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104. Transesterifications with 1,8-Diazabicyclo[5.4.0]undec-7-ene/Lithium 
Bromide (DBU/LiBr) - Also Applicable to Cleavage of Peptides from Resins in 

Merrifeld Syntheses 

by Dieter Seebach’, Adrian Thaler’), Denis Blaser’), and So0 Y. Ko2) 

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

(2 1. V. 9 1) 

A mixture of the amidine base 1,8-diazabicyclo[5,4.0]undec-7-ene (DBU) and LiBr (preferably 0.5 and 5 
equiv., resp.) turns out to be a highly efficient catalyst (at 0-25O) for saponifications (in THF/H20) and transester- 
ifications (in ROH). The scope and limitations of the method are determined using ca. two dozens of different 
ester/alcohol combinations (Schemes 2 and 3 ) .  The investigation is focused on peptides as substrates. Under 
carefully controlled conditions, no epimerization occurs with N-Boc- and N-Z-protected peptide esters, when 
methyl, ethyl, isopropyl, or ally1 esters are the products, as shown for peptides containing up to six amino acids, 
with Ala, Leu, MeLeu, Asp(OEt), or Tyr at the C-terminus (Scheme 3 and Tables 1 and 2). Hydrolytic and 
transesterifying detachments of Boc-Leu-Ala-Gly-Val-OR and Boc-Leu-Ala-Gly-Phe-OR (R = H, Me) from 
PAM and Wang resins (1-8 h at 0-25”, 2 equiv. of DBU, 5 equiv. of LiBr) can be achieved by this method without 
epimerization of the C-terminal stereogenic center; a comparison with other methods (HF, Ti(OR),) is given 
(Schemes 4 and 5 ) .  Possible protecting-group strategies involving the DBU/LiBr method are discussed (Table 3 ) .  
Extensive experimental details are given. 

In the course of our work on olefinations ‘A la Horner-Emmons- Wadsworth’ [l] with 
the phosphonate [2] and the highly efficient base system DBU’)/LiBr [3] shown in Scheme 
1, we noticed that traces of moisture led to rapid hydrolysis of the phosphonate ester at 
room temperature. Since such esters are normally not readily hydrolyzed, we embarked 
on a systematic investigation to test, whether saponifications and transesterifications 
could be generally effected under these conditions. 

There are numerous methods of achieving transesterifications and ester hydrolyses4) 
under acidic and basic conditions, with ester-cleaving enzymes’), with titanate@), with 
ion-exchange resins [8], with KF/crown ether [9], and with distannoxane [lo] to mention 

Scheme I 

’) 

2, 

’) DBU = 1,8-Diazabicyclo[5.4.0]undec-7-ene. 
,) 
’) 
6,  

Parts of the Ph.D. theses of A.T. (ETH Zurich, Dissertation No.9454, 1991) and of D.B. (ETH Zurich, 
Dissertation No. 9527, 1991). 
Postdoctoral research fellow, ETH-Zurich 1987-1989. Current address: Sandoz Institute of Medical Research, 
5. Gower Place, GB-London WClE 6BN. 

See the citations in [4] and [5]. 
See ref. 486489 in [6]. 
First described in patents, recently propagated by us [7]. 
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only a few. Also, the amidine base DBU - in solution [ 1 11 or polymer-bound [ 121 - has 
been recommended as catalyst for transesterifications, with the reactions carried out at 
elevated temperatures and with long reaction times. Our discovery was indicative of a 
strong accelerating effect of LiBr, which reminds of the beneficial influence lithium salts 
may have on the solubility of peptides [13] and on peptide coupling in solution and in 
solid-phase synthesis [14]. Since DBU/LiBr is known to be a strong base, in fact much 
stronger than DBU alone (at least in THF [l-3]), special attention was paid to the 
question, whether such conditions would be applicable to enolizable substrates with 
stereogenic centers in the CI -position to a carbonyl group. 

A) Simple Carboxylates. - As representative examples for DBU/LiBr-mediated 
transesterifications, we chose the esters shown in Scheme 2:  phenyl acetate la,  4-0x0- 

Scheme 2 

.c Ph-COOR 
0.5 equiv. of DBU I 5  equiv. of LiBr 

Ph-COOMe 

l a  ROH 1 b-g 

Conditions A: ROH as solvent, Conditions 6: 1-2 equiv. of ROH 
room temp. in THF/CH,CI, 3:1, 

5-A mol. sieves, reflux temp. 

R Conditions Reaction time [h] Yield [./.I ") 

l b  Et A 1 90 (dist.) 
c b, i-Pr A 4 94 (dist.) 
d CH,=CH-CH, A 2 98 (GC) 
e (Rj-Menthyl 6 (1 equiv.) 24 50 (FC) 
f MeOCH,CH, B (1 equiv.) 8 93 (GC) 
g Me,SiCH,CH, B (2 equiv.) 8 99 (GC) 

") Dist., yield of distilled product; GC, yield determined by gas chromatography: FC,,yield of 

b, Reverse reaction ( lc  --f la): Conditions A, 5 h, 95% (GC). 
product purified by flash chromatography. 

2a 3a (rac) 4a (RR) 

Cond. A 
85 % (dist.) 

4 h  1 Cond. A (2 equiv. of DBU) 
76 % (FC) 

2 h  1 Cond. A 
4 h 1 79% (dist.) 

2b 3b (rac) 4b (partially racemized) 
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pentanoate 2a, a bicyclic urethane 3a [15], and tartrate acetonide 4a7). With cheap and 
liquid alcohols, we dissolved the ester to be transesterified in neat alcohol (ca. 0.2-0.3~) 
and observed the reaction rate at room temperature in the presence of 0.5 equiv. of DBU 
and 2-5 equiv. of LiBr by TLC or GLC analysis of withdrawn samples ( - + l b d ,  2b, 3b, 
4b). With valuable alcohols, we used refluxing THF/CH,CI, as solvent and removed the 
lower-boiling alcohol formed by trapping in molecular sieves suspended in the vapor 
phase (see Exper. Part and Scheme 2 ) .  In all cases, transesterification occurred in high 
yields. With the dioxolanedicarboxylate 4, extensive racemization took place under these 
conditions (optical activity of 4b ca. 25%). Methyl 3-0x0-butanoate and methyl bro- 
moacetate could not be transesterified in EtOH or i-PrOH (decomposition): Also, la  
could not be converted to the tert- butyl ester under various conditions (thermodynami- 
cally and kinetically unfavorable8)). 

B) Transesterifications of Peptide Esters. -To test the possibility of interconversions 
between different peptide esters, we used the compounds 5-14 listed in Scheme 3 as 
starting materials. They were either prepared 'in house' (7a, 8a, 8b, 9a, 10a, and l la )  from 
the corresponding amino acids or by esterification of N-protected peptide acids with 
CH,N, (5a, 14a9)), or they were supplied to us (6a, 12aI0), 13a")). The transesterifications 
were usually carried out by stirring solutions of the peptide esters in the corresponding 
alcohol in the presence of various amounts of DBU and Li salts at temperatures between 
0 and 25". The conversions were followed by TLC of withdrawn samples, and the degree 
of epimerization at the C-terminal amino acid of the products (see Scheme 3 )  was deter- 

Scheme 3 

PGXN q ! q N $ , O R  DBU, LiBr - 
I I R'OH 

n 0 - 25" H O R X H O  
n 

n=0-4 x = n + l  PG = protecting group 

Staffing materials 
Boc-Gly-Gly-OMe (5a) Z-Gly-Gly-OEt (6a) Boc-Phe-Ala-OMe (7a) 
Boc-Phe-Leu-OMe (Ea) Boc-Phe-Leu-OCH,Ph (Eb) Boc-Phe-Asp(0Et)-OEt (9a) 
Z-Ala-Leu-OMe (IOa) Z-Lys(Boc)-Ala-OMe (1 l a )  Boc-Ala-Sar-MeLeu-OCH,Ph (12a) 
Z-Arg-Lys(Z)-Asp(OCH,Ph)-Val-Tyr-OCH,Ph.HCI (13a) Boc-Abu-Sar-MeLeu-VaCMeLeu-Ala-OMe (14a) 

Products 
Boc-Gly-Gly-OEt (5b) Boc-Gly-Gly-OCHMe, (5c) Boc-Gly-Gly-OCH,Ph (5d) 
Boc-Phe-Ala-OEt (7b) Boc-Phe-Ala-OCHMe, (7c) Boc-Phe-Ala-OCH,CH=CH, (7d) 
Boc-Phe-Ala-OCMe, (7e) Boc-Phe-Leu-OEt (8c) Boc-Phe-Leu-OCHMe, (Ed) 
Boc-Phe-Asp(0Me)-OMe (9b) Z-Ala-Leu-OEt (lob) Z-Ala-Leu-OCHMe, (1Oc) 
2-Lys (Boc)-Ala-OCH,CH=CH, ( I l b )  Boc-Ala-Sar-MeLeu-OMe (12b) 
Z-Arg-Lys(Z)-Asp(0Me)-Val-Tyr-OMe.HCI (13b) Boc-Abu-Sar-MeLeu-Val-MeLeu-Ala-OEt (14b) 

') Compare wi th  the non-racemizing titanate transesterification 4a+4b [16] in i-PrOH heated at reflux. 
8, Cf: the unsuccessful attempts to prepare tert-butyl esters under titanate catalysis [7]. 
9, The peptide acids Boc-Gly-Gly-OH and Boc-Abu-Sar-MeLeu-Val-MeLeu-Ala-OH and the ester 6a were 

generously supplied to us by Sundoz Pharma AG, Basel (Dr. R. Wenger). 
lo) Prepared by  H .  Grundler [17]. 
' I )  Supplied by  Cilug AG, Schaffhausen (Dr. H .  Lehner). 
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mined by their total hydrolysis to free amino acids and GC analysis of the N-pentafluoro- 
propionyl isopropyl esters on the chiral stationary phase Chirasil- V a P  [18]. 

As can be seen from Table I ,  long reaction times and/or high temperatures lead to 
extensive epimerizations, not only of the C-terminal amino acid in Boc-Phe-Ala-OR but 
also of the N-terminal one (first two entries). On the other hand, use of the mildest 
possible conditions leads to rapid transesterification with practically no epimerization 
when going from methyl to ethyl, isopropyl, or ally1 esters. In most cases, LiBr was used 
as the salt additive with the substrate 7a, but LiCl and LiC10, work equally well12). Again, 
tert-butyl esters cannot be prepared, see last entry of Table 1. LiBF,, the Li-salt with the 
least nucleophilic anion, does not act as an accelerator in this DBU-catalyzed reaction13). 

1105 

Table 1. Transesterification of Boc-Phe-Ala-OMe (7a) to Boc-Phe-Ala-OR in ROH with DBUILiX, Using Different 
Reaction Conditions 

Conditions Product 

Alcohol Salt DBU Temp. Time No. Yield Starting Ratio 
[equiv.] [equiv.] ["I [ %] mat. [%I") L-Ala/D-Alab) 

MeOH 10LiBr 2 25 4 d  7aC) 81 - 54: 46d) 
MeOH 10LiBr 2 65 3 h  7aC) 68e) - 52 : 48') 
EtOH 5LiBr 0.5 25 6min 7b 96 < 2  96:4 
EtOH 5LiBr 0.5 25 90min 7b 97 < 2  84: 16 
Me C H 0 H 5 LiBr 0.5 25 90min 7c 93 < 2  83: 17 
Me2CHOH SLiC10, 0.5 25 90min 7c 94 6 2  74:26 

Me C H 0 H 5LiBr 0.5 25 45min l c  95 9 92: 8 
Me C H 0 H 2 LiBr 0.5 25 90min l c  95 < 2  87: 13 
Me2CHOH 2LiBr 2 25 90min 7c 92 6 2  82: 18 
Me2CHOH 5LiBr 0.5 -10 44h 7c 88 4 96:4 

Me2CHOH SLiBF, 0.5 25 90min 7c 79) 93 - 

MezCHOH SLiBr 0.5 0 16h 7c 88 < 2  95:s 
CH2=CHCH20H 5LiBr 0.5 0 6 h  7d 91 3 95:s 
Me,COH 5 LiBr 0.5 25 54hh) 7e 129 88 55 : 45') 

The amount of starting material was determined by 'H-NMR spectroscopy. 
The degree of epimerization in the peptide follows from the determination of enantiomeric purity of the free 
amino acids (see text and Exper. Part) .  
The ratio of L- to D-alanine of the starting material 7a was 97: 3. 
The L- to D-phenylalanine ratio was 90: 10. 
After flash chromatography (no enrichment of a diastereoisomer). 
The L- to D-phenylalanine ratio was 72:28. 
Judged from the 'H-NMR spectrum. 
A 1 : 1 mixture of Me,COH and THF was used as solvent. 
Ratio of the two diastereoisomers (L,L and L,D) bv 'H-NMR. 

