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Recent
Total
Syntheses

Where will
total synthesis
have gone?
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6‘@4?

Let's
consider it
a little.

0. What is the significance of TOTAL SYNTHESIS
Methodologies of Stereochemical Control

1. azaspiracid—1 (Nicolaou, K. C.)
2. tetracyclines (Myers, A. G.)
3. pentacycloanammoxic acid (Corey, E. J.)
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What is the significance of TOTAL SYNTHESIS?

(8]
1) ultimate tool for the determination of structures | 1
- periplanone B (Still, W. C)) % Me
- palytoxin (Kishi, Y.) | Me

periplanone B

/ B
OMe /z] 2) chemical supply of natural products
N 1N * -
i tie ,3«-"3‘"“ z qglnlne (Woodward, R.B) /L}ﬁf-%«
Y~ “oH - A~ - thienamycin (Merck) M—J\‘
N quinine Tk l—discodermodlide (Novartis) Svm\‘)“’ )
oH o - norzoanthamine (Miyashita, M.y %2t
H H : »V.'.\Qé/
: ,9,’&
Me T
N S
© coze thienamycin norzoanthamine

3) derivatization

- epothilones (Nicolaou, K. C.; Danishefsky, S. J.)
- halichondrin B (Eisai & Kishi, Y.)

} 4) application to chemical bioloqy
- FK-506 (Schreiber, S. L.)

FK-506

- ™
tetrodotoxin  OH taxol AcO

5) challenge to the nature ™ %m‘@’ ’i‘s,

- vitamine B,, (Woodward, R. B. & Eschenmoser, A))

- tetrodotoxin (Kishi, Y.; Isobe, M.; Fukuyama, T.?)

- caclichamicin (Nicolaou, K. C.)

- taxol (Holton, R. A; Nicolaou, K. C. etc.)

ingenol - CP-molecule (Nicolaou, K. C.; Shair, M. D. etc.)

- ciguatoxins (Hirama, M.) / brevetoxins (Nicolaou, K. C. etc.)
- ingenol (Winkler, J. D.; Kuwajima, |.; Wood, J. L))

OH

6) application to developed methodology Q
¢ - tetrodotoxin (Du Bois, J.) o
- strychnine (Overman, L. E.; Shibasaki, M.)

- vinblastine (Fukuyama, T.)
- littoralisone (McMillan, D. W. C))

littoralisone strychnine 2/
LS



Methodologies of Stereochemical Control
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stereochemical control with cyclic substrate
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prostagrandins (Corey) —1) mCPBA o
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Total Synthesis and Structural Elucidation
of Azaspiracid-1

,ﬂor*}"’f'ﬂw“

e ™ 152 £
N L H on isolation: Yasumoto, T. & Satake, M.
) Me (J. Am. Chem. Soc. 1998, 120, 9967.)

bioactivity: AZP (azaspiracid poisoning)

total synthesis: Nicolaou, K. C. et al.
Me (J. Am. Chem. Soc. 2006, 128, 2244, 2258, 2859.)

1: azasprracid- 1

Figure 1. azaspiracid-1

At the outset, the structure of azaspiracid-1 couldn't be determined precisely (1a or 1b?)
due to achiral bridge Cpg.57.

1b: gpi-FGHI-1a

Figure 2. originally proposed structures for azaspiracid-1
(which one is correct?)

Flow of the Research degradation
study
A-D rings E ring F-l rings ——P A-D rings E-frings

G coupling @ coupling

Structural efucidation of azaspiracid-1

1al/b is not identical to azaspiracid-1 (1)

CONTENTS

1. Construction of A-D ring system
2. Coupling stage to complete the synthesis of 1a/b

3. Degradation study
4. Endgame of the buttle against azaspiracid-1




l1 1. Construction of A-D ring system.

