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A total synthesis of the virginiamycin 14,15-anhydro- 
pristinamycin 11, 16 has been achieved from chiral, non- 
racemic starting materials, and using a route which features 
an intramolecular Stille coupling reaction, viz. 14+ 15, 
as the key stratagem. The virginiamycin 16 was identical 
with an authentic sample produced from a Streptomyces 
fermentation process. 

The virginiamycins are a novel family of potent antibiotics 
produced by Streptomyces. ' Structurally they are assigned to 
one of two groups: (i) Group A virginiamycins, which have a 
common 23-membered macrolide accommodating an oxazole 
ring, an (E,,?)-l,3-diene, an acrylamide unit, and an amino acid 
residue, e.g. 1 (virginiamycin M2)2 and 2, and (ii) Group B 
virginiamycins, which are cyclic hexadepsipeptides. Virginia- 
mycin antibiotics have been used as food additives to improve 
growth of cattle for several years. More recently, formulations 
involving a number of Group A virginiamycins, like 1 and 2, 
have been recognised as cholecystokinin (CCK) antagonists, for 
treating panic, anxiety and cancer ~ i t h d r a w a l . ~  In spite of the 
biological significance of these compounds, and in spite of 
considerable effort over many years,4 a total synthesis of a 
Group A virginiamycin has not been reported. Our comple- 
mentary interests in naturally occurring oxazole/thiazoline- 
based macrocyclic ionophores,6 and in developing the scope for 
intramolecular sp2-sp2 vinyl coupling reactions in macrocycle 
 construction^,^ had led us to examine the use of the Stille 
reaction' as the key stratagem in the synthesis of members of 
the Group A virginiamycins. In this communication we 
describe a total synthesis of the virginiamycin 14,15-anhydro- 
pristinamycin IIB 16. 

The strategy we followed to the virginiamycin 16 was based 
on the Stille sp2-sp2 macrocyclisation 14-15, and required the 
substituted proline 7 and the 4-oxazole carboxylic acid 13 as 
central intermediates. The proline-based vinylstannane 7 was 
produced from the known crystalline syn-diastereoisomer 
( >  98% pure) of the (,?)-unsaturated 3,9 as shown in Scheme 
1. After protection of 3 as its MOM? ether, reaction with 
propargylamine in the presence of trimethylaluminium ' first 
gave the amide 4a in 67% yield. Deprotection of the 
secondary alcohol group in 4a, followed by acetylation next 
gave the corresponding acetate 4b. Treatment of 4b with 
the stannylcuprate produced by the addition of Bu3SnH to 
a mixture of BuLi and Cu'CN at -78 "C," then gave the 
E-vinylstannane 5 in 75% yield. The synthesis of 7 from 5 
was finally completed following saponification (to 6a), treat- 
ment with proline trifluoroamide,12 leading to 6b, and 
hydrolysis. 

The oxazole carboxylic acid 13 required for coupling to the 
amine 7 was produced via a condensation reaction between the 
carbanion derived from 2-methyl-4-hydroxymethyloxazole 11, 
and the bromodienal 10 prepared from the 3-bromobut-2-en01 
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8,' uia 9 (Scheme 2). Thus treatment of 11 l4  with two equiv. of 
BuLi in THF at -78 "C followed by addition of the (E,E)- 
bromoaldehyde 10 led to the substituted oxazole 12a in 35% 
yield. Oxidation of 12a with MnO, next provided the aldehyde 
(12b; 50%),15 which on further oxidation with buffered sodium 
chlorite gave the corresponding oxazole carboxylic acid (13; 
85%). 

A coupling reaction between the vinylstannane-substituted 
amine 7 and the vinyl bromide-substituted oxazole carboxylic 
acid 13, in the presence of EDCI  and HOBT,lj next gave the 
key intermediate 14 (65%). When this intermediate was 
treated with triphenylarsine and palladium(0) dibenzylidene- 
acetone dimer in DMF at 100 "C for 16 h, it underwent 
Stille coupling to produce the virginiamycin 15 as a 1:1 
mixture of sec-hydroxy group epimers in an unoptimised 
30% yield. Oxidation of 15 using Dess-Martin periodinane 
then gave the virginiamycin 16 which was identical (mixed 
chromatography, matching 'H and 13C NMR data) with 
an authentic sample produced from a Streptomyces fermen- 
tation process. 

