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1. Protecting groups free synthesis of natural products

Proposed origin: Example: .
Me Me
NS
N NG
Me OH NR
=N =c |
N= 0
\ © e \_ (PG
N A\ PG
Me
H N
A \
Me OPP PG

¢ Function-oriented
¢ No protecting groups

* Enzymes needed to ‘
promote/control Natural
reactivity synthesis

¢ Target-oriented

e Protecting groups
(PG) needed

e Reactivity is ‘caged’
until appropriate time

(PP = pyrophosphate)

H (&S]
Ambiguine H (1) @fme
N
H

Nature, 2007, 446, 404-406

e Target-oriented

¢ No protecting groups

* No enzymes

e Natural reactivity of
functional groups is
used constructively



Proposed biosynthetic relationships of
welwitindolinone alkaloid families

O N

Hapalindole U (2)

Q Structurally
related
H
N

s” Ve Only 5 mg isolated, in yields
Hapalindole Q (3) Fischerindole U (6) Ranglng from 000671% (for 2)
To 0.0213% (for 5)



Total synthesis of hapalindole U and ambiguine H

a Me

Me Hl 7
LHMDS; Cu(ll)
b.
(R = H; 61%) R S
(R =Br; 50%) NH
gram-scale
R=H@®);R=Br(9
Four steps from single diastereomer
commercially
available
materials
tert-BuOCI;

renyl-9-BBN
preny .

(-)-hapalindole U (2)
single diastereomer

(+)-ambiguine H (1)

Me ¢
NaBH,CN,

Pd (Il
NaOCHO NH,OAc
o
(65%) HCO,H,
gram-scale CDMT
N d COCl,
H (60% overall)
10
[B-face
attack]
12: R = tert-prenyl hy o
Et,N 63%
-




Total synthesis of welwitindolinone A and fischerindole |

=
0 a \‘* b H* (57% b.rs.m.)
Me indole,
Cl LiHMDS; CIME c NE.BHJCN,
Me — N NH,OAc (42%)
\ H Cu(l H -
(62%) H Me
15 gram-scale 16
[Prepared in two steps single diastereomer

from carvone oxide]

e DDQ, HyO
——————-

(92%)

Cl
. . Me
[1,5] S|grr_13troplc :{I\/Ie
shift Me - Q
’ =N '

0~ ® oy

H
_ (+)-welwitindolinone A (4)

single diastereomer



Why this work worth Nature?

Me
Hapalindole U (2) Fischerindole | (5)

» Biomimetic synthesis

» Short synthesis route (7-10 total steps )

*Gram scale synthesis compare to 0.0067% (2) and 0.0213% (5) isolated yield
* Protecting groups free total synthesis of complex natural product



2. Total synthesis of eudesmane terpenes by site
—selective C-H oxidations

Two-phase terpene total synthesis Me Me

Me Me Me Me
| HO HO Me HO Ho Me
Simple : Me Me _ 5: 4-epiajanol 6: dihydroxyeudesmane
commercially _ | ‘cyclase | Me | ‘oxidase | _ (reassigned structure)
available phase’ Me phase Me Me
building blocks HO Me Me Me OH
4: dihydrojunencl M OH
HO HO HO "“®HO HO Me
1: pygmol 8: eudesmantetraol

« Over 55,000 members of terpenes isolated so far, have long history provided
human with flavours, fragrances, hormones, medicines.

« Eduesmane family of terpenes containing over 1000 members, most are in
high oxidation state

« difficult targets for synthesis, only 4 has been prepared

Nature, 2009, 459,824-828



1,3-Diol synthesis via controlled Radical-
mediate C-H functionalization

A. OH OH this OH
/K/k Work )\/\ /\)\
Ry R, Ry R;
«direct oxidation
conventional
approaches

(8) OH
1) ' )an R1/VL92 R1/vnz

~aldol, reduction *conjugate addition, «allylic hydration
reduction
0
OJLNHCHcha C. PhCF3, CBr4, hy OH OH
H1 R2 TUU vV F100a Lamp R1 R2
OH OH OH OH OH OH
9::;?@ : 6 (45, 94b)c ‘7(91 dr1:1) ‘ 8 (41, 82" 9 (31, 93%)
OH OH
OH OH
OH OH Me OH OH OH B Me
Me
Me MeMe Me MeMe (0) Me Me Me
10 (70, 9829 4 (69, 95b) 11 (96) 12 (55, 95P) 13 (55, 939)