\
r double dithiane coupling
spiroacetal o s/j
. szs\/\/vk s side chain elgngation
H : e 9
Me Me OPiv : g \.O l:l HH
2 (/ o 0 c J o
RS Me' Ae) o
‘ H H
13
ring-closing
cascade
1a: azaspiracid-1 Nozaki-Hiyama-Kishi
coupling
O,
nucleophilic ><
addition o]
X TBSO,
Me
%0 TBSO, R . D
o] X Me o 7 W N0
\)\/\r "B HN% <}: l ] H ™ H oreoes
Y A~ H
19: XY = ArS(0). H 18 o 17 OTBOPS Gngnard
20: X.Y = §(CH,);S addition
15: X.Y = ASIOR H, R = O
16: XY = S(CHp);S. R = O(CH,),0
.
Figure 3. retrosynthetic analysis of 1a (A-D rings)
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Figure 4. less stable conformation
of A-D rings

@ 26, proposed A-D ring systems, is

less stable than 25.
(due to anomeric effect.)

[problem]

Figure 5. synthesis of the precursor 15

“\ . 2

How could 26, thermodynamically
unstable system could be constructed?

"Qo)m'c
\ e

steric factor (figure 5, 6)
) hydrogen bonding (figure 7, 8)

1

N

N

r )
15 Conditions
entry conditions* yield (%)
1 TFA (3.0 equiv), THF:H,0 (4:1),0 — 25°C, 48 h 25
2 CSA (1.0 equiv). Phli:McOH:H,0 (10:2:1},25°C24h nr
3 p£-TsOH-H20 (0.1 equiv). MeOH, 25 °C. 36 h <10
4 BCl3 (2.5 cquiv). CHyCly. 25 °C. 3 min 0
5 AcOH:H;0 (4:1),25°C. I8 h <10
6 TMSOTS (3.0 equiv), CH:Cl, =78 —0-C. 3 h 62
* Reactions were carricd out on 0.1 mmol scale. Abbreviations: TFA,
trifluoroacetic acid: CSA. camphorsulfonic acid: TMS, trimcthylsilyl:
p-TsOH, p-toluencsuifonic acid; nr. no reaction. J

Figure 6. conditions of cascade cyclization
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anomeric

r ‘ Q supported by computational analysis

anomerc —w- ~ (\;—,ff'“‘ (Murai, A. et al., Synlett. 1998, 603.)
effect Jiks g%q@\/\orsnps Q similar observation in total synthesis of pinnatoxin A
Pl O 0 (Kishi, Y. et al., J. Am. Chem. Soc. 1998, 120, 7647.)
OH 5
h‘fdv:jlw ( oTBS o )
r e L(? I7) 1) - 2 0 -
/ K —~
OTBDPS , © o ]Q
J A ¢ 10
PNO& I MgBr, |;20 X
00 gy (R=H) RO-T%, 4.
afr;omenc — Hi ’ TBSOT! ' duble
effect 3 1 2.64ut. « Anomer
— ; J N g o
"
Figure 7. alternative strategy for \ 4 ; J

aiming at the desired stereochemistry

~
'O - - - -
r ( Q_\,o . Q 51 was obtained by the use of dithian group instead of
Ao ol LN sulfone group.
PvO—" 1 M ¥ OTBOPS _].'«:-Naeu, 2
51 (Pummerer rearragenemnt shouldn't work.)
OH
TS
23 Xy . .
p.vo); ° M 0 draoes O 52 could isomerize to 53. (52:53 = ca. 1:2)
@ o ot
o o
OTH e 0 A ¢ oraoes C):)c&?scgzet»‘n
(o]
— _/'—Q %--O Y ]
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A} KHMDS. 65 Pio _/\;0 N 5:/2::}%07605'5
R
f&ag‘?n H C‘»O
0 97 ClaX. . . .
ono-/5 0 we S0 ) o Figure 8. construction of desired

A-D ring systems

SR o) PPN, 805

H  OTBOPS  s5:Comireagent J

l] 2. CouplinJg stage to complete the synthesis of 1a/b

Q 1 to 4: final construction of G ring

Figure 9. retrosynthetic analysis (again; 2nd generation)
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Figure 10. dithian coupling (what kind of electrophile is suitable?)

entry 1-7: aldehyde

1

shord-lived dithian anion
(retro reaction??)

m e

# entry 8-10: activated esters

PFP ester worked in the
coupling reaction.
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Figure 12. coupling stages to complete the total synthesis of the proposed azaspiracid-1 1a/b




Il 3. Degradation Study

.

i
¢ natural azaspiraced. 1
{one ot ongmally praposed structures {incomecy)}

Q Proposed A-D rings has something error
deduced from 1H-NMR of synthesized one.

