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Background

* Phorbol derivatives are members of the tigliane diterpeniod family
» |solated from Thymelaeaceae and Euphorbiaceae
« X-ray structure of phorbol derivative in 1967

Tigliane diterpenes promising in
medical applications:
Immunmodulatory

Anti-cancer

Anti-viral

Wender’s racemic total synthesis 1989
Wender’s racemic formal synthesis 1990
Wender’s asymetric total synthesis 1997
Cha’s asymmetric formal synthesis 2001
Baran’s total synthesis 2016




Wender’s racemic total synthesis 1989

Oxidopyrylium-Alkene [5+2] Cycloaddition
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Org. Lett. 2006, 8 (23), 5373-5376. JACS 1989, 111 (24), 8957-8958. JACS 1987, 109 (14), 4390-4392.



Wender’s racemic total synthesis 1989

Preparation of Cycloaddition precursor W4
Achmatowicz R.
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Attachment of the A ring

9. H,, Pd/C
10. Ph3PCH,
14. TMSCN 11. Se0,
znl, 13. (CH,CH),CuCNLi, 12. MnO,
- -2

5 steps 78%
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15.DIBAH | 4 steps 46%  Internal Nitrile Oxide
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Luche Reduction
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19 B2,0 22. TBAF 25. DIBAH
20, DBU 23. 2-methoxypropene 26. PCC
5 steps 72% o 3 steps 78%
e) (from W9)
OTMS \—0TBS OTMS \-0TBS
W9 W10 w11 w12

JACS 1989, 111 (24), 8957-8958. JACS 1987, 109 (14), 4390-4392.



Wender’s racemic total synthesis 1989

27. LDA, TMSCI
28. PhSCI
29. Pb(OAC),

3 steps
60%

41. DIBAH
42.Bz,0

43. Se0,
-

44. SOCI,,
58% propylene oxide
45. AgOBz, KOBz

2 steps

Parikh-Doering-Oxidation

OBz  46.HCIO,
{_Me 47.S04Py, EtsN
Me DMSO
48. CF3CON(CH3)TMS

73%

Attachment of D ring functionality

30. mCPBA
31. P(OEt)3

Meﬁ. Me  39.PCC
I Me 40. NaBH(OAc
Me l : . (OAc);
38% (33-38)
OO0 92% for 40
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Elaboration of the A ring

49. KN(TMS),, TMSCI
then NBS
50. LiBr, Li,CO3
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2 steps 47%

32. PhSC(CH3),

85%

33. DIBAH
34. CO(Im),

35. TBAF
36. T,0
37. TBAI
38. tBuLi
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51. TsOH, MeOH
52. KCN, MeOH
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Phorbol

JACS 1989, 111 (24), 8957-8958. JACS 1987, 109 (14), 4390-4392.



Wender’s racemic formal synthesis 1990

Preparation of Cycloaddition precursor R4 o

1. NaOEt,
4-bromo-1-butene

2. NaH, then LiAlH,4

3. PBr3, then aq. HBr

3 steps 62%

12. LICCCH,4

then TMSCI
-
55%

R8
o 13. CpoZrBu,
69% J then, AcOH

14. O3, then NaBH,4
15. 2-methoxypropene
16. PCC
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A Ring Annelation

9. SOCl,
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Oxidopyrylium-Alkene 7. heat l 71%

Phorbol

JACS 1990, 112 (12), 4956-4958.



Cha’s asymmetric formal synthesis 2001

Wender’s A Ring Construction

[4+3] Cycloaddition Asymmetrization Asymmetric Deprotonation +
0 Intramolecular Heck Reaction
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JACS 2001, 123 (23), 5590-5591. Chemical Society Reviews 1990, 19 (3), 335-354.



Cha’s asymmetric formal synthesis 2001

O
[4+3] Cycloaddition CI\HJ\/CI Asymmetrization
Cl
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B Ring Attachment
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then O O
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JACS 2001, 123 (23), 5590-5591.  J. Org, Chem. 1992, 58, 766.



Cha’s asymmetric formal synthesis 2001

18. Pd(OAc),
HCO,K
79%

OTMS \—0TBS OTMS -0OTBS

19. Ti(OiPr),
iPrMgBr

83%

C13 C14 C15 C16

21. L-selectride 93%

21 steps

Phorbol C17

JACS 2001, 123 (23), 5590-5591.



Barans’s total synthesis 2016

Me,, Me
TMSO,, Me
Me e} g
Me "OTBS

Me
(+)-3-carene

Installation of C12: Proper oxidant analyzed computationally and
inference of innate reactivity using NMR. Pseudo-equatorial C-H
bond at C12 most reactive on following considerations:

1) steric shielded C6, C7, C8 and C11 positions

2) higher s-character of the tertiary cyclopropane C-H bonds
(C13/C14) makes them difficult to oxidize

3) of the remaining carbon center 13C NMR indicates that C12
is the most nucleophilic

4) hyperconjugation from the T-like cyclopropane system
should facilitate oxidation of the pseudo-equatorial C-H bond
atC12

5) strain-release might accelerate such an oxidation

More nucleophilic
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Nature 2016, 532 (7597), 90-93. Science 2013, 341 (6148), 878-882.



Barans’s total synthesis 2016

Installing C4 oxygen using Mukaiyama Hydration and in situ silyl group installation.
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Nature 2016, 532 (7597), 90-93. Science 2013, 341 (6148), 878-882.



Barans’s total synthesis 2016

O
Me Me

(+)-3-carene (B1)

then Mgl,
Zn|2

B9

Synthesis of Diene B6

3. LiNap, HMPA
: I Mel, then
Allylic Chlorination .
Oxonolysis 4. LIHMDS
1.NCS, DMAP 2o 4 =—MaBr
2. 03, thiourea CI"J:><Me Me =
Me =
48% ¢ 44% 81%, 10:1 d.r.
B2 B4
First Key Oxidation 5.TBSOTf, | 71%
TMSOTf

TFDO Oxidation Mukaiyama Hydration

Elimination
v O Pauson-Khand
FsCxé 7. [Mn], O, Me, Me reaction
PhSiHg, then  TMSO,,, Me
8. TFDO TMSOTf o - g 6. [RhCI(CO).y,
-
(70%) / OTBS 72%
Me
B6 B5
Second Key Oxidation
Mukaiyama Hydration RuO, Oxidation Aldol Addition 0 OHQH
9. [Mn], O, Me,, 2H:
PhSiH3 TMSO.,, Me 10. RuCl; 11. TFAA
PPh; o) g OH NaBrOg then Zn
—_ e —_—
2 steps ., 96%
34%B10  TMSO — OTBS
62% B7 Me
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Nature 2016, 532 (7597), 90-93. Science 2013, 341 (6148), 878-882.



Barans’s total synthesis 2016

Sc(OTf), (R=H)
—_—
83%
- B13a B13b
Et;N (R=Ac)

Wolff-Kishner Reduction

12. TsNHNH,
NaBH;CN

%
40%

B16

Cyclopentenone
Rearrangement

19. NaBH(OAc);

then TBAF 18. NaBH,
then Ba(OH), then Ac,0
-« Me
93%

phorbol

Desired Reaarangement vs. Undesired Rearrangement

Allylic Oxidation

13. CrO3
3,4-DMP
46%
B17
Cross Coupling
14. TMSN3, |, 64% C18
15. MeySn, [Pd] | 33% C17
Dehydration
Allylic Oxidation
16. HF-Py
17. Martin Sulfurane
_ then SeO,
2 steps 51%
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Nature 2016, 532 (7597), 90-93. Science 2013, 341 (6148), 878-882.



