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The heterospirocyclic N-methyl-N-phenyl-2H-azirin-3-amines (3-(N-methyl-N-phenylamino)-2H-azirines) 
1 a- d with a tetrahydro-2H-pyran, tetrahydro-2H-thiopyraii, and a N-protected piperidine ring, respectively, 
were synthesized from the corresponding heterocyclic 4-carboxamides 2 by consecutive treatment with lithium 
diisopropylamide (LDA), diphenyl phosphorochloridate (DPPCl), and sodium azide (Schemu 4 ) .  The reaction of 
these aminoazirines with thiobenzoic acid in CH,Cl, at room temperature gave the thiocarbdmoyl-substituted 
benzamides 13a- d in high yield. The azirines l a - d  were used as synthons for heterocyclic 1-amino acids in the 
preparation of tripeptides of the type 2-Aib-Xaa-Aib-N(Ph)Me (18) by following the protocol of the ‘azirinejox- 
azolone method’: treatment of Z-Aib with 1 to give the dipeptide amide 15, followed hy selcclive hydrolysis to 
the corresponding acid 16 and coupling with the 2,2-dimethyl-2H-azirin-3-amine 17 gave 18, again in high yield 
(Scheme 5) .  With some selected examples of 18, the selective deprotection of the amino and the carboxy group, 
respectively. was demonstrated (Scheme 6). The solid-state conformations of the protected tripeptides Itla-- d, as 
well as that of the corresponding carbocyclic analogue 18e, were determined by X-ray crystallography (Figs. f - - 3  
and Tables 1 -3 ) .  All five tripeptides adopt a []-turn conformation of type 111 or 111’. The solvent dependence of 
the chemical shifts of the NH resonances (Fig. 6) suggests that there is an intramolecular H-bond betwcen H-N(4) 
and O(11) in all cases, which is an indication that a relatively rigid []-turn structure also persists in solution. 
Surprisingly, the tripeptide acid 20a shows no intramolecular H-bond in the crystalline state (Fig. 7 ) ;  O(11) is 
involved in an intermolecular H-bond with the OH group of the carboxy function. 

1. Introduction. - Peptides containing a,m-disubstituted a-amino acids (a,&-disubsti- 
tuted glycines) are significantly restricted in their conformational freedom. As a conse- 
quence of the rigidity of the peptide backbone, secondary structures such as p-turns 
and a or 3,, helices are preferred in the solid state and in solution (see [l -61 and refs. 
cit. therein). Furthermore, non-protein amino acids are also of interest because of their 
biological activity [7 - lo]. A useful method for the introduction of m,m-disubstituted 
a-amino acids into peptides is the so-called ‘azirine/oxazolone method’ in which 2H-azir- 
in-3-amines (3-amino-2H-azirines) are used as amino-acid synthons (cc [6]). This strate- 
gy has been widely employed in the synthesis of linear oligopeptides [4] [5]  [l 1 - 151, cyclic 
peptides [I 61, and depsipeptides [17- 191 containing apdisubstituted amino acids. 

Peptides with acyclic or carbocyclic a,a-disubstituted a-amino acids have been thor- 
oughly investigated [4] [20-241, and the corresponding 2H-azirin-3-amines have been 
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synthesized in our laboratory [25] ( c j :  also [6]). Peptides containing heterocyclic cc,a-di- 
substituted a-amino acids have been less extensively examined so far. Because of the 
heteroatom in the cyclic residue of these amino acids, not only is an influence on the 
peptide backbone to be expected, but an additional interaction with the environment is 
also possible. For example, 4-aminotetrahydro-2H-thiopyran-4-carboxylic acid (Tht) 
has been investigated as a methionine analogue [26-301. 

In the present paper, we describe the synthesis of four new heterospirocyclic 2H-azir- 
in-3-amines of type 1 and their use as amino-acid synthons in the preparation of some 
model tripeptides. 

c X=N(BOC) 
d X=NCH2Ph 

2. Results. - 2.1. Synthesis of Heterospirocyclic 2H-Azirin-3-amines. The starting 
materials for the synthesis of the heterospirocyclic 2H-azirin-3-amines 1 are the corre- 
sponding N-methylanilides 2 which had to be prepared first. The amide 2a was synthe- 
sized via a malonic-ester synthesis according to [25]. The heterocyclic acid 4 was formed 
by alkylation of diethyl malonate using 2,2'-dichlorodiethyl ether (3) as the electrophile, 
followed by saponification and decarboxylation. After conversion of 4 to the acyl chlo- 
ride 5 with SOCI, , the reaction with N-methylaniline yielded the amide 2a (Scheme I ) .  

Scheme I 

I 
0 0 

* 
50%KOH * rp" ~0~1, KMethylaniline 

'6'' 
180" EtSN, CH& 

4 5 2a 

For the preparation of amide 2 b, tetrahydro-2H-thiopyran-4-one 6 was reacted with 
tosylmethyl isocyanide (7) to give the cyanide 8 [31] which, after hydrolysis, led to the 
carboxylic acid 9. Subsequent treatment of 9 with oxalyl chloride and N-methylaniline 
gave the amide 2b (Scheme 2). 

Protection of ethyl piperidine-4-carboxylate (10) with the (tert-butoxy)carbonyl 
group (Boc), followed by saponification and careful acidification, led to the carboxylic 
acid 11 (Scheme.?). Because of the acid lability of the Boc group, 11 could not be 
converted to the corresponding acyl chloride without extensive deprotection. Therefore, 
the amide 2c was prepared by the use of dicyclohexylcarbodiimide (DCC) as the coupling 
reagent. The main product (60% yield) of this reaction was not the amide 2c but the 
addition product 12 of DCC and the acid 11 (cf. [32]). Using a mixture of DCC and 
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The 2H-azirin-3-amines 1 a-  d were prepared from the amides 2 a- d, according to 
the method of Villalgordo [33a] (cf. [12]) in fair-to-good yields (46-70%; Scheme 4) .  In 
contrast to the classical method described by Rens and Ghosez [33b], and the modifica- 
tion with thioamides as starting materials (cf. [15]), the Villalgordo method avoids the use 
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of phosgene and the isolation of the reactive a-chloroenamine intermediate. The reaction 
of the azirines 1 with thiobenzoic acid in CH2C1, at room temperature gave the 
thioamides 13 in good yields (79-97 YO; Scheme 4).  This reaction shows that the reactiv- 
ity of these azirines is comparable with that of other 2,2-disubstituted 2H-azirin-3-amines 
(cf. [4] [12] [14] [33a]). Therefore, 1 a- d can be envisaged as synthons for 4-aminotetrahy- 
dro-2H-pyran-4-carboxylic acid (Thp), 4-aminotetrahydro-2H-thiopyran-4-carboxylic 
acid (Tht), and Boc- or Z-protected 4-aminopiperidine-4-carboxylic acid (Pip(Boc) and 
Pip(Z), resp.). 

Scheme 4 

I 
1) LDA, THF, O", 2h 06N'ph 2) DPPCI, THF, 0" + r.t., 24h 

3) NaN,, THF, r.t., 3d N 

PhCOSH l a  X = O  
b X = S  
c X=N(BOC) 
d X=NCH,Ph 

2a X = O  
b X = S  
c X=N(BOC) 

Ph 

d X=NCHPPh 

13a X = O  
b X = S  
c X=N(Boc) 
d X=NCH2Ph 

2.2. Synthesis of Aib-Xaa-Aib Tripeptides. Tripeptides of the type Z-Aib-Xaa-Aib- 
N(Ph)Me were chosen as model target molecules in preparations using the synthons 1. 
These tripeptides were synthesized via the 'azirine/oxazolone method' mentioned above. 
For comparison, the corresponding tripeptide containing 1 -aminocyclohexane-I-car- 
boxylic acid (Ach) instead of the heterocyclic amino acid was also synthesized. The 
azirinamines 1 a- c and N-methyl-N-phenyl-l-azaspiro[2.5]oct-l-en-2-amine (1 e)  [25] 
[34] were reacted with Z-protected aminoisobutanoic acid 14 in MeCN at room temper- 
ature to give the dipeptides 15 as white precipitates in high yields. After selective hydrol- 
ysis under standard conditions ( 3 ~  HCl, THF/H,O 1 : 1 ,  room temperature), the N-pro- 
tected dipeptide acids of type 16 were obtained (Scheme 5). Reaction of the latter with 
N,2,2-trimethyl-N-phenyl-2H-azirin-3-amine (17), a convenient Aib synthon, gave the 
protected triamides 18 as colorless solids. 

It should be mentioned that the hydrolysis of 15c caused some difficulties, due to the 
acid lability of the Boc protective group: the yield of the dipeptide acid 16c was only 
34%, compared with 70-90% in the cases of 16a, b, e .  The main product (60% yield) 
in this reaction was the amphoteric ion 19, which, after protection with di(tert-butyl) 
dicarbonate ((Boc),O) or (benzy1oxy)carbonyl chloride (Z-Cl), led to the protected 
dipeptide acids 16c and 16d, respectively. 

To use tripeptides of the type Aib-Xaa-Aib as peptide segments in condensation 
reactions, the selective deprotection of the N- as well as of the C-terminus is an essential 
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3N HCI 
THF I H20 

1 : l  

la X = O  14 
b X = S  
c X=N(BOC) 
e X=CH, 

15a X = O  
b X = S  
C X = N(Boc) 
e X=CH, 

18a X = O  
b X = S  
c X = N(Boc) 
d X = N(2) 
e X=CH2 

16a X = O  
b X = S  
c X = N(Boc) 
d X =  N(2) 
e X=CH, 

19 

step. Therefore, Ha,  b, d were hydrolyzed with 3~ HCl in THF/H,O 1 : l  at room 
temperature (Scheme 6). The Z-protected tripeptide acids 20a, b, d were isolated in 99, 
87, and 87% yield, respectively. On the other hand, hydrogenolysis of 18a, c in MeOH 
(Pd/C) gave the tripeptides 21 a, c with a deprotected amino group in 98 and 97 % yield, 
respectively. Only in the case of the S-containing 18b was the cleavage of the Z-group 
with H, in the presence of Pd/C unsuccessful. For that reason, another N-protecting 
group (e.g., Fmoc) must be used in the synthesis of tripeptide 21 (X = S). 

2.3. Conformational Studies of Z-Aib-Xua-Aib-N(Ph) Me Tripeptides. The tripeptides 
18a-e were crystallized from MeCN or CHClJhexane, and their structures were estab- 
lished by X-ray crystallography (Figs. f -3) .  As expected, all of these tripeptides adopt 
type-111' or type-111 /I-turn conformations, similar to Aib polypeptides [36-401 and 
peptides with a Z-Aib terminus [41] [42]. The heteroatom seems to have relatively little 
influence on the folding of the peptide backbone. 

The similarity of the conformations is clearly shown by the torsion angles of 
the tripeptide backbone (Fig. 4, Table f). All amide bonds have the trans-configuration 
(w = 160-179"), and the cp/lC/-combinations for amino acids i - 1 and i are very close 
to the ideal values for P-turn conformations of type III/III' (k 60°/ 30", f 60"/ & 30" 
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Scheme 6 

18a x=o 
b X = S  
c X = N(Boc) 
d X = N(Z) 

THF 1 H20 
a, c 

20a X = O  
b X = S  
d X =  N(Z) 

21a X = O  
c X = N(Boc) 

[43]) 3):  in 18b, e ,  all deviations from these values are smaller than f 3.2". In the cases 
of Ha,  c, d with the more polar heterocyclic amino acids Xaa, the torsion angles 4i-l 
and t,ki for 18a, & 1,  $i- and $i for 18c, and $i- for 18d show larger deviations from 
the ideal values. 

In each example, there is an intramolecular H-bond between H-N(4) and O(11) 
which forms the molecule into a loop having the graph set [44] of S(10). This formal 
ten-membered ring is typical for a p-turn conformation. The average length of these 
H-bonds, N(4). . . 0(1 I), is 3.00 0.05 A, and the mean N(4)-H. . 'O(11) angle is 
161 i 7" (Tuble2). Additionally, in each structure, H-N(4) and H-N(7) have weak 
side-ways interactions with N(7) and N( lo), respectively, although this might be mainly 
due to the conformation of the peptide chain. 

In 18a-c, e, the molecules are linked end-to-end by an N(lO)-H. . . O(2') inter- 
molecular H-bond thus forming infinite one-dimensional chains having a graph set [44] 
of C(11). These chains run parallel to the [loll, [Toll, [loll and [Toll directions, respec- 
tively. This H-bond is absent in 18d, being replaced instead by an N(10)-H. ' .  O(5') 
interaction which links the molecules into infinite one-dimensional chains which run 
parallel to the [OOl] direction with a graph set of C(8) (Fig. 5, Table 3).  

The presence of a H,O molecule in the asymmetric unit of 18c provides the oppor- 
tunity for the formation of additional H-bonds. H-N(7) donates a H-bond to the H,O 
molecule, which in turn acts as a donor for two H-bonds; one being to O(2) (which is, 
therefore, accepting two H-bonds) and the other to the carbonyl 0-atom of the side 
chain, O(34). Thus, the H,O molecule is H-bonded to three different peptide molecules. 

3, The combination of four negative angles (type 111) corresponds to a right handed helical structure (part of 
a right-handed 3 , ,  helix); four positive angles (type 111') indicate a left-handed helical structure. 
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C28 

c35 

C23 

This leads to three types of binary graph sets: Ci(14), R%(20), and C:(lO) for the 
O(2). . . H-O(l)-H. . . 0(34), N(7)-H. . . 0(1)-H. . . 0(34), and N(7)-H. . . O(1)- 
H .  . O(2) systems, respectively (i.e., infinite chains running in the [OIO] direction, loops 
involving two H,O and two peptide molecules, and infinite chains running parallel to the 
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C36 

c39 

C24 

Fig. 2. ORTEP Plots [35] of the molecular slruc1ures of a) 18c 
and b) 18d (with 50% probability ellipsoids) 

[loll direction). The combination of all intermolecular interactions in 18c links the 
molecules into infinite 2-dimensional sheets which lie perpendicular to the [Toll direction. 

Information about the three-dimensional structure of oligopeptides in solution is, 
e.g., available from NMR measurements. A simple indication is the dependence of the 
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Fig. 3. ORTEP PI01 [35] of the  molecular structures of 18e 
(with 50% probability ellipsoids) 

i -  1 i i +  I 
Fig. 4. Numbering farbilrary) and torsion angles of the peptide backbone 

Table 1. Torsion A8gfe.s [“I within zhe Backbone qf Tripeprides 18 m d  of 22 

a 177.7(2) 54.3(3) 29.6(3) 178.2(2) 60.1(2) 39.9(2) 163.9(2) 56.0(2) 52.9(2) - 170.9(2) 
b 169.9(2) 58.7(3) 28.0(3) 177.9(2) 57.8(3) 28.2(3) 1 h0.7(2) 53.6(3) 48.9(4) - 174.3(2) 
c 176.1(2) 51.2(3) 44.9(3) 173.1(2) 68.9(3) 21.9(3) 167.7(2) 50.7(3) 54.0(3) -175.4(2) 

e 169.2(2) 59.5(2) 27.4(2) 178.5(2) 56.8(2) 29.9(2) 161.0(2) 53.1(2) 49.2(3) - 174.8(2) 
d - 162.7(2) -59.4(2) -45.6(2) - 175.8(2) -63.2(2) -27.6(2) 169.0(2) 41.8(2) 62.1(2) 164.2(2) 

~ 

22=) - 178.2(2) ’ 52.5(2) 37.4(2) 174.3(2) 61.9(2) 29.5(2) 164.7(2) 58.2(2) 58.3(2) 161.7(2) 
-56.7(2) -165.8(2) 179.0(2) -51.9(2) -37.4(2) - 173.0(2) -60.3(2) -31.0(2) --164.0(2) -59.0(2) 

”) For Z-Aib-Aib-Aib-N(Ph)Me (22) [36], there are two independent molecules with very siniilar conforma- 
tions in the asymmetric unit. 

