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Isolation & Structure Correction

Streptomyces murayamaensis (3 &&= )
alp: gene cluster to produce kinamycin D

ro OR, Isocyanamide assignment:
/ . Vetoed by a positive

N -,,OcR’fs Nessler’s reagent test and a
N negative chromotropic acid

OoH o N_
¢ test for its hydrolysate
Scalffold prepared Original assignment: Revised structure by
by Dmitrienko Cyanobenzocarbazole
IR: 2237 — 2245 cm’’ IR: 2119 — 2170 cm’

13C NMR: 6 105—-108 ppm 'SC NMR: d 78.5 — 83.7 ppm
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N
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Ito, S.; Matsuya, T.; Omura, S.; Otani, M.; Nakagawa, A.; Iwai, Y.; Ohtani, M.; Hata, T. J. Antibiot. 1970, 23, 315-317.
Furusaki, A.; Matsui, M.; Watanabe, T.; Omura, S.; Nakagawa, A.; Hata, T. Isr. J. Chem. 1972, 10, 173-187.

Gould, S.; Tamayo, %Owg%e%egﬁqgéﬁOM@PQW Soc. 1994, 116, 2207-2208.

Mithani, S.; Weeratunga, Taylor, N.; Dmi -J. Am. Chem. Soc. 1994, 116, 2209-2210.



Discovery of Lomaiviticins

kinamycin A: Ri=H, R,=Ac, R;=Ac, R, =Ac
kinamycin B: R{ =H, R, =Ac, R3=H, R; =Ac
kinamycin C: Ry =Ac, R;=Ac,R3;=H, Ry =Ac
kinamycin D: Ry =Ac, R, =H, R3=Ac, Ry =Ac
kinamycin E: R{=H,R,=H,R;=H,R;=Ac
kinamycin F: Ry=H,R;=H,R3=H,R;=H
kinamycin J: Ry =Ac, R, =Ac, R3=Ac, Ry =Ac

(-)-lomaiviticin A

Micromonospora lomaiviticins(/)» B ) HO o (-)-lomaiviticin D:
from Polysyncraton lithostrotum (3353844 ) Med Hofy R B R e

lom: lomaiviticin biosynthetic gene cluster

Luo Group Meeting (CCME@#RU?'VN'C'" c
He, H.; Ding, W.; Bernan, V.; Richardson, A.; Ireland, C.; Greenstein, M.; Ellestad, G.; Carter, G. J. Am. Chem. Soc. 2001, 123, 5362-5363.

(-)-lomaiviticin E: R=R' = Me
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Biological Activities

IC,, Values (nM) of (-)-Kinamycin C and (-)-Lomaiviticins A, C, D, E

Compound K562 LNCap HCT-116 HelLa
Kinamycin C 72 116 274 217
Lomaiviticin A 11 2 2 7
Lomaiviticin C 472 332 223 589
Lomaiviticin D 197 196 167 161
Lomaiviticin E 469 964 255 292

pace ks
— * —_— * — » DNAbreak

BnSH (10 eq.), Et;N (10 eq.)
acetone-dg, -50 °C, < 1 min

y

1:1 mixture of E:Z isomer initially
equilibrating to 3:1 over 1h
81%

Woo, C.; Beizer, N.; Jadse, B Mg 2080 Lnfo Wil F36E) 2012, 134, 15285-15288. 6
Xue, M.; Herzon, S. J. Am. Chem. Soc. 2016, 138, 15559-15562.



Mechanism of Action

» DNA strand break

[ ),
R O\\(|3H
2 R, 3
(=)-lomaiviticin A(1) lomaiviticin A vinyl radical (1¢) Jm M m\ (=)-lomaiviticin C
DNA single-strand X=H, 2or X=D, 2-d
break (SSB)
carbohydrate residues m
CHj, 0 DNA double-strand
N break (DSB)
CHs"/" Ho
CHj
-
R4 = B-N,N-dimethyl-L-pyrrolosamine
CHj 0
HO
CH3—-0 o s , :
double hydrodediazotization product lomaiviticin C vinyl radical (2¢)
R, = a-L-oleandrose X=H,3or X=D, 3-d,

Xue, M.; Herzom) $50butml/EkeimoSec 2OEGDRBEIN)5559-15562.



