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A Convergent Enantioselective Route to
Structurally Diverse Tetracyclines



Introduction
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Takeuchi, Y.; Buerger, M. J. Proc. Natl. Acad. Sci. U. S. 1960, 46, 1366.

 Isolation:    First announced by Duggar in 1948.
    X-ray and NMR analysis were done in 1960 and 1965.

 Bioactivity:    Used to treat bacterial infections by preventing the growth and spread of
bacteria; and  as an alternative to other medications for the treatment of Lyme disease
and prevention of anthrax.

 Synthesis :
    Semisynthesis or biosynthetic pathways.
       Such as Fermentation of certain strains of Streptomyces aureofaciens.
    Woodward’s  6-demethyl-6-deoxytetracycline synthesis in 1962.  (J.A.C.S, 1962, 3222)
       Muxfeldt’s terramycin synthesis in 1968.  (J.A.C.S, 1968, 6534)
       Stork’s 12a-deoxytetracycline in 1996. (J.A.C.S, 1996, 5304) (16 steps, 18~25%)
       First synthesis of tetracycline by Tatsuta. (C.L, 2000, 646)
                   (asymmetric, 34 steps, 0.002%)

 Structural:   Four linearly fused six-membered carbon rings with five chiral-centers.
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 Late-stage, diastereoselective C-
ring construction was used.

 Compound 2 to 10 were coupled
via Michael-Dieckmann rxn.

 Compound 1 was coupled via
Diels-Alder rxn.
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C-ring Formation from Varied Carbanionic D-ring
Precursors with AB-ring Precursors

                4
Precursor for
products: 1, 6, 7, 8, 9,
10

                5
Precursor for product: 2



Retrosynthetic Analysis of Deoxycycline
- via Michael-Dieckmann Reaction
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Constuction of Fragment 16
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Constuction of Fragment 4

RO O

N

H

OH

MeMe

A
B

5

N

O

OBn

N

ArO2S

H2N

-HSO2Ar

TBSO O

N

H

OH

MeMe

A
B

5

N

O

OBn

N

N

H-N2

O

N
MeMe

B N

O

OBn

TBSO

TBSO

O

15

5 mol% LiOTf

60oC

O

B

TBSO

TBSO
OLi

N

O

N

Me
Me

OBn

H

O

B

TBSO

TBSO
OLi

N

O

N

Me
Me

OBn

[2,3]

O

N

H

OH

MeMe

A
B

5

N

O

OBn

HO

H

2)TFA

TBSO

like Sommelet-Hauser rearrangement

16

OTf

PPh3, DEAD
PhCH3, NBSH

O

N

H

OH

MeMe

A
B

5

N

O

OBn

17

TBSO

1) HCl, MeOH

2) IBX, DMSO

3) TBSOTf, 2,6-lutidine

O O

N

H

OTBS

MeMe

A
B

5

N

O

OBn

4 (11 steps, 10%)

74%

66%



Constuction of Fragment 5

1) BnO2CCl, DMAP

2) TBAF, HOAc

3) IBX, DMSO

4) TBSOTf, Et3N
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Total synthesis of (-)-Doxycycline

5 steps,
42% from anisic acid.

Single diastereomer isolated
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Synthesis of Other Tetracycline Analogs- 6 to 10

 (-)-6-Deoxytetracycline 6
    (14 steps, 7.0% yield)

 Pyridone Derivative 7
    (14 steps, 5.0% yield)

 Pyridine Derivative 8
    (14 steps, 6.1% yield)

 10-Deoxysancycline 9
    (14 steps, 6.8% yield)

 Pentacycline Derivative 10
    (15 steps, 5.6% yield)



Antibacterial Testing

Tetracycline 1

6-Deoxytetracycline 6
    

Pyridone Derivative 7

Pyridine Derivative 8

10-Deoxysancycline 9
    

Pentacycline Derivative 10



Total Synthesis of Tetracycline
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3 (10 steps, 11% from benzoic acid)
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Conclusion
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 Convergent enantioselective routes the synthesis of diverse tetracycline antibiotics. 

 Diastereoselective C-ring construction:
 

a. Michael-Dieckmann reaction  
   (Tetracycline derivatives 2 to 10, 14 ~ 18 steps in 5.0% ~ 8.3% yield)

b. Diels-Alder reaction  
   Tetracycline,  17 steps in 1.1% yield.
   Compared with the first synthesis: 34 steps in 0.002% yield.


