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Introduction of Quassinoids

« 1937, quassin and neoquassin

» Extracts from plants of Simaroubaceae family

quassin

» Traditional folk medicines in Ethiopia and Asia

« Anti-tumor, anti-viral, anti-malarial, anti-ulcer, and anti-inflammatory
activities

» Class of inhibitor for eukaryotic protein synthesis. Interfere at the peptidyl-
transferase site to terminate elongation

« Phosphorylation; membrane polarization; regulate DNA and RNA synthesis

G. Fiaschetti, M. A. Grotzer, T. Shalaby, D. Castelletti and A. Arcaro’. Curr. Med. Chem., 2011, 18, 316-328.
Polonsky, J. Quassinoid Bitter Principles. Fortschr. Chem. Org. Naturst., 1973, 30, 101-50. 3



Phytochemistry

OH O
Me
© CQZ(I\)Ae Me
HO ~ 1 OH O)K/\(Me « Bruceantin: 1974, Brucea antidysenterica (2 g/10 kg, 0.02%)
° Me » Phase Il: breast cancer and malignant melanoma; failed due to toxicity
bruceantin
o o (hypotension, nausea, vomiting and fever) and poor efficacy
H
o e cQMe * induced apoptosis in leukemia cells (2004): 2.5-5 mg/kg in vivo.
O e
HO ! OH OJ\/\MG » Brusatol: Most potent inducer of cellular differentiation
0
brusatol

S. Morris Kupchan’, Ronald W. Britton, John A. Lacadie, Myra F. Ziegler, and Carl W. Sigel. J. Org. Chem. 1975, 40, 5, 648—654.
Beutler, J. A.; Kang, M. I.; Robert, F.; Clement, J. A.; Pelletier, J.; Colburn, N. H.; McKee, T. C.; Goncharova, E.; McMahon, J. B.; Henrich, C. J. J. Nat. Prod., 2009, 72, 3, 503-

506.
Wiseman, C. L.; Yap, H. Y.; Bedikian, A. Y.; Bodey, G. P.; Blumenschein, G. R. Am. J. Clin. Oncol., 1982, 5, 4, 389-91.
Arseneau, J. C.; Wolter, J. M.; Kuperminc, M.; Ruckdeschel, J. C. Invest. New Drugs, 1983, 1, 3, 239-42. 4

Cuendet, M.; Christoyv, K.; Lantvit, D. D.; Deng, Y.; Hedayat, S.; Helson, L.; McChesney, J. D.; Pezzuto, J. M. Clin. Cancer Res., 2004, 10, 3, 1170-9.
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Structural-activity Relationship
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brucein

nortriterpenoids. C18, C19, C20, C22, C25
4-ring skeleton

a,B-unsaturated ketone and the a-hydroxyl group
ether bridge on C-ring

ester side chain

C1, C3, C11, C12 free hydroxyl group (due to glycosylation)

OH O OH O
Me Me
(@) CQZMe (@) CQZMe
HO HO
bruceantin brusatol

Guo, Z.; Vangapandu, S.; Sindelar, R. W.; Walker, L. A.; Sindelar, R. D. Curr. Med. Chem., 2005, 12, 2, 173-190.
Kupchan, S. M.; Britton, R. W.; Lacadie, J. A.; Ziegler, M. F.; Sigel, C. W. J. Org. Chem., 1975, 40, 5, 648-654.
Grieco, P. A.; Speake, J. D. J. Org. Chem., 1998, 63, 17, 5929-5936. 5



Outline

O Synthetic studies toward quassin

« Preliminary investigations



Chemical Properties of Quassin

quassin
O’Me O/Me O/Me
0 Me\ Me 0 Mer Me 0 Me Me NaOH/H,0 O Me Me
MeO Se™Me NaOHM,0  Meo S Me MeO s Me heat MeO H CO,Na
—— _— H
H H H q_f'? Me
Me o Me OyNa Me"Me
quassin pseudoquassinolic acid
Me
O™
O € e
| Ag,0 MeO HEGE Me Na/CD30D
~ Na/CH4OH
MeH OH reflux, 4 hrs
neoquassin neoquassin-ds g