J. Am. Chem. Soc, 2008, 130, 7247-7249



Gram scale total synthesis of dihydrojunenol

O CIJ Me
PR

¢ Nine steps

* 21% overall yield
¢ Gram scale

¢ Enantioselective

Me

Me

Me™ OH Me

4: dihydrojunenol

e

a (_)“\\(Ph R it d
Ph
9 OMe MMQBI‘
- -
b LiOH e PCC

(63% overall)

h Pd/C, H,

Me~ Me

l,, Pyr

(99%) R=1I;11

I Na, EtOH

(87% overall

Nature, 2009, 459,824-828

Me
(;QYMB
) Me O Me
14

e

(74% overall)

R = H; 10 (cryptone)

g LiMe,Cu

(56% + 17% 13)

O

Me Me
12

l (95%)

%Me
O Me
13

f Pd()
Ph,P



total synthesis of dihydroxyeudesmane

a CF,CH,NCO
4
(99%)
L?;iﬁqlﬁM Troo l?qiﬁ?¥\ NaOWe L}:jb:ng
82%
95%
(gram scale)
F.CH,C— NH F,CH,C — NH 5:4- eplajanol (X-ray)
15 16
(X-ray)
i Me ] Me
d M Me
. : Me il. Ag,CO, Me
i. CH;CO,Br AcOH
- ii. Sunlamp . Me c Me
, > C Br iv. LiOH HO  HO
)=O (43% + 6: dihydroxyeudesmane (X-ray)
FoCH,C—NH 39% 15) (structure reassigned)
_ 17 -

O3 =73.6 p.p.m. >, =552 p.p.m. =y =
50.2 p.p.m.>d¢; =27.5 p.p.m.=~dcs = 26.6 p.p.m.

Nature, 2009, 459,824-828



total synthesis of prgmol and eudesmantetraol

Me a Me i Me i
Me lH; _Me cHcoBr| Me Me b Me Me
ii. Sunlamp i. TMP
Hoo Lo L opMe——|ud g g Ve nd o©
2 4
0 >=O >=O
F,CH,C=NH F,CH,C=NH F,CH,C—=NH
16 — 18 - - 20 -
iil. AgCO, )
AcOH l ii. NBS l
Me Me
Me Me Me Me Me
iv. LIOH
HO HO HO M «———|nd d_d Me
(52% + by HO  O-__O
7: pygmol 30% 16) O ?// Br
- 19 (X-ray) - - 21 -
(X-ray)
Me Cc
Me Me NaOH If
1 -
OH (90%)
HO HO HO Me
23: 11-epieudesmantetraol Me o iii. LIOH
Me B : (27%
Me HO HO 1 % +
S Me 379 16)
OH HoS0, 22 (X-ray)

HO HO Me

0,
8: eudesmantetraol (87%)



Why nature?

* biomimetic “two-phase” concept
Highest O] state * cheap SM and high yield gram
scale synthesis
* Site —selective oxidations In
complex natural product total
synthesis
« four compound in one synthesis
route, three are first reported

Retrosynthesis
pyramid

Level 3

Level 2

HO HO Me HO HO HO
20 7
Me

Me ‘Oxidase
phase’

H'D HO 6 Me

\ Both /4
__\ _accessible _/_ __
! :
1 1

o] @ Me

‘Gyclasephase’MeJ\//’ + NS MIBr - MeCuli + ON\Me

Lowest [O]-state

Compound 4, 6, 7, 8 were respectively Constructed in 9, 12,
13 and 15 steps in 21, 9, 9 and 4% overall yield.