Thus, a novel strategy towards the oxazole-proline- 
acrylamide-polyene 23-membered macrolide-based family of 
virginiamycins has been realised, and this should be applicable 
to the synthesis of a range of related virginiamycins. These 
further studies are in progress. 
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f MOM = Methoxymethyl. 

$ EDC = 1 -(3-Dimethylaminopropyl)-3-ethylcarbodiimide 
chloride. 
tj HOBT = 1-Hydroxybenzotriazole hydrate. 
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Scheme 1 Reagents: i, MOMCI, DIPEA (80%); ii, H,NCH,CzCH, 
Me,AI (67%); iii, TMSBr (92%); iv, AcCl, Et,N (90%); v, BuLi, CuCN, 
Bu,SnH (75%); vi, KOH H 2 0  (85%); vii, (TFA)-(D)-Pro-OH, DCC, 
DMAP (76%); viii, K2C03, H 2 0  (64%) 

8 

Br\ 

10 

I 
1 

OH kF 
11 

13 12 
a R=CH*OH 
b R=CHO 

Scheme 2 Reagents: i, Mn02 (95%); ii, (EtO),POCH,CONMe(OMe), 
KOBu' (80%); iii, DIBAL (90%); iv, 2 equiv. BuLi, 10 (34%); v, MnO, 
(50%); vi, NaClO,, KH,PO,, 2-methylpent-2-ene (85%) 
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Scheme 3 
(30%); iii, Dess-Martin periodinane, 58% 

Reagents: i, EDC, HOBT, Et3N (60%); ii, Pd,(dba),, Ph,As 

References 
1 C. Cocito, Microbiol. Rev., 1979,43, 145; J. M. Paris, J. C. Barrikre, 

C. Smith and P. E. Bost, in Recent Progress in the ChemicalSynthesis 
ofAntibiotics, eds. G. Lucass and M. Ohno, Springer Verlag, Berlin, 
1990,183. 

2 G. R. Delpierre, F. W. Eastwood, G. E. Gream, D. G. I. Kingston, 
P. J. Sarin, A. R. Lord Todd and D. H. Williams, J. Chem. SOC. C, 
1966, 1653. 

3 K. T. Lam, R. L. S. Chang, 0. D. Hensens, C. D. Schwartz and D. L. 
Zink, USP4 894 370; see M. G. Bock, Drugs of the Future, 1991,16, 
631; Y. K. Lam, D. Bogen, R. S. Chang, K. A. Faust, 0. D. 
Hensens, D. L. Zink, C. D. Schwarz, L. Zitano, G. M. Garrity, 
M. M. Gagliardi, S. A. Currie and H. B. Woodruff, J. Antibiotics, 
1991,44,613. 

4 (a)  R. D. Wood and B. Ganem, Tetrahedron Lett., 1983,24,4391; (b) 
A. I. Meyers, J. P. Lawson, D. G. Walker and R. J. Linderman, J. 
Org. Chem., 1986,51,5111; (c) L. Liu, R. S. Tanke and M. J. Miller, 
J. Org. Chem., 1986, 51, 5332; ( d )  R. H. Schlessinger, E. J. 
Iwanowicz and J. P. Springer, Tetrahedron Lett., 1988,29, 1489; (e) 
N. Adje, P. Breuilles and D. Uguen, Tetrahedron Lett., 1993, 34, 
4631; (f) P. Helquist, M. Bergdahl, R. Hett, A. R. Gangloff, 
M. Demillequand, M. Cottard, M. M. Mader, T. Friebe, J. Iqbal, 
Y. Wu, B. Akermark, T. Rein and N. Kann, Pure Appl. Chem., 
1994,66, 2063; and earlier references cited therein. 

5 After the completion of our work we were informed that A. I. 
Meyers et al. had completed a synthesis of (-)-madumycin 11, and 
that R. H. Schlessinger et al. had completed a synthesis of 
virginiamycin M2 1. (We thank Professor Meyers for providing this 
information.) Following the acceptance of this paper these 
independent syntheses were published: R. H. Schlessinger and Y .-J. 
Li, J. Am. Chem. SOC., 1966,118,3301; F. Tavares, J. P. Lawson and 
A. I. Meyers, J. Am. Chem. Soc., 1996,118,3303. 

6 See: J. P. Michael and G. Pattenden, Angew. Chem., Int. Ed. Engl., 
1993, 32, I ;  S. K. Chattopadhyay and G. Pattenden, Tetrahedron 
Lett., 1995, 36, 5271; C. J. Boden and G. Pattenden, Tetrahedron 
Lett., 1995, 36, 6153 and references cited therein. 

