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Abstract: The formation of thiezolines from &hydroxythioamides under TsCUEbN, SOCi2. snd Mitsunobu 
conditions leads to extensive epimerlzatlon at the C(2) exo methine position. in contrast. thiardines of 
>94% diastereomeric purity are isolated when the Burgess cyciodehydration protocol is eppiied. 

Thiazolines are important building blocks in pharmaceutical agents and biologically active 
natural products.2 Especially, thiazoline rings are characteristic structural segments of marine 
cyciopeptide alkaloids such as lissoclinamides,a pateliins, 4 bistratamides,s and others6 (Figure I).7 
The conformation of these macrocycles is critically influenced by the thiazoline geometry.8 To a 
much greater extent even than oxazoiines, however, thiazolines have a tendency to epimerize 
chiral centers attached to the C(2) position (Figure 2). 8 In the context of our planned synthesis of 
lissoclinamide 7, we were therefore interested in determining the extent of epimerization in the 
preparation of thiazoiines from P-hydroxythioamide 1. To date, only one alternative protocol, the 
condensation of amino acid imidates with cysteine derivatives, has been reported to proceed 
without noticeable loss of stereochemical integrity.9 

Figure 1. 
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The results of our study are summarized in Table 1. Cyclodehydration of N-protected 
thiopeptide methyl ester 1 with tosylchloride in the presence of 3.6 equiv of triethylamineto resulted 
in the formation of a 1 : 1 mixture of the epimeric thiazolines 2 and 3 in 40% yield (entry 1). This 
complete loss of stereochemical integrity at the exacyclb chiral center can be explained by the 
relatively harsh reaction conditions, e.g. heating in the ‘presence of excess amine. The thionyl 
chloride induced ring closure” provided only a marginal increase in yield, but no improvement of 
the extensive degree of epimeriration (entry 2). 

The Mitsunobu reaction12 has been successfully applied to the formation of peptide 
oxazolines and aziridines from P-hydroxy-a-amino acids.13114 There are also reports on the 
formation of thiazolines under Mitsunobu conditions,laalhlt4 but side-chain epimerization has not 
been investigated. Due to the high electrophilicity of the triphenyIphosphine/diisopropylazodicarbo- 
xylate (DIAD) reagent, cyclodehydration of 1 occurred rapidly at low temperatures. A 78 : 22 ratio of 
2 and 3 was formed in 80% yield (entry 3). Even though this 56% de represented a significant 
improvement over the previous protocols, it was too low for applications in total synthesis. These 
limitations were overcome by the use of Me02CNS02NEt3, the Burgess reagent, for the cyclization 
of thioamide 1 (entry 4).15 Use of this reagent was recently shown to be superior to other protocols 
for the formation of enantiomerically pure oxazolines. 1s Indeed. treatment of 1 with 1.1 equiv of 
Burgess reagent at 65 “C for 10 min led to the formation of 2 in 98% yield and >94% de.17 

Table t. Epimerization in the cyclodehydration of Cbz-L-v[CSNH]Phe-L-Ser-OMe (1). 

OMe 
+ Cbt’ 

: OMe 

-‘Ph 
0 

1 2 3 

Entry Met hod Yield [%] Ratio 2 : 3 . 

1 TsCI, Et3N, CH2Cl2,42 “C, 1 h 40 1 :l 

2 1. SOCl2,O “C, 2 h; 2. Pyridine, THF, 0 “C, 15 min 49 1 :l 

3 Ph3P, DIAD, CH2Cl2, -78+22 “C, 30 min 80 78 : 22 

4 Burgess-Reagent, THF, 65 OC, 10 min 96 >97:3 

The ratio of 2 : 3 in these studies was determined by integration of the methyl ester signals in 
500 MHz 1H NMR.ls As a reference sample for the minor isomer 3, the enantiomeric 5 was 
prepared by cyclodehydration of D-serine derived thioamide 4 with Burgess reagent (Scheme 1). 

Diastereomers 2 and 5 were also used to determine the half-life of epimerization at the 
exocyclic stereocenter of thiazolines. A 0.05 M solution of 2 in CDC13 epimerized to a 1 : 1 mixture 
of 2 and 3 in the presence of 0.2 equiv of triethylamine with a half-life of 10 days at room 
temperature. An increase in temperature or the addition of protic solvents significantly accelerated 
this process. Treatment of 5 with 1.1 equiv of lithium hydroxide in THF/H20 (5 : 1) at 21 OC for 30 
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min. for example, led to complete epimerization at C(a), probably due to a deprotonation- 
reprotonation mechanism (Scheme 2). After methytation of the acid in DMF with Mel in the presence 
of K2CO3, or direct treatment of the sodium carboxylate with MeI, a 1 : 1 ratio of C(a)-epimers of 5 
was detected in 1 H NMR. Acid treatment of 5 was similarly problematic. A 30 min exposure to 
TFA/CH2Cl2 (1 : 9) at 21 OC led again to comptete epimerization at the exu methine of the thiazoline 
ring. Since both acid and base treatments represent standard manipulations in peptide chemistry, 
these results refkct the substantial stereochemicat hazards that have to be considered in the 
synthesis of thiazotine-containing products. 

Scheme 1 

Burgess Reagent 

THP, 65 “C, 10 min 

SCh8m8 2 

1. LiOH, THF/H,O (51) 
21 “C. 30 min fl 1:1 

i 
Ph >94Y0 de 

5 

2. K&O% Mel, DMF, 
21 “C. 1 h 

5 c Cbz’ 
: 

Or 
NeOH. MeOH& (5:l). 
21 OC. 6 h; NaHC4; 
DMF. Mel. 21 “c. 1 h 

‘Ph 

TFA’CH&lz (1:9) 
21 “C, 30 min 

* 5 

In conclusion. we have found that cyclodehydration of P-hydroxythioamides with the Burgess 
protocol16 provides peptide thiazolines in high yield with less than 3% epimerization at the C(2) 8x0 
methine position. Since synthetic manipulations on compounds containing these heterocycles are 
greatly hampered by the extremely facile epimeriration at the C(2) exocyclic position,s.s Burgess 
cycliration af readily accessible thioamide precursors is an atbactiV8 Strategy for th8 total Synthesis 
of stereodeffned Lissoc/inum peptideS. 
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