Scalable enantioselective total synthesis of taxanes

d Retrosynthetic analysis of Taxol by an 'oxidase phase pyramid'
Higher [O] state
A

'Level 9'

4
'Level 7'

Taxol Taxol [O] state

BzZHN O (= 'level 11) 5

'Level 6'

OH ﬂ Oxidase phase pyramid

(+)-6
2-acetoxybrevifoliol [O] state  Taxinine E or J [O] state Yunnanxane [O] state '"Taxadienone’
(="level 9) (= "level 7') (= 'level ") (= level 4')

Nature chem. 2012, 4, 21-25



Scalable enantioselective total synthesis of
taxanes

a. CHBr3, 'BuOK: then

""'“: :"“"“ PhNMes, 150°C M8, JBr
Me M % mh‘ﬂ
he
8 (commercial) 10 (known)
b. *BuLi_, TMSCI,
CuBr»Shle-
0 a”. vinylmagnesium -
D bromide (see ref. 45) /\Q
(75%) (BB%)
DEL 0 [decagram scale]
9 (commercial) 11 (known)

f PhMNTfz, KHMDS;
g MegZn, Pd{FFhz)4

[gram scale]

Taxadienona’

(B4%:, two steps)

Me Me Ph
Ma
Me
‘ o Ve VA
P—N Me
‘ G }-Ilm h‘ﬂl
Ph O
Me Me
(+-13 (+-15
c. MesAl (1.4 equiv.),
Me CuTC (2 mol%), Me Me
ligand 13 (4 mol%%),
Y N e then THE, TMSCI 4 N ME
e (8%, 03% e.2.) Me
0o [gram scalke] OTMS
12 (=14
d. Acrolein (20 equiv.),
Gd{OTTi3 (10 mol¥%),
1:10:4 HoOERDOH PhMe;
then Jones' reagent (B5%)
[gram scale]
8. BFz»OEts,
CH5Cla
(7% (+)}17
+ 20%, undesired 0
diastercomer) 16 (2:1 d.r., mixture of
(+H17 (=091 dr.atC1) [gram scalke) ;[mm major

diastersomer shown)

7 steps 20% overall yield



From nature chem to nature?

Me Me
C: Shapiro/aldol/ Me ¥
A: RCM Diels—Alder / \ Me ‘
%Me % O
Me
20

D: later-stage

1,4-addition at Me

B: aldol Me
)M ‘ = X

Taxad|en0ne

19 21
X =H or R3Si

» Gram scale synthesis, short synthesis route and high yield
 Rapid synthesis
* Intermediate of Taxol

Terpene biosynthesis Me R,0 O R,=Ac, R, =

e
Mg NHBzO
Geranylgeranyl | cyclase 6 __| oxidase
diphosphate phase [ phase _"'"F{20---- ph/\)l‘f

0O 2 pachtaxel

Me Bzd Acd
1: taxadiene R;=R,=H;

Nature chem. 2012, 4, 21-25 3: 10-deacetyl baccatin |l



Scalable synthesis of Quabagenin

* Treatment for congrestive

OTBDPS
0 o MO heart failure

| . « Scalable synthesis complex

+ steps P

| 0.21% yield steroid |s_u_nknow _ _
Phie,SI™ = >~ * Drug activity relationship
[z g .
o studies is rare

Hydroxylase
Enzymes

Angew. Chem. Int. Ed. 2008, 47, 1272
Science, 2013, 339, 59-63



Biomimetic synthesis of ouabagenin

: HO Me i
: o '
; HO !
' HO OH :
i HO "
M

' HO 2 Redox-Relay

: | | [Ci73= Cy4]

HO Me ' AcO

Stereochemical E
Relay

HO 3
@ [C19®Cy;
C19»Cs]
Ho. © Me '
19 o] :
1 :
' o s 4 Redox-Relay 1 cortisone
' @ [C113Cyg ! acetate (6)
' USS$1.2/gram
: Qe iﬁ e
; 19Me 0 :
ouabagenin (1) :
: o) 5