Neither DBU in the absence of LiBr, nor Et3N or (i-Pr),NEt (Hiinig base) in the presence 
of LiBr, nor LiBr alone cause transesterifications to any appreciable extent under the 
conditions used for the DBU/LiBr-mediated reaction. 

Having tested the best conditions for epimerization-free transesterifications with the 
dipeptide ester 7a, we applied them to the other peptide derivatives (see Table 2). 

1 2 )  ZnC12/DBU (5 and 0.5 equiv., 90 min, 25") does not effect the reaction 7a+7c. 
1 3 )  Ca(OAc)* has been reported to effect transesterifications of peptide esters in MeOH at room temperature [19]. 
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Table 2. Transesterification ofthe Peptides Sa, 6a, andSa-14a in ROH Using 5 Equiv. of LiBr and 0.5 Equiv. of DBU 

Conditions Product 

Starting Alcohol Temp. Time No. Yield Starting Ratio Of L/D 

mat.") I"] [%I mat. C-terminal 
[%Ib) amino acidc) 

~~ 

Sa 
Sa 
Sa 
6a 
8a (98:2) 
8a (98:2) 
8a (98:2) 
8b (96:4) 
8b (96:4) 
9a (89: 11) 

10a (98:2) 
10a (98:2) 
10a (98:2) 
11a(98:2) 
12a 
13a (97:3) 
14a (98:2) 

EtOH 
Me,CHOH 
PhCH,OH 
EtOH 
EtOH 
Me,CHOH 
PhCH,OH 
MeOH 
MeOH 
MeOH 
MeOH 
EtOH 
Me,CHOH 

MeOH 
MeOHh) 
EtOH 

CH,=CHCH,OH 

25 
25 
25 
25 
25 
25 

3 
25 

3 
0 

25 
25 
25 

0 
3 
3 
0 

4 h  
72 h 
72 h 
66 h 
6 min 

90 rnin 
7 d  

20 h 
21 h 
30 rnin 
20 h 

6 rnin 
90 min 
22 h 
50 h 
24 h 

I h  

Sb 
sc 
Sd 
6a 
8c 
8d 
8b 
8a 
8a 
9b 

10a 
10b 
1 Oc 
11b 
12b 
13b 
14b 

67 

42d) 
60 
97 
93 
887 
90 
6Ig) 
94 
73 
93 
85 
93 
91 
89 

759 

959  

< 2  
$ 2  

7 

97:3 
87: 13 
13:27') 
6Y:31 
94:6 
85: 15 

97:3 
91:9 
85: 15 

- 

Y7:3e) 
97: 3') 

L/D Ratio of C-terminal amino acid of the starting material in parentheses. 
The amount of starting material was determined by 'H-NMR spectroscopy. 
The degree of epimerization in the peptide follows from the determination of enantiomeric purity of the free 
amino acids (see text and Exper. Part). 
After flash chromatography. 
After recrystallization. 
Prior to recrystallization. 
Determined by 'H-NMR (39% of PhCH,OH). 
Additional 5 equiv. of LiBr and twofold dilution with THF were necessary in order to solubilize 13a. 
Prior to flash chromatography. 

Inspection of the data in Table 2 leads to the following conclusions: i )  both Boc- and 
Z-protecting groups may be at the N-terminus, with the latter being somewhat less stable 
under our transesterification conditions; i i)  ester groups in the side-chain of aspartate 
units also undergo RO exchange (9a+9b); iii) the method is especially well applicable 
when going from methyl to ethyl or vice uersa and from benzyl to methyl ester; iv) benzyl 
esters o f  peptides cannot be prepared in this way without appreciable epimerization; 
u )  ally1 ester may (Table I )  or may not (Table 2) be formed without epimerization. 

C) Detachment of Peptides from PAM and Wung Resins by DBU/LiBr-Mediated 
Saponification and Transesterification. - There are numerous publications describing 
peptide-(polystyrene resin) cleavage leading directly to peptide esters, e.g. with NH,/ 
MeOH [20], with Et,N/ROH [21], with ion-exchange resins [22], with 2-(dimethyl- 
amino)ethanol/TlOEt [23], with KCN/ROH [24], or with titanates [25]. In all these cases, 
reactions are carried out using either elevated temperatures or long reaction times, and 
they often provide relatively low yields. In the most commonly used procedures for the 
peptide-(polystyrene resin) cleavage leading to the peptide acid, strong acids such as H F  
are utilized. As industrial applications of Merrijield solid-phase peptide syntheses 
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emerge, methods avoiding the hazardous HF become more and more important. Reports 
on the use of basic conditions for 'resin cleavage' of free peptide acids involve, e.g. 0 . 5 ~  
NaOH/dioxane/H,O, [26] or Bu,NF . H,0/DMFi4) [27]"). 

To test the possibility of peptide cleavage from a resin using the transesterification 
method described here, i.e. DBU/LiBr in alcohol, we employed Boc-Leu-Ala-Gly-Val- 
(PAM resini6)) (15a) and Boc-Leu-Ala-Gly-Phe-(PAM resin) (16a) as starting materials, 
where the peptide is bonded to the resin via a benzyl-ester linkage. The peptide-resin 
cleavage reactions were carried out by stirring suspensions of the peptide resins in MeOH 
or THF/H,O in the presence of 2 equiv. of DBU and 5 equiv. of LiBr at temperatures 
between 0 and 25". The degree of epimerization at the C-terminal amino acid was 
determined as discussed in Sect. B. As can be seen from Scheme 4 ,  the methyl ester 15b 
was set free within 4 h from the peptide resin 15a in 83 % yield without any epimerization. 

Scheme 4 

benzene) (PAM resin) 

H O  O * LID= 99 : 1 (GC analysis) < 1 5 a  

MeOH, 2 Y .  4 h 
H 0 H O  

15b (83%) 'UD 99:l 

2 equiv. of DBU / 5 equiv. of LiBr 

THF/H,O 20 : 1,25*, 4 h 
H O  

1% (81% (NMR)) 'UD99:l  

HF. H , N ~ ~ ~ ! ~ ~ ~ O H  ~ HF, anisole, On, 1 h 

H O  H O  

(86% (291) 

< 15d (78%) *UD 99:l 

14) Cleavage method for the PAM resinI6), the peptide-resin bond of which is one of the most acid-stable ones. 
15) For reviews of conventional peptide-resin cleavage methods, see [28]. 
16) PAM resin = { [4-(hydroxymethyl)phenyl]acetamido}methy~-substituted poly(styrene/l % divinylbenzene). 
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Utilizing THF/H,O instead of MeOH led to the peptide acid 15c in 8 1 YO yield ('H-NMR) 
in the same time required for the preparation of 15b, again without epimerization. These 
conversions can be compared either to the cleavage with HF [29] leading to the fully 
deprotected peptide in 86 YO yield within 1 h at 0", or to the reaction of 15a with Ti(OEt), 
leading to the Boc-protected ethyl ester 15d without epimerization in 78 YO yield after 7 h 
of reflux in EtOH (reaction times are generally not optimized). 

Cleavage of the more epimerization-prone Phe-containing peptide-resin 16a to the 
peptide esters 16b and 16d and to the peptide acid 16c generally proceeded in better yields 
than in the case of the Val-bonded 15a under the same conditions (Scheme 5 ) ,  due to less 

Scheme 5 

lJtiJ%lJN I benzene) (PAM resin) 

H 0 H O  < 1 6 a  *UD = 97 : 3 (GC analysis) 

A 

< 16b (96%) *UD 86114 (25") 
(82%) 'UD 982 (0") 

16c (97% (NMR)) *UD 982 

2 equiv. of DEU. 5 equiv. 01 LiEr I 
A I 

MeOH. 25'. 4 h 

2 equiv of DEU, 5 equiv of LiEr 

2 equiv. of DEU. 5 equiv. of LiBr 

- 
Ti(OE1)4, EtOH, reflux, 8 h 

steric hindrance. The cleavage of 16a in MeOH at room temperature led to a considerable 
level of epimerization of the Phe moiety of 16b (14%); however, carrying out the reaction 
at 0" led to 16b without any detectable epimerization. As expected, peptide-resin cleavage 
to the peptide acid 16c occurred without any epimerization, due to the greater configura- 
tional stability of the resulting peptide salt (RCO; DBUH'). 

In preliminary experiments, the conversion of Fmoc-Leu-Ala-Gly-Val-( Wung resin) 
to the fully deprotected peptide with DBU/LiBr in THF/H,O led to yields comparable to 
those of the conventional cleavage (piperidine/N,N-dimethylformamide and then 
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CF,COOH) as shown by integration of the HPLC peaks of the crude reaction mixtures 
after f i l trati~n'~).  

It is to be expected that by using DBU/LiBr in different solvents, with different 
anchoring and protecting groups, either free, partially, or fully protected peptides may be 
obtained directly from the fully protected peptide resin (Table 3 ) .  This may prove to be 
very useful in the growing area of peptide segment coupling, when partially or fully 
protected segments are condensed. 

Table 3. Possible Protecting-Group Strategies Leading to Either Deprotected. Partially, or Fully Protected Peptides 
Using DBUILiBr for Peptide-Resin Cleavage 

Product Solvent Type Side-chain Amino acid Last introduced 
of resin orotection (AA)used AA 

Fully protected 
Fully deprotected 
N-protected 
C-protected 
N,C-protected 
Side-chain- and N-protected 
Side-chain- and C-protected 
Side-chain-orotected 

ROH 
H,O/THF 

ROH 
ROH 
H,O/THF 
ROH 
H,O/THF 

H,O/THF 

Wang 
PAM 
PAM 
PAM 
PAM 
Wang 
Wang 
Wane 

base stablea) 
base labile 
base labile 
base labile 
base labile 
base stable 
base stable 
base stable 

Fmoc-AA 
Boc-AA 
Boc-AA 
Boc-AA 
Boc-AA 
Fmoc-AA 
F m o c - A A 
Fmoc-AA 

BOC-AA 
Fmoc-AA 

Fmoc-AA 
Boc-AA 

Fmoc- AA 
Fmoc-AA 

BOC-AA 

BOC-AA 

") E.g. Boc and t-Butyl protecting groups. 

We thank Mr. Ch. Beerli (Preclinical Research, Sandoz Pharma AG, Basel) for the preparation of peptide 
resins and the Sandoz AG for financial support. 

