Problem Session (8) 2019/11/30 Koichi Hagiwara

All problems are from works by Prof. Tuoping Luo.
(1) Please explain the reasonable reaction mechanisms.

1) (Ph3P)AUNTT, (5 mol%)
X (2 eq.), MsOH (1.3 eq.)
CF3CO.H (1.1 eq.),
AgOTf(2 mol%), (CH,CI),, rt;
aqg. NaHCOj (excess)
| AgOTf(1 eq.), 73%

N N N
H H 2) piperidine (40 mol%) N e}
(CF3),CHOH, 150 °C (microwave) H
1-1 — 56% (97% brsm) 1-2
X
| @
Br N
|
O@
X
(2) Please fill in the blanks, A and B.
(Ph3P)AUNTf, (5 mol%) A
(6/6-fused ring
(CHLCI),, 25°C one of them is aromatic)
57%
2-1-(E)
(Ph3P)AUNTf, (5 mol%) B
(CH,Cl),, 25 °C (6/5-fused ring)
7%
(3) Please explain the reasonable reaction mechanisms.
@)
@ (Ph3P)AUCI (5 mol%)
AgSbFg (5 mol%) 0 |
= o) -~
Me = N Me
P Me CH,Cly, reflux
Z4
Ph Me 69%
Me Me
3-1 3-2
@ 1) (+BuzP)AUCI (5 mol%) o o
/k o AgSbFy (5 mol%) \,(
= CHJCly, rt, 83% Me N~
Ph . PO Ton -
FZ N3 2) PPhs (1.5 eq.) Me™ Ph
toluene, reflux, 99% M
Ve Me~ "Me ° e o
3-3 34 (2eq.) 3-5



Problem Session (8) - Answer 2019/11/30 Koichi Hagiwara

Topic: Works by Prof. Tuoping Luo

2005 B.S. in Chemistry, College of Chemistry and Molecular Engineering, Peking University (Prof. Zhen Yang)
2005-2011 Ph.D. in Chemistry, Department of Chemistry and Chemical Biology, Harvard University;

Chemical Biology Program, Broad Institute (Prof. Stuart L. Schreiber)
2011-2013 Postdoctoral Fellow, H3 Biomedicine Inc., (Dr. John Yuan Wang)
2010-2013 Designed and managed natural product total synthesis projects in collaboration

with Prof. Zhen Yang and Prof. Yefeng Tang
2013-present Provisional Principal Investigator, Peking University-Tsinghua University Joint Center for Life Sciences
2013-present Principal Investigator, College of Chemistry and Molecular Engineering, Peking University

Prof. Schreiber's lab: 1. Synthesized HDAC inhibitors in collaboration with Dr. Weiping Tang
2. Developed novel gold-catalyzed cascade reactions
3. Screened and developed potent STK33 kinase inhibitors
for probing KRAS-dependent cancer cells (with Prof. Todd R. Golub)

Selected synthesized natural product

.OH
0 O M H
CHO Me @)
N -
0 H
Me Me
kuehneromycin A xanthatin Sclerophytin A
and other 3 related compounds and other 6 related compounds and other 8 related compounds
(with Prof. Yang and (with Prof. Yang and Prof. Tang) (with Prof. Yang)

Prof. Chuang-chuang Li)

dyotropic rearrangement of cis-p-lactone ~ Au-catalyzed cascade reaction

Au-catalyzed tandem reaction Angew. Chem. Int. Ed. 2012, 51, 6984. of 1,7-diyne
J. Am. Chem Soc. 2011, 133, 14944. Angew. Chem. Int. Ed. 2014, 53, 1837.

Me Me

0 Me Me OH
hibiscone C wortmannin maoecrystal P
radical fragmentation of cyclobutane Pd-catalyzed cascade reaction carbonyl-alkene
Org. Lett. 2017, 19, 620. J. Am. Chem Soc. 2017, 139, 6815. reductive coupling

Angew. Chem. Int. Ed. 2018, 57, 760.



