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= The diterpenoid (+)-steenkrotin A was isolated by Hussein and co-workers from the
leaves of Croton steenkampianus (Euphorbiaceae) in 2008, which displayed mild
antiplasmodial activities of 15.8 (D10), 9.1 (W2).

= The intricate [3,5,5,6,7] pentacycliccarbon framework contains eight stereogenic centers,
of which six are contiguous including one all-carbon quaternary center.

(1) Adelekan, A. M.; Prozesky, E. A.; Hussein, A. A.; Ureiia, L. D.; van Rooyen, P. H.; 3
Liles, D. C.; Meyer, J. J. M.; Rodriguez, B. J. Nat. Prod. 2008, 71, 1919.
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Representative natural products of Euphorbiaceae

£ & g J

daphnane tigliane ingenane steenkrotane

R'=R?=H, phorbol R=H,

inf | ingenol steenkrotin A (1)
resinferono R'=CO(CH,)1,CH3 R=OH, 13-oxyingenol
R?=Ac, PMA
(1) Evans, F. J. Boca Raton: C. R. C. Press 1986.
(2) Kidd, J. G.; Rous, P. J. J. Exp. Med. 1938, 68, 173. 4
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Biosynthesis of Steenkrotin A

. CV b oxidations
-~ a e —

ingenane tigliane steenkrotane

(+)-3-carene

(1) Hecker, E. Pure Appl. Chem. 1977, 49, 1423. 5
(2) Adolf, W. H., E. Isr. J. Chem. 1977, 16, 75.
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The Initial Strategy toward steenkrotin A

Divergent Synthesis

Me,, o)
Me wMe DIE ring Me
- é Me @
e O - 1:\ \
"“5iM /’/ ‘ ‘OHf)hemmam
Me e +_fromation
/ ether formation aldol HO — e niluel
steenkrotin A steenkrofin B
cyclopropanation
Me _
6-2 FGI FG = functional group

reducive Heck- or \

TMS /
/\JZZ/ X =Br, I, or OTf X Lo
BrMg FG radical cascade or

6-5 other reactions 6-4
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Representative synthesis of cascade substrates

1) LDA,

O OM( Br

2) MOMCI,DIPEA

cascade ? 0o
———————— >
reductive Heck
H or radical cascade

72%
OMOM
OMOM ' p=TmS, or H
7-2
¢ R? E
= ! O o)
0 5 Br\y/ \ X = Me
o. R 0 reductive Heck .
; H or radical michael ﬂ
) ﬂ : OMOM OMOM
1 .
OMOM R'= H, SePh ;
7.3 R2=TMS, H,X=0,H 7.4 MM ! 7-5 =
¢ .
(0] 0 I
o RN/ X > X_Me L o RN/ X H
o) radical reaction . . u radical michael .
R'=H, SePh ﬂ | R'= H, SePh ﬂ
7-7 7-8 ' 7-9
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Intramolecular nitrile oxide/alkene [3+2] cycloaddition

PhNCO, NEt; or
Boc,O, DMAP

30%
various
conditions
H% ————————————————————————————————————————————————————————————————————
PhNCO, NEt; or
Boc,O, DMAP
L >
50-75%
o
o Mo ©  ABN, BusSnH A O e
or Sml,, (HMPA) 0
o o --------- o
OMOM OMOM E OMOM OMOM
unstable ! : failed to be synthesized(my partner's work)
8-9 8-10 8-11 8-12
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Synthesis of Cope rearrangement substrate

No|_|

NO,
OTMS
Boc,0, 4-DMAP 1) Pd/C, H, o
\ — —
75% 2) allylMgBr \\
’ 3) TMSOTf
oMo 70 % for 3 steps OMOM
9-1
Mo(CO)g l 42%
| (@)
MG PMOM 1) NaBH,, CeCls on
= Cope Rear. o‘ 2) MOMCI, DIPEA ““
o‘ \\ 81% for 2 steps \§
OMOM OMOM OMOM
9-4 9-3 9-2