Experimental Part 

1. General. Inorganic salts were dried at 180" 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 Fluka AG (puriss.). DBU was 
distilled from CaH, and stored under Ar. Flash chromatography (FC): Merck silica gel 60 ( 4 M 3  mm). GC (amino 
acids): Chirasil-Vale column (Macherey-Nagel, 25 m, 0.4 mm), Carlo-Erba-Fructovup-4160-HR GC; injector 
temp. 160", detector temp. 180" (FID); carrier gas, 0.5 bar H2; temp. program: 3 min at 85", 4O/min till 180". GC 
(simple carboxylates): Pluronic L-64 (19 m, 0.17 mm) cap. column, Curlo-Erba-Fractovap-4160-HR GC; injector 
temp. 200°, detector temp. 200° (FID), carrier gas: N,; temp. program: 1 min at 70", 20-3O0/min, 4 min at 160°; the 
relative peak intensities are given either as peak areas ( I )  or as the contributions (%) of the peaks in question with 
respect to all peaks of the chromatogram. M.p.: Buchi-510 apparatus; uncorrected. IR spectra: Perkin-Elmer-241 
spectrophotometer. 'H- and I3C-NMR spectra: Bruker-WM-300 (300 and 75 MHz, resp.), Variun-Gem-2UU (200 
MHz), Vurian-EM-390 (90 MHz); CDCI, solns., 6 in ppm rel. to internal Me4Si, J i n  Hz and integrals ( I )  relative to 
each other. FAB-MS: VG-ZAB2-SEQ in a 3-nitrobenzyl-alcohol matrix; in m/z (YO of basis peak). Peptide 
numbering according to [30] 

2. General Procedure for Transesterification of Simple Carboxylates. 2.1. Conditions A : LiBr (5 equiv.) and the 
starting carboxylate ester (1 equiv.) were dissolved under dry Ar in the appropriate quantity of the desired absolute 
alcohol, so that a 0.2-0.3~ concentration of substrate was obtained. Freshly distilled DBU (0.5 equiv.) was then 
added to this s o h ,  and stirring was continued at r.t., the course of the reaction being monitored by TLC or GC. 
When transesterification attained completion, the mixture was evaporated and hydrolyzed with a sat. aq. NH4CI 
soh. or I N  HCI. The product was extracted with 2 portions of Et20, the combined org. fractions washed with brine 
to neutrality, dried (Na,SO,), and evaporated, and the crude product purified by distillation or FC. 

17) Results not described in the Exper. Part. 
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2.2. Conditions B :  With valuable alcohols, LiBr (5 equiv.), the methyl ester (1 equiv.), and a stoichiometric 
amount of the alcohol (1 to 2 equiv.) were dissolved in THF/CH,Cl, 3: 1 according to Conditions A .  The mixture 
was then refluxed under dry Ar, the MeOH liberated by the reaction being trapped in 5-A molecular sieves filled in 
a dropping funnel placed between the reaction flask and the refluxing condenser. The course of the reaction was 
monitored by TLC or GC, and when transesterification reached completion, the mixture was worked up as 
described above. 

3. General Procedure for Workup of Peptide Esters. The reaction mixture was added to 200 ml of AcOEt (150 
ml of AcOEt in a second separatory funnel), the extract washed successively with 1~ HCl(100 ml), I N  HCI(50 ml), 
Inn KHCO, (100 ml), 1nn KHCO, (50 ml), and H 2 0  (2 x 50 ml), dried (MgSOJ, and evaporated, and the residue 
dried for several h under reduced pressure. 

4. General Procedure for  the Preparation of Amino-AcidDerivatives for  GC Analyses. In a screw-capped vial, 10 
mg of peptide were hydrolyzed with conc. HCI soh.  at 110" for 8 h. Then, H 2 0  was removed in an airflow, 1 ml of 
a soh.  of AcCl(5.7 ml) and Me2CHOH (10 ml, prepared at Oo) were added, and the vial was tightly closed. Heating 
at 110" for 1 h, removing of excess reagent in an airflow and further reaction with (CF,CF,CO),O (80 pl) in CH,CI, 
(200 pl) for 20 min gave, after removing 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. 

5. Transesterifications of Simple Carboxylates. Ethyl Phenylacetate (lb). According to 2.1, with l a  (4.51 g, 30 
mmol), LiBr (13.03 g, 150 mmol), EtOH (150 ml), and DBU (2.28 g, 15 mmol) at r.t. for 1 h. Distillation in uacuo 
afforded 4.40 g (90%) ofpure lb. B.p. 65.5-66"/1 Torr. 'H-NMR (90 MHz, CDCI,): 1.13 ( t ,  J = 6.6, CH,CH,O); 

Isopropyl Phenylacetate (lc). As described above for lb, l a  (4.51 g, 30 mmol) was transesterified in Me,CHOH 
for 4 h at r.t. Distillation in vacuo afforded 5.04 g (94%) of lc, > 96% pure ('H-NMR). B.p. 75-77"/0.5 Torr. 
'H-NMR (90 MHz, CDCI,): 1.27 (d, J = 6.0, (CH,),CHO); 3.60 (s, CH,); 5.02 (sept., J = 6.0, (CH,),CHO); 7.32 

Allyl Phenylacetate (Id). According to 2.1, with l a  (300 mg, 2 mmol), LiBr (869 mg, 10 mmol), allyl alcohol (10 
ml), and DBU (150 p1,l mmol) at r.t. Samples of 1 ml of the mixture were withdrawn after 30,60,90,120, and 180 
min, hydrolyzed, worked up, and analyzed by GC. Transesterification was essentially complete after 2 h (98% of 
Id according to GC). 'H-NMR (90 MHz, CDCI,): 3.63 (s, CH,); 4.56 (d, J = 6.0, CH,=CHCH,); 5.10-5.40 (m,  
CH,=CHCH,); 5.63-6.15 (m, CH,=CHCH,); 7.27 (s, Ph). 

(R)-Menthyl Phenylacetate (le). According to 2.2, with l a  (751 mg, 5 mmol), LiBr (2.17 g, 25 mmol), 
(-)-(R)-menthol (781 mg, 5 mmol), THF/CH2C12 3:1 (20 ml), and DBU (0.37 ml, 2.5 mmol) at reflux temp. 
According to TLC (SO,, pentane/Et,O 4: l), transesterification was not complete after 24 h. Nervertheless, the 
mixture was hydrolyzed and worked up. FC (SiO,, pentane/Et20 4: 1) afforded 691 mg (50%) of l e  as an oil which 
was essentially pure ('H-NMR). R,(SiO,, pentane/Et20 4: 1) 0.84. 'H-NMR (90 MHz, CDCI,): 0.60-2.16 (d ,  f and 
m, 18 H, CH, CH,, CH, of menthyl); 3.57 (s, PhCH,); 4.67 (m, CHO of menthyl); 7.27 (s, Ph). 

2-Methoxyethyl Phenylacetate (If). As described above for le, with l a  (751 mg, 5 mmol), 2-methoxyethanol 
(380 mg, 0.4 ml. 5 mmol), THF/CH2C12 3: 1 (20 ml), and LiBr/DBU for 8 h under reflux. The crude If was ca. 93 % 
pure (GC) and still contained ca. 7% of l a  (GC, 'H-NMR). 'H-NMR (90 MHz, CDCI,): 3.35 (s, MeO); 3.57 (t. 
J = 5, CH30CH2CH2); 3.65 (s, PhCH,); 4.23 (f, J = 5, MeOCH2CH20); 7.30 (s,  Ph). 

2-(Trimethylsilyl)ethyl Phenylacetate (lg). As described above for le, with l a  (751 mg, 5 mmol), 2- 
(trimethylsily1)ethanol (1.18 g, 1.43 ml, 10 mmol), THF/CH,CI, 3: 1 (20 ml) and LiBr/DBU under reflux for 8 h. 
Crude l g  obtained in quantitative yield was essentially pure ( > 99% pure by GC). 'H-NMR (90 MHz, CDCI,): 
0.10 (s, Me,Si): 1.03 (t.  J = 8.2, Me,SiCH,CH2); 3.63 (s, PhCH,); 4.23 ( r ,  J =  8.2, Me,SiCH,CH,); 7.33 (s, Ph). 

Allyl 4-Oxopentanoate (2b). According to 2.1, with 2a (4.33 g, 30 mmol) and allyl alcohol (120 ml) at r.t. for 
4 h. Distilation in uucuo yielded 3.73 g (79%) of2b, > 96% pure ('H-NMR). B.p. 92"/11 Torr. 'H-NMR (90 MHz, 
CDCI,): 2.20 (s, MeO); 2.70 (m, CH,CH,); 4.57 (d, J = 6.0, CH,=CHCH,); 5.13-5.46 (m.  CH,=CHCH,); 
5.66-6.17 (m. CH,=CHCH,). 

Methyl (4  RS,5SR)-5-lsopropyl-2-oxooxazolidine-4-carboxylate (3b). According to 2.1, with rac-3a (302 mg, 
1.25 mmol), LiBr (543 mg, 6.25 mmol), EtOH (30 ml), and DBU (0.37 ml, 2.5 mmol; 2 equiv.) at r.t. for 2 h. FC 
(SiO,, CH,CI,/AcOEt 4: 1) afforded 192 mg (76%) of rac-3b. Colorless viscous oil. IR (KBr): 3460m, 3300-31OOw 
(br.), 2980s, 2940w, 1765s, 1750s (br.), 1470w, 1450w, 1380m, 1220m (br,), 1130m, 1045m. 'H-NMR (90 MHz, 
CDCI,): 1.03 (d, J = 7.5, (CH,),CH); 1.30 (t.  CH3CH20); 1.97 (m,  (CH,),CH); 4.03 (d ,  J = 4.5, H-C(4)); 4.16 (q, 

Diisopropyl (2R,3R)-2,3-O-lsopropylidenetartrate (4b). According to 2.1, with 4a (4.37 g, 20 mmol) and 
Me,CHOH (70 ml) at r.t. for 4 h. Distillation in vacuo afforded 4.69 g (85%) of extensively racemized 4b. B.p. 

3.62 (s, CH,); 4.15 (9. J = 6.6, CH3CHZO); 7.30 (s, Ph). 

(s, Ph). 

CH3CHZO); 4.37 (dd, H-C(5)); 6.26 (s, NH). 
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110-1 12"/0.2Torr ([16]: 80°/0.001 Torr). [a], = -11.8 (c = 4.25, CHCI,) ([16]: [a], = +40.8 (c = 3.80, CHCI,) for 
the (2S,3S)-enantiomer). 

6. Preparation of the Peptide Starting Materials. Boc-Gly-Gly-OMe (5a). A suspension of Boc-Gly-Gly-OH 
(5.81 g, 26 mmol) and NaHCO, (4.2 g, 50 mmol) in DMF (125 ml) was treated with a s o h  of Me1 (7.78 ml, 125 
mmol) in DMF (125 ml) at r.t. After stirring for 31 h, H,O was added and the mixture extracted with AcOEt, 
washed with H20, dried (Na,SO,), and evaporated. The crude product was purified by FC (AcOEt/hexane 9: 1): 
3.90 g(63 YO) of 5a as an oil after dryingovernight. 'H-NMR (90 MHz, CDCI,): 1.45 (s, t-Bu); 3.72 (s, MeO); 3.81, 
4.05 (24 J = 6, CH2(2.1), CH2(2.2)); 5.10-5.38, 6.51-6.80 (2m, NH(2.1), NH(2.2)). I3C-NMR (CDCI,): 28.31 
((CH,),C); 41.10, 44.22 (CH2(2.1), CH2(2.2)); 52.41 (MeO); 80.41 ((CH,),C); 156.11 (OCON); 169.91, 170.21 

Boc-Phe-Ala-OMe (7a). A soh. of Boc-Phe-OH (10.61 g, 40mmol) and N-methylmorpholine (NMM; 4.4 ml, 
40 mmol) in THF (90 ml) was cooled to - 15" and treated under stirring with ethyl chloroformate (3.8 ml, 40 mmol). 
After 8 min, a cooled soh.  of HCI . H-Ala-OMe (6.14 g, 44 mol) in THF (180 ml), neutralized 5 min prior to 
addition with NMM (4.84 ml, 44 mmol) and dissolved with H,O (5 ml), was added. After 2 h of stirring and 
allowing to reach r.t., the mixture was worked up according to Exper. 3 (double amount of solvent), and the crude 
product was recrystallized from hexane (and a little AcOEt) leading to 12.9 g (92%) of 7a with a m.p. of 109-1 loo 
and a D-Ala-portion of 3% (GC). 'H-NMR (200 MHz, CDCI,): 1.33 (d, J = 7.2, CH3(3.2)); 1.38 (s, t-Bu); 3.05 (d, 
J = 6.6, CH2(3.1)); 3.69 (s, MeO); 4.30-4.45 (m, H-C(2.1)); 4.51 (dq, J = 7.2, 7.2, H-C(2.2)); 5.10 (d, J =  8.0, 
NH(2.1)); 6.38 (d, J = 7.0, NH(2.2)); 7.14-7.32 (m, Ph). ',C-NMR (CDCI,): 18.35 (CH3(3.2)); 28.27 ((CH,),C); 
38.40 (CH2(3.1)); 48.13, 55.62 (H-C(2.1), H-C(2.2)); 52.44 (MeO); 80.25 ((CH,),C); 126.96, 128.64, 129.42, 
136.58 (Ph); 155.40 (OCON); 170.82, 172.89 (C(l.l), C(1.2)). MS (among others): 701 (9), 352 (17), 351 (65),  296 
(17), 295 (82), 252(17),251 (90), 164(21), 154(11), 137 (9), 136(9), 136(12), 121 (13), 120(100), 104(38), 102(10), 
91 (14), 77 (9), 57 (65). GC: 210 (D-Ala, 0.144%), 226 (L-Ala, 4.461 YO). 

