Position J[Hz] 6 [ppm] (mult.) 6 [ P P ~ I  Position J [Hzl 

1 7.35-7.10 

5.27 
4.56 
4.44 
4.41 
3.96 
3.78 
3.62 
3.06 
1.46 
1.38 
1.37 

2 8.14 
7.37 
7.40-7.15 
4.56 
4.39 

3.93 
3.69 
3.65 
3.22 
2.74 
2.62 
1.42 
1.34 

1H-N(2.2), 
1 H-N(2,3), 
5 arom. H 
1 H-N(2.1) 
1 H-C(3.2) 
1 H-C(2.2) 
1 H-C(2.3) 
1 H-C(3.2) 
1 H-C(3.2) 
1 H-C(3.2) 
2H-C(3.1) 
‘BuOCON(2.1) 
‘BuOC(l.3) 
3 H-C(3.3) 

1 NH 
1 NH 
5 arom. H 
1 H-C(2.2) 
1 H-C(2.2) 

1 H-C(d.s) 
1 H-C(2.1) 
1 H-C(3.2) 
1 H-C(3.1) 
1 H-C(3.1) 
1 OH, 2NH 
‘BuOC(1.3) 
3 H-C(3.3) 

m 

br. s 
m 
m 
m 
m 
br. s 
m 
m 
S 

S 

d (7) 

d (8) 
d (8) 
m 
m 
m (7) 

dd (12, 5 )  
m 
dd(12, 6) 
dd (14, 5 )  
dd(14, 9) 
br. s 
S 

d (7) 

172.0 (s); 
171.9 (s); 
169.9 (s); 
155.5 (s); 
136.4 (s); 
129.3 (d); 
128.7 (d) ;  
127.0 (d); 
82.2 (s); 80.3 (s); 
62.9 (1); 55.9 (d); 
54.4 (d); 49.1 (d); 
38.3 (t); 28.2 ( 4 ) ;  
28.0 ( 4 ) ;  17.9 ( q )  

11 7.33-7.11 

7.01 
5.26 
4.80 
4.504.25 
4.18 
3.04 
2.01 
1.44 
1.36 
1.33 

12 7.33-7.15 
7.10 
6.97 
6.42 
4.864.72 

4.40 
4.33 
4.20 
3.07 
2.03 
1.99 
1.47 
1.36 

5arom.H. m 
1 NH 

1 NH d (7) 
1 H-N(2.1) d (7) 
1 H-C(2.2) q (8) 
1H-C(2.1) m 
1H-C(3.2) dd(11;6) 
2H-C(3.1) m 

‘BuOCON(2.1) s 
‘BuOC(1.3) s 
3H-C(3.3) d(8) 

CH$00(3.2) s 

5 arom. H 
1 NH 
1 NH 
1 H-N(2.1) 
1 H-C(2.1), 
1 H-C(2.2) 
1 H-C(2.3) 
1 H-C(3.2) 
1 H-C(3.2) 
2H-C(3.1) 
CH,C00(3.2) 
CH,CON(2.1) 
‘BuOC(1.3) 
2H-C(3.3) 

m (7) 
dd(ll ;5) 
dd (1 1 ; 6) 
d (7) 
S 

S 
S 

d (7) 
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4. General Procedure for the Acetylation of Peptides Containing Serine Residues. To an ice-cooled soln. of the 
serine-containing oligopeptides in CH2C12, pyridine and AcCl are added. After disappearance of the peptide as 
checked by TLC, the mixture is washed with 5% citric acid in H20, I N  NaHCO, in H20, and sat. NaCl s o h ,  and 
dried (MgSOJ. 'H-NMR spectroscopically pure product is obtained after"remova1 of the solvent. For data of the 
ten AcO-serine-containing peptides 11-20 thus prepared, see Tables I and 2. 

5. General Procedure for the Elimination of AcOH from Peptides Containing Acetylated Serine Residues. In a 
two-necked reaction flask, the oligopeptide and LiC10, are dissolved in dry THF under Ar and the resulting soln. 
cooled to -1 5O in a mixture of ice with NaC1. DBU is added via a syringe, and the soln. is allowed to warm up to r.t. 
in the cooling bath. When no more starting material can be detected by TLC, AcOEt is added and the mixture 
worked up with I N  NH,CI, IN NaHC03, and sat. aq. NaCl soh .  After short drying of the org. phase (MgSO,) and 
removal of the solvent, the dehydropeptide is obtained in high yield. This procedure was usually carried out on a 
scale of 0.4 up to 4.0 mmol. For data of the ten dehydropeptides 21-30 thus prepared, see Tables I and 2. 

6. General Procedure for Peptide Hydrolysis and Preparation of Amino-Acid Derivatives for GC Analysis. In a 
screw-capped vial, 10 mg of peptide were hydrolyzed with conc. HC1 soln. at I 10" for 12 h. Then, H20 was removed 
in an airflow, I rnl of a soln. of AcCI (5.7 ml) and MezCHOH (10 ml, prepared at 0') were added, and the vial was 
tightly closed. Heating at llOo for 1 h, removing of excess reagent in an airflow, and further reaction with 
(CF,CF2C0)20 (80 pl) in CH2C1, (200 pl) for 20 min gave, after removal of excess reagent in an airflow, the 
derivatives of the individual amino acids. This crude mixture was dissolved in Et20 and injected directly into the 
Chirasil- Val" column. 

