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1. Chemoselectivity and site selectivity: Concepts and examples.

A. Chemoselectivity
different kinds of FGs

i condition Il condition | {
—_— _
| {

O : Functional group (FG)

OH

metal powder _

the difference in
inherent reactivity

(Eq. 1)
cycIohexane
Me
Pt/Rh/Ru black 100 : 0
COzEt

Co black 0 : 100
_ lBHy /ﬁ\
66% Yield )L (Ea. 2)
specific hydride reagents

CCI,CHO

_ A0 SPh (Eq. 3)
"oy T 75% ield o

unique hydride transfer pathway

1. Huang, Z. X.; Dong, G. B. Acc. Chem. Res. 2017, 50, 465-471.
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1. Chemoselectivity and site selectivity: Concepts and examples.

B. Site-selectivity
same kind of FGs

a special scenario of
chemoselectivity il condition | ,

eliminate
“protection/deprotection” ol . Me
Sequences Lﬂ e Me)\”/\Me
Me Me Me™ 3° Me Cl
/L, 23.3% 16.1% 26.4%
. . hv
streamline the synthesis of Mo £ M
y MeH3° Me 2> Me Me)\/\1°
complex target molecules ){(\/H (Eq. 4)
Me i 20.9% 13.3% Cl . .
2H a more stable tertiary alkyl radical
amplify the difference of Br )MQB;\ sherisomersINtErMediate, a late transition state
. . Me” 3° Me . .
chemical environments " - s DY choosing bromine

Induction effect, Coulombic e
interaction, conjugation, and bulkier 2 -
. . [0) / M = Ti(Oi-Pr)4MgClI
hyperconjugation, a weaker

different degrees of spatial
accessibility,

>95% Yield

bond or a more stabilized _ (Ea. 5) i h

intermediate A N in situ masking  the
less | : cyclohexanone carbonyl by
bulky androstanedione Ti(NEt,)s

>95% Yield titanium complex

1. Huang, Z. X.; Dong, G. B. Acc. Chem. Res. 2017, 50, 465-471.
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2. Undirected control of site selectivity: C-H Bromination

B Standard free-radical bromination:

H
e Br2 or NBS L Me Br2 or NBS PhthN
Rzloiotdoss <0 PhthN \/\/\/H\ _— \/\/\ﬂ;
high 3° selectivity poor yield,
(C-H BDE ~95 kcal/mol) poor selectivity
B This work: Use of tuned N-bromoamides:
o O
R2
" ] . -
° H Br Br
%
X PhthN \/\)\ y = PhthN \/\/‘\
Br e
high 2° selectlv:ty _good yiel_d,.
(C-H BDE ~100 kcal/mol) high selectivity
, M Intermolecular aliphatic C-H M Tunable steric and electronic
( ‘ B functionalization under mild properties
)l\ () conditions
'R1 - “““ M Bench stable B Unique selectivity profiles

Br

M Easily accessed from amides
N-bromoamides

N-bromoamide 6

Radical-mediated aliphatic C—H brominations using N-bromoamides offer both high steric
and electronic selectivities, enabling C—H brominations inaccessible using standard protocols.

2. Schmidt, V. A.; Quinn, R. K.; Brusoe, A. T.; Alexanian, E. J. J. Am. Chem. Soc. 2014, 136, 14389—-14392..
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2. Undirected control of site selectivity: C-H Bromination

A. Me
O/M‘* 1 (100 mol%) Q/Me OLBr
visible light
Br

PhH, r.t.
(100 mol%) 0 2° bromination 3° bromination
5C J< 2°:3°=985:15
N 75% Yield for 2°
Br
CF; 1
0
Fso [IQ/tBu
Br
o
+)-sclareolide 67% isolated yield
26 unactlvated sp? C-H bonds (82% 'H NMR yield)

Radical-mediated aliphatic C—H brominations using N-bromoamides offer both high steric
and electronic selectivities, enabling C—H brominations inaccessible using standard protocols.