Boc-Phe-Leu-OMe @a). As described for 7a, with Boc-Phe-OH (6.63 g, 25 mmol), NMM (2.75 ml, 25 mmol), 
THF (60 ml), ethyl chloroformate (2.4 ml, 25 mmol), and HCI . H-Leu-OMe (4.99 g, 27.5 mmol) in THF (120 ml; 
neutralized with NMM (3.02 ml, 27.5 mmol) and dissolved with H20) for 24 h. Recrystallization from hexane led 
to 9.81 g (93%) of 8a with a m.p. of 98-104" and a D-Leu portion of 2 %  (CC). 'H-NMR (200 MHz, CDCI,): 0.89 
(d, J = 6, CH3(5.2)); 0.91 (4 J = 6, CH3(5.2)); 1.41 (s, t-Bu); 1.42-1.65 (m. H-C(4.2), CH2(3.2)); 3.07 (d, J = 7, 
CH,(3.1)); 3.69 (MeO); 4.34 (td, J = 7, 7, H-C(2.1 or 2.2)); 4.504.63 (m, H-C(2.1 or 2.2)); 4.92-5.08 (m, 

(C(I.l), C(1.2)). 

NH(2.1); 6.25 (d, J =8,  NH(2.2)); 7.17-7.35 (m, Ph). ',C-NMR (CDCI,): 21.88, 22.73 (2CH3(5.2)); 24.64 
(H-C(4.2)); 28.23 ((CH,),C); 38.07 (CHz(3.1)); 41.60 (CHz(3.2)); 50.73, 55.71 (H-C(2.1), H-C(2.2)); 52.21 
(MeO); 80.28 ((CH,),C); 126.93, 128.64, 129.39, 136.59 (Ph); 155.5 (OCON); 170.92, 172.83 (C(l.l), C(1.2)). MS 
(amongothers): 393(17),338(9),337(40),294(15),293(74), 164(15), 146(40), 144(8), 133 (12), 131 (II) ,  121 ( I I ) ,  
120 (loo), 91 (14), 86 (79), 57 (67). GC: 473 (D-Leu, 0.752%), 521 (L-Leu, 36.411 %). 

Boc-Phe-Leu-OCH2Ph (8b). As described for 7a, with Boc-Phe-OH (5 g, 19 mmol), NMM (2.1 ml, 19 mmol), 
THF (40 ml), ethyl chloroformate (1.79 ml, 18.9 mmol), and soh. of TsOH . H-Leu-OCH2Ph (7.79 g, 19.8 mmol) 
in THF (100 ml, neutralized with NMM (2.2 ml, 20 mmol) and dissolved with H,O (5 ml)) for 21 h. Recrystalliza- 
tion from hexane led to 8.1 g (91 %) of 8b with a m.p. of 81-82O and a D-Leu portion of 4%. 'H-NMR (200 MHz, 

3.05 (d, J =  7, CHz(3.1)); 4.35 (td, J = 7 ,  7, H-C(2.1 or 2.2)); 4.554.68 (m, H-C(2.1 or 2.2)); 4.93-5.08 (m. 
CDCI,): 0.87 (d, J = 6, CH,(5.2)); 0.89 (d, J =  6, CH,(5.2)); 1.41 (s, t-Bu); 1.40-1.73 (m, H-C(4.2), CHz(3.2)); 

NH(2.1)); 5.12 (s, PhCH2); 6.29 (d, J = 8, NH(2.2)); 7.15-7.43 (m, 2 Ph). 13C-NMR (CDCI,): 21.88, 22.73 
(2 CH,(5.2)); 24.67 (CH(4.2)); 28.23 ((CH,),C); 38.1 1 (cHz(3.1)); 41.53 (CHz(3.2)); 50.89, 55.68 (H-C(2.1), 
H-C(2.2)); 67.01 (PhCHzO); 126.91, 128.22, 128.42, 128.61, 129.39, 135.38, 136.60 (Ph-C(3.1), PhCH2O); 155.3 
(OCON); 170.98, 172.25 (C(l.l), C(1.2)). MS (among others): 469 (lo), 413 (21), 370 (lo), 369 (37), 222 (9), 210 
(14), 164 (1 I), 120 (40), 92 (12), 91 (IOO), 86 (50), 57 (43). GC: 476 (D-Leu, 1.209%), 530 @-Leu, 32.671 %). 

Boc-Phe-Asp(0Et)-OEt (9a). As described for 7a, with Boc-Phe-OH (1.326 g, 5 mmol), NMM (0.55 ml, 
5 mmol), THF (15 ml), ethyl chloroformate (0.57 ml, 6 mmol), and HC1. H-Asp(0Et)-OEt (1.184 g, 5.25 mmol) in 
THF (20 ml; neutralized with NMM (0.58 ml, 5.25 mmol) and dissolved with H 2 0  (0.5 ml)) for 19.5 h. FC 
(AcOEt/hexane 1: 1.5) and recrystallization from hexane led to 1.045 g (48%) of 9a with a m.p. of 91-94O and a 
D - A s ~  portion of 11 % (GC). 'H-NMR (200 MHz, CDCI,): 1.24, 1.25 (2t, J = 7.2,2 CH,CH2); 1.40 (s, t-Bu); 2.79, 

H-C(2.1 or 2.2)); 4.76 (dr, J = 5, 8, H-C(2.1 or 2.2)); 4.88-5.00 (m. NH(2.1)); 6.85 (d,  J = 7.5, NH(2.2)); 
2.99 (2dd, J = 4, 17, 2 H-C(3.2)); 3.09 (d, J = 6, CHz(3.1)); 4.11, 4.19 (2q, J = 7.2, CH3CH2); 4.30-4.48 (m, 

7.17-7.30 (m. Ph). ',C-NMR (CDCI,): 14.06, 14.09 (2 CH,CH,); 28.24 ((CH,),C); 36.29, 38.30 (CH2(3.1), 
CH2(3.2)); 48.72, 55.48 (H-C(2.1), H-C(2.2)); 60.99, 61.85 (CH3CHJ; 80.12 ((CH,),C); 126.92, 128.61, 129.36, 
136.40 (Ph); 155.23 (OCON); 170.24, 170.70, 171.07 (C(l.l), C(1.2), C(4.2)). MS (among others): 873.5 (8), 438 
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(16),437(61),382(8), 381 (35),338(23),337(100), 190(42), 188(11), 164(15), 154(14), 137(10), 136(13), 131 (lo), 
121(8), 120(67),116(51), 102(10),91(13),89(8).GC:838(~-Asp,0.761%),844(~-Asp,14.189%). 

Z-Ala-Leu-OMe (10a). As described for 7a, with Z-Ala-OH (8.3 g, 37 mmol), NMM (4.09 ml, 37 mmol), THF 
(20 ml), ethyl chloroformate (3.53 ml, 37 mmol), and HCI . H-Leu-OMe (7.09 g, 39 mmol) in THF (80 ml; 
neutralized with NMM (4.5 ml, 41 mmol) and dissolved with H20 (5 ml)) for 18 h. FC (100% EtzO) led to 12.68 g 
(98%) of 10a as a weak yellow oil with a o-Leu portion of 2% (GC). 'H-NMR (200 MHz, CDCI,): 0.91 (d,  J = 6, 
2 CH3(5.2)); 1.38 (d,  J = 7, CH3(3.1)); 1.4g1.73 (m. H-C(4.2), CH,(3.2)); 3.72 (s, MeO); 4.204.42, 4.514.68 
(2m, H-C(2.1), H-C(2.2)); 5.10 (s, PhCH2); 5.53 (d, J = 8, NH(2.1)); 6.68 (d, J = 7, NH(2.2)); 7.32 (s, Ph). 
',C-NMR (CDC13): 18.64 (cH3(3.1)); 21.85, 22.76 (2 CH3(5.2)); 24.80 (CH(4.2)); 41.34 (CH2(3.2)); 50.34, 50.76 
(CH(2.1), CHf2.2)); 52.28 (MeO); 66.97 (PhCH,); 128.00, 128.16, 128.52, 136.22 (PhCH,); 155.96 (OCON); 
172.22, 173.25 (C(l.l),C(l.2)). MS: 352(20), 351 (62),307(19),236(7), 217(12), 183 (7), 146(15), 134(19),92(19), 
91 (IOO), 88 (7), 86 (26), 70 (7). GC: 475 (o-Leu, I = 3604), 528 (L-Leu, I = 152523). 

Z-Lys(Boc)-Ala-OMe (lla). A soh. of Z-Lys(Boc)-OH . HN(C,H,J, (3.28 g, 8.6 mmol) in THF (30 ml) was 
cooled to -15O and treated as described for 7a with ethyl chloroformate (0.64 ml, 6.7 mmol) and HC1. H-Ala-OMe 
(0.99 g, 7.12 mmol) in THF (30 ml; neutralized with NMM (0.77 ml, 7.0 mmol) and dissolved with HzO) for 45 h. 
Recrystallization from hexane/CHzCIz led to 1.61 g (49%) of lla with a m.p. of 60-63Oand a o-Ala portion of 2% 
(GC). 'H-NMR (200 MHz, CDCI,): 0.83-0.97 (m, CH2(4.1)); 1.22-1.98 (m. CHz(5.1), CHz(3.1), CH,(3.2)); 1.41 (s, 
t-Bu); 3.00-3.20 (m. CH2(6.1)); 3.73 (s, MeO); 4.1W.26 (m, H-C(2.1)); 4.57 (dq, J = 7.5, 7.5, H-C(2.2)); 
4.654.75(m,NH(6.1 or2.1));5.10(s,PhCHz);5.51 (d ,J  = 7.5,NH(6.1 or2.1));6.61 (d ,J  = 7.5,NH(2.2));7.34($, 

28.42 (C(CH,),C); 48.03, 54.56 (H-C(2.1), H-C(2.2)); 52.44 (MeO); 66.97 (PhCH,); 79.07 ((CH3)3C); 128.02, 
128.13, 128.50, 136.26 (PhCH,); 156.22, 156.29 (2 OCON); 171.62, 173.21 (C(l.l), C(1.2)). MS (among others): 
466 (16), 410 (16), 367 (14), 366 (56), 303 (8), 258 (lo), 213 (9), 128 (13), 104 (9), 92 (14), 91 (loo), 84 (32), 57 (48). 
GC: 207 (o-Ala, 0.093%), 224 (L-Ala, 4.698%). 

7. Transesterzfications of Peptides. Boc-Gly-Gly-OEt (5b). To a soh.  of 5a (271 mg, 1.1 mmol) and LiBr (478 
mg, 5.5 mmol) in EtOH (6 ml), DBU (82 pl, 0.55 mmol) was added at r.t. After 4 h of stirring at r.t., the mixture was 
worked up according to Exper. 3 :  192 mg (67%) of 5b with < 2% of 5a ('H-NMR). 'H-NMR (80 MHz, CDCI,; 
crude product): 1.30 ( t ,  J = 7, CH3CHz); 1.45 (s, t-Bu); 3.85, 4.07 (2d, J = 6, CH2(2.1), CHz(2.2)); 4.25 (4, J = 7, 

Boc-Gly-Gly-OCHMe2 (5c). As described for 5b, with 5a (493 mg, 2 mmol), LiBr (869 mg, 10 mmol), 
Me,CHOH (10 ml), and DBU (149 PI, 1 mmol) at r.t. over the weekend. FC (5 % MeOH/Et,O) gave 410 mg (75 %) 
of 5c with < 2% of 5a ('H-NMR). 'H-NMR (90 MHz, CDCI,): 1.28 (d, J = 7, (CH,),CH); 1.45 (s, t-Bu); 3.82, 
4.02 (24 J = 6, CH,(2.1), CH2(2.2)); 4.85-5.20 (m, (CH,),CH); 5.22-5.55 (m, NH(2.1)); 6.60-6.90 (m. NH(2.2)). 

