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Synthesis of Enopeptin B from 
Stveptomyces sp RK-1051"" 
Ulrich Schmidt,* Karin Neumann, 
Andreas Schumacher, and Stefan Weinbrenner 

The closely related enopeptins A (1) and B (2, Scheme 1) were 
first isolated in 1991 from the culture fluid of Streptomyessp 
RK-1053, and their structures determined.['1 They contain a 

1 A-CH,  

2 R - H  
Scheme 1. Enopeptin A (1) and B (2). The amrde bonds indicated by arrows were 
coupled in the order 1, 2, 3 (strategy 1) and 2, 3, 1 (strategy 2) 

phenylalanyl cyclopeptolide connected to an aminocyclopen- 
tanedione through a dodecapentaenedioic acid residue. In con- 
trast to the proline unit in 2, trans-4-methylproline is found in 
1. Both exhibit antibiotic effects against gram-positive bacteria, 
especially certain strains of Staphylococcus aureus. The combi- 
nation of a peptolide, a polyene, and a reductone in a natural 
product is unique. The main difficulty in the synthesis of 1 and 
2 lies in coupling the three components. 

Components 8 and 10 were prepared in a few steps from 
pentapeptolide 3r21 (Scheme2); the key step is the ring clo- 
sure to give 7 by the pentafluorophenyl ester method that 
we developed.r31 Cyclopeptide 7 was obtained in 68 % yield in 
four steps in a two-phase system of aqueous NaHCO, and 
CH,Cl. Hydrogenolytic cleavage of the benzyloxycarbonyl 
(Z) protecting group to form 8, acylation with Boc-phenyl- 
alanine (Boc = tert-butoxycarbony) to 9, and subsequent re- 
moval of the Boc group gave 10, which was used just as 8 for 
preparing 2. 

mono ester^,[^] diesters, and amides of dodecapentaenedioic 
acid were prepared by Korner condensation with octatrienedial 
(Scheme 3).[51 Derivatives 14 and 16 were used for preparing 2; 
compounds 13 and 15 contain compatible protective groups 
that can be selectively removed. 

Numerous N-acyl-2-aminocyclopentane-1,3-diones have 
been isoIated as metabolic products from 
and some simple ones have been synthesized.[17- However, 
for the synthesis of 2 only the acylation of 2-aminocyclopen- 
tanedione, whose preparation by hydrogenation of 2-nitro- 
cyclopentanedione was improved by using PtO, instead of PdO, 
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Scheme2 a) Zn, 90proz. HOAc, room temperature (RT), 4 h ;  b) CH,CI,, 
l-ethyl-3-(3-dimethylamino)propylcarbodiimide hydrochloride (EDC), penta- 
fluorophenol, -20°C --t RT. 20 h;c) HCI, dioxane, RT, 2 h;  d) CHCl,, NaHCO,, 
HZO, RT, 6 h; a)-d) 68%: e) MeOH. HCI, Pd/C/H,, RT, 6 h: f )  DMF, Boc- 
(S)-Phe-OH, O-(7-azabenzotriazol-1-yl)-l,l.3,3-tetramethyluron1um hexafluoro- 
phosphate (HATU), Hunig base, O T ,  12h;  g) HBr, HOAc, RT, 30min: 
e)-g) 84%. 
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Scheme 3. a) THF, (EtO),P(O)CH,COOSi(rBu)Ph,, NaH, RT, 3 h, 75%; 
h) THF, (EtO),P(O)CH,COOIBu, NaH, RT, 2 h, 91 %; c) THF, HF, H,O, 
CH,CN, 1 h, 95%; d) THE (EtO),P(O)CH,CO-Phe-OtBu, NaH, RT, 2 h, 45%; 
e) THE HF, H,O, CH,CN, 1 h, 8 5 % .  
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is suitable. Difficulties in the acylation of aminoreductones are 
due to the very low nucleophilicity of the amino group and the 
lability of the free amino compound, which undergoes rapid 
autocondensation. These problems can only be overcome with 
highly reactive acylation components, such as anhydrides or 
acid chlorides, and inverse addition. 