" H M
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0. Me SQTGLQ <t an ?Q{%V‘Vheot d93v~ao\d\t»ow
| Shady o offord 3-C

Me M

PRI { v ) . (f(
3

R Mo i 1 B
Med ,,;(‘»A()xg): g %>5?/0” ﬂ‘gﬂﬁ;{;—% i
¥ W Mo i »4.,]\%3 Figure 13. proposed structures of degradation
* J samples (3-6) from natural azaspiracid-1
( — With int i !
. O@ Q ith intermediates already prepargd,
N et propsed compound 5 was synthesized
T i e ned ‘ to be idnetical.
131800 2460 e o IO, e
) Foans LCL AsPmy P o @ Through the investigation,
| Teac OTES o otts following items were solved.
) if’lNﬁ-\u 0. _SiMe, N ;LL.O Sohbery
(G “"’QZ&Z 7 - Stereochemical relationship between
‘I‘ e L l E ring and F-I ring systems
1" ent-11 N
J - absolute configuration of the fragment
N A (thus, azaspiracid-1 itself)
A WA W52
) H X Me o . ] e ‘; M.
e /’."y"ﬁ’l}igr( v e TS and also...
RRIOK e
M e e 1 Ao e A-D fi i
16 - oo et 8 R Teoe xs1mg e - A-D fragment has something error.
;:5,: 20 _q,’ . W23 | o mmm i T
1No0HeCt St acture| i o Y lcomect structyre) . . - ge . A
L Cofrect St st J Figure 14. identification of E-I fragment.
rw SN ot ) Q Actually prepared with known intermediate 24,
Me0,C ‘\Aé.—o 0) o it turned out proposed structure 3 was not identical to
Mot T oreoes natural one.
{a]TBAF
o . . Q Natural compound 25, lissoketal, has a similar pattern
N Q.
,‘mzc,«wf DN with azaspiracid-1, which has A7'8
’f:“mﬁ_:“ﬁmhwm“mm - C-10 & H-7 heteronuclear multiple-bond correlation
ot idenlical 1o degradation product (see Figure 20} -H-6 & H-9 COSY correlation
B i N - lower field H-6 (4.79 ppm)
. 'ﬂf yé]\j’” . O % % [ vs. H-6 of proposed 3: 4.50 ppm ]
ey 4 CO,M: H oH n
25 tsckoal 26, scond praposed sevcirs I:> correct structure should be 262??
for ABCO domain \

Figure 15. confirmation of not identificatior of A
and sheding light to unpuzzle the truth.

H OTBDPS
27 (known sample)

-D fragment

[ - not identical to
degradation product 3
12 steps J L
26 - TH-NMR of A ring is similar
to that of 3.

(double-bond position

. should be correct.)
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degradation studies erased
the stereochemistry of C-20.
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Delightfully, C-20 stereochemistry
matched natural one.

Figure 18. coupling stages for
the endgame of the total
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Total §ynthesis of (-)-Tetracycline and
Diverse 6-Deoxytetracyclines

(-)-Tetracycline (1)

CH
CHy HHO N

H:
_@?/ N _OH
@, _\'SIZE l]/ NH,
¢]

A
HO

.CH,

O HOHO o

(-)-Doxycycline (2)

Myers, A. G. et al. Science. 2005, 308, 395.
Myers, A. G. etal. J. Am. Chem. Soc. 2005, 127, 8292.

use: antibiotics, having broad-spectrum
(supplied by isolation from the hature or semisynthesis) .