Boc-Gly-Gly-OCH2Ph (5d). As described for 5b, with 5a (493 mg, 2 mmol), LiBr (869 mg, 10 mmol), 
PhCHzOH (10 ml), and DBU (149 pl, 1 mmol) at r.t. over the weekend. FC (Et,O) gave 273 mg (42%) of oily 5d 
with 7% of 5a ('H-NMR). 'H-NMR (200 MHz, CDCI,): 1.42 (s, t-Bu); 3.70 (OMe (5a), I = 3); 3.83, 4.06 (24 
J = 5 . 8  and 5.5, resp., CHz(2.1), CH2(2.2)); 5.14 (PhCH,, I=28) ;  5.51-5.62 (m, NH(2.1)); 7.09 ( t ,  J = 6 ,  

Z-Gly-Gly-OEt (6a). As described for 5b, with 6 a  (589 mg, 2 mmol), LiBr (869 mg, 10 mmol), EtOH (10 ml) 
and DBU (150 pl, 1 mmol) at r.t. for 66 h. Addition of 1~ HCI(2 ml) before workup: 351 mg (60%) ofrecovered 6a. 
'H-NMR (200 MHz, CDCI,; crude product): 1.29 ( t ,  J = 7.1, CH,CH,); 4.01 (s, PhCH,); 4.22 (4, J = 7.1, 

Boc-Phe-Ala-OMe (7a). a) At  r.t. for 4 dand b) At Reflux for 3 h. To a soh. of 7a (701 mg, 2 mmol) and LiBr 
(1.738 g, 20 mmol) in MeOH (10 mi), DBU (0.6 ml, 4 mmol) was added at r.t. After a )  4 days of stirring at r.t. or b )  
3 h reflux, the mixture was treated with 1~ HCI (3 ml) and worked up according to Exper. 3. a )  568 mg (81 %) of% 
with a D-AIa portion of 46% (CC) and a D-Phe portion of 10% (GC); b )  479 mg (68%) of 7a after FC") 
(AcOEt/hexane 6:4) with a o-Ala portion of 48% (GC) and a o-Phe portion of 28% (GC). 'H-NMR (200 MHz, 
CDCI,, crude product, identical for a and b ) :  1.25, 1.33 (2d, J = 7, CH3(3.2), different diastereoisomers); 1.41 (s, 
t-Bu); 3.00-3.12 (m. CH,(3.1)); 3.70 (s, MeO); 4.2H.62 (m, H-C(2.1), H-C(2.2)); 4.90-5.13 (m, NH(2.1)); 6.28, 
6.43 (24 J = 7, NH(2.2) different diastereoisomers); 7.1 5-7.38 (m, Ph). GC: a )  214 (D-Ala, I = 10562), 231 (L-Ah, 
I = 12222), 1097 (o-Phe, I = 6948), 11 19 (L-Phe, I = 60970); 6) 212 (D-Ala, 10.290%), 228 (L-Ala, 11.215%), 1089 
(o-Phe, 20.322%), 11 12 (L-Phe, 53.421 YO). 

Boc-Phe-Ala-OEt (7b). a) For 6 min andb) for 90 min. To a soh.  of 7a (701 mg, 2 mmol) and LiBr (869 mg, 10 
mmol) in EtOH (10 ml), DBU (150 pl, 1 mmol) was added at r.t. After a )  6 min or b )  90 min, the mixture was 

18) 

Ph). ',C-NMR (CDCI,): 17.90 (CH,(3.2)); 22.26, 29.45, 32.26, 39.84 (CH,(3.1), CHz(4.1), CHz(5.1), CHz(6.1)); 

CH3CHZ); 4.95-5.20 (m, NH(2.1)); 6.35-6.65 (m, NH(2.2)). 

NH(2.2)); 7.32 (s, PhCH,). 

CH3CH2); 4.24.4.69 (2s, CHz(2.1), CHz(2.2)); 6.28 (s, NH(2.1)); 7.25-7.45 (m, NH(2.2), Ph). 

It was shown, that no diastereoisomer was enriched during FC. 
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treated with I N  HCI (3 ml) and worked up according to Exper.3: a) 700 mg (96%) of 7b with g 2 %  of 7a 
('H-NMR) and a o-Ala portion of 4% (GC) and b) 705 mg (97%) of 7b with < 2% of 7a ('H-NMR) and a o-Ala 
portion of 16% (GC). 'H-NMR (200 MHz, CDCI,; crude product): a )  1.25 (t, J = 7.1, CH3CH20); 1.33 (d, 
J = 7.2, CH3(3.2)); 1.39 (s, t-Bu); 3.06 (d, J = 6.7, CH2(3.1)); 3.70 (s, Me0 (trace of 7a)); 4.16 (q, J = 7.1, 
CH,CH,O); 4.294.43 (m, H-C(2.1)); 4.49 (dq, J = 7, 7, H-C(2.2)); 5.04 (d, J = 7, NH(2.1)); 6.52 (d, J =  7, 
NH(2.2)); 7.15-7.35 (m, Ph); b )  1.25 (t. J =  7, CH3CHlO); 1.33 (d, J = 7, CH3(3.2)); 1.40 (s, t-Bu); 3.07 (d, J = 6, 
CH2(3.1)); 3.71 (s, Me0 (trace of 7a)); 4.16 (q, J = 7, CH3CH20); 4.284.42 (m, H-C(2.1)); 4.49 (dq, J = 7, 7, 
H-C(2.2));4.95-5.10(m,NH(2.1));6.27(d,J=7,NH(2.2,~,~));6.52(d,J =7,NH(2.2,~,~));7.15-7.35(m,Ph). 
GC: a) 207 (D-Ala, I = 1125), 225 (L-Ala, I = 25634); b )  208 (u-Ala, I = 476), 225 (L-Ala, I = 2512). 

Boc-Phe-Ala-OCHMe2 (7c). For 90 rnin at r.1. and a) LiBr, b) LiClO, and c) LiBF,. To a soln. of 7a (701 mg, 
2 mmol) and a )  LiBr (869 mg, 10 mmol), b) LiCIO, (1.064 g, 10 mmol), and c )  LiBF, (937 mg, 10 mmol) in 
Me,CHOH (10 ml), DBU (150 pl, 1 mmol) was added at r.t. After 90 min stirring at r.t., the mixture was treated 
with I N  HCI (3 ml) and worked up according to Exper. 3 : a )  703 mg (93 %) of 7c with Q 2% of 7a ('H-NMR) and 
a u-Ala portion of 17% (GC); b )  709 mg (94%) of 7c with < 2% of 7a ('H-NMR) and a o-Ala portion of 26% 
(GC); c )  93% of 7a ('H-NMR). 'H-NMR (200 MHz, CDCI,; crude product): a )  1.22, 1.24 (2d, J = 6.3, 
(CH&CH); 1.23, 1.33(2d,J=6.2and7.2,resp.,CH3(3.2,~,oand~,~)); 1.40(s,t-Bu);3.06(d,J =6.7,CH2(3.1)); 
3.70 (s, Me0 (trace of 7a)); 4.284.45 (m, H-C(2.1)); 4.44 (dq, J = 7.2, 7.2, H-C(2.2)); 4.91-5.10 (m, (CH,),CH, 
NH(2.1)); 6.28 (d, J = 7, NH(2.2), L,u); 6.49 (d, J = 7, NH(2.2), L,L); 7.15-7.35 (s, Ph); b) 1.22, 1.24 (2d, J = 6, 
(CH,),CH); 1.33 (d, J =  7.2, CH3(3.2)); 1.41 (s, t-Bu); 3.07 (d, J = 7, CH2(3.1)); 3.71 (s, Me0 (trace of 7a)); 
4.284.45 (m. H-C(2.1)); 4.45 (dq, J = 7.2, 7.2, H-C(2.2)); 4.91-5.12 (m, (CH3),CH, NH(2.1)); 6.25 (d, J =  7, 
NH(2.2), L,u); 6.45 (d, J = 7, NH(2.2), L,L); 7.15-7.36 (s, Ph); c) 1.22, 1.26 (24 J = 6, little CH(CH3),); 1.34 (d, 
J =  7.1, CH3(3.2)); 1.41 (s, t-Bu); 3.07 (d, J = 7 ,  CH2(3.1), I= 18); 3.71 (s, MeO, I =24); 4.26-4.45 (m, 
H-C(2.1)); 4.52 (dq, J = 7, 7, H-C(2.2)); 4.91-5.08 (m, trace of (CH,),CH, NH(2.1)); 6.42 (d, J = 7, NH(2.2)); 
7.16-7.36 (s, Ph). 

Boc-Phe-Ala-OCHMe2 (7c). a) With 5 equiv. of LiBr and 0.5 equiv. of DBU at r.t. for 45 min, b) with 2 equiv. of 
LiBr and0.5 equiv. of DBU at r.t. for 90 min. c) with 2 equiv. of LiBr and 2 equiv. of DBU at r.t. for 90 min. d) with 5 
equiv. ofLiBrand0Sequiv. ofDBUat- l lPfor44h.ande)  with5equiv.ofLiBrandOSequiv. ofDBUat @for 16h. 
To a soln. of 7a (701 mg, 2 mmol) and LiBr (a,  d, e : 869 mg, 10 mmol; b, c : LiBr (347 mg, 4 mmol)) in Me,CHOH 
(10 ml), DBU (a, b, d, e : 150 pl, 1 mmol; c : 600 PI, 4 mmol) was added at r.t. (a,  b, c ) .  -loo (d); Oo ( e ) .  After stirring 
for a )  45 min, b), c )  90 min, d) 44 h, e )  16 h at the given temp., the mixture was treated with dil. HCI/Et,O (3 ml) 
and worked up according to Exper. 3 : a) 721 mg (95 %) of 7c with 9 % of 7a ('H-NMR) and a u-Ala portion of 8 % 
(GC); b )  719 mg (95%) of 7c with Q 2% of 7a ('H-NMR) and a u-Ala portion of 13% (GC); c )  698 mg (92%) of 
7c with Q 2% of 7a ('H-NMR) and a u-Ala portion of 18% (GC); d) 664 mg (88%) of 7c with 4% of 7a 
('H-NMR) and a u-Ala portion of 4% (GC); e )  664 mg (88%) of 7c with g 2% of 7a ('H-NMR) and a u-Ala 
portion of 5 %  (GC). 'H-NMR (200 MHz, CDCI,; crude product): a )  1.22, 1.24 (2d, J = 6, (CH3),CH); 1.33 
(4 J = 7, CH3(3.2)); 1.40 (s, t-Bu); 3.06 (d, J = 7, CH2(3.1), I = 18.5); 3.70 (s, Me0 (7a), I = 2.5); 4.284.45 (m, 
H-C(2.1)); 4.44 (dq, J = 7.2, 7.2, H-C(2.2)); 4.91-5.10 (m, (CH,),CH, NH(2.1)); 6.27 (d, J = 7, trace of 
NH(2.2),~,~);6.48(d,J =7,NH(2.2),~,~);7.15-7.35(m,Ph);b)1.22, 1.25(2d,J=6.0and6.2,resp.,(CH3),CH); 
1.33 (d, J = 7.1, CH3(3.2)); 1.41 (s, t-Bu); 3.07 (d, J = 6.6, CH2(3.1)); 3.70 (s, Me0 (trace of 7a)); 4.284.45 (m, 
H-C(2.1)); 4.45 (dq, J = 7.2, 7.2, H-C(2.2)); 4.91-5.10 (m, (CH,),CH, NH(2.1)); 6.27 (d, J = 7, little 
NH(2.2), L,D); 6.47 (d, J =  7.4, NH(2.2), L,L); 7.15-7.38 (m, Ph); c )  1.22, 1.24 (2d, J = 6.0 and 6.2, resp., 
(CH,),CH); 1.33 (d, J =  7.1, CH3(3.2)); 1.41 (s, t-Bu); 3.07 (d, J = 6.6, CH2(3.1)); 3.70 (s, Me0 (trace of 7a)); 
4.284.45 (m. H-C(2.1)); 4.45 (dq, J = 7.2, 7.2, H-C(2.2)); 4.91-5.10 (m. (CH,),CH, NH(2.1)); 6.27 (d, J = 7, 
little NH(2.2), L,D); 6.47 (d, J = 7.4, NH(2.2), L,L); 7.15-7.38 (m, Ph); d) 1.22, 1.25 (2d, J = 6.2, (CH3),CH); 1.33 
(d, J =  7.1, CH3(3.2)); 1.41 (s, t-Bu); 3.07 (d, J = 6.7, CH,(3.1), I= 15.5); 3.72 (s, Me0 (7a), I = 1.0); 4.284.45 
(m. H-C(2.1)); 4.44 (dq, J = 7.2, 7.2, H-C(2.2)); 4.91-5.10 (m. (CH,),CH, NH(2.1)); 6.44 (d, J = 7.8, NH(2.2)); 
7.16-7.37 (m, Ph); e )  1.22, 1.25 (2d, J = 6, (CH3),CH); 1.33 (d, J = 7, CH3(3.2)); 1.40 (s, t-Bu); 3.07 (d, J = 7, 
CHz(3.1)); 3.71 (s, Me0 (trace of 7a)); 4.284.45 (m, H-C(2.1)); 4.44 (dq, J = 7, 7, H-C(2.2)); 4.91-5.10 (m, 
(CH,),CH, NH(2.1)); 6.44 (d, J = 7, NH(2.2)); 7.17-7.36 (m, Ph). GC: a )  210 (D-Ala, I = 1441), 229 (L-Ala, 
I = 15580); b)  213 (u-Ala, I = 7185), 231 (L-Ala, I = 48354); c )  210 (u-Ala, I = 6996), 228 (L-Ala, I = 32442); 
d) 209 (u-Ala, I = 1856), 228 (L-Ala, I = 43426); e )  207 (D-Ala, I = 136), 223 (L-Ala, I = 2827). 

