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The synthetic utility of the N4allyloxycarbonyl) (Alloc) substituent in a-amino acid derivatives is 
substantially extended beyond its well-known function as an amine protecting group. When the 
palladium-catalyzed deprotection is carried out by using tributyltin hydride as nucleophile (the 
Guibe method) in the presence of an active acylating agent a new acyl group is introduced on nitrogen. 
Successful acylating agents include carboxylic acid anhydrides, acid chlorides, and activated esters. 
A useful example of this methodology is the removal of the Alloc group in the presence of tert-butyl 
dicarbonate, which in essence amounts to  a “transprotection” to a Boc-protected a-amino acid 
derivative. More importantly, the use of activated N-protected a-amino ester derivatives (e.g., 
pentafluorophenyl esters) leads to dipeptides. This new method for peptide coupling proceeds very 
fast under mild conditions, in good to excellent yields, and without noticeable racemization. 

Introduction 

An important feature of synthetic organic chemistry 
is the choice of a proper protecting group, which allows 
various synthetic operations while leaving the protected 
functionality in the molecule intact. Nevertheless, it can 
be required in certain synthetic sequences to change 
protecting groups, for reasons of stability and reactivity. 
Therefore, the availability of methodologies to transform 
one protecting group into another one in a mild, straight- 
forward, and preferably, one-pot procedure is of high 
potential interest. 

The protecting groups that are probably most fre- 
quently used for amino groups are the carbamates. 
Carbamates utilized in peptide chemistry include the 
N-[(fluorenylmethoxy)carbonyll (Fmoc), N-(benzyloxy- 
carbonyl) (Z), N-(tert-butoxycarbonyl) (Boc), and more 
recently, the N-( allyloxycarbonyl) (Alloc) groups. A num- 
ber of papers have appeared describing examples of one- 
pot transformations of certain carbamates into other 
carbamates, such as the conversion of a benzyl carbamate 
into the Boc and the reverse process (eq lI3‘ and 
the conversion of Fmoc into Boc (eq 2).4 The scope of 
these methods is, however, not very wide, as they involve 
the replacement of the protecting group by a specific other 
group. A more general method for the conversion of the 
Z, Boc, or Alloc group into a different carbamate protec- 
tive group via the corresponding tert-butyldimethylsilyl 
carbamate was recently published by Sakaitani and 
Ohfune. 

~ ~~~ 
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During the course of our investigations toward syn- 
thetic approaches to  a-amino acids using C,N-diacylimin- 
ium ion chemistry, a study on amine protecting groups 
was undertaken because the initially chosen groups, the 
methyloxycarbonyl (Meoc) and the Z-group, did, for 
several reasons, not serve our purposes completely. Our 
attention was then drawn by the use of the Alloc group. 
This protecting group has aroused much interest in the 
last decade, in connection with the development of 
x-allylpalladium chemistry.6 The allyl carbamate is 
cleaved in a mild and selective manner using catalytic 
amounts of p a l l a d i ~ m . ~  

The generally accepted reaction pathway for the pal- 
ladium-catalyzed cleavage of allyl carbamates is given 
in Scheme 1. Treatment of the protected amine 1 with 
the palladium(0) catalyst leads to  the formation of the 
n-allylpalladium complex 2. In the presence of a nucleo- 
phile (or “allyl acceptor”), this complex is then trans- 
formed into the free amine 3, the allylated nucleophile 
4, and carbon dioxide. Various types of nucleophiles have 
been used for this process, including potassium 2-ethyl- 

(6 ) (a )  Trost, B. M. Ace. Chem. Res. 1980, 13, 385. (b) Tsuji, J .  
Organic Synthesis with Palladium Compounds; Springer-Verlag: Ber- 
lin, 1980; p 125-132. 

( 7 )  Some examples: ( a )  Greene, T. W.; Wuts, P. G. M. Protective 
Groups in Organic Synthesis; Wiley: New York, 1991; pp 331-333. 
(b )  Kocienski, P. J. Protecting Groups; Thieme: New York, 1994; pp 
199-201. (c) Genet, J.  P.; Blart, E.; Savignac, M.; Lemeune, S.; 
Lemaire-Audoire, S.; Bernard, J .  M. Synlett 1999, 680, and refs cited 
therein. 
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hexanoate,8 5,5-dimethyl-1,3-cyclohexanedione (dime- 
done),g dimethyl malonate,1° formic acid,11J2 morpho- 
line,13 n-butylamine,12 dieth~lamine,~ and various sulfur 
 nucleophile^.^ All of these methods are successful not 
only for Alloc-protected amines but also for alcohols that 
are protected with this group. 

Although the Alloc group is usually cleaved satisfac- 
torily by one of the above-mentioned methods, the depro- 
tection can in some cases be accompanied by the forma- 
tion of significant quantities of allylamines 5 (Scheme 
1)) due to attack of the deprotected amine, instead of the 
external nucleophile, on the intermediate n-allylpalla- 
dium complex. Several research groups have studied the 
use of more efficient nucleophiles, in order to suppress 
this undesired competitive side rea~t i0n . l~  A particularly 
interesting method, reported by Guibe and co-workers, 
involves the use of tributyltin hydride (BusSnH) as the 
allyl a~ceptor . '~  The mechanism proposed for this pal- 
ladium-catalyzed hydrostannolytic cleavage of allyl car- 
bamates is shown in Scheme 2. The first step in this 
process is the formation of the n-allylpalladium complex 
2 from the starting Alloc-protected amine 1. In a 
subsequent step, Bu3SnH transfers a hydride ion to this 
complex, leading to the tributyltin carbamate 7 with 
concomitant evolution of propene. The hydride transfer 
is extremely rapid and therefore suppresses the forma- 
tion of allylamine 6 from the intermediate 2. The reason 
for this fast hydride transfer from Bu3SnH, a reagent 
which is normally used for the transfer of hydrogen 
radicals, is not explained in this paper, although it is 
suggested that palladium(0) plays a role in this process. 
The tributyltin carbamate 7 is relatively stable and can, 
in principle, be isolated and ~haracterized.'~ However, 
the reaction is usually performed in the presence of a 
protic acid such as acetic acid, which causes the cleavage 
of 7 to yield the free amine 8, carbon dioxide, and the 
tributyltin ester. 

In this paper we wish to report a variation of the above- 
mentioned Guibe conditions, which will be referred to  as 

( 8 )  Jeffrey, P. D.; McCombie, S. W. J. Org. Chem. 1982, 47, 587. 
(9) Kunz, H.; Unverzagt, C. Angew. Chem. 1984, 96, 426. 
(10) Boullanger, P.; Descotes, G. Tetrahedron Lett. 1986,27, 2599. 
(11) Minami, I.; Ohashi, Y.; Shimizu, I.; Tsuji, J. Tetrahedron Lett. 