1
&— Quasi-Biomimetic — 4
Oxidation

Science, 2013, 339, 59-63



Scalable synthesis of Quabagenin

Me O AHr,
HO’\’OH
(81%)

B hv
(68%+
12%
recovered sm) . .
[solid state] 7 bond a = 1.567 A, bond b = 1.538 A

adrenosterone (5) [gram scale] Phl(OAc)» = bond "b" cleavage; NIS = bond "a" cleavage

/? E H,0,

; o D TiCl,;
C NIS, L|2003 Ago4Ac F SeOQ
(85%) — > [C19 directed
[gram scale] ,° (71% overall) epoxidation]
<,0 [gram scale] [gram scale]
8 9
G H,0,
(50% over o |P§|’ZS(1:O
. 2
3 steps) H Al-Hg, Hz0 J LiBEt;H
[C19 directed 56%) > —)
epoxidation] " (56%) ; (63% over
["on-water"] 2 steps)

[gram scale]

[gram scale] [gram scale]

[single diastereomer]



Scalable synthesis of Quabagenin

K Li, NH5 Me (o)
L PPTS, M TMSOTF; Pd! Me\{\ 9“ Me Me
Me,CQ N SiO,, DIPEA 5 OL | O 0,, Co(acac),
(69% F>>:<<F > 5
6 over
[stereocontrolled
[grzaﬁ'tespcsa)le] FaC F hydration]
(PFT) ¢ F 0. .0 (86%)
essential additive ~B” [15 steps overall]
1 (55% over 2 steps) ! [8 column purifications]
Et Et
14 [gram scale] 15 [600 mg of 16 prepared]
o
foeeesssssssss = 0
. (o) : 0
: : Me via O
E ﬁo P Me C [Co.B] o
sugsn” 37 | jLo D weN
--------- o) 16 NtB
AN2H4, |2, EtsN MezN# ! Me ’
p—— > OH (70% over
Pd(PPhs), 2 steps)
0.,.-0 — > OH 19
(42% over IB 18
2 steps) Et
E Hei
(90%)

20 total steps 0.56% overall yield

ouabagenin (1)




Scalable synthesis of Quabagenin

OH

+15 steps; » 7-step . 20 steps:
digitoxigenin of G1AOn (rdirect OH - 3-step installation adrenosterone (5)
functionalization) ouabagenin (1) of C14-OH; — redox "donor"
N [concise synthesis achieved « 2-step installation = redox ‘donor
via 0 Me through redox-relay] of C19-OH .: redox "acceptor”
AcO Me
Br 0
H - * >40 steps; * 6-step
batrachotoxinin A installation 11-oxo-progesterone
0 of C14-OH (indirect * Bioactive cardenolide as target molecular
functionalization)
o °
Qi Almost gram scale
Me

* Redox and stereo-relay synthesis
* More efficient synthesis route

HO O
’ AcO :
‘0 OH 24 st 8-st
. sSleps; * o-sie
Ho p! p

installation of C14 AcO

OH e
. and C19-0OH (indirect
strophanthidol functionalization)

pregnenclone acetate



14-step synthesis of (+)-Ingenol from (+)-3-Carene

First —in-class drug for actinic keratosis

* 0.0011% and 0.028% (w/w) isolation
yield of 2 and 1

Ingenol (1) ingenol mebutate (2) » 3 total synthesis need 37-45 steps

(Picato®)
[FDA approved 2012]

Proposal biosynthesis pathway

i MGWOPP Me< ~ OP;e Me ,:I,Ie
Me Me—7 S Me =
DMAPP — Me —_—
= \"/\/OPP = Me Me
geranylgeranyl casbene (4)
PP pyrophosphate (3) 4 [;Zs/lzaenneg:xg:!ed

in S. Cerevisiae
1

/ oxidase phase i i
AngO HO 5 C-O bonds yelso phase
HO oH 1,2 shift \, 7 C-C bonds

ingenol-3-angelate (2) e Me

(Picato®) [tigliane type] [lathyrane type]
[ingenane type]
1.1 mg/kg in E. peplus