NH shift on the temperature or on the polarity of the solvent: NH groups involved in 
intramolecular H-bonds show a very small dependence, whereas the chemical shifts of 
solvent-exposed NH groups are influenced more significantly (cf ,  e.g., [4a] [45] [46]). For 
the tripeptides 18a-c, e, the involvement of the NH groups in intramolecular H-bonds 
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Table 2. Intramolecular Hydrogen Bonds in Tripeptides 18 and 22 
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18 S p e  

a N(4)-H. . . .  O(11) 2.19(2) 3.028(2) 159(2) 
N(4)-H . . ' .  N(7) 2.45(2) 2.824(2) 106(2) 
N(7)-H ' ' .  . N(10) 2.40(2) 2.769(3) 107(2) 

b N(4)-H . . . ' O(11) 2.09(3) 2.952(3) 168(2) 
N(4)-H . ' .  N(7) 2.40(2) 2.764(3) 105(2) 
N(7)-H ' ' .  N(10) 2.31(2) 2.725(3) 112(2) 

C N(4)-H... '0(11) 2.23(2) 3.041(3) 157(2) 

N(7)-H....N(10) 2.50(2) 2.829(3) 102(2) 
N(4)-H . ' .  N(7) 2.43(2) 2.801(3) 107(2) 

d N(4)-H . . ' ' O(11) 2.23(2) 3.018(2) 154(2) 
N(4)-H . . . . N(7) 2.41(2) 2.788(2) 108(2) 

e N(4)-H . . . O(11) 2.11(2) 2.955(2) 167(2) 
N(4)-H .... N(7) 2.39(2) 2.769(2) 107(2) 

N(7)-H ' .  ' ' N(10) 2.57(2) 2.853(2) lOl(2) 

N(7)-H ' . . N(10) 2.31(2) 2.721(2) 1 lO(2) 

223) N(4)-H ' . . .  O(11) 2.25(2) 3.026(2) 161(2) 
2.30(2) 3.071(2) 162(2) 

") For Z-Aib-Aib-Aib-N(Ph)Me (22) [36], there are two independent molecules with very similar conforma- 
tions in the asymmetric unit. 

was evaluated on the basis of the solvent dependence of 6(NH) in CDCl,/(D,)DMSO 
(solvent-titration experiment [46]). For the assignment of the NH resonances (all three 
appear as s), 2D NMR experiments and the chemical shifts relative to those of the 
corresponding Z-Phe-Xaa-Val-N(Ph)Me tripeptides [47] were used. As shown in Fig. 6, 
one NH group is nearly unaffected by an increase of the proportion of (D,)DMSO over 
the range from 0 to 12% (A6 < 0.05 pprn). We presume that this signal emanates from 
H-N(4), which is involved in an intramolecular H-bond with 0(1 l), forming a P-turn 
as in the crystalline state. In contrast, A 6  of H-N(10) is ca. 1.8 ppm which is typical for 
a solvent-exposed NH group. The solvent dependence of H-N(7) ( A 6  = 0.2 - 0.3 ppm) 
is relatively small; it can be explained by the fact that the position of this NH within the 
p-turn is partially shielded from the solvent by the ring atoms of Xaa. 

The tripeptide Z-Aib-Xaa-Aib (20 a), deprotected at the C-terminus, was crystallized 
from CHClJhexane, and its structure was established by X-ray crystallography (Fig. 7). 
Surprisingly, the conformation of the molecule is completely different compared with the 
conformations of the peptide amides 18. There is no intramolecular H-bond characteris- 
tic for a p-turn, and the torsion angles of the backbone deviate markedly from those of 
18: the values for 4 i -  l /$ i - l  are 58.5(7)/- 135.7(6)", and 4i/ll/i are -52.0(7)/-46.8(7)". 
In 20a, the atom 0(11), which in 18 is the acceptor for H-N(4), forms a very strong 
intermolecular H-bond with the OH of the carboxylic group of a second molecule. 

The 0(1)-H. . . O(11') H-bond in 20a forms infinite one-dimensional chains, which 
have a graph set [44] of C(13) and run in the [OOI] direction (Fig. 8, Tabte 3).  H-N(7) and 
H-N(4) form intermolecular H-bonds with the carbonyl 0-atoms of an amide (O(5)) 
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Table 3. Intermolecular Hydrogen Bonds in 18 and 20a 

Compound D-H. . .  Aa) D-H [A] H . . . A [ A ]  D .  "A[A]  D-H. . . A  ["I 

18 a N(lO)--H(lO). ' .  O(2') 0.84(2) 2.05(2) 2.841(2) 158(2) 

18c O(I)-H(lI). . ' O(34'") 0.96(3) 1.79(3) 2.750(3) 176(3) 
0(1)-H(12) ' ' ' O(2'") 0.72(3) 2.09(3) 2.759(3) lSS(3) 
N(7)-H(7). ' ' O(1") 0.89(2) 2.12(2) 2.988(3) 16S(2) 
N(IO)-H(IO). ' .  O(2"') 0.86(2) 2.17(2) 3.009(3) 163(2) 

18 d N(IO)-H(IO) ' . ' O(S"") 0.89(2) 1.83(2) 2.706(2) 169(2) 
18e N(IO)--H(IO). . . O(2""') 0.85(2) 2.03(2) 2.786(2) 149(2) 

20 a O(l)-H(I). ' .  O(1Iix) 0.98 1.72 2.693(6) 173 
N(lO)-H(IO). . . O(8") 0.87 2.10 2.944(7) 163 
N(7)-H(7) ' ' ' O(5") 0.95 2.04 2.937(6) 158 
N(4)-H(4) ' ' .  O(23 0.95 2.03 2.939(6) 160 

18 b N(IO)-H(IO) ' . ' O(2") 0.81(3) 2.02(3) 2.774(3) 154(3) 

") Superscripted atoms refer to molecules in the following symmetry-related positions: 
i :  -1 + x, $-y, -f + 2 ;  i i :  -1 + x I - y  1 + z; iii: 1 + x, -1 + y ,  1 + z; iv:  f-x,  -1 + y 1-z; 

ix: x ' 2  L-y,  1 2 + z; 
2 ' 2  ' 2  2 ' 2  

2 ' 2  2 ' 2  V :  1 -x, 1 -y, 1-2; vi: 1 + x, 1L-y 1 + z ;  vii: x ,  -L-y ,  -$ + 2 ;  Viji: 1 + x L-y, -+ + 2; 

x: x, 1-y ,  -3 + 2. 

and the carboxylate moieties, respectively, and link the molecules into infinite one- 
dimensional chains which run parallel to the [OOl] direction; graph set: C(5) for each 
H-bond motif. H-N(10) forms an intermolecular H-bond with the amide 0-atom, 0(8), 
of a molecule related by a center of inversion, thus forming a dimer; graph set: R:(10). 
The combination of all the intermolecular interactions links the molecules of 20a into 
infinite two-dimensional networks which lie perpendicular to the [loo] direction. 

3. Conclusions - The present studies have shown that N-methyl-N-phenyl-substitut- 
ed-6-oxa-l-aza-, 6-thia-l-aza-, and 1,6-diazaspiro[2.5]0ct-l-en-2-amines 1 a- d are easily 
accessible and useful synthons of cyclic, six-membered 4-amino-4-carboxylic acids (Xaa) 
with the heteroatom in position 1. These 2H-azirin-3-amine derivatives were shown to 
react with thiobenzoic acid in a similar manner to other 2H-azirin-3-amines and were 
successfully applied in the preparation of tripeptides of the type Z-Aib-Xaa-Aib- 
N(Ph)Me according to the 'azirine/oxazolone method'. They proved to have a similar 
reactivity to previously studied 2H-azirin-3-amines [6]. 

By X-ray crystallography it was shown that the protected tripeptides 18a- e all adopt 
very similar conformations, namely p-turns of type I11 or 111', analogous to Z-(Aib),- 
N(Ph)Me (22) [36] (c f .  Tables I and 2), Z-(Aib),-OtBu [38], Bzl-(Aib),-OMe [39], and 
other Z-Aib oligopeptides. Again, the same conformations have been described for 
peptides containing 1-aminocyclohexane-1-carboxylic acid (Ach) [23] 1481 (cf. [l]). Thus, 
the exchange of the carbocyclic Ach for a heterocyclic six-membered a,cc-disubstituted 
a-amino acid does not affect the conformational properties of the tripeptide. 

It is especially worth mentioning that Z-Aib-Tht-Aib-N(Ph)Me (18 b, Tht = 4-amino- 
tetrahydro-2H-thiopyran-4-carboxylic acid) forms a fl-turn conformation in the crystal 
and, most likely, also in solution. It was previously reported [30] that the conformational 
energy map computed for Ac-Tht-NHMe shows the y-turn as the lowest minimum, and 
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Fig. 8. Pocking diagram of compound 20a 
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'H-NMR and IR studies performed on the N-formyl dipeptide For-Tht-Leu-OMe indi- 
cated that the y-turn is adopted in CDC1, solution. The analogous conformation in 
solution has been observed for the related For-Ach-Leu-OMe with the carbocyclic 
six-membered analogue of Tht. From our results it appears that the p-turn is preferred 
over the y-turn also for Tht, if the formation of the 4 + 1 H-bond in the peptide is 
possible. Further studies aimed at proving this hypothesis are in progress. 

We thank the analytical units of our institute for spectra and analyses, Mr. J.  Tijdfli for his assistance with 
the determination of the crystal structures, and the Swiss National Science Foundation, the Sliftung f i r  wissen- 
,ychaftliche Forschung an der Universitut Zurich, and E: Hoffmann-La Roche AG, Basel, Tor financial support. 

Experimental Part 

General. See [ l l ]  [15]. Unless otherwise stated, IR spectra in KBr and 'H- (300 MHz) and "C-NMR spectra 
(75.6 MHz) in CDCI,. CI-MS: with NH, as carrier gas. 

1. N-ML.thyl-N-phenylcarhnxaniides 2 a--- d. ~ 1.1 . Tetrahydro-N-methyl-N-phenyl-2H-~~yr~in-4-carhnxainide 
(2a). Diethy/ Te/rahydro-2H-pyran-4,4-dicarhoxy/a/e. A suspension ofNaH (80 %, stabilized with white oil; 12.5 g, 
416 mmol) in DMF (400 ml) was cooled to 0". Then, diethyl malonate (22.22 g, 138 mmol) was dropped slowly 
into this suspension (evolution of H2). After stirring for an additional 2 h, 2,2'-dichlorodiethyl ether (3; 25.67 g, 
179.5 mmol) was added and the mixture heated to 100" and stirred for 3 days. Then, DMF was evaporated and 
the residue suspended in H,O and extracted with Et,O. The org. layer was dried (MgSO,) and the solvent 
evaporated. Distillation (77"/7 . lo-' mbar) yielded 16.51 g (52 %) of diethyl tetrahydro-2H-pyran-4,4-dicarboxy- 
late. Colorless oil. IR (film): 2980m, 2940~1, 2870~2, 1730s, 1470w, 144.5~1, 1430w,, 1390w', 1370m, 1350~1, 1300m, 

2 MeCH,O); 3.62 ( I ,  J = 5.4, CH,(2), CH,(6)); 2.04 ( t ,  J = 5.4, CH,(3). CH,(5)); 1.19 ( t ,  J = 7.1, 2 MeCH,O). 
"C-NMR: 170.7 (s, 2 C=O); 64.5 ( t ,  C(2), C(6)); 61.3 (t.  2 MeCH,O); 52.2 (s, C(4)); 30.8 ( 1 ,  C(3), C(5)); 
13.8 (q ,  2 MeCH,O). CI-MS: 248 (58, [ M  + 1 + NH,]'), 231 (12, [ M  + I ]  '1, 187 (43), 160 (100). Anal. calc. for 
C, ,H,,O, (230.26): C 57.38, H 7.88; found: C 57.44, H 8.08. 

Te/rahydro-2H-pyran-4,4-dicarboxylic Acid. Diethyl tetrahydro-2H-pyran-4,4-dicarboxylate (1 0.04 g, 
43.59 mmol) was added to a 30% aq. NaOH soln. (25 i d )  at 0" and stirred for 3 days at r.t. After acidification 
with 6~ HC1, extraction with AcOEt, drying (MgSO,), and evaporation, recrystallization from AcOEt yielded 
5.43 g (72 O h )  of tetrahydro-2H-pyran-4,4-dicarboxylic acid. White crystals. M.p. 181 -182" (decdrhoxylation). IR: 
3400m (br.). 2980~1, 2940m, 2850~1, 1720s. 1445n2, 1420~1, 1400m, 1385nz, 1350w, 1330m, 1315m, 1280s, 1250s, 
1240s, 1205.7, 1170~1,  1140m, II lOm, 1075~1, 1035~1,  102010, 930s, 895m, 800m, 760m, 740m. 'H-NMR 
((D,)DMSO): 12.79 (br. s, 2 COOH); 3.43 (t .  J = 5.1, CH,(2), CH,(6)); 1.78 (/, J = 5.1, CH,(3), CH2(5)). 

(22.5, [ M  + 1 + 2 NH,]'), 192 (100, [ M  + 1 + NH,]*). Anal. calc. for C,H,,O, (174.15): C 48.28, H 5.79; 
found: C 48.08, H 6.00. 

Tetrahydro-2H-pyrun-I-carboxylic Acid (4). Tetrahydro-2H-pyran-4,4-dicarboxylic acid (8.693 g, 49.92 mmol) 
was heated to 180" until the CO, evolution ceased (2 h). Recrystallization of the residue from toluene gave 5.533 g 
(85%) of 4. Colorless crystals. M.p. 82- 84". 1R (CHCI,): 3000m. 2960.7, 2930m, 2860s, 1710s, 1470~.  1450m, 
1420m, 1390~1, 1350w, 1335w,, 1320~1, 1295s, 1280s, 1240.7, 1190m, 1170~1,  113Os, 111Sm, 1090.7, 1065~1, 104Om, 
1015m, 980m, 935m, 910~1,  860m, 820m. 'H-NMR: 9.35 (br. .s, COOH); 3.99 (dt ,  J = 11.6, 3.6, 2 He, ofCH,(2) 
and CH,(6)); 3.46 (tQ J = 11.5, 3.0, 2 Ha, of CH,(2) and CH,(6)); 2.65 -2.55 (m, CH(4)); 1.9-1.75 (m, CH,(3), 
CH,(5)). "C-NMR: 180.2 (s, C=O); 67.0 ( t ,  C(2), C(6)); 39.8 (d,  C(4)); 28.4 ( t ,  C(3), C(5)). CI-MS: 148 (100, 
[M + 1 + NH,]'). Anal. calc. for C,H,,O, (130.14): C 55.37, H 7.74; found: C 55.56, H 7.69. 

Tetrahydro-2H-pyran-4-carhonyl Chloride (5). At r.t., SOCI, (4.5 ml, 62 mmol) was added to 4 (5.419 g, 
41.64 mmol), and the mixture was heated under reflux until the evolution of SO, ceased (45 min). Distillation at 
80"/20 mbar yielded 5.617 g (91 %) of 5 .  IR (film): 2960m, 2930m, 2850m, 2760w, 2700w, 1795s, 1730~.  1470~.  
1450~1, 1390m, 1330~.  1270~1, 1260m, 1240m, 1140m, 1115m, 1090m, 1070m, 1050m, 1010~1, 9 8 5 4  9653, 940m, 
870w, 820m, 760s. 'H-NMR: 3.99 ( d t , J =  11.8, 3.6, 2 He, of CH,(2) and CH,(6); 3.44 (td,  J =  11.4, 2.4, 2 Ha, 
of CH,(2) and CH,(6)); 3.0-2.9 (m, CH(4)); 2.03 ( 'dd' ,  2 He, of CH,(3) and CH,(5)); 1.95-1.8 (m,  2 H,, of 
CH,(3) and CH,(5)). I3C-NMR: 175.8 (s, C=O); 66.6 (t .  C(2), C(6)); 51.8 (d ,  C(4)); 28.9 (t ,  C(3).  C(5)). 