1986,26, 2449. 
(12) (a)  Hayakawa, Y.; Kato, H.; Uchiyama, M.; Kajino, H.; Noyori, 

R. J.  Org. Chem. 1986,51, 2400. (b) Hayakawa, Y.; Wakabayashi, S.; 
Kato, H.; Noyori, R. J. Am. Chem. Soc. 1990, 112, 1691. 
(131 Kunz, H.; Waldmann, H. Angew. Chem. 1984,96, 49. 
(141 Some examples: ( a )  Merzouk, A,; Guibe, F.; Loffet, A. Tetra- 

hedron Lett. 1992, 33, 477. (b) Blart, E.; Savignac, M.; Gen& J. P. 
French Patent 92 04621. 

(151 Dangles, 0.; Guibe, F.; Balavoine, G.; Lavielle, S.; Marquet, A. 
J .  Org. Chem. 1987, 52, 4984. 
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the "transprotection" or "transacylation" reaction. The 
discovery of this reaction led to the development of a mild 
and efficient one-pot conversion of Alloc-protected amines 
into Boc-protected amines and to a variety of amides. A 
mechanistic rationale accounting for these results will 
be presented. Furthermore, the application of this new 
methodology to the one-pot synthesis of dipeptides will 
be outlined in detail.16 

Results and Discussion 

Attempted Deprotections of 9. During the course 
of our protective group studies, several literature 
methods7-15 were applied to the Alloc-protected allylgly- 
cine derivative 9. In the early experiments, the condi- 
tions of Noyori and co-workers were employed,12b using 
Pd(PPh3)e in the presence of triphenylphosphine and 
formic acid. However, despite extensive experimentation 
with various conditions and workup procedures, the 
desired free amine could not be isolated after the reaction. 
Although there are several possible explanations, the 
exact cause of the problems was not clarified. Our 
attention was then caught by the BusSnH method of 
G ~ i b 6 . ' ~  Thus, 9 was reacted with Pd(PPhd4 and Bu3- 
SnH in CHzCl2 in the presence of acetic acid as the proton 
donor. Although the starting material had completely 
disappeared by TLC after 15 min, the product could not 
easily be isolated. An improvement was realized when 
the reaction was initiated in the absence of protic acid. 
When the reaction mixture was then treated with gas- 
eous HCl the free amine was indeed formed, as could be 
inferred from the 'H NMR spectrum of the crude product. 
However, purification of the product present as the 
hydrochloride salt appeared difficult. 

In a related study a suitable protecting group was 
sought for hydrazine derivatives such as 10. When this 
doubly (Alloc-) protected compound was reacted under 
Guibe's conditions, but in the presence of an excess of 
acetic anhydride instead of acetic acid, a clean, quantita- 

(161 Preliminary communication: (a)  Roos, E. C.; Bernabe, P.; 
Hiemstra, H.; Speckamp, W. N.; Kaptein, B.; Boesten, W. H. J .  
Tetrahedron Lett. 1991,32, 6633. See also: (b) Roos, E. C.; Mooiweer, 
H. H.; Hiemstra, H.; Speckamp, W. N.; Kaptein, B.; Boesten, W. H. J.; 
Kamphuis, J. J .  Org. Chem. 1992, 57, 6769. 
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tive conversion into the corresponding N,N-diacetyl 
compound 11 was observed (eq 31.'' 

0 
Pd(PPh3)d (0.04 WUIV) 
BuaSnH (2.2 equiv) 

A c a  (5 equiv) 
CH2C12, rt. 10 min 

0 0 

10 11 (1  00%) 

This fortuitous result prompted us to consider similar 
reactions with our amino acid derivatives. It was rea- 
soned that if the Alloc group could be efficiently converted 
into a different acyl or alkoxycarbonyl group, the latter 
might be subsequently removed in a straightforward 
fashion. 

The Transprotection: Synthesis of Amides and 
Carbamates. As a first experiment, analogous condi- 
tions as used for the conversion of 10 to 11 were applied 
to the Alloc-protected a-amino acid derivative 9. Thus, 
9 was reacted with a catalytic amount of Pd(PPh3)r and 
1.1 equiv of BuaSnH, in the presence of 2.5 equiv of acetic 
anhydride (eq 4), which furnished after a smooth and 

'OMe AcpO (2.5 equiv) 
CH2CI2, r t ,  10 min 

9 1 2 (58%) 

rapid reaction the N-acetyl-a-amino acid derivative 12 
in a moderate yield (58%). The formation of product 12 
is the net result of a one-pot replacement of the allyloxy- 
carbonyl group by the acetyl group, so that this reaction 
can be called a transacylation or transprotection reaction. 

As acetic anhydride can be regarded as an activated 
carbonyl compound, it was anticipated that other mol- 
ecules containing activated carbonyl functionalities would, 
under these conditions, react in the same manner with 
Alloc-protected compounds, thus giving rise to the forma- 
tion of various different amides. The results of such 
experiments are collected in Table 1. 

The allylglycine derivative 9, the cyclopentenyl deriva- 
tive 13,16b and Alloc-protected L-alanine methyl ester 
(Alloc-L-Ala-OMe) 1418 were selected as Alloc protected 
a-amino acid derivatives serving as starting materials. 
The reactions described in entries 2-6 of Table 1 were 
carried out as follows: the Alloc compound and the 
activated carbonyl or sulfonyl compound (1.05 equiv) 
were dissolved at  rt in dry CHzClz under an atmosphere 
of dry nitrogen. Pd(PPh& (0.02 equiv) was then added, 
and immediately after that BusSnH (1.1 equiv) was added 
to the reaction mixture in one portion to exclude possible 
allylamine formation. The reaction was monitored by 
TLC and in most cases shown to  be complete within 5 
min. The solvent was then removed in vacuo, and the 
residue was chromatographed using flash chromatogra- 
phy. 

Table 1 shows that the transprotection reaction has 
broad applicability. Various types of activated carbonyl 

(17) Rutjes, F. P. J. T. Synthesis of Cyclic Hydrazines and a-Hy-  
drazino Acid Deriuatiues via N-Acylhydraronium Ions. Ph.D. Thesis, 
University of Amsterdam, 1993. 

