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Meet the Kinamycins

First isolated in 1970 by Omura et. al. from Streptomyces
murayamaensis.

Kinamycin family displays anti-tumor effects and is a potent
Gram-positive antibiotic

Assigned based on derivatization studies, IR, NMR (1H and 13C),
X-Ray

Initially assigned as an N-nitrile (cyanamide)

Cyanamlde group postulated based on X ray data on a
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Isolation

Streptomyces murayamaensis,
isolated from soil samples near
Murayama in jJapan

An actinomycete, largest class of
antibiotic producing bacteria

Spore former.
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NOW WITN Improvea >pectral
Data

« Gould and Dmitrienko independently reassigned structure.

« Anomalous shift of nitrile carbon at 78 ppm (expected at ~110
ppm)

* IR absorbance of synthetic relatives did not match the nitrile
signal.

« Echavarren synthesized presumed prekinamycin, inconsistent
with proposed structure (was later renamed isoprekinamycin)

1 Kinamycin A (R!= H, R?= R3= R*= Ac) Prekinamycin (9) Isoprekinamycin (10)

2 Kinamycin B (R'=R3=R*=H, R?= Ac¢)

3 Kinamycin C (R'=R3*=R*= Ac, R?= Ac)

4 Kinamycin D (R'=R*= Ac, R*= R' = H) Gould et. al., JACS, 1994, 116, 2207
5 Kinamycin E (R'= Ac, R>= R* =R?=H) Dmitrienko et. al., JACS, 1994, 116,

6 Kinamycin F (R'= R?= R? = R* = H) 2209
’ Echavarren et. al. Tet. Lett., 1993, 34,



Hypothesized Biosynthesis

OH O O O O

7,9,12-decaketide
cyclization
precursor

Annotated from the KEGG
database

http://www.genome.jp/kegg-

DweeaNI1NC7 . DNCC 7N



Hypothesized Biosynthesis

R' R? R® R 4, 8, O-acyl derivatives of 9 have been
A: H Ac Ac Ac .
C: Ac Ac H Ac isolated.

Fr H H H H
J: Ac Ac Ac Ac

Fairly extensive elaboration after

diazotization.
Dmitrienko et. al., Org. Lett., 2008,
10, 381
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Structure and Biological
Activity

Weak binding to DNA (Kapp = 90 uM)
Unique activity against cancer cell line assay (IC;, < 1uM)

Produces radicals under physiological conditions which cause DNA
nicks.
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Dmitrienko’s Work
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Table 1. Calculated C—N2 Frequencies and N—N Bond Lengths method to increase

compound caled v (cm™) calcd N-N (A) diazonium Character in
9-diazofluorene 1906 1.133 . . .
2,1-naphthoquinodiazide 2056 1.111 Isopre Kin amycin.
4 2087 1.108
24 2101 1.107 _ ]
25 2125 1.105 Computational studies
2 2139 1.103 . .
kinamycin B (1) 2188 1.099 show Slgnlﬁcal’lt
23 2212 1.097 i ;
PhN=N* Cl- 1 1 100 diazonium character

Dmitrienko et al., JACS, 2002, 124, 18

Feldman et. al., JACS, 2006, 128, 125¢



Conformational Analyses
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Figure 2. Calculated energy minimum conformations of kinamycin
F.

Studies on Kinamycin derivatives by Dmitrienko.
*Favorable dipole interaction of C-N bond of the diazo group and the

C-0 ring bond postulated as possible reason for this conformational
preference.

*Other kinamycins prefer conformation B
Dmitrienko proposes that kinamycins get deacetylated to kinamycin F
in vivo before displaying cytotixic activity based on the sup erior agg@)\éi%

R P Dmitrienko et. a rg Lett



Feldman’s Mechanistic
studies

Mechanism of Action of Prekinamycin

Scheme 5. Mechanistic Proposal for the Formation of Arene
Adducts 36/39 from Diazoparaquinone 29

HgCO. HaCO
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29 41
HaCO HaCO
BuzSnO ° BugSnoO °
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Feldman et. al., JACS, 2006, 128, 125



Feldman’s Mechanistic
Studies

OCHs 52 42

O BusSn—H A o 1) PhCH,SH
Q‘[’ 1.1 equiv. AIBN 10, 2) SiO,
PhH solvent, 80 °C
10 equiv. PhCH,SH

BU3SH—H_

OCH,
BuszSnO

“ OGQ
BU3S”O H3CO o H
sos% .
) PhCH,SH
| H,CO O A
42 OCH;z

1 ""H
H,CO HO S —

Bn
54
equiv total
BusSn-H yield 53 (%) 36 (%) 54 (%)
1.1 83% 22% 15% 46%
12 90% 23% 10% 57%

(control: no BusSn—H / AIBN, no reaction )

Feldman et. al., JACS, 2006, 128, 125



Synthetic Challenges

6-6-5-6 ring system
Fluorene core

Sensitive Diazo group
Highly functionalized D
ring.

Tetrasubstituted quinone
system

Rich Ac substitution
pattern on D ring.