(1) Please explain the reasonable reaction mechanisms.
1) (Ph3P)AuNTf, (5 mol%)
X (2 eq.), MsOH (1.3 eq.)
CF3002H (11 eq.),
AgOTf (2 mol%), (CH,CI),, rt;
ag. NaHCO; (excess)
| AgOTf (1 eq.), 73%
N N ~ N
H H 2) piperidine (40 mol%) N o)
(CF3),CHOH, 150 °C (microwave) H
1-1 — 56% (97% brsm) 1-2
X
B | N7
r
|
O@
X
Zhang, Y.; Xue, Y.; Li, G.; Yuan, H.; Luo, T. Chem. Sci. 2016, 7, 5530.
X+CF3;CO,H
Answer i
X
| @
| N
N N OH
H H 1-5
11
\ I OH B
TN N =
anti addition O_N\@ /)
\‘5
(Ph3P)Au')
1-6
arrow a
(PhsP)AU!
1-10
protodeauration aq. NaHCO3

OMs

1-12
-2.- from arrow b



enamine
formation

—_—
—_—

. . d
a: tertiary, benzylic 115 1-16

b, d: secondary
c: vinylic

_ @\/@& hydrolysis <
= Sy — >
Ry
H
1-2

119

Product 1-2 was provided in stereoselective manner.
The presence of a solvent cage was proposed.

*Acidic additives

(Ph3P)AUNTTf, (10 mol%)
| X (2 eq.), acid

N N -
H H (CH20|)2, rt
1-1 1-20 X
MsOH (2.1 eq.) 47% (39% recovery)
MsOH (1.3 eq.), CF3CO5H (1.1 eq.) 63%
pKa: CF3CO,H: -0.25
MsOH: -2.6
X X
(o) o - .
N 0.79 N lower nucleophilicity than N-gmdg
(I)H (I)H — The cause of low conversion in the case of MsOH?

©)
Et;N—-H 10.75

http://evans.rc.fas.harvard.edu/pdf/evans_pKa_table.pdf
-3-



*Alternative mechanism

| @) _H
N-
o) & o
N ﬁ/ (Ph3P)AUNTH, B 7 1-3 /@/u'(PPh3)
o) (')\ syn addition <
0 Au'(PPhj) <O
X 1-21 =N©®
\ Br
N 1-22
- B
Br N
1-7
= Au'(PPhg)

1-8 O
*Syn addition is poposed in the case of intramolecular reaction.
O
I mCPBA, MS4A Q
CH,CI,, 0 °C;
N

/(J)/e | (PhsP)AUNTF, \M)N SN
< I
1-23 1-24 1-25

70% (1-24:1-25 = 5:1)
Zhang, L. et al. J. Am. Chem. Soc. 2009, 131, 8394.

mechanism from 14 to 16

0]
0] %ﬁ/\)g
a [ H /J |
RN
Mo 14 16
4 G
e T
syn addition r'- ™
Faaa- Il TE13-14 " II‘:C: THE lj-: TaEET ii
A L | = CHTRTR e )
--:J\____..' ity N rIJ
k-] [ 1€ 1!r
anti addition
1
- AuPHs' | AuPHg | AuPH; 1521.16 o
R
! N N
155060) ? 242 (224) 726 (69:9) Zhang, L.; Houk, K. N. J. Am. Chem. Soc. 2012, 134, 1078.

-4 -



*Evidence for the formation of gold-carbenoid species

O
(Ph3P)AUNTF, (5 mol%)
MsOH (1.1 eq.) NN
A 1-28
©F (1:3eq) PN % 63%
Me 0O { o O om o
= e s
A F |
> _[Au] OMs
Me™ 8 (CH,Cl)o, rt Me/Hs\)J\/ ) Me/ws\)J\/
@CI 1-29
1-26 - 5%
1-27 £
highly electrophilic MsO/\/CI
1-30
46%
Xiang, J.; Zhang, L. et al. Org. Biomol. Chem. 2012, 10, 3168.
cf.
O
N, Rhz(OAc), (1 mol%) { [Rh] cl Au is less capable of
(CH,CI), " back bonding than Rh.
0 0 OH
1-31 1-32 1-33
two carbonyls necessary 98%

Pirrung, M. C. et al. J. Org. Chem. 1995, 60, 2112.

+Stevens rearrangement
Concerted mechanism is symmetrically forbidden.

H H 26 + 2
G<S w<s
HN / /? NN ~— N / 7??\@ /@l\)l (4n+2)s: even number
| Sd —symmetrically forbidden
1-15 1-34

retention

1-35

The presence of a solvent cage was

%D also proposed.

1-38 1-39



(2) Please fill in the blanks, A and B.