Amid 2a. N-Methylaniline (4.6 ml, 42 mmol) and Et,N (5.8 ml, 42 mmol) were added at 0" to a soln. of 5 
(5.617 g. 37.80 mmol) in CH,CI,. After stirring for 2 h, the solvent was evaporated and the residue dissolved in 

1250~, 1240.7, 1190s, 1160~1, 1130s, 1105~1, 1070~1, 1035~1, 1020m, 9 2 0 ~ ,  8601c. 'H-NMR: 4.10 (q, J =  7.1, 

"CC-NMR ((D,)DMSO): 172.3 (s, 2 C=O); 64.0 ( t ,  C(2), C(6)); 51.4 (s, C(4)); 30.8 (/, C(3), C(5)). CI-MS: 209 
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AcOEt. After filtration and evaporation, purification by FC (SiO,, hexane/AcOEt 1 :2) yielded 8.157 g (98%) 
of 2a. Colorless solid. M.p. 84-85". IR (CHCI,): 3060w, 3000s, 2960~1, 2920m, 2850m, 2760~1, 2700w, 1640s. 
1595s, 15OOs, 1470m,1445s, 1430s, 1395s,1385s, 1350s, 1315m, 1300s, 1265m, 1240s, 1170w, 11203, 1085s, 1050w, 
1025m, IOIOw, IOOOw, 980m, 940w, 915w, 870m, 820m, 700s. 'H-NMR: 7.45-7.35, 7.2-7.15 (2m, 5 arom. H); 
3.89 (dd, J % 11.3, 3.2, 2 He, of CH,(2) and CH2(6)); 3.26 (s, MeN); 3.13 ( t ,  J x  11.7, 2 Ha, of CH,(2) and 
CH2(6)); 2.45-2.35 (m, CH(4)); 1.91 (qd, J x 12.4, 4.3, 2 Ha, of CH,(3) and CH2(5)); 1.48 (d, J % 12.9, 2 He, of 
CH,(3) and CH,(5)). 13C-NMR: 174.6 (s, C=O); 143.9 (s, 1 arom. C); 129.9, 128.0, 127.2 (3d, 5 arom. CH); 
67.0 ( t .  C(2), C(6)); 38.5 (d, C(4)); 37.6 (4. MeN); 29.1 ( t ,  C(3), C(5)). CI-MS: 220 (100, [ M  + I]+). Anal. calc. for 
C,,H,,NO, (219.28): C 71.21, H 7.81, N 6.39; found: C 71.06, H 8.01, N 6.61. 

1.2. N-Methyl-N-phenyltetrahydro-2H-thiopyrun-4-cur~oxamide (2b). Tetruhydro-2H-thiopyran-Ccarhoni- 
trile (8). A soln. of t-BuOK (13.87 g, 123.6 mmol) in t-BuOH/1,2-dimethoxyethan 1 :1 (200 ml) was added at 0" 
to a soh.  of tetrahydro-2H-thiopyran-4-one (6; 7.143 g, 61.48 rnrnol) and tosylmethyl isocyanide (7; 13.21 g, 
67.63 mmol) in 1,2-dimethoxyethane (250 ml). The soln. was stirred for 3 h at r.t. After addition of Et,O, the 
mixture was washed with 5% NaHCO, s o h ,  dried (MgSO,), and evaporated. Distillation at 80"/0.8 mbar gave 
6.663 g (85%) of 8. Colorless oil. IR (film): 2940m. 2920.7, 2850w, 2240m, 1445m, 1430s, 1360w, 1290m, 1270~1, 
1245w, 1190w, 1180w, 1160w, 1030w, IOOOw, 985w, 960m, 940w, 910m. 'H-NMR: 2.9-2.8 (m, 3H); 2.6- 
2.55 (m, 2H); 2.2-2.05 (m. 4H). ',C-NMR: 121.1 (s, CN); 30.1 (I, C(3), C(5)); 27.9 (d, C(4)); 25.9 ( t ,  C(2), C(6)). 
EI-MS: 128 (38), 127 (100, M"), 126 (23), 99 (35), 86 (21), 81 (20), 80 (32), 74 (23), 68 (39), 67 (33,  61 (39), 60 
(23), 59 (28), 54 (31), 53 (21). Anal. calc. for C,H,NS (127.21): C 56.65, H 7.13, N 11.01, S 25.21; found: C 56.95, 
H 7.23, N 10.70, S 25.47. 

Tetrahydro-2H-thiopyran-4-carboxylic Acid (9). Nitrile 8 (6.663 g, 52.38 mmol) was dissolved in a small 
amount of EtOH and added to a soh.  of NaOH (21.04 g, 526 mmol) in H,O (90 rnl) and EtOH (45 ml). The 
mixture was heated under reflux and stirred for 5 h. After cooling to 0", conc. HCl soln. (60 ml) was added, EtOH 
was evaporated, and the residue was extracted 3 x with CH,CI,. After drying of the org. layers (MgSO,) and 
evaporation of the solvent, recrystallization of the crude product from Et,O gave 7.414 g (97%) of 9. White 
crystals. M.p. 109-110". IR:  3500w, 3000m, 2950s, 29203, 2860m, 1710s, 1450m, 1430s, 1310m, 1275m, 1230s. 
1180m, 1120w, 1040w, 990m, 960m, 940m, 910m, 895m. 'H-NMR: 9.1 (br. s, COOH); 2.75-2.65 (m, 4H);  
2.43(t~,J=10.8,3.4,1H);2.3-2.2(m,2H);1.95-1.8(m,2H).'3C-NMR: 181.0(s,C=O);42.2(d,C(4));29.5, 

(23). 61 (34), 55 (30). Anal. calc. for C,H,,O,S (146.21): C 49.29, H 6.87, S 21.93; found: C 49.06, H 6.56, S 21.94. 
Amide 2b. To an ice-cooled soh.  of 9 (8.477 g, 57.98 mmol) in CH2C1, (350 ml), oxalyl chloride (6.5 ml, 

76 mmol) was added. The mixture was stirred at 0" (4 h) and for an additional hour at r.t., again cooled to 0". 
and Et,N (21.5 ml, 154 mmol) and N-methylaniline (8.3 ml, 76 mmol) were added. After stirring at r.t. (16 h), the 
mixture was cooled to 0" and acidified with 6N HCI to pH ca. 1. Washing with 1~ HC1 and 5 %  Na,CO, s o h ,  
extraction of the aq. layers with CH,Cl,, drying (MgSO,), and evaporation yielded a crude product, which was 
purified by FC (SiO,, hexane/AcOEt 3: l )  and recrystallization from toluene: 12.24g (90%) of 2b. Colorless 
crystals. M.p. 102-103". IR (CHCI,): 3000s, 2960m, 2920m, 2850w, 1720m, 16503, 1600s, 15OOs, 1450nt, 1430s, 
1395s, 1355m, 131Ow, 1270m, 1260m, 1240m, 1190w, 1180w, 1120~1, 1075w, 1030w, 980m, 910m, 700s. 'H-NMR: 
7.45-7.35, 7.2-7.15 (2m, 5 arom. H); 3.24(s, MeN); 2.55-2.5, 2.45-2.35, 2.3-2.25 (3m, 5H); 2.05- 
1.9 (m, CH2(3), CH,(5)). I3C-NMR: 174.9 (s, C=O); 143.9 (3, 1 arom. C); 129.9, 128.0, 127.2 ( 3 4  5 arom. CH); 
40.8 (d, C(4)); 37.5 (4. MeN); 30.1,27.6 (2t, 4 CH,). EI-MS: 236 (64), 235 (100, M+.), 162 (28), 129 (33), 107 (33), 
101 (22). Anal. calc. for C,,H,,NOS (235.35): C 66.34, H 7.28, N 5.95, S 13.62; found: C 66.06, H 7.13, N 5.99, 
S 13.64. 

1.3. tert-Butyl 4-[Methyl(phenyl) carbumoyl]piperidine-I-curboxylute (2 c). 1- (tert-Butyl) 4-Ethyl Piperidine- 
/,4-dicurhoxylate. Ethyl piperidine-4-carboxylate (10; 14.09 g, 89.62 mmol) and Et,N (10.05 g, 108 mmol) were 
dissolved in CH,Cl, (250 ml) and cooled to 0". A s o h  of di(tert-butyl) dicarbonate (19.96 g, 89.62 mmol) in 
CH,Cl, (50 ml) was added, and the mixture was stirred for 16 h at r.t. After evaporation, distilkdtion of the residue 
at 125"/7 . l o - ,  mbar gave 22.90 g (99%) of 1-(tert-butyl) 4-ethyl piperidine-1,4-dicarboxylate. Colorless oil. 
IR (film): 296Sm, 2920m, 2855w, 1725s, 1690s, 1475m, 1460m. 1450m, 1420% 1390m, 1360m, 1310m, 1270m, 
1245m, 116Os, 1040m, 940w, 8 6 5 ~ .  810w, 7 6 5 ~ .  'H-NMR: 4.11 ( q , J =  7.1, MeCH,O); 3 .99(d,J= 11.5, 2H,, 
of CH2(2) and CH,(6)); 2.80 ( t ,  J =  11.5, 2H,, of CH,(2) and CH,(6)); 2.45-2.35 (m. CH(4)); 1.9-1.8, 
1.65-1.55 (2w, CH,(3), CH2(5)); 1.42 (s, Me3C); 1.22 (1, J = 7.1, MeCH,O). I3C-NMR: 174.5 (s, C=O); 154.6 
(s, OCONH); 79.4 (s, Me,C); 60.4 ( t ,  MeCH,O); 43.0 (d, C(4)); 41.1 ( t ,  C(2), C(6)); 28.4 ( t ,  C(3), C(5)); 
27.9 (q ,  Me,C); 14.1 (4. MeCH,O). CI-MS: 258 (10, [ M  + I]+), 219 (40), 202 (13), 158 (100). Anal. calc. for 
C,,H,,NO, (257.33): C 60.68, H 9.01, N 5.44; found: C 60.50. H 9.09, N 5.24. 

27.5 (2t, 4CH2). EI-MS: 146 (100, M"), 128 (20), 100 (71), 99 (21), 87 (28), 86 (33), 85 (28), 74 (25), 73 (31), 67 
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1-(tert-Butyl) I-Hydruge~ Piperidinr-I.4-dicarboxylrtte (1 I ) .  A soh.  of (1-(rert-butyl) 4-ethyl piperidinc-1.4- 
dicarboxybate (14.79 g, 57.5 mmol) in ?'HF/MeOH/H,O 2 : l : l  (300ml) was cooled to 0". After addition of 
LiOH . H,O (6.04 g: 144 mmol), the soln. was stirred for 2 h at r.t., cooled again to O", and acidified with 6N HCI 
to pH ca. 1. Then, the solvents were evaporated, and the aq. residue was extracted with CH,CI,, The org. layer 
was dried (MgSO,), the solvent evaporated, and the residue recrystallized from toluene: 12.52 g (95%) of 11. 
Colorless crystals. M.p. 147-148". IR (CHC1,): 2990~1, 2970m. 2920~1, 2850m, 1705s, 1670.7, 1475m, 1465m, 
1450m. 1420m, 1390~1, 1365m, 1270~1, 1240~1, 1160s, 1120m, 1080w, 940sh, 925w, 860w, 810w. 'H-NMR: 
3.95(d,J% 11.9, 2 He, of CH,(2) and CH,(6)); 2 .79( t , J% 11.4, 2H,, of CH,(2) and CH,(6)); 2.5-2.35 
(m, CH(4)); 1.85- 1.8, 1.65-1.5 (2m, CH,(3), CH,(5)); 1.39 (s, Me,C). I3C-NMR: 180.0 (s, C=O); 154.8 
(s, OCONH); 79.8 (s, Me,C); 43.0 (d, C(4)); 40.8 (I, C(2), C(6)); 28.4(1, C(3), C(5)); 27.7 (y, Me,C). CI-MS: 247 
(46, [ M  + 1 + NH,]'), 230 (39, [M + l]'), 191 (loo), 130 (42). Anal. calc. for C,,H,,NO, (229.28): C 57.62, 
H8.35,N6.11;found:C57.38,H8.61,N6.32. 

