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1. Introduction

1-1. Difunctinalization of alkenes

R? Meth FG! R?
/:/ + [FG'] + [FG? ethods
R R' FG?
Methods
Organocatalyzed Electorochemisty Radical functionalization
Photocatalzed Transition metal catalyzed

1-2. Selectivities

Regioselectivity : Diastreoselectivity : Enantioselectivity
| FG!  R? FG2 R | i FG' R? FG! R? i | FG! R? FG' R?
| vs <X i i Y vs Y i i Y vs
R' FG? T FG! R' FG? R' FG? 1 FG? R' FG?
R?2 FG' R?
~ ‘ Syn-addition ’
R1 R1 FG2

/
A

Isomerization ‘ Anti-addition ’ Diastreomer
_ " FG' FG?
R R2 ‘ Syn-addltlon’
R!' R?
(2)

- Pre-isomerization is needed.

- Cyclic alkenes are not tolerated. ——> Syn selective addition are desired.

1-3. Methods for syn-addition

Type | Type Il

[FG']

[FG'] D (
/! FG' FG? + X FG' FG?
// R1 X "‘:
7 IFG?) — D RN = X
R‘/\[ . R! R? R2 Rz\ stepwise R1 g2

R?2 [FG?]

Etc...




2. Dihydroxylation

2-1. Background

Osmium-Catalzed Reaction (1936~") - Highly versatile
- Relatively mild conditions
cat. 0sO
NMO 4 OH - Asymmetric Reactions (ex. 1980 Sharpless?)
7 .

tone-H.O - Toxic

acetone-H HO - Expensive reagents
NMM NMO
>

* o, o0 1f 0. 0

0s 0s

0.
0g Z 0N 7N
Ve o 0 0 0
" ' H,0
ﬁ)\ 9 0 N S — > < 29, Ho OH o 0

g——gerinn " " " i (o]
/ \ ) ,\ : HO s‘OM

osmate ester

Woodward Reaction (19583)

OH - Inexpensive
I,, AQOA -
2 AgOAc - Reagent-controlled selectivity
H;0* - Stoichiometric amount of molecular halogen
then hydrolysis OH - Large amount of wastes
o s (Y4 Qo
@ﬁ::lfl- Ag 29y O ---- - Q"’JL — CE2,>_R
O 'R g
SR S
R__09 neighboring group
I participation

R__O
0 g
Prevost CE &R oH OH
"0 “OH

R R’go

Robert Burns Woodward

HS
0 0 OH OH
Woodward CE R CE R ebH <I
(¢] O TOH (o] OH
H g

R™ ™0
2-2. Transition-metal-free Reaction?
i NalO, (30 mol %) i Phi(OAc), (1 equiv) ohe Ohc LB Nalo, + AcOH
OH LiBr (20 mol %) LiBr (20 mol %) OH | 1J\/R2 \
1] R2 AcOH,95°C,18h 4 . g2 AcOM,95°C,18h (1 g2  RT *RT ~ Y™ 105 + LiOAG + H,0
RO - R~ - = R Y OH OAc . B 1 R% AcOH
OH n K2C03, MeOH ] K2003, MeOH OH Nu=H,0 Nu= AcOH - - /“ R
250C, 24 h 250C, 24 h OLNu — ‘ ©]
21 examples 5 examples Nu = H,0, AcOH/ \ Br —— »Br,
up to 91% yield up to 87% yield — ] R2
A+ |
2Br > Br,+2e j\}o RV
P RZ | Br
2e+ 10, +2H" —>  H,0+I0; R e A
Bry | /
6H* + 10, +6e- —> 3H,0+ I c \\ /\% /
. - olox
I, +2e - 2l LR
[O]= NalO, or 10 Br
8e +10, +8H > 4H,0+I B

1) Milas. N. A. et. al. J. Am. Chem. Soc. 1936, 58, 1302.