(18) The latter compound was synthesized from L-Ala by using 
standard protective group chemistry. See, e.g.: Muller, E., Ed. Meth- 
oden der Organischen Chemie (Houben- Weyli; Georg Thieme Verlag: 
Stuttgart, 1974; Band Xvil + 2 (Synthese von Peptiden). 
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Table 1. Pd(0)-Catalyzed Coupling Reactions of Alloc 
Compounds 

entry precursor carbonyl compound product (yield) 

Alloc.All-NHOMe 9 15 12 (58%) 

3 9 

16 20 (89%) 

17 21 (60%)' 

13 22 (92%) 

B , J y M e  0 

Alloc-AlaOMe 14 18 23 (89%) 

24 (89%) 

a After treatment of the crude mixture with H C M e O H .  

moieties were reactive in this process, such as acyclic and 
cyclic anhydrides, carbonates, and acyl chlorides, all 
leading to a fast and mild one-pot conversion of the Alloc- 
compound into the newly protected amine in good to 
excellent yields. In the case of a succinic anhydride 
(entry 3), the initial product was directly converted to 
the methyl ester 21. Entry 6 illustrates that not only 
electrophilic carbonyl compounds but also tosyl chloride 
was successfully used in this process. However, when 
less reactive electrophiles such as esters, halides, tosy- 
lates, enones, and epoxides used, the desired transpro- 
tected product was not obtained. 

As already reported previously,16b the transprotection 
reaction turned out to be an excellent solution for our 
earlier encountered deprotection problems. y ,d-Unsatur- 
ated Alloc-protected a-amino amides such as 9 and 13 
could now be converted into the corresponding Boc 
derivatives 20 and 22 using this transprotection process. 
Subsequently, the Boc group could be cleaved in a facile 
way using formic acid to give the formate salt of the 
desired a-amino amide in high overall yield. 

Mechanistic Discussion. A mechanism accounting 
for the results on the Alloc deprotection process obtained 
so far is outlined in Scheme 3. It can be regarded as a 
revision, or extension, of the mechanism postulated by 
Guibe and co-workers for the palladium-catalyzed hy- 
drostannolytic deprotection of Alloc-protected amines (see 
Scheme 2).15 The mechanism proposed here is cor- 
roborated by several observations that were made during 
our investigations. 
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Scheme 3 
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Evolution of gas from the reaction mixture was ob- 
served immediately after the addition of Bu3SnH. How- 
ever, in some of the reactions a second gas evolution was 
noticed after a reaction time of 10-30 min, sometimes 
spontaneous, sometimes after opening of the reaction 
flask. These observations substantiate the proposal that 
propene is evolved from the reaction mixture immediately 
after hydride addition to give the intermediate tributyltin 
carbamate (29, see Scheme 3). The occurrence of the 
second part of the reaction, which probably involves the 
liberation of CO2, seems to depend on variables that are 
not yet fully understood. 

The course of the reactions appeared to be highly 
dependent on the purity of the Bu3SnH used. When a 
fresh or sufficiently purified batch of this reagent was 
used, the reactions proceeded as described above. How- 
ever, when lower quality Bu3SnH was used, the desired 
reaction was not observed. Apparently, the presence of 
certain contaminants in this reagent dramatically influ- 
ences the outcome of the reaction. 

As mentioned previously, the BusSnH is thought to act 
as a very fast hydride donor in this process. There are 
only a few cases known in which this reagent, usually 
being a typical free-radical reducing agent, exhibits 
hydride donor properties.lg One of these cases is the 
palladium(0)-catalyzed reduction of activated double 
bonds,20 e.g., the conjugate reduction of a,b-unsaturated 
carbonyl compounds.21 It has been shown that this 
reaction occurs via addition of the tin hydride across the 
double bond, followed by hydrolytic removal of the tin 
by aqueous acid. Although there is evidence that the 
initial step, the so-called hydrostannation of the double 
bond, occurs through an ionic rather than a radical 
m e c h a n i ~ m , l ~ - ~ ~  the role of the palladium in this process 
has not been fully clarified. However, it is suggested that 
palladium activates the Sn-H bond, probably via an 
oxidative addition process to  form an intermediate pal- 
ladium hydride species.20 

(19) Keinan, E.; Gleize, P. A. Tetrahedron Lett. 1982,23, 477. 
(20) Guibe, F.; Zigna, A.; Balavoine, G. J. Organomet. Chem. 1986, 

(21) Four, P.; Guibe, F. Tetrahedron Lett. 1982, 23, 1825. 
306, 257. 

Roos et  al. 

We suggest that in the reaction described here the 
palladium plays a similar role in the process of hydride 
transfer from BusSnH to the allyl moiety (Scheme 3). 
This is envisaged to  occur by reaction of the initially 
formed n-allylpalladium complex 26 (in which the car- 
bamate portion is bound as a ligand to  palladium rather 
than present as  a free counterion, as was suggested by 
Guibe) with the tin hydride to  give the tin carbamate 28 
and an intermediate palladium hydride species 29. The 
hydride is then transferred via the metal to the allyl 
cation to release propene. That the use of unpurified Bu3- 
SnH prevents the reaction can be explained by assuming 
that the palladium species, which is employed in only 
catalytic amounts, is poisoned by certain contaminants 
present in this reagent. 

We have shown in this paper that the use of a highly 
electrophilic carbonyl species (EX, Scheme 3) as  a re- 
placement for a protic acid (HX, Scheme 2) leads to  
transacylation instead of deprotection. Although the 
details of this process remain to  be clarified, we suggest 
that the presence of the tin significantly enhances the 
nucleophilicity of the nitrogen in the intermediate tin 
carbamate. Hence, this intermediate can undergo a facile 
reaction with the active carbonyl compound via a six- 
membered ring transition state (eq 51, with the evolution 

0 

of COZ as a possible additional driving force, to furnish 
the transprotection product. 

Although the interaction of palladium with the Sn-H 
(and the Sn-Sn) bond is not a well-documented process, 
it has been reported that metals such as palladium(0) 
can insert in Si-H and Si-Si  bond^.^^,^^ Furthermore, 
the successful conversion of allyl carbamates into silyl 
carbamates by using palladium as the catalyst and Eta- 
SiH5 or silylated as the nucleophile is known. 
Therefore, Bu3SnH was replaced by Et3SiH as the hy- 
dride donor in an attempted transprotection reaction. 
However, when using standard conditions no formation 
of transprotection product was observed, indicating that 
the presence of tin in the intermediate tin carbamate is 
essential for the successful conversion into the transpro- 
tection product. Further work is necessary, however, to  
comprehend the lack of desired reactivity of EtsSiH in 
this process, particularly because the use of this hydride 
donor instead of BusSnH would be preferable. 

The Transprotection: Synthesis of Dipeptides. 
Generally speaking, the coupling of two peptide frag- 
m e n t ~ ' ~ , ~ ~  requires three separate reaction steps, 
namely: (i) deprotection of the amine nitrogen of the first 
fragment; (ii) activation of the carboxylic moiety of the 
second fragment; and (iii) coupling of the two fragments 
that result from these operations. In some cases, the 

(22) Zhang, H. X.; Guibe, F.; Balavoine, G. J. Org. Chem. 1990, 55, 
1857. 