Hanson, K. R.; Jaquiss, D. B.; Lamberton, J. A.; Robertson, A. ; Savige, W. E. J. Chem. Soc., 1954, 4238.
Beer, R. J. S.; Hanson, K. R.; Robertson, A. J. Chem. Soc., 1956, 3280.
Beer, R. J. S.; Dutton, B. J.; Jaquiss, D. B. ; Robertson, A.; Savige, W. E. J. Chem. Soc., 1956, 4850
Valenta, Z.; Papadopoulos, S.; Podesva, C. Tetrahedron, 1961, 15, 100.
Valenta, Z.; Gray, A. H.; Orr, D. E.; Papadopoulos, S.; Podesva, C. Tetrahedron, 1962, 18, 1433. 7



Pioneering Design (Valenta, 1975, 1979)

o) Me o) Me 0) Me
Me_ OAc H H
9 .
N Y0  BF,Et,0 Me o0 3steps Me 0
Me _10 I3 s M — M
Me Me © Me ©
7 H H
Ac Me Me
Me
NBS, CCl,
PivOH
O Me a 0s0, O Me
ACZO, py H5|06 H b Zn, ACOH
a. NaOMe, MeOH then PtO,, H, then Collins  MeO CMe OH ¢ H,S MeO CNIe ©
b. CH2N2 - - 2 2
. AcO
¢. ACO;H MeO,C MeO,C
Br
Y
OMe

quassin

N. Stojanac, A. Sood, Z. Sojanac and Z. Valenta’, Can. J. Chem., 1975, 53, 619
N. Stojanac, Z. Sojanac, P. S. White and Z. Valenta’, Can. J. Chem., 1979, 57, 3346 8
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« Total synthesis of quassin



The First Racemic Total Synthesis of Quassin (Grieco,1984)

PhNMe;Br
HO MeO 3273 MeO
9 Me Me °y Me Li, NH, then Li,COs, LIBr 'y Me y
5 steps 3 steps ~Me gy0oH, THF DMF, 140 °C C@ e
— (@) E— R -
0 > \) : 0 G 0
_ Me Me
(*) Wieland-Miescher ketone
PhH or PhMe. rt NR
PhHForll:?the. reflux decorrposgdt = | Me
® ; BRH. ¢ complex mixture
(25%383/?) P?\Lljgrt 66 hrs diene polymerization CO,Me
Al,03 62% endo selectivity
\j

(CH2SH),, BFyEt,0  MeO NaBH,, MeOH. 89%
methyl acetal: 5-7%

'NaBH,, EtOH. 44%
ethyl acetal: 14%

A

single diastereomer

via: Me
[ X

RSH R1“BF,

Node, M.; Hori, H.; Fujita, E. J. Chem. Soc., Perkin Trans. 1. 1976, 2237.

Vidari, G.; Ferrino, S.; Grieco, P. A. J. Am. Chem. Soc., 1984, 106, 3539 10



Initial Attempts to Transfer Diketone to Bis(diosphenol)

(Me2N)3CH
Bredereck's reagent

L
Y

(Me2N)3CH
Bredereck's rzeggent
then 10, =7

Vidari, G.; Ferrino, S.; Grieco, P. A. J. Am. Chem. Soc., 1984, 106, 3539
Wasserman, . H.; lves, J. L. J. Org. Chem. 1978, 43, 3238;
Wasserman, . H.; lves, J. L. J. Am. Chem. Soc., 1976, 98, 7868.

11



Manipulations by C12 to introduce Oxygen at C11

Me Me
allylic oxidation allylic oxidation
- e -
OMe OMe
a. o
Me MH o OH- Me IB Me
L2V Me,NZ; “NMe '
b. Collins 2'\{3{ 2
B} 50%
then Li, NH;
OMe OMe 90-95% OMe
LDA, disulfide (via A
, disulfi :
MoOPH s~ 0
Bredereck's reagent H3N o ﬁ\ R
SM recovered )
L VvV VvV )

Cf.: Ireland, R. E.; Muchmore, D. C; Hengartner, U. J. Am. Chem. Soc., 1972, 94, 5098
Vidari, G.; Ferrino, S.; Grieco, P. A. J. Am. Chem. Soc. 1984, 106, 3539 12



Through Oxidation of Olefin/Transformations of Epoxides

H,0,, KHCO,

MeOH, PhCN, 83% 92%

Y

peracids: via: OOH

decomposition
Ph/J*NH :
LiAlH,, THF

reflux. 60%

\

Li, (CH2NH2)2
51%

|

Payne, G. B.; Williams, P. H. J. Org. Chem., 1961, 26, 651
Payne, G. B.; Deming, P. H.; Williams, P. H. J. Org. Chem., 1961, 26, 659.
Vidari, G.; Ferrino, S.; Grieco, P. A. J. Am. Chem. Soc., 1984, 106, 3539