Due to failling to construct the quaternary center and the long sequence of this strategy,
| decide to give up this strategy. At the later time, my partner using the similar [3+2]
stragtegy synthesized the [5,6,7] structure of steenkrotin A, although in low yield!
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Jun Xuan’s Synthesis of [5,6,7] structure of steenkrotin A

o N-O O OH
PhNCO, Et;N > 0 1) H,, Pd/C
= toluene, 90 °C 2) MO(CO)G
8 steps 40% \/ 80% for 2 steps
OMOM 0 OMOM
10-2 10-3

1)Ac,0, EtsN, 4-DMAP o
2)Sml,, THF/MeOH, -78 °C

HCI (2 M) oe @)
THF, 65 °C \/O
80% OMOM O\/7
[5,6,7] tricycle = =

10-6 10-5 10-4

At this stage we get the tricycle structure of steenkrotin A, it seems we will furnish it
in the near furture. However, it just the beginning of this game!

(1) Jun Xuan, T Saiyong Pan, ¥ Yuanbao Zhang, Bin Ye, Hanfeng Ding.* Org. Biomol. Chem. 2015, 13, 1643-1646. 10
(1J.X. and S.P. contributed equally)
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The failed strategy was used to daphnipaxianine D

' i' cascade” i rf i'

six membered ring will more easy

steps

/

0 —

! \ Br 0
T Me

< H
daphnipaxianine D I\\\\
MOMO MOMO
OMOM

11
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The new strategy based on Diels-Alder Cycloaddition

/
D,E ring MOMO / E

formatlon -,
OMe //bMe

steenkrotin A
radical cyclizatioin \H/

(@] * // \N/ : /
steps Diels-Alder 6
@)
— s j\ — o
OTBS “
OBz

0Bz

o
A\

Rawal diene or
Danishefsky diene

12
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Intermolecular Diels-Alder cycloaddition

TMS
0 1) OTBS // 1) NaBH,,CeCl, QTES
TBSO Bng 2) BzCIl,Et3N, DMAP
2) PCC, SiO, 95% for 2 steps
60% for 2 steps
13-1 13-2 13-3
;; -Fl;%g: 85% for 2 steps
_ o) y
o,/ — ~\ 7
5 t
- nea N .
EH 40°C, 10h,
. then HCI, 85% OTBS OBz
scaleto 20 g Rawal diene !

Danishefsky diene does not work!

13
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Synthesis of [5,6,7] substrate for cyclpropanation

1) NaBH4, CeCI3
2) Mn02

3) MOMCI,DIPEA

1) KHMDS,
Davis' oxaziridirLe

2) HBF,, TMSCHN,,

66% for 2 steps 60%
14-3
AN | o
;; BLBS':,\E_I\-/IHartin = 1) KHMDS,
periodinane Commins' reagent
70% Me ‘2) Pd(PPhg),Cl,,

OMe Me,Sn, LiCl.

iz 65%
14-5
N o T
I N G S L
: NTONT o AN
e S = I
| CF; ' Davis' oxaziridine
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Attempt to synthesis of gem—dimethylcyclopropanol

t-BuOK, CHBr3

v

pentane

P
Me/\Me

n-BulLi, :
BT No Reaction !
ether, -78-25 °C l
H
MOMO /\L H MOMO /=
NaOH(50%aq), i-PrOH, : MGEACT(S&N)LQ :
CHBrs, TEBAC Me eLoher
CH,Clp, 3 h 7S "OMe and other conditions
65% A OTBS
Br" Br
15-5

15
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More substrate toward gem—dimethylcyclopropanol

OBn

R2= Me, TMS, TBS
R'= Me, Bn

16
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Review of gem—dimethylcyclopropanol

