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Figure 1

Modular Total Synthesis of Tetracyclines
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Figure 2
Total Synthesis of Tetracycline

PCT/US2005/017831
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Figure 3
Total Synthesis of Doxycycline

PCT/US2005/017831
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{~)-doxycycline, 8.2% from benzoic acid in
18 steps (the first 7 steps are identical to the
first 7 steps of the tetracycline synthesis)
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Figure 4
Synthesis of Isoxazole 4
First Generation:
OH N(CHz)2
1. MsCl, Et3N, DMAP,
o 3 o}
N DCM,0->23°C_ | N
¢ 2. (CH3),NH, DMF
OBn OBn
27 74% 4 (45 g batch prepared)

27: prepared in 3 steps from dimethylacetylene dicarboxylate and N-hydroxyurea
Synthesis 1985, 1100-1104.
Eur. J. Org. Chem. 1998, 473-479.

Second Generation:

¢l N(CHa)z N(CHa),
0
[ N (CHyaNH, DVF i % benzyl alcohol I °,
05 23°C 4 Na, 120 °C Y
Br Br OBn
79% 63%
28 ’ 29 4 (102 g batch prepared)

28: prepared in 2 steps from glyoxylic acid and 2,3-dichloro-1-propene
Synth. Commum. 1992, 22, 1939-1948.
Tetrahedron Lett. 1984, 25, 487-490.

Figure 5 ‘
Synthesis of Benzocyclobutenol 11: Ow CH
3
CHO 1. CH3MgBr, THF, -5 °C
Br 2. TEMPO, NaOCI, NaBr Br (CH;),S*(O)CH,
NaHCO;, THF, H;0, 0°C DMSO, 23 °C
OBn OBn
0,
10 80% (2 steps) 31 94%
30 prepared in 2 steps from 3-(benzyloxy)benzyl alcohol
J. Org. Chem. 1994, 59, 6703-6709.
O .
CHs CHs CH3
Br 1. n-Buli, THF, -78 °C . TESOTY, Et;N ¥
2. MgBrp, =78 — 23 °C DCM, 23 °C
OH oTBS
OBn 67% (+7% cis) OBn 99% OBn
32 33 11

cyclization from 32 to 33 based on: (a) Akgiin, E.; Glinski, M. B.; Dhawan, K. L;; Durst, T. J. Org. Chem. 1981, 46, 2730.
(b) Dhawan, K. L.; Gowland, B. D.; Durst, T. J. Org. Chem. 1980, 45, 922.
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Figure 6
Selected Analogs Accessible by our Modular Synthesis
Paradigm for Antibiotic Activity of the Tetracyclines

hydrophobic region:
modifications are generally tolerated N(CH3);

hydrophilic region:
modifications are generally not tolerated

Summary of Targeted "Dicyclines”

Xy N(CHa)2
A Nu Hp Pdblack  Nu
60io OBn
OT18S otTBs
9X=H 34X=H 36X=H
23 X =0C0;Bn 35X =0C0,Bn 37 X =0CO0,Bn
1. LHMDS, RCHO X N(CH
X |y MCHa) 2. oxidize Xy N(CHal
Nu : o} 3. Hy, Pd black :
hydrophilic region conserved
0 s 0 OBn
OTBS
4X=H 38X=H
35X =0CO0;Bn 39 X = 0CO;Bn
Scope:

Nu = any soft alky], aryl, vinyl, or heterocyclic nucleophile. For example alkyl and aryl cuprates and Grignard reagents.
R = any alkyl, aryl, or heterocyclic structure. Basically anything that does not have acidic protons.

Compounds Prepared:

' OB
>—OBn >_ N(g Ha)

o) ®)
9, N(CHa) H Q H
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Figure 7
Summary of Targeted "Tricyclines"
1. protect alcohol

2. Nu
N(CHs), R 3. LHMDS, R'CHO
H o 1. heat 4. oxidize
2 owidize _5.HpPdBlack
hydrophilic region conserved

Scope:
Nu = any soft alkyl, aryl, vinyl, or heterocyclic nucleophile. For example alkyl and aryl cuprates and Grignard reagents.