2) Sharpless. K. B. et. al. J. Am. Chem. Soc. 1980, 102, 4263.

3) Woodward. R. B. et. al. J. Am. Chem. Soc. 1958, 80, 209.

4) Sudalai. A. et. al. Org. Lett. 2005, 7, 5071. 2



2. Dihydroxylation

2-3. Metal-free Reaction
2-3-1 PhI(OAc), / BF;-OEt,’
i. BF3:OEL/PIDA  AcO

AcO R
°N_ 2 BFyOEPIDA __Re H,0/ACOH, RT 2
Ry OAc  ACO/AcOH,RT g/ ii. Ac,0/Py, RT R: OAc

2-b icondionB: 1 ‘condition A 2-a
12 examples 12 examples
up to 97% yield up to 100% yield
AcO _
RZ_/%)AC i }?1 Phl + AcO
E H, c
HAQ Ry ph_?Ac A A°°\I’Ph PhI(OAc), __ Rt
H\o ‘ BF3-OEt, /_/
R, OH(Ac) R R, (ACOH)
2 8
F A
Ac0
R, OAc
D

2-3-2 Cyclic Acyl Peroxides?

o o] o o o]
o (o] 0 (o] Ob (o
0 1) CHZ(iI;:‘, PFB, H,O OH o o o o
rt,
RV\/RZ * M{\O R1JTR2 9 o o °© o
. P1 P2 P3 P4 P5
(0] 2) Hydrolysis H 0-O bond (A): 1.476 1.476 1471 1.467 1.466
22 examples C(CO), angle: 107.56 104.01 102.34 102.02 102.51
up to 94% yield  co.obond (A)  1.390 1.392 1.377 1.382 1.375
0
>\M<é (C20H2603Na*)
€O, o (IZH calcd.: 337.1774
. found: 337.1775 (‘72;“3:3;";4,5)5 o
calcd.: B
0}1@ 5t found: 475.2453 Ph " o 3
& & H,0
i 0 -CO (C20H2502)"
601 NGO calcd.: 297.1849
Ho0 found: 297.1857
4 N ﬂMQ\O Ph
©+M\‘3—> pho%ﬂ.do/ (9%
0 %% T ©
1t P4 at 7t
l 9
H*-Abstraction H pH (-0
g,
(C25H3404Na") o)
12t calcd.: 457.2349  Ph [o]
Q o ~7 found: 457.2336 O\N)Lb
(C21Hz404Na") [: ]
CH,N, Ph O_{ ca:::d.z:dﬁg3.:567 o
HO found: 363.1567 ot
6t ©
3 R oR
2-3-3 IBX-TEMPO AT )\rR‘
—_— Ar
___________________________ N HFIP or 0
IBX (20 mol %) OR ; ; ———l TFE/ACOH \[1\1
s _R! TEMPO (1.2 equiv) 11P= g R= CFs. vi
A L R : ;é N :JY :
HFIP P CFy | ¢ HY Noey A
L TFE;)PI: OH $ o ' oLos : )
COH:---:"+-~%: ¢ n. . SRmmmSSSsassssssmsnsmasssanss 1
>(j< ol AR | eQy
27 examples N + N —>» |[Ar—
up to 94% yield i D AN O~N
OH o
] v R1

1) Li. Z. et. al. J. Org. Chem. 2011, 76, 9997.
2) Schreiner. P. et. al. J. Org. Chem. 2019, 84, 12377.
3) Donohoe. T. J. et. al. Org. Lett. 2016, 18, 5880.