(23) See, e.g.: Murakami, M.; Suginome, M.; Fujimoto, K.; Naka- 
mura, H.; Andersson, P. G.; Ito, Y. J. Am. Chem. SOC. 1993,115,6487 
and references cited therein. 

(24) Some recent examples: (a)  Carpino, L. A.; Mansour, E.4.  M. 
E.; Sadat-Aalaee, D. J. Org. Chem. 1991,56, 2611. (b) Carpino, L. A.; 
Chao, H. G.; Beyermann, M.; Bienert, M. J. Org. Chem. 1991,56,2635. 
(c) Thaler, A,; Seebach, D.; Cardinaux, F. Helu. Chim. Acta 1991, 74,  
617. (d) Thaler, A.; Seebach, D.; Cardinaux, F. Helu. Chim. Acta 1991, 
74, 628. 
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Table 2. Pd(0)-Catalyzed Synthesis of Dipeptides 

entry precursor active a-amino ester 
1 Alloc-All-OMe 31 Fmoc-Gly-OPFP (33) 
2 31  Fmoc-L-Ala-OPFP (34) 
3 31 Boc-L-Leu-OSu (35) 
4 Alloc-All-NHOMe 9 Fmoc-Gly-OPFP (33) 
5 9 Fmoc-L-Ala-OPFP (34) 
6 9 Boc-L-Leu-OSu (35) 
7 9 Boc-L-Phe-OSu (36) 
8 Alloc-L-Ala-OMe 14 Fmoc-L-Ala-OPFP (34) 
9 14 Boc-L-Ala-OPFP (32) 

10 14 Boc-L-Ala-OH/DCC/HOBT (38) 

a [a1Z7~ -57.7 (c 1.05; MeOH) (lit.25 [ a I z 0 ~  -57.8 (c 1; MeOH). [ u I ~ ~ D  -53.3 (c  1.02; MeOH). 

Chart 1 

Alloc-All-OMe 31 Eoc-L-Ala-OPFP 32 

R = H Fmoc.Gly-OPFP 33 R = CH2CH(CH3)2 Eoc-1-Leu-0% 35 
R = CH3 FmocL-Ala-OPFP 34 R = C H P h  Eoc-L-Phe-OSu 36 

second and third step can be performed in one pot by 
activating the carboxylic moiety in situ using coupling 
reagents such as dicyclohexylcarbodiimide (DCC). 

We set out to test the possibility of applying the 
transprotection process described above to  the synthesis 
of peptides. This method would, if equally successful, 
furnish peptides in a clean, mild and rapid way. Most 
importantly, however, these peptide structures would be 
obtained from Alloc-protected fragments using a direct 
transacylation, without necessitating the removal of the 
amine-protective group in an initial, separate step. 

Our study was directed at  the synthesis of a number 
of dipeptides, starting &om various Alloc-protected a-ami- 
no acid derivatives and a number of active a-amino 
esters. The Alloc-protected fragments used included 
Alloc-All-NHOMe (91, Alloc-Ala-OMe (141, and Alloc-All- 
OMe (31)) the latter being prepared by standard N- 
acyliminium ion chemistry (Chart 1). The active a-amino 
esters 32-36, employed in these reactions, contained 
different protective groups on the amine nitrogen (Boc 
and Fmoc), as well as two different activating groups that 
are well-known in peptide chemistry, namely the pen- 
tafluorophenyl (OPFP) and the N-hydroxysuccinimide 
(OSu) ester. These fragments were easily prepared 
following standard procedures.ls 

A n  example of the coupling reactions performed with 
these compounds is depicted in eq 6 .  When the standard 
transprotection procedure was used, racemic Alloc-All- 
OMe (31) was reacted with 1.05 equiv of Fmoc-Gly-OPFP 
(33) in the presence of a catalytic amount of Pd(PPh& 
and 1.1 equiv of Bu3SnH. The reaction was finished 
within a few minutes a t  rt and gave, after concentrating 
the mixture in vacuo and purification by flash chroma- 
tography, the dipeptide Fmoc-Gly-All-OMe (37) in high 
yield (94%). 

In a similar fashion, a number of other dipeptides were 
prepared. The results of these reactions (Table 2) show 
that the transprotection process can be successfully 

product (yield, %) 

Fmoc-Gly-All-OMe (37) (94) 
Fmoc-L-Ala-All-OMe (39) (99) 
Boc-L-Leu-All-OMe (40) (93) 
Fmoc-Gly-All-NHOMe (41) (80) 
Fmoc-L-Ala-All-OMe (42) (64) 
Boc-t-Leu-All-NHOMe (43) (79) 
Boc-L-Phe-All-NHOMe (44) (79) 
Fmoc-L-Ala-L-Ala-OMe (45) (50) 
Boc-L-Ala-L-Ala-OMe (46) (9OP 
Boc-L-Ala-L-Ala-OMe (46) (96)* 

Fmoc-Gly-OPFP 33 

Fmoc-Gly-All-OMe 37 (94%) 

applied to the synthesis of dipeptides, providing products 
in an extremely facile one-pot reaction in good to excellent 
(unoptimized) yields. The stereochemical integrity of the 
peptide coupling process, already reported for the depro- 
tection by Guibe and co-workers,15 was confirmed by 
synthesizing Boc-L-Ala-L-Ala-OMe (46) from Boc-L-Ala- 
OPFP (32) and Alloc-L-Ala-OMe (14, entry 9). The 
specific rotation of 46, which was obtained as the sole 
product in high yield, was found to be identical to  the 
literature value.25 

The method described here could be even further 
simplified as shown in entry 10. Instead of preparing 
the active ester beforehand it was also found possible to 
activate the free acid (Boc-L-Ala-OH) in situ by mixing 
it with DCC (1 equiv) and HOBT (1 equiv), resulting in 
the HOBT ester. This mixture 38 was then used as the 
active ester fragment in the coupling reaction. This gave 
the desired dipeptide 46 in a very high yield. In this way, 
the three separate reaction steps that were mentioned 
above as being the required steps for achieving peptide 
bond formation, were combined into a single, easy, and 
effective procedure. 