We have prepared 2 by successive coupling of the amide 
bonds 1, 2, and 3 (strategy 1) and 2, 3, and 1 (strategy 2, see 
Scheme 1). Removing the Boc group of 9 to form phenylalanyl- 
cyclopeptide 10 took place only under drastic conditions. The 
steric hindrance of the amino group of the phenylalanine was 
evident from the low yield (17%) of the subsequent acylation 
with half ester 14 to form polyenepeptolide 17. Coupling of 18 
with the aminocyclopentanedione to 2 was only achieved by 
inverse reaction of the mixed anhydride 19 in 6 %  yield (simulta- 
neous, dropwise addition of four equivalents each of 2-aminocy- 
clopentane-1,3-dione hydrochloride and N-methylmorpholine 
(NMM) to a solution of 19, Scheme 4. 
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Scheme4. a) DMF. HATU. Hiinig base, 0 ° C  12 h, 17%; b) CH,Cl,, trifluoro- 
acetic acid (TFA), RT, 2 h; c) THE pivaloyl(Piv)-OCI, NMM, RT, 2 h; d) DMF, 
2-aminocyclopentane-l,3-dione hydrochloride, NMM, RT, 3 h; b)-d) 6%. 
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Scheme 5. a) THF, iBuOCOCI. NMM, 0°C , 2 h; DMF, 2-aminocyclopentane- 
1,3-dione hydrochloride. NMM, 0°C. 3h ,  49%; b) CH,CI,, TFA, RT, 2 h ;  
c) THF, PivOCI. NMM. O'C , 2 h; d) DMF, NMM, RT, 12 h; b)-d) 8%. 

The mixed anhydride from phenylalanine monoamide of the 
polyenedioic acid 16, and iBuOCOCl were converted by the 
inverse method with aminocyclopentanedione to 20 in 49 % 
yield (Scheme 5 ) .  After cleavage of the tert-butyl ester to form 
21, the mixed anhydride 22 was prepared and coupled with 
peptolide 8 to form 2 in 8 YO yield. 

The final products of the two syntheses were isolated and 
purified (preparative thin layer chromatography)LZo1 only with 
difficulty. The R, value and high-resolution mass spectra were 
identical to that of the natural product. Due to unexplained 
solvent effects, the signals of the amide protons in the 'H NMR 
spectrum (500 MHz, CDCI,) deviate from those reported by 
Isono et al."] In [D,]DMSO the chemical shifts were almost 
identical to those obtained for 1 in [D,]DMSOI2"' (Table 1). 

Table 1. Characteristic 'HNMR signals (300 and 500 MHz. [D,]DMSO) of 
enopeptin A (1) and synthesized enopeptin B (2). 

~ ~~ 

Ala-NH 
Ser-NH 
Phe-NH 
Reductone-NH 
MePro-, Pro-zH 
Ala-zH 
MeAla-zH 
Pro-rH 
Ser-nH 
Phe-zH 
MeAla-NCH, 

8.39 (d, J = 9 3 Hz) 
8.94 (d, J = 9.6 Hz) 
7.51 (d, J = 6.6 Hz) 

4.39 (d, J = 8.4 Hz) 

4.72 (4. J = 6.6 Hz) 
5.11 (d, J =  6.9 Hz) 
4.46 (t, J = 9.6 Hz) 
4.59 (dd, J = 6.3, 6.6 Hz) 

10.05 (br. s) 

4.86 (m) 

2.70 (s) 