2. Dihydroxylation

2-4. Recent Reports

2-4-1 Electrosvnthesis'
R1 Undivided Cell

8
H (o)

o)
o4
., H

CF3COOH (5.0 equiv), H,0 (3.0 equiv)
RN R3 -
R4 # C(+)IP(-), Use = 2.5V R' “R3
TBABF4 (0.13 M), DMF (3 mL), N, R2 R4
0,
~ 22°C, 1?,1; oo 31 examples
8 ¢ up to 90% yield
N\ I~ 2CF3;C00" + Hyt P °y
Ar/\/R Me Ca(tggde
A Ho M+
| | Eoe=1.15~1.75V ?;’N‘Me H H — 1
- DMF o o) T
e Eox=2.1V (exp.) ‘BO}/;H,,F:éo 1+TFA
AR AT H 0.3 1+DMF DMF
-+ syn-product (H) 1+DMF+TFA oxidation
B - — -DMF
H\r/ “Hzmo — — .DMF+TFA styrene
H.,. o —_— oxidation
AT TR Mo g 02+ Q/\
c Me—N £
Eox=0.69V Y—H H = Bu f
HseT] (calc. for Ar = Ph, R = Me) a o< c Lt |
" 180 o
—e )( I\(Iﬁ r-»|Ar>_(}-| R =
o H /N‘Me G O 014
Ar
Nuj H . stereuinversion[
(Nu = DMF) l D (Nu = CF,C00)
minor path l H,1%0 \ma}or path I\/Ie DMF 0.04
18 H H\(/NfMe Ar, H,) 180 T T T T T T T
add F° 25\(0 H,"%0 05\(0{ 0.0 05 1.0 15 2.0 25 3.0
O>\Fo PR L AR H Potential (V vs SCE)
Anode UL Fc”So ! Fec” 70
(Carbon) 1807 "H E F (isolabl
Egi=13V anti-product (H') (isolable)
2-4-1 Nitroarenes?
(i) condition A or B R R! R?
—30°C,12-24 h, purple LEDs conditions R NO.
a OH 2] N1 NO H CF
. N (i) PA/C (10% wiw, 10%) N on | A=EtOAC (0.17-0.50 M) j@/ . Fz o Ha
A _| . —
(0rN2-N4) 411c0, (10 equiv.), HCOLH (6 equiv.) B = DCE (0.17-0.50 M) R 2
(2.0 equiv) MeOH-THF (3:2), =10 °C, 24 h HFIP (4-5 equiv.) R2 N3 CFs  H  CR
4-43 U equiv. then 25 °C, 24 h 4a-43a N F H H
(1.0 equiv.)
40 examples

up to 95% yield
A) Proposed mechanism for olefin dihydroxylation [\

Oe O-
Ar-NO; —— > Ar-N ——>»> Ar-N ——>»
purple 0. ISC O
LEDs  N*(Sy) N* ()
reactivity A
oo stability
electron HO _
withdrawing [H7 or [Ho]
Ar—NH, + ~————
groups on Ar HO
increase

0
Ar—N\
Oe
C(T)

ISC

.
.
.
.

* )
Ar—@%}i
B

0P H,0
side reactivity to suppress mp

o™ o

A

1) Kim.H. et. al. Chem. Sci. 2021, 12, 5892.
2) Leonori. D. et. al. Angew. Chem. Int. Ed. 2023, 62, €202214508.




3. Diamination

3-1. Utility of diamination?

R R? R1J\_/ R
[N]
vicinal dimaine

—_—_—
B —————

futher transformation

natural products organocatalysts chiral ligands
0 OY O Ts N Aryl Ayl
I
HN “NH j;r Ph., N_ | >
Py R N\)< O i Ayl ): Ru// Me—=NH HN-Me
[ ).y COH o} P < N7 N’ [ Cl NiBroedigl
. (); 2 COH =0 Ph Hz iBroediglyme
. 2 :
biotin penicillins thiourea catalyst Noyori catalyst cross-coupling
catalyst

3-2. Background of Syn-selective Diamination

Sharpless 19772

o. _O
~N ¢
Sos” NHBu
“~__R2 tBuN~ "~ NiBu R2 0s0
RV Y LiAIH, R’ 4
NHBu

3-3. Metal-catalyzed Diamination
3-3-1 Rh-catalyzed Reaction?®

Rh,(esp), (2 mol%)