Data of the Svnthesized Pevtides 

',C-NMR 'H-NMR ',C-NMR 

6 [ppm] (mult.) 6 [PPml Position J [Hzl 6 [ppm] (mult.) 

171.3 (s); 171.2 (s); 21 
170.5 (s); 167.5 (s); 

155.2 (s); 136.1 (s); 
128.9 ( d ) ;  128.4 ( d ) ;  
126.7 ( d ) ;  81.7 (s); 
80.0 (s); 63.6 ( t ) ;  
55.6 (d) ;  51.7 (s); 
48.6 (d); 38.0 ( 1 ) ;  

28.0 (4) ;  27.6 (4); 
20.4 (4); 18.1 ( 4 )  

171.7 (s); 171.2 (s); 
170.8 (s); 170.2 (s); 
167.6 (s); 136.2 (s); 
129.2 ( d ) ;  128.7 ( d ) ;  
127.1 (d); 82.2 (s); 
63.7 ( I ) ;  54.4 ( d ) ;  
52.1 ( d ) ;  48.9 ( d ) ;  
38.3 ( t ) ;  27.9 (4); 
23.1 (4 ) ;  20.7 (4) ;  
18.5 (4 )  

22 

7.33-7.1 1 
7.01 
5.26 
4.80 
4.50-4.25 

4.18 
3.04 
2.01 
1.44 
1.36 
1.33 

8.44 
7.35-7.10 
6.93 
6.38 

6.31 
5.34 

4.80 
4.44 
3.10 
1.91 
1.45 
I .40 

5 arom. H, 1 NH 
I NH 
1 H-N(2.1) 
I H-C(2.2) 
1 H-C(2. I), 
1 H-C(2.3), 
1 H-C(3.2) 
1 H-C(3.2) 
2H-C(3.1) 
CH$00(3.2) 
t-BuOCON(2.1) 
t-BuOC(1.3) 
3H-C(3.3) 

IH-N(2.2) 
5 arom. H 
1 H-N(2.3) 
1 H-C(3.2) 
(trans to C=O) 
1 H-N(2.I) 
1 H-C(3.1) 
(cis to C=O) 
1 H-C(2.1) 
1 H-C(2.2) 
2H-C(3.1) 
CH3CON(2. 1) 
t-BuOC( 1.3) 
3 H-C(3.3) 

171.3 (s); 171.2 (s); 
170.5 (s); 167.5 (s); 
155.2 (s); 136.1 (s); 
128.9 ( d ) ;  128.4 ( d ) ;  
126.7 ( d ) ;  81.7 (s); 
80.0 (s); 63.6 ( t ) ;  
55.6 ( d ) ;  51.7 (s); 
48.6 (d) ;  38.0 ( t ) ;  
28.0 (4); 27.6 (4) ;  
20.4 (4); 18.1 (4) 

172.8 (s); 169.9 (s); 
169.7 (s); 162.5 (s); 
135.8 (s); 133.4 (s); 
128.9 ( d ) ;  128.4 ( d ) ;  
126.8 ( d ) ;  102.5 (t); 
82.3 ( t ) ;  54.8 (d); 48.9 (d); 
37.8 ( I ) ;  27.7 (4) ;  22.8 (4 ) ;  
18.1 ( 4 )  
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Table 2 (cont.) 

HELVETICA CHIMICA ACTA - Vol. 76 (1 993) 

‘H-NMR I3C-NMR IH-NMR 

6 [ppm] Position J[Hz] 6 [ppm] (mult.) 6 [ppm] Position J [Hzl 

3 7.11 1 H-N(2.3) d (7) 

7.07,6.89 1 H-N(2.2) 2s 
(rotamers) 

4.70,4.57 1 H-C(2.1) 2s 

4.50 
4.43 
3.97 
3.68 
3.63 

2.77 
2.10 
I .67 
1.48 
1.46 
1.38 
0.95 
0.92 

4 7.37 
7.28 

5.37 
4.56 
4.39 

4.19 
3.97 
3.86 
3.67 
1.43 
1.41 
1.36 
1.35 

(rotamers) 

1 H-C(2.3) m (7) 
1H-C(3.2) m 
1 OH br. s 
1 H-C(3.2) br. s 

1 H-C(2.2) 4 (6) 

CH,N(2.1) s 
1H-C(4.1) s 
2H-C(3.1) IB 

t-BuOCON(2.1) s 
t-BuOC(1.3) 
3 H-C(3.3) 
3 H-C(5.1) 
3 H-C(5’.1) 

1 NH 
1 NH 

1 H-N(2.1) 
1 H-N(2.2) 
1 H-C(2.3) 

1 H-C(2.1) 
1 H-C(3.2) 
1 OH 
1 H-C(3.2) 
t-BuOCON(2.1) s 
I-BuOC(1.3) s 

3 CH d (7) 
3 CH d (8) 

5 7.33-7.10 5 arom. H, m 
1H-N(2.2). 
1 H-N(2.3) 

5.32 1 H-N(2.1) br. d(7) 
4.61 1 H-C(2.1) m 
4.45 1H-C(2.2) m 

4.00-3.70 1 H-0, m 
4.37 1 H-C(2.3) dd (9, 5) 