R = sterically non-remanding alkyl or substituted group. Aryl less reasonable.
R' =any alkyl, aryl, or heterocyclic structure. Basically anything that does not have acidic protons.

Figure 8 .
Summary of Targeted "Pentacyclines"

1. protect alcohol

3. deprotect

Scope:
Same as other Michael-Dieckmann reactions.
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Figure 9
Summary of Targeted "Bridged-Pentacyclines"

X |, N(CHz)
T H
: o, Y
LN i
e} _ o 0OBn 2. deprotect
OTBS
46 X=H
23 X = OCO4Bn

Scope:
Same as other Michael-Dieckinann reactions.
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Figure 10
Synthesized Compounds as Potential Analog Platforms
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Figure 11
Total Synthesis of a Pyridone Sancycline Analog
1. LDA, DMPU p g YCHk
HaC B Chs " rpE 78°C' HaC NN [O‘N
N. .~ N = . Y
CO2Ph 2. H l;l(CH3)2 : 5
OBn Y S0 BnO O OH:O Bn
CDL-1I-464 | N OTBS
g CDL-11-466
o) § OBn
OTBS DRS6
-78°C - 0°C
67%
N(CHa)2 N(CHg)z - HCI
Ha, PA(OH),/C e l 7Y OH HClag) MO 7 I N OH
S —————————— >
dioxane/CHz0H  HN : NH;  MeOH HN : NH,
: OH
0O 0 OH:O0 O 74% (2 steps) 0O O OHO O
otes CDL-11-460

pyridone-sancycline analog
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Figure 12
Total Synthesis of 6-Deoxytetracycline
1. LDA, TMEDA, HsC |y . iy N(CHa)
Et THF, 78 °C NN HF, CH3CN
@Cozph 2.-718°C—0°C
OBoc H N(CHa)2
< : O
CDL-1-299 | N CDL—I~287
6:o OBn
OTBS DRS6
83%
G | N(CH3)2 N(CHs)z
s : OH
N O\N Ha, Pd black
A L, THF/CH30H
HO OH 0890 OB B1%(2steps) HO HO ORO O

CDL-I-322

6-deoxycycline, 8% from benzoic acid in
14 steps (the first 10 steps are identical
to the first 10 steps of the tetracycline
total synthesis)
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Figure 13
A. Synthesis of 7-Aza-10-deoxysancycline
H QI(CHEJ)Z l;"((:"-{3)2
N\ CH3 B O\ LDA, HMPA N 3 T
l_ i LN THF N
COzPh : 95 °C —> 50 °C hE
0:0 OBn O OH O OBn
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N ~EAEA, -OH
H,, Pd black | HF(aq)
———— : ~_-NH
dioxane/CH;0H NN 2 CHyCN, 35°C
O HO:O0 O 86 % (two st O HO "0 O
oTBS b (two steps)
JDB1-109
B. Synthesis of 10-Deoxysancycline
H H fg(CHs)z
©:CH3 LDA, HMPA N ,
+ N
THF 7
COPh ~95 °C — 70 °C :
O OH: 0 ©Bn
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91 % (two steps)

JDB1-130
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Figure 14A
Representative Structures
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Figure 14B
Representative Structures
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Figure 15

O+

HO O HOHO O
(=)-Tevacycina (1)
CH:\N,C“:
W H:
] Ny AT OH
# :

o whHo o

A Pyridine Dofivativa (4)

1. C-Ring H R X N

el 0 000E
+ E
2. Deprotection e Y B N,

o]
* O HOHO O

XaH, OH
Figure 16
©\ A, ovtrophus B9 @ mCPBA, EI0AC @
ol
A H 2 H
COH 78%, >35% oo H GHCD‘ 83% H 6“003
90-g batch HO o
. 10
1. TMSCH N, 0%
2, TBSOTI, EpN
CHya, .CH
':" (e 1. LOTY, PrcH,