Phi(OAc), (1.1 equiv)

o)
2Ph,P=N{Bu O\:OS/i
tBuN~ ~NiBu

Karl Barry Sharpless

o
HNSO

2 7 MgO (2.3 equiv)  Nal (1.1 equiv) NBoc 12 examples
R“/\/ R™ + PN R1J\/ up to 90°Eo yield
tBuN NH, iPrOAc DMF R?
_Plausible Mechanism* [Rh] o, 0
X R?
Ox67° Phi(OAc), Oxg° . _Rn! Oxg° o RN "N “NHBoc
tBuN/ \NH2 tBuN/ Nz \Ph tBuN/ \N’, R1 :
H H R?
o, 0 o)
:S: .—é:o
Nal  BocHN  NH HN=2
— | — NBoc
R B R' :
L R2 R2 _
3-3-2 Pd-catalyzed Reaction®
0 Pd,(dba); (5 mol%) ‘NJ{
N Ligand (22 mol%
RN * @y, )L _tBu gand { ‘) )\/N\‘BU R‘N’/( 1N NR'
N—N CGDGs 65 °C oxidative
addition 8R'=tBu
17 examples )LNR‘
up to 95% yield RIN Pd’:llf;1
upto 97.5:25e.r. Int-1
Int3 migratory o coordination,
insertion
\ R‘N NR‘ A\ 7/
7
ngand _\—/"“
1) Denmark. S. E. et. al. Synthesis. 2021, 53, 3951.
2) Sharpless. K. B. et. al. J. Am. Chem. Soc. 1977, 99, 3203.
3) Bois. J. D. et. al. J. Am. Chem. Soc. 2014, 136, 13506.
4) Dauban. P. et. al. Angew. Chem. 2010, 122, 1678. 5

5) Shi. Y. et. al. J. Am. Chem. Soc. 2007, 129, 762.



3. Diamination

3-4. Recent Reports

3-4-1 Selenium catalyst’ o o
o cat (5 mol%) TsN’/< ,
2,4,6-Me;PyF*BF,~ (1.3 equiv “O
1/\/R2 + )J\ ’F 3Py 4 ( quiv) 1J\/NTS O
R TsHN™ ~NHTs NaF (1.0 equiv) R" Se),
1.2 equiv MeCN (0.20 M), 23 °C, 24 h R2 OMe
0.5 ArylSeSeAryl 9 26 examples
o up to 89% yield L cat _
Me;PyF*BF~+ NaF up to 98:2 er
O MesPy + NaBF,
Tj‘\/NTs + HBF,~ ArylSeF
Me
e Oxyamination?
9 Ve 1SR cat (10 mol%) Ar
Me\'/”\ At 2,4,6-Me;PyF*BF,~ (1.3 equiv) N:<
Ph + o
% W [Ph-« F- NaF (2.5 equiv) R1J\_/
Wy i DCE, 23 °C, 24 h R?2
MegPy TsHN Ar
TsHN NHTs 29 examples
& o ol Hovwrg i up to 93% yield
MesPyF*BFy oy up to 98:2 er
MesPyH*F~
A'V'/ m
3-4-2 Stereoselective Electrocatalytic Diamination®
o, 0 Br
0 r' s .S 5
H H 1 (10 mol%), PrCO,H (2 equiv) R ) ( Br N
5 i - R R
alkene sulfamide EhNPF“J;g:?g&;gE?E;‘z ,,(QOTS oquiv) product, yield
(dr >20:1 or specified) 3
E/Z 1
= 1.:9 ~ 1':0 52 examples
chain(major) up to 91% yield
cyclic(minor)
Anode P p—— I Cathode - X
|
| 1 JON
N Br)3 2 R=H
1 3, R = COOMe
RS O\\ P 1 2 3
“NTTTNH,
H o m - . :
L . 1 * 1 1
2H+ 2e- T | 1 1
14V 1.6V 1.8V 20V
H+
209 __,
—2
H 151 — 1and2
~ —3
H* < 107 1and 3
, O\\S//O -
< o B*NTNH /,
H 2 0 7
R R " " g
Vi 1.2 1.6 2.0