Science, 2013, 341,878-883



Bilosynthetic inspiration and retrosynthetic
analysis

ingenol (1)
3 total syntheses (37-45 steps) [putative biosynthetic
this work: 14 steps intermediate]

Me
MgBr

Me-., Me g Me
Me ||I e

phorbol (5)
1 total synthesis (36 steps)

Me
% +)-3-carene (9
H :> b ( >$10.20Imo§ :
'OTBS oT8sS cyclase
. phase /\./§0
Me =
8 10 Me

Science, 2013, 341,878-883



14-step synthesis of (+)-Ingenol from (+)-3-Carene

[Cyclase Phase]: 7 steps, 7 C-C bonds, 5 stereocenters

3. LiNap, HMPA,
Me 1. NCS, DV Cl..,, Me Mel,ghen
Me ; L}( ?
Me 2. Og; thiou o Me LiIHMDS, 10 - (81%, 10:1 d.r.)
(+)-carene (9) (48%) 11 /\:/§o I\ine [gram-scale]

[gram-scal 10 Me 12
(44%, one-pot)

Me.,,

Me 4. =—MgBr

Me.,,
TMSO.,

Mes TBSOTY:
Me TMSOTf

(71%)

6. [RhCI(CO) 2],
o}

(72%)
: OTBS N o : [gram-scale]
Me % '
14 g g
Me
7. MeMaBr
0o —_—

H
"*OTBS

(80% + 18% 15)
[gram-scale]

Me
[cyclase phase endpoint]
1.08 g synthesized in one sequence



14-step synthesis of (+)-Ingenol from (+)-3-Carene

12. HF
11. SeO,, 13. Martin's 14. SeO,, HCOH
sulfurane, Me -
then ACQO B xS (760/0)
then NaOH

(59%)

(81%)
20-deoxyingenol (20)

« FDA approved drug as target

* Cyclase\Oxidase Phase biomimetic synthesis

* Large scale synthesis

* 14 steps compare to previous 37-40 steps

ingenol (1) *1.1% overall yield compare to 0.028% isolated yield

Science, 2013, 341,878-883




Top 18 best sell drugs in 2012
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2 Abilify 3 Crestor 4 Advair Diskus 5 Cymbalta 6 Humira
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9/12 Heterocyclic compound, 4/12 contain F, 6/18 monoclonal antibody




Practical and innate carbon-hydrogen
functionalization of heterocycles

A Pathways to trifluoromethyl arenes

"Innate Trifluoromethylation" "Programmed Trifluoromethylation”
(DG)
IICF [M]ll
_>
n +n CF3 (X)
CF (X = Cl, Br, I, B(OH),)
B Discovery of a mild CH trifiuoromethylation of pyridines
'Bu 'Bu
reagent, conditions
R
| o
7~
N
Entry Reagent Conditions? Yield
1 Togni's reagent? KsS50g, ANO3, TFA, DCM/H,O n.r.
2 Umemoto's reagent?  K,S,0g, AgNO3, TFA, DCM/H,O n.r.
3 TMS-CF3° NaF, DCM n.r.
4 TMS'CF3 Kzszog, AgNO3, TFA, DCM/HzO n.r.
5 TMS-CF tBUOOH, FeSO,, AgNOg, TFA, DCMH,0  n.r.
6 K(MGO)sB'CF3 KZSZOSY AgNO3, TFA, DCM/Hzo n.r.
7 K(MeO)3B-CFs4 tBUOOH, AgNO,, TFA, DCM/H,0 n.r.
8 KF3B-CF KoS,0g, AQNO3, TFA, DCM/H,0 n.r.
9 KFsB'CF3 K28208, CU(OTf)Q, TFA, DCM/Hzo n.r.