Mechanism of Action

* Binding Model

Herzda) S Geu iChéng R, Q0T BE25972588.

Gre
N, O OH

2
@W + Aromatic C-H resonances

Gy C; T3 Ay Ts ﬁe Gy |‘|:|a

LTI I

Cis Gis Aya T3 Agz Ty Cyo Gy

{r

binding site

shifted upfield by 0.47-1.76
ppm relative to free (-)-
lomaiviticin A (4) and are
resolved.

* Interdiazofluorene NOE
observed.

* All other positionally
equivalent C-H bonds
within 0.20 ppm of each
other in complex.



Mechanism of Action

» The role of carbohydrate residues

o_ of 30°
3 —
rotation

Z
Q)
CH3 (o] CHQ
HO
CH3;—0 0
HO
N CHs

IO
CH3y" CH,
(-)-lomaiviticin A (4)

(=)-lomaiviticin A (1) 2 S,2'S)-Iomaiv‘iticin A(4) (=)-lomaiviticin A (1) (25,2’ S)-lomaiviticin A (4)

Kaneko, M.; Li, Z.; Burk, M.y C&HQUR; Metiong SCL Mim @Héw) Soc. 2021, 143, 1126-1143.
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Proposed Biosynthesis Pathway

HO Me L
polyketide (0] oxidative
syntheses condensation fragmentation
10 AcSCoA > > O‘O >
OH O OH
amino
nucleophilic
addition
HO HO 20 amino HO M
Me Me - e
HO nucleophilic decarboxylation 0
oxidation addition oxidation
S E—— N - - N
Z 2
L/NH N~ 'NH, N
on (o g OH OH OH O COH
rearrangement
HO
OH oxidation
O Me epoxidation acetylation
! E N
\
OH OH CN OH O CN
kinamycin D

Gore, M.; Gould/ SUY. lOpeOhkth. 992 7RT74-2783. 11



Proposed Biosynthesis Pathway

decarboxylative AlpJ
i I O Me condensation AlpK
OH O OH OH ]
kinobscurinone dehydrorabelomycin decaketide

l
O‘QO e Rearrangement> O ‘Q Me O ‘QO Me_Alp2G ‘DO Me

OH O COOH
--INHAc OH 0 FHNT_ OH 0 NH OH 0 N
HOOC
seongomycin stealthin C prekinamycin
Alp1S
Alp1V

OH o N OH O N

kinamycin D kinamycin E kinamycin F ketoanhydrokinamycin

Wang, B.; Guo, F.; Ren, J.; Ai, G.; Aigle, B.; Fan, B.; Yang, K. Nat. Commun. 2015, 6, 7674.
Liu, X.; Liu, D.; Xu, M.; Tao, M; Bai>roUD g eZin @ féifer)B. Q1 RAKg) M. J. Nat. Prod. 2018, 81, 72-77. 12
Wang, P.; Hong, G.; Wilson, M.; Balskus, M. J. Am. Chem. Soc. 2017, 139, 2864-2867.
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Synthetic Studies & Total Syntheses

OH O N,
DODRM
O
o 4 Me
R,O OR,
kinamycin
Me,N Me
lomaiviticin A
Challenges

» Densely oxygenated A ring with correct configuration

« Diazo-containing B ring

» Selective oxidation of C ring (rather than D ring) to quinone
« Oxidative dimerization to furnish Lomaiviticins

Luo Group Meeting (CCME@PKU)

14



Synthetic Studies & Total Syntheses

NMGZ
Me

2007 2011 2021
kinamycin C, F, J lomaiviticin aglycon (2S, 2'S)-lomaiviticin A
Nicolaou meoHO, Ft Et OH 4y Herzon Herzon

HH

HO © BH

lomaiviticin A core system

2006
kinamycin C ) ) lomaiviticin A z lomaiviticin A
kinamycin C H Et i i
Porco core system monomeric unit