13



Olefin Dihydroxylation/Diosphenol Formation

)
a. 0sO, 88%

b. Ac,0. 90%
c. Collins. 83%

-

a. LDA, MoOPH. 58%

- RN 45O

\

a. LDA, MoOPH. 57%

- RN 450

Y

OMe OMe

Vidari, G.; Ferrino, S.; Grieco, P. A. J. Am. Chem. Soc., 1984, 106, 3539

14



The First Racemic Total Synthesis of Quassin (Grieco,1984)

PhNMe,Br
HO MeO MeO 3573 MeO
9 Ve Me °y Me Li, NH, Y Me o then Li,COs, LiBr 5 Me y
5 steps 3 steps ~Me  BuOH, THF V& DMF, 140 °C e
_— O _— _ >
0 : J 0 : 0 : 0
: : tH : A
H Me Me Me

(i)_WieIand—l\/Iiescher ketone
PhH or PhMe. t NR

PhH orﬁhMe. reflux decomposed = Me
Fequw®. BRH. B complex mixture
(25%199/?) PﬂHQr:c 66 hrs diene polymerization | CO,Me

0,
AlyO3 62% endo selectivity

O,Me Me
0 Me\ Me LDA, MoOPH .
MeO X5k 35% CO,Me

MeH

23 sctl::ss s(i)nsgo/ single diastereomer
, U. (1]

Vidari, G.; Ferrino, S.: Grieco, P. A. J. Am. Chem. Soc., 1984, 106, 3539 15



“Micellar” Catalysis in Aqueous Intermolecular Diels-Alder Reactions

MeO
M
® < _CHO Me
7
* | -

: @) //A\[;v/cozR
C A
Me

exo

entry? R solvent concentrat ion timeP yieldS  14gH/140Hd

1 Et benzene 1.0 M 288 h 52%° 0.85

2 Et neat ——-e 144 h 69% 1.3

3 Et water 1.0M 168 h 82% 1.3

4 H toluene 1.0 M 168 h 462° 0.7

5 H neat  meee- 30 h 80% 1.4

6 H water 1.0 M 17 h 85% 1.5

7 H water-dioxane {1:1) 1.0 M 104 h 100% 0.8

8 H water-MeOH (1:1) 1.0M 97 h 99% 2.0

9 Na water 0.1 M 120 h 46%° 0.9

10 Na water 1.0M 8 h 83% 2.0

11 Na water 2.0 M 5h 100% 3.0

@411 reactions were run at room temperature employing a five-fold excess of diene over dineophile.
Reactions were judged to be complete by TLC analysis. CYields reported are for chromatographically
pure mixtures of Cy, epimers. dRatjos were determined by NMR. €Starting dienophile was recovered:
entry 1 (29%), entry 4 (40%), and entry 9 (14%).

Paul A. Grieco’, Philip Garner and Zhen-min He. Tetrahedron Lett., 1983, 24, 18, 1897-1900.



Initial Modification of Grieco’s by Watt (1990)

%\[Me
TBSO |
° Me Me OMe
6 steps CHO then 4 steps
—_— >
0 g o endo selectivity

(R)_Wieland-Miescher ketone

M. Kim, K. Kawada, R. S. Gross and D. S. Watt, J. Org. Chem., 1990, 55, 504.

17



Initial Modification of Grieco’s by Watt (1990)

OTMS

)\[Me
TBSO OMe
6 steps CHO then 4 steps
—_—
endo selectlwty

Br  AIBN, nBusSnH

OEt
(R)_Wieland-Miescher ketone
5 steps
2 steps
26%

-NaH, 0,, P(OEt), “ " Me
. NaOMe, Mel, DMSO. 73%

OEt

Me
OMe

M. Kim, K. Kawada, R. S. Gross and D. S. Watt, J. Org. Chem., 1990, 55, 504. 18



Me
9 steps

O

(R)_Wieland-Miescher ketone

Me

OI
0 Me Me M
MeO ) <=

Me
O
(+)-quassin

MeO

Me

Final Route to Quassin by Watt (1990)