10 N3302CF3 K28208, AgNO3, TFA, DCM/H20, 50°C 20 %

Proc. Natl Acad. Sci. USA. 2011, 108, 14411-14425



A new reagent for direct difluoromethylation

C. Invention of zinc difluoromethanesulfinate (DFMS)

Nal, acetone
[Na]SO,CF;H
Lil, acetone .
‘30‘%’) [Ll]SOZC F2H
Mg®, H,0
9 2=y [Mg)(SO,CFH),
Cl
/ [Zn](SO,CF3H),
HE,C O  (85%) DFMS (3)  (73%)
4 [35g scale] Il 2
. air stable
- free-flowing
powder :
+ X-ray

(polymeric crystal)i
) * 1509 prepared .

2R-SOCl + 2Zn ——= (R-SO)Zn*2H,0 + ZnC,

H,
Commercially Added in Desired An impurity that
available or  excess; the rest product can be removed,
made in-house s filtered away if required

Figure 2 | The synthesis of zinc bis(alkanesulfinate) reagents.

J. Am. Chem. Soc, 2012, 134, 1494-1497
Nature protocols, 2013, 8, 1042-1043



Practical and innate carbon-hydrogen functionalization
of heterocycles

b ﬁ o,
813 keal mol~' * Acyl and alkyl radicals
ca mo ~oH (refs 2 and 3)

OH
c-B ;
90 kcal mol- .B.
R OH

=

c-S q
65 kcal mol! ~Sa
' R OH

Borono-Minisci
* Aryl, allyl and some alkyl
radicals (refs 4 and 5)

Zinc sulphinate salts
* CF,, CF,H, CH,F and some alkyl

radicals (¢ and Table 1)

c R-CO,H o
or Me Me
R-BOH:  Men N, (B-S0)Zn  MeN N
NR ~—N— J\ | )————— J\ | )—r
[Agl. S,0,> O N N o N N
Me Me
Caffeine (1)

Zn
The (RSO,),Zn toolkit was prepared by: R-SO,CI T (R-50,),Zn
2

Amount Sigma-Aldrich

R group Acronym prepared catalogue number
-CF,  (X-ray) TFMS (4) >500g L510106
-CF,H (X-ray) DFMS (B) =500 g L510084
-CH,CF, TFES (C) =100 g 511234
-CH,F MFMS (D) arg —
-CH(CH,), IPS (E) =200 g L511161
-(CH,CH,0),CH, TEGS (F) 20g —

Nature, 2012, 492, 95-100



Substrate scope of the zinc sulphinate salt toolkit

Zinc sulphinate salt
Open flask, operational simplicity, =50 examples

Heterocycle Zn salt R
CFa (A) CFzH (B) CHzCFs (C) CHzF (D) CH(CHs)= (E) (CH2CH20)=CH= (F)
1 89 (100)1 73(57)15% 51# 80# 41+ 4011
1A 1B ic iD 1E 1F
2 79 (100)1 72(41)15% 44 75# 37%* 49+
2A 2B 2c 2D 2E 2F
3 357N 66 (100)f 18 (85w 7391t 47% 41+
[4:1C2:C3] [only C2] [4:1C2:C3] [17:1C2:C2&CE] [C2:C2&C6 1.4:1] [only C2]
3A 3B 3C 3D 3E 3F
4 66 (65)158 60 (96)1 33# NR 41+ NR
[2.3:1C6:C2] [C2:C6:C4 3:2:1] [1.4:1C6:C4] [only C6]
4A 4B 4C 4D 4E 4F
5 75 (100)+ 50 (67)t 3177 56# 43%* 32%+
[5 products]
5A 5B 5C 5D 5E 5F
] 42 (44) 21 (44) 2]%* NR 4E*+ 16+t
[2.7:1 C4:C5] [1.6:1C4:C5] [only C5] [2.1:1 C4:C5] [3.4:1 C4:C5]
6A 6B 6C 6D 6E 6F
7 45 (90) 57 (71) NR NR 4G+ 32(38)t1
[only C4] [6:1 C4:C5] [10:1C4:C5)] [only C4]
7A 7B c 7D 7E 7F
8 76 B3 1)t 65 (100)t 58*+ 40% 174+ 10(43)t
[7.4:1 C2:C5] [only C2] [1.4:1C2:C5] [only C2] [only C2] [only C2]
8A 8B 8C 8D 8E 8F

50/52 have not been reported before!