o E (V) vs SCE

1) Denmark. S. E. et. al. J. Am. Chem. Soc. 2019, 141, 19161.
2) Denmark. S. E. et. al. J. Am. Chem. Soc. 2021, 143, 13408.
3) Xu. H.-C. et. al. Nat. Commun. 2019, 10, 4953.



3. Diamination

3-4. Recent Reports
3-4-3 Diasterodivergent Diamination by lodine catalyst'

syn-addition
.. Boc 9
R1\ + Boc. O:\S/:o _Boc L Tomobe) N~s‘,\]
R2 NN Et,0, 24 h RJ\( ~Boc
Cl Na R2
1.0 equiv 12 examples

up to 81% yield
anti-addition

4
R condition A HNNSR;; condition A : HoNNs(2.0 equiv), I2(10 mol%)
xR or R* NaOCI-5H,0(2.0 equiv)
R’ + H:NNs dition B Rl YR MeCN, 40 °C, 12 h
condition -
R? HNNs condition B : H,NNs(2.2 equiv), 15(10 mol%)
NaOCI-5H,0(2.0 equiv)
3S te(;(grg°9|?/?e| q MeCN, t, 12 h to 80 °C, 12 h
o

Synthesis of Diaminating Reagent

O O o 0O

Ng” Boc 5" oc
Boc S n-B  + NaOCI+5H,0 > NSNS
H H _ MeCN, rt, 4 h | |
BBS (1.0 equiv) Cl  Na
chloramine-BBS
96%
Proposed Mechanism Na
\
N-Q'
I |
Na CI
ICI + Nal ITNa" |
N
/N_Q‘I
Cl A or
N M
) K_N,Cl I Na Q2-N N-Q2
~ | |
ANy @ | CIA
A _R?
17 _
R B'] Na | _/RZ
orQ! ¢l /=
|y .
2 1 2
l R1)\/R R”( R

= Wl _ )
| ~ —;— /N_Q1 Q2_N N_Q2
or -

NH
R1J\;R2 ol ) -
'

Cl

antidiamines

1) Minakata S. et. al. J. Am. Chem. Soc. 2021, 143, 4112.



4. Carbofunctionalization

4-1. Carboamination

Background'
ieretsical SN g — Catalytic Intramolecular Reaction O
NR32 [C]—| 3 NR3
1 , ENR =t — Intermolecular Reaction /A
R2 Rl €«—— R ——m > R2 R
(€] H-NR3, [C}-M (€] — Diastreoselective Intermolecular Reaction X

Catalytic Intermolecular Carboamination of Unactivated Alkenes'’

10 mol% Pd(OAc),

/\)L Rl R2 1 equiv KHCO; Flz2 R O
. N
N\)\/U\AQ

| H R-I (4 equiv) R! (R = alkyl, aryl, vinyl)
(AO) HFIP, 100 °C 4a
1a 16 examples
o up to 90% yield Ph
0 Pd(OAc), (10 mol%) Z o
Ph__~ KHCO; (1 equiv)
Me. ~ + NH + \/\| 3
\/\)J\AQ HFIP, 100 °C [N] AQ
1b 0] Me

O,
i HN 30% yield
- N ] dr.=1.1:1
N Pd"=Ng o}
T X
1a ligand amino-\_ base
exchange palladation
Ph o
Z o . I
N Pd"-Ny
) | |
d'=Na Pd(OAc); o)

N_o X-Pd'~

OH i . NE/ Isomerization by [Pd]

reduotve fgand 7~ Pd(OAc), (10 mol%)
o M b KHCO; (1 equiv) .