OTMS
Me o) .
| Ve a. thiourea, NaHCO,, EtOH. 95%
OMe AcO Br 5 .
CHO OBz b. PhNMe,, r.90%
then 6 steps Mn(OAc)3, PhH. 89% Me
@] H “'OTFA
- H
Me
Y
OMe OMe a. K,CO3, MeOH. 51% 0) o)

b- P PEATE4Y,

c. NaH, Mel. 89%

M. Kim, K. Kawada, R. S. Gross and D. S. Watt, J. Org. Chem., 1990, 55, 504. 19



Pioneering Design (Valenta, 1975, 1979)

OI:\EMG 0 Me 0
Me OAc H H
9 : Me Me
O BF. Et,0 3 steps

Me_10 L3 6 8 852 MeO P

Me Me
7 H H
Ac Me
Me
NBS, CCl,
PivOH
_ Me O .\Me a. 0sO,
H Ac0, py o OH HslOg H b. Zn, AcOH
a. NaOMe, MeOH then PtO,, H, then Collins  MeO CMe OH c. H,S
b. CH2N2 — - - 2 -
. AcO
¢. AcOH MeO,C MeO,C
Me
Y
OMe

quassin

N. Stojanac, A. Sood, Z. Sojanac and Z. Valenta’, Can. J. Chem., 1975, 53, 619.
N. Stojanac, Z. Sojanac, P. S. White and Z. Valenta’, Can. J. Chem., 1979, 57, 3346. 20



Racemic Total Synthesis of Quassin (Valenta,1991)

PtO,, H,
then TMSCN

_——

M602C

OMe
DBN, PhH
Me,SO, reflux

quassin
25 steps, 0.14%

Stojanac, H.; Valenta, Z. Can. J. Chem. 1991, 69, 853.

21



Construction of A/B Ring by Intramolecular DA to Quassin Synthesis (Shing, 1994)

) NaiSiMer THE_ f(\/\*. /\/FL/\( R
SO, allyl bromide S0, X = SO, =
8

7 9

-78 °C major minor

—105 °C sole product

L . ) Scheme 3 Reagents and conditions. i, Bu'O,H, Triton B, MeOH; then
Scheme 2 Reagents and condtlrlmns. i, 0sO,, MNO, aq. 1,4-dioxane; KOH, MeOH (85%); ii, Tf,0, pyridine, DMAP, CH,Cl,.0 °C; iii, wet
then NalO,, aq. MeOH (60%); ii, LDA, followed by aldehyde 10, THF, > 0 /%

S ot L. DMF, room temp.; iv, K,CO,;, MeOH, room temp. (60%); v, Ac,0,
DMPU, —78°C (87%); iii, Ac,0, pyridine, DMAP, CH,Cl,, room g o °
temp. (89%): iv, PhCN, Methylene Blue, 190°C, 110 h (62%) pyridine, DMAP, CH,Cl,, room temp. (100%); vi, LDA, THF, DMPU,

—78 to 0 °C (982); vii, SOCI,, pyridine, 0 °C (98%)

Shing,

.; Tang, Y. J. Chem. Soc., Perkin Trans. 1. 1994, 1625.
T.

T. K. M,;
K. M. Shing and Q. Jiang, J. Org. Chem., 2000, 65, 7059. 22



Fruitless Oxidation Protocols of Substrates with Lactone (Shing, 2000)

a. LDA, DW}S] 98%

b. SOCl, 0
c. NaBH,, NiCl, 53%

L
Y o

T. K. M. Shing and Q. Jiang, J. Org. Chem., 2000, 65, 7059. 23



Fruitless Oxidation Protocols of Substrates with Lactone (Shing, 2000)

a. LDA, DMRL. 98%
b.SOCl, 530,

c. NaBH,, NiCl, PCC, MS. 90%

-
Y o

4 steps

T. K. M. Shing and Q. Jiang, J. Org. Chem., 2000, 65, 7059. 24



Fruitless Oxidation Protocols of Substrates with Lactone (Shing, 2000)

a. TBSOTf, 5 d. 98% brsm
b. Cr(CO)g, TBHP. 78% brsm a. DMSO, TFAA then TEA. 97%
c. Mn(OAc);, PhH. 84% b. NaH, Mel. 97%
d. KoCO3, Mgl 87% c. TBAF. 95% brsm
e. Pd/C, H, d. Ac,0. 89%

\

PCC or Mn(OAc);  MeO 2 steps
- N

T. K. M. Shing and Q. Jiang, J. Org. Chem., 2000, 65, 7059.

25



Enolate Oxygenation Furnished The Synthesis(Shing, 2000)