Shair o Nicolaou
lomaiviticin aglycon

15

MezN
Luo Group Meeting (CCME@PKU) (2S,2'S)-lomaiviticin A



Early Studies

« 1997, Snieckus group, acylamide condensation

Me (o)
“—NEt,
o
B0
EtzN 0\ ,BOMe
}—o B-0

o o
o Me s-BulLi (4.4 eq.) Me
r
Me -98 °C
I - QI - QO e
Pd(PPh3),/K;PO, OYO then TMSCI OYO
97%
OMe OMe Tol./EtOH/H ;0 OMe OMe NEt, ° OMe OMe NEt,
reflux
95%
LDA (10 eq.)
THF, rt
MeO 1. NaH, Mel Ho ™S Me
MeO 2. LDA (6 eq.) MeO Me OMe
Me 3. TFA, reflux € .
SIMez
900z * §
75% for 3 steps OO NEt, O CONEt;
OMe OMe © OMe OMe

62%

Mohri, H.; StefinoviopM;SmickkasiiNo Oz E@RKL997, 62, 7072-7073.

OMe OMe O

17%

16



Early Studies

« 1997, Jebaratnam group, diazotization strategy

OMe

OMe

1. Br,, DCM, 0 °C
93%

2. t-BulLi

2o

Et,0, -78 °C, 78%

OMe

1. KOH, n-PrOH, A
2. i-AmONO, HAc

- CICL

OMe O NHAc

H,NHN

3. Hydroquinone
- OOQ
34% for 3 steps
OMe

1. BBI"3, DCM 2, N2H4, EtOH, A
0 OC, quant. 3. A92C03, Celite
Et;N, DCM, 50%

Williams, W.; Sun[-XQ Setasardes oX Orbl ichen<1997, 62, 4364-4369.

17



Early Studies

« 2000, Ishikawa group, intramolecular FC acylation / DA cyclization
EtO OEt

" C(OEt 0 HC (a) o
//— (OEt); Et20 rt
I -
Pivalic acid (0.5 eq.) OO 65%
OBn Tol., reflux
OBn

86%

(KO3S),NO (4.4 eq.)

0,
KH,PO, (aq), DMF | 34%

1. H,, Pd
H E
2. Me,SO,, NaOH COH . SnCl,-2H,0, HCI o) COEt
3. P4010, MsOH 2 Mest4, KOH
O’ = 4@
56% for 3 steps 45% for 2 steps
OMe OMe OBn OMe OBn O
IBX'| 77% ZnCl,, DCM
X -OTMS
Z Me KF (0.1 eq.)
OO OMe DMSO, air
‘ ' r
then CSA 48% for 3 steps OO
OMe OMe OMe OMe © OMe OMe ©

Kumamoto, T.; Tabe, N.; Yamagucht) &k ; \Wshikavwa| TCTizdhédron) Lett. 2000, 41, 5693-5697. 18



Early Studies

« 2006, Echavarren group, failed to give prekinamycin (pericyclic strategy)

//
Li ( I
Me,N oM
e 2 /\/N, OMe Pd(OAc)Z, PPh3 OMG TMS e

Me
1. n-BuLi, THF I Et;N, 80 °C Z 1. n-BuLi, THF
' '
2. 1,2-diiodoethane =—TMS , 55% 2. BaMnO,, DCM, rt
Me CHO THF, -78 °C Me CHO Me CHO 80% for 2 steps

55%

o-DCB, PhOH

reflux, 72 h
91%

MeO
Cr03, H5|06
O Me  mecN, DCM
> () o
rt, 45%
OMe O

Cantalapiedra, E.; Frutos, O.} Atiéazap@.\Maétog CC Ebhaxarftet,JA. Eur. J. Org. Chem. 2006, 1430-1443. 19



1st Total Synthesis of Kinamycin (2006 Porco)

1. Ph;COOH 1. DIB, MeOH
NaHMDS, D-DIPT m (CH,0), I 2. 1,3-propanediol OMe 1. Me;0BF, OH
2. Me,NBH(OAc); Br La(OTf);3 Br. BF,-OEt, Br 2. NaBH,, EtOH Br.
- - -
65% for | 3. MsClI, collidine Triethanolamine 3. TBSCI, imid. 84% for 2 steps OHC
3 steps Et,P, DCM, -20 °C 72% for 3 steps
P TBSO O OH 3 TBSO O o p OH OH OH
70%
Pd(PPhs), 1. MOMCI, DIPEA
m OMOM (BU3sn)2 OMOM 2. Na28204, Et20 (0}
Br 05«0 SnBu; Tol., reflux Br then MOMCI, DIPEA Br
: Oy O - 0
\ 70% 60% for
2 steps
TBSO H OMs MOMO OMOM MOMO OMOM OH O