Dimer analog lomaiviticin A
also has glycosylation
pattern

HyCO OH

4 lomaiviticin A OH

R Ry Ry Rj N(CHs)»
1a kinamycin A H Ac Ac Ac
1b kinamycin B H H Ac H O HO,
1¢ kinamycin C Ac Ac H Ac @
1d kinamycin D H Ac H Ac O‘.
1e kinamycin E H H H Ac HO O N,
1f kinamycin F H H H H
1g kinamycin G Ac Ac COIiPr Ac > prekinamyein
1h kinamycin H Ac Ac H COiPr
1i kinamycin | Ac COiPr H COiPr
1j kinamycin J Ac Ac Ac Ac

Feldman et. al., JACS, 2006, 128, 125
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First Total Synthesis

kinamycin A Ry=H R, = Ac Rz =Ac R,=AcC
kinamycin B Ry=H R, =Ac R3 =H R;=H
kinamycin C Ri=A¢ R, =HR3=ACR4=AC 1
kinamycin D R=Ac R, =HR;=ACR4=H
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Synthesis of Fragment B

Br MOMC| Br 1. N828204
?
2. MOMCI
OH O

MOMO O
OMOM OMOM
Br Pd(PPh3), SnBu3
BU3SI”ISHBU3
MOMO OMOM MOMO OMOM
29%

Porco et. al., JACS, 2006, 128, 14790



Synthesis of Fragment A
OH OMe 1-Phi(OAc), Y
Br { MeyO-BF., Br 2.1,3-propaned|(l Br o. .0
I> > I; 3.TBSCI
OHC OH 2.NaBH, 4. CH,0, La(OTf),
OH OH  N\EtOH), Et,P TBSO O OH

85% N 50%

PhsCOOH 1.NMe;HB(OAC);  Br O><° KA0clay B
NaHMDS 2. MsCl \ :
D)-DIPT _Hvdri
(D) TBSO O OH 3. Super-Hydride TBSO  OH TBSO OH
(0)
94%, 90% ee 73% 90 %

Absolute stereochemistry AcO  OAc
confirmed by X-Ray crystallography'©

Porco et. al., JACS, 2006, 128, 14790



Combining the Fragments

OMOM O
SnBuz PBr Pd,(dba); AsPhs,
+ e >
CuCl, DIEA,
MOMO OMOM TBSO OH 70°C, 4h MOMO OMOM OTBS

70%

1.Super-Hydride
2. Ti(QiPr)4, NBusOAc

3.AC2O
4. Et3N-3HF MOMO OMOM OH MOMO OMOM OH

32% 88%

Porco et. al., JACS, 2006, 128, 14790



Last Touches

1. TFAA
—>
2. CBI'4

OAc 3. Pd/C. air

MOMO OMOM OH

(TBSNH), PhIF,

—_— ' o

Sc(OTf)3 2-chloropyridine
Features:

35% over two steps

- Late Stage Diazo-introducticBnantioselective epoxidation as chirality
- Oxidation of silylhydrazine source
- Pd-based coupling, followedSbhective acylation of secondary hydroxyls

Friedel-Crafts cyclization - 1.1% overall yield, 23 step longest linear
sequence Porco et. al., JACS, 2006, 128, 14790
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Nicolaou Synthesis, Part A

O 0O

Br Br
O‘ vinyl acetic acid O‘
-l N

AgNO,, cat. (NH,),S,0
OH O 3 Y2TEES oW 0

75%

OMe OMe
1. BnBr, Ag,0 Br 1. tBUOK Br
- - ([
2. NayS50,, X 2. 0s04/NalQ, CHO
then NaH, Mel OBn OMe OBn OMe

75% 82%
Acg OAC

Nicolaou et. al., JACS, 2007, 129, 10:



Nicolaou Synthesis Part B

0 MeMgBr, @) O
CuBr-Me,S, OH
TMSCI OSO4, NMO ~”
» OH
: then, Pd(OAc),, Air Y :
OTBS OTBS OTBS
90% /6%, >98% ee
O O OTBS
2-MeO-Propene O LIHMDS, TMSCI @) I, pyr |
- (% - [ < == /%
% 0 then Pd(OAc),, -0 O O’%
OTBS OTBS

95%

Nicolaou et. al., JACS, 2007, 129, 10:



2. ACZO, NEt3
o

3. Pd/C, H,
4. TBSCI

Joining the Halves

% O Cul, Cu

1. ACQO

2. Sml,, MeOH,
o

then NEt;

3. SeO,

TsNHNH,, aq. HCI
'

CAN

35% N
Nicolaou et. al., JACS, 2007, 129, 10:



Group Problem

Sm|2
>
then degassed
Davis Oxaziridine ggmo  OMe ©
HO
SEMO OMe Et
Sm|2 O
> )<
02, N828203 workup O
(@)
SEMO OMe SEMO OMe O
Propose a reaction
mechanism that leads to the Sml,
given products and comment >

then degassed

on the differing Con

regioselectivities.