Experimental Section 

General Information. Experimental techniques and 
analytical measurements were applied as previously 
described.16b Tetrakis(tripheny1phosphine)palladium (Pd- 
(PPh&)) was purchased from Aldrich and stored at  4 "C 
under exclusion of light. The preparation of 2-[(allyloxy- 
carbonylaminol-N-methoxy-4-pentenamide (Alloc-All- 
NHOMe; 9), 2-[(allyloxycarbonyl)aminol-2-(3-cyclopen- 
teny1)-N-methoxyacetamide (13),2-[(tert-butyloxycarbonyl)- 
amino]-N-methoxy-4-pentenamide (20) and 2-[(tert-bu- 
tyloxycarbonyl~aminol-2-~3-cyclopentenyl~-N-methoxyac- 
etamide (22) were described previously.16b Fmoc-Gly- 

(25)  Ueda, T.; Saito, M.; &to, T.; Izumiya, N. Bull. Chem. SOC. Jpn. 
1983, 56, 568. 
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OPFP (33) and Fmoc-L-Ala-OPFP (34) were provided by 
Organon B. V. (Oss, The Netherlands). Boc-L-Leu-OSu 
(35) and Boc-L-Phe-OSu (36) were purchased from Fluka. 

Alloc-L-Ala-OMe (14). A vigorously stirred solution 
of L-alanine (10 g, 0.11 mol) in a 2 N aqueous solution of 
NaOH (56 mL, 0.11 mol) was cooled to 0 "C. Allyl 
chloroformate (12.5 mL, 0.12 mol) and 2 N aqueous 
NaOH (60 mL, 0.12 mol) were added in a few portions 
over a period of 30 min. After being stirred at  0 "C for 1 
h, the reaction mixture was acidified with concentrated 
HC1 and extracted with EtOAc (3 x 250 mL). The 
combined organic fractions were washed with 2 N aque- 
ous HC1 and water, dried (Na2S04), and concentrated in 
vacuo to give Alloc-L-Ala-OH (5.88 g, 34 mmol, 30%) as 
a colorless oil. 'H NMR: 10.6 (s, 1 H), 6.85 (brs, 1 H), 
5.98-5.79 (m, 1 HI, 5.53 (d, J =  7.4 Hz, 1 HI, 5.33-5.17 
(m, 2 H), 4.55 (d, J = 5.4 Hz, 2 HI, 4.41-4.28 (m, 1 HI, 
1.44 (d, J = 7.2 Hz, 3 H). One g of this compound was 
dissolved in MeOH (12 mL), and concentrated sulfuric 
acid was added. The reaction mixture was stirred at  rt 
for 4 h. It was then poured into ice-cold aqueous NaHC03 
and extracted with CHC13 (3 x 1. The combined organic 
layers were dried (Na2S04) and concentrated in vacuo to 
give 1.02 g (5.45 mmol, 94%) of 14 as a colorless oil. 'H 
NMR: 5.92-5.78 (m, 1 H), 5.49 (d, J = 5.7 Hz, 1 HI, 
5.28-5.12 (m, 2 H), 4.51 (d, J = 5.1 Hz, 2 H), 4.35-4.28 
(m, 1 H), 3.79 (s, 3 H), 1.35 (d, J = 7.2 Hz, 3 H). 

General Procedure A for the Pd(0)-Catalyzed 
Coupling Reactions of 9,13, and 14 with Activated 
Carbonyl Compounds. The activated carbonyl com- 
pound (1.05-2.5 equiv) was added to  a 0.05 M solution 
of the N-Alloc-a-amino acid derivative (9, 13, or 14) in 
THF or CHZC12. To this mixture a solution of Pd(PPh& 
(0.02 equiv) in the same solvent was added, immediately 
followed by the addition of Bu3SnH (1.1 equiv) in one 
portion. The mixture was stirred at  rt and monitored 
by TLC, which generally showed the reaction to be 
complete after 2 minutes. After another 20-30 min the 
reaction mixture was concentrated in vacuo and the 
residue was chromatographed. 
2-(Acetylamino)-N-methoxy-4-pentenamide (12). 

According to the general procedure A, starting from 53 
mg (0.23 mmol) of 9, 54 pL (58 mg, 0.57 mmol) of acetic 
anhydride (151, 6 mg (5.2 pmol) of Pd(PPh&, 68 p L  (74 
mg, 0.25 mmol) of BuaSnH, and 5.0 mL of CHzC12, there 
was obtained 25 mg (0.13 mmol, 58%) of 12, as a solid, 
after flash chromatography, Rf 0.37 (CHzCldacetone 2: 1). 
lH NMR (200 MHz): 10.47 (s, 1 H), 6.95 (d, J = 7.5 Hz, 
1 H), 5.83-5.62 (m, 1 H), 5.16-5.07 (m, 2 H), 4.50-4.34 
(m, 1 H), 3.73 (s, 3 H), 2.54-2.33 (m, 2 H), 2.00 (s, 3 H). 
2-(3-(Methoxycarbonyl)propionyl~-N-methoxy-4- 

pentenamide (21). According to  the general procedure 
A, starting from 61 mg (0.29 mmol) of 9, 30 mg (0.30 
mmol) of succinic anhydride (171, 6.6 mg (5.7 pmol) of 
Pd(PPha)4 dissolved in 1 mL of THF, 87 pL (92 mg, 0.31 
mmol) of BusSnH, and 5.7 mL of THF, there was obtained 
a crude product, which was dissolved in a 1.5 N solution 
of HCl in methanol (3.0 mL). After being stirred for 3 h 
at  rt the solvent and the excess of HCl were removed in 
vacuo and the residue was chromatographed to give 42 
mg (0.17 mmol, 60%) of 21, Rf 0.31 (EtOAdhexane 2:l). 
'H NMR: 6.22 (d, J = 7.1 Hz, 1 HI, 5.73-5.56 (m, 1 H), 
5.14-5.06 (m, 2 H), 4.70-4.61 (m, 1 HI, 3.73 and 3.67 (2 
x s, 3 H), 2.70-2.48 (m, 6 H). 13C NMR: 173.1, 172.1, 
171.0, 132.1, 119.1, 52.3, 51.8, 51.6, 36.4, 30.8, 29.2. 

Methyl 24Acetylamino)propanoate (23). Accord- 
ing to  the general procedure A, starting from 205 mg 

Roos et al. 

(1.10 mmol) of 14, 82 pL (91 mg, 1.15 mmol) of acetyl 
chloride (la), 25.3 mg (21.9 pmol) of Pd(PPh&, 325 pL 
(351 mg, 1.21 mmol) of BuaSnH, and 8.0 mL of CHZC12, 
there was obtained 141 mg (0.98 mmol, 89%) of 23, as a 
yellow solid, after flash chromatography (EtOAc), and 
washing with EtOAc. 'H NMR (200 MHz): 6.45 (br.s, 1 
H), 4.62-4.46 (m, 1 H), 3.69 (s, 3 H), 1.96 (s, 3 H), 1.34 
(d, 2 H, J = 7.2 Hz, 2 H). 13C NMR (50 MHz): 173.5, 
169.6, 52.0, 47.9, 22.8, 18.2. 