1 H-C(3.2) 

3.70-3.52 1 H-C(3.2) m 
3.05 2H-C(3.1) m 
2.17 1H-C(3.3) m 
1.45 t-BuOCON(2.1) s 
1.34 f-BuOC(1.2) s 
0.93 3 H-C(4.3) d (7) 
0.90 3 H-C(4.3) d (7) 

172.0 (s); 
170.2 (s); 
155.3 (s); 
82.3 (s); 80.7 (s); 
62.9 (t); 56.7 (d); 
54.1 (d); 49.0 (d); 
36.7 (t); 28.3 (4 ) ;  
28.0 (9); 24.9 (d); 
23.2 (4 ) ;  21.8 (4) ;  
17.9 ((I) 

173.6 (s); 
172.0 (s); 
170.3 (s); 
155.6 (s); 
82.2 (s); 80.3 (s); 
62.8 (t); 54.3 (d); 
50.6 (d); 49.1 (d); 
28.4 (4);  28.0 (4); 
17.9 (4);  17.8 ( q )  

171.9 (s); 
170.5 1s); 
170.1 (s); 
155.2 (s); 
136.2 (s); 
129.0 (d); 
128.3 (d); 
126.6 (d); 
81.9 (4);  80.0 (4);  
62.5 ( 1 ) ;  57.7 (d); 
55.5 (d); 54.0 (d); 
38.1 ( 1 ) ;  30.6 (d); 
27.9 (q ) ;  27.7 (4) ;  
18.8 ( 4 ) ;  17.4 (4) 

13 6.99, 6.83 

6.89 

4.71 

4.42 
4.28 
2.75 
2.07 
1.67 

1.49 
1.38 
0.96 
0.92 

14 7.12 
7.14,6.98 

5.25 
4.80 
4.41 

4.28 
4.19 
2.07 
1.46 
1.44 
1.38 
1.37 

15 7.37-7.14 

6.86 
6.69 
4.92 
4.65 
4.454.25 

4.15 
3.09 
2.15 
2.04 
1.46 
1.44 
0.92 
0.89 

1H-N(2.2) 2s 
(rotamers) 
1 H-N(2.3) d(7) 

1H-C(2.2), m 

1 H-C(2.3) m (7) 
2H-C(3.2) m 
CH3N(2.1) s 
CH3C00(3.1) s 
2H-C(3.1), m 

1 H-C(2.1) 

1 H-C(4.1) 
t-BuOCON(2.1) s 
t-BuOC( 1.3) s 

3H-C(5.1) d(7) 
3H-C(5’.1) d(7) 

1 H-N(2.3) d(8) 
1H-N(2.2) 2s 
(rotamers) 

1H-C(2.2) m 
IH-C(3.2), m 

1H-N(2.1) d(7) 

1 H-C(2.3) 
1H-C(3.2) dd(l1; 5) 
1 H-C(2.1) m (7) 
CH,C00(3.2) s 
t-BuOCON(2.1) s 
t-BuOC(l.3) s 
3 CH d (7) 
3 CH d (7) 

5 arom. H m 

1 NH d (7) 
1 NH d (9) 
1 H-N(2.1) br. s 
1 H-C(2.1) q (6) 
1H-C(2.2), m 
1 H-C(2.3), 
1 H-C(3.2) 
1H-C(3.2) dd(11;6) 
2H-C(3.1) d(7) 
1H-C(3.3) m 
CH,C00(3.2) s 
t-BuOCON(2.1) s 
I -BuOC( 1.3) s 
3H-C(4.3) d(5) 
3 H-C(4‘.3) d (5) 
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Table 2 (cont.) 

171.6 (s); 170.6 (s); 
167.8 (s); 155.3 (s); 
82.2 (s); 80.7 (s); 
63.8 (t); 56.6 (d); 
52.1 (d); 48.9 (d); 
36.5 (t); 30.1 (4) ;  
28.4 (4); 28.0 (4) ;  
24.8 (d); 23.2 (4);  
21.8 (4) ;  20.7 (4 ) ;  

18.5 (4) 

173.1 (s); 171.6(s); 
170.8 (s); 168.0 (s); 
155.6 (s); 82.0 (s); 
80.3 (s); 63.7 (t); 
52.0 (d); 50.4 (d); 
49.0 (d); 28.3 (4); 
27.9 (4); 20.7 (4); 
18.2 (4 )  

172.0 (s); 171.0 (s); 
170.7 (s); 168.6 (s); 
154.8 (s); 136.5 (s); 
129.6 (d);  128.9 (d); 
52.6 (d);  38.1 ( 2 ) ;  

31.7 (d);  28.2 (4); 
28.0 (4); 20.8 (4); 
19.1 (4); 17.9 (4) 

23 8.63,8.51 

6.74 
6.46 

5.29 

4.85,4.62 

4.48 
2.77 
1.69 

1.50 
1.48 
1.42 
0.96 
0.93 

24 8.59 
6.81 
6.47 

5.33 

5.07 
4.48 
4.25 
1.48 
1.45 
1.42 
1.40 

25 8.46 

6.66 
6.49 

5.35 

5.02 
4.524.35 

3.20-3.00 
2.19 
0.90 

7.35-7.15 

1H-N(2.2) 
(rotamers) 
1 H-N(2.3) 
1 H-C(3.2) 
(trans to C=O) 

(cis to C=O) 

(rotamers) 