(PhsP)AUNTT, (5 mol%)

(CH,Cl),, 25°C

57% A Me

Me

(PhsP)AUNT, (5 mol%) Me

(CH,Cl),, 25 °C

Z
Me 77% g Me
2-1-(2)

Yu, X.; Su, F.; Liu, C.; Yuan, H.; Zhao, S.; Zhou, Z.; Quan, T.; Luo, T. J. Am. Chem. Soc. 2016, 138, 6261.

*Conformation of bicyclo[3.1. O]hexane

H
1% 2% l3 %22
H
HoH H
view from
C2-C1 H2b H2b
% H1
Ho<'c3 S

C3 Mjoéberg, P. J.; AImlIof, J. Chem. Phys. 1978, 29, 201.

boat conformation is more stable.

*Answer from 2-1-(E) to A

X Me
(PhsP)AUNTf, &\A :w@/
PPANENS e O

['?\U] Me: Me

Me
A

\W

2-3

protodeauration

_ >

2-8



(PhsP)AuNTf,

D ———

Me

A
*Answer from 2-1-(Z) to 2-14
Me
Me / Me Me
(Ph3P AUNTf, : / '\Me _ . Me
(AGY Z AUl
| NTf,
TN
2-1-(2) 212 212
t Me Me n
Me N=[AuT]
Me 2 N
A aat| H e XT
» ot A HN
2 Z Me
213 214 214
path a from 2-14 to B
_ ve. -
=AY 2 A
Me  .-f Me
H“‘:
214 215 2-16
Me
AU Me |
— blue bonds: good alignment
. H Me —easy migration
= - [AUIII]
B 2-14



group)

path b from 2-14 to B (less probable, not good migrating
Aulll]
Me i Me Il Me Il L
“—=[Au Au —[Au \
vo U] Vo A" Vo oAU oMo
| —| T — =
H' . H . .
Z Z ¥ Z S
Me Me Me S
- - < Me
214 217 218 2-18
Au'
Me Me—/ Me
_H@ Me— protodeauration
/ : Z Me
Me
219 B

*1,5- or 1,6-enyne cycloisomerization by Au-catalyst is poposed to proceed by concerted mechanism.

<,
Tl
LESTT]
solvation relative
S (B3LYP/6-31g(d)
LRI

free energies (gas-phase relative free energies)
(C, H), LanL2DZ (Au, CI))

Sun, J.; Lin, Z. et al. Organometallics 2012, 31, 4221.

*From X to B, both reaction mechanisms are possible by calculations.

. Ma
/ ! T A (L)Au?
N --rMe
s 3:7=CH, e
ALY ;
A e '
uy I‘f““”' 20,
) Me T3, I
s, T
~H AGY =81 LA
B s
\ _‘H e AG*=2T Me
17a 18
path a

B3LYP/6-31g(d) (C, H, P), LanL2DZ (Au)

. Au(l)
AGH =142 Meyy/
aG =36  eyH
H
19k
Auy | .
e H = [AulL)]
[ .HH ' '
L HRTS P
z ||
3:72=CH.
path b

Echavarren, A. M. et al. Angew. Chem. Int. Ed. 2005, 44, 6146.



(3) Please explain the reasonable reaction mechanisms.

(Ph3P)AuUCI (5 mol%)
AgSbFg (5 mol%)

CH,Cl,, reflux

Me 69%

AgSbF¢ (5 mol%)
CH,Cls, t, 83%

1) (-BusP)AuCI (5 mol%)

Me Me
3-2

Ph Q
Me N™°

Me)\“\\

N3 2) PPhs (1.5 eq.)
8 e Me toluene, reflux, 99% Me o
3-3 3-4 (2eq.) 3-5
Luo, T.; Schreiber, S. L. Angew. Chem. Int. Ed. 2007, 46, 8250.
Luo, T.; Schreiber, S. L. J. Am. Chem. Soc. 2009, 131, 5667.
*Concept o
o Au-mediated formal 0 Nu
[3.3]-sigmatropic o )J\ Au-mediated ~ © [Au]
/ o rearrangement AN 1 cyclization \ »
R? R3 R2 R
=
R2
R3
3-6 3-7 R3 3-8
(0] (0]
(0]
O Q] N
u
R2TY R or R2TX R or o \ R
N\
= Nu R2 R3
R3 R3
39 3-10 3-11
from path a from path b from path c
(PhsP)AuCI
+ Me
Answer from 3-1 to 3-2 AgSbFg
i ] | ||
(PhsP)Au™ SbFg + AgCl
Me/ @ —_— ?
Me
// Me
Ph Me ///
Ph ' M [ Au'] Me
[Au']
31 312 313
LMe
o 0
Ph/\