Pd,(dba);, AsPh;,
CuCl, DIPEA, 70 °C

2 steps

2. K-10 clay

0
86% for l 1. LIBHE,
0

1. LiIHBEt,
2. Ti(0i-Pr), 1. Ac0, py
-Bu NOA® 2. Et;N-3HF
> ' et
48% for 67% for
2 steps 2 steps
MOMO  OMOM MOMO  OMOM MOMO  OMOM

79% for 1. TPAP, NMO
3 steps / 2. NaClO, NaH,PO,
2-methyl-2-butene

3.TFAA, 4 AMS
1. TBSNH-NHTBS, Sc(OTf);

1. CBry, i-PrOH
2. PhIF,, 2-chloropyridine

2. Pd/C, air, rt

-

-

35% for 2 steps 70%

(-)-kinamycin C
22 steps, 1.2%

Lei, X.; Parco, Grdiutni/| €htimg S6:CR086) F2S8,)14790-14791. 20



Prekinamycin and Isoprekinamycin

« 2007, Birman group, synthesis of prekinamycin

OMe
CcO,Me
o CO,Me OMe OH o) OMe OH NNHMs 1. BBr, OH OH N,
Me 2.2¢qLiTMP MsNHNH, 2.Et;N, O,
-~ () —— () -~ ()
67-81% Q Me 99% Q Me 85% Me
OH OH OH
OMe MeO MeO HO

« 2007, Dmitrienko group, synthesis of isoprekinamycin

prekinamycin

o)
Ph Me
Cy,P. ’ Br
Me 1. CBry, PPh, Me y2 \© Me O O
N
2. NaCN, DMSO OMe COzMe MeO c
> > >
MeO 69% MeO HBpin, Et;N MeO [Pd,(dba)s], KF o ‘ CO,Me
| OH | CN Pd(OAc), Bpin CN [t-BusPH]BF,
82% 85% Q OMe
1. DIBAL-H
n-BulLi
2.LDA
Me 1. conc. HCI Me Me Me
NaNO,, EtOH
’ 1. DIB, KOH
HO N 43. BCl,;, DCM MeO NH, reflux MeO <2. K,CO3, H,0, MeO CN
’ O O NH, O
0 . 47% for 0 . 98% o . 51% for HO .
o 3 steps OMe OMe 4 steps OH
(O-on (COome (Oome (O ome

isoprekinamycin

Birman, B.;
Liu, W.; Buck, M.; Chen, N.; Shang, M.; Taylor,

R G R TR e

itrienko, G. Org. Lett. 2007, 9, 2915-2918.

21



Nicolaou’s Ullman & Benzoin Strategy

2007, Total synthesis of kinamycins

1. LHMDS, TMSCI

o) MeMgBr, CuBr-Me,S, TMSCI o] 1. 0s0,, NMO o then Pd(OAc),, O, O
then cat. Pd(OAC)z, 02 2. 2_Meo_pr°pene’ CSA (o) Me 2. |2, Py, DCM | (o) Me
> > X > X
. 90% Me 72% for 2 steps ~g Me 77% for 2 steps ~g Me
= = =M =M
OTBS OTBS TBSO © TBSO
(o] 1. BnBr, Ag,0
0] cat. AgNO; o 2. Nay;S,0,; 1. t-BuOK [Pd,(dba)s]
Br (NH4)23208 Br NaH, Mel BI" 2. 0304 CUl, Cu
O - (O] -
75% A 75% for 2 steps 82% CHO 83%
OH O OH O OBn OMe OBn OMe
\
1. Ac,0, Et;N BF,
2. Sml,, MeOH N
3. Et;N CF + N-Me
/
4. Se0, N7
-« -«
55% for 4 steps Et;N
1. HF, MeCN o) 78%
2. ACZO, Et3N Me
3. Pd/C, H, 88% for 3 steps
1. TBSCI, imid.
2. TsNHNH,, HCI (aq)
3.CAN HCI, MeCN
> kinamycin C