CH3N(2.1) 

1 H-C(3.2) 

1 H-C(3.1) 

1 H-C(2.3) 

2 H-C(3. l), 
1 H-C(4.1) 
t-BuOCON(2.1) 
I-BuOC(1.3) 
3H-C(3.3) 
3 H-C(5.1) 
3 H-C(5’.1) 

1 H-N(2.2) S 

1 H-N(2.3) d (7) 
1 H-C(3.2) d (2) 
(trans to C=O) 
1 H-C(3.2) d (3) 
(cis to C=O) 
1 H-N(2.1) br. s 

1 H-C(2.3) m (7) 
1 H-C(2.1) br. s 
t-BuOCON(2.1) s 

3 CH d (7) 
3 CH d (7) 

t-BuOC(1.3) s 

1 H-N(2.2) 
5 arom. H 
1 H-N(2.3) 
1 H-C(3.2) 
(trans to C=O) 

(cis to C=O) 
1 H-C(3.2) 

1 H-N(2.1) 
1 H-C(2.1), 
1 H-C(2.3) 
2H-C(3.1) 
3H-C(4.3) 
3 H-C(4.3) 

171.9 (s); 170.6(s); 
163.0 (s); 101.5 (t); 
82.5 (s); 80.4 (s); 58.2 (d); 
57.3 (d ) ;  49.2 (d);  36.5 (t); 
29.9 (4); 28.3 (4 ) ;  28.0 (s); 
24.7 (d); 23.2 (4) ;  21.6 (4); 
18.5 (4) 

171.7 (s); 163.1 (s); 
155.3 (s); 133.9 (s); 
102.1 (t); 82.6 (s); 
80.3 (s); 51.2 (d); 49.2 (d); 
28.3 (4 ) ;  28.0 (4); 18.5 ( 4 )  

170.7 (s); 170.4 (s); 
163.3 (s); 155.3 (s); 
136.3 (s); 133.8 (s); 
129.2 (d); 128.7 (d);  
127.0 (d); 102.1 (t); 
82.5 (s); 80.4 (s); 57.9 (d); 
38.4 (t); 31.6 (d); 28.2 (4); 
28.0 (4); 18.8 (4); 17.7 ( q )  
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Tubk 2 (cont.) 

HELVETICA CHIMICA ACTA - Vol. 76 (1993) 

‘H-NMR I3C-NMR ‘H-NMR 

6 [ppm] Position J [Hz] S [ppm] (mult.) 6 [ppm] Position J [Hzl 

6 7.97 1 NH d(7) 173.0 (s); 170.7 (s); 16 7.57 1 NH d (8) 
7.88 1 NH d(9) 170.4 (s); 170.3 (s); 7.50 1 NH d (8) 
7.49 1 NH d(9) 81.6 (s); 62.8 (2); 6.90 1 NH d (8) 
4.92 1 H-C(2.2) 4 (6) 57.5 (d); 54.3 (d); 5.08 1 H-C(2.2) 4 (8) 
4.72 1 H-C(2.1) 4 (7) 51.3 (d); 41.9 (d); 4.69 1 H-C(2.1) 4 (6) 
4.39 1 H-C(2.3) 4 (7) 30.9 (2); 27.7 (4); 4.44 1 H-C(2.3) dd (9; 5) 
3.90-3.60 2H-C(3.2) m 24.4 (d); 22.6 (4);  4.37 1 H-C(3.2) dd(l1; 6) 
3.39 1 H-O(3.2) br. s 22.5 (4); 22.0 (4); 4.24 1H-C(3.2) dd(l1; 6) 
2.14 1H-C(3.3) m 18.6 (4 ) ;  17.4 ( 4 )  2.17 1H-C(3.3) M 

1.97 CH3CON(2.1) s 2.04 CHjCOO S 

1.80-1.35 2H-C(3.1), m 2.03 CH,CON(2.1) s 
1 H-C(4.1) 1.74-1.50 2H-C(3.1), m 

1.004.75 3H-C(5.1), m 1 H-C(4.1) 
3 H-C(5’.1), 1.47 t-BuOC(1.3) s 
3H-C(4.3), 1.054.85 3H-C(5.1), m 
3 H-C(43) 3 H-C(5’. I), 

3 H-C(4.3), 
3 H-C(4.3) 

7 7.30 1 NH d (7) 173.6 (s); 17 7.11 1 NH d (7) 
7.20 1 NH d (9) 170.7 (s); 6.91 1 NH d (7) 
5.35 1 H-N(2.1) d (7) 155.5 (s); 5.12 1 H-N(2.1) d(7) 
4.58 1H-C(2.2) PI 82.2 (s); 80.2 (s); 4.76 1 H-C(2.2) 4 (8) 
4.39 1 H-C(2.3) dd (9; 5) 62.7 ( t ) ;  58.0 (d); 4.454.35 1 H-C(2.1) M 

4.25 1 H-C(2.1) m 54.2 (d);  50.3 (d ) ;  4.40 1 H-C(2.3) dd (9; 5) 
4.05-4.00 1 H-C(2.2) m 30.9 (d); 28.3 (4); 4.25 1 H-C(3.2) dd ( 1 1 ; 6) 
3.87 1 H-O(3.2) br. s 28.0 (4 ) ;  19.0 (4 ) ;  4.20 1H-C(3.2) m 

