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(—)-Jorumycin: an Anticancer bis-THIQ Natural Product

Scabrolide A

Myrioneuron Alkaloids — Myrifabrals A—D

(o] (o)
OH OH

cell line cancer type IC5o (NM)

A549 lung 0.24

HCT116 colon 0.57 i i N-
(2)-a-myrifabral A (%)-a-myrifabral B o
QG56 lung 0.76
OH
DU145 prostate 0.49 N. N. Key Synthetic Challenges
) . o) (o) 5 stereogenic centers (4 contiguous)
Scabrolide A BGC-823 adenocarcinoma 3.25 5 OH OH 1 quaternary carbon center
BEL-7402 liver 1.22 OH ) N
« Isolated from Taiwanese soft coral Sinularia scabra ) HeLa cervical 211 (2)-a-myrifabral C (£)-a-myrifabral D Myrioneuron faberi
+ Member of the norcembranoid diterpenoid family (-)-Jorumycin
« Exhibits promising anti-inflammatory activty via inhibition of Sinularia soft coral HELF embryonic lung 3.64 -Unique cyclohexane fused octahydroquinolizine skeleteon Hao, J. Org. Chem. 2014, 79, 7945-7950.
IL-6 and IL-12 production . . . +Inhibition of Hepatitis C virus replication (HCV, IC50 0.9 to 4.7 uM with racemates) Hao, J. Nat. Prod. 2015, 78, 2609-2616.
Isolated in 2000 from Jorunna Funebris, aka the spotted nudibranch KB oral 2.56 -Isolated as racemic mixtures of o and $-OH epimers Hao, Tetrahedron. Lett. 2016, 57, 5632-5635.

Retrosynthetic Analysis:

1 Typical bis-THIQ syntheses employ sequential Pictet-Spengler reactions for THIQ construction (biomimetic)

o Retrosynthetic Analysis of (—)-Myrifabral A
OH fo)

H Oxidative Oxidative Conventional, Biomimetic A : i :
" ® . 3 " N A s pproach: New approach (this research): . . P
HaCu ]2 fragmentation Hydrosilylation  HsCr, 7" manipulations Pictet-Spengler, Bischler-Napieralski Cross Coupling/Reductive Cyclization diastereoselective N-acyl iminium
N. reduction ion cylization
/ [2+2] o, ~CHa o
L Cycloaddition n/ OH anti-Markovnikov
. c// : ()-a-myritabral A olefin oxidation
—)-a-
o 3 HSC/\ o Yy
A 0
H.c, OH R o
Esterification 3, \ N_ z
+ -, ~CHs  Enantiopure coupling partners o} = E enantioselective N
Diels-Alder n/ accessed from chiral pool &N‘ = o : = allylic alkylation 0
HO | | bis-THIQ core AN C(\/ o o]
1 Goal: Complementary, Non-Biomimetic Syntheses 0
CO,H Sheu. J. Nat. Prod. 2002, 65, 1904—1908. (o)

Kim, Nam. Bioorg. Med. Chem. Lett. 2013, 23, 228-231.

Fontana, Tetrahedron. 2000, 56, 73057308 Williams, Chem. Rev. 2002, 102, 1669—1630

Total Syntheses of (—)-Jorumycin

» Palladium-catalyzed, C—H activation-based Fagnou coupling

(o)

0TBS :
HiC., 5 steps : H 4 steps o, ~CHa OMe oTBs o™ BocHN_ 07 N7 )l\/\/ll\
> : > @ N . HO OH
: o, ~CHa "/ Me B Pd(OAc), (20 mol %) Ph0O,S” “NHBoc (1.2 equiv) (2.0 equiv)
: 1r Il ‘N P(+-Bu),Me-HBF, (50 mol %) o Cs,CO; (2.5equiv) o 4-CF3PhB(OH),, (10 mol %)
: ZN_ - - o o -
o HO i HyCO” ~OCH, MeO . o CsOPiv (40 mol %) o CH,CI, (0.20 M), 23°C, 16 h (o} D’;{,‘,‘,’i‘;f;,'k‘ff;‘:,"h
From (R)-Linalool i From (R)-Carvone CO-H Me N oTf gl?lz\’llio% ég'fce‘lu;"% 95% yield
(30 g scale)
~N
H,4C, H3C.,) Me0 93% yield — 7 gram scale
~ cH, __ DIC, DMAP | 140 °C HaCo.. OMe Me — 0 0 0
CHxCl,, 0°C xylenes 1 Iridium/BTFM-Xyliphos/lodide combination enables highly selective tetra-reduction with concomitant lactamization N N
| | . - , viP i . o/\/ Pd,(dba); (2.5 mol %) ~ CH(OEHt); (20.0 equiv) N\_
79% yield o i 72% yield Me (S)-(CF3)3-t-BuPHOX (6.0 mol%) g p-TSOH-H,0 (2 mol %)

o

HO

Aen, 20adr

o - 0~ G - > oG >
PhMe (0.03 M), 23°C, 7 h q\/ EtOH, 40 °C, 16 h (I\/
o} OEt

85% yield
(15.0 g scale)