LA Gy
/‘%/:gﬁw
2% overall yield from D-glucosamine)v:(r'\.
(for the synthesis of somewhat simple tetracyclines;

Woodward, R. B. et al. J. Am. Chem. Soc. 1968, 90, 439,

Stork, G. et al. J. Am. Chem. Soc. 1996, 118, 5304.)

, drug resistenace . :> ,

total synthesis: Tatsuta, K. et al. Chem. Lett. 2000, 646.0°
(34 steps, 0.00

6-deoxytetracyclines
showed clinical promise

Figure 1. (-)-tetracycline
and (-)-doxycycline

\—

Scheme 2. a) TBSCI/Py, 2 h, 93% b) DMS!
10 min, 93% ¢) PBuy/THF, | h, 90% f) B
DME, 18 h, 84% h) H

OMe OH O 70 N,
20

Scheme 3. 3) BBry/CH,Cl,, -78

°C, 15 min b) Hy, Pd-black, (Boc),0. TEA/dioxane-H,0, | h, 2sieps 92% c) TMSCHN,, i-Pry
McOH, 2 b, 72% d) Br,, (Bu;$n),0, MS-4A/CH,Cl,, -78 °C, 15 min, 85% €) Dess-M

AcOH, 2 min g) Dess-Martin periodinane/MeCN-CH,Cl,, 15 min, 2
i) NH,OH-HCl. TEA/ MeOH. 30 min j) CDI/THF, 45 min, 2 steps 80% k) Polyphosphoric acid. 100 °C, 45 min, 68% 1) aq. HCHO/HCOH, 80
“C. T'h, 80% m) BBry/ CH,Cl,,0 °C - rt. 15 b, 88% n) O;. hv, Tlg

Hy THF/THF, 0 - 45 °C, 1 h, then H,0,, NaOW/THF-H,0. 45
2. THF-H;0, 13 h. 67% i) MsCl, TEA/CH,Cl,, 0 °C_ 13 min, ~
170 °C. 43 h, 72% 1) CrO;. H,S04, acetone-H,0, 0 °C, 10 min, 85% m) LDA/THF. -40

1
LN
N omeon O oOn

% '\6 12 » ™A . T,
r ’ 9
e I LAY s 7
0. DCC. Py-TFA/EL,0, 70 min, 97% ) (PliPCH;|Br. n-BuLi/THF, -78 °C - rt, | h, 91% d) 1%HCI-McOH.

°C. 16 h. 69% g) BnBr, BaO, Ba(OH),8H,0/
82% j) DBU/PhMe, -30 °C. S0 min, quant. k) DBMP/PhMe.
°C. 15 min, 80% n) SOCl,, TEA/CH,Cl,, -30 “C, 10 min, 90%

OH
OH O O 'O NHy
22

23: {-}-Tetracycline

NEYTHF-
artin periodinane/MeCN-CH,Cly, 15 min, 91% ) Z
steps 62%, 17:17°=5:1 h) TEA/CH,Cl,. -78 °C, 30 min, 60%

P/CHCl;, 20 - 40 °C. 10 min, 75% 0) 3 atm Hy, Pr-black/dioxane, 8 h, 62%

Figure 2. Tatsuta's achievement (in Chem. Lett.);

21 is the first target, which can be converted to tetracycline itself through the known route.

WHAT IS PROBLEMS?

Q 10 to 12: Michael-Dieckmann sequence should proceed not stereoselectively.
Q 13 to 21: long step is required for A ring oxidations. (13 steps, 7% yield)
particularly, the introduction of 12a-OH is very difficult !