[AU']



H Me
| | Me Me Me Me
+[Au'] 3-15 3-16
O 0 > - =
O (@]
®
Ph A, o A
0 \\,\ Co™ L
Me” Me Ph R Ph R
\O\Me Me
314 H H
317 3-18
o [AU] Au' © [Au']
Me
A\ 1,2-hydride o \ ®
Shlft o -H
Me
Me H When red substituents Me Me ® Hve
3-19 are not H, 1,2-hydride 3-20 3-21
shift would occur.
0 [Au'] o)
N\ Me
protodeaurahon (0]
M
Me ©
-22 3-2
«Answer from 3-1 to 3-2 Ph/\l/\OH
N, -
3-4
[Au']
[
| @/
® 70 \ -H Ph o Ph
/ o) — oS Ph N3 S
Ph \
= Me Me
Me Me Me
Me Me Me
3-2 3-23 Me 3-24
(0] @)
(0]
protodeauration Ph/\(\g \ Ph Ph/\\N/\ j’i\>>Ph +[Au']@
N — 3 4
- ©UNN = g\ —
Me O
Me
Me Me Me
3-25 3-25

-10 -



0] 0] 0o
0 o)
Ph/\(\o Et\ Ph ® Ph/\(\ Et\ o Ph/\(\ Et\ o
N3 [\/ - -H N3 /= H +H N3 \
[Aul].—o \: [Aul]/o - (0)
H Me Me
Me Me
Me Me
3-26 3-27 3-28 step 1
(0]

Ph
© . 0
N Me (A NN \ PhyRs N S
N Me Me \ Me N/N Me
( ® N Me Me
3 Ph,P Me M
P38 3-29 3-30
PhgP ®
Q 10 Ph—-  PPhs
N "N A o)
S (@) fe)
0" \ Ph
N2 Ph Ph o
O = O N\ _py T Y—ph
PPh, 0 SN Y
Me \
Me Me M Me Me Me
© Me
Me
3-31 3.32 3.33
Ph— _ ~RPhs Ph—-,
(N)(o ( N ~ o
(0] \ -Ph;PO e} \ Ph o) 4 Me
(@) o) = R/Nﬁ
Me Me Me Me Me” Me
Me Me
3-34 3-35 3-35
™o Ph o 6n electro- Ph 0
Ph& Me Ph&/ Me cyclization Me NTX
- = or ,
: : disrotatory Me)\“‘ Zpp,
H H
\Ol:/le Me Me Me Me o
3-36 3-37

3-5
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«another possibility

Ph o
PPhs-induced o
Me isomerization )
PhR/ Me
Me Me
3-43 3-43

rotate to be pseudo-equatorial
(Bn group and isobutyl group)

L 0
0 x o} u] 0
c* C-0 o C-Au Nu@ 0 | \ \
Pz (0] ] ® /7 1 « " 1
R ~ R3 @\ RH R? R! 0 R
Z 5 N\ N\
R2 R b o ; Nu R2 RS
R
3-6 ) 3-8 - 3-10 3-11
delocalization of C-Au bonding electrons reacted at b reacted at ¢
to C-O antibonding orbital
—weaker C-O bond?
O
O Au cat (5 mol%) 5 0
AgSbFg (5 mol%) O | r
M
// (0] CH2C|2, rt e NN Ph 0) \ o
Ph - o
Z Br O N\
HO y e
M M e
Me © © Br Me~ Me M
3-3 3-38
3-39 3-40
(Ph3P)AuCI 30% 539
((p-CF3-CgHy4)3P)AuCI 44% 37%
(t-BuzP)AuCI 3% 89%

Electron rich ligand promoted the nucleophilick attack at c.

Softer nucleophile tends to attack at b position.

@ (Ph3P)AUCI (5 mol%)
AgSbFg (5 mol%)
M // © CH2C|2, rt
e
// ! o Ph

W

\ /)
Ph

3-41