Methyl 2-[(4-Toluenesulfonyl)aminolpropanoa te 
(24). According to the general procedure A, starting from 
114 mg (0.61 mmol) of 14, 128 mg (0.67 mmol) of tosyl 
chloride (191, 14.1 mg (12.2 pmol) of Pd(PPh314, 180 pL 
(195 mg, 0.67 mmol) of Bu3SnH, and 5.0 mL of CHZC12, 
there was obtained 139 mg (0.54 mmol, 89%) of 24, as a 
colorless oil, after flash chromatography, Rf 0.68 (EtOAd 
hexane 1.3:l). IR (CHC13): 3340,3020, 1740,1595, 1340, 
1160. lH NMR (200 MHz): 7.70 (d, J = 8.3 Hz, 2 H) 
and 7.26 (d, J = 8.2 Hz, 2 H)(Ar), 5.54 (d, J = 8.5 Hz, 1 
H), 4.09-3.87 (m, 1 H), 3.49 (s, 3 H), 2.37 (s, 3 H), 1.33 
(d, J = 7.1 Hz, 2 H). I3C NMR (50 MHz): 172.4, 143.4, 
137.0, 129.5, 127.0,52.3,51.3,21.3, 19.5. MS: M+ = 257; 
(M - COzMe)+ = 198. 

Methyl 2-[(AUyloxycarbonyl)amino]-Cpentenoate 
(AUoc-All-OMe, 31). Allyltrimethylsilane (3.30 mL, 2.37 
g, 20.73 mmol) was added to a solution of methyl 
2-[(allyloxycarbonyl)amino]-2-methoxyacetate16b (2.1 1 g, 
10.36 mmol) in CHnClz (54.0 mL). After the solution was 
cooled to  0 "C, BFyOEt2 (1.91 mL, 2.21 g, 15.55 mmol) 
was added. After the mixture was stirred for 2.5 h at  rt, 
3 more equiv of Lewis acid was added and the reaction 
mixture was stirred for another 20 h at  room tempera- 
ture. The reaction mixture was then poured onto ice- 
cold aqueous saturated NaHC03. After extraction with 
CHzClz (3  x ), the combined organic layers were washed 
with brine, dried (Na~S04), and concentrated in vacuo 
to give 2.16 g (10.14 mmol, 98%) of 31, as a colorless oil, 
Rf 0.64 (EtOAchexane 1:1.5). 'H NMR: 5.99-5.78 (m, 
1 H), 5.74-5.57 (m, 1 HI, 5.09-5.03 (m, 4 HI, 4.55 (d, J 
= 5.5 Hz, 2 HI, 4.48-4.38 (m, 1 H), 3.73 (s, 3 HI, 2.58- 
2.48 (m, 2 H). 13C NMR: 172.1, 155.5, 132.6, 132.0, 
119.2, 117.7,65.8,53.3,52.3,36.7. The product was used 
without further purification in the following reactions. 

Boc-L-Ala-OPFP (32). To a vigorously stirred solu- 
tion of L-alanine (8.9 g, 100 mmol) in t-BuOH (75 mL) 
were added a 2 N aqueous solution of NaOH (55 mL, 0.11 
mmol) and di-tert-butyl dicarbonate (21.8 g, 100 mol) 
dropwise in such a way that the pH was kept between 8 
and 9.5. After being stirred a t  rt for 16 h, the reaction 
mixture was carefully acidified with an aqueous solution 
of KHS04 (22.4 g in  150 mL of water), washed with CH2- 
Clz (3x), dried (MgS04), and concentrated in vacuo to give 
Boc-L-Ala-OH (17.4 g, 92 mmol, 92%) as a colorless oil. 
lH NMR: 10.7 (s, 1 H), 6.91 (br s, 1 H), 5.15 (d, J = 6.9 
Hz, 1 H), 4.38-4.16 (m, 1 HI, 1.44-1.41 (m, 12 H). A 
4.5 g (23.8 mmol) portion of this compound was dissolved 
in 1,4-dioxane (115 mL), and pentafluorophenol (4.8 g, 
26.1 mmol) was added, The stirred solution was cooled 
to 0 "C, and dicyclohexylcarbodiimide (DCC) (5.0 g, 28.6 
mmol) was added. After being stirred for 1 h at  0 "C and 
17 h at  rt the resulting suspension was filtered and 
evaporated. After the mixture was washed with hexane, 
a portion of 32 (5.8 g, 16.3 mmol, 69%) was obtained as 
a white powder, 1H NMR: 5.08 (br s, 1 H), 4.65 (t, J = 
7.2 Hz, 1 H), 1.58 (d, J = 7.2 Hz, 3 H), 1.46 (s, 9 H). 

General Procedure B for the Pd(0) Catalyzed 
Coupling Reactions of Alloc-Protected a-Amino 
Acids with Activated a-Amino Esters. The activated 
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a-amino ester (1.05 equiv) was added to a 0.05 M solution 
of the N-Alloc-a-amino acid derivative in THF or CHz- 
Clz. To this mixture was added Pd(PPh&) (0.02 equiv) 
(as such or as a 4 mM solution of in the same solvent), 
immediately followed by the addition of BusSnH (1.1 
equiv) in one portion. The mixture was stirred at rt and 
monitored by TLC, which generally showed the reaction 
to be complete after 2 min. The reaction mixture was 
then concentrated in vacuo, and the residue was chro- 
matographed. 

Fmoc-Gly-All-OMe (37). According to the general 
procedure B, starting from 49 mg (0.23 mmol) of 31, 110 
mg (0.24 mmol) of 33, 5.4 mg (4.6 pmol) of Pd(PPh&, 69 
pL (74 mg, 0.26 mmol) of BusSnH, and 4.6 mL of CHz- 
Clz, there was obtained 89 mg (0.22 mmol, 94%) of 37, 
as a colorless oil which solidified upon standing, after 
flash chromatography (EtOAchexane 3:l). Mp : 118- 

1445. lH NMR (200 MHz): 7.75 (d, J = 7.5 Hz, 2 HI, 
7.58 (d, J = 7.2 Hz, 2 H), 7.42-7.25 (m, 4 H), 6.88 (d, J 
= 7.1 Hz, 1 H), 5.86 (d, J = 5.2 Hz, 1 H), 5.72-5.59 (m, 
1 H), 5.12-5.04 (m, 2 H), 4.69 (m, 1 H), 4.39 (d, J =  6.8 
Hz, 2 H), 4.21 (t, J = 6.8 Hz, 1 H), 3.94 (d, J = 5.2 Hz, 2 
H), 3.71 (s, 3 H), 2.59-2.49 (m, 2 H). 13C NMR (50 
MHz): 171.8, 168.9, 156.6, 143.6 and 141.2, 131.8, 127.6, 
127.0, 124.9 and 119.9, 119.3, 67.3, 52.4 and 51.6, 46.9, 
44.2, 36.2. Anal. Calcd for C23Hz4Nz05 (408.45): C, 
67.63; H, 5.92; Found: C, 67.09; H, 6.22. 