Q;f ﬁ % HFIP, 100 °C, 40 h
\//—_I«N@ oxidative @ Pd” NS E/Z = 291

addition

Nickel-Catalyzed Syn—Carboamination2

o 5 . NR12 0]
R2Zn  Ni(cod), (15 mol%) g
RMAQ + B2OTNRL + or THF, 60 °C, 24 h n "AQ
n R2ZnX ’ ’ R2
n=1,2 {R’ = alkyl, aryl (one example, 27%)} 28 examples
up to 87% yield
Pathway A oM oM ug to >20:1yd.r.
— N“ - . .
[N-O] (2) (N Mezz”E N(_,Elimz Syn-Arylamination®
oM oxidative s \' trans- | reductive R2,Zn AI‘B(OH)2
additon R'-N 0Bz metalation/ NR'>  We elimination 2
N7 6a migratory 6b or 46 examople§ I
hin_ ) M=Horznx) insertion >3-4 R2ZnX up :g 2%313";:’

: OM oM (products) P o
X/L . . . .

Me,Zn FN z [N-O] (2 /* Syn-Dicarbofunctionalization®
6¢c L) I I7+2

trans- N N' oxtdat/ve \ reductive Arl

~ metalation/ X/L medddition R 2N OBz Me elimination BZO—NR12|:> 26 examples
migratory insertion 6d 6e up to 88% yield

Pathway B up to >20:1 d.r.

1) Engle. K. M. et. al. J. Am. Chem. Soc. 2017, 139, 11261.
2) Engle. K. M. et. al. ACS. Catal. 2019, 9, 224.

3) Engle. K. M. et. al. Nature. Commun. 2021, 12, 6280.

4) Engle. K. M. et. al. J. Am. Chem. Soc. 2017, 139, 10657.



4. Carbofunctionalization

4-1. Carboamination
Rhodium-Catalyzed Syn-Carboamination
Carboamination via Rhodacycle Intermediate’

I
O  COM
_/ | (i) [Cp*B“Rh(CH3CN)3](SbF 6)2 \ A \
o R | CO,Me
N (O R (5 mol%) A x , Ph : Me
NPhth . R~ > | | HN. .0 |
1-AdCO,Cs (1 equiv.), MeOH, RT / = NPhth 1 X Me
1 2 (i) Toluene, 60 °C R | MeoC : Me
24 examples | s : Cp*®Bu
H a
[Cp*BURh(C HaCN)4l(SbF ) up to 89% yield RPN
MeOH  H* l1-Adooch 1a ¢+ MeOH
?/_\ - MeOH
5a Cp*BURN(0,CAd), on ’ o O Routea hypothesis ) i
3a ~ -
HX H Ar. e )y 0]
N- N C-C bond
/A/r 1-AJCOH MeO,C \n/& R NN B | %Ar)%”ﬁ
Route® O>3\/Rh>\ formation
Ph_ORn 0 O 2 1-AdCO,H Monodentate AT R
‘ N OMe ) ) o A -
U Ph O\Né directing group
Vil E |
R K R \(Rh/é W _ O COMe -L-H || +L-H
T N A O Os.. L
4 N (0]
An ) Rh(i) _N>Rh—j |C-N bond H
Rh) - Oy _OMe Meo”\%_)' n hs N+ R ot A QR |----- >Ar N
HX "
Ph O\NJ\j In situ generated B formetion R O
\ o bidentate directing group - -
R /\/R
Vi N R
R Ph O\’?/j\ 2
\ Mh\o OMe
v
N R
R
Intermolecular Carboamination? o
0]
P Yo [CP*RNCl,, (5 mol%) N )kRz
R™-B(OH), + | * g O NaHCOj3 (30 mol%) R1\/L
| N = -
R2 MeOH (0.6 M), 25 °C ! N
1 2 3 ' 4-6
)OL 37 examples
HN™ “Me up to 89% yield
Phxe?COZR j@
a Sy B Ph—B(OH), (1a)
t c
7/ y B(OH), O
L N\(
*%/i 3a Me
X—Rh; Rh\ Phy, .Ac . . . 3
oh \(t?cng Me (Cp* RhC'zlz xIL oo, N Synthesis of aminating reagents
3 H 9
e v "
A coRr i CDI (1.2 equiv) NH,OH-HCI (1.25 equiv)
-C0, 2 R~ "OH MeCN, rt rt
o
| C\)/(o
—Rh----N= T - limiti N
Phx\;‘-,h*coNR\iAe m X / YCOZR 0O
W CDI (1.5 equiv) 0//<
( X\_)Rh" =y
o Ph._~=CO,R R
1 [e] R 1
NS MR N \5<—|5(
3a Me l Off-cycle X—Rh—H
i Ph |
N side products \//’\COZR