38% for 3 steps 95%

Nicolaou, K.; Li, H.; Nold, 4; Bappp, Wedienzén, AVIE @i Chem. Soc. 2007, 129, 10356-10357. 22



Nicolaou’s Ullman & Benzoin Strategy

« 2009, Lomaiviticin aglycon monomeric unit

I o J@eMe N
Me o CF+\N—Me
OMe L o><Me o 0 N
O, e AT —=
> >
CHO  [Pdy(dba);] OO Et,N
OBn OMe cat. Cul, Cu CHO 76%
83% OBn OMe
1. AICI;
2. PhI(OTf), 71% for
3. Na23204; 3 steps
SEMCI, DIPEA
(o]
' o} BF,
Me
SEMO  OMe X Eto N
Br =~g Me SEMO  OMe "‘ ><Me q ;
1 =, e
CHO [Pd;(dba);] OO o Et;N
SEMO OMe cat. Cul, Cu | 70%
69% SEMO OMeO
Smly; 0, | 76%
1. Na2$204;
ACZO, Et3N
2. TMSOTf
3. CAN 1. TsNHNH, SEMO omé"o £t
4. KOH (aq) 2. DMP o
< -
80% for 4 steps - O)V':e 56% for 2 steps 'fo)vml\:e

Nicolaou, K.; Noid A G Un, Ve ahae. (CHez @ir 1 Ed) 2009, 48, 5860-5863. 23



Nicolaou’s Ullman & Benzoin Strategy

« 2020, Lomaiviticin A monomeric unit
1. t-BuLi, TMEDA

0
MOMO  OMe O >
1. LHMDS P

; CHO tBu
Cf)mms' Reagent OO MeMe MeO OMe
J@*Me 2. Ni(OAc),4H,0, Zn ‘l\@we Br MOMO OMeO O ,k
(o] Nal, cod, DMAP o MOMO OMe Lo}
o) (0] > | o s vEt
U'Et 63% for 2 steps \O'Et 2. TPAP, NMO OO . ‘ [Pd,(dba),]
65% for 2 steps MOMO  OMe K,CO,3

73%

MOMO OMe ¢

o OH 1. (CICH,CO0),0 MOMO  OMe o
Q py, DMAP, 96%
(o) + ~ OH -
MeﬁKﬁA I MOMO  OMe Et 2. Ce(OTf),, 52%
Alloc OAc _):o ® 5

7
Me™ Y (76% brsm) MOMO
Cl
| MnO,, 33%, plus 66%
1. Ph;PAUNTf,, 4 A MS + diketone
2. Et3B, 02, BU3an
56% for 2 steps Alloc,
N—Me
MOMO OMe g
AcO/ A Me
MOMO OMe g o

51% combined yield inseperable mixture
(contaminated with
starting material)

Nicolaou, K.; Chen, Q.; Li, RL@&S‘E@P@a{p Mhﬂ@l{@dﬁ E’@F’”KQ em. Soc. 2020, /142,20201-20207. 24




Nicolaou’s Ullman & Benzoin Strategy

AIIoc\ (o) AIIoc\
N-Me N-Me NHMe
o | | ’ 1. LiOH
Mem ¢ 2. [Pdy(dba);] HOJ ~Me
O“/ OMe morpholine MOMO  OMe ¢ 0
o (o)

Ph;PAuOTf 56% for MeO
4 Ams 2 steps o) S5 \OH
84% MOMO  OMe Et Me
HO
1. (HCHO),,, NaBH;CN
2. TsNHNH,, H,SO, 40% for 3 steps
3. TESCI, imid.
NMez
1. Et;N-3HF 1. DMP TsHN\ TESO Me
2. MgBr,-Et,0 2. CAN MOMO OMe |y o
-
56% for 34% for
2 steps 2 steps

monolomaiviticin A

Nicolaou, K.; Chen, Q.; Li, R.t Anddr X VsnehilauitaCRI H(@mi<Ohem. Soc. 2020, 142, 20201-20207. 25