Amide 2c.  a) Reaction without 1-Hyriroxy-IH-benzotriazol (HOBt). A-Methylaniline (68 mg, 0.64 mmol) and 
DCC (96 mg, 0.46 mmol) were added to a soln. of 11 (105 mg, 0.46 mmol) in MeCN (3 ml). After stirring for 16 h 
at So" ,  the solvent was evaporated and the residue dissolved in AcOEt and washed with 5% citric acid, brine, and 
10% NaHCO, soln. The aq. layers were extracted with AcOEt, and the combined org. layers were dried (MgSO,). 
Evaporation and purification by FC (SO,, hexane/AcOEt 4: 1) yielded 120 mg (60%) of tert-hut~~/4-/cycluhr.~yl(- 
~~~clohexylcarbamoyl )ca~bamoyl ]p~rr id ine-~-carhox~~lute  (12) and 48 mg (33 %) of 2c. 12: Colorless solid. M.p. 
175". IR (CHCI,): 3420~*, 2980sh, 2920.7, 2850m, 1680m (br.), 1490~1, 1445m, 1420m, 1390m, 1360m, 1340m, 
1270m, 1160s. 1120m, 1075m, 1035m, 9651v, 890w. 'H-NMR: 6.13 (br. s, NH); 4.1-3.95 (m, 3H); 3.65- 
3.6 (m, 1H);  2.65-2.5 (m. 3H); 1.95-1.85 (m, 1 H); 1.7-1.5 (m, 15H); 1.4-1.05 (m, 17H). I3C-NMR: 174.2 
(s, C=O); 154.7, 154.1 (2s, OCONH, NCONH); 79.6 (s, Me,C); 54.6, 50.1 (2d, 2CH-N); 43.1 (1. C(2), C(6)); 
42.0(4C(4));32.7,31.1,28.9,26.1,25.4,25.3,24.7(7t,12CH,);28.4(q, Me3C).CI-MS:436(29,[M+ 1]+).131 
(100). Anal. calc. for C2,H,,N,0, (435.61): C 66.18, H 9.49, N 9.65; found: C 65.99, H 9.45, N 9.48. 

h) Reaction with HOBt. Reaction of 11 (5.49 g, 23.9 mmol), N-methylaniline (3.15 ml, 28.9 mmol), DCC 
(4.95 g, 24.0 mmol), and HOBt (3.56 g, 26.4 mmol) in MeCN (300 ml) as described above: 5.87 g (70%) of 2c.  
Colorless crystals. M.p. 119-120". IR (CHCI,): 3680w, 3620w, 3440w (br.), 3000s, 2970~1, 2850~1, 1670s, 1640s, 
1595m, 1 4 9 5 ~  146Sm, 1 4 5 0 ~  1420s, 1390m. 1365m, 1350m, 1310m, 1280m, 1165s, 1130m,1025w, 1115w, 100Ow, 
990w, 935w, 8 6 5 ~ .  700w. 'H-NMR: 7.4-7.3,7.15-7.1 (2m, 5 arom. H); 3.98 (br. s, 2 He, ofCH2(2) and CH,(6)); 
3.18 (s, MeN); 2.35-2.25 (m, 2 Ha, of CH,(2) and CH,(6), CH(4)); 1.7-1.45 (m. CH,(3), CH,(S)); 1.36 
(s, Me,C). I3C-NMR: 174.6 (s, C=O); 154.5 (s, OCONH); 143.7 (s, 1 arom. C); 129.8, 127.9, 127.1 (3d ,  5 arom. 
CH); 79.3 (s. Me,C); 42.8 ( t ,  C(2), C(6)); 39.2 (d,  C(4)); 37.5 (y, MeN); 28.4 (t, C(3), C(5));  28.3 (q, Me,C) .  
CI-MS: 320 (20), 319 (100, [ M  + 11'). Anal. cdlc. for C,,H,,N,O, (318.42): C 67.90, H 8.23, N 8.80; found: 
C 68.08, H 8.35, N 8.60. 

1.4. I-Ben~.~l-N-niethyl-N-phenylpiperidine-I-~arh~x~~mide (2d). Ethyl I-Benzylpiperidine-4-curho.xyl~1/e. To a 
soln. of ethyl piperidine-4-carboxylate (10; 10.74 g, 68.3 mmol) in DMF (50 ml), benzyl chloride (9.8 ml, 
82.7 mmol) and K,CO, (14.15 g, 102mmol) were added. The mixture was warmed to 120" and stirred for 3 h. 
Then, the solvent was evaporated, the residue dissolved in AcOEt, and the soln. washed twice with 5%) NaHCO, 
soh. The aq. layer was extracted with AcOEt and the combined org. phase dried (MgSO,), and evaporated. 
Distillation at l00"/8 . lo-'  mbar ('Kugelrohr') yielded 11.82 g (70%) of ethyl I-benzylpiperidine-4-carboxylate. 
Colorless oil. IR (film): 3060w, 3020~,2940m, 2800m, 2760m, 1730s, 160Ow, 1495m, 1470w, 145Om, 1390m~,1370m, 
1340w, 1320m, 1285~1, 1270m, 1180s, 1165.7, 1145w, IOSOs, 1030m, 995m, 740m, 700m. 'H-NMR: 7.35-7.2 (m, 
5 arom. H); 4.12 (q, J = 7.1, MeCH,O): 3.49 (s, PhCH,); 2.85 (dt, J % 11.6, 6.6, 2 He, of CH,(2) and CH2(6)); 
2.27 ( t t ,  J = 10.9, 4.2, CH(4)); 2.02 (td, J % 11.3, 2.5, 2 Ha, of CH,(2) and CH,(6)); 1.9-1.75 (M, CH,(3), 
CH,(S)); 1.24 (I, J = 7.1, MeCH,O). I3C-NMR: 175.3 (s, C=O); 138.3 (s, 1 arom. C); 129.1, 128.2, 127.0 ( 3 4  
5 arom. CH); 63.2, 60.3 (26 PhCH,, MeCH,O); 52.9 (I, C(2), C(6)); 41.2 (d, C(4)); 28.3 (t. C(3), C(5)); 
14.2 (y, MeCH,O). CI-MS: 249 (20), 248 (100, [M + 11'). Anal. calc. for C1,H,,NO, (247.34): C 72.84, H 8.56, 
N 5.66; found: C 72.60, H 8.40, N 5.50. 

Amide 2d. To a soln. of ethyl 1-benzylpiperidine-4-carboxylate (11.61 g, 46.95 mmol) in THF (30ml), 
4N NaOH (25 ml) was added and the soln. stirred at r.t. for 3 days. After cooling to O", 1~ HC1 was added until 
pH 7 was reached. The solvent was evaporated and the residue dried i . v .  Then, SOCI, (25 ml) was added and the 
stirred mixture was heated to reflux for 2 h. Excess SOCI, was evdpordted, the residue suspended in CH,Cl, 
(50 ml), and the mixture cooled to 0". After the addition of N-methylaniline (10 ml, 92 mmol) and Et,N (12 ml, 
86 mmol), the mixture was stirred at r.t. for 48 h. The soln. was washed with 5 %  NaHCO, soln., the aq. layer 
extracted with CH,CI,, the org. phase dried (MgSO,), and the solvent evaporated. FC (twice, SO,, AcOEt/Et,O 
3 : l )  and distillation ('Kugclrohr', 150"/4 . mbar) yielded 9.03 g (62%) of 2d. Pale yellow viscous oil. 
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IR (film): 3 0 6 0 ~  3020m, 2940m, 2800m, 2760m, 1640s, 1600s, 1500s, 1450m, 1430m, 1390m, 1365m, 1355m, 
1340m, 1315w, 1300~1, 1270% 1240m, 1125m, 1110m, 1070w, 1030~1, 990m. 'H-NMR: 7.45-7.15 (m, 10 arom. 
H); 3.40 (s, PhCH,); 3.24 (s, MeN); 2.82 (d, J = 11.3,2 He, ofCH,(2) and CH,(6)); 2.25-2.15 (m, CH(4)); 1.95- 
1.8 (m, 2 H,, of CH,(2) and CH,(6)); 1.70 (t. J = 11.5, 2 H,, of CH,(3) and CH,(5)); 1.56 (d, J =  12.5, 2 He, of 
CH,(3) and CH,(5)). I3C-NMR: 175.3 (s, C=O); 144.0, 138.3 (2s, 2 arom. C); 129.7, 129.0, 128.0, 127.7, 127.1, 
126.8 (hd, 10 arom. CH); 63.0 (t, PhCH,); 52.7 (t, C(2), C(6)); 39.3 (d, C(4)); 37.4 (q, MeN); 28.6 ( t ,  C(3), C(5)). 
CI-MS: 310 (21), 309 (100, [M + 11'). Anal. calc. for C,,H,,N,O (308.42): C 77.89, H 7.84, N 9.08; found: 
C 78.10, H 7.94, N 8.99. 

2. Heterospirocyclic N-Methyl-N-phenyl-2H-azirin-3-amines (1 a- d). 2.1. General Procedure A .  To a soh. of 
N-methylanilide 2 in dry THF at 0" under Ar, 1.2 equiv. of LDA (2w in THF/heptane/ethylbenzene) were added, 
and the mixture was stirred for 90 min at 0". Then, diphenyl phosphorochloridate (DPPCl, 1.1 equiv.) was added 
via a syringe at 0". This soln. was stirred for 30 min at On,  warmed to r.t., and stirred for an additional 24 h. The 
solid that precipitated was removed by filtration under Ar and the THF soh.  poured into a flask containing 
3 equiv. of NaN,. This mixture was stirred for 3 days at r.t., then Et,O was added, the mixture filtered through 
a Celile pad, and the solvent evaporated. The residue was dissolved in CH,Cl,, the soln. washed with 5% 
NaHCO, soh.  (3 x ) ,  and the aq. layer was washed twice with CH,Cl,. The combined org. layer was dried 
(MgSO,) and evaporated. Purification by FC (SiO,, AcOEt/Et,O 3: l )  yielded the azirines 1. 

2.2. N-Methyl-N-phenyl-6-oxa-l-azaspiro[2.5]oct-i-en-2-~ine (1 a). According to Procedure A ,  2a  (10,035 g, 
45.76 mmol) in THF (40 ml) was treated with LDA (37 ml, 55 mmol), DPPCl (10.5 ml, 50.8 mmol), and NaN, 
(8.964 g, 137.9 mmol): 5.745 g (58%) of l a .  Colorless solid. M.p. 87-89". IR (CHCI,): 3040w, 2970.7, 2910~1, 
2860m, 1755, 1600s, 1500s, 1470~1, 1460w, 1420m, 1190m, 1165m, IIOOs, 1035m, 1025m, 1010m, 960w, 840x1, 
8 2 0 ~ .  'H-NMR: 7.45-7.35, 7.15-7.1 (2m, 5 arom. H); 4.0-3.9 (m, CH,(5), CH,(7)); 3.47 (s, MeN); 2.16, 1.36 
(2 br. s, CH,(4), CH,(8)). "C-NMR: 142.2 (s, 1 arom. C); 129.3, 123.4, 116.6 (3d, 5 arom. CH); 66.6 ( t ,  C(5), 
C(7)); 36.1 (t, C(4), C(8)); C(2), C(3), and MeN could not be detected. CI-MS: 217 (100, [M + l]'), 216 (59). 
Anal. calc. for C,,H,,N,O (216.28): C 72.19, H 7.46, N 12.95; found: C 72.02, H 7.24, N 12.72. 

2.3. N-Methy l -N-pheny l -6 - th ia - l -azasp i ro[2 .5]e  (1 b). According to Procedure A ,  2b (5.378 g, 
22.85 mmol) in THF (50 ml) was treated with LDA (18.5 ml, 27.7 mmol), DPPCl (5.2 ml, 25 mmol), and NaN, 
(4.463 g, 68.65 mmol): 3.735 g (70%) of 1 b. Colorless solid. M.p. 73-75", IR (CHCl,): 2980~1, 2930m, 2820w, 
1755s, 1600s, 1500s, 1455w, 1425m, 1 3 5 0 ~  1315~1, 1270m, 1240m, 1190m, 1140w, 1100m, 1035m, 1010m, 970m, 
920w, 690m. 'H-NMR ((D,)DMSO, 353 K): 7.45-7.35, 7.15-7.1 (2m, 5 arom. H); 3.42 (s, MeN); 2.94 (ddd, J =  
13.3, 10.1, 3.2, 2 Ha, of CH,(5) and CH,(7)); 2.65-2.55 (m. 2 He, of CH,(5) and CH,(7)); 2.11 (ddd,.T= 13.6, 
10.1, 3.5, 2 Ha, of CH,(4) and C1,(8)); 1.60 (ddd, J = 13.6, 6.1, 3.2, 2 He, of CH,(4) and CH,(8)). I3C-NMR 
((D,)DMSO, 353 K): 166.5 (s, C(2)); 142.0 (s, 1 arom. C); 128.7, 122.7, 116.7 ( 3 4  5 arom. CH); 41.8 (s, C(3)); 
36.5 ( t ,  C(4), C(8)); 35.2 (q. MeN); 26.2 ( t ,  C(5), C(7)). CI-MS: 233 (100, [M + 11'). Anal. calc. for C,,H,,N,S 
(232.35): C67.20, H6.94,N12.06, S13.80;found: C67.13, H6.92,N11.79, S13.91. 

2.4. tert-Butyl2-[Methyl(phenyl)umino]-i.6-diazaspiro[2.5]oct-i-ene-6-carboxylate (1 c). According to Pro- 
cedure A ,  2c (1.845 g, 5.794 mmol) in THF (40 ml) was treated with LDA (4.8 ml, 7.2 mmol), DPPCl (1.4 ml, 
6.8 mmol), and NaN, (1.14 g, 17.5 mmol): 1.265 g (69%) of l c .  Colorless solid. M.p. 82-83", IR (CHCI,): 3000m, 
2980m,2910m,2860w, 1750s,1680s, 1600m, 1500m, 1480m, 1450~1, 1425.7, 1390m, 1370m,1350m, 1320m, 1275m. 
1240s. 1170s, 1120m, 1100m, 1030m,1020m, 1010m, 995w, 950w, 860w, 815w. 'H-NMR: 7.45-7.1 (m, 5 arom. H); 
4.00 (br. s, 2 H  of CH,(5), CH,(7)); 3.47 (s, MeN); 3.38 (br. s, 2 H  of CH,(5), CH,(7)); 2.05 (br. s, 2 H  of CH,(4), 
CH,(X)); 1.49 (s, Me,C); 1.32 (br. s, 2H ofCH,(4), CH,(8)). 13C-NMR: 154.8 (s, OCONH); 142.3 (s, 1 arom. C); 
129.5, 123.6, 116.7 (3d, 5 arom. CH); 79.6 (s, Me,C); 42.3 ( t ,  C(5), C(7)); 35.2 ( t ,  C(4), C(8)); 28.5 (q, Me,C); 
C(2), C(3), and MeN could not be detected. CI-MS: 317 (17), 316 (100, [M + I]+). Anal. calc. for C18H,,N,0, 
(315.42): C 68.54, H 7.99, N 13.32; found: C 68.40, H 8.13, N 13.08. 

2.5. 6-Benzyl-N-methyl-N-phenyl-i,6-diazaspiro[2.5~oct-i-en-2-umine (1 d). According to Procedure A ,  2d 
(1.134 g, 3.677 mmol) in THF (25 ml) was treated with LDA (3 ml, 4.5 mmol), DPPCl (840 pl, 4.06 mmol), and 
NaN, (730 mg, 11.2 mmol): 516 mg (46%) of Id.  Colorless oil. IR (CHCl,): 2950m, 2910w~,2800m, 2760w, 175O.s, 
1600s, 1505s,1470w, 1455w, 1420w, 1365w, 1350w, 1340w, 1320m, 1300m,1270w, 1250m, 1190w, 1100m, 1070w, 
1035~1, 990w, 700m. 'H-NMR (CDCl,, 318 K): 7.4-7.05 (m, 10 arom. H); 3.61 (s, PhCH,); 3.44 (s, MeN); 
2.85-2.75(m, 2 He, of CH,(5) and CH,(7)); 2.7-2.6(m, 2 Ha, of CH,(5) and CH,(7)); 2.25-2.1 (m,2 H,, of 
CH,(4) and CH,(8)); 1.45-1.35 (m, 2 He, of CH,(4) and CH,(X)). 13C-NMR (CDCl,, 318 K): 167.7 (s, C=N); 
142.6, 138.7 (2s,2 arom. C); 129.4, 129.2, 128.2, 127.0, 123.4, 116.8(6d, 10 arom. CH); 63.4(t, PhCH,); 
52.2 ( l ,  C(5), C(7)); 35.5 ( I ,  C(4), C(8)); C(2), C(3), and MeN could not be detected. EI-MS: 305 (11, M"), 304 
(41), 199 (29), 185 (37), 91 (100). Anal. calc. for CZ0Hz3N3 (305.42): C 78.65, H 7.59, N 13.76: found: C 78.87, 
H 7.84, N 13.55. 
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3. Reaction ofAzirines l a - d  wirh Thiobenzoic Acid. 3.1. General Procedure B. To a soln. of 1 in CH,Cl, at 