g COR +CORIX,

Me

Bu

1) Rovis.T. et. al. Nature 2015, 527, 86.
2) Rovis.T. et. al. ACS Catal 2021, 11, 8585.
3) Blakey.S. B. et. al. ACS Catal 2019, 6, 5474.



4. Carbofunctionalization

4-2. Carboboration/Carbosilylation

Palladium Catalyzed Carboboration and Carbosilylation’
Carboboration

Pd,dbag (3 mol%)
L (6 mol%)
i-ProNEt (2 equiv)
R?OTf + Bypin, >
n=1or2 (AQ) 90 °C, t-AmylOH, 4A MS
(then [O])
Carbosilylation
Pd,dbas (5 mol%)
L (10 mol%) Me, Ph
o) Ph. iPr,NEt (2 equiv) M-S Q
R1\¢\)j\ + R2OTf + Me—SI Bpin > Fi‘\_/\)j\AQ
AQ Me 100°C, DMF,4AMS

2 = Aryl or Alkeny!
9 examples

up to 87% yield
[Cu)[Pd] Catalysis for Diastreoselective Carboboration?
Syn-selective

SIMesCuCl (5 mol%)

R Pd-RuPhos precatalyst (1 mol%)
AT

Bpin O
R2_A

- AQ
R1

32 examples
up to 99% yield

PCy2

L Ligand

R2
R1
L. Ar)\r
R2Br (1.5 equiv), (Bpin), (1.5 equiv) ,
NaOtBu (1.5 equiv), THF, 22°C, 12 h Bpin

SIMesCuO{Bu

11 examples

up to 85% yield
(1.0 equiv) CuSIMes
Ph (Bpin), (1.0 equiv) Ph
. o > Ph)\r

PR pentane, 22°C, 18 h . |

14 15 Bpin Pd-RuPhos
(1.0 equiv) >95% yield precatalyst (20 mol%)

- T+ NaOtBu (20 mol%)
4-MeCgHyBr (1.5 equiv)
Ar toluene/THF (9:1)
4-MeCgHy4 Br 22°C,2h
Ph S ~PCy;
Ph <— SIMes—Cu  Pd_
* . l:' 4-MeC6H4
8 Bpin H...}\l/ Ph
62% yield (GC) 16 PP _
17:1 d.r. L Bpin
putative transition state
Anti-selective
SIMesCuCl (5 mol% R2
R Pd—PiBuj precatalyst (1 mol%) H R
AT > A7
R2Br (1.1 equiv), (Bpin), (1.5 equiv) _
NaOt-Amyl (1.5 equiv), toluene, 22°C, 12 h Bpin
i 9 examples
via. t up to 90% yield
R.

putative transition state

1) Engle.K. M. et. al. Angew. Chem. Int. Ed. 2019, 58, 17068.
2) Brown.M. K. et. al. Angew. Chem. Int. Ed. 2015, 54, 5228

— o =
/
Q AFH H@ H
P || :Y ...
Me
© H
favored TS disfavored TS
Pd OMs RO OR
Ilgand
Pd—llgand
precatalyst RuPhos R = iPr

