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I\/Iytomycms A Brlef Hlstory

« Mitomycin A isolated from streptomyces caespitosus in
1956 — structure elucidated in 1962

o Currently 17 mitomycins known

« Sixteen of the known mitomycins exhibit biological activity
— mostly antibiotic and antitumor

 Mitomycin C, aka Mutamycin, marketed by Bristol-Myers
Squibb for the treatment of stomach and pancreatic
cancer

 No commercial synthesis (isolated from the bacteria) and
enantioselective route has never been completed
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The Mitomycin Family

mitomycin A

mitomycin K
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Synthetic Difficulties

excellent Michael ') N,O-acetal prone to
acceptor NH, elimination

o) O / (eliminates on silica gel)
OMe

HoN

Me

electrophilic &
extremely acid sensitive

"The synthesis of a mitomycin is the chemical equivalent of walking on egg shells"
-S. J. Danishefsky
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Mode of Action
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1) nuclease
digestion

Mitomycin C + DNA adduct
2) acetylation

isolated and characterized

Nakanishi et al, Science, 1987, 235, 1204
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Total Syntheses

e Kishi— Mltomycms A&C, 1977

— 45 & 46 steps, respectively
— 0.05% overall yield (but 84% average yield!)

 Fukuyama — Mitomycins A & C, 1987

— 29 & 30 steps, respectively
— 7% overall yield

e Danishefsky — Mitomycin K, 1992
— 12 steps
— 0.3% overall yield
e Jimenez — Mitomycin K, 1996
— 13 steps
— 1.4% overall yield
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e Trans-annular cyclization approach

OBz

o ? OMe HgCl, 0 OBz
MeO ' Et3N R Meomme
DCM
Me N 67% yield Me N
1:1dr O

@)

Kishi et al, JACS, 1977, 99, 4835
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Kishi Synthe3|s
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Kishi Synthesis - Macrocyclization

8en 1) MsCl, Et;N N

7 OM sUI, ET3 ?

OBn = Y'Sve DCM oBn ¢ PMSye
OH  2)NaH, DMF MeO

MeO 1) LiN3, DMF

o4 3) NaOMe, MeOH 2) Ms>0, pyridine

Me 93% yield Me 51% yield
OBn OAc OBn OH
/OBn
1) POOMe)s, THF OBn ¢ OMs, 1) acrolein, DCM
1) BnNH, 2) Nat! THF MeO | 2) BH, THF/DCM -
NH -
2) BnBrt, Ko,CO3 3) LAH, ether Me 3) A7c§OOA) piyélrédlne
acetone 73% yield y
47% vyield OBn NBn,
/ oM
OBn = Y"SMe : ONme o MBue
MeO y 1) Hy, PdIC MeO § MeO '
“\N‘\_\ \\<N ~:\/N
Me 2) O, Me _\_\ Me ‘\_\
. HN
42% vyield
OBn  Ngn, OAc by i, OAc I SAc
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Kishi Synthesis — Key Step!

/ OMe 0] —OH
[ I [Ome HBF, MeO

MeO _ L OMe OAc
‘v DCM ., 4/_/
\ ¢ N

‘ \N\_\ 77% yield Me N
Me HN

o OAc O

one diastereomer

Y OMe ~ 4 H
,\;\f\f
i OM%_| — N-Rr
OMe
Nl N
oH- N H ko OMe
R
preferred
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Kishi Synthesis — End Game

1) COCl,, PhNMe,
OMe OAc DCM

::(Nf

2) NH;, DCM
85% yield

1) NaOMe, MeOH
2) DMSO, DCC
TFA/pyridine

3) HCIO,4, PhNMe,
DCM
35% yield

MeOH
previously
reported

mitomycin A

mitomycin C
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OYNHZ OyNHz
© 0

OMe
MeO NH

Me N
O
isomitomycin A mitomycin A

Mechanism?