O", a soln. of thiobenzoic acid in CH,CI, was added, and the mixture was stirred at r.t. for 14 h. After evaporation, 
FC (SiO,, AcOEt/hexane 2.1 (13a), 1:3 (13b), and 1:l (13c)) of the residue yielded the benzamides 13. 

3.2. N-(4-/Methyl(phenyl) thiocarbamoyl]te/rahydro-2H-pyran-4-yl} benzamide (13a). According to Proce- 
dure B, 1 a (1 10 mg, 0.508 mmol) in CH,Cl, (4 ml) was treated with thiobenzoic acid (77 mg, 0.557 mmol): 175 mg 
(97%) of 13a. Yellowish crystals. M.p. 172-173". IR (CHCI,): 3440m, 3 0 6 0 ~ .  3000m, 2970m, 2930m, 2860m, 
1670s. 1595m. 1580rn, 1510s, 1480.s, 1460s, 1440~1, 1430m, 1390m, 1370s, 1315m, 1300m, 1280s, 1240m, 1185w, 
1170~8, 1160w, 1140m. 1100s, 1070m, 1065m, 1030m, 1015m, 1005rn. 935w, 860w, 840m, 700s. 'H-NMR: 7.55- 
7.45, 7.4 7.35, 7.15-7.1 (3m, 10 arom. H); 5.58 (s, NH); 3.81 (dd,J = 11.8, 4.2, 2 He, of CH,(2') and CH,(6')); 
3.71 (s, MeN); 3.49 ('r', 2 Ha, of CH,(2') and CH,(6')); 2.77 (rd, .I = 13.3, 4.8, 2 Ha, of CH,(3') and CH,(5')); 
2.33 (d, J = 13.7, 2 H,, of CH,(3') and CH,(S)). 13C-NMR: 207.4 (s, C=S); 165.7 (s, C=O); 147.2, 134.0 ( 2 . ~  2 
arom. C); 131.8, 129.5, 128.4, 127.9, 126.7, 125.5 (6d, 10 arom. CH); 63.4 (s, C ( 4 ) ) ;  63.2 ( t ,  C(2'), C(6')); 
51.2 (4, MeN); 37.1 ( t .  C(3'), C(5')). CI-MS: 356 (23), 355 (100, [M + I]' ).Anal. calc. for C,,H,,N,O,S (354.47): 
C67.77, H6.26, N7.90, S9.05; found: C67.87, H6.12, N7.73, S9.25. 

3.3. N-{4-/Methyl(phenjd) 1hiocarbamoyl]tetruhydro-2H-thiopyran-4-yl}benzcmide (I3 b). According to Pro- 
cedure B, l b  (162 mg, 0.697 mmol) in CH,CI, (4 ml) was treated with thiobenzoic acid (135 mg, 0.977 mmol): 
245 mg (95%) of 13b. Yellowish crystals. M.p. 127-129". IR (CHCI,): 3450w, 3060w, 3000m. 2960m, 2920m, 
2830w, 1670s, 1595w, 1580w,, 1510m. 1490.7, 1485.s, 1460~1, 1430m, 1365s, 1 3 1 5 ~ .  1285m, 1240m, 1170w, 1150w. 
1120m, 1100w, 1070w, 1065w', 1045w, 1020w, 1 0 0 0 ~ ,  985w, 940w, 700s. 'H-NMR (400 MHz): 7.5 7.45,7.35-7.3, 
7.1-7.05 (3m. 10 arom. H); 5.38 (s, NH); 3.68 (s, MeN); 2.85-2.65 (m, CH,(2'), CH,(6), 2H of CH,(3'), 
CH,(S)); 2.45-2.4 (m, 2 H  of CH,(3'), CH,(5')). I3C-NMR (100.8 MHz): 207.8 (s, C=S); 165.5 (s, C=O); 147.5, 
134.0 (23, 2 arom. C); 131.8, 129.6, 128.4, 127.8, 126.7, 125.2 (6d, 10 arom. CH); 65.0 (s, C ( 4 ) ) ;  51.4 (4, MeN); 
37.6 ( t ,  C(3'), C(5')); 23.7 ( I ,  C(2'), C(6)). CI-MS: 372 (20), 371 (100, [ M  + I]+). Anal. calc. for C,,H,,N,OS, 
(370.54):C64.83,H5.98,N7.56,S17.31;found:C64.87,H5.95, N7.63,S17.38. 

3.4. tert- Buiyl-4-/Methyl(phenyl) thiocarbamoyl]-4-[(phenylcurbonyl)umin~]~~ip~ridine-~-curboxy~ule (13c). 
According to Procedurr B, 1 c (148 mg, 0.469 mmol) in CH,Cl, (4 ml) was treated with thiobenzoic acid (65 mg, 
0.470 mmol): 186 mg (87%) of 13c. Yellowish crystals. M.p. 85-86". IR (CHCI,): 3 4 5 0 ~ .  2980m, 2930w, 2860w, 
1730w, 16703, 1595w. 1580w, 1505m, 1480s, 1455m, 1420s, 1365s, 1280m, 1245s, 1160s. 1120n2, 1110m, 1090m, 
1070m, 1000w, 9 2 0 ~ .  970w, 860w, 700w. 'H-NMR: 7.5-7.4, 7.35-7.3, 7.1 -7.05 (3m, 10 arorn. H); 5.39 (s. NH); 
4.0-3.9(m,2H ofCH,(2), CH,(6)); 3.70(s,MeN); 2.8-2.35 (m,2H ofCH,(2) and CH,(6), CH,(3), CH,(5)); 
1.42 (s, Me&). ',C-NMR: 208.5 (s, C=S); 166.8 (s, C=O); 155.7 (s, OCONH); 148.5, 135.1 (2.7, 2 arom. C); 
133.0, 130.7, 129.5, 129.0, 127.8, 126.5 (6d, 10 arom. CH); 80.9 (.T, Me,C); 65.2 (s, C(4)); 52.3 (4, MeN); 
40.1 (1 .  C(2). C(6)); 37.5 (1. (C(3), C(5)) ;  29.5 (q, Me,C). CI-MS: 455 (29), 454 (100, [ M  + I]'), 398 (11). Anal. 
calc. for C,,H,,N,O,S (453.61): C 66.20, H 6.89, N 9.26, S 7.07; found: C 66.46, H 6.89, N 8.97, S 7.34. 

3.5. N-{ 1-Benzyl-4-(methyl(phenyl) rhiocarbamoyl]piperidin-4-y[)benzrrmide (13d). According to Procedure 
B, 1 d (21 1 mg, 0.69 mmol) in THF (3 ml) was treated with thiobenzoic acid (121 mg, 0.875 mmol): 242 mg (79%) 
of 13d. Yellowish crystals. M.p. 123-124". 1R (CHCI,): 3440m, 3060wz, 3020m, 2970w, 2940w, 2800m, 2760m, 
1725w, 1670.7, 1595~1, 1580m, 1510s, 1485.7, 1460~1, 1430m, 1395w, 1365.q 1280m, 1240m, 1180w, 1160w, 1120w3, 
1100s, 1070m. 1020w, 1000w, 980w, 910m, 700m. 'H-NMR: 7.5-7.45, 7.35-7.2, 7.1-7.05 (3m, 10 arom. H); 
5.40 (s, NH); 3.70 (s, MeN); 3.48 (s, PhCH,); 2.85-2.75 (m. CH,(2'), CH,(6')); 2.4-2.35, 2.1 -2.0 (2m. CH,(3'), 
CH,(5')). "C-NMR: 207.9 (s, C=S); 165.3 (s, C=O); 147.4, 137.4, 134.3 (3s, 3 arom. C); 131.6, 129.3, 129.0, 
128.3, 128.1. 127.6, 127.0, 126.7, 125.4 (9d, 15 arom. CH); 63.9 (s, C ( 4 ) ) ;  62.6 ( 1 ,  PhCH,): 51.1 (4, MeN); 
49.1 (1, C(2'), C(6')); 36.6 ( t ,  C(3', C(5')). ESI-MS: 466 (100, [A4 + Na]'), 444 (82, [ M  + l ]+) .  Anal. calc. for 
C,,H,,N,OS(443.61): C73.10, H6.59,N9.47, S7.23; found: C73.37,H6.69,N9.68, S7.52. 

4. Tripeptides 2-Aib-Xaa-Aib-N( P h ) M e  18. 4.1. General Procedure C: Coupling with Azirines. To a soln. of 
the corresponding 2H-azirin-3-amine 1 or N,2,2-trimethyl-N-phenyl-2H-azirin-3-amine (17) in MeCN 
at O", 2-[(benzyloxycarbonyl)amino]-2-methylpropanoic acid (Z-Aib) or dipeptide acid 16 was added and the 
mixture stirred for 16 h at r.t. The solvent was evaporated and the residue purified by crystallization or FC. 

4.2. General Procedure D: Hydrolysiy ~r~-Methylunilide.~. To a suspension of the N-methylanilides in THF 
at 0". 6 N  HCI was added and the mixture stirred for 4 h at r.t. The mixture was extracted with CH,CI,, the org. 
layer dried (MgSO,) and evaporated and the residue purified by crystallization or CC. 

4.3. Benzyl { 2- ((4-{ { { lIl-Dime/hy1-2-/methyl(phenyl) aminu]-2-oxoethyl}amino}~urbonyl}-tetrahydro-2H- 
pyrun-4-yl}amino}-l,1-dimethyl-2-oxoethyl}carhamate (18 a; Z-Aib-Thp-Aib-N(Ph)Me). Benzyl { 1 ,l-Dimerhyl-2- 
oxo-2-{{te~rahydro-4-{~methyl(phenyl)amino]carbonyl}-2H-pyrcm-4-yl~umino}ethyl}cuvbumate (15a). Reaction 
of l a  (415 mg, 1.919 mmol) with Z-Aib (500 mg, 2.107 mg) in MeCN (5 ml) according to Procedure C. The 
colorless precipitate was removed by filtration and dried i.v.: 728 mg (84%) of 15a. Colorless powder. M.p. 198". 
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IR (CHCI,): 3430m, 3300m, 3000m, 2860m, 1700s, 1675s, 1640s, 1595m, 151Os, 1495s, 1470m, 1455m, 1370m, 
1 3 3 0 ~ ,  1240s, 1170w, 1150w, 1110m, 1090m, 1075m, 1030m, 950w, 915w, 85Ow. 'H-NMR: 7.3-7.1 (m, 10 arom. 
H, 1 NH); 4.94(s, PhCH,O); 4.91 (s, NH); 3.65 (dt, J %  11.9, 3.5, 2 He, of CH,(2) and CH,(6')); 
3.41 (td, J z 11.6, 1.6, 2 Ha, of CH,(2') and CH,(6')); 3.15 (s, MeN); 2.12 (fd, Jz 12.7,4.5, 2 Ha, of CH,(3') and 
CH,(5')); 1.82 (d, J = 12.8, 2 H,, of CH,(3') and CH,(S')); 1.38 (s, Me,C). 13C-NMR: 173.0, 165.7 (2s, 2 C=O); 
155.7 (s, OCONH); 144.9, 136.0 (2s,2 arom. C); 129.3, 128.6, 128.4, 128.2, 127.6, 127.5 (64 10 arom. CH); 67.0, 
63.2 (2f, PhCH,O, C(2'). C(6')); 58.0, 57.4 (2s, C(4), Me,C); 41.4 (q, MeN); 33.7 (1, C(3'), C(5')); 25.5 (q, Me,C). 
CI-MS: 455 (24), 454 (100, [M + I]+), 347 (66, [M - (PhNCH,)]'), 346 (73, [M - (PhCH,O)]+). Anal. calc. for 
C,,H,,N,O, (453.54): C 66.21, H 6.89, N 9.26; found: C 66.21, H 6.84, N 9.43. 

4- ({2-~(Benzyloxycarboi~yl)umino]-2-mef~~y[propunoyl~umino} tetruhydro-2H-pyran-4-curboxylic Acid (16a). 
According to Procedure D, 15a (708 mg, 1.561 mmol) in THF (4 ml) was treated with 6~ HC1 (4 ml). CC 
(CH,CI,/MeOH 4: 1) and recrystallization yielded 504 mg (89%) of 16a. Colorless crystals. M.p. 147-148". IR 
(CHCI,): 3420m, 3300m, 3000m, 2960m, 2860m, 1700s, 1660s, 1610s, 151Os, 1465m, 1455m, 1445m, 1410m, 1385m, 
1250m, 1190w, 1170w, 1145w, IIOOm, 1075m, 1030w, 1015w, 9 6 5 ~ ~ ,  919w,840w, 815w, 700m. 'H-NMR (CD,OD): 
7.65-7.55 (m, 5 arom. H); 5.36 (s, PhCH,O); 3.95-3.9 (m. 2 He, of CH,(2) and CH,(6)); 3.77 (f, J = 9.6, 2 Ha, 
of CH,(2) and CH,(6)); 2.25-2.2 (m, CH,(3), CH,(5)); 1.38 (s, Me,C). l3C-NMR (CD,OD): 179.4, 175.5 (2s, 
2 C=O); 155.8 (s, OCONH); 136.5 (s, 1 arom. C); 128.0, 127.6, 127.5 (34 5 arom. CH); 66.2, 63.4 (2f, PhCH,O, 
CH2(2), CH,(6)); 57.3, 56.5 (2s, C(4), Me,C); 32.1 (f, C(3), C(5)); 24.2 (q, Me,C). CI-MS: 365 (22), 364 (100, 

Carbarnate 18a. According to Procedure C, 16a (189 mg, 0.519 mmol) and 17 (105 mg, 0.603 mmol) in THF 
(2 ml) yielded 235 mg (84%) of 18a. Colorless crystals. M.p. 178-180". IR (CHC1,): 3420m, 3360m, 3000m, 
2850w, 1720s, 1660s, 1595m, 1495s, 1455m, 1390m, 1365m, 1240m, 1185w, 1170w, Illom, 1090m, 1075m, 1030w, 
1015w, 950w, 900w, 845w, 700m. 'H-NMR: 7.50 (s, NH); 7.35-7.25 (m, 10 arom. H); 6.46, 5.63 (2s, 2 NH); 
5.10 (s, PhCH,O): 3.79 (d, J r 11.6, 2 He, of CH,(2') and CH,(6)); 3.44 (td, Jz 11.6, 1.6, 2 H,, of CH,(2) and 
CH,(6')); 3.27 (s, MeN); 2.19 ('td', 2 Ha, of CH,(3') and CH,(S')); 1.85 (d, J N 13.8, 2 He, of CH,(3') and 
CH,(5')); 1.48, 1.42 (2s, 2 Me$). l3C-NMR: 173.6, 173.5, 171.9 (3s, 3 C=O); 155.8 (s, OCONH); 145.3, 
136.1 (2s, 2 arom. C); 129.2, 128.7, 128.5, 128.0, 127.9, 127.3 ( 6 4  10 arorn. CH); 67.1, 63.1 (21, PhCH,O, C(2'), 
C(6')); 57.9, 57.6, 57.5 (3s, C(4), 2 Me,C); 40.8 (q, MeN); 32.1 (t, C(3'), C(5')); 25.9, 25.5 (2q, 2 Me,C). CI-MS: 
539 (20, [M + I]+), 433 (33), 432 (100, [ M  - (PhNCH,)]'). Anal. calc. for C,,H,,N,O, (538.64): C 64.67, 
H7.11,N10.40;found: C64.53,H6.96,N10.60. 

4.4. Benzyl { 2- { (4- { { { 1.1 -Dimethyl-Z- (methyl(pheny1) amino] -2-oxoethyi}amino)curbonyl) tetrahydro- 2H - 
thiopyran-4-yl}amino}-~,f -dimethyl-2-oxoefhyl}curbamate (18 b; 2-Aib-Tht-Aib-N(Ph)Me). Benzyl{ 1 ,f -Dimethyl- 
2-0x0-2-{ { tetrahydro-4- ([methyl(phenyl)umino]curbony()-2H-thiopyran-4-yljamino}ethyl)carhumute (15 b). Reac- 
tion of 1 b (254 mg, 1.093 mmol) with Z-Aib (290 mg, 1.222 mmol) in MeCN (2 ml) according to Procedure C. The 
colorless precipitate was removed by tiitration and dried i .v.:  409mg (80%) of 15b. Colorless powder. M.p. 
182-184". IR (CHC1,): 3430m, 3300w, 3000m, 2940w, 1700s, 1675, 1640s, 1595m, 1510m, 1495s, 1470w, 1455~1, 
1440m, 1430w, 1370m, 1250m, 1180w, 1130w, 1090m, 1075m, 1030w, 9 8 0 ~ .  940w, 910w, 700m. 'H-NMR 
(400 MHz): 7.4-7.15 (m, 10 arom. H); 7.06 (s, NH); 5.03 (s, PhCH,O); 4.90 (s, NH); 3.20 (s, MeN); 
2.72 ( I ,  J = 13.0, 2 H of CH,(2'), CH,(6')); 2.45-2.4, 2.35-2.3 (2m, 2 H  of CH,(2) and CH,(6), 2 H  of CH,(3') 
and CH,(S)); 2.10 (f, J = 12.9, 2H of CH,(3') and CH,(S)); 1.45 (s, Me,C). 13C-NMR (100.8 MHz): 172.9, 
172.1 (2s, 2 C=O); 155.7(s. OCONH); 145.1, 136.0(2s, 2 arom. C); 129.3, 128.6, 128.4, 128.3, 127.6, 127.5 (6d. 
10 arom. CH); 67.0 (t, PhCH,O); 59.7, 57.5 (2s, C(4), Me,C); 41.5 (q, MeN); 34.2 (1, C(3'), C(5')); 25.5 
(q, Me,C); 23.3 (f, C(2'), C(6)). ESI-MS: 492 (100, [ M  + Na]'). Anal. calc. for C,,H,,N,O,S (469.60): C 63.94, 
H6.65, N8.95, S6.83; found: C64.20, H6.85, N9.15, S6.81. 

4-((2-[(Benz~~loxycarbon~~l)aminoJ-2-methy[propanoyl~amino~trtrahydro-2H-thiopyran-4-carboxylic Acid 
(16b). According to Procedure D, 15b (344 mg, 0.732 mmol) in THF (2 ml) was treated with 6~ HCI (2 ml). 