1985, Harayama

1981, Fischer and Schaefer Me Me E o EER R R
nBuLi, X LENGLE : CHBr; Me,Cu(SCN)Li
R R ; _
_ Br Br : OMe™——————> i
> < t 78-95 °C' R" "R ! OMe Pentane,2 h o Mel, ether ¥
R R pentane, -78- R = : > 1"V
. . : : E R=H 91% R=H 44%
Olefin Olefin Yield relative ! R=t-Bu 80% R=t-Bu 71%
recovered (%) toolefinconsumed (%) @ T
1 2001, Harwood
(CH3)2,C=C(CH3), 45 46 OTBS
Cyclooctatetraene 24 16 : (l t-BuOK, CHBr3 _
Cyclohexene 55 27 : 1O.9F O
2-Norbornene 68 _ E OTBS pentane, -10-25 °C
Ph-CH=CH, 12 44 !
Ph-CH=CH-OCH3 78 6 :
2001, Harwood Me Me E
OTBS n-BuLi, OTBS |
(l Br Br ’ ;
OTBS  pentane, -78-25 °C IS |
21% VLS 5
2007, Kigoshi E
OTBS Me Me TBSO MeMe [
n-BulLi z : 1964, Freeman
Br Br : R! R? o R
ether, -78-25 °C : W Pb(OAc), hv or A oAc
OTHP S OTHP | RZT-NH 2K R
: RS R3 R
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Model studies toward gem—dimethylcyclopropanol

Me><Me Me Me
n-BuLi, n-BulLi

J OTBS
Br Br Q OTBS Br><Br -

ether, -78-25 °C “A.OTBS _— ether, -78- “.Z "OTBS

/Me
g Me 25°C < 5% v Me

II’I
I’I'

OTBS

NaOH(50% aq), i-PrOH,
CHBr3, TEBAC

CH,Cly, 3 h, 80%

Me,Cu(SCN)Li,,
Mel .

NaOH(50% aq), i-PrOH,
CHBr3, TEBAC

CH,Cl,, 4 h, 70%

Me,Cu(SCN)Liy,
OTBS Mel _ OTBS
g ether, 35 % S

e T e T e

~Z OTBS ether, 60 % % OTBS - NorBS Aoras
/S .
B O Mg Me B /Br Me/\Me
MOMO 2007, Kigoshi
i /\ OTBS bil5 pil3 TBSO [ Me
Me,Cu(SCN)Li, n-BuLi. -
Mel, ether A N
and other conditions ether, -78-25 °C
OTHP 83% OTHP
Me Me
. . A
may be too crowded ! why this substrate is so active 7%

18
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Analysis of gem—dimethylcyclopropanol

Divergent
Synthesis

I

FGI

_________________________________________________________

TBSO

steenkrotin B

Due to the Diels-Alder strategy latter was used to synthesize steenkrotin B, so theses results is not published. 1 9
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Conquest of gem—dimethylcyclopropanol

n-BulLi, >( -78°
BY 78 °C

Br

ether, 76%
pentane, 20%

CHBr3, NaOH (50%),

CuSCN, MelLi,
B3SO TEBAC, CH,Cl,

then Mel

-

ether, 25%

-
-

0.5 h, 80%

OTMS

=
TBSO n-BuLi,
E—
OTMS Br Br

20-1
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The Initial idea based on [3,7] bicycle

NMe,
X
OTBS
Diels-Alder S
R=Ac, H Me/\Me

21
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Revised Strategy based on [3,7] bicycle

TBSO O™ "OFEt

Me Me OR Me Me
22-3 22-4

TBSO A, OH TBSO

OR o Me Me q = OR
f=sssssssssssssdb————————bkossosS (‘) ------- E
CO,Me MeOZC\n/COZMe w OH
2 s /< Me ~s O/@

0" “co,Me Rh, N
Me/\Me : Me/\Me Me
22.5 22-6

22
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Rh-catalyzed O—H bond insertion