DIBAL-H

then HCI, MeOH
then TFAA, DMSO
then NaH, Mel. 65%

Me OMe

MeH

(+)-quassin
28 steps, 2.6%

T. K. M. Shing and Q. Jiang, J. Org. Chem., 2000, 65, 7059. 26



Radical Intermolecular Reductive Coupling

5 mol% Fe(acac);
0 3 equiv. PhSiH,(O/-Pr)

3 equiv. (CH;0H),, CH,Cl, me OH o
' )\7 © > /
M 54%, d. r. >10:1° >
e

¢ s|low addition of 3 and silane
e excess of 2

[Fe'-H] l hydrogen atom transfer

0O Me
M i// M p o radical addition/ reduction N
A 7 .
v [Fe'l]
Me

Me H
4

inframolecular aldol T

Me

(0]

Me

Me 0
H 'Me
0 H
14
Me
1 ,Me
t-Bu—Sij
A\
H OMe o
Me
H
Me' Me O
17

1) 3 equiv. 2
10 mol% Fe(acac);
PhSiH,(Oi-Pr)

>

39% of 16
(+ 34% of 15)

2) TBSOTH,
2,6-Lutidine

-€
3) 170 °C
84% from 16
2 steps

Julian C. Lo, Yuki Yabe, and Phil S. Baran. J. Am. Chem. Soc., 2014, 136, 1304-1307.

William P. Thomas, Devon J. Schatz, David T. George, and Sergey V. Pronin’. J. Am. Chem. Soc., 2019, 141, 12246-12250.

27



Radical Approach to the Concise Synthesis of Quassin (Pronin, 2022)

EtO

A}
Et0<p=0

1) 10 mol % Fe(acac)s 2) NaH, DCC, PhMe

TESO PhSiH»(O/~Pr)
H CH,Cly, (CH,0H), (EtO)z(O)PvcozH
H + > >
M —0 59% 61%
® H o)
4 (2 equiv.) 8
3) CsF, DMSO 45%
4) TsOH+H,0, IBX, DMSO 2 steps
Me 0. Me H
6) TIPSOTf, EtsN 5) Pd(t-BuzP),, 1,4-dioxane; O Me
CHzclg add Pd/C, Ho, MeOH
._.: -‘
68% 49%
0]
12
8) TFAA, DMSQ, CH,Cly; 9) TASF, Mel
EtsN TIPSO THF
r —

72% 71%

quassin (1)

William P. Thomas and Sergey V. Pronin’. J. Am. Chem. Soc., 2022, 144, 118-122. 28



Outline

O Total synthesis of other quassinoids
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Bruceantin

OH O OH O
0 Me cQ, M 0 Me cQ,M
e e
RN we Qe ve
HO OH Me HO OH
DI ER IS
@) Me O

bruceantin brusatol



Synthesis of Bruceantin Skeleton (Murae, 1986)

Cl O
PTSA CO,Me
Me Dean Stark 4 steps 2 MVK 2 steps
O HO
Me

CO,Me
2 steps 2 steps Me 2 steps Me
O_ OEt =~ -~ O_. OEt =~
he o o Y o CO,Me
Me </ : </ : Me <’
Me NaHTe Me

Li, NHg HO
tBUOH, THF  : O

tBuO,H

3 steps Me

PPTS, EtOH

Yamashita, M.; Kato, Y.: Suemitsu, M. Chem. Lett., 1980, 847.
Murae, T.; Sasaki, M.; Konosu, T.; Matsuo, H.; Takahashi, T., Tetrahedron Lett., 1986, 27, 3411. 31



Failed Dihydroxylation (Murae, 1989)

e
NaBH,, EtOH/DCM
87%

POClI,, py, 100 °C.
67%

anhydroneoquassin

Murae, T.: Takahashi, T., Bull. Chem. Soc. Jpn., 1981, 54, 941.
Sasaki, M.; Murae, T. Tetrahedron Lett., 1989, 30, 355. 32



Finished the Synthesis (Murae, 1989)

87% 67% 85%

Sasaki, M.; Murae, T. Tetrahedron Lett., 1989, 30, 355. 33



Finished the Synthesis (Murae, 1989)

Me
NaBH,, EtOH/DCM

87% 67%

61%

AQZO, CH3CN - COZMe
reflux. 65%

DCC, DMAP, acid
72%

<
-

A

3 M H,SO,4/MeOH (1:1)
reflux, 29 hrs

bruceantin

Sasaki, M.; Murae, T. Tetrahedron Lett. 1989, 30, 355.