Nicolaou et. al., ACIE, 2009, 48, 586(



Group Answer

Labeling studies to
determine

the fate of the proposed
samarium enolate

Peroxide species 21
detected by NMR and MS

SEMO OMe SEMO OMe
OO k - OOO
OH O Na S 03
SEMO OMeC(O SEMO  OMe
15 *Sml, 16-0'® labeled
SEMO OMe I Me| 3 Na,S,0,
a) 1. Sml, OO‘ 2. "0,
SEMO OMe
21
SEMO  OMe Me SEMO  OMe (
o | e OOOO
= S | e wﬁ
'SEMO OMe( O-sml, SEMO OMe Ogsmi,
SmI
19 20
SEMO OMe
5.Davis| | 4 csSA
OO’ )< oxaziridine (degassed)
OH o (degassed)
SEMO OMe
15
SEMO OMe \ill 7—M SEMO OMe . —M
SEMO OMe SEMO OMe
23-0"8 labeled 22

Nicolaou et. al., ACIE, 2009, 48, 586(



5.1% yield from ju

- glone '
N
aq. HCI /
95% \ o AcO,  OAc 2q. LiOH 80%

Kinamycin C Kinamycin F

Features: O _Late stage diazo

_ Modular TBSO § introduction

- Hydrazine oxidation ;jE_Eagtlosellec_tlve

- in- i ihydroxylation
Bgnzﬁ)m ype corll_densatlg_n_ Acz0, NEts to syet ste»;eochemistry

and Ullmann coupling conditionsygs then aq. HCI - I r

to synthesize the fluorene core - 17 step ongﬁst near

sequence to shown

AcO OAC
late-stage product.

Kinamycin J

Nicolaou et. al., JACS, 2007, 129, 10:
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The Herzon Synthesis

Na/NHj
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recrystallizatic

TMSCH>MgCl,
Cul, TMSCI then
Pd(OACc)», air

Br

TASF(Et)

Herzon et. al.
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! O
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O
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, JACS, 2010, 132, 25.



Kinamycin F

C Pd(OAc),
‘ ‘ polymer-PPh3

O 1. TIPSOTf
TN
_>
DIPEA 2.BH3-THF
3. AcCl, MeOH O HO OH
29%
Features:

— Enantioselective dihydroxylation

- Single step diazo introduction : :
to set stereochemistry (poor vyield,

— Late-stage construction of the D-ring

— Michael-reaction and Heck-type ?ol\?r ee>rr' out acvlation
coupling to sew the pieces. O worries about acylatio
pattern

- 3.6% yield, 1g.step:longestdinenn, 2s
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An Alternative Approach

OMe
RIS 10 mol % ZnCl,
0 >
~ -15°C, 1.5h

OMe OMe © OCHj,

CSA

OMe OMe © OMe OMe ©
48%

Ishikawa et. al., Helv. Chim. Acta, 2002, 85,



Ring Elaboration

1. OSO4

OMe OMe ©
66%

1. TMSOTf 3 d interconversion,

o

2. mCPBA then MeOH/H,0

Ishikawa et. al., Tetrahedron, 2007, 63, 5189



The Finish Line

/OH (CH3)NBH(OAC),
OHOAC > MeO-propene

1. TsNHNH,,
«OH BF,_Et,0

>

“0Ac 2- CAN
3. ACzo

(o)
46% AcO,  OAc
Features: | y Late Stage Diazo-
i?d-cataWZEd Diels- introduction
er Hydrazine Oxidation
Racemic, although chiral N Selective Acylation
DA catalysts known OMe O 32% 0.7% yield, 16 steps from

Ring elaboration after . . ialc_
DAg () O-methyl KInamYCIrl}sP@(L%vlasetéJSI'?e';rQ]';%rcoH,rE(g)Orf 63, 51¢
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Whither Next?

lomaiviticin A (1)

Kinamycin family Dimer of kinamycin-like precursor
backbone

Herzon et. al., Org. Lett., 2009, 11, -



Herzon’s Efforts
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Herzon et. al., Org. Lett., 2009, 11, -



Nicolaou’s Efforts

OMe SEMO OMe
Br Br
e -
CHO CHO
OBn OMe SEMO OMe
Ullmann
coupling /
0 N*

O
OH O o
| ® N
_ Monolomaiviticin aglycon
=0

Nicolaou et. al., ACIE, 2009, 48, 586(



To Be Solved for Lomaiviticin
A

Correct glycon monomer
Efficient coupling reaction to make the dimer
Derivative assays for activity.

Biological profile : Mode of action, reason for superior activity,
biosynthetic origins

Relationship to the kinamycins both evolutionarily and
enzymatically.



Conclusions

Four different syntheses:
Porco : Stille Coupling, Friedel-Crafts reaction, epoxidation

Nicolaou : Ullmann Coupling, Benzoin-like condensation,
desymmetrization of 4-OTBS-cyclohexanone

Herzon : Michael Reaction, Heck-type coupling,
dihydroxylation

Kumamoto: Diels-Alder, racemic

Two efforts towards lomaiviticin A, dimer of a kinamycin-
like backbone

Radical generation from diazo moiety indicated in
bioactivity, derivative studies might help identify key
structural features required for optimization.