Kono et al, JACS, 1987, 109, 7224
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Mechanism: Answer

O~ _NH 0
Y 2 NH,
g

O o)
Q OMe
MeO NH —_— MeO OMe —_
Me U Me .
0 O\
isomitomycin A albomitomycin A mitomycin A
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Fukuyama Synthesis

OBn O
MeO AN Ph Etsto)i SnCI4
* OTMS
Me N5 l % DCM, then HCI PhCHjs, _reflux
OMe 98% yield 93% yield
Ph Pho - §R ph  OR
1) H;N” " OR OBn ("0 1) NaBH,, MeOH P
OBn o) DCM OMe 2) SOCIy, OBn 1~ o\
SEt 87% yield MeO N 2,6-lutidine, DCM Mo e
MeO e) o N
o 2) Mel, KOtBu Ve \ 3) LiBr, DBU o
Me N THF DMSO Me N
79% yield OMe 77% vyield OMe

OMe
R = 3,4-dimethoxybenzyl
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Fukuyama Synthesis

Pho QR OYNH2 OH
1) O3, MeOH
OBn /OM J) then NaBH,, ogn ¢° thDIB@LéLEE
MeO N 2) CICO,Ph, pyridine OMe en NaCNBHs,
then NH;, MeOH MeO N e .
o) .
Me N 3) DDQ, H,0/DCM 68% yield
OM 78% yield Me N via oxazine
© OMe
Os_NH,
OYNHz OH O<NH; 0 Y
o 1) Hy, 10% Pd/C, EtOH Y | o o)
OBn OM 2) DDQ, o O pyrrolidine MeO OMe
e
MeO ﬁ H,O/DMSO/acetone MeO OMl\el AcOH NH
3) (COCI),, DMSO DCM Ve N
Me N DCM Me N 70% yield
OM 69% yield o
© O isomitomycin A
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Fukuyama End Game

OY NH,
O
Q OMe
MeO NH
Me N
0]

isomitomycin A

Al(OiPr)3

MeOH
91% yield

MeO

Me

© NH,
&
OMe

N NH
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mitomycin A

NH;

MeOH
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Danlshefsky SyntheS|s
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Radical Cyclization Mechan

ISM

1,5 H abstraction

MeO HO OMe
MeO N hv, 350 nm
MeOH
Me NOz/
MeO

[4+2] hv, 350 nm

-H,0
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Danishefsky Synthesis

OMe 0]
MeO SPh
PDC PhS/\N3 ‘\\OMeN// L-selectride
DCM benzene Me N THE
65% yield 90% yield g N 77% yield
S
e g SPh lmJ\lm SPh
MeO OMe /~ DMAP PMGN// BusSnH, AIBN
- N
\ benzene
Me N DCM .
N 65% yield 52% yield

HO

thioxo compound rearranges to
thioester which undergoes acyl exchange
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Danishefsky End Game

OMe 0O
Ph
~\\Ol\ller\l// S hv, 254 nm Raney Ni
benzene acetone
48% vyield 70% vyield

™S L Ag(ll picolinate PPTS
THF MeCN/H,0 DM
90% yield 8.56% yioid 81% yield

Mitomycin K
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Jimenez Approach
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Sulfonium Ylide Cyclization
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Jimenez Synthesis

OTBS OTBS
H3CO \ N, MsCI, NEt, H;CO N N, MoOs HMPA
e N CH,Cl, HaC N 7?33?:'(1
OTBS “OH 90% yield OTBS 'OMs ier

1) PPh3, NEt;, P

THF/H,0 T™S™ "Li
2) CH5OTY, pyridine THF
CH,Cl, 76% yield
55% vyield

PCC

CH,Cl,
63% vyield

Mitomycin K
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Summary of Syntheses
e Kishi — Mitomycins A & C (1977)
— OMG steps! But first synthesis by over 10 years!
— Trans-annular cyclization key step

 Fukuyama — Mitomycins A & C (1987)

— Reasonably efficient
— Isomitomycin A / Mitomycin isomerization

e Danishefsky — Mitomycin K (1992)

— Photolysis — cycloaddition — fragmentation — recombination
sequence

e Jimenez — Mitomycin K (1996)
— Novel sulfonium ylide cyclization
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