Shair’s Diels-Alder Strategy

« 2008, Lomaiviticin A central ring system

1. LDA, TMSCI
@ 2. Ag,0, DMSO 9,

85%

(1] = m
I

o] 1o

o}
-
. 1. NiCl,, CrCl, o ,, SOPh o OMe
o X -SOPh Et K,CO;, MeOH 2 __Et
o - e - 0y
| )—Et 2. TPAP, NMO 95%
TIPSO 3. TFA, 0 °C 0 0
16% for 3 steps
i
v\SPh
0 1. LDA, THF, -78 °C Et

1. MgCl,, NaSbFg, Et;N

o o) 2. Ac,0, py, DMAP O N TMSCI, 5 days, 60-77%
o N—(_ + /]//\/fEt . o’« 0
k< — o

Me

>
N — -
83% for 2 steps k< OAc 2. TBSCI, DMAP, imid.
Me 78%

Krygowski, E.; Benenafoydip ShairtiMy ©ngedEChn \Ins. Ed. 2008, 47, 1680-1684. 26



Sha

r’'s Diels-Alder Strategy

(o) O OTBS (o)
1. KCN (10 mol%) )\\ H . neat, 50 °C o ?TBSSO o
3 days, 70-95% o N SO,Ph 3 days >\N 2
>~ A o > |
2. m-CPBA (3 eq.) Me / Et 53% for 2 steps Et
0] o)
1. HCI, 100 °C, 2 days
2. TBSOT{, DIPEA 71% for 3 steps
3. K2C03, MEOH, H20
.ON
o
OTBS Z
LHMDS, HMPA £ W S0.Ph 1. (COCI),, DMF
then [Cp,Fe]PF 2

. 2. t-BuSH, DMAP, hv
-
o=

45-51% 64% for 2 steps
(o)

1. HF 26% for

2. DMP 2 steps (higher hydrating propensity
for vinylogous 1,2-diketones)

HO Et Et OH Sc(OTf)3, MeOH MeQ Et OH
K,CO3, MeOH MeO, ™%y uH 2 ,OMe or p-TSA, 4 A MS 2O,
- 0}
> 0 o >
14%

HO © BH

lomaiviticin A core system lomaiviticin B core system
Krygowski, E.; BenenaterdKip Shaadiv Ungé=Chem Int. Ed. 2008, 47, 1680-1684. 27



Shair’s Diels-Alder Strategy

« 2010, Lomaiviticin aglycon skeleton

o)
NaBH, 0 QTES 1. PivCl, py 2 H [PACI,(PPhs),] 7 H SO,Ph
allyl alcohol 0 SO,Ph 2. TBAF, THF o SO,Ph Bu;SnH, HOAc 2
> > .@ E > . Et
89% | Et 3. DMSO, (COCI), | t Tol., 0 °C
(o]
HG then Et;N PivG then 110 °C PivG
4. Zn dust, HAc 85%
87% for 4 steps LHMDS
then PhSeBr | 73%
CO,Ph
Z 1. TMSOCH,CH,OTMS
TMSOTF OMe OH o S(O)Ph o
OMe"0O oﬂo 2. Cs,CO3, allyl bromide H so,Ph OMe LHMDS H SO,Ph
H so,Ph = ’ - D Et
.@ 55% for 2 steps Et 79%
Et OMe . .
OMe PivO PivO
PivO
1. NaBHEt; 90% for
2. TPAP, NMO | 2 steps
1. LHMDS, HMPA
( then [Cp,Fe]PFg
2. [PACI,(PPhs),]
OMe O é/\o Bu,SnH, HOAc
H so,Ph >
’ 72% for 2 steps
(o—e:




Shair’s Diels-Alder Strategy

« 2013, C4-Epi-Lomaiviticin B

n-BulLi

1. DMSO, (COCI),, DIPEA

Nal, DBU

(1]
Allyl0,C.__P(OPh),

z OTBS
o) I/\/\/OTBS
| )—Et > o
TIPSO then TBAF Et
93% o 7

74% for 2 steps

LHMDS, HMPA
[Cp,Fe]PFg
-
44%
1. Barton's base uant
2. Pd(OH),/C, H, | 943"
SO,-py, DIPEA
DMSO, -10 °C
-