Substrate scope of the zinc sulphinate salt toolkit

Bpin o}

TFMS, TBHP

N
TFMS or DFMS MeN
| )R

’
Gl CH,Cl,/H,0 - TBHP, RT o "
?_EE'E 50% {94%]': 1N3 GF& Me (1A or 1B)
I iii (DFMS)
51% (85%)" COH '
HF,C N HCI
L
0 R-Cl TFMS, TBHP
(US$3,500 g UsS$1.1 g CH,Cl,/H,0 I _
or G-step 10: R = Bpin N CF
synthesis from . 57% 4
yninesis ! 11: R = CH,CO.H 14
2-picolinic acid) 1M Tris buffer containing
B-lactamase
b
Javm
N .
i. TFMS, TBHP,

wOH  TEA, CH,CI,/M,0

* C-H fuctionalization of medicinally important
hetercycles

* Ten different Zinc sulphinate compound developed
four of them are available from Sigma-Aldrich

MeO i. IPS, TBHP

_ 30%
H™7 N 2°H (one pot)

Dihydroquinine
(15)

RE+ Flh -

COH coe o  Mide reaction conditions
N s -n ve * Now widely used in medicinal chemistry (Pfizer)
| P | P JI\ 4
N M Me

HF,C”™ "N” TCF, HFC™? N"®Cy  HRC
17 (20%) 18 (22%)t 19 (23%)



Summary

mw

HO HO
8: eudesmantetraol

welwitindolinone A Nature, 2009, 459, Taxadiene ingenol (1)
Nature, 2007, 446, 824-828 Nature chem. 2012, Science, 2013, 341,
404-406 4,21-25 878-883

Me m Me ouabagenin (1)
Me /> (S0 MelT ] N,>_R Science, 2013, 339,
J\ NP 59-63
Me

Caﬁelne 1)
R = CF3, CHF2,
CH2F

Nature, 2012, 492, 95-100 ] ]
* New metods is more important than complex molecular

» Drug or bioactivity compound as target (from chemistry to
industrial )

» Biomimetic synthesis ( protecting group free/cyclo-oxid phase)
« Large scale synthesis

» More efficient synthesis route (multiple compound in one
synthesis route/ high yield/shorter steps)

 Useful chemistry (Publish papers and earn money)
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Reactivity of fluoroalkyl radicals: *CF; and CFoH

Electrophilic
N

Trifluoromethylation

qNucleophiﬁc
Et
Difluoromethylation m

DFMS
NaSO,CF; BuOOH
MeO - » MeO
(44%) CH,Cl,/H,0
F,C”7 ref. 17 (49%) ’
Me
H o
Me \\ n @ n o
-, A Me )
n Nes @3 .
= O T
H H
N
hapalindole Q (1) ] e
mechanistic blueprint:® B 0 N
3
carvone (3) Base m +Me o
N Me
indole (2) © H
3_ -l
o
Me
H
3. ol




O CF,

A

Me OH Me a. CF3CHoNCO Me O N
- H
Me Me Me Me
2,6-dimethyl-4-heptanol 1 (97%) Me

b. CH3COzBr l

O CFs O CFs)
Me O)LN) ¢. PhCF;, CBry, hv Me O)LN)
)\/'\AH< ol )\/l\/?\r
Me Me | 100 W Flood Lamp |Me Me
Me Me
|- 2 - B 1a =)
d. AgoCOs3;
then AcOH
el O —
Me OJLO e. K,.CO, Me OH OH
)\)\/I\ o )\)\/I\
Me Me Me' Me
3 Me 4 Me

(69% isolated overall)