Fmoc-L-Ala-All-OMe (39). According to the general 
procedure B, starting from 47 mg (0.22 mmol) of 31,108 
mg (0.23 mmol) of 34, 5.1 mg (4.4 pmol) of Pd(PPh&, 66 
pL (71 mg, 0.25 mmol) of BuaSnH, and 4.4 mL of CH2- 
Clz, there was obtained 92 mg (0.22 mmol, 99%) of 39, 
as a solid, after flash chromatography (EtOAchexane 
3:1), as a mixture of diastereomers (5050). Mp: 144- 

lH NMR (200 MHz): 7.76 (d, J = 7.4 Hz, 2 H), 7.59 (d, J 
= 7.2 Hz, 2 HI, 7.43-7.26 (m, 4 H)(Ar), 6.78-6.67 (m, 1 
H), 5.72-5.50 (m, 2 H), 5.12-5.04 (m, 2 H), 4.72-4.62 
(m, 1 H), 4.38 (d, J = 6.6 Hz, 2 H), 4.40-4.14 (m, 2 HI, 
3.72 and 3.71 (s, 3 H), 2.59-2.44 (m, 2 H), 1.40 (d, J = 
6.9 Hz, 3 H). 13C NMR (50 MHz, some carbons show two 
peaks because of diastereomers): 171.9, 171.8 and 171.7, 
155.9, 143.8 and 141.3, 132.0 and 131.9, 127.7, 127.0, 
125.0 and 119.9, 119.3, 67.2, 52.3, 51.7 and 51.5, 49.8, 
47.1, 36.4 and 36.3, 18.9 and 18.6. Anal. Calcd for 
C24H26Nz05 (422.48): C, 68.23; H, 6.20. Found: C, 68.15; 
H, 6.24. 

Boc-L-Leu-All-OMe (40). According to the general 
procedure B, starting from 50 mg (0.23 mmol) of 31, 81 
mg (0.25 mmol) of 35, 5.4 mg (4.7 pmol) of Pd(PPh&, 69 
pL (75 mg, 0.26 mmol) of Bu3SnH, and 4.7 mL of CHz- 
Clz, there was obtained 75 mg (0.21 mmol, 93%) of 40, 
after flash chromatography, Rf 0.37 (CHZCld MeOH 19: 
l ) ,  as a mixture of diastereomers (50:50). IR (CHC13): 
3430, 1735, 1700, 1670, 1495. lH NMR (200 MHz): 
5.70-5.53 (m, 1 H), 5.10-5.03 (m, 2 H), 4.65-4.56 (m, 1 
H), 4.20-4.05 (s, 1 H), 3.69 (s, 3 H), 2.55-2.41 (m, 2 H), 
1.71-1.40 (m, 12 H), 0.88 (d, J = 4.5 Hz, 6 H). 13C NMR 
(50 MHz, some carbons show two peaks because of 
diastereomers): 172.2, 171.8 and 171.7, 155.5,132.1 and 
132.0, 119.0 and 118.9, 79.9, 52.1, 51.6 and 51.5, 41.1, 
36.3, 28.2, 24.7, 24.6, 22.8 and 22.7, 21.8. 

Fmoc-Gly-All-NHOMe (41). According to the general 
procedure B, starting from 44 mg (0.19 mmol) of 9, 97 
mg (0.20 mmol) of 33, 4.5 mg (3.8 pmol) of Pd(PPh3)4, 57 
pL (62 mg, 0.21 mmol) of BusSnH, and 4.0 mL of CHz- 

119 "C. IR (CHC13): 3440,1760-1695,1695-1625,1505, 

147 "C. IR (CHC13): 3420,1730,1710,1675,1495,1445. 
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Clz, there was obtained 64 mg (0.15 mmol, 80%) of 41, 
as a solid, after washing with hexane. mp 163-164 "C. 
lH NMR (200 MHz): 7.72 (d, J = 7.1 Hz, 2 H), 7.56 (d, J 
= 7.1 Hz, 2 H), 7.40-7.23 (m, 4 HI, 5.71-5.58 (m, 1 HI, 
5.11-5.03 (m, 2 H), 4.37 (d, J =  7.2 Hz, 2 HI, 4.27-4.14 
(m, 2 H), 3.90-3.67 (m, 5 H), 2.48-2.33 (m, 2 HI. 13C 

and 141.1, 132.1, 127.5, 126.9, 124.8 and 119.8, 118.7, 
67.0, 63.8, 50.1, 46.9, 43.9, 36.1. 

Fmoc-L-Ala-All-NHOMe (42). According to the gen- 
eral procedure B, starting from 41 mg (0.18 mmol) of 9, 
88 mg (0.19 mmol) of 34, 4.2 mg (3.6 pmol) of Pd(PPh&, 
53 pL (58 mg, 0.20 mmol) of BuaSnH, and 3.6 mL of CHz- 
Clz, there was obtained 79 mg (0.18 mmol, 100%) of 42 
after washing with hexane and 50 mg (0.11 mmol, 64%) 
after flash chromatography (CHzC1dMeOH 9:1), as a 
mixture of diastereomers (50:50). 'H NMR (200 MHz): 
7 . 5 4 ( d , J = 7 . 5 H z , 2 H ) , 7 . 4 7 ( d , J = 7 . 1 H z , 2 H ) , 7 . 0 5 -  
7.26 (m, 4 HI, 5.38-5.55 (m, 1 H), 4.84-4.93 (m, 2 HI, 
4.26-3.92 (m, 7 H), 3.46 (s, 3 H), 2.35-2.22 (m, 2 H), 
1.12 (d, J = 7.1 Hz, 3 H). 13C NMR (50 MHz, some 
carbons show two peaks because of diastereomers): 173.3 
and 173.1, 168.1, 156.4, 143.4 and 140.9,132.1 and 132.0, 
127.3, 126.7, 124.5 and 119.5, 118.2,66.6,63.4,50.3 and 
50.0, 46.7, 35.8, 17.4. 