2. Schmidt, V. A.; Quinn, R. K.; Brusoe, A. T.; Alexanian, E. J. J. Am. Chem. Soc. 2014, 136, 14389—-14392..
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2. Undirected control of site selectivity: C-H Oxidation

Me 9
cat. 3 cat. 2 >
I,H
H,0, H,0,
52% Yield for C9 54% Yield for C10 Me

(+)-artemisinin C9:.C10=1:2
7N TR 5 1 (SeFe);
/\ N/ \ N/ F3C
(7 (7 ‘
“—Nus,, | wNCMe % —Nu, wNCMe _
/' Fe“\ /Fe“\ Ar= -
N7 | SNewe N7 | “Sncwve CF,

Fe(S,S-PDP), 2 Fe(S,S-CF3-PDP), 3

5-position ortho-CF;:

deactivate the ligand toward oxidation,
narrow the cone of possible approach
trajectories to 76°

6-CF;: greatly diminished C-H oxidation reactivity

Previous Work:
Substrate Control

(R,R)-Fe(PDP) 1

tertiary C-H versus secondary C-H:

electronic (favors electron-rich sites),
steric (favors unhindered sites), and
stereoelectronic factors (favors sites
where strain relief is possible)

This Work: Catalyst Control

restricted
.- trajectory
)
NCMe [ @
; I\
) '\/F TSNCMe “Al
, | )
CFs  Approach
Approach Trajectories
Trajectories Cone =76°
Cone =145°

F3;C
(R,R)-Fe(CF3-PDP) 2

Figure 1. Trajectory Restriction Strategy

3. Gormisky, P. E.; White, M. C. J. Am. Chem. Soc. 2013, 135, 14052—-14055.
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2. Undirected control of site selectivity: Carbenoid Insertion

C.
Me H
N, Ve Catalyst Site-selectivity Yield (%)
/U\ cat. 4a or 4b 5 6
Ar CO,Me <1 20 75
Ar = p-BrCgH, S 1 74

CO,Me M
H olvie e

at benzylic apld allylic positions and a to oxygen o

N, RO,C
/ﬁ)\/H N s /\/j\ /\/yk /I\
AT S A" COR

\

o ROQC
Ar = p—BrCeH4 9
R = CH,CCl,
. site-selectivity 7:8:9 = 1:25:0
unactivated C—H bonds 990/3,’ Yield
[ Ph 1 [ Ph i
H O-+Rh - O-1Rh < O-1TRh
DT | =T =L
l\{ O-+Rh O-1Rh O—Rh
SOLAr i Ar
Ar = p-(C42H25)CeHy | Ph da4 s Ar 14
Ar = p-'BuCgH4
4a, Rh,(R-DOSP), 4b, Rhy(R-BPCP),  4c, Rh,[R-3,5-di(p-BuCgH4)TPCP],

4. Qin, C.; Davies, H. M. L. J. Am. Chem. Soc. 2014, 136, 9792-9796.
5. Liao, K.; Negretti, S.; Musaev, D. G.; Bacsa, J.; Davies, H. M. L. Nature 2016, 533, 230.234.
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2. Undirected control of site selectivity: Carbenoid Insertion

~ rhodium-bound donor/acceptor carbenes:

EWG
, EDG __EWG . .
e = reactivity: < acceptor-only substituted carbenes
Rh,(CO,R),

enabling highly selective C—H functionalization
by balance of steric and electronic effects.

electronically favored highly substituted sites

H Rsactic:n at H R:aaction at H
" adl ST R CA
Meo;C Ar MeO,C >, i ~Ar CR3 H f Rh,(S-DOSP) 4 1 Rh(R-p-PhTPCP), 2
' \Ir — | e Ar\\yLH H [Eg’_gjj*h
— T eoee (\/L N‘SOQAr‘O 4Rh
structure A structure B H
Figure 1. initiated by a hydride transfer event " PR
counterbalanced by the steric demands of ) at benzylic and allylic positions and a to oxygen
the carbene complex. e

EDG” N, EDG.__EWG

i _— HJ H
on steric grounds the primary C—H bond AN 15 R/\l

High yield, site ;electivity,
would be preferred. e
unactivated C-H bonds Rh{R-3,5-di(p-BUCH ) TPCPY, 16

larger and more electrophilic catalysts N1gh regio-, diastereo-
and enantioselectivity