Recrystallization yielded 265 mg (95%) of 16b. Colorless powder. M.p. 166-169". IR: 3320s, 3090w, 3040m, 
2980m, 2950m, 2920m, 2580w, 1715s, 1660s, 1535s, 1500m, 1465m, 1455m, 1420s, 1370m, 1345s, 1290m, 1250m. 
1240m, 1170m, 1120w, 1090m, 1070s, 1030w, 985w, 945w,91Ow, 845w, 830w, 785m, 765w, 740~1, 700m. 'H-NMR 
(CD,OD): 7.4-7.25 (m, 5 arom. H); 5.10 (s, PhCH,O); 2.85-2.75, 2.45-2.35, 2.15-2.05 (3m, 4 CH,); 
1.44 (s, Me,C). I3C-NMR (CD,OD): 175.6, 175.5 (2s, 2 C=O); 155.8 (s, OCONH); 136.6 (s, 1 arom. C); 128.1, 
127.6 (2d, 5 arom. CH); 66.0 (f, PhCH,O); 57.8, 56.4 (2s, C(4), Me,C); 32.8 (f, C(3), C(5)); 24.0 (q, Me,C); 
22.6 ( 1 ,  C(2), C(6)). ESI-MS: 381 (100, [ M  + I]'). Anal. calc. for C,,H,,N,O,S (380.47): C 56.82, H 6.36, N 7.36, 
S 8.43; found: C 56.85, H 6.08, N 7.53, S 8.42. 

Curbamate 18b. According to Procedure C, 16b (126 mg, 0.331 mmol) and 17 (69 mg, 0.396 mmol) in THF 
(2 ml) yielded 140 mg (76%) of 18b. Colorless crystals. M.p. 200-202". IR (CHCI,): 3420m, 3350m. 3020w, 

[ M  - OH + NH,]'), 347 (84, [M - OH]+). 
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3000m. 2940m, 1715s, 1670s. 1640s, 1595m, 1495s, 1455m, 1430m,1390m, 1365m, 3280m, 1255m, 1245m, 1170m. 
1220w, 1090m, 1015w, 970w, 920w, 700m. 'H-NMR: 7.46 (s, NH): 7.35-7.25 (m. 10 arom. H); 6.33, 5.52 (2s, 
2 NH); 5.12 (s, PhCH,O); 3.27(s, MeN); 2.65-2.6, 2.5-2.45, 2.25-2.2(3m, 4 CH,); 1.48, 1.41 (2s, 2 Me,C). 
I3C-NMR: 173.5, 173.2, 172.2 (3s, 3 C=O); 155.8 (s, OCONH): 145.2, 136.1 (2s, 2 arom. C); 129.2, 128.7, 128.5, 
128.0, 127.9, 127.3 (64 10 arom. CH); 67.2 (1. PhCH,O); 58.9, 57.9, 57.7 (3s. C(4). 2 Me,C); 40.7 (4, MeN); 
32.8 ( 1 ,  C(3'), C(5')); 25.8, 25.5 (2q, 2 Me,C): 23.2 (i, C(2), C(6')). ESI-MS: 577 (100, [ M  + Na]'). 

4.5. tert-Buiyl 4-~{2-[(Benzyloxycurhonyl)uminoj-2-meihylp~opanoyljumino}-4-~{/1,l-dimefhyl-2-~meth~vl- 
(phenyl)umino~-2-oxoethyl~amino)curhonyl)piperidine-l-curhoxylute (18c; Z-Aib-Pip(Boc)-Aib-N(Ph)Me). tert- 
Buiyl 4-~~2-[(Ben;yloxycurhonyl/umino]-2-methylpropanoyl)amino)-4-(/me1hyllphet~yl)umino~~urhonyl)piprridinr- 
1-curhoxyiure (15c). Reaction of l c  (424 mg, 1.344 mmol) with Z-Aib (332 mg, 1.399 mmol) in MeCN (8 ml) 
according to Procedure C. The colorless precipitate was removed by filtration and dried i.v.: 601 mg (81 %) of 1%. 
Colorless powder. M.p. 215-216". IR (CHCI,): 3430m, 3300w, 2980~1, 2940w, 2870w,, 1670s, 1640~1, 1595m, 
1490m, 1 4 5 0 ~  1420m, 1370m, 1280m, 1250m, 1155m, 1090~1, 1075m, 1030w, lOOOw,, 975~1, 950w~, 905w, 860w, 
7 0 0 ~ .  'H-NMR: 7.5-6.95 (m, 10 arom. H, 1 NH); 4.80 (s, PhCH,O); 4.68 (s, NH); 3.62 (br. s, 2 He, of CH,(2) 
and CH,(6)); 3.01 (s, MeN); 2.69 (br. ' t ' ,  2 Ha, of CH,(2) and CH,(6)); 1.9-1.8 (m. CH,(3), CH,(5)); 1.24 
(s, Me,C, Me,C). "C-NMR: 172.9, 171.7 (2s, 2 C=O); 155.7, 154.5 (2s, 2 OCONH); 144.9, 135.8 (2s, 
2 arom. C); 129.2, 128.6, 128.4, 128.2, 127.4 (Sd, 10 arom. CH); 79.5 (s, Me,C); 66.9 ( I ,  PhCH,O); 58.7, 
57.4 (2.7, C(4), Me,C); 41.3 (q,  MeN); 39.5, 32.8 (2t, 4 CH,); 28.3 (y, Me,C); 25.5 (q ,  Me,C) .  CI-MS: 553 (40, 
[ M  + l]'), 446 (100, [M - (PhNMe)]'). Anal. calc. for C,,H,,N,O, (552.67): C 65.20, H 7.30, N 10.14; found: 
C 64.99, H 7.52, N 9.90. 

I-tert-Butyl 4-Hydrogen 4-~(2-[(Benzylo.wycarhonyl)umino]-2-me1hylpropanoyl)umino~piperidine-l,4-dicur- 
hoxylate (16c). According to Procedure D, 15c (601 mg, 1.087 mmol) in 'THF ( 5  ml) at 0" was treated with 6~ HCI 
(5 ml). As soon as the solid had dissolved (2 h), the mixture was extracted with CH,CI, and the org. layer dried 
(MgSO,) and evaporated. Recrystallization yielded 170 mg (34%) of 16c. After neutralization of the aq. layer, 
231 mg (59%) of the zwitterion 19 were obtained. To a soln. of 19 (109 mg, 0.300 mmol) in I N  NaOH/dioxan 1:  1 
(4 ml), di(rert-butyl) dicarbonate (107 mg, 0.490 mmol) was added, and the mixture was stirred at 70" (4 h). After 
addition of 6N HCI until pH 2 was reached, the mixture was extracted twicc with AcOEt, the org. phasc dried 
(MgSO,) and evaporated, and the residue purified by FC (CH,CI,/MeC)H 10: 1): 85 mg (61 %) of 16c. Colorless 
crystals. M.p. 147-148". IR: 3400m (br.), 2 9 8 0 ~  2940m, 1670s (br.), 1525m, 1450m, 1430m. 1390m, 1370m. 
1280m,3250.s, 1175m,1155m, 1090m, 1070m, 1020w, 960w, 860w, 740w, '700~.  'H-NMR (CD,OD): 7.58 (s, NH); 
7.35S7.25 (m, 5 arom. H): 5.48 (s, PhCH,O); 3.62 (br. d, J = 13.5, 2 H,, ofCH,(2) and CH,(6)); 2.88 (br. s ,  2 H,, 
of CH,(2) and CH,(6)); 2.1-2.0, 1.9-1.75 (2m, CH,(3), CH,(5)); 1.47 (s, Me,C); 1.43 (s ,  Me,C). "C-NMR 
(CD,OD): 175.6, 174.3 (2.7, 2 C=O): 155.5, 154.5 (2s, 2 OCONH); 136.6(s, 2 arom. C); 127.8, 127.5, 127.4(3d, 
5 arom. CH); 79.4 (s, Me,C); 65.8 ( t ,  PhCH,O); 57.3, 56.1 (3, C(4), Me,C); 39.4, 31.0 (21, 4 CH,); 
27.1 (4. Me,C); 23.8 (q,  Me,C). ESI-MS: 486 (100, [ M  + Na]'). 

4-1 (2-[(Benzylox~~carhonylj amino]-2-me/hylpropanoyl)umino}ptperidine-4-carhoxylic Acid (19). To a suspen- 
sion of 15c (436 mg, 0.789 mmol) in THF ( 5  ml) at o", 6N HCI ( 5  ml) was added. After stirring for 14 h, the sohent 
was evaporated, the residue dissolved in a few ml Of 2N HCI and extracted with AcOEt and CH,CI,. The aq. layer 
was neutralized with 4N NaOH. Crystallization from H,O yielded 251 mg (88%) of 19. M.p. 170-171". 
IR: 3320m, 3290s,3170m, 3000w,, 2980m, 17103, 36703, 1615m, 1570.7, 1530s, 1495w, 1470m, 1455m, 1445n, 1390s. 
1370s, 1330s,1300m, 1260m,1235m, 1210m, 1190m, 1 1 7 0 ~ ~ .  1080w, 1050s, 1030w, 990m, 960w, 920~ ' .  880w,, XOOm, 
780m, 750m, 700m, 650m. 'H-NMR (CD,OD): 7.35-7.25 (m, 5 arom. H); 5.08 (s, PhCH,O); 3.4-3.3, 3.15-3.1, 
2.55-2.5, 2.1-1.95 (4m, 4 CH,); 1.44 (s, Me,C). I3C-NMR (CD,OD): 178.5, 176.6 (2.7, 2 C=O); 157.3 
(s, OCONH); 138.2 (s, 3 arom. C); 129.5,129.0,128.7 ( 3 4  10arom. CH); 67.3 ( t ,  PhCH,O): 58.1 (s, C(4), Me,C); 
42.1, 29.7 (2i,4 CH,); 25.6 (4, Me,C).  CI-MS: 364 (9, [M + l]'), 256 (49, [ M  - (PhCH,O)]+), 230 (100). 

Ester 18c. According to Procedure C, 16c (150mg, 0.324mmol) and 17 (64mg, 0.367mmol) in MeCN 
(10 ml) yielded 183 mg (89 %)of 18c. Colorless crystals. M.p. 89-90'. IR (CHCI,): 3420w, 3350w, 3000m, 2940w, 
2 8 6 0 ~ .  1715m, 1680s, 1640m,1595m, 1510m, 1495s, 1455m,1430m, 1390m, 1370m,1280m, 1210m, 1245m,1170m, 
1150m, 1120w, 1090m, 1075m. 1015w, 960w, 700m. 'H-NMR: 7.43 (s, NH): 7.3 ~7.15 (m, I0 arom. H);  
5.48 (s, NH); 5.03 (s, PhCH,O); 3.82 (br. s, 2 He, of CH,(2) and CH,(6)); 3.20 (s, MeN): 2.71 (br. 'I,, 2 H,, of 
CH,(2) and CH2(6)); 2.0 1.85 (m, CH,(3) and CH,(5)); 1.40, 1.35. 1.30 (3.5 Me,C, 2 Me,C). "C-NMR: 173.7, 
173.5, 172.1 (3s. 3 C=O); 155.7, 154.4 (2.7, 2 OCONH); 145.2, 136.0(23,2 arom. C); 129.1, 128.6, 128.4, 127.9, 
127.7, 127.2 (6d, 10 arom. CH); 79.7 (s, Me,C); 67.0 (/, PhCH,O); 58.2, 57.8, 57.6 (3s, C(4), Me,C): 
40.6(q, MeN); 39.4, 38.7, 31.8, 30.9(41,4 CH,); 28.4, 25.8, 25.4(3q, Me,C, 2 Me,C). ESI-MS: 660 
(100, [ M  + Na]+). Anal. calc. for C,,H,,N,O, (637.77): C 64.03, H 7.43, N 10.98; found: C 63.99, H 7.17, 
N 10.94. 
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4.6. Benzyl {2-{ (1- (Benzyloxycarhonyl) -4-{ ( {  ~.l-dimethyl-2-[methyl(phenyl)amino] -2-oxoethyl}amino)- 
curbonyl)piperidin-4-yl)amino~-~ ,i-dime~hyl-2-oxoethyl~carbamate (18d; Z-Aib-Pip(Z)-Aib-N(Ph)Me). I-( Benzy- 
loxycarbonyl)-4-((2-[(benzyloxycarhonyl)nmino]-2-methylpropanoyl~amino}p~eridine-4-car~oxyl~c Acid (16d). 
To a soh.  of 19 (431 mg, 1.186 mmol) in 1~ NaOH/dioxan 1 : 1 (10 ml) at O", (benzy1oxy)carbonyl chloride (Z-Cl; 
325 mg, 1.905 mmol) was added and the s o h  was stirred at r.t. (16 h). Then, 6N HC1 was added until pH 2 was 
reached. Extraction with AcOEt (twice), drying of the org. layer (MgSO,), evaporation, and FC (CH,CI,/ MeOH 
1O:l) yielded 450mg (76%) of 16d. Colorless solid. M.p. 75-76". IR: 3420m, 3300m, 3000m, 2870w, 1690s, 
1510m, 1500~1, 1450~ 1435m, 1385w, 1370w, 1355w, 1280m, 1250s, 1160m, 1135w, 1090m, lolow, 955w, 905w, 
860w, 700m. 'H-NMR (CD,OD): 7.35-7.15 (m, 10 arom. H): 5.13, 5.03 (23, 2 PhCH,O); 3.76 (d, J = 13.6,2 He, 
ofCH,(2') and CH,(6')); 2.87 ( 1 ,  J =  13.5, 2 Ha, of CH,(2') and CH,(6')); 2.05 (d, J = 13.5,2 Hsq of CH,(3') and 
CH,(S)): 1.83 Ct', 2 H,, of CH,(3') and CH,(S)); 1.43 (s, Me&). "C-NMR (CD,OD): 176.0,175.8 (2s, 2C=O): 
155.6, 155.1 (2s, 2 OCONH): 136.6, 136.0 (2s, 2 arom. C); 128.8, 128.7, 128.4, 128.3, 128.3, 128.2 (6d, 10 arom. 
CH); 66.8, 65.9 (2L2 PhCH,O): 57.2, 56.2 (2s, C(4), Me,C); 39.3, 31.0 (21,4 CH,); 24.0 (q. Me,C). CI-MS: 

Carhamate 18d. According to Procedure C, 16d (100 mg, 0.201 mmol) and 17 (45 mg, 0.258 mmol) in MeCN 
(3 ml) yielded 103 mg (76%) of 18d. Colorless crystals. M.p. 162-164". IR (CHC1,): 3420m, 3360m, 3060w, 
3030w, 3000m, 2940w, 2860w, 1690s,1640m, 1595m, 1495s, 1470m. 1450m,1430m, 1390m, 1365m, 1280m, 1245s, 
1170m, 1150m, 1090m, 1015w, 975w, 960w, 910w, 860w, 700m. 'H-NMR: 7.51 (s, NH); 7.35-7.2 (m, 15 arom. H); 
6.43 (s, NH); 5.61 (s, OCONH): 5.12, 5.08 (2.7, 2 PhCH,O); 4.0-3.85 (m,  2 He, of CH,(2') and CH,(6)); 
3.26 (s, MeN); 2.88 ( I ,  J = 11.8, 2 Ha, of CH,(2') and CH,(6')); 2.1 -1.85 (m, CH,(3'), CH,(5')): 1.46, 
1.41 (2s, Me,C). l3C-NMR: 172.5, 172.4, 170.7(3s,3 C=O): 154.7, 154.0(2s,2 OCONH); 144.1, 135.6, 
135.0(3s, 3 arom. C): 129.1, 128.6, 128.4, 128.3, 127.9, 127.8, 127.8, 127.7, 127.2(9d, 15 arom. CH); 66.2(2, 
2 PhCH,O); 57.1, 56.8, 56.7 (3s, C(4'), 2 Me,C); 39.7 (q, MeN); 38.3 ( I ,  C(2'), C(6')): 30.5, 29.9 (22, C(3'), C(5')); 
24.8, 24.5 (29, 2 Me,C). ESI-MS: 694 (100, [M + Na]'). Anal. calc. for C,,H,,N,O, (671.79): C 65.15, H 6.75, 
N 10.42; found: C 65.90, H 6.61, N 10.15. 

4.7. Benzyl { 2-{ { 1- {{{l ,I -Dimefhyl-2- [methyl(phenyl) amino] -2-oxoethyl}mino}carbonyl} cyclohexyl}amino} - 
1 ,I-dimethyl-2-oxoethyl} curbamate (18 e ; Z-Aib- Ach- Aib-N(Ph)Me) . Benzyl { I ,  I-Dimethyl-2- { { 1 - { [methyl(phenyl) - 
~m~nojcarbonyl}cyclohexyl}amino}-2-oxoethyl}carbama~e (15e). Reaction of l e  (240 mg, 1.120 mmol) with Z-Aib 
(295 mg, 1.243 mmol) in CH,CI, (3 ml) according to Procedure C. Purification by FC yielded 412 mg (81 "A) of 
15e. Colorless crystals. M.p. 166-167". IR (CHCI,): 3430m, 3060w, 3020m, 3000s, 2930m, 2860m, 1705s, 1670s, 
1635s, 1595m, 1510.7, 1495s, 1460m, 1450m, 1420w, 1380m,1370m, 1350w, 1285m, 1250s, 1180m, 1130w, 1090m, 
1075m, 1030m, lOOOw, 950w, 930w, 900w, 700m. 'H-NMR: 7.35-7.05 (m,  10 arom. H); 6.70 (s, NH); 
4.95(3,PhCH2O);4.86(s,NH);3.l3(s,MeN);2.04(d,J- 13.6,2H):1.77(r,J= 12.9,2H);1.55-1.45(m,3H); 
1.37 (s, Me,C); 1.3-1.1 (m,  3H). I3C-NMR: 172.9, 172.6 (2s, 2 C=O); 155.4 (s, OCONH); 145.4, 136.1 (2.7, 
2 arom. C); 129.0, 128.5, 128.2, 128.1, 127.4, 127.1 (6d, 10 arom. CH); 66.6(t, PhCH,O): 60.4, 57.3 (2s, C(4'), 
Me,C); 41.3 (q. MeN): 32.9 ( I ,  2 CH,): 25.4 (q, Me,C); 25.0, 21.4 (21, 3 CH,). ESI-MS: 474 (100, [M + Na]'). 