Allyl
Bno O OAY COLAIlyl
NG LDA
—_—
o) 64%
/ Et
o
1. (COCI),
cat. DMF
2. p-NPBA
py, DMAP
1. C¢Hg, 80 °C

2. KzCO3, MeOH
3. TBSOTf, DIPEA

- NO,

30% for 5 steps

Oxygen Bridge
Fragmentation

Lee, AL Shairphh Oheelleg. 2018/ 75023902393, 29



Shair’s Diels-Alder Strategy

1. HOTT, DMAP, Et;N

COLAllyl then Sb(SPh);, O, BnQ OTBS LHMDS, HMPA
Et 2. TBSOTf, DIPEA Tz A_ _Et [Cp,Fe]PFg
' '
41% for 2 steps
o
1. Pd(OH),/C, H, .
2. SO,-py, DIPEA 47-57%
o for 3 steps
I X DMSO, 0 °C to rt
- "PFg
o' .,
SYNMGZ
NMGZ
HOTT
p-TSA, rt MgSO,
- -€
62% for CeHg, 80 °C
3 steps
C4-epi-Lomaiviticin B core C4-epi-Lomaiviticin A core

Lee, AL Shamroup Olaetieq F0T3/ Esi390L2393. 30



Feldman’s Double Claisen & OM Strategy

« 2013, Lomaiviticin A aglycon core OPMB
on 0,, CuCl OH Zn (Cu, Ag) PMBOYCOOH Et)YO
acetone Ph \\ MeOH, H,0 HO X Ph Et o) N o
Ph N — > S e e
N 70% X___Ph 76% Ph 'X~~“SNon  DCC,DMAP Ph N No
OH 84% Et
0
OPMB
KHMDS
TIPSOTF | o,
-78 °C to rt
then TBAF

1. (COCI)y, py, rt
2. MeNHOMe, py
3. Allylic Lithium

Grubbs 1l
Tol., 100 °C
——

64%

56% for 3 steps

TF;A KHMDS, TBSOTf
64% 61%
then O,, TPP, hv
O\OTBS
Et
OPMB H,SiFe PPh; Lomaiviticin A
93% for Aglycon Core
o 2 steps
PMB
(o)
Luo Group Meeting (CCME@PKU) 31

Feldman, S.; Selfridge, B. J. Org. Chem. 2013, 78, 4499-4511.



Herzon’s Heck Strategy

2010, Kinamycin F

1. CsF, PhSeCl
1. AD-mix-B, MsNH, 2. H,0,, py, DCM
t-BuOMe/t-BuOH/H,0 Me 3. TMSCH,MgCl, e
Na, NH; Me 2 22-dimethoxypropane o +Me Cul, Et;N, TMSCI; IMS O +Me
t-BuOH PPTS, DMF then Pd(OAc),
""Me “IMe
quant 32% for 2 steps 50% for 3 steps
OTIPS OTIPS
OTIPS (o)
MOMO Na,CO; MOMO
1. BH;-THF MeOH OMe TASF
) 2. ACC|, MeOH - 79%
6%
38% for
2 steps kinamycin F Y
1. TfN5, DIPEA Me
o N> Me 2. TIPSOTTf, DIPEA; Pd(OAc),, PPh; MOMO
O~ Me then DMDO MOMQ Ag,CO3, 80 °C
92003,
- 020, 0
76% for 2 steps M’Me 66% Br
OH O

Woo, C.; Lu, L.; Gholap, S1)SiithyD .VEetzon, (S: UNAniChent) Soc. 2010, 132, 2540-2541. 32



Herzon’s Heck Strategy

« 2011, Lomaiviticin aglycon

1. Li, NH;
2. (DHQD),PHAL 1. MesCH(OMe),, PPTS Mes
K,0s0,, MsNH, OH Pd(OAc), OH 2. TMSCH,MgCl, TMSCI,
Et Ka[Fe(CN)g] oH DMSO, O, L8, Cul, then Pd(OAc), ™S 0_<o
' ' nEt
55% for 2 steps 92% 70% for 2 steps
OTIPS
> 60 g scale OTIPS decagram scale gram scale (0]
MOMO O
o |
Br gram scale
o
TASF Y