4. Qin, C.; Davies, H. M. L. J. Am. Chem. Soc. 2014, 136, 9792-9796.
5. Liao, K.; Negretti, S.; Musaev, D. G.; Bacsa, J.; Davies, H. M. L. Nature 2016, 533, 230.234.
6. Davies, H. M. L.; Hansen, J. J. Am. Chem. Soc. 1997, 119, 9075.
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3. Directed control of site selectivity: Peptide Catalysis

site-selectivity
2,3- 10,11- 6,7-

A.
Me Me
catalyst 13a )\/\/l\/\/l\/\
> e NS X é\“ OH >100 1.0 1.0
2,3-epoxide (11), 81% Yield

Me Me Me epoxidation
— conditions
Me

NS NS NS
Me 10,11 6,7 23 OH Me Me
catalyst 13b )\/\/IM/\ 10 12 82
> Me X o X OH

Farnesol (10)
6,7-epoxide (12), 43% Yield

\

(0]
NHTrt Ot-Bu
) 0
O)'\ H\‘)L 0 Me ,OBn o &
N N H H
N & O Bn l &;“‘U\NL(N\.)LN N\)LOMQ
BocHN N N : N

i ’ \/& B B 4
-YO e NH BOCHN = O ﬁrNHTrt

OH TrtHN—< o) YO O
active site O MeO OH

active site 6,7 catalyst, 13b

2,3 catalyst, 13a
The steric hindrance, hydrogen bonding, m-interactions, and other characters of the backbone can

be fine-tuned by replacing the amino-acid residues.

7. Lichtor, P. A.; Miller, S. J. Nat. Chem. 2012, 4, 990.995.
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(o] b
CH3 CH3 CHs
R R3HN\)J\ Conditions*1
T Rr2 NHR? He” X A X NoH
o 10,11 6,7 23
Famesol (1) Farnesol epoxides
. . Relative Monoepoxide ratio*
Entry Oxidant/acid conversiont 1011- 67- 23
R3HN
R N NHR* (o]
R? : ! 67% 2.6 22 1.0
(o] B (e] 1 HEC\)kc)H 2
R:‘HN\)J\ g
NHR* g @
in situ transformed : 5 b
H,0, NHR5 o’ 65% 27 2.2 1.0
to a peracid ,
0.1 equiv.
c i-PrO,C CO,i-Pr
CHs CHa CHs CHs CHs CHs )
HO OH )\/Mk/\ Six reports (1993-2010)
—_— H )
HsC N N X OH Ti-(O-i—Pr),; HaC Ele: OH 82%—-95% e.e.
; o (references 21-26)
4 A molecular sieves
t-BuOOH
-50 to -20 °C
s ) |
d  CHs CHy CHs Goal CHs CHy CHy
Peptide A S
HyC N N X HBC)M/\/b/\OH 2,3-epoxyfarnesol (3)
CH3 CH3 CH3
\_ Peptide B - N NS - 6,7-epoxyfarnesol (4)
This work found peptide A 2 o)
and peptide B CH3 CHj CHj3
Peptide C HaC ) ™ X oh 10,11-epoxyfarnesol (5)
\.

J

contrary site selectivity: conformational difference upon forming hydrogen bonds

7. Lichtor, P. A.; Miller, S. J. Nat. Chem. 2012, 4, 990.995.
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3. Directed control of site selectivity: Ligand effect

B. o-arylation
cat. Pd,(dba); ?oc
Ar—Br - Et ,Na\(Me
Ligand 14 i
Boi s-BuLi, TMEDA
rll B then ZnCl, 61% Yield
Et” o H B-arylation
H cat. Pdy(dba)s Ii%oc 5
Ar—Br " N
. - Et” " Ar
Ligand 15
Ar = p-CF3CgHa 63% Yield
t-BuO__0O
EOC : rlgdgctit\_/e \r\ll// \I\Dd gl B-hydride Boc
= r elimination - elimination L
Et = N
Bty jM/ YAr then Et” \|/\P|d/
Me - Pd-H re-insertion H Ar

bulky and rigid
ligand

more flexible
ligand

> K

/|\ bulky and rigid
14

Pt—BU2

Sy

15 more flexible

reductive Boc
elimination I B

. __N
> 7 ~N"NAr

a bulky and rigid P(t-Bu)3 (14) ligand favored the direct reductive elimination of intermediate 16
to give the a-arylated amine, a more flexible ligand, such as 15, promoted a pB-hydrogen
elimination/Pd—hydride reinsertion sequence to eventually yield the p-arylation product.