* mCPBA, DCM/aq. NaHCO3

34



Existing Approaches for Construction of C8-C13 Epoxy Methano Bridge

Table I. Phenylselenolactonization and Useful Transformations of Phenylselenolactones

Phenylseleno- Yield Unsaturated Yield Saturated Yield
Entry Unsaturated acid Ref lactone (%) lactone (%) lactone (%)
COOH
1 @ 11a 100 @ 90 @ 85
\SePh
0
COOH 0 0O
2 11b 0 90 81 80
0 0
éePh
PhSe
3 ﬁb llc 95 a 83
0 0
COOH 0 Y
Ph$e
4 O/\ COOH 11d m 91 C["3=o 87 ®=0 84
0 o) 0
0
(-0
5 Q/\ COOH 11e 0 93 g):o 92 Cf%o 76
: Y 0
PhSe
S P ™
6 358 1£ 0 98 S¢S 82 (IFO 73
Qxcoon 0 0 0
: 0
PhSe

2The elimination of the corresponding selenoxide has not been studied in detail yet.

Nicolaou, K. C.; Lysenko, Z. J. Am. Chem. Soc., 1977, 99, 3185.



Existing Approaches for Construction of C8-C13 Epoxy Methano Bridge

Kraus, 1980

PhSeCl, DCM
then H202

OBn >

OH
C(SMe)3 C(SMe)3 HgCl2, HgO
MeOH/H,O/HMPA, 120 °C Me

HMPA, 95 °C, 24 hrs
> > Me

“OH “OH

Ganem, 1984

OMe

Dailey, O. D., Jr.; Fuchs, P. L. J. Org. Chem., 1980, 45, 216.
Kraus, G. A.; Taschner, M. J. J. Org. Chem., 1980, 45, 1175.
Batt, D. G.; Takamura, N.; Ganem, B. J. Am. Chem. Soc., 1984, 106, 3353. 36



Unexpected Transformation (Grieco, 1984)

0
J .
0 0 0
f«vBr % &0 OMe

/

Ken-ichi Kanai, Robert E. Zelle, Hing-Lueng Sham Paul A. Grieco’, Paul Gallant. J. Org. Chem., 1984, 49, 3867-3868.

37



Unexpected Transformation (Grieco, 1984)

Table I. Epoxymethano Bridge Formation?

0
substrate product yield i Br 0
o 0 \ .
,Ef Q ‘1 RS Q1%
’ 0 | 0 H
Q.,O OMe Q,O

93%

12°% 13

90%

0
88% Q_,o OMe Q,o

14 5

’ @ All reactions were carried out at 140 °C for 20 min
in DMF,

Ken-ichi Kanai, Robert E. Zelle, Hing-Lueng Sham Paul A. Grieco’, Paul Gallant. J. Org. Chem., 1984, 49, 3867-3868. 38



A More Effective Route to Bruceantin (Grieco, 1993)

TBSO, o,

.CO,Me DMF, collidine
130 °C. 80%

ketene acetal
COMe |icio,, (CH,OMe),
then PPTS. 81%

)
\‘/OH
0
F,C CF3 4 steps
-

HCI
then acylation

TMSOTf HO 5
then mCPBA 6 M HCI/MeOH/THF HO COyMe Me
then DMP" (2:1:3), 72 hrs. 75%
- X Me
Me

bruceantin

Dess, D. B.; Martin, J. C. J. Am. Chem. Soc., 1991, 113, 7277.
J. M. Vander Roest and P. A. Grieco, J. Am. Chem. Soc., 1993, 115, 5841. 39



21-Step Synthesis of Samaderine (Shing, 2005)

o TBS(_) o
TBSO_~: Me TBSO TBSO, /v Me
Me 2 steps TFA
- OH —— | O
(@] Me e
Me m = OAc
Me
(S)-carvone M ©
toluene, 180 °C
92%, trans/cis = 2:1
TBS(_) o
Me TBSO_ _‘isy Me
OH LDA. 88% Me
| QO N
O OAc
H
Me