Anal. calc. for C,,H,,N,O, (451.57): C 69.16, H 7.37, N 9.31: found: C 69.08, H 7.21, N 9.33. 

l-{(2-~(BenzyloxycarbonyI/amino]-2-methylpropanoyl}amino~cyclohexane-I-carboxylic Acid (16e). Accord- 
ing to Procedure D, 15e (154 mg, 0.341 mmol) in THF (2 ml) at 0" was treated with 6~ HC1 (2 ml, 4 h). FC and 
recrystallization yielded 106 mg (86%) of 16e. Colorless crystals. M.p. 157- 159". IR: 3430m, 3300m, 3030m, 
3000m, 2970m, 2920m, 2860m, 172Os, 17OOs, 166Os, 15303, 1505s, 1470m, 1450m, 1420m, 1380m, 13601v, 1290m, 
1260m, 12503, 1215w, 1170m, lOXOs, 1030w, 1015w, 965m, 940w, 920w, 870w, 780w, 750m, 700m. 'H-NMR: 
7.35-7.25 (m, 5 arom. H): 6.97, 5.49 (2s, 2 NH); 5.10 (s, PhCH,O): 2.05-2.0, 1.85-1.7, 1.6-1.55 (3m, 7H): 
1.52 (s, Me,C): 1.4-1.25 (m. 3H). I3C-NMR: 177.2, 174.8 (2s, 2C=O); 155.8 (s, OCONH); 136.1 (s, 1 arom. C); 
128.6, 128.3, 128.1 (3d, 5 arom. CH): 67.0 ( I ,  PhCH,O); 59.0, 57.3 (2.7, C(4), Me,C); 31.9 ( 1 ,  2 CH,); 
25.4 (q,  Me,C): 25.1, 21.2 (21, 3 CH,). CI-MS: 380 (31, [M + 1 + NH,]'), 363 (100, [ M  + 1]+), 345 (83, 
[ M  - OH]'), 272 (57, [M - PhCH,]'). Anal. calc. for C,,H,,N,O, (362.43): C 62.97, H 7.23, N 7.73: found: 
C 63.20, H 7.26, N 7.80. 

Curbamate 18e. According to Procedure C,  16e (420 mg, 1.159 mmol) and 17 (245 mg, 1.406 mmol) in THF 
(5 ml) yielded 475mg (76%) of 18e. Colorless crystals. M.p. 190-192". IR (CHCI,): 3420m, 3360n1, 3060w, 
3040m, 3000s, 2940m, 2860m, 1715s, 1680s: 1640s, 1595~1, 14953, 1455s, 1390m, 1365m, 1240s, 1170m, 1120w, 
1090s, 1075~1, 1030w, 1015w, lOOOw, 975w, 950w, 925w, 900w, 700m. 'H-NMR: 7.42 (s, NH); 7.35-7.2 (m, 
10arom.H);6.20,5.58(2s,2NH);5.10(s,PhCH,O):3.28(s,MeN);2.0-1.95,1.9-1.8,1.6-1.55(3m,7H);1.48, 
1.43 (2s, 2 Me,C); 1.25-1.2 (m, 3 H). "C-NMR: 173.6, 173.4, 173.1 (33, 3 C=O); 155.9 (3, OCONH): 145.7, 
136.4(2s, 2 arom. C); 128.9, 128.6, 128.3, 127.7, 127.6, 126.7 (64 10 arom. CH): 66.8 ( I ,  PhCH,O): 59.9, 57.6, 
57.4 (3s, C(4), 2 Me,C); 40.3 (q, MeN); 31.6 ( I ,  2 CH,); 25.9, 25.4 (2q, 2 Me,C); 25.1, 21.3 (21, 3 CH,). ESI-MS: 

497 (15, [ M  - OH + NH,]'), 346 (100, [M - PhCH,OCO]+). 
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559 (100, [ M  + Na]'), 537 (21, [ M  + I]'). Anal. calc. for C,,H,,N,O, (536.67): C 67.14, H 7.51, N 10.44; found: 
C 67.05, H 7.25, N 10.67. 

5. Deprotection of Tripeptides Z-Aib-Xuu-Aib-N(Ph)Me. 5.1. Grnerul Procedure E: Hydro~enolysis. To a soh. 
of 18 in MeOH, 10% of the catalyst (10% Pd/C) was added, and the suspension was stirred under H, at r.t. until 
18 disappeared (DC). Filtration through a Celite pad, evaporation, and drying i . v .  or crystallization yielded the 
corresponding tripeptide amide 21. 

5.2. 4-[(2-Amino-2-1nethylpropanoyl)cwino~-N-(1,1-ditnethyl-2-[methyl(phen,vl)amino]-2-oxoethyl) tetruh.vilro- 
2H-pyrun-4-curboxumide (21 a). According to Procedure E, 18a (116 mg, 0.215 mmol) in MeOH (3 ml) was 
hydrogenated: 87 mg (99%) of 21a. Colorless solid. IR (CHCI,): 3350m (br.), 2960m. 2920m,2860m, 1650s (br,), 
1590m,1500s, 1470nz, 1450m, 1390m, 1360m, 1290m,1250m, 1215m, 1200m, 1145w, 1110m, 1090m. 1070m, 980w, 
920w, 830w, 770~1, 705m. 'H-NMR (CD,OD): 8.55 (s, NH); 7.4-7.3 (m, 5 arom. H); 3.85-3.75, 3.65- 
3.55 (2m, CH,(2), CH2(6)); 3.35 (.s, MeN); 2.1 -2.0 (m, CH,(3). CH,(5)); 1.43, 1.33 (2s, 2 Me,C). "C-NMR 
(CD,OD): 178.4. 173.8, 173.2 (3.7, 3 C=O); 144.9 (s, arom. C); 128.9, 127.3 (24 5 arom. CH); 62.8 ( t .  C(2). C(6) ) ;  
57.3, 56.7, 54.5 (3s, C(4), 2 Me,C); 31.5 ( 1 ,  C(3), C(5));  27.0, 24.8 (29, 2 Mr,C). CI-MS: 406 (21), 405 (100, 
[ M  + l]'), 298 (40). 

5.3. tert-Butyl 4-[(2-Amino-2-melhylpropunoy[/uminoJ-4-((~l,1-dimethyl-2-[methyl(phenyl~amino]-2-oxo- 
e~hyl)amino)curbonyl)piperidinr-l-curbo.rylu~e (21c). According to Procedure E, 18c (105 mg, 0.164 mmol) in 
MeOH (5 ml) was hydrogenated: 80 mg (97%) of 21c. Colorless crystals. M.p. 70- 72". IR (CHCI,): 3300m, 
3020m, 2920~,2860w, 1680s, 1595m,1490m, 1450n1,1430m. 1390m, 1370m,1280m, 1250m, 1245m, 1170m, 1150m, 
1120w, 1090w, 1070~. 'H-NMR: 8.13, 7.99 (2s,2 NH); 7.4-7.2 (m, 5 arom. H); 3.90 (br. d, J =  12.0, 2 H,, of 
CH,(2) and CH,(6)); 3.26 (s, MeN); 2.91 (br. t ,  J = 11.2, 2 Ha, of CH2(2) and CH,(6)); 2.1 -1.9 (m, CH,(3), 
CH,(5)); 1.45 (s, Me,C); 1.30, 1.35 (2s, 2Me2C). ',C-NMR: 178.1,173.5,171.6 (3s, 3 C=O); 154.5 (s, OCONH); 
144.5(s, 1 arom. C); 129.2, 128.2, 127.7(3d, 5 arom. CH); 79.6(.s, Me,C); 58.0, 55.2(2s, C(4), 2 Me2C); 
41.2 (q,  MeN): 38.8 ( t ,  C(2), C(6)); 31.2 (1 ,  C(3), C(5)); 28.8, 28.3, 25.5 (39, Me,C, 2 Me,C).  ESI-MS: 526 (17, 
[ M  + Na]+), 504 (100, [ M  + 11'). 397 (44). 

5.4. 2- { { { 4- { {2- [(Benzyloxycarbonyl) amino] -2-metl~ylpropuno~~l)unzino) letruhydro-2H -pyruu -4-yl}curbonyl} - 
umino}-2-methylpropanoic Acid (20a). According to Procedure D ,  18a (100 mg, 0.1 86 mmol) was hydrolyzed in 
THF/~N HCI 1 : 1 (4 ml) for 4 h. FC (CH,Cl,/MeOH 10: 3 )  yielded, 82 mg (98 %) of 20a. Colorless crystals. M.p. 
135-137". IR (CHCI,): 3440~,3420cv, 3340n1,3300m, 2980m. 2940nz,2840w, 1710s, 1650s, 1530s, 1490s, 145Sm, 
1385m. 1370~1, 1305m, 1270s, 1225~1, 1180m, 1110m, 1020m. 970~1, 930~1, 910m. 'H-NMR (CD,OD): 7.66, 
7.43 (2s 2 NH); 7.45 7.25 (m. 5 arom. H); 5.12 (s. PhCH,O); 3.8-3.7, 3.6 3.5 (2m, CH,(2'), CH,(6)); 2.15- 
2.05 (m. 2 H,, of CH,(3') and CH,(5')); 1.90 (d, J = 13.8, 2 He,, of CH,(3') and CH,(5')); 1.47, 1.44 (2s, 2 Me,C). 
',C-NMR (CD,OD): 178.3, 176.7, 175.0 (3s, 3 C=O); 157.9 (,Y, OCONH); 138.2 (s, 1 arom. C); 129.6, 129.2, 
128.9 ( 3 d  5 arom. CH); 67.7, 64.4 (2t, PhCH,O, C(2'), C(6')); 58.4, 58.1, 57.3 (3s, C ( 4 ) ,  2 Me,C); 33.1 (1. C(3'). 
C(5')); 25.7, 25.2 (29, 2 Me,C). CI-MS: 450 (31, [ M  + l]+), 359 (66), 358 (52), 342 (loo), 316 (62). Anal. calc. for 
C,,H,,N,O, (449.50): C58.79, H6.95,N9.35; found: C58.70, H6.95,N9.19. 

5.5. 2-{{{4-{/2-(~Benzyloxycurbonyl)umino]-2-methylpropano~l~amino}tetruhydro-2H-thiopyrun-4-yl~~ur- 
honyl}amino}-2-methylpropanoic Acid (20b). According to Proredurc D ,  18b (150 mg, 0.270 mmol) was hy- 
drolyzed in THF/~N HCI 1 :1 (4ml) for 4 h. FC (CH,Cl,/MeOH 10:l) yielded 109 mg (87%) of 20b. Colorless 
crysta1s.M.p. 183". IR: 3300s(br.), 3030m, 2980m,2940m, 1745s. 1700s, 1660.~, 1585w, 1530.~, 1520s, 1510.s, 1470m. 
1455m, 1440~2, 1390~ 1365m. 1315s, 1280m, 1260.s, 1225~1, 1170~1, 1080m. 1 0 3 0 ~ .  1020~3, 975w, 945w, 920~1, 
900w, 870w, 820~. 790w, 740m, 695m. 'H-NMR ((D,)DMSO): 7.55 (s, NH); 7.4-7.3 (m. 5 arom. H); 7.26, 
7.19(2s,2NH);5.07(s,PhCH,O);2.7-2.65,2.5-2.45,2.35-2.3,1.95-1.85(4m,4CH,);1.35,1.29(2s,2Me,C). 
I3C-NMR ((D,)DMSO): 175.4, 173.4, 172.6 (3.7, 3 C=O); 155.4(s, OCONH); 136.7 (s, 1 arom. C); 128.3, 127.8, 
127.6 ( 3 4  5 arom. CH); 65.4 (I ,  PhCH,O); 57.6, 56.4, 54.7 (3s, C(4) .  2 Me,C); 32.3 ( I ,  C(3). C(5')); 25.0, 

5.6. 2-{{{ f - (Benzyloxycurhonyl) -4-{ {2-((benz.vl~~.wycurhonyl) aminol-2-meth~~lpropunoyl} umino}piperidin-4-,vl~ 
c~irbonyl}amino)-Z-methylpropunoic Acid (20d). According to Procedure D ,  18d (122 mp, 0.182 mmol) was hy- 
drolyzed in T H F / ~ N  HC1 1 : I  (4 ml) for 4 h. FC (CH,Cl,/MeOH/AcOH 100:S:l) yielded 92 mg (87%) of20d .  
Colorless solid. M.p. 142-145". IR: 3350m (br.), 3020~,2980w, 2920m, 1700s, 3670s, 1590m, 1530s, 1470w, 1450s, 
1385m, 1365m, 1280nz, 1250s, 1160w, 1090m. 1075m. 1025w, 975~. 'H-NMR (CD,OD): 7.70 (s, NH); 7.35-7.2 
(m, 10 arom. H ); 5.12, 5.08 (2s, 2 PhCH,O); 3.83 (br. d, J = 13.7, 2 H,, of CH,(2') and CH,(6')); 3.00 (.t' ,  2 H,, 
of CH2(2') and CH,(6)); 2.05-1.9 (m, CH2(3'), CH,(5')); 1.45, 1.44 (2s, 2 Me,C). ',C-NMR (CD,OD): 175.7, 
173.2(2s, 3 C=O); 156.1, 155.2(2.s,2 OCONH); 136.6, 136.5(2~,2 arom. C); 128.1, 128.0, 127.1, 127.5 (44 10 
arom. CH); 66.9, 66.2 (21. 2 PhCH,O); 57.8, 57.0, 56.6 (3s ,  C ( 4 ) ,  2 Me,C); 39.2 ( t .  C(27 C(6)): 30.9 ( t .  C(3 ' ) ,  
C(5')); 24.3, 23.9 (29, 2 Me,C). ESI-MS: 605 (100, [ M  + Na]+). 

24.4 (29, 2 Me2C);  22.4 ( I ,  C(2), C(6)). ESI-MS: 488 (100, [ M  + Na] I ) .  
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6 .  Solvent Dependence of the Chemical Shifts of the NH Groups of the Tripeptides Z-Aib-Xaa-Aih-N(PhJMe 
18 (see Fig. 6). The tripeptides 18a- e were dissolved in CDCl, (c Y 0.2M) and the chemical shifts of the 
NH groups determined at ca. 30”. Then, using a syringe, 2, 4,6,8, 10, and 12% (v /v )  of (DJDMSO were added, 
and after each addition, the chemical shifts were determined again. 

7. Crystal-Strucrure Determination ofl8a- e and20a (see Table4 and Figs. 1 - 3 ,  5 ,  7 ,  and 8)4). Allmeasure- 
ments were made on a Rigaku AFC5R diffractometer using graphite-monochromated MoK, radiation (h  
0.71069 A) and a 12 kW rotating anode generator. The intensities were corrected for Lorentz and polarization 
effects, but not for absorption. Data collection and refinement parameters are listed in Table 5 ,  views of the 
molecules and packing diagrams are shown in Figs. 1-3,  7, and 5 and 8, resp. The structures were solved by direct 
methods using SHELXS86 1491, which revealed the positions of all non-H atoms. For 18a- e, the non-H atoms 
were refined anisotropically. All of the H-atoms were located in difference electron density maps, and their 
positions were allowed to refine together with individual isotropic displacement parameters. For 20a, the asym- 
metric unit contains a rotationally disordered CHCl, molecule, but it was difficult to model the disorder adequate- 
ly. Two positions with relative occupation factors of 3: 1 were defined for one C1-atom only, and the remaining 
atoms were retained as single entities. All non-H-atoms were refined anisotropically. The amide and hydroxy 
H-atoms were fixed in the positions indicated by a difference electron density map, while all other H-atoms were 
fixed in geometrically calculated positions (d(C-H) = 0.95 A). Each H-atom was assigned a fixed isotropic 
displacement parameter with a value equal to 1.2 Ucq of the atom to which it was bonded. Refinements of the 
structures were carried out on F using full-matrix least-squares procedures which minimized the function 
x w ( J < I  - IfJ)* where w = [02(F, )  + (0.00s F,)’]-’ .  Acorrection for secondary extinction was applied in thecases 
of 18a, 18b, and 18d. Neutral atom scattering factors for non-Hi-atoms were taken from [SOa] and the scattering 
factors for H-atoms from [Sl]. Anomalous dispersion effects were included in F, [52]; the values forf’ andf” were 
those of [50 b]. All calculations were performed using the TEXSAN crystallographic software package [53]. 

REFERENCES 

[I] E. Benedetti, C. Toniolo, in ‘Polymeric Materials’, Ed. J. C. Salamone, CRC Press, New York, 1996, Vol. 8, 

[2] C. Toniolo, M. Crisma. F. Formaggio, G.  Valle, G. Cavicchioni, G. Precigoux, A. Aubry, J. Kamphuis, 

