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Streptogramin Antibiotics



❖ Streptogramin antibiotics are used clinically to treat multi-drug resistant bacterial infections.

❖ Multi drug resistant (MDR): Microbes resistant to multiple antimicrobials, some times also

called “superbugs”.

❖ Poor physicochemical properties of streptogramin antibiotics often limited their utility.

❖ To overcome this limitations, several structural modifications are carried out worldwide via new 

reaction method development.

Natural sources: Several species of Streptomyces.

Importance of Streptogramin Antibiotics and its Classification   
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Group A Streptogramin Antibiotics
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Group B Streptogramin Antibiotics
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Aim: Scalable Synthesis of Group A Streptogramin Antibiotics
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Aim: i) Short and efficient access to group A streptogramin antibiotics. 

ii) gram-scale synthesis of each of the intermediate along with the desired group A streptogramin.

Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.



Retro-synthesis of Madumycin I 
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Retro-synthesis of Madumycin I 
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Retro-synthesis of Madumycin I 
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Left Half Right Half

7 seven building blocks are required

for the synthesis of Madumycin I in 10 steps

Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.



Synthesis of the Left Half 
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1. Mukaiyama-type vinylogous aldol reaction

between silyl dienol 9 and aldehyde 8.

2. Nucleophilic attack on the aldehyde carbon

should be facilitated by complexation and should

occur at the Si (front) face because of shielding of

the opposite Re face by the neighbouring phenyl

group.

Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.Ryu et. al. Org. Lett. 2010, 12, 5088

Conditions: 10 (0.5 equiv), TfOH (0.45 equiv), DCM, −78 °C, 

1 h, then a solution of isopropyl alcohol (1.1 equiv), 8 (1 equiv),

9 (1.25 equiv) in DCM (slow addition over 2 h), 1.5 h, 94%, 87% ee



Synthesis of the Left Half 

9Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.

Conditions: (b) propargylamine (4 equiv), AlMe3 (4 equiv), 0 to 23 

°C, then 11, DCM, 40°C , 3 h, 90%; (c) CuCN (2 equiv), n-BuLi (4.2 

equiv), Bu3SnH (4.2 equiv), 1 h, −78 °C, 100%, ≥20:1 E:Z

Mechanism of the second step:

Lipshutz et. al. Tetrahedron. Lett. 1989, 30, 2605.



Synthesis of the Left Half 

10Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.

Conditions: (d) 12 (1 equiv), 13 (1.5 equiv), DCC

(1.6 equiv), DMAP (0.2 equiv), 6 h, then Et2NH 

(480 equiv), DCM, 23 °C, 3 h, 88%.

Steglich esterification



Synthesis of the Left Half 

11Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.

Conditions: (d) 12 (1 equiv), 13 (1.5 equiv), DCC

(1.6 equiv), DMAP (0.2 equiv), 6 h, then Et2NH (480 equiv), DCM, 23 °C, 3 h, 88%.



Synthesis of the Right Half 

12Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.

Crimmins thiazolidinethione aldol reaction

sulfur has strong affinity towards titanium atom, 

so, it facilitates the chelated transition state. 

Conditions: 16 (1.1 equiv), TiCl4 (1.2 equiv), iPr2EtN (1.2 equiv), 2 h,

15 (1 equiv, slow addition over 30 min), 30 min, 64%.

Crimmins et. al. J. Am. Chem. Soc. 1997, 119, 7883.



Synthesis of the Right Half 

13Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.

✓ β-hydroxycarbonyl in 17 was too labile for the subsequent steps in the synthesis,

and thus the secondary alcohol is protected as its tert-butyldimethylsilyl ether.

✓ Treatment of 18 with the dianion of oxazole 19 which contains a trimethylsilyl

function at C5 to prevent deprotonation of the oxazole ring, directly provides right

half 20.

✓ This step directly allows the installation of the desired carboxylic acid group.



Synthesis of the Madumycin I 

14Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.

Mechanism of HATU (Hexafluorophosphate Azabenzotriazole Tetramethyl Uronium) mediated coupling

Conditions: 14 (1 equiv), 20 (1.1 equiv),

iPr2EtN (2 equiv), HATU (1.5 equiv), DCM, 23 °C, 5 h, 88%

The formation of a seven membered transition

state enhances the coupling efficiency as well as

reaction rate.



Synthesis of the Madumycin I  and Madumycin II 

15Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.

Conditions: (i) 21 (1 equiv), JackiePhos (0.2 equiv), Pd2dba3 (0.1 equiv), toluene, 50 °C, 3 h,

64%; (j) Bu4NF (10 equiv), Im·HCl (10 equiv), THF, 23 °C, 12 h, 91%; (k) 4 (1 equiv), Et2BOMe (1.2 

equiv), 15 min, then NaBH4 (2 equiv), THF:MeOH 4:1 (v/v), −78 °C, 3 h, 72%.



Synthesis of the Virginiamycin M2

16Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.

Conditions: (a) 22 (1.5 equiv), 12 (1 equiv), DCC (1.6 equiv), DMAP (0.2 equiv), 6 h, then Et2NH 

(480 equiv), DCM, 23 °C, 3 h, 88%; (b) 23 (1 equiv), 20 (1.1 equiv), iPr2EtN (2 equiv), HATU (1.5 

equiv), DCM, 23 °C, 5 h, 87%; (c) JackiePhos (0.2 equiv), Pd2dba3 (0.1 equiv), toluene, 50 °C, 3 h, 

59%; (d) 24 (1 equiv), Bu4NF (10 equiv), Im·HCl (10 equiv), THF, 23 °C, 12 h, 82%



Synthesis of the Virginiamycin M1

17Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.

Conditions: (e) PhIO (1.1 equiv), DCM, 23°C, 30 min, 92%; (f) 20 (1.25 equiv), Ghosez reagent (1.3 
equiv), 2,6-lutidine (2.5 equiv), 2 h, then 25 (1 equiv), DCM, 23 °C, 12 h, 65%; 
(g) JackiePhos (0.3 equiv), Pd2dba3 (0.15 equiv), toluene, 80 °C, 24 h, 43%; (h) 26 (1 equiv), Bu4NF (10 
equiv), Im·HCl (10 equiv), THF, 23 °C, 12 h, 80%.



Summary…..

18Li, Q.; Seiple, I. B. J. Am. Chem. Soc. 2017, 139, 13304.



Application of this Present Work…..

19Seiple et.al. doi.org/10.1038/s41586-020-2761-3

Applying this approach they have successfully synthesized more than 60 non-natural analogues

of this group A streptogrammins via structural diversifications and late-stage modifications. They

have also investigated the pharmacological properties of these developed streptogrammins

analogues in details.
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What we have discussed today…….?

✓ Mukaiyama-type vinylogous aldol reaction

✓ Organostannylating reagent to produce exclusively E product

✓ Steglish esterification

✓ Crimmins thiazolidinethione aldol reaction

✓ Peptide synthesis by using HATU and its mechanism

✓ Macrocyclic intramolecular Stille cross-coupling

✓ Asymmetric reduction of 3-hydroxy ketone

✓ Ghosez’s reagent

✓ PhIO oxidation
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