(-)-samaderine Mn(OAc)3

T. K. M. Shing and Y. Y. Yeung, Angew. Chem., Int. Ed., 2005, 44, 7981-7984. 40



Outline

O Synthetic studies of core structure of quassinoids
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Synthesis of Framework of Javanicin B Through Consecutive DA Reaction (Spino)

[ CO,Me
OTBDPS 2 y COMe
=~ Me Me
OTBDPS 0 ﬁ : H s Me
(\/\OH 4 steps Shi epOX|dat|on 4 steps ., >
Me
M
OTBDPS OTBDPS OTBDPS OTBDPS
TBDPS
| TBDPS a

Me Me P ates
Et;OBF, Yb(fod)3s
-~ -
- E 'OEt
= I oR
COzMe Me02

Dion, P. Dubé and C. Spino, Org. Lett., 2005, 7, 5601— 5604.
C. Spino, Synlett, 2006, 23-32.
S. Perreault and C. Spino, Org. Lett., 2006, 8, 4385—4388.
javanicin B A. Dion and C. Spino, Heterocycles, 2017, 95, 894-919. 42




Gold-Catalyzed Ene-yne Cyclization

OMe
OMe MeO
© O PhyPAUCI, AgNTf,
MeO o) 3
5 steps NC / DCM. 87%
Y, —_— NC >
Wittig |
P Heck %
O Appel

bruceantin

Ingold Effect H, SO2Ph, 0%
CO,Me, 30%
CN, 87%

Y. Oki and M. Nakada. Tetrahedron Lett., 2018, 59, 926— 929. 43



Radical Cyclization Approach to Construct B-ring

MeO Me
MeO Me 3 steps NBS
—

B/rch

O,Me H H
OH
© Me
’ Me
HO, O\g)\

0~ 0 Mel .c20 quassinoid

M » Trans-fused ABC ring
° excelsin * D ring (lactone)
* E ring (ether ring)

M. G. Donahue and D. J. Hart. Can. J. Chem., 2004, 82, 314-317.
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Radical Cyclization Approach to Construct B-ring

nBu,SnH, AIBN
PhH, reflux

Y

nBu,SnH, AIBN
PhH, reflux

L
Y

nBu,SnH, AIBN
PhH, reflux

L

M. G. Donahue and D. J. Hart. Can. J. Chem., 2004, 82, 314-317.
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Radical Cyclization Approach to Construct 5-membered B-ring

nBu,SnH, AIBN
PhH, reflux

Y

Me Me Me,SO,4, Me,S
| then alkyne-Li

Y

Br”

nBu,SnH, AIBN
PhH, reflux

polyandrane

nBu,SnH, AIBN

* C19 quassinoid
PhH, reflux

* Trans-fused BC ring
* D ring (lactone)
* E ring (ether ring)

\

M. G. Donahue and D. J. Hart. Can. J. Chem., 2004, 82, 314-317.



Radical Cyclization Approach to Construct 5-membered B-ring

polyandrane

EtO,C_ Br

A

nBu,SnH, AIBN
PhH, reflux

nBu,SnH, AIBN
PhH, reflux

>

TMS

11% 60% 18%
High dilution: 64%

nBu,SnH, AIBN
PhH, reflux

95%

M. G. Donahue and D. J. Hart. Can. J. Chem., 2004, 82, 314-317. a7



Quick Assembling of Quassinoid Architecture

B &
@ .
9 novel 7 '/
/ double : | P .
guassinoids - vmylanon Z ,
» >100 members Me OH annulation/
quassin (1) * triterpene-derived longilactone (3) cyclization
anti-malarial * structurally complex|  anti.cancer common 5 B
- diverse and potent terpene core
OH biological activities H O

bruceantin (2) eurycomalactone (4)
anti-leukemia NF-kB inhibitor

M. L. Condakes, R. Z. Rosen, S. J. Harwood and T. J. Maimone. Chem. Sci., 2019, 10, 768—772. 48



Quick Assembling of Quassinoid Architecture

Table 1 Selected optimization studies®

0 oTf ] Me
.,Me LHMDS '.Me MeMgBr _we Ve
0 PhNTY, 0 J[Cu] (x mol%) _
additive, THF “OH
11 0°C,2h 12
(not isolated)