[3] C. Toniolo, M. Crisma, G. Valle, G. M. Bonora, S. Polinelli, E. L. Becker, R. J. Freer, R. Sudhanand. 

[4] a) P. Wipf, H. Heimgartner, Helv. Chim. Acta 1988, 7 f ,  258; b) P. Wipf, R. W. Kunz, H. Heimgartner, ibid. 

[5] M. Sahebi, P. Wipf, H. Heimgartner, Tetrahedron 1989, 45, 2999. 
[6] H. Heimgartner, Angew. Chem. Int. Ed. 1991, 30, 238. 
[7] A. W. Coulter, J. B. Lombardini, J. R. Sufrin, P. Takalay, Mol. fharm. 1974, 10, 319. 
[8] N. J. Lewis, R. L. Inloes, J. Hes, R. H. Matthews, G. Milo, J Med. Chem. 1978, 21, 1070. 
[9] M. Sukumar, P. A. Raj, P. Balaram, E. L. Becker, Eiochem. Biophys. Res. Commun. 1985, f28, 339. 

[lo] C. A. Fink, Y Qiao, C. J. Berry, Y. Sakane, R. D. Ghai, A. J. Trapani, 1. Med. Chem. 1995,38, 5023. 
1111 P. Wipf, H. Heimgartner, Helv. Chim. Actu 1990, 73, 13. 
[I21 J. M. Villalgordo, H. Heimgartner, Tetrahedron 1993, 49, 7215. 
[I31 W. Altherr, Dissertation, Universitat Zurich, 1994; W. Altherr, H. Heimgartner, in ‘Peptides 1990’. Eds. 

E. Giralt and D. Andreu, Escom, Leiden, 1991, p. 107; in ‘Peptides 1992’, Eds. C. H. Schneider and 
A. N. Eberle, Escom, Leiden, 1993, p. 387. 

p. 6472; C. Toniolo, E. Benedetti, Macromolecules 1991, 24, 4004. 

Biopolymers 1993, 33, 1061. 

R. Balaji Rao, P. Balaram, M. Sukumar, f ep t .  Res. 1989, 2 ,  275. 

1988, 71, 268. 

[14] C. B. Bucher, A. Linden, H. Heimgartner, Helv. Chim. Acta 1995, 78, 935. 
[15] R. Luykx, C. B. Bucher, A. Linden, H. Heimgartner, Helv. Chim. Acta 1996, 79, 527; C. B. Bucher. 

H. Heimgartner, ihid. 1996, 79, 1903. 

4, Crysta~lographic data (excluding structure factors) for the structures reported in this paper have been 
deposited with the Cambridge Crystallographic Data Cenrre as supplementary publication no. CCDC-10/52. 
Copies of the data can be obtained, free of charge, on application to the Director, CCDC, 12 Union Road. 
Cambridge CB2 lEZ, UK (fax: + 44-(0) 1223-336033, or e-mail: teched@ccdc.cam.ac.uk). 



L
 

V
I 

V
I 

N
 

Ta
bl

e 4
. C

ry
st

al
lo

gr
ap

hi
c 

D
at

a 
of

 C
om

po
un

ds
 1

8a
- 

e 
an

d 
20

a 

18
a 

18
 b 

18
c 

18
 d 

18
 e 

20
 a 

C
ry

st
al

liz
ed

 fr
om

 
Em

pi
ric

al
 fo

rm
ul

a 
Fo

rm
ul

a 
w

ei
gh

t 
C

ry
st

al
 c

ol
or

, h
ab

it 
C

ry
st

al
 d

im
en

si
on

s 
[m

m
] 

Te
m

pe
ra

tu
r [

K
] 

C
ry

st
al

 s
ys

te
m

 
Sp

ac
e 

gr
ou

p 
z R

ef
le

ct
io

ns
 fo

r c
el

l d
et

er
m

in
at

io
n 

20
 r

an
ge

 f
or

 c
el

l d
et

er
m

in
at

io
n 

[“I 
U

ni
t c

el
l p

ar
am

et
er

s 
a 

[A
] 

h 
“41

 
c 
[4
 

B 
[“

I 
v [

A3
] 

D,
 Is 

cm
 -
 3

1 

A
M

O
K

,) 
lm

m
-’

l 

28
,,,,,

 
[A

1 
Sc

an
 ty

pe
 

To
ta

l r
ef

le
ct

io
ns

 m
ea

su
re

d 
Sy

m
m

et
ry

-in
de

pe
nd

en
t r

ef
le

ct
io

ns
 

R
ef

le
ct

io
ns

 u
se

d 
[I

 >
 2

u(
1)

] 
Pa

ra
m

et
er

s 
re

fin
ed

 
Fi

na
l 

R
 

W
R

 

G
oo

dn
es

s 
of

 t
it

 
Se

co
nd

ar
y 

ex
tin

ct
io

n 
co

ef
fic

ie
nt

 
Fi

na
l 

A
,,,J

u 
dp

(m
ax

; m
in

) 
[e

A
-’

] 
R

an
ge

 o
f 

u(
d(

C
-C

))
 

[A
] 

M
eC

N
 

53
8.

64
 

co
lo

rle
ss

, p
ris

m
 

0.
23

 x
 0

.3
8 

x 
0.

40
 

17
3(

1)
 

m
on

o c
 1 in

 i c
 

4 25
 

37
-4

0 
17

.4
61

(3
) 

16
.5

76
(6

) 
9.

74
1(

3)
 

92
.6

0(
2)

 
28

16
(1

) 
1.

27
0 

0.
08

90
 

55
 

69
04

 
64

65
 

39
37

 [
I >

 3
u(

1)
] 

50
5 

0.
04

16
 

0.
03

79
 

1.
75

7 
3.

80
 

lo
-’

 
0.

00
03

 

0.
00

3-
0.

00
4 

C
,,H

,*
N

40
6 

P2
,ln

 

4
2

8
 

0.
20

; 
-0

.2
3 

M
eC

N
 

M
eC

N
 

co
lo

rle
ss

, p
ris

m
 

0.
20

 x
 0

.4
0 

x 
0.

45
 

17
3(

1)
 

m
on

oc
lin

ic
 

4 25
 

24
-2

6 
11

.9
63

(4
) 

18
.1

 22
(3

) 
14

.1
 33

(4
) 

10
6.

39
(2

) 
29

39
(1

) 
1.

25
3 

0.
15

4 

50
 

56
24

 
51

72
 

36
96

 
50

5 
0.

04
63

 
0.

04
51

 
2.

05
6 

0.
00

03
 

0.
25

; 
-0

.2
6 

0.
00

4-
0.

00
5 

P2
,l

fl
 

04
/2

0 

3.
64

. 
10

-7
 

co
lo

rle
ss

, p
ris

m
 

0.
25

 x
 0

.3
8 

x 
0.

40
 

17
3(

1)
 

m
on

oc
lin

ic
 

4 25
 

38
-4

0 
12

.6
45

(3
) 

17
.2

00
(4

) 
16

.9
74

(2
) 

10
2.

66
(1

) 
36

02
(1

) 
1.

20
9 

0.
08

65
 

04
/2

0 
55

 
89

29
 

82
69

 
47

97
 

62
0 

0.
04

93
 

0.
03

82
 

1.
72

4 

P2
,l

n 

0.
00

03
 

0.
27

; 
-0

.2
3 

0.
00

3 -
 0.

00
5 

M
eC

N
 

67
1.

79
 

co
lo

rle
ss

, p
ris

m
 

0.
33

 x
 0

.3
8 

x 
0.

50
 

17
3(

1)
 

m
on

oc
lin

ic
 

4 25
 

39
-4

0 
9.

83
0(

6)
 

16
.2

59
(5

) 
90

.2
4(

4)
 

1.
26

2 
0.

08
80

 
04

/2
8 

60
 

10
87

8 
10

29
3 

65
09

 [
I >

 3
u(

1)
] 

62
3 

0.
04

93
 

0.
04

64
 

2.
17

6 
1.

84
 . 

lo
-’

 
0.

00
03

 
0.

31
; 

-0
.3

4 
0.

00
2-

0.
00

3 

c3
 7

H
4 5

N
50

7 

P2
,l

c 

22
.1

2(
1)

 

35
35

(3
) 

C
H

C
lJ

he
xa

ne
 

53
6.

67
 

co
lo

rle
ss

, p
ris

m
 

0.
23

 x
 0

.3
8 

x 
0.

45
 

17
3(

1)
 

m
on

oc
lin

ic
 

4 25
 

33
-4

0 
11

.9
49

(2
) 

18
.2

30
(3

) 
14

.1
 30

(2
) 

10
6.

71
( 1

) 
29

48
.1

(8
) 

1.
20

9 
0.

08
30

 
04

/2
8 

60
 

92
21

 
85

94
 

49
84

 
51

2 
0.

05
10

 
0.

04
17

 
1.

59
4 

0.
00

04
 

0.
27

; 
-0

.1
9 

0.
00

2-
0.

00
4 

C,
,H

,O
N

,O
5 

-
 

C
H

C
lJ

he
xa

ne
 

C
,,H

,,N
,O

,~
 

C
H

C
I, 

56
8.

88
 

co
lo

rle
ss

, p
la

te
 

0.
12

 x
 0

.4
0 

x 
0.

43
 

17
3(

1)
 

m
on

oc
lin

ic
 

4 25
 

29
-3

7 
13

.0
08

(3
) 

19
.0

63
(4

) 
11

.8
1 3

(4
) 

10
1.

75
(2

) 
28

68
(2

) 
1.

31
7 

0.
36

3 

50
 

54
75

 
50

36
 

28
02

 
33

4 
0.

07
60

 
0.

07
07

 
2.

95
3 

0.
00

4 
0.

45
; 

-0
.4

9 
0.

00
8-

0.
01

 

P2
,lC

 

04
/2

0 

-
 

..-
 

$ m
 

0
 

h
 

L
 

W
 

W
 
.l v
 



HELVETICA CHIMICA ACTA - Vol. 80 (1997) 1553 

[16] I. Dannecker-Dong, Dissertation, Universitat Zurich, 1995 ; 1. Dannecker-Dorig, H. Heimgartner, in ‘Pep- 

(171 D. Obrecht, H. Heimgartner, Helv. Chim. Acta 1987, 70, 329; ibid. 1990, 73, 221. 
[18] F. Magirius, Dissertation, Universitat Zurich, 1995. 
[19] J. M. Villalgordo, H. Heimgdrtner, Helv. Chim. Acta 1997, 80, 748. 
[20] R. Nagaraj, N. Shamala, P. Balaram, J.  Am. Chem. Soc. 1979, 101, 16. 
1211 R. Bosch, G. Jung, K.-P. Voges, W. Winter, Liebigs Ann. Chem. 1984, 1117. 
[22] E. Benedetti, C. Toniolo, P. Hardy, V. Barone, A. Bavoso, B. Di Blasio, P. Grimaldi, F. Lelj, V. Pavone, 

C. Pedone, G. M. Bonora, I. Lingham, J.  Am. Chem. Soc. 1984, 106, 8146. 
[23] R. Bardi, A. M. Piazzesi, C. Toniolo, M. Sukumar, P. A. Raj, P. Balaram, Int. J.  Pept. Protein Res. 1985,25, 

628; R. Bardi, A. M. Piazzesi, C. Toniolo, M. Sukumar, P. Balaram, Biopolymers 1986, 25, 1635; P. K .  C. 
Paul, M. Sukumar, R. Bardi, A. M. Piazzesi, G. Valle, C. Toniolo, P. Balaram, J.  Am. Chem. Soc. 1986, 108, 
6363. 

[24] E. Benedetti, B. Di Blasio, V. Pavone, C. Pedone, A. Santini, G. Crisma, G. Valle, C. Toniolo, Biopolymers 
1989, 28, 175. 

[25] P. Wipf, Dissertation, Universitat Zurich, 1987. 
[26] I. Torrini, G. Pagani Zecchini, M. Paglialunga Paradisi, G. Lucente, E. Gavuzzo, F. Mazza, G. Pochetti, 

[27] S. Spisani, S. Traniello, A. L. Giuliani, I. Torrini, G. Pagani Zecchini, M. Paglialunga Paradisi, E. Gavuzzo, 

[28] I. Torrini, G. Pagani Zecchini, M. Paglialunga Paradisi, G. Lucente, E. Gavuzzo, F. Mazza, G. Pochetti, 

I291 M. E. Ferretti, S. Spisani, M. C .  Pareschi, M. Buzzi, R. Cavallaro, S. Traniello, E. Reali, I .  Torrini, 

[30] M. Paglialunga Paradisi, I. Torrini, G. Pagani Zecchini, G. Lucente, E. Gavuzzo, F. Mazza, G. Pochetti, 

[31] 0. H. Oldenziel, A. M. van Leusen, Tetrahedron Lett. 1973, 16, 1357. 
[32] M. Bodanszky, ‘Principles of Peptide Synthesis’, Springer Verlag, Berlin, 1984, p. 37. 
[33] a) J. M. Villalgordo, H. Heimgartner, Helv. Chim. Acta 1992, 75, 1866; b) M. Rens, L. Ghosez, Tetrahedron 

[34] P. Wipf, H. Heimgartner, Helv. Chim. Acta 1988, 71, 140. 
[35] C. K. Johnson, ‘ORTEP 11. Report ORNL-5138’, Oak Ridge National Laboratory, Oak Ridge, Tennessee, 

[36] I. Dannecker-Dorig, A. Linden, H. Heimgartner, unpublished results. 
1371 N. Shamala, R. Nagaraj, P. Balaram, J.  Chem. Soc., Chem. Commun. 1978,996; Ch. Pulla Rao, N .  Shamabd, 

[38] E. Benedetti, A. Bavoso, B. Di Blasio, V. Pavone, C. Pedone, M. Crisma, G. M. Bonora. C. Toniolo. J.  Am. 

[39] G. Valle, M. Crisma, C. Toniolo, Z .  Kristallogr. 1989, f88, 261. 
(401 B. Di Blasio, A. Santini, V. Pavone, C. Pedone, E. Benedetti, V. Moretto, M. Crisma, C. Toniolo, Struct. 

[41] E. Benedetti, C. Pedone, C. Toniolo, M. Dudek, G. Nemethy, H. A. Sheraga, I n t .  J.  Pept. Protein Res. 1983, 

[42] C. Toniolo, G. Valle, G. M. Bonord, M. Crisma, F. Formaggio, A. Bavoso, E. Benedetti, B. Di Blasio, 

[43] G. D. Rose, L. M. Gierasch, J. A. Smith, Adv. Protein Chem. 1985, 37, 1 .  
[44] J. Bernstein, R. E. Davis, L. Shimoni, N.-L. Chang, Angew. Chem. Znt. Ed. 1995, 34, 1555. 
[4S] H. Kessler, Angew. Chem. 1982, 94, 509; F. Maser, K. Bode, V. N. R. Pillai, M. Mutter, Adv. Polymer Sci. 

[46] C. Toniolo, Br. Polymer J.  1986, f8, 221 ; C. Toniolo, E. Benedetti, C. Pedone, Gazz. Chim. Ztal. 1986, ff6, 

[47] C. Strassler, Dissertation, Universitat Zurich, 1997; C. Strassler, A. Linden, H. Heimgartner, in preparation. 
[48] V. Pavone, E. Benedetti, V. Barone, B. Di Blasio, F, Lelj, C. Pedone, A. Santini, M. Crisma, G. M. Bonora, 

[49] G. M. Sheldrick, ‘SHELXS86‘, Acra Crystallogr., Sect. A 1990, 46, 467. 

tides 1990, Eds. E. Giralt and D. Andreu, Escom, Leiden, 1991, p. 460. 

S. Spisani, A. L. Giuliani, Znt. 1. Peptide Protein Res. 1991, 38, 495. 

E Mama, G. Pochetti, G. Lucente, Biochem. Znt. 1992, 26, 1125. 

S. Traniello, S. Spisani, G. Cerichelli, Biopolymers 1994, 34, 1291. 

M. Paglialunga Paradisi, G. Pagani Zecchini, Cell. Signalling 1994, 6, 91. 

Tetrahedron 1995, 51, 2379. 

Lett. 1970, 43, 3765. 

1976. 

R. Nagaraj, C. N. R. Rao, P. Balaram, Biochem. Biophys. Res. Commun. 1981, 103, 898. 

Chem. Soc. 1982, 104, 2437. 

Chem. 1991, 2, 523. 

21, 163. 

V. Pavone, C. Pedone, Biopolymers 1986, 25, 2237. 

1984, 65, 177. 

355, and refs. cit. therein. 

C. Toniolo, Macromolecules 1988, 21, 2064. 



1554 HBLvBrlCA CHIMICA ACTA ~ VOI. 80 (I  997) 

[SO] a) E. N. Maslen, A. G. Fox, M. A. O’Keefe, in ‘International Tables for Crystallography’, Ed. A. J. C. 
Wilson, Kluwer Academic Publishers, Dordrecht, 1992, Vol. C, Table 6.1.1.1, p. 477; b) D. C.  Creagh, W. J. 
McAuley, hid., Table 4.2.6.8, p. 219. 

[51] R. F. Stewart, E. R. Davidson, W. T. Simpson, .I Chem. Phys. 1965, 42, 3175. 
[52] J. A. Ibers, W. C. Hamilton, Acra CryslaNogr. 1964, 17, 781. 
[53] ‘TEXSAN Single Crystal Structure Analysis Software, Version 5.0.’ Molecular Structure Corporation, The 

Woodlands. Texas, 1989. 