Boc-Phe-Ah-OCH,CH=CH, (7d). As described for 5b, with 7a (701 mg, 2 mmol), LiBr (869 mg, 10 mmol), 
CH,=CHCH,OH (10 ml), and DBU (150 pl, 1 mmol) at 0" for 6 h. Addition of dil. HCI/Et,O (3 ml) before 
workup: 686 mg (91 %) of weak brownish 7d with 3% of 7a ('H-NMR) and au-Ala portion of 5% (GC). 'H-NMR 
(200 MHz, CDCI,; crude product): 1.36 (d, J = 7, CH3(3.2)); 1.40 (s, t-Bu); 3.07 (d, J = 7, CH2(3.1), I = 14); 3.70 
(s, Me0 (7a), I = 0.7); 4.284.65 (m, H-C(2.1), H-C(2.2), CH,=CHCH,); 5.01 (d, J = 7, NH(2.1)); 5.09-5.38 (m, 
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CH2=CHCH2); 5.78-6.1 1 (m.  CH2=CHCH2); 6.49 (d, J = 7, NH(2.2)); 7.167.37 (m. Ph). GC: 214 (D-Ala, 
I = 1162), 231 (L-Ala, I = 24430). 

Boc-Phe-,41a-OCMe3 (7e). As described for 5b, with 7a (701 mg, 2 mmol), LiBr (869 mg, 10 mmol), Me,COH 
(10 ml) and THF (10 ml), and DBU (150 pl, 1 mmol) at r.t. for 54 h. Addition of 1~ HCI (3 ml) before workup: 441 
mg of a mixture containing 88% of 7a and 12% of 7e ('H-NMR) with a D-Ala portion of ca. 46% ('H-NMR). 
'H-NMR (200 MHz, CDC1,; crude product): 1.24 (d,  J = 7.2, CH3(3.2, L,D)); 1.34 (d,  J = 7.2, CH3(3.2), L,L); 1.40 
(s, t-BuOCO); 1.43 (t-BuO (7e)); 3.05,3.06 (24 J = 6.9 and 6.6, resp., CH2 (3.1), L,D and L,L, I = 25); 3.71 (s, Me0 
(7a), I = 33); 4.254.42, 4.424.60 (2m, H-C(2.1), H-C(2.2)); 4.95-5.13 (m, NH(2.1)); 6.25 (d, J = 6, NH(2.2, 
L,D), I = 5); 6.42 (d, J = 6, NH(2.2), L,L, I = 6); 7.167.35 (m, Ph). 

Boc-Phe-Leu-OMe @a). a) A t  25" and b) at 3". To a soh.  of 8b (937 mg, 2 mmol), LiBr (868 mg, 10 mmol) in 
MeOH (10 ml), DBU (1 50 pl, 1 mmol) was added at a )  r.t.; b )  3". After a) 20 h; b )  21 h of stirring at the given temp., 
the mixture was worked up, after addition of dil. HCI/Et20 (2 ml) according to Exper.3: a )  707 mg (goyo) of 8a 
with < 2% of 8b ('H-NMR) and a D-Leu portion of 31 % (GC) after drying under h.v. for several days; b )  739 mg 
of 8a with < 2% of 8b and a PhCH20H portion of 39% ('H-NMR) and a D-Leu portion of 6% (GC). 'H-NMR 
(200 MHz, CDC1,; crude product): a) 0.804.95 (m. 2CH3(5.2)); 1.30-1.75 (m,  H-C(4.2), CH2(3.2)); 1.41 (s, 
t-Bu); 3.07 (4.1 = 7, CHz(3.1)); 3.68,3.69 (23, MeO, L,L and ~,0);4.254.45,4.454,65 ( 2 4  H-C(2.1), H-C(2.2)); 
4.95-5.05 (m, NH(2.1)); 5.12 (s, PhCH20 (trace of 8b)); 6.12-6.29 (m,  NH(2.2)); 7.17-7.37 (m,  Ph); 6 )  0.804.98 
(m.  2 CH3(5.2)); 1.30-1.85 (m, H-C(4.2), CHz(3.2)); 1.41 (s, t-Bu); 3.07 (d, J = 7, CH,(3.1)); 3.69, 3.72 (2s, MeO, 
L,L and little I,$); 4.254.45, 4.474.65 (2m, H-C(2.1), H-C(2.2)); 4.70 (s, PhCH,OH, I = 9); 4.95-5.08 (m, 
NH(2.1)); 6.25 (d, J = 7, NH(2.2)); 7.17-7.43 (m, Ph, PhCH,OH). GC: a )  466 @-Leu, I = 7014), 508 (L-Leu, 
I = 15 510); b )  460 @-Leu, 0.862%), 504 (L-Leu, 13.425%). 

Boc-Phe-Leu-OCH2Ph (8b). As described for 5b, with Sa (785 mg, 2 mmol), LiBr (869 mg, 10 mmol), 
PhCH20H (10 ml), and DBU (150 p1, 1 mmol) at 3" for 7 days. Addition of dil. HCI/Et20 (2 ml) before workup 
followed by removal of PhCH20H at 70"/h.v. led to 825 mg (88%) of 8b, after recrystallization from hexane (and 
little AcOEt). Prior to recrystallization, crude 8b contained 6% of 8a ('H-NMR) and a o-Leu portion of 27% 
(GC). 'H-NMR (200 MHz, CDCl,; prior to recrystallization): 0.74-0.98 (m, 2 CH,(5.2), I = 63); 1.40 (s. t-Bu); 
1.30-1.72(m,H-C(4.2),CH2(3.2));3.04(d,J=6,CH,(3.1));3.69(s,MeO(8a),I = 1.8);4.294.50,4.50.70(2m, 
H-C(2.1), H-C(2.2)); 5.12 (s,PhCH,O); 5.12-5.30(m, NH(2.1)); 6.4-6.55 (m,NH(2.2)); 7.12-7.44(m, 2Ph). GC: 
467 (D-Leu, 10.240%), 512 (L-Leu, 27.832%). 

Boc-Phe-Leu-OEt (8c). As described for 5b, with 8a (785 mg, 2 mmol), LiBr (869 mg, 10 mmol), EtOH (10 ml), 
and DBU (150 pl), at r.t. for 6 min. Addition of dil. HC1/Et20 (2 ml) before workup: 786 mg (97%) of 8c with 7% 
of 8a ('H-NMR) and containing its o-Leu isomer to 3 %  (GC). 'H-NMR (200 MHz, CDCI,; crude product): 0.89, 
0.91 (24 J = 6, CH,(5.2)); 1.23 (1, J = 7, CH,CH2); 1.41 (s, t-Bu); 1.46-1.62 (m,  H-C(4.2), CH2(3.2)); 3.07 (d, 
J = 7, CH2(3.1), I = 21.5); 3.69 (s, Me0 @a), I = 2.3); 4.14 (4, J = 7, CH,CH,); 4.34 (td, J = 7, 7, H-C(2.1 or 
2.2)); 4.484.61 (m. H-C(2.1 or 2.2)); 4.92-5.08 (m. NH(2.1); 6.28 (d,  J = 8, NH(2.2)); 7.17-7.35 (m, Ph). GC: 469 
@-Leu, I = 16 108), 517 (L-Leu, I = 492351). 

Boc-Phe-Leu-OCHMe2 (8d). As described for 5b, with 8a (785 mg, 2 mmol), LiBr (869 mg, 10 mmol), 
Me,CHOH (10 ml), and DBU (150 pl, 1 mmol) at r.t. for 90 min. Addition ofdil. HCI/Et,O (2 ml) before workup: 
779 mg (93 %) of8d with 4% of8a ('H-NMR) and containing its D-Leu isomer to 13% (GC). 'H-NMR (200 MHz, 
CDCl,; crude product): 0.89, 0.91 (24 J = 6, CHJ5.2)); 1.23 ( t ,  J = 7, (CH,),CH); 1.41 (s, t-Bu); 1.46-1.62 (m,  
H-C(4.2),CH2(3.2));3.07(d,J = 7,CH2(3.1),I =22.5);3.69(s,MeO@a),I = 1.0);4.34(td, J =7,7,H-C(2.1 or 
2.2)); 4.424.58 (m, H-C(2.1 or 2.2)); 4.91-5.10 (m,  (CH3),CH, NH(2.1)); 6.18 (d, J = 8, NH(2.2), little L,D)); 6.29 
(d,  J = 8, NH(2.2), L,L); 7.17-7.37 (m. Ph). GC: 462 (D-Leu, I = 19723), 505 (L-Leu, I = 137492). 

Boc-Phe-Asp(0Me)-OMe (9b). As described for 5b, with 9a, (218 mg, 0.5 mmol), LiBr (218 mg, 2.5 mmol), 
MeOH (3 ml), and DBU (36 pl, 0.25 mmol) at 0" for 30 min. Addition of 1~ HCI (2 ml) before workup: 191 mg 
(94%) of 9b with 4% of 9a ('H-NMR) and a D - A s ~  portion of 15% (GC). 'H-NMR (200 MHz, CDC1,; crude 
product): 1.19-1.30 (m, 2 CH3CH2 (9a), I = 3.5); 1.41 (s, t-Bu); 2.82, 3.01 (2dd, J = 4.4, 17.3,2 H-C(3.2)); 3.08 (d,  
J = 6.3, CH2(3.1)); 3.66, 3.73 (2s, 2 MeO, I = 92); 4.054.22 (m, CH,CH2 (9a)); 4.304.48 (m. H-C(2.1 or 2.2)); 
4.79(dt,J =4.8,7.7,H-C(2.1 or2.2));4.87-5.00(m,NH(2.1));6.83(d,J=7.1,NH(2.2));7.18-7.34(m,Ph).GC: 
833 (~-Asp,  3.633%0), 840 (L-As~,  19.926%). 