Entry [Cul] X? (mol%) Additive® Yield? (%) d.r.°
1 CuCl 15 — 43% 3:1
2 CuBr 15 — 42% 3:1
3 Cul 15 — 43% 4:1
4 [Cu(MeCN),][PF,] 15 — 43% 7:1
5 (IPr)CuCl 15 — 41% 1:2
6 [Cu(MeCN),][PFs] 15 HMPA  46% >20: 1
7 [Cu(MeCN),][PFs] 15 DMPU  32% 4:1
8 [Cu(MeCN),][PF,] 15 TMEDA  23% 4:1
9 [Cu(MeCN),][PFs] 7.5 HMPA  23% >20:1
10 [Cu(MeCN),][PFs] 30 HMPA  41% >20:1

% Standard reaction conditions: epoxide (0.1 mmol, 1.0 equiv.), LHMDS
(0.1 mmol, 1.0 equiv.), PhNTf, (0.1 mmol, 1.0 equiv.), —78 — 0 °C,
5 min; then add a solution of MeM§Br (0.3 mmol, 3.0 equiv.), [Cu]
(X mol%), and additive, 0 °C, 1 h. ” mol% with respect to epoxide
starting material. ¢ Additives included at 5.0 equiv. ¢ Isolated yield of
12 after column chromatography. ¢ Determined by 'H NMR of the
crude reaction mixture. / Reaction performed using 1.0 mmol of
epoxide.



19, 40%

Quick Assembling of Quassinoid Architecture

(o) oTf R;—MgBr Ry
R LHMDS R | [Cu(MeCN)JIPFs] R R
2 then PhNTF. O =
er 2 HMPA “*OH
3 R THF |_R R J THF B R
—_ — o
Sl not isolated 0°C 34-58%
B c OMe

13, 46%, R=H
14, 52%, R = p-OMe

15, 44%, R = m-OMe —
16, 44%, R=p-Me =
17, 42%, R = m-Me?

18, 43%,R=F

20, 55% 21, 35%

[X-ray]

»

MeO l
' “*OH

“OH
22, 34%°%9 24, 40%
OMe
S
I P

Me0\©
M .
e . N Me

Y: OH
H

23, 58%° Me
(1:1d.r)

26, 52%

M. L. Condakes, R. Z. Rosen, S. J. Harwood and T. J. Maimone. Chem. Sci., 2019, 10, 768—772.

o

S/,

Ny

"“OH
Me

25, (54%)°

OMe

27, 51%
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Quick Assembling of Quassinoid Architecture

28, 52% 29, 34% 30, 48% 31, 48% 32, 50% [X-ray]

M. L. Condakes, R. Z. Rosen, S. J. Harwood and T. J. Maimone. Chem. Sci., 2019, 10, 768-772. 51



A 3-step Synthesis

a. i. LHMDS:
PhNTf, o
O A

: i ji. Cul (Cat)
MgBr H “OH
carvone E j/ Me
epoxide (7) 33
58% [single diastereomer]

then add

AlMes

56%

38, [X-ray]

M. L. Condakes, R. Z. Rosen, S. J. Harwood and T. J. Maimone. Chem. Sci., 2019, 10, 768—772.

71%

Z(isomers)
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Summary

* Crucial Stereocenters: C5, C8, C10. C9

el © 1! . Strategies:
= A » “Scaffold Transformation”; C—BC—ABC—ABCD (Valenta)
0  AB(W-M ketone)—ABC—ABCD (Grieco)
« (C(carvone) —CBA—ABCD (Shing, quassin, samaderine)
M « A+ '
o W& I\(/Te . Hoo yOH O A+C—ABC—ABCD (Pronin)
MeO ' S| '° O M8 H
* Approaches:
H OHL Non
Me' 5 Me o - Diels-Alder reaction
quassin brucein - TM catalyzed cyclization

Nucleophilic reactions

Radical approaches (Giese, MHAT/Giese)
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Synthesis of Azadirachtin A (Ley, 2007, the Only So Far)

Ley. Pure Appl. Chem. 1994, 66, 2099

degradation
21%, 5 steps

PhMe,SiO"
MeO,C

0.25%, 25 steps
8%, 6 steps from DA product

OTBDMS

MsO
OMe
ﬁ + [ OMe

CO,Me
O -_.OH

18 steps
2.3%

OAc 1 ,2_dichlorgbenzene WOBn

AcO,, OAc 185 C
Claisen Rearrangement
AcO

07 0AC
commercially available

nBu,SnH, AIBN
LOMe high dilution

Bn 90%
/ ((ocs,Me

.0OBn

Me

OPMB

WOBn ——=

TBSO"" BN
MeOZC O
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