8. Millet, A.; Dailler, D.; Larini, P.; Baudoin, O. Angew. Chem., Int. Ed. 2014, 53, 2678—2682.
9. For an earlier case where the site selectivity was controlled by substrates, see: Seel, S.; Thaler, T.; Takatsu, K.; Zhang, C.; Zipse, H.;

Straub, B. F.; Mayer, P.; Knochel, P. J. Am. Chem. Soc. 2011, 133, 4774—4777.
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3. Directed control of site selectivity: Ligand effect

AAG* (L2) = 0 kcalmol™! <——  exp. AAG* = —1.1 kcal mol™' (ov/p 13:87)
30— AAG" (PBug) = 6.6 kcalmol~! = ~ exp. AAG" > 2.7 kcal mol™" (ovp >99:1)
S-lla-llb
— TS-la-o 23.1
21.6 TS-Ib-lla = TS-I-p
— 18.7 lla s 19.1
- / 21.6% -llb- -
20 Py = 183 (28 TS-lIb-lic ’,
T H— /185 =" b 162 /
° e 1165\ 17.0 \150 L
E - Tia-o. b — 153 .
P ' 105 ; 14.1 \
8 10— — 295 lic /| 127
= — —_— L L 6.7
> 6.8 \ /88 H-Pd-Ar Ar-Pd-H -
2 T S ! S | —
4 7 =7\ H--Pd-Ar i = 4.2
< 1.9, et--N_o _N L
w o— | — Et \fO .
| Ar-Pd H
L == ',._:____\ OBy N 5
» i L 1 Bt
e} jAr—Pd----0 | OBu
2 10— el
O] I N~ ~OmBuj
k \ Et ] Ar= p-CFaCsH,;
=L ?8/6" i —— - L4 PrBU, Ar
B 0 \\ o —
N4 +Pd-L2 i o Eﬁ”‘@ P2 B N— -16.4
-20—— B Omu ® s T B omu
o 6d 2 8a
-216 - —
L : C=PBu; /\ - —358
gehnylstion ) B-Arylation b-more-ftexibte tigand -
— \/
B3PW91/6-311+G(d,p), SDD (Pd), PCM (Toluene)
Figure 2. Comparison of the energy profiles for the a- and $3-arylation pathways from the complex la with L2 and
PtBu; as the ligands.

8. Millet, A.; Dailler, D.; Larini, P.; Baudoin, O. Angew. Chem., Int. Ed. 2014, 53, 2678—2682.
9. For an earlier case where the site selectivity was controlled by substrates, see: Seel, S.; Thaler, T.; Takatsu, K.; Zhang, C.; Zipse, H.;
Straub, B. F.; Mayer, P.; Knochel, P. J. Am. Chem. Soc. 2011, 133, 4774—4777.
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3. Directed control of site selectivity: Change of the Reaction Pathway

C.
Buchwald-Hartwig-Miura
0 a-arylation 0 B-arylation O
@Ar - Ar—Br @H Ar—l - é\ a-arylation B-arylation
cat. [Pd] s H cat. [Pd] o Ar [Pd] Pd,(dba); Pd(TFA),
74% Yield
mono/diarylation 6.5:1 Ar = p-CO,MeCgHy4 96% Yield Ligand Xantphos P(i-Pr)3
via via Additive  K3PO, AgTFA
o 1 - 3 %
o L 0 Solvent  Toluene HFIP/Dioxane
» _Pdl_ X
Ar /II
Pd
\Ar

aryl halides: oxidant and aryl source

Direct p-arylation: palladium-catalyzed dehydrogenation and conjugate addition/reductive Heck

Buchwald-Hartwig-Miura a-arylation: oxidative addition, ligand exchange with the enolate,
reductive elimination

10. Huang, Z.; Dong, G. J. Am. Chem. Soc. 2013, 135, 17747-17750.
11. Fox, J. M.; Huang, X.; Chieffi, A.; Buchwald, S. L. J. Am. Chem. Soc. 2000, 122, 1360—1370.
12. For a recent review, see: Johansson, C. C. C.; Colacot, T. J. Angew. Chem., Int. Ed. 2010, 49, 676—707.
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3. Directed control of site selectivity: Change of the Reaction Pathway

A. Buchwald-Hartwig—Miura a-arylation
o 0

Pd(0), L é,%\r
o

base
X: halogen atom

Scheme 1
o
AF%R Pd(o) ArX
R’ R
L(Ar)Pd\o 0 X
‘ L(Ar)Pd LPd
R\%\R: (Ar) %LR \Ar
B g R” R A
Lfde(Ar)
a-arylation o ‘
[Pd]  Pdy(dba)s H)HR“LR | \)OLR
c
Ligand Xantphos ‘\base R
Additive  KsPO,  strong base: deprontonation,
Solvent  Toluene |Igand EXChange