" 1. Divergent Synthesis of 6-Deoxytetracyclins

1. C-Ring
Construction;

2. Deprotection

Figure 2. general scheme for the synthesis of 6-deoxytetracyclines

@ A. eutiophus 89 ( = mCPBA. E10AC o I\/l
1 =
N COH :~CO,H
COM 79%, +95% 08 ToH 83% o
90-g batch HO
12
1"
1. TMSCHN, 70
2. TBSOTI. E;N
CHy . .CH.
CHy.CH. 3., -CHa
N 1. LIOT!, PhCHy "I‘\
PN o 60°C o O‘N THF, ~78°C o
B |a] N — RPN 7 . .
HO™ f 2. TEA CH,Cl,  TBSO™ ™ g Oy S 1880 o 'CO,CH;
. 0 A n 18!
T8s0 H O OBn . 18S0 O o
62% 15 - 13 S
o &Y AN 73% @u\lp‘z(
L 21% u {
16 (7 steps, 2 )NW .\ Len ((, f
c ‘(.7‘ CHy. .CHj s
C”a CHy d\‘ e
1. HCI, MeOH : (o}
1. Chr,, PPhy PPhy, DEAD j 2. 1BX, DMSO |8 7
2. PhSH, EKN PhCHy; NBSH 3 TBSOT!, 2 6-lutidine :
0o OBn
87% 74% reso 3 66% fo:]
4 (11 steps, 10%:}
H,CCHy
¢ CHy. .C
CHa. O 1 (o P T 80,5 > ™
H 023y T 1 BnO,CCI, DMAP P e
‘/\‘ ‘ 0, o i Y o, 2. TBAF. HOAC @o N
phs' N { 2 P(OMe)3 MeOH - ¢ 3. IBX. DMSO : \
589 0Bn 70°C 20 b8n 4. TBSOT( BN 6.0 O8n
7850 H © . 1880 H O bros
76% 'o 85%
18 5 (15 sleps. 124}

N

‘

\.

Ku‘l@

LOA. TMEDA

[3] .
| D\ THF, -78 °C;
== CO,Ph 5.-7850°C
BocO 79% BocO

2 (4 T% Co-gpmer)

1. HF, MeCN
: 2. Hy, Pd, THF $ [
j i) OBn MeOH HO O HOHO O
oTBs
90% {-)-Doxycycline {2)
(18 steps. 8.3%}

@ 20 to 21: excellent stereoselectivity

- enone face: exclusively from the top face
- o-toluate anion: aggregation resuiting in some chelation to carbony! group on B ring??

Q Phenyl ester is essential for the cyclization.

(in case of simple alkyl esters, resulting Michael adduct didn't cyclize to the product.)

Michael-Dieckmann
reactions sequence
with 12a-oxygenated
substrate

A ring was protected by

G. Stork method.

(J. Am. Chem. Soc.
1978, 100, 3609.)

15 to 16:

A ring construction
through like Sommelet-
Hauser rearrangement

Q 16to 19:

OH-1,3-rearrangement
with Evans-Mislow rearr.

(Davis' chiral oxazaridine
is essential for
setereoselective rearr.)

Figure 3. syntheses of
AB domain for the precursor
of tetracyclines

[2,3]-rearr.
N ——————p 16

OBn

Figure 4. coupling of A+B
and D to synthesis of
(-)-doxycycline (2)

A6




\

( | )
r Bacterial Strains Tested N - _]
Gram-Positive 0rgan|sms i
Convergent Assembly of [o4'S- sumedis” | s epidermidis E. faccalis
Structurally Diverse | SATCC2213 | ACH4016 pligg] ATCC 700802
Tetracyciines Gram-Negative Organisms X
D-Ring Precursor  Conditions Tetracycline Analog MIC (pg/mL)
CHy H CH, ,CH,
Et 1 LDA. TMEDA: 4 LH A
-78 = 0 °C (81%)
CO:PP 2 HF, MeCN 5
BocO 3. H,. Pd (85%) H> O HOHO O
20
(-)-6-Deoxytetracycline (6)
(14 steps, 7.0%)
CH': N CH,
H H
HiC - ~CH:  1.LDA.OMPU; 4 HC._~ NG OH
| -78 — 0 °C (67°%) |
N HN NH, B4} 'ND | 64 |'N
gCOZPh 2. Hy. Pd{OH), o '#L" ] ' 0 1
08n 3. HCY, MeOR (74%) O O HOHQO O
A Pyridone Derivalive (7)
(14 steps, 5.0%)
CHy . N .CHy
1.4; LDA, HMPA H H
H B e
(N:[c s -95 — 50 °C (76%) N Y OH
—— T A
7 copen § :s?' Pufecm 79" S 0 i
: (79%) 0 HoHO o
A Pyndine Derivative (8)
(14 steos 6.1%)
CH;,
CH,Br 1. 4; nBuli
C[ 100 - -70°C (81%) _ O"‘
CQ,Ph 2.HF MeCN NH,
H;, P
3 'd (83%) o HO H o
10-Deoxysancycline (9) A f.-"/l‘ffﬂ './Q 9.
(14 steps, 68%) / :
1.4; rBuli
CH.Br =100 -4 0 °C (75%) OH
OO, e oo«o TR
COPh 3 H, Py
OCH, 4.BBr;, CH,Cl, HO O HO H o ‘ 49
-78 23 °C (74%)
A Penlacycline Derivative (10)
(15 steps. 5.6%) "/
\/ \ ’( Ul %
ﬂoﬁ“'& C LV
Testing Controf: &/
G 9%
(=)-Tetracydine (1) -
\\CT s