Z-Ala-Leu-OMe (10a). As described for 5b, with 10a (701 mg, 2 mmol), LiBr (869 mg, 10 mmol), MeOH (10 
ml), and DBU (150 pl, I mmol) at r.t. for 20 h. Addition of 1~ HCI (2 ml) before workup: 508 mg (73%) of a still 
slightly impure, oily 10a after FC (hexane/AcOEt 4:6). 'H-NMR (200 MHz, CDCI,): 0.8-1.0 (m, 2 CH3(5.2)); 
1.18-1.75 (m, H-C(4.2), CH,(3.2), impurity); 1.38 (d, J = 7, CH3(3.1)); 2.25-2.38 (m, weak impurity); 3.70, 3.71 
(23, MeO, L,L and L,D); 3.98 (d,  J = 5, weak impurity); 4.024.40, 4.524.78 (2m, H-C(2.1), H-C(2.2)); 5.10 (s, 
PhCH,); 5.53, 5.55 (24 J = 8, NH(2.1), L,L and L,D); 6.62, 6.75 (24 J = 8, NH(2.2), L,L and L,D); 7.33 (s, Ph). 
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Z-Alu-Leu-OEt (lob). As described for Sb, with 10a (701 mg, 2 mmol), LiBr (869 mg, 10 mmol), EtOH (10 ml), 
and DBU (1 50 pl, I mmol) at r.t. for 6 min (+brownish red). Addition of dil. HCI/Et,O (4 ml) before workup: 679 
mg (93%) of a slightly yellow oil of 10b with 10% of 10a ('H-NMR) and a D-Leu portion of 3% (GC). 'H-NMR 
(200 MHz, CDCI,; crude product): 0.90 (d, J =  6,2 CH,(5.2)); 1.25 ( t ,  J = 7, CH,CH,); 1.36 (d, J = 7, CH,(3.1)); 
1.40-1.76(m,H-C(4.2),CH2(3.2));3.71 (s,MeO(lOa),I =3);4.15(q,J= 7,CH3CH2);4.254.49,4.504.66(2m, 

464 (o-Leu, 1.882%), 517 (L-Leu, 56.392%). 
Z-Alu-Leu-OCHMez (1Oc). As described for Sb, with 10a (701 mg, 2 mmol), LiBr (869 mg, 10 mmol), 

Me2CHOH (10 ml), and DBU (150 pl, 1 mmol) for 90 min at r.t. Addition of dil. HCl/Et,O (3 ml) before workup: 
645 mg (85%) of a slightly yellow oil of 1Oc with 5 % of 10a ('H-NMR) and a o-Leu portion of 9% (GC). 'H-NMR 
(200 MHz, CDCl,; crude product): 0.89 (d, J = 6, 2 CH,(5.2), I = 55); 1.22, 1.24 (2d, J = 6, (CH,),CH); 1.36 (d, 
J = 7, CH,(3.1)); 1.43-1.75 (m, H-C(4.2), CH2(3.2)); 3.69 (s, Me0 (lOa), I = 1.5); 3.96-4.71 (m, H-C(2.1), 

Ph). GC: 468 (o-Leu, I = 18749), 515 (L-Leu, I = 196739). 
Z-Lys(Boc)-Ala-OCHzCH=CHz (llb). As described for Sb, with l l a  (466 mg, 1 mmol), LiBr (434 mg, 5 

mmol), CH,=CHCH,OH (5 ml), and DBU (74 pl, 0.5 mmol) at 0" for 22 h. Addition of I N  HCI (2 ml) before 
workup: 458mg(93%)ofllbwith3% oflla('H-NMR)andaD-Alaportionof 15% (GC). 'H-NMR(200MHz, 
CDCl,; crude product): 0.824.98 (m. CH2(4.1)); 1.20-1.59 (m, CH2(5.1), CH,(3.2)); 1.41 (s, t-Bu); 1.60-1.76, 
1.76-1.96 (2m, 2 H-C(3.1)); 2.99-3.18 (m, CH2(6.1)); 3.73 (s, Me0 (lla), I = 10); 4.1W.27, 4.484.78 (2m, 
H-C(2.1), H-C(2.2), CH2=CHCH2, NH(6.1 or 2.1)); 5.09 (s, PhCH,); 5.2C5.39 (m, CH,=CHCH,); 5.54 (d, 
J = 7, NH(6.1 or 2.1)); 5.79-6.01 (m. CH2=CHCH2, I = 95); 6.69 (d, J = 7, NH(2.2)); 7.34 (s, Ph). GC: 212 
(D-Ala, I = 66673), 231 (L-Ala, I = 388281). 

Boc-Ala-Sur-MeLeu-OMe (12b). As described for Sb, with Boc-Ala-Sar-MeLeu-OCH2Ph (12a; 478 mg, 1 
mmol), LiBr (435 mg, 5 mmol), MeOH (5 ml), and DBU (75 pl, 0.5 mmol) at 3" for 50 h. Addition of I N  HCI(2 ml) 
before workup: 365 mg of PhCH20H-containing 12b ( < 91 %) with Q 2% of 12a ('H-NMR). 'H-NMR (200 
MHz, CDCI,; crude product): 0.85-1.03 (m. 2 CH,(5.3)); 1.16-1.30 (m, H-C(4.3)); 1.34, 1.35 (24 J = 6.9, 
CH,(3.1), different conformations); 1.42 (s, t-Bu); 1.65-1.83 (m, CH2(3.3)); 2.86, 3.06, 3.07 (3s, CH,-N(2.2), 
CH,-N(2.3), major conformation); 2.79, 2.88, 2.91, 2.94 (4s, CH,-N(2.2), CH,-N(2.3), minor conformation); 
3.65 (s, MeO, major conformation); 3.69 (s, MeO, minor conformation); 3.774.1 5, 4.3M.46, 4.46-4.75 (3m, 
H-C(2.1), CH2(2.2) and minor conformations); 5.22 (dd, J = 9,6, H-C(2.3)); 5.40-5.55 (m, NH(2.1)); 7.23-7.40 
(m. PhCH,OH). 

Z-Arg-Lys(Z)-Asp(0Me)-  Vul-Tyr-OMe ' HC1 (13b). Addition of Z-Arg-Lys(Z)-Asp(OCH,Ph)-Val-Tyr- 
OCH,Ph . HCl(13a; 1.165 g, 1 mmol) and LiBr (435 mg, 5 mmol) to MeOH (5 ml) led to a suspension, which could 
be dissolved upon further addition of LiBr (435 mg, 5 mmol) in THF (10 ml). After cooling to 3", DBU (225 pl, 1.5 
mmol) was added. After 24 h stirring at 3", the mixture was treated with I N  HCl(100 ml), and 13b was filtered. The 
filtered solid was recrystallized from MeOH (with little H,O): 963 mg (89%) of 13b with < 5% of 13a ('H-NMR) 
and a D-Tyr portion of 3 % (GC, prior to recrystallization), after 5 days of drying under h.v. 'H-NMR (200 MHz, 
DMSO): 0.704.85 (m. 2 CH3(4.4)); 1.10-1.78, 1.82-2.06, 2.55-3.15 (3m); 3.35 (s, H,O); 3.51,3.53,3.54(3s, MeO, 
several conformations); 3.934.1 1, 4.1 14.42, 4.534.80 (3m); 4.95-5.10 (m, NH(2.1), NH(6.2)); 6.65, 6.99 (24 
J = 8, 2 NH); 7.15-7.68 (m, NH); 7.33 (s, Ph); 7.78 (d,  J = 8, NH); 7.85-8.08, 8.32-8.50 (2m, NH); 9.26 (s). GC: 
1320 (o-Tyr, I = 419), 1338 (L-Tyr, I = 14 173). 

Boc-Abu-Sur-MeLeu- Val-MeLeu-Alu-OEt (14b). As described for Sb, with Boc-Abu-Sar-MeLeu-Val-MeLeu- 
Ala-OEt (14a; 143 mg, 0.2 mmol), LiBr (87 mg, 1 mmol), EtOH (2 ml), and DBU (15 pl, 0.1 mmol) at 0" for 1 h. 
Addition of dil. HCI/Et,O (4 ml) before workup: 167 mg of a colorless oil of 14b with < 5% of 14a (crude 
'H-NMR) and a D-Ala portion of 3% (crude GC). FC (MeOH/CH,CI, 3:97) yielded 138 mg (95%) of 14b. 
'H-NMR (200 MHz, CDCl3; after FC): 0.70-1.20 (m, CH,(4.1), CH3(5.3), CH3(4.4), CH,(5.5)); 1.1-2.40 (m, aliph. 
H's); 1.24 (1 ,  J = 7, CH,CH,O); 1.32 (4 J = 7, CH3(3.6)); 2.73-2.85, 2.85-3112, 3.12-3.39 (3m, CH,-N(2.2), 
CH3-N(2.3), CH,-N(2.5)); 3.83-3.40 (m); 4.16 (4. J = 7, CH,CH,O); 4.284.95, 4.95-5.30 (2m, H-C(2.1), 
CH,(2.2), H-C(2.3), H-C(2.4), H-C(2.5), H-C(2.6)); 5.57 (d, J = 8, NH(2.1)); 5.96, 6.50, 6.61, 6.74, 7.22, 7.75, 
7.83,7.93,8.32 (94 J = 7-8, NH, different conformations). GC: 215 (D-Ala, I = 18960), 236 (L-Ala, I = 643859). 

8. Peptide-Resin Cleavages. Boc-Leu-Alu-Gly- Val-OMe (15b). Boc-Leu-Ala-Gly-Val-(PAM resin)19) (15a; 300 
mg, 0.168 mmol of peptide) was suspended in 3 ml of a 0 . 2 8 ~  LiBr/MeOH soh. (487 mg of LiBr/20 ml of MeOH) 
and stirred at r.t. for 15 min. DBU (50 pl, 0.34 mmol) was added, and after 4 h stirring at r.t., the mixture was 

H-C(2.1), H-C(2.2)); 5.09 (s,  PhCH2, I = 17); 5.88 (d, J = 8, NH(2.1)); 7.02 (d,  J = 8, NH(2.2)); 7.32 (s,  Ph). GC: 

HeC(2.2)); 4.90-5.12 (m, CH,),CH); 5.09 (s, PhCH2); 6.04 (d,  J = 8, NH(2.1)); 7.13 (d,  J = 8, NH(2.2)); 7.32 (s, 

, 

19) Loading, 0.559 mmol . g-' 
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filtered, the resin washed with AcOEt (ca. 10 ml), treated with 1~ HCl (ca. 10 ml), and extracted twice with AcOEt 
(ca. 10 ml). The combined org. extract was dried (MgS04) and evaporated and the residue dried under h.v.: 78 mg 
of slightly impure 15b with a o-Val portion of 1 YO (GC). Further purification by FC (5 YO MeOH/Et,O) led, after 
24 h drying under h.v., to 66 mg (83%) of 15b. White powder. M.p. 71-72O. 'H-NMR (400 MHz, CDCl,): 0.91, 
0.95 (24 J = 6 . 4  and 6.7, resp. 2CH3(5.1), 2CH3(4.4)); 1.24-1.86 (m, H-C(4.1), CH2(3.1)); 1.40 (d, J=7.1 ,  
CH3(3.2)); 1.43 (s, t-Bu); 2.10-2.23 (m, H-C(3.4)); 3.73 (s, MeO);4.014.13, 4.134.30, 4.494.58,4.584.69 (4m, 
H-C(2.1), H-C(2.2), CHz(2.3), H-C(2.4)); 5.41 (br. s, NH(2.1)); 7.22 (d, J =  6.0, NH); 7.29 (d, NH); 7.44 (d, 
J = 9.4, NH, minor conformation); 7.66 (br. s, NH); 8.40-8.52 (m, NH, minor conformation). ',C-NMR (CDCl,): 
18.02, 18.51, 18.97,21.92,22.99,24.74, 28.33,31.13,41.39,43.22,49.09, 52.14, 53.42, 57.45, 80.11, 155.99, 169.01, 
172.31,172.96,172.98 (and some very small peaks). MS: 495 (9, [M + 23]+), 474 (lo), 473 (37, [M + 117,417 (14), 
374(12), 373(54), 286(16),260(14), 242(9),229(20), 190(9), 189(80), 185(17), 157(10), 154(9), 149(18), 137 (9), 
136 (12), 132 (41), 130 (23), 129 (20), 107 (lo), 91 (9), 89 (lo), 86 (68), 77 (ll),  74 (lo), 73 (24), 72 (55 ) ,  71 (17), 70 
(lo), 69 (15), 57 (loo), 56 (lo), 55 (29). GC: 289 @-Val, 0.309%), 306 (L-Val, 24.105%). 