Mes
MOMO O o—
TfN;, DMAP Pd(OAc), (0]
: - QI T =
Mes 51% 95% Br
1:1 dr, seperable
\2 0—( ' 5eP gram scale 0 0

> 0.5 g scale

Herzon, S.; Lu, ILUW6éo,c0R Glastap s G- Gléin Soc. 2011, 133, 7260-7263. 33



Herzon’s Heck Strategy

TFA, TBHP
—»
39%
10 mg scale
TMSOTf, Et;N
then Mn(hfac),
0.1 g scale
TFA
MeOH

(2S,2'S)-lomaiviticin A core

Herzon, S.; Lu, L.; Weo(e GholeptiS o/ @i/ Cham1Sag. 2011, 133, 7260-7263. 34



Herzon’s Heck Strategy

« 2021, (2S,2°S)-Lomaiviticin A

OH

OH
|I|Et

Me\ /Tf
BzO

Me

MOMO O

MOMO 0 0

Me, _Fmoc

O o
5 kﬁ
o)
rrugre
Br

PMBO
Me
A925|O3
4 AMS
.,...Fmoc >
44%, o
OH
|I|Et
(0]
TASF
O OMOM Me, _T¢
Br. Bzo N
99 e
Br Y Me
O OMOM o OH
84% TMS 0 OMe
(0]
|I|Et
(0}

TIPSOTY, 2,6-lutidine
C|3c\n,o 0.__Me
NH “OPMB

OMe

-
64%

1. TMSCH,MgClI, TMSCI
Et;N, Cul
2. DDQ, 2,6-lutidine

85% for 2 steps

Kaneko, M.; Li, Z.; Burk,IM0, Cotis LM esdiaen| SCHIE@ k. Soc. 2021, 143, 1126-1143.

Me, _Fmoc

pmeo N
Me
Me
o OH
OMe
(0]
|I|Et
(0]
1, DDQ
2. BzCl, py 70% for
3. Et,NH 4 steps
4. TFAA
Me, _Tf
Pd
BzO N
Me
Me
°© o OH
OMe
(0]
|I|Et
(o)
35



Herzon’s Heck Strategy

Ty ,Me 1. Pd(CLA), el

PS-PPh,
Bz Ag,CO;
2. TfN;, DMAP lo)
-€ ’ OH
MOMO MOMO o 0 OMe

Nz o} 44% for 2 steps b

O‘Q O‘ ‘ Et
MOMO (o] o B
(o]

r

MOMO lo)
1. TMSOTf
2,6-lutidine 32% for
2. CAN 3 steps
3. MgBr,, rt

1. NaOMe, MeOH
2. NaBH;CN, CH,0
'

22% for 2 steps

MezN
(2S,2'S)-lomaiviticin A

Kaneko, M.; Li, Z.; Burk) Mo; GodispLjddéizon,SCI E @ e, Soc. 2021, 143, 1126-1143.
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Structure Revision of the Lomaiviticins

« 2021, Herzon group, microED

] H p
original revised
assignment assignment

CHs
CHa) b

0
- ON CHj
cr &y, or &,
(~=)-lomaiviticin A (-)-lomaiviticin B (—)-lomaiviticin C
(2021 structure assignment, 1b) (2021 structure assignment, 2b) (2021 structure assignment, 3b)

Kim, L.; Xue, M.; Li, X.; Xu, Z.; Paulson, E.ciMeradp, BeNelgot; BN HEBEIRLS. J. Am. Chem. Soc. 2021, 143, 6578-6585. 37



Summary

 Intriguing diazo

DNA strand breaking mechanism

Anti — cancer and anti — leukemia potential

Synthetic challenges

Structure revision

Luo Group Meeting (CCME@PKU)

OH O O&N C
A Ring
Diels-Alder, Ishikawa/Shair

Olefin Metathesis, Feldman

(0]
. NN MeO HO
Oxidative Dimerization

Mn(hfac); — (R, R) Me,N Me
[Cp2Fe]PFg — (R, S) MexN
CAN — (S, S) Me ) OH

B Ring
Friedel-Crafts, Porco
Benzoin, Nicolaou
Heck, Herzon

C Ring Me,N Me
Claisen, Birman HO O OH

HO

Lomaiviticin A
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