2.15 1H-C(3.3) m 2.08 CH3C00(3.2) s 
3.75-3.65 1 H-C(3.2) m 18.6 (4); 17.5 (4 )  2.16 1H-C(3.3) m 

1.47 t-BuOCON(2.1) s 1.47 t-BuOCON(2.1) s 
1.43 t-BuOC(1.3) s 1.44 t-BuOC(1.3) s 
1.37 3H-C(3.1) d 1.38 3H-C(3.1) d(7) 
0.94 3 H-C(4.3) d (7) 
0.91 3H-C(4.3) d(7) 

8 7.35-7.20 5arom.H m 172.6; 18 7.33-7.10 5 arom. H m 
7.15 1 NH d(7) 170.8; 6.78 1 NH d (8) 
6.93 1 NH d (8) 170.5; 6.72 1 NH d (8) 

4.71 1 H-C(2.3) 4 (8) 136.3; 4.70 1 H-C(2.2), m 
5.10 1 H-N(2.1) d (8) 143.3; 5.02 1 H-N(2.1) d (7) 

129,7; 1 H-C(2.3) 
4.49 1H-C(2.2) 128.9; 4.36 1H-C(3.2) dd(l1; 5) 
4.05-3.90 1 H-C(3.2), m 127.4; 4.18 1H-C(3.2) dd(11;6) 

1 H-C(2.3) 83.0; 63.1; 
3.70-3.54 1 H-C(3.2) WI 60.4; 54.4; 3.95 1H-C(2.1) dd(8; 6) 
3.30 1 H-C(3.2) t(6) 54.3; 38.0; 3.09 2H-C(3.3) d(6) 
3.08 2H-C(3.2) d(6) 31,O; 28.5; 2.13 1H-C(3.1) m 
2.10 lH-C(3.1) m 28.1; 19.5; 2.10 CH3COO S 

1.44 t-BuOCON(2.1) s 17.8 1.43 t-BuOCON(2.1) s 
1.41 t-BuOC(1.3) s 1.38 t-BuOC(1.3) s 
0.93 3 H-C(4.1) d (7) 0.95 3H-C(4.1) d(7) 
0.89 3 H-C(4‘. 1) d (7) 0.88 3H-C(4’.1) d(7) 
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172.7 (s); 170.7 (s); 
170.6 (s); 170.2 (s); 
168.8 (s); 82.0 (s); 
63.8 (1); 57.8 (d); 
52.0 (d); 51.6 (d); 
41.8 (t); 31.5 (d); 
28.0 (4); 24.8 (d); 
23.0 (4); 22.8 (4); 
22.7 (4); 22.3 (4); 
20.7 (4 ) ;  18.8 (4); 
17.7 (4) 

172.9 (s); 170.9 (s); 
170.4 (s); 168.4 (s); 
155.5 (s); 82.1 (s); 
80.3 (s); 63.8 (t); 
57.8 (d); 52.4 (d); 
50.4 (d); 31.4 (d); 
28.3 (4); 28.0 (4); 
20.7 (4); 18.9 (4); 
18.2 (9); 17.7 ( q )  

171.5 (s); 170.4 (3); 

169.6 (s); 167.6 (s); 
155.6 (s); 135.6 (3); 

129.1 (d); 128.1 (d); 
126.7 (d); 82.2 (s); 
79.8 (s); 63.3 (t); 
59.8 (d); 53.6 (d); 
51.7 (d); 37.6 (2); 

30.4 (d); 28.0 (4); 
27.6 (4); 20.4 (4); 
19.0 (4); 17.2 (q) 

26 7.57 
7.50 
6.90 
5.08 
4.69 
4.44 
4.37 
4.24 
2.17 
2.04 
2.03 
1.74-1.50 

1.47 
1.05435 

27 8.60 
6.83 
6.38 

5.33 

4.38 
4.05 
2.12 
1.41 
1.36 
1.31 
0.87 

28 8.52 
7.30-7.10 
6.99 
6.42 

5.22 
5.20 

4.71 
4.18 
3.11 
2.13 
1.42 
1.41 
0.95 
0.88 

1 NH 
1 NH 
1 NH 
1 H-C(2.2) 
1 H-C(2.1) 
1 H-C(2.3) 
1 H-C(3.2) 
1 H-C(3.2) 
1 H-C(3.3) 
CH,C00(3.2) 
CH$ON(Z. 1) 
2 H-C(3. l), 
1 H-C(4.1) 
r-BuOC(1.3) 
3 H-C(5.1), 
3H-C(5'.1), 
3 H-C(4.3). 
3 H-C(4.3) 

1 H-N(2.2) 
1 H-N(2.3) 
1 H-C(3.2) 
(trans to C=O) 

(cis to C=O), 
1 H-C(3.2) 