7 G. Pattenden and S. M. Thom, Synlett, 1993,215; R. J. Boyce and 
G. Pattenden, Tetrahedron Lett., 1996, 37, 3501; see also C. Boden 
and G. Pattenden, Synlett, 1994, 181. Some of the first examples 

1316 J. Chem. SOC., Perkin Trans. 1, 1996 



of the intramolecular Stille reaction in synthesis were described 
by Piers et al., see: E. Piers, R. W. Friesen and B. A. Keay, 
J .  Chem. SOC., Chem. Commun., 1985, 809; E. Piers and R. W. 
Friesen, J. Org. Chern., 1986,51,3405; E. Piers and Y.-F. Lu, J.  Org. 
Chem., 1988,53,926; see also: K. C. Nicolaou, T. K. Chakraborty, 
A. D. Piscopio, N. Minowa and P. Bertinato, J.  Am. Chem. SOC., 
1993, 115, 4419; A. G. M. Barrett, M. L. Boys and T. L. Boehm, 
J.  Org. Chem., 1996,61,685; T. S. McDermott, A. A. Mortlock and 
C .  H. Heathcock, J, Org. Chem., 1996, 61, 700; R. M. Adlington, 
J. E. Baldwin, A. Gansauer, W. McCoull and A. T. Russell, J. Chem. 
Soc., Perkin Trans. I ,  1994,1697; D. M. Hodgson, L. T. Boulton and 
G. N. Maw, Synlett, 1995, 267; A. B. Smith, 111, S. M. Condon, 
J. A. McCauley, J .  L. Leazer, Jr., J. W. Leahy and R. E. Maleczka, 
J. Am. Chem. Soc., 1995,117, 5407. 

8 For reviews see: J. K. Stille, Angew. Chem., Int. Ed. Engl., 1986, 25, 
508; T. N. Mitchell, Synthesis, 1992, 803; see also: J. K. Stille and 
M. Tanaka, J. Am. Chem. SOC., 1987, 109, 3785; J. K. Stille, H. Su, 
D. H. Hill, P. Schneider, M. Tanaka, D. L. Morrison and L. S. 
Hegedus, Orgunometallics, 1991, 10, 1993; A. C. Gyorkos, J.  K. 
Stille and L. S. Hegedus, J .  Am. Chem. SOC., 1990, 112, 8465; 
A. Kalivretenos, J. K.  Stille and L. S. Hegedus, J .  Org. Chem., 1991, 
56, 2883. 

9 The ester 3 showed [rln + 18.1, against lit. [alD + 18.9, and the 
syn-compound was shown to have an ee > 98% by H NMR analysis 
of its Mosher ester. A. I. Meyers, R. F. Spohn and R. J. Linderman, 
J.  Org. Chem., 1985,50,3633. 

10 A. Basha, M. Lipton and S. M. Weinreb, Tetrahedron Lett., 1977, 
48,4171. 

11 L. Capella, A. Degl Innoanti, A. Nordini, G. Reginato, A. Ricci 
and G. Seconi, Synthesis, 1991, 1201. 

12 T. J. Curphey, J. Org. Chem., 1979, 44, 2805. The commercially 
available D-proline used here showed [a]:' + 84.5 (c = 4, H,O), lit. 
[ajD + 84. The proline trifluoroamide had la);* + 67.1 (c = 1.1, 
C,H,); lit. [alO - 65.2 for natural L-proline trifluoroamide. 
A. Ookawa and K. Soai, J. Chem. SOC., Perkin Trans. I ,  1987, 1465. 

13 E. J. Corey, M. G. Bock, A. P. Kozikowski, and A. V. Rama Rao, 
Tetrahedron Lett. , 1978, 12, 105 1. 

14 Compound 11 was produced from the corresponding carboxylic 
acid ethyl ester (J. W. Cornforth and R. H. Cornforth, J. Chem. Soc., 
1947,96); by reduction with DIBALlI at -78 "C (75%). 

15 The controlled oxidation of 12a to the corresponding 4-formyl- 
oxazole 12b in the presence of MnO, was somewhat fortuitous. 
The use of many other conventional oxidants instead led to 
complex mixtures of products in poor yields. 

1 Diisobutylaluminium hydride. 

Paper 6/02108E 
Received 26th March 1996 

Accepted 25th April 1996 

J. Chem. SOC., Perkin Trans. I ,  1996 1317 