TBSO TBSO

MeO,C.__CO,Me

T

N
[Rh(OACc),],, 55 °C
75%
TBSO
Dess-Martin
LiAIH,4 periodinane
—— CMOgMe 70% 50%
<~ 0
Me/\Me CO,Me
selective reduction failed .
EtsN, Ac,0 5
90% i
6:1
[TMS, TBS, Ts, ] failed(3:2) selective protection

23
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Carbonyl-ene construct [3,5,7] tricycle skeleton

TBSO TBS(:) TBSO
- XN Dess-Martin z X - A
periodinane AIBN, BuzSnH « OH
—OH . —0 - = (1:1)
S - 0 S ,h\\ 80 °C, 50% S
A O e onc A O Ve OAc o A 07z OAc
Me~ Me We Me~ Me '€ Me~ Me Me
241
TBSO
NaH
BnBr
TBAI

' K,CO3, MeOH

70% for 2 steps

24
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The Unexpected formation of [3,5,6,8] tetracycle

radical
Michael

aldol or
alkylation

TBSO
E 1) HFepy
%
2) Dess-Martin
y - periodinane N
“ 07 % 73% for 2 steps Me
/SMe Me ’ g M/\Me

= 25-3 =
Beckwith—Dowd
ring expansion

L Me Me _
25-6
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Synthesis of [3,5,6,7] tetracycle via Sml2 mediated cyclization

Q {\E OMe alkylation

~ X B PPhs, CBr,
i~ e 0 i

Me/\Me

85%
262
/’O -
sm %/
AN \ 1) NaH, Mel
% @) Z |||an —_— )
N7 0 THF, 0 °C _(H o /,M 2) LDA, Mel
[ “: 07 'Me € 3)(Sia),BH, H,0
/s Me 2 22
me Me i v Me | 0% o Me
26-1
o=
HO 5 $
V. = z OMe
Q @ S aldol DMP
-~—x——
7,2 0 Me ~,: ~O Me
Me/\Me Me/\Me
26-3

26
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Retrosynthetic analysis of steenkrotin A
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Br

tandem
Michael-alkylation
————>

a
b
c 1) SeO,
2) OsO4, NMO
3) NalOy4
—

l
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Conquer the Quaternary Center

OEt Eto 1.5:1dr OEt OEt
(@) * Br
HO / <
7 o o e AIBN
OMe MeZNPh E / BU3SI’1H
e OMe o~
90% 80 °C
“: 0 = ¥
Me /\Me Me
Me
OEt OEt

Et3B, BU3an

toluene, -20 °C

v\
OBz +

2 //Me s /’I\Ae
Me/\Me Me/\wIe

29-1 50% 29-2 25%

After the successful establish the Quaternary Center,
we full of confidence to finish the total synthesis of the molecule!

29
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Synthesis [3,5,5,6,7] pentacycle of steenkrotin A

2) p-TsOHsH,0

1) PhaPCH;3Br, t-BuOK

?
70%
for 2 steps
Me Me, 5 Me, o
OMe S~ LDA, KHMDS I~
\_ : t b :
QL = M Oz\-/ H  KH, -BuOK Oz\—/ H
M” \M’ M’@
Zi~0 Me 7 >0 Me 7, ~0" Me
Me/\Me Me/\'\/Ie Me/\Me
30-5 30-4
‘ Base/Mel %

Smly/HMPA(1:2)

KOH, benzene

-

55 °C, 8 h,
85%

80 °C

Dess-Martin

L 80%
periodinane

80%

30
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Optimization! Shorten the steps!

> o
9 fsteps o2 o/ Y 4
SR 12 steps ’,
TBSO — > OH 5y ’/
— S — T
NBI’ 7S e OAC o 2 Me,/
AL Me : 0 Me o /~°
mg Me MeMe L, et
' Cs
4 steps v ~
" ~,> ~O0 Me
> e~ Me
/ 30'5
TT4steps
(@)
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Synthesis of the Ueno—Stork precursor

0 1) allyBr, Li
TBSO,, 2) PCC, SiO,
\ o,
Me 72% for 2 steps

1) NaH, Mel
2) LiAlH,

OH 729 for 2 steps

Ac,0, Et3N
91%, 10:1 d.r.