Figure 5. synthesis of pentacycline 10 showing antivacterial property

(.W,,r;g;'—@(_ |

equal or greater than tetracyclin itself.

MIC investigation

strains 1 10
S. aureus 1 1
S. aureus >64 1

(resistant to 1)

pentacyclin 10 is good clinical candidate.

[ >



ILZ. Total Synthesis of (-)-Tetracyclin

(Q How could C-6 oxygen be introduced?

According to precedents, anhydrotetracycline {A) derivatives must be targeted
although, not mentioned in the article. (J. Am. Chem. Soc. 108, 1986, 4237.)

1) Oy, hv, TPP / CHCIj, rt

2) 3 atm H,, Pt-black / dioxane

OH
OH O OH O o

A v W I_;;\ \)N 5 j\ tetracycline
( o o ks G - O 2 to 3: introduction of pheylthio substituent
P 1. HPy-Biy, CHLI, 0
le 2] o DT —— WS,W{“ - activation the dienophile
588 omn oo ofo OB - means to desaturate C ring (7 to 8)
2
(o seps. 1% i - (Diels-Alder reaction between 2.and 4 .
o) L didn't proceed.)
8n0 a -
CHy  .CH; 4 Hy . o .
I ey e o S Q 3 to 4: o-quinodimethane mediated D-A rxn
® Ty —— A (extensively investigated by Danishefsky,
7 TTraey 2. 18X, DMSO y 9 y y
mo 01685 om 35331 y J. Am. Chem. Soc. 2000, 122, 571.)
J‘\"w LN - free OH group is essential for the reaction and
on 2;,? '_';f_'igg S * its regioselectivity,
o (which should activate dienophile by
g ) e hydrogen-bonding.)
BM)T‘ESO( \ 'J' "N
e PHS G °Hg O8a similar report by total synthesis of Rishiriide B
BaO  OH ‘;“ ° ’ 6 %) by Danishefsky. J. Am. Chem. Soc. 2001, 123, 351.
! Oy spontaneous ) . \
qm\,ﬁ“ OO j\:J ‘ “ome coza
] O o HO O HO 1 Me
BO O OHO n 42% Irom 7 o o
keto-9 f - Tetuscydline (1)
J k-1.cocy §evem1 160 180 °C; OO.
ooy H, o CSA MeOH
s PO Wt 'y B on CO,Et
g ’ LI L P=H ___65% . z
Ho on o088 & P=TBS ; No Reaction D

Anhydrotetracyctine {10}
J Figure 6. total synthesis of (-)-tetracyclin

Q 7 to 9: spontaneous autooxidation probably through radicalic pathway

- For the mechanism of oxidation in this time, they rejected the mechanism reported
shown below via ene-type reaction...

OH
OBn OH O O OBn
8 enol-9

- because, in this oxidation, keto-form 9 was firstly observed, not enol-9, ( y

whose equilibrium took several hours.