H aQ 80°C THF,=78"C o
a°| N o
uo"‘”:( 2 TFA CH,CY Gy, CHy TBST” Y “co,em,

wsbBo O %
. "
14 (7 steps, 21%) U7 bea [l
12
\ 1. HCI, MoOH
1. CBr,, PPhy PPy, DEAD 2. 18X, DMSD
2. PRSH, ELN PHCH,: NBSH 3. TBSOTI, 2.6-htisine
87% 74% £6%
7 (¥ stops, 10%)
HC. CHy
]
CHae _cH, CHa, CHy
CB e wocf Ly
o3y Ty 1. BnOLCC!, DMAP 2i o

[o}
ores

2. P(OMBa);, MeOH
70°C

78%

8 (15 s10ps, 12%)

13/22



WO 2005/112945

Figure 17

a LDA, TMEDA
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—
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(-)-Doxycycine (2)
(18 steps, 8.3%)
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Figure 18

Bacterial Stralns Tested

Convergent Assembly of
Structurally Diverse
Tetracyclines

Gram-Posluve Omanlsms

Entry  D-Ring Precursor  Condltions Tetracycline Analog
oy H cn:.N,cu,
& 1.1DA, TMEDA; 7 b
N 78 <+ 0 "C (B1%)
COPh 2 HE, MeCN
BocO 3. Hy, Pd (85%)
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COPh 2. Hy, PU{OH) 0o
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eu,. ,CH;
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3 %!
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1.7; »-Bul c”"n‘CH'
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N OO G-l I
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Testing Control:
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D:Rlng Precursor
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R =H, simple alkyl, branched alkyl, aryl, heteroaryl, arylalkyl.

Figure 21A
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Novel Tetracycline Analog
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R =H, simple alkyl, branched alkyl, aryl, heteroaryl, arylalkyl.
Figure 21B
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Alternative Sequences to AB Enone Precursors from 15,2R-cis-Dihydroxy Benzoic Acid

A.
CHys, -CHy
i o]
Vi CHj., ..CHs
[§] Y8 N
41 "
OCH;, :
™Ss6 i 0 TMSO i OTMSOBn
OBoMm OBOM
19 (Scheme 3, page 18) 201
Selective PdUll =®=0
Daprotection ) o
CHa--CHa CHa.-CH, CH.~CH;s CH,\N,CH,
A0, Et;N Swem : IQ
. /N B e — /N
i OBn
0:o QOBn H
EB0M OoBOM
204 203 202 205
BO
CHyv\-CHa CH,FCHJ
1. Deprotection E;N Y | 0,
> - N
LD ar 2, Swern 5
0>/_"o fa} )/ OHO OBn
CHa CH, CH; ‘CH;
17 (Scheme 3, page 16) 208 207 208
C.
CHyu -CHa

A ~OCH,
™SO § 0
BOM B8O
19 (Scheme 3, page 16) 200
CHy.,.CH,
SN SN
i . HF Qyr Y \
: I N By | [N
oen ™SO i O  OBn
OsOM OBOM
204 210
Figure 22
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New Routes to AB Precursors That Do Not Involve Microbial Dihydroxylation of Benzoic Acid

A.

CHya-CHa
1 0,
- LN CHyv\-CHs
Li
ﬁCH° 41_OBn B CBS Reduction™
“CH, 2. Mild H* { -
. MI
TMSO O S & ben
21 212
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- l v,
0ig Osn
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35
B.
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0
|/ CHy., -CHy
L
MSO OCH, 44 OBn HO 0,
\ |
L ,
CH:,O o] CH;O 0 OBn
CHayuy-CHs CHy\ ~CHy
H: 1) NaBH, o H : o
; o, 2) IBX, DMSO %
[ N N
884  osn CHO R OH  ©OBn
220 219
C.
HyC-, .CH; HyC. .CH,
HO™ N 0" N 1) Directed
Phi(OAc),, TFA Epoxlidation
2) Swem

ROH

6H 0Bn
222

221

(See Preliminary Results
Scheme 12, page 23)

Bnoc oy Ee
ne g b 1) NaBH, (selective)
: | 0\N 2) H0*
{  3)Bno,CCl
0:0Q ©OBn
OTBS
36

RO ORGH OBn

Figure 23
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€BS Reduction®
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