T

SIMes
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5. Halofunctionalization

5-1. Monohalo-functionalization

5-1-1 Bromoamination' ~ R -
s R'OCHN  Br
R'OCHN oF 3e or 3g (1 mol%) o >—<
N R? 0. .0
Toluene, RT O 4-cis o "0O—M
16 examples O
up to 99% yield R
R'OCHN  Br up to 98% ee (3e) - Jn
o) " up to —88% ee (39) 3e : M=H. n=1
m R ’ (R = 2,4,6-iPr3C6H2)
; o 39 : M=Ca, n=2
{ (1R,25)4
2 - N 1
R'OCHN  Br O/(l RO _O7H~0 \y R OCHN
o H’ RO O M N P
—’mRz /P\\ B:) —>R030M (‘BTO#
OO © RO ;1 R /—l/_ R1OC (@] 4
(1S,2R)-4 RloC’
M = H, alkaline or alkaline earth metals
5-1-2 Bromocyanation?
Br
B(CgFs)3 (10 or 20 mol%)
Ar/\/ﬂ + BrCN S Ar/l\|/R
) toluene, 40-80 °C, 20 h
1 (2 equiv) 2 CN
27 examples
up to 81% yield
a) Calculated free energy profile for the bromocyanation of trans-1r « Cqu):B,: t b) I’o\i %‘:&:;;‘: |%?§rma§nro na; -
(CoFo).._ (CoshB= "o
\5\?”& \C/~Br }',L
©\/\ TS1
TSt ,' 9 INT2 Ts2
Y R s 5(13C) 75.6 ppm 5(13C) 84.0 ppm
s i
,,h/\/_/ — H i Br—C=N +  B(CeFs)3 g Br—C=N----B(CgFs)3
s i : } ” oluene
T . o ©\\J\ Ven = 2183 cm™ (1 equiv) Ven = 2286 cm™
B 3 Br
e wrs 5 ('1B) 58.9 ppm 5 (1'B) -4.7 ppm
. INT1
-6.6 B
Br—C=N---B(C4Fs). 3 B
" LN =
AG (toluene) b 1’:2 ' psyiz" g %
(keal/mol, 353 K) INT1 Non-covalent interaction plot
cf. lodocyanation®
[ o] eI
2 2
R B(CgFs)s 1 mol % b B
| & I—CN CN Lumo
R' “NHAc MS3A, CH,Cly, 1t, time ~ R'” “NHAc
1a-0 (1.1 eq) 2a-0
(1eq) 24 examples
(7 non-activated alkenes) ohele
up to 94% yield
ICN 1.5eq
H A M Vriiay | Ve eaa Me CN
Me.l-- N W NHAG W H I' ,;;},NHAC AG (keal/mol, 313.15K) AG (keal/mol, 298.15K)
;}:;I“I/;zypield e @e = anti-2p / 0\ / AN
dr=4:1 3?“:" 1y'f'2% // 413 \ ‘ AcHN // ;'75; \\
//' Eid T\ YA\ 1eN-B(CiFa / l \
ICN1.5eq 5 Me / H/o J”H \ ; N sub \
I L L e A e 2 = P
87%yield <~———————— Ph” "NHAc —————= 10%yield 00 / i (CeFe) \
dr=6:1 CH,Cly, rt Er1p MeCN, 40 °C dr=1:>20 — oFs)2
15h 44h NSc----, o

EZ=

=411 A!

)M:
NHAc AGHN CN mml© oy
©§CN ©©| o ;
I ‘I .

prd ‘-.

2m 2n
ti
91% yield 81% yield orod (€8~ uc}‘j Q i
dr=>20:1 dr=>20:1 i

1) Masson. G. et. al. J. Am. Chem. Soc. 2012, 134, 10389.
2) Minakata. S. et. al. Org. Lett. 2023, 25, 2537.
3) Arai. T. et. al. Adv. