Figure 1

Modular Total Synthesis of Tetracyclines
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doxycycline
MGC30 6-deoxylelracycline
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pyridone sancycline analog
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The methodology may be used for
the synthesis of the known antiblotics
sancyline and minocycline. 7-aza-10-deoxysancycline
JDB1-109

10-deoxysancycline
JDB1-130
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Figure 2
Total Synthesis of Tetracycline
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15 (-)Hetracycline, 1.1% from benzoic acid in 17 steps
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Figure 3
Total Synthesis of Doxycycline
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(-)-doxycycline, 8,.2% frotn benzoic acid in
18 steps (the first 7 steps are identical to the
first 7 steps of the tetracycline synthesis)



Figure 4

Synthesis of Isoxazole 4
First Generation:
OH N{CHg)2
5 1. MsCl, EtsN, DMAP, o
[N DCM, 0-»23°C | N
2. (CH3),NH, DMF
0Bn OBn
27 4% 4 (45 g batch prepared)

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

Second Generation:

cl N(CHB)z N{GH_a)z
0,
[N (CHs)NH,DMF i °~N benzyl alcohol | QN
/ —————— —_ -
0o 23°C 4 Na, 120 °C {
Br Br _— OBn
o, %
28 9% 29 4 (102 g batch prepared)
28: prepared in 2 steps from glyoxylic acid and 2,3-dichloro-1-propene
Synth. Commun. 1992, 22, 1939-1948,
Tetrahedron Lerr. 1984, 25, 487-490.
Figure 5 .
Synthesis of Benzocyclobutenol 11: -
3
CHO 1. CH3MgBr, THF, -5 °C _
Br 2. TEMPO, NaOCL, NaBr 0 (CH,);5*(0)CHy~
NaRCO;, THF, H;0, 0°C DMSO, 23 °C
OBn 0Bn
0 80% (2 steps) 31 94%
30 prepared in 2 steps from 3-(benzyloxy)benzy!l alcohol
J. Org. Chem. 1994, 59, 6703-6709.
Q
CHa ) LCHs LHj
Br 1. n-BuLi, THF, ~78 °C ! TESOTY, EtsN i
2. MgBr;,-78 = 23 °C DCM, 23 °C
OH oTBS
OB 671% (+7% cis) OBn 99% OBn
32 33 11

cyclization from 32 to 33 based on: (a) Akgiln, E.; Glinski, M. B,; Dhawan, K. L; Durst, T. J. Org. Chem, 1981, 46, 2730,
(b) Dhawan, K. L.; Gowland, B. D.; Durst, T. /. 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

9 5
10 o)
HO ©O HOHO O
hydruphilic region:
modifications are generally not tolerated
Summary of Targeted "Dicyclines”
X |, N(CHs)2 X |, N(CH)z
S o | Nu NU A0, Hp, Pdblack  Nu
LN [ Iy
0 ;E_: OBn 0 é 0 OBn
oTBS OTBS
9X=H 34X=H 36X=H
23 X=0C0O;Bn 35X =0C0;Bn 37X=0C0;Bn
X NCHle 5 endme X, N(CHy)
" 2, oxidize N %
Nu A0, 3. Hy, Pd black H : H W .
. ] ,N R\I - NH, ydrophilic region conserve
0
D:O OBn O HOH o]
OTBS
34X =H 3X=H
35X = OCOZBR I9X= OCOZBD

Scope:
Nu = any soft alky), aryl, viny), or heterocyclic nucleophile, For cxample alkyl and aryl cuprates and Grigoard reagents.

R = any alky}, ary, or heterocyclic structure. Basically anything that does not have acidic protons,

Compounds Prepared: o

0OBn
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Figure 7
Summary of Targeted "Tricyclines"

y N(CHak 1. heat
/W{ < 2. oxidize
10 41

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

R = sterically non-remanding alkyl or substituted group. Ary) less reasonable.
R' = any alkyl, ary], or heterocyclic structure. Basically anything that does not bave acidic protons.

Figure 8
Summary of Targeted "Pentacyclines"

1. protect alcohol

3. deprotect

Scope:
Same as other Michael-Dieckmnann reactions.

1. protect alcohol

2. Nu

3. LHMDS, R'CHO
4, oxidize

5. Hy, Pd Black

..................

bydrophilic region conserved
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Figure 9
Summary of Targeted "Bridged-Pentacyclines”

-,

§,
AZ>C04Ph

X . N(CH),
- ; . 0 Y
\ 41
1' fN e
i
o E o OBn 2, dcprotecl
oTBS
46X=H
23 X = OCO,Bn

Scope:
Same as other Michael-Dieckmann reactions.

Figure 10
Synthesized Cornpounds as Potential Analog Platforms
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Figure 11
Total Synthesis of a Pyridone Sancycline Analog
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pyridone-sancycline analog
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Figure 12
Total Synthesis of 6-Deoxytetracycline

1. LDA, TMEDA,
Et THF,-78 °C HF, CH3CN
Qcozph 2,-78°C—0°C
OfBoc N(CHa)z
TG0,
CDL-1-299 | N CDL-I-287
0io OBn
OTBS DRS6
B3%
N CH HaC N(CH,
( 3)2 €y w N(CHa)z

Ha, Pd black O NN OH
THF/CH30H ! NHg
HO OH 0 H 0 OBn g% (2steps) HO HO OHO O

CDL-1-322

6-deoxycycling, 8% from benzolc acld In
14 steps (the first 10 steps are |dentical
to the first 10 steps of the tetracycline
{olal synthesis)
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Flgure 13

A. Synthesis of 7-Aza-10-deoxysancycline

N[CHa)z
THF
"02”“ ~95 °C — =50 °C
JDB1-67 ® bres 2%
DRS6 ;

Hy, Pd black HF(aq)
——eeee N
dioxane/CH40H CH;CN, 35°C

86 % (two steps)
B. Synthesis of 10-Deoxysancycline
y NCHa)
CH3 % LDA, HMPA
COth -95 oCr0°C
JDB1-113 ® Gms 85%
DRS6
H,, Pd black
dioxane/CH,0H

91 % (two steps)

10/22

O OH 0
oTBS

JDB1-87

JDB1-109

O OH O
OTBS
JDB1-114

JDB1-130




N

) WG ) Q0 Q) ]
Q) A0 Q) 00 Q) )
selsoleoNseRe RS

) aC) GO ] G
G T 6 o

Ho HO ©
OH

oo Sameacg &



Figure 14B
Representative Structures
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Figure 15
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Figure 17

B DA, TMEDA
o THF, =78 'C;
Cofh 0.~18-0°'C

Thec! 0%

18

1. HF, MoCN

2. Hy, Pa, THF
MeON

0%
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Figure 18
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CHBt 1, 1 n-Bul
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Tosting Controf:
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N
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122
R = H, simple alky, branched alkyl, aryl, heteroaryl, arylalkyl.

N” TCoyPn

E“j\)‘ar

N Scoh
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Figure 21A

18/22




D:Ring Pracucaor
R R R CI'l;.N.CH,
Br “ Br
o
COyPh N CO.Ph
Boo OBoo Bow
125 127
R R
N Br ﬁ“ Br
s s
N CO.Ph N COFh
BocO BocO
120 134
CHy, -CHy
R R
By ul
Br ,N Br
N Co,Fh ﬁ" CO,PN
Bot gaco BAG pocO
133 134 133
R
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19
CH;,B,CH, ' R
B oH =
W
: N COsPh
BocO
141 142 143
R
= Br
N~ TCOyRh
147

o
COPh
B
181

149

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

A.
CHyoyy Oy
lﬁi? CHysCHy CHae Oy
# QBn
: OCHs i >
™SO i O T™Sd i o ©Bn TM8O £ OTMSOBN
OBOM OBOM OBOM
19 (Scheme 3, page 16) 200 201
Selective Pd(ll) 0{):0
Deprotaction
0 Chys, .- Cl CHy, »CH
CHyey -CHy CHiepy-CHs 3y O i e
'z‘ Y E4N Swam
i Bn
beom
204 202 208
B.
CH;n.N;CHﬁ
i 0]
i CH,.NfCH;
ocH 41 9fa 1. Daprotection QN
i ' 2, Swarmn h
0.0 8 B
CHy ‘CHy
17 (Scheme 3, page 16) 207 208
C.

19 (Scheme 3, page 16)

N HFpyr

i
SBOM
204

Figure 22
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New Routes to AB Precursors That Do Not Involve Microbial Dihydroxylation of Benzolc Acid

A.
Chys, Oty
1 o,
) _| N CH:'-“'OH: CHj. N‘CH’
Ll \
QcHy 41_OBn o CBS Reduction™ o,
Noch LN s | N
1 2. MIdH" g
L OH 0 OBn H OH ©OBn
2l 212 213
NelO»® (Sco Also Praliminary Resulta
Schama 12, page 23)
Chyey O
To Explore
B,
CHisyy Oy
|
u
T™MSD ocH, ' e
N‘CH, ?
215 297
PhI(OAe);. ™
ROH
1) NaBH,
2) IBX, DMSD
C.

1) Directed
Epoxidation
- 2) Swam
RO DRAY ©OBn
222
(Sea Prellminary Results
Scheme 12, page 23)
hC, CHy
1) NaBH, (selective) 8 wh
2)H,0° : N TBSOTf
3) BrO,CCI i !
RO g; Bn
ares
228
Figure 23
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