Boc-Leu-Ala-Gly-Val-OH (1%). The suspension of 15a2') (150 mg, 0.093 mmol of peptide) in a soln. of LiBr 
(40 mg, 0.46 mmol) in THF (1.8 ml) and H 2 0  (0.2 ml) was stirred for 15 min at r.t. DBU (7 pl, 0.047 mmol) was 
added, and after 4 h of stirring at r.t., the mixture was filtered, the resin washed with AcOEt (ca. 10 ml), treated with 
1~ HCl (ca. 10 ml), and extracted twice with AcOEt (ca. 10 ml). The combined org. extract was dried (MgS04) and 
evaporated and the residue dried under h.v.: 81 mg of slightly impure 15c with a D-Val portion of 1 % (GC). The 
yield was determined by 'H-NMR of the crude product with MeCN as internal standard: 34 mg (81 Yo). 'H-NMR 
(CD,OD, 10.4 mg of MeCN): 0.8&1.00 (m, 2 CH,(5.1) of 15c, 2 CH3(4.4) of 15c, I = 33); 2.04 (s, MeCN, I = 28). 
GC(15c): 303 (o-Val, 0.087%), 322 (L-Val, 11.058%). 

Esterification of the crude product with CH2Nz led to a compound with 'H-NMR spectra corresponding to 
that of 15b. 

Boc-Leu-Ala-Gly-Val-OEt (15d). The suspension of 15a2') (220 mg, 0.136 mmol of peptide) in EtOH (1 ml) 
and Ti(OEt)4 (1 ml) was refluxed for 7 h and stirred overnight at r.t. The mixture was filtered, the resin washed with 
AcOEt (ca. 10 ml), treated with 1~ HCl (ca. 10 ml), filtered, and extracted according to Exper.3 (half amount of 
solvent; D-Val portion: < 1% (GC)). FC (10% MeOH/Et,O) and drying under h.v. gave 52 mg (78%) of 15d. 
M.p. 62-63". White powder. 'H-NMR (200 MHz, CDCI,): 0.75-1.00 (m, 2 CH3(5.1), 2 CH3(4.4)); 1.25 ( t ,  J = 7.1, 
CH,CHzO); 1.39 (d, J = 7, CH,(3.2)); 1.40 (s, r-Bu); 1.40-1.75 (m, H-C(4.1),CH2(3.1)); 2.05-2.28 (m, H-C(3.4)); 
3.924.28, 4.434.70 (2m, CH3CH20, H-C(2.1), H-C(2.2), CH2(2.3), H-C(2.4)); 5.44 (d, J = 7.9, NH(2.1)); 
7.15-7.35, 7.55-7.70 (2m, NH(2.2), NH(2.3), NH(2.4)). "C-NMR (CDCI,): 14.27, 14.36, 18.00, 18.09, 18.67, 
19.10,21.95,22.05,23.15,24.90,28.50,31.40,41.59,43.44,49.23,53.62,57.56,61.45,80.29, 156.32, 169.25, 172.19, 
173.28. MS:487.5(18,[M + 1]'),431.4(7),387.4(15),286(9),229(11),203(36), l85(9), 157(8), 154(12), 149(34), 
147(17), 146(23), 137(15), 136(17), 133(9), 130(13), 129(20), 123(10), 121 (E), 119(12), 113(10), 111 (ll),  109 
(16), 107 (13), 105 (14), 97 (20), 95 (27), 93 (13), 91 (21), 86 (28), 85 (17), 83 (30), 81 (31), 79 (17), 77 (16), 73 (39), 72 
(35),71 (43), 70 (1 l), 69 (58),  67 (27), 57 (loo), 56 (1 l), 55 (79). GC (prior to FC): 293 (D-Val, 0.067%), 309 (L-Val, 
23.357 O h ) .  

Boc-Leu-Ala-Gly-Phe-OMe (16b). At r.t.for 4 h. To the suspension of Boc-Leu-Ala-Gly-Phe-(PAM resin)") 
(16a; 150 mg, 0.084 mmol of peptide) in a soln. of LiBr (36 mg, 0.41 mmol) in MeOH (2 ml), DBU (6.3 pl, 0.042 
mmol) was added after 15 min of stirring at r.t. After 4 h stirring at r.t., the mixture was filtered, the resin washed 
with AcOEt (ca. 10 ml), treated with 1~ HCl (ca. 10 ml) and worked up according to Exper.3 (half amount of 
solvent): 58 mg of a colorless oil of 16b with a o-Phe portion of 14% (GC). The content of 16b was determined by 
'H-NMR of the crude product with MeCN as internal standard: 43 mg (98%). 'H-NMR (CD,OD, 8.2 mg of 
MeCN): 0.80-1.00 (m, 2 CH,(5.1) from 16b), I = 47); 2.00 (s, MeCN, I = 57). Further purification by FC (5% 
MeOH/Et20) led, after 24 h of drying under h.v., to 42 mg (96%) of 16b. White powder. M.p. 71-73O. 'H-NMR 
(400 MHz, CDCI,): 0.91, 0.93 (24 J = 6.4, 2 CH,(5.1)); 1.37 (d, J = 7.1, CH3(3.2)); 1.43 (s, t-Bu); 1.45-1.53 (m, 
H-C(4.1)); 1.57-1.74 (m, CH2(3.1)); 3.05-3.17 (m. CH2(3.4)); 3.69 (s, MeO); 3.93 (d, J = 5.6, CH2(2.3)); 4.054.17 
(m, H-C(2.1) or H-C(2.4)); 4.46 (dq, J = 7, 7, H-C(2.2)); 4.83 (dt, J = 63,  H-C(2.1) or H-C(2.4)); 5.1 1 (d, 
J = 7.1, NH(2.1)); 6.84, 6.93 (24 J = 7.0 and 7.8, resp. NH(2.2), NH(2.3) or NH(2.4)); 7.10-7.30 (m, 1 NH, Ph). 
',C-NMR(CDCl,): 18.16,21.88,22.99,24.74,28.32,37.92,41.16,43.04,49.13,52.31,53.46,80.29, 127.05, 128.54, 
129.25, 136.03, 156.03, 168.56, 171.88, 172.64, 172.95. MS: 543(6, [M + 23]+), 521 (7, [ M  + 1]+), 422(6), 421 (20), 
308 (9), 286(13), 242 (9), 238 (15), 237 (79,229 (23), 185 (15), 181 (12), 180 (65), 162 (6), 158 (5 ) ,  136 ( S ) ,  133 (ll),  
132(5), 131 (9). 130(22), 129(7), l28(7), 121(12), 120(61), 119(7), 118(5), 103(5), 100(6),99(5),98(7),91 (14), 

2 0 )  Loading, 0.617 mol g-'. 
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89 (6), 88 (lo), 87 (7), 86 (72), 85 (7), 84 @), 77 (7), 74 (lo), 70 (lo), 69 (7), 58 (7), 57 (loo), 56 (9), 55 (13). GC: 1102 
(D-Phe, 3.182%), 1125 (L-Phe, 19.211%). 

At 0" for 8 h. As described above, but at 0" for 8 h: 64 mg of a colorless oil of 16b with a D-Phe portion of 2% 
(GC). The content of 16b was determined by 'H-NMR of the crude product with MeCN as internal standard: 38 
mg (86%). 'H-NMR (CD,OD, 9.1 mg of MeCN): 0.854.98 (m, 2 CH3(5.1) of 16b, I = 45.5); 2.02 (s, MeCN, 
I = 69.5). Further purification by FC (10% MeOH/Et,O) led, after 24 h of drying under h.v., to 36 mg (82%) of 
16b. White powder. 'H-NMR (200 MHz, CDCI,): 0.90,0.91 (2d, J = 6,2 CH3(5. 1)); 1.37 (d, J = 7, CH3(3.2)); 1.42 
(s, t-Bu); 1.45-1.75 (m, H-C(4.1), CH,(3.1)); 3.00-3.20 (m, CH,(3.4)); 3.69 (s, MeO); 3.93 (d, J = 6, CH,(2.3)); 
4.034.18 (m, H-C(2.1) or H-C(2.4)); 4.48 (dq, J = 7, 7, H-C(2.2)); 4.83 (dt ,  J = 6, 8, H-C(2.1) or H-C(2.4)); 
5.20 (d, J = 7.1, NH(2.1)); 6.93, 7.03 (24 J = 7 and 8, resp., NH(2.2), NH(2.3) or NH(2.4)); 7.09-7.38 (m, 1 NH, 
Ph). GC: 1056 (D-Phe, 0.534%), 1078 (L-Phe, 24.579%). 

Boc-Leu-Ala-Gly-Phe-OH (16c). As described for 16b (r.t., 4 h), but with THF/lO% H,O (2 ml) instead of 
MeOH. For workup, the HCI-treated resin was extracted twice with AcOEt (ca. 10 ml), the combined org. extract 
dried (MgS04) and evaporated, and the residue dried under h.v.: 96 mg of impure 16c with a o-Phe portion of 2% 
(GC). The content of 16c was determined by 'H-NMR of the crude product with MeCN as internal standard: 40 
mg (93%). 'H-NMR (CD30D, 4.0 mg of MeCN): 0.8W.98 (m, 2 CH,(5.1) of 16c, I = 37.5); 2.02 (s, MeCN, 
I = 23.0). GC (16c): 1087 (D-Phe, 0.597%), 1109 (L-Phe, 37.209%). 

The esterification of the crude product with CH,N, led to a compound with 'H-NMR spectra corresponding 
to 16b. 

Boc-Leu-Ala-Gly-Phe-OEt (16d). The suspension of 16a19) (160 mg, 0.089 mmol of peptide) in EtOH (1 ml) 
and Ti(OEt), (1 ml) was refluxed for 8 h and stirred at r.t. overnight. The mixture was filtered and the resin washed 
with AcOEt (ca. 10 ml), treated with 1~ HCI (ca. 10 ml), filtered, and extracted according to Exper. 3 (half amount 
of solvent; D-Phe portion: 1 % (GC)). Further purification by FC (10% MeOH/Et,O) and drying under h.v. led to 
45 mg (94%) of 16d. White solid. M.p. 74-75', 'H-NMR (400 MHz, CDCI,): 0.90, 0.91 (24 J = 6.2, 2 CH3(5.1)); 

CH2(3.4)); 3.95 (d,  J = 5.4, CH2(2.3)); 4.024.20 (m, 1 H, H-C(2.1, 2.2, or 2.4)); 4.12 (q, J = 7.2, CH3CH20); 
4.40-4.60, 4.754.89 (2m, 2 H, H-C(2.1, 2.2, or 2.4)); 5.20 (d, J = 7.3, NH(2.1)); 5.55 (d, J = 7, NH(2.1), minor 
conformation); 6.97, 7.01 (24 J = 7, 2 H, NH(2.2, 2.3, or 2.4)); 7.08-7.40 (m, 6 H, NH(2.2, 2.3, or 2.4), Ph). 
'3C-NMR(CDCI,): 14.22, 18.30,22.03,23.17, 24.86,24.92,28.50, 38.20,41.34,43.24,49.34, 53.69,61.72, 127.35, 
128.83, 129.66, 136.39,156.35, 168.87,171.82,172.99, 173.31.MS:557.5(21),536.5(10),535.5(31),507.5(7),479.5 
(9),436.5(8),435.5(28), 322(8),286(12),252(11),251 (66),242(7), 229(19), 195(9), 194(59), 186(8), 185(11), 177 
(12), 158(16), 157(8), 155(7), 154(22), 149(9), 138(11), 137(17), 136(21), 131 (8). 130(21), 121 (12), 120(65), 119 
(lo), 109 (8), 107 (15), 105 (12), 97 (1 l), 95 (15), 91 (24), 89 (13), 86 (SO), 83 (15), 81 (16), 79 (13), 77 (21), 71 (15), 69 
(29), 67 (17), 57 (100). GC: 1089 (D-Phe, 0.262%), 111 1 (L-Phe, 28.012%). 

1.15-1.75 (m, H-C(4.1), CHz(3.1)); 1.19 ( t ,  J = 7 . 2 ,  CH,CH,O); 1.36 (d,  J z 7 . 1 ,  CH,(3.2)); 3.00-3.20 (m, 
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