1 H-N(2.1) 
1 H-C(2.3) 
1 H-C(2.1) 
1 H-C(3.3) 
t -BuOCON(2.1) 
t -BuOC( 1 .3) 
3H-C(2.1) 
3 H-C(4.3), 
3 H-C(4.3) 

1 H-N(2.2) S 

5 arom. H m 

1 H-N(2.3) d (6) 
1 H-C(3.2) S 

(trans to C=O) 
1 H-N(2.1) d (6) 
1 H-C(3.2) S 

(cis to C=O) 
1 H-C(2.3) 4 (7) 
1 H-C(2.1) m 

2H-C(3.3) d (6) 
1 H-C(3.1) m 
t-BuOCON(2.1) s 
t-BuOC( 1.3) s 

3 H-C(4.1) d (7) 
3H-C(4.1) d (7) 

172.7 (s); 170.7 (s); 
170.6 (s); 170.2 (s); 
168.8 (s); 82.0 (s); 
63.8 (t); 57.8 (d); 
52.0 (d); 51.6 (d); 
41.8 (t); 31.5 (d); 
28.0 (4); 24.8 (d); 
23.0 (q); 22.8 (4); 
22.7 (4); 22.3 (4); 
20.7 (4); 18.8 (9) ;  
17.7 (4) 

172.3 (s); 171.3 (s); 
164.0 (s); 155.7 (s); 
134.4 ( 2 ) ;  102.6 (s); 
82.7 (s); 78.0 (s); 58.3 (d); 
51.4(d);31.6(d);28.4(4); 
28.2 (q) ;  19.0 (4); 18.4 (4) ;  
18.0 (4) 

170.6 (s); 170.2 (s); 
163.0 (s); 155.7 (s); 
135.8 (d); 133.4 (t); 
129.1 (d); 128.1 ( d ) ;  
126.7 (d); 101.9 (s); 
82.4 (s); 79.6 (s); 59.9 (d); 
54.0 (d); 37.3 (t); 30.9 (d); 
28.0 (4); 27.7 (4); 19.0 (q); 
17.2 (4) 
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'H-NMR I3C-NMR 'H-NMR 

6 [ppm] Position J [Hz] 6 [ppm] (mult.) 6 ippm] Position J tHz1 

9 4.554.35 lH-C(2.1), m 
1 H-C(2.2), 
1 H-C(2.3) 

3.78 2H-C(3.2) d (6) 
3.70 3H-C(1.3) s 
1.98 CH$ON(2.1) s 
1.80-1.50 2 H-C(3. l), 

1 H-C(4. I), 
2H-C(3.3), 
1 H-C(4.3) 

0.96 3 H-C(5) 
0.94 3 H-C(5) 
0.93 3 H-C(5) 

0.91 3 H-C(5) 

10 7.62 
7.57 
7.42 
5.55 
4.754.00 

3.96 
3.71 
3.69 
1.74-1.55 

1 NH 
1 NH 
1 NH 
1 H-N(2.1) 
1 H-C(2.1), 
1 H-C(2.2), 
1 H-C(2.3), 
1 H-C2.4), 
1 H-O(3.3) 
1 H-C(3.3) 
CH,OC( 1.4) 
1 H-C(3.3) 
2H-C(3.4), 

dd(l1; 

buried 
m 

S 

1 H-C(4.4) 
1.40 I-BuOCON(2.1) s 
1.38 3H-C(3.1) d(7) 
1.30 3H-C(3.2) d (7) 
0.90 3H-C(5.4), m 

3 H-C(5'.4) 

175.0 (s); 
174.5 (s); 
173.6 (s); 
172.3 (s); 
63.0 (t); 56.5 (d); 
53.6 (d); 52.7 (4); 
52.3 (d); 41.8 ( I ) ;  

41.6 (t); 26.0 ( d ) ;  
25.9 (d); 23.4 (4); 
23.3 (4); 22.5 (4); 
22.0 (4) ;  21.9 (4) 

173.0; 
172.6; 
172.5; 
170.4; 
155.4; 
80.0; 62.4; 
54.0; 52.1; 
50.8; 49.9; 
48.7; 40.5; 

3) 28.0; 24.5; 
22.5; 21.4; 
18.6 

19 7.46 

7.41 
6.67 
4.91 
4.654.55 

4.38 
4.27 
3.73 

1.00-0.85 

20 7.43 
7.17 
7.02 
5.24 
4.84 

4.61 
4.48 
4.40 
4.33 

4.18 
3.72 
2.04 
1.85 

1.66 
1.44 
1.42 
1.38 
0.93 

1 NH 

1 NH 
1 NH 
1 H-C(2.2) 
1 H-C(2.1), 
1 H-C2.3) 

1 H-C(3.2) 
1 H-C(3.2) 
3H-C(3.1), 
1 H-C(4.1), 
2 H-C(3.3), 
1 H-C(4.3) 
3H-C(5. l), 
3 H-C(5'. l), 
3 H-C(5.3), 
3 H-C(5'.3) 

1 NH 
1 NH 
1 NH 
1 H-N(2.1) 
1 H-C(2.3) 

1 H-C(2.4) 
1 H-C(2.2) 
1 H-C(3.3) 
1 H-C(3.3) 

1 H-C(2.1) 
3H-COC(1.4) 
CH3COO(3.2) 
1 H-C(4.4) 

2H-C(3.4) 

br. s 

br. s 
br. s 
4 (7) 
m 

dd(l0; 6) 
dd (10; 6) 
5 

m 

d (8) 
4 8 )  
d (6) 
d (6) 
m 

m 
m (7) 
dd(l1; 6) 
dd(11;6) 

m (7) 
5 

5 

m 

m 
t-BuOCON(2.1) s 
3 H-C(3.2) d (7) 
3H-C(3.1) d(7) 
3H-C(5.4), t 
3 H-C(5'.4) 
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Table 2 (cont.) 