(Xyl)zP)\@

1
(BTFM),P” 1

<

[Ir(cod)Cl], (10 mol %)
BTFM-Xyliphos (21 mol %) Me

TBAI (60 mol %), H, (60 bar)
CcOzMe 9:1 PhMe:AcOH MeO

1. Cp,TiCl,, Mn® OH, O
= Collidine-HCI HsCo.
1,4-CHD, THF, 23°C

OH
H3Cl:.. o

94% yield, 88% ee 91% yield, 3.0 g scale

VO(acac),, TBHP (10.0 g scale)

L
’

CH,Cl,/PhH ~~,,n/CHs 2. IBX, MeCN, 50 °C ] CH; 60 °C — 80 °C BTFM-Xyliphos
- 62% yield I/
9:2"/3 };’3’;” % ove,"zysteps 5 OH 83% yield, >20:1 dr, 88% ee — >500 mg scale

LiEtzBH (1.2 equiv) 0 0
Ph(CHj;),SiH HsC: CHyCl, -78°C,1h N. BF;-OEt; (2.0 equiv) N F3C P N—/
[RuCp (CH3CN)3]PF6‘ Si(CH5),Ph is?pfopenyl +2 H, 6 steps then . - ﬁ K CHyCly, -78 °C o 4 “+Bu
o s, 2 = — e ;

formation 89% yield, 2.5 g scale

59% yield
(S)-(CF3)3--BuPHOX

Maimone. Science 2016, 352, 1078-1082.

pBrPhS0O, adduct
Mulzer. Org. Lett. 2012, 14, 2834—2837.

Syntheses and Biological Evaluation of bis-THIQ Analogs End Game of (-)-Myrifabral A and B

Completion of Scabrolide A

» Different oxygenation pattern on the A- and E- rings displayed different bioactivity

OHH (0} _ OH,, O SiR,R’ E
H.C..] = 1. m-CPBA, CH,Cl, H.Cn. 1. hv (350 nm) i :
3Cu )3 0—23°C N 3Cn., PhH. 23 °C OMe Breast Ovarian  Colon Lung : §
-u, _CHg 2. Ph(CH,),SiH 15_CHj 2. TiCp,Cly, Mn® : L-Selectride (1.5 equiv) Me” X~ 0 Me
[RuCp*(CH3CN),]PFg collidineHCI : A 5.0 equi
CH,Cl,, 0 °C o : 0 THF, -78 °C (5.0 equiv) .
212 1,4-CHD, THF : N < then o N. = Hoveyda—Grubbs Il (10 mol %)
o 74% yield 0o 23°C : LiAlH, (4.0 equiv) OH THF, 20 °C, 10 min
over 2 steps 1.7:1 mixture of . : 0 —78 °C to reflux i :
P diastereomers at C(15) 70% yield + C(15) epimer 97 %1ybeld, >1I9.1 dr
RyR’= —(CH3),Ph over 2 steps 1.7:1 dr (separable) -0 g scale
IC50 (29 Whole Cell Lines) :
T NOPRSECN o, 9 24 100 nM_ 500 nM > 800 nM E Me Mo
o 30, 5 H
Hg(OAc), n-BusP, THF, 23°C 1 | : Aurapat (Fa) Ngamnithiporn (G5) o Me
—23°C OH = Not Determined ; angamnit@caltech.edu 1 :
AcOOH/AcOH then H,0,, 0 — 23 °C . o . . . : B—g Me NaBO,+4H,0 (20.0 equiv) N. Et,N vOMe (5.0 equiv)
. In collaboration with with Dr. Dennis Slamon at UCLA Translational Oncology Research Laboratories | N. S > (o] OH -
55% yield 79% yield Y ' OH 1:1 HyO/THF, 23 °C, 4 h 1.2:1 2 N HCUTHF
o A 1 Syntheses of other non-natural bis-THIQ analogs for medicinal chemistry studies (-)-myrifabral A reflux, 4 h
Hac/\
1.4:1 B:a-OH
OTBS | _ 85% yield, 100 mg scale

F
X Pd(OAC), (20 mol %) e R -
_N P(#-Bu),Me-HBF, then SOCl,
F to” (50 mol %) MeOH, reflux  F
Cul, NIS > ) NEL
PhMe, 90 °C + CsOPiv (40 mol %) F 3. Se0, > mﬁ@j Et,N vOMe (5.0 equiv) N. 2
, F N0 e 0 oTBs 5 . NaBHs F o~ o aNnoE O~~OH
. - 5. Hydrogenation (~)-myrifabral A reflux, 4 h (-)-myrifabral B
61% yield Yy
1.4:1 B:a-OH 1.6:1 B:a-OH

75% yield 23% yield, 80% ee

44% yield, 50 mg scale
Me over 5 steps - g

(-)-Scabrolide A 'Nick Hafeman (G3) Chris Reimann (G5)
nhafeman@caltech.edu creimann@caltech.edu
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