Total Synthesis of Pentacycloanammoxic Acid

Corey, E. J.
Corey, E. J.
(" )
CO,;H
. )

Figure 1. pentacycloanammoxic acid

J. Am. Chem. Soc. 2004, 126, 15664.
J. Am. Chem. Soc. 2006, 128, 3118.

amx

Q isolation: Demste, J. S. S. et al.
(Nature, 2002, 419, 708.)
from dominant membrane lipid of
Candidatus Brocadia anammoxidans
(anaerobic ammonium-oxidizing [anammox] bacteria)

Q anammox bacteria

- their energy is derived from anaerobic combination
of the substrates ammonia and nitrite into dinitrogen gas
at their anammoxsome.

- rate of catabolism is so slow, that catabolic intermediate
easily diffuse outside anammoxosome

\,.
- catabolism intermediates (such asw and NHzNHz)
is toxic for anammox cell. ~.

Ayl ﬂ,(’l
g,’{wm
/)"@‘ /(ynm

anammoxosome membrane is much _I_escs,p_ermeu
than normal biomembranes
because of the presence of unique ladderane lipids.

HYPOTHESIS

Figure 2. model of anammox cell

(cw = cell wall; cm = cell membrane;

amx = anammoxosome)
N T e — e

1.52

0.89
s
—_I .38
._1 57
Tous

0.01

107
i
148
__106
_ 092
__ 090
__110
132

)
Density (kg 1)

101
0.99 !

0.40

average

J

Figure 3. conceptual model of

stacking of ladderane membrane lipid

/16



2

hv, MeCN.
Oy
[

Ph(Me,)Si 50% N
7 \GXO)
% { endv)

1 1. NaHMDS, THF, -78°

3.

then TMSCI, -78 to 0°
2. NBS, THF, -50 to -30°
3. TBAF, THF, 23°

53%, 3 steps
NaHTe, "
0 EfUH 23°
8 9

1.

2

CHN,,
99%

E "(CH,),COOMe

[a)o® +15 (¢ = 1, CHCly)
mp =55-57°C

1
PhS(Mez CH,Cly, 23
. e
MQCN 23° 2. v

28
1. NaHMDS, HCO,EL
0 THF, -30° 10 0° (o]
2. TsN EtaN, CH,Cly
Baé% 2 steps N,

3

2. LIOH, H,0-THF, 23°

86%. 2 steps
E COH

(1 , BrCCly,
P, 75
ag s ?E:wr‘r\tln .\3/! : endo/exo

1. fiv. MeOH. EtyN, 23° &

(COCl),, DMF,

v, 10°, 10 min {79%) 4

-BuOK, DMSO
3(((,

50°C (84%)

1. asfor
2—+4

O 2. COOMe

! CHO

exo/endo : 28/1
10

CHO
(43%, overall)

THF, -78° 10 23°
NH NH,, CuSO0,, 0y, 23°

- +
LDA. Br Ph;P(CHy)cCO,H, l
aq. EtOH, 78%, 2 steps

E1,0

(CHz);COOH

1
{a}g® +16.7 (¢ = 0.3, CHCIy)
mp = 113-114°C

5 to 7: semi-enantioselective reaction
with chiral enone 6

- \SIMezph

PhM9231 endﬁ

Figure 4. synthetic scheme for
pentacycloanammoxic acid

Corey et al. accomplished total synthesis of pentacycloanammoxic acid
with [2+2] photocycloaddition
for the constructions of cyclobutane rings (standard method)

-

‘\.

How does anammox bacteria synthesis the compound?
ol

the environment of C. B. anammoxidans is dark and anaerobic.

—~ 2[H]

???

.

U

(,,




past present future

‘é‘? «g/&b 1R

azaspiracid-1

(1)

tetracycline

(3)

(4) Pentacycloanammoxic acid /A

azaspiracid-1

(5)

(6)

;\.

1) ultimate tool for the determination of structures
2) chemical supply of natural products
3) derivatization

&
4) application to chemical biology \% n //L/dr V

®5) challenge to the nature
6) application to developed methodology 1

Note:
N
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AC it ( cal (ao(_(z)
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