B. B-arylation of simple ketones with aryl halides

(@] (@)
one step
this work O+ {'\)f-x —_— >
+
B Ar
O (0]

QL : O
Pd"
o XX T ]
L
P! L : L P
7 90 r, 8 HX Ly 0 x 9
="
Ar Ar
: B)
o) 0
L L
_Pqll<t ol <
‘1A P‘X"-
r
Pd° é/ B-arylation

Pd(TFA),

L: neutral ligand

X: anionic ligand Ar—x

acidic medium,

iodide extractor P(-Pr)s

AgTFA

copper(ll)

trifluoroacetate HFIP/Dioxane

10. Huang, Z.; Dong, G. J. Am. Chem. Soc. 2013, 135, 17747-17750.

11. Fox, J. M.; Huang, X.; Chieffi, A.; Buchwald, S. L. J. Am. Chem. Soc. 2000, 122, 1360—1370.
12. For a recent review, see: Johansson, C. C. C.; Colacot, T. J. Angew. Chem., Int. Ed. 2010, 49, 676—707.
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3. Directed control of site selectivity: Sugar Chemistry

o _
JI_ otss MeN/>
cat. 21 Me O
2-O-acylation O
- o H%O c2 wia g Pr\[ H‘O
C2:C3:C4 = 84:15:1 OMe
74% Combined yield 18
OR o §TBS ok
c4 OH cat. 22. !O Ph\BI'
HO (0] 3-O-acylation N %Oﬁ\{ e / =0
I . B O c3 A
c3 86% Yield OMe
OR Ph c3 C2
17 19
site-selective
acylation  of on
O
mannopyranos cat. 23 \8\\0 ca OH 0
. . 4-0O-acylation Me via
e derivative 17 > HO
85% selectivity for C4 Me OB
61% Yield 20

‘ 7 wOMe
R Ph
" N 7
i-Pr \_</ :] B j

PR X
i-Pr H
Me 2

2-0O catalyst, 21 3-0 catalyst, 22 4-0 catalyst, 23
Tan Taylor Kawabata

dynamic covalent bond,
Imidazole

activating cis-C2,C3-diols,
equatorial C3 alcohol _
less bulky

two hydrogen bonds,
special relationship

13. Sun, X.; Lee, H.; Lee, S.; Tan, K. L. Nat. Chem. 2013, 5, 790—795.
14. Lee, D.; Taylor, M. S. J. Am. Chem. Soc. 2011, 133, 3724-3727.

15. Kawabata, T.; Muramatsu, W.; Nishio, T.; Shibata, T.; Schedel, H. J. Am. Chem. Soc. 2007, 129, 12890—12895.
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4. Conclusion and outlook

1. Compared with the advancement of selectivity control among different kinds of FGs as
well as the monument of controlling regio-, diastereo-, and enantioselectivity, the
development of site-selective approaches is still in its infant stage.

2. To breed more general, practical, and broadly applicable methods, it is envisaged that
future endeavors will focus on (1) expanding the substrate scope that can undergo site-
selective transformations and (2) precisely controlling the site of reaction in less biased
settings.

3. Clearly, the needs cannot be met without the availability of more powerful catalysts,
reagents, strategies, and even new tactics. It is expected that Mother Nature will continue
providing inspirations to design biomimetic or supramolecular catalysts.

4. To enable more precise site selectivity control and broader reaction scope would require
better modeling and deeper mechanistic understanding of these catalytic processes.

1. Huang, Z. X.; Dong, G. B. Acc. Chem. Res. 2017, 50, 465-471.
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4. Conclusion and outlook

5. In addition, cooperative catalysis through combining two or more activation modes
might be another trend for the incoming efforts. Vigorous development in recent years has
demonstrated that merger of multiple catalysis is able to activate substrates once
considered inert or functionalize sites previously inaccessible.

6. Furthermore, practical applications of site-selective transformations in complex
molecule synthesis are anticipated to be illustrated more frequently in the future.

1. Huang, Z. X.; Dong, G. B. Acc. Chem. Res. 2017, 50, 465-471.
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Thank you for your attention!