8.39 (d, J = 9.8 Hz) 
8.95 (d. J = 9.8 Hz) 
7 46 (br.) 
9.95 (br.) 
4.36 (m)  
4.85 (m) 
4.70 (4. J = 6.6 Hz) 
5.09 (d, J = 9.9 Hz) 
4.43 (t, J = 9.5 Hz) 
4.56 (m) 
2.68 (s) 
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Trimethylene-Bridged Tri- and Tetratin 
Compounds as Building Blocks for 
Unusual Double and Triple Ladders 
Michael Mehring, Markus Schurmann, Hans Reuter, 
Dainis Dakternieks, and Klaus Jurkschat* 
Dedicated to Professor Adorf Zschunke 
on the occasion of his 60th birthday 

Controlled hydrolysis of diorganotin dichlorides usually af- 
fords dimeric tetraorganodistannoxanes [R,XSnOSnXR,], 
(X = C1, OH) of type A. These compounds attract attention 

A B 

because of their interesting structural features" and their 
applications as catalysts in organic chemistry."!- ' I1  The charac- 
teristic structural feature of this class of compounds is a planar 
Sn,Cl,O, layer with a centrosymmetric Sn,O, ring, known as a 
ladder-type structure.[51 

We have been working for some time on the linkage of 
dimeric ladder units of type A. We have shown that the 
trimethylene-bridged double ladder of type B is formed on reac- 
tion of 1,3-bis[ (trimethylsilylmethyI)dichlorostannyl]propane 
[Me,SiCH2(C1,)SnCH,],CH2 with di-tert-butyltin oxide 
(tBu,SnO), . This result led to the question whether pillar- 
shaped triple and quadruple ladders can be constructed from the 
tri- and tetratin compounds 1 and 2. 
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1 R = CH2SiMe3 2 

The reaction of 1 with (tBu,SnO), leads in quantitative yield 
to 3 as colorless crystals [Eq. (a)]. The X-ray structure analysis 

1 + 3/2(tBu,SnO), CYCh 
-2 tBuzSnCl, 

(4 
1/4 {[R(Cl)Sn(CHZ),Sn(Cl)(C~~Sn(Cl)R]O3n), 

3 R = CH2SiMe3 

[ I3]  of 3 shows a triple ladder structure (Figure 1) in which three 
almost planar Sn,CI,O, layers are linked by four trimethylene 
chains. The average deviation of the atoms from the central 
plane (0.024 A) is smaller than that of the outer layers (0.182 A). 
In analogy to B['" all tin atoms are pentacoordinate and have 
a distorted trigonal-bypyramidal coordination environment. 
The solid-state structure is retained in solution. The 19Sn{ 'H) 
NMR spectrum in CH2C12/D20c,p, shows four signals at 
b = - 94.0, ~ 114.4, - 134.0, and - 142.8 with an integral ratio 
of2:1:2:1. The zJ(119Sn,"7Sn) coupling constants (61-65 Hz) 
are of the same order of magnitude as those of the dimeric 

Figure 1. Molecular structure of 3 (SHELXTL-Plus, thermal ellipsoids for 50% 
probability). Selected bond lengths [A] and angles I"]: Sn-CI,,,,,.,, 2.428(5)- 
2.434(6). Sn - Cl,,,,,,np 2.61 6(5) - 2.783(6), Sn - O,, 2.003( 1 1) - 2.032( 1 l ) ,  Sn - O,, 
2.127(11)-2.155(11); O,,-Sn-CI,, 150.2(3)-151 8(3), CI,,-Sn-CI,, 164.9(2)- 
166.1(2), Sn,O, rings: 0 -Sn-0  73.2(4)-73.8(4), Sn-0-Sn 105.6(5)-106.3(5), 
Sn,CIO rings: Sn-0-Sn 122.6(5)- 130.6(6), Sn-CI-Sn 81.53(14)-83.7(2), 0-Sn-CI 
74.8(3)- 78.1(3), C-Sn( 1,2,3,4)-C 130.8(7)- 136.4(6), C-Sn(5,6)-C 122.3(7)- 
123.7(7). 
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