I3C-NMR WNMR ”C-NMR 

6 [ppm] (mult.) 6 [ P P ~ I  Position J [Hzl 6 I P P ~ I  (mult.) 

173.0 (s); 172.6 (s); 

171.0 (s); 170.4 (s); 
168.6 (s); 63.7 (t);  
52.3 (4); 52.2 ( d ) ;  
51.9 ( d ) ;  51.0 (d ) ;  
41.5(t); 41.3 ( 1 ) ;  

24.9 (4); 23.0 (4) ;  
22.8 (4 ) ;  22.2 (4); 
21.9 (4) ;  20.7 (4 )  

173.2 (s); 172.8 (s); 
172.2 (s); 170.8 (s); 
168.0 (s); 155.9 (s); 
80.7 (s); 63.9 (t); 
52.5 ( d ) ;  52.3 (4) ;  
51.0 (d) ;  50.8 ( d ) ;  
49.6 ( d ) ;  41.0 (2); 
28.3 (4 ) ;  24.8 ( d ) ;  
22.9 (4) ;  21.7 (4); 
20.7 (4 ) ;  18.0 (4 )  

29 8.65 

7.32 
6.56 
6.35 

5.37 

4.70-4.50 

3.75 
1.99 
1.75-1.50 

1.00-0.80 

30 8.58 
6.93 
6.78 
6.41 

5.39 

5.18 
4.66 
4.56 
4.21 

1.44 
1.41 
1.36 
1.02485 

1 H-N(2.2) 

1 NH 
1 NH 

(trans to C=O) 

(cis to C=O) 
1 H-C(2.1). 
1 H-C(2.3) 
3H-COC(1.3) 
CH$ON(2.1) 
2 H-C(3. l), 
1 H-C(4.1), 
2H-C(3.3), 
1 H-C(4.3) 
3 H-C(5. l), 
3H-C(5’.1), 
3H-C(5.3), 
3 H-C(Y.3) 

1 H-N(2.3) 

1 H-C(3.2) 

1 H-C(3.2) 

1 NH 
1 NH 

(trans to C=O) 

(cis to C=O) 

1 H-C(3.3) 

1 H-C(3.3) 

1 H-N(2.1) 
1 H-C(2.4) 
1 H-C(3.2) 
1 H-C(3.4), 
1 H-C(4.4) 
t-BuOCON(2.1) s 
3 H-C(2.2) d (7) 
3 H-C(2.1) d (7) 
3 H-C(5.4), m 
3 H-C(5’.4) 

173.5 (3); 171.4 (s); 

170.2 (s); 163.3 (s); 
133.4 (t); 103.0 (s); 
52.2 (4) ;  52.2 ( d ) ;  51.2 ( d ) ;  
40.8 (I) ;  40.5 (t); 24.6; 
24.6; 22.7; 22.5; 21.4 
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52.5 (4); 51.4 ( d ) ;  49.8 (d);  
41.4(2); 28.3 (4) ;  24.9 (d);  
22.8 (4); 21.9(q); 18.3 (4 ) ;  
18.0 ( 4 )  

[4] R. Herter, B. Fohlisch, Synthesis 1982,976. 
[5] D. Seebach, Angew. Chem. 1988,100,1685; ibid. Int. Ed. 1988,27,1624. 
[6] D. Seebach, A. Thaler, A. K. Beck, Helv. Chim. Acta 1989, 72,857. 
[7] M. Kock, H. Kessler, D. Seebach, A. Thaler, J.  Am. Chem. SOC. 1992,114, 2676 



1714 HELVETICA CHIMICA ACTA - Vol. 76 (1993) 

[8] A. Thaler, F. Cardinaux, D. Seebach, Helu. Chem. Acta 1991, 74,617. 
[9] A. Thaler, F. Cardinaux, D. Seebach, Helv. Chim. Acta 1991,74,628. 

[lo] D. Seebach, A. Thaler, D. Blaser, S. Y. KO, Helu. Chim. Acta 1991, 74, 1102. 
[Ill A. Thaler, ETH-Dissertation Nr.9454, Zurich, 1991. 
[I21 C. Shin, Y. Yonezawa, M. Takahashi, J. Yoshimura, Bull. Chem. Sot. Jpn. 1981,54, 1132. 
[I31 Y .  Shimohigashi, M.L. English, C.H. Stammer, T. Costa, Biochem. Biophys. Res. Commun. 1982, 104,583. 
[I41 U. Schmidt, E. Ohler, J. Hausler, H. Poisel, W. Herz, H. Grisebach, G. W. Kirby, ‘Progress in the Chemistry 

[I51 C.H. Stammer, in ‘Chemistry and Biochemistry of Amino Acids, Peptides and Proteins’, John Wright and 

[I61 K. Noda, Y. Shimohigashi, N. Izumiya, in ‘The Peptides’, Academic Press, New York, 1983, Vol. 5, p.285. 
[17] U. Schmidt, A. Lieberknecht, J. Wild, Synthesis 1988,159. 
[18] H. Ogura, 0. Sato, K. Takeda, Tetrahedron Lett. 1981,22, 4817. 
[19] H. Ogura, K. Takeda, Ger. Offen. 3016831, 1980 (CA: 1982,96, 35074). 
[20] R. Andruszkiewicz, A. Czerwinski, Synthesis 1982,968. 
[21] T. Kato, C. Higuchi, R. Mito, T. Yamaguchi, Jap. Patent 60/190749, 1985, Mitsui Toatsu Chemicals, Inc. 

