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Abstract: Gramicidin S (GS) analogs, [D-Ser(Bz1) 4'4'l-GS (lJ, [D-Ser 
4,4' 

I-GS (181, and 

[L-0rn(Bo~)~'~:D-Ser 
4,4' 

I-GS (2) were synthesized and 11 showed high antibacterial actlvlty. 

One residue of D-Ser In 19 was converted asymmetrically to D-Ala via a,@-dehydroalanme. - 

Gramicidin S (GS, Fig. 1) 1s a cyclic decapeptide antibiotic produced by a strain of 

BaczZZus brevzs.') In order to study structure-actlvlty relationships of GS, we synthesized 

various analogs in which constituent amino acids In GS were replaced by different residues. 
2) 

Here we report the syntheses of GS analogs containing D-Ser and related residues In place of D- 

Phe at 4.4' posltlons. The purpose of this study 1s to evaluate the role of the hydroxymethyl 

side chain in D-Ser on the biological actlvlty, and to ascertain whether or not a protected 

precursor [D-Ser(Bz1) 
4,4' 

I-GS containing a bulky benzyl group has high activity. An additional 

purpose is to prepare an analog containing an cl,8-dehydroalanine (AAla) residue and successive 

hydrogenation of the residue. Izumiya et al. reported highly asymmetrIc hydrogenation of cyclic 

dipeptldes contalnlng several Aamlno acids. 
3) 

Meyer et al. reported that the iV-Me-APhe residue 

in natural tentoxin was hydrogenated to N-Me-D-Phe asyrmnetrlcally. 
4) In case of AM-toxin I, 

however, hydrogenation of the constituent AAla residue yielded nearly racemlc product. 
5) 

Therefore, we were Interested In whether asymmetric hydrogenation of the AAla residue In the GS 

analog occurs or not. 

1 2 3 4 5 

L-Val-L-Orn-L-Leu-D-Phe-L-Pro 

-D-Phe -L-Leu-L-Orn-L-Val 1 
5' 4' 3' 2' 1' 

Fig. 1. Structure and numbering of gramlcldln S. 

(Hereafter a symbol of L ~111 be omItted.) 
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treated wrth 0.5 M HCl/MeOH for 3 days to give E2HCl (82%. mp 250-251'C (d), Io]; -154 (c 0.1, 

MeOH)). Successive hydrogenation of 17.2HCl yielded 18.2HCl (86%, mp 251-253'C (d), [o]g7 -209 - - 

(c 0.1, MeOH)). Each of the OPD spectra of 17 and 18 In EtOH and rn 6 M urea showed an intense - - 

negative trough ([a] ca -12000) at 234 nm suggesting these analogs possess a rrgld conformatron 

srmrlar to that of GS. Table 1 shows the antrmrcrobral actrvrtres of 11, 18 and related - 

Table 1. Mlnrmum inhrbrtory concentratron (ug/ml) of GS and analogs 

[D-Ser(Bsl)4'4']-GS [D-Ser4'4']-GS 
GS 

(17) (18) 
[D-Ala4'4']-Gs7) 

- - 

StaphyZococcus aureus 6.25 3.13 50 50 

BaczZlus subtzlzs 3.13 3.13 12.5 25 

Eschemchia coZz 100 100 >lOO >lOO 

SKgeIla flexnem 6.25 6.25 12.5 

compounds. Actrvlty of 17 1s the same as that of GS. The bensyloxymethyl side charn In D-Ser= - 

(Bzl) 1s brg enough to exhrbit full actlvrty. On the other hand, low actrvrty of 18 seems to be - 

due to the small srse of the srde charn. A srmllar analog [D-Ala 
4,4' 

I-GS showed lake actrvity. 
7) 

Thus, the hydrophyllc hydroxymethyl group rn 18 does not play any partrcular role In provrdrng - 

the activrty. 

In order to dehydrate the D-Ser residue In the analog, [Orn(Boc) 
2,2' 

,D-Ser 4'4']-GS (19) (85%, 

mp 276-278Y (d), [aID 2o -252 (c 0.1, MeOH)) was prepared from 18 and It was subJected to (1) - 

tosylation followed by @-elrmrnatlon usrng a base, 
8) 

(2) mesylatron and srmilar B-elrmrnatron, 
9) 

and (3) drrect dehydration with carbodirmide-CuCl. 
10) In the last procedure, dlrsopropylcarbo- 

dlrmrde, DCC or EDC was used as dehydrating reagent. Only by use of DCC-CuCl as shown rn Scheme 

2, we could dehydrate one D-Ser resrdue in Eta grve [Orn(Boc) 2'2:AA1a4 D-Ser4' , I-GS (20) (5 8%. 

[D-Ser4'4']-GS (18) 
DCC-CuCl 

_ --> (Orn(Boc)2'2:D-Ser4'4']-~S (19) p> 
r.t., 5-8 d., dark 

[Orn(Boc)2'2:AAla4,D-Ser4']-GS (20) + 
C 

Val-Orn(Boc)-Leu-NH2 0=C(CH3)CO-Pro 

- 
-I 

(G) 
Pro -D-Ser-Leu-Orn(Boc)-Val 

Scheme 2. Dehydratron of GS analog. 

mp 165-167'Y. [al:go nm -4800 (C 0.07, EtOH), W,, (MeOH) 205 nm (E 18600) and 221 nm (shoulder, 

s 12400)). After catalytrc hydrogenation of 20 and successrve acrd hydrolyses, amino acrd ratro - 

of the hydrolysate was determrned to be Ser 0.44, Pro 1.12, Ala 0.42, Val 1.00, Leu 1.09, Orn 

0.87. The OHD spectra of 20 showed a weak and slrghtly red-shifted trough at 237 nm. Thrs - 

suggests a change rn molecular conformation by the rntroductlon of AAla. A by-product (21) (21%, 
20 

mp 188-191°C, [a1250 nm -2300 (c 0.07, EtOH)) was obtarned from the reactron mrxture, amino acrd 
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ratlo determrned upon hydrogenation and acrd hydrolysis was as follows, Ser 0.51, Pro 1.14, Val 

1 00, Leu 1.08, Orn 1.11. Pyruvrc acid was detected from 21 (IR, 1745, 1355, and 1149 cm -l) and - 

from acid hydrolyzate of 21 by dinrtrophenylhydrazine test. Some 25% of starting material 19 was - - 

recovered unchanged from the reaction mixture. Prolonged reactlon caused decomposition of 20 and - 

Increasing yreld of 21. - 

We trred catalytic hydrogenation of 20 In MeOH In the presence of Pd black at 25OC. The - 

AAla resrdue in 20 was hydrogenated, - and the content of D-Ala was determrned by the modlfled 

Manning procedure. 
11) 

96.2% 

The mechanism of 

reported 
3) 

The srde 

lng to the catalyst. 

D-Ala from AAla could 

We found an interestrng result choral Induction to produce D-Ala was 

asymmetrrc hydrogenation of dlketopiperazrne derrvatives was already 

charn of a L (or D)-ammo acid restricts the side of the molecule approach- 

A possible conformation of 20 favoring asymmetrlc hydrogenation to produce - 

be constructed using CPK models. This fact suggests that the mode of the 

reaction is slrmlar to that proposed for diketoplperazrne derrvatlves. Further lnvestlgation 1s 

in progress to clarify the mechanrsm of asymmetric hydrogenation 
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