Boc-L-Leu-All-NHOMe (43). According to the gen- 
eral procedure B, starting from 31 mg (0.14 mmol) of 9, 
47 mg (0.14 mmol) of 35, 3.2 mg (2.7 pmol) of Pd(PPh&, 
40 pL (43 mg, 0.15 mmol) of BusSnH, and 2.7 mL of CH2- 
Clz, there was obtained 38 mg (0.11 mmol, 79%) of 43, 
as a colorless oil, after flash chromatography, Rf 0.34 
(EtOAchexane 2:1), as a mixture of diastereomers (50: 

(300 MHz): 10.38 and 10.30 (s, 1 H), 5.77-5.62 (m, 1 
H), 5.48 (d, J = 6.9 Hz, 1 H) and 5.36 (d, J = 6.2 Hz, 1 
H), 5.14-5.04 (m, 2 H), 4.58-4.42 (m, 1 H), 4.11-4.05 
(m, 1 H), 3.71 and 3.70 (s, 3 H), 2.55-2.47, 1.64-1.31 
(m, 12 H), 0.89 (m, 6 H). 13C NMR (50 MHz, most 
carbons show two peaks because of diastereomers): 173.2 
and 173.0, 168.0, 155.8, 132.1 and 132.0,118.9 and 118.8, 
80.3, 64.0, 53.4 and 50.2, 41.1, 36.2 and 36.0, 28.2, 24.7, 
24.6, 22.8 and 22.7, 22.0 and 21.8 . 

Boc-L-Phe-All-NHOMe (44). According to the gen- 
eral procedure B, starting from 100 mg (0.44 mmol) of 9, 
158 mg (0.44 mmol) of 36, 10.1 mg (8.7 pmol) of Pd- 
(PPh3I4, 130 ,uL (140 mg, 0.48 mmol) of Bu3SnH, and 8.8 
mL of CHzClZ, there was obtained 135 mg (0.35 mmol, 
79%) of 44, after flash chromatography (CH&ldMeOH 
19:1), as a mixture of diastereomers (5050). IR: 3420, 
3280,1750-1600,1490. 'H NMR (300 MHz): 10.36 and 
10.12 (2 x s, 1 H), 7.25-7.18 (m, 5 HI, 6.99 (d, J = 6.9 
Hz, 1 HI, 5.75-5.45 (m, 2 H), 5.08-5.02 (m, 2 HI, 4.47- 
4.32 (m, 2 H), 3.69 (s, 3 H), 3.10-3.03 (m, 2 H), 2.45- 
2.36 (m, 2 H), 1.37 and 1.36 (s, 9 HI. 13C NMR (50 MHz, 
some carbons show two peaks because of diastereo- 
mers): 171.9 and 171.7, 167.8, 155.6, 136.3, 132.4 and 
132.3, 129.2, 128.5, 126.9 and 118.9, 118.9, 80.3, 64.0, 
56.0 and 55.2, 50.2, 38.2, 36.2 and 35.8, 28.2. 

Fmoc-L-Ala-L-Ala-OMe (45). According to  the gen- 
eral procedure B, starting from 83 mg (0.44 mmol) of 14, 
206 mg (0.44 mmol) of 34, 10 mg (8.9 pmol) of Pd(PPh&, 
135 pL (142 mg, 0.49 mmol) of BuaSnH, and 9.0 mL of 
THF, there was obtained 88 mg (0.22 mmol, 50%) of 45, 
as a solid, after flash chromatography, Rf 0.5 (EtOAc/ 
hexane 3:l). 'H NMR (200 MHz): 7.74 (d, J = 7.3 Hz, 2 
H), 7.58 (d, J =  7.2 Hz, 2 HI, 7.42-7.25 (m, 4 HI, 6.87 (d, 
J = 6.5 Hz, 1 HI, 5.68 (d, J = 7.7 Hz, 1 HI, 4.62-4.50 (m, 

NMR (50 MHz, CDCl&D30D): 169.8, 168.1,156.9,143.5 

50). IR (CHC13): 3460,3300,1750,1640,1510. 'H NMR 
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1 H), 4.39-4.30 (m, 3 H), 4.23-4.16 (m, 1 H), 3.72 (s, 3 
H), 1.42-1.37 (m, 6 H). 13C NMR (50 MHz): 173.1,172.0, 
155.9, 143.8, 141.2, 127.7, 127.0, 125.0 and 119.9, 67.1, 
52.4, 49.1, 48.0, 47.1, 18.8, 18.1. 

Boc-L-Ala-L-Ala-OMe (46) from the 0-Activated 
Amino Acid 32. According to the general procedure B, 
starting from 308 mg (1.64 mmol) of 14, 613 mg (1.73 
mmol) of 32, 40.0 mg (34.6 pmol) of Pd(PPh&, 486 pL 
(526 mg, 1.81 mmol) of Bu3SnH, and 10.0 mL of CHzClz, 
there was obtained 404 mg (1.47 mmol, 90%) of 46, as a 
solid, after flash chromatography, Rf 0.36 (EtOAdhexane 
2:l). lH NMR (200 MHz): 6.83 (d, J = 6.8 Hz, 1 HI, 5.19 
(d, J = 7.5 Hz, 1 H), 4.61-4.45 (m, 1 H), 4.30-4.10 (m, 
1 H), 3.71 (s, 3 H), 1.41-1.31 (m, 12 H). 13C-NMR (50 
MHz): 173.1, 172.3,80.1,52.3,50.1,48,0,28.3,18.3, 18.2. 
HRMS: calcd for ClzHzzNz05 274.1529, found 274.1523. 
[aIz5~:  -57.7 (c 1.05; MeOH). 

Boc-L-Ala-L-Ala-OMe (46) by Coupling of Alloc-L- 
Ala-OMe with in Situ 0-Activated Boc-L-Ala-OH 
Using DCC/HOBT. To a stirred solution of Boc-L-Ala- 
OH (209 mg, 1.10 mmol) in CHzClz (5.0 mL) were added 
HOBT.HZ0 (149 mg, 1.10 mmol) and DCC (228 mg, 1.10 
mmol). The reaction mixture was stirred at  room tem- 
perature for 1 h. After this the mixture (381, which now 
contained the N-protected, in situ 0-activated a-amino 

Roos et al. 

acid, was then transferred via a syringe into a solution 
of Alloc-L-Ala-OMe (14,207 mg, 110 mmol) in CHzClz (5.0 
mL). To this mixture was added Pd(PPh& (25.5 mg, 22.1 
pmol), immediately followed by the addition of Bu3SnH 
(327 pL, 354 mg, 1.22 mmol). After being stirred for 30 
min the reaction mixture was filtered (to remove DCU), 
concentrated in vacuo, and chromatographed to  give 290 
mg (1.06 mmol, 96%) of 46. Spectroscopic data: vide 
supra. [alZ5~: -53.3 (c 1.02; MeOH). 
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