[22] L. Somekh, A. Shanzer, J. Org. Chem. 1983,48, 907. 
[23] G. Wulff, H. Bohnke, Angew. Chem. 1984,96,362; ibid. Int. Ed. 1984,23, 380. 
I241 J. Photaki, J. Am. Chem. Sot. 1963,85, 1123. 
[25] M. Seki, T. Moriya, K. Matsumoto, Agric. Biol. Chem. 1984,48, 1251.C. 
[26] M.C. Grim, C. Virander, Y. Shimohigashi, A. J. Kolar, C.H. Stammer, J. Org. Chem. 1981,46,2671. 
[27] Y .  Shimohigashi, C.H. Stammer, J. Chem. Soc., Perkin Trans. I 1983, 803, and lit. cit. herein. 
[28] A. K. Sharma, A. K. Saha, V. S. Chauhan, Indian J. Chem., Sect. B 1985,24,7. 
[29] U. Schmidt, H. Griessner, V. Leitenberger, A. Lieberknecht, R. Mangold, R. Meyer, R. Riedl, Synthesis 1992, 

[30] Shin, Y. Yonezawa, T. Yamada, J. Yoshimura, Bull. Chem. Sot. Jpn. 1982,55, 2147. 
[31] P. Casati, B. Elefante, C. Fuganti, Eur. Pat. Appl. 149263, 1985, De Bi Deriuati Biologici international S.p.A. 

(CA: 1986,104, 51 113); A. Srinivasan, R. W. Stephenson, R. K. Olsen, J. Org. Chem. 1977,42,2253. 
[32] R. H. Mazur, D. R. Pilipauskas, ‘Proc. Am. Pept. Symp.’, 7th, 1981, Eds. D. H. Rich and E. Gross, Pierce 

Chem. Co., Rockford, IL, 1981. 
[33] T. Kolasa, Synthesis 1983, 539. 
[34] G. F. J. Stoll, H. Musso, H. Henke, W. Herrendorf, Liebigs Ann. Chem. 1986,1968. 
[35] M. Kakimoto, M. Kai, K. Kondo, Chem. Lett. 1982, 525. 
[36] D. Knittel, Monatsh. Chem. 1984, 115, 1335. 
[37] D. Knittel, Monafsh. Chem. 1985, 116, 1133. 
[38] Y. Yonezawa, C. Shin, M. Kiyohara, J. Yoshimura, Tetrahedron Lett. 1979,40, 3851. 
[39] M. Kakimoto, M. Kai, K. Kondo, T. Hiyama, Chem. Lett. 1982,4, 527. 
[40] F. Effenberger, T. Beisswenger, Angew. Chem. 1982,94, 210; ibid. Int. Ed. 1982,21,203. 
[41] T. Beisswenger, F. Effenberger, Chem. Ber. 1984,117,1513. 
[42) F. Effenberger, T. Beisswenger, Chenz. Ber. 1984,117, 1497. 
[43] F. Effenberger, F. Kiihlwein, K. Drauz, Ger. Offen. 3508564, 1986, Degussa AG (CA: 1987,107, 154750). 
[44] J. Frank, G. Stoll, H. Musso, Liebigs Ann. Chem. 1986, 1990. 
[45] M. Bergmann, K. Grafe, Z .  Physiol. Chem. 1930,187, 183. 
[46] K. Noda, D. Grazis, E. Gross, Int. J. Pept. Protein Res. 1982, 19, 413. 
[47] T. Kolasa, E. Gross, Int. J. Pept. Protein Res. 1982,20, 259. 
[48] Y. Shimohigashi, C.H. Stammer, Int. J. Pept. Protein Res. 1982,19, 54. 
[49] C. Cardellicchio, V. Fiandanese, G. Marchese, F. Naso, L. Ronzini, Tetrahedron Lett. 1985,26,4387. 
[50] B. Giese, G.  Kretzschmar, Chem. Ber. 1982,115,2012. 
[51] D. Crich, J. W. Davies, Tetrahedron 1989,45, 5641. 
[52] H. Kessler, V. Wittmann, M. Kock, M. Kottenhahn, Angew. Chem. 1992,104,874. 
[53] M. Bodansky, A. Bodansky, ‘The Practice of Peptide Synthesis’, Springer Verlag, New York, 1984. 
[54] S. Abdalla, E. Bayer, H. Frank, Chromatogruphia 1987,23,83. 
[55] H. Frank, G. J. Nicholson, E. Bayer, J. Chromat. Sci. 1977, 15, 174; W. A. Konig, ‘The Practice of Enan- 

[56] E. v. Arx, M. Faupel, M. Brugger, J. Chromatogr. 1976,120, 224. 
[57] IUPAC/IUB, Pure Appl. Chem. 1984,56, 595. 

of Organic Natural Products’, Springer-Verlag, Wien, 1979, Vol. 37, p. 251. 

Sons Ltd., London, 1982, Vol. 6, p. 33. 

(CA: 1986,104,109267). 

487, and lit. cit. herein. 

tiomer Separation by Capillary Gas Chromatography’, Dr. A. Hiithig Verlag, Heidelberg, 1987, p. 25. 