TBSO
Me/,, -

TBSQ— 1) Dess-Martin
Me.,, OH periodinane
/&/OAC 2) HFepy
5 "0 Ve 80%
/~Me

TMSOTf
Et;N

CO,Me
CO,Me

Y OTMS
H
=z “H Me
M H
. " H H
Me. Me | then HCI
n-Buli, l
Br><Br 70%
TBSO
Rhy(OAc), Me., ~
73%
o ,,//:: OH
Me/\Me

32
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Synthesis of [3,5,5,7] tetracycle

PhNMe, HMPA
—> Me —
50%
OEt
Br/\r
Br
95%, 1.5:1 d.r. at C3
1) Bz,0, Et3N 82%
S~ DMAP for 2
i b R 2) p-TsOH steps
A\N"&\
ORTEP of Bz-1
Dess-Martin Hsl\r/InFl’?A
periodinane
90%,
5:1d.r. at C3

33
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Total Synthesis of Steenkrotin A

KOH,
benzene,
then MeOH
—_—

1) TPAP
2) NaBH,
3) PCC

KOH
~——
83%
C7-epi-steenkrotin A steenkrotin A 34-4
KOH: 1 : 2
LiOH: 1 : 20
(1) Saiyong Pan,t Jun Xuan, Beiling Gao, An Zhu, Hanfeng Ding.* Angew. Chem. Int. Ed. 2015, 54, 6905-6908 3 4

(fS.P. and J.X. contributed equally)



& TE WHAT STARTS HERE CHANGES THE WORLD

The University of Texas at Austin

Cascade vinylogous—retro aldol/aldol reaction

b H OH 4 0 ’ OH |,
5 =0 NaH )0 o)
—_— 1 Ny —_— — [/ *
2 Me Me Me
L
2

@ 7 “OMe H
m H KJ — Me ‘v, /H
Me Me - ‘ 0

(1) Casiraghi, G.; Zanardi, F.; Appendino, G.; Rassu, G. Chem. Rev. 2000, 100, 1929.

(2) Walborsky, H. M.; Reddy, S. M. J. Org. Chem. 1988, 53, 4851.
(3) Payette, J. N.; Honda, T.; Yoshizawa, H.; Favaloro, F. G.; Gribble, G. W. J. Org. Chem. 2006, 71, 416. 35
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Cascade vinylogous—retro aldol/aldol reaction

________________________________________________________________________________________________________________

KOH
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Enantioselective Total Synthesis of (+)-Steenkrotin A

K,CO3,
MeOH
60°C,6h
One Pot
desire (60%) 3.5:1 undesire (17%)
Me o
o 1) TBSOTf, Et;N &
3 steps 2) Oxone/NaHCO3 TBSO,,,
Me\\" e >
CHO Me Me
16:1 dr
R)-ci llal
( )9(;':[,2’02: a same sequence as before ! (+)-steenkrotin A
(1) Saiyong Pan, Beiling Gao, Jialei Hu, Jun Xuan, Hujun Xie, Hanfeng Ding.* Chem. Eur. J. 2015, in press. 37

(*fS.P. and B.G. contributed equally)
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Perspective

which is real structure of steenkrotin B ?

38
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Conclusions & Lessons

» Two Strategy was developed to synthesize [5,6,7] tricycle
of steenkrotin A.

» First total synthesis of (+)-steenkrotin A was accomplished.

» The gem—dimethylcyclopropanol issue was discussed, and
the valuable result can be a guide for similar synthesis.

» The quaternary centers and special moiety may Dbetter
construct at the early stage of the synthesis.

39
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THE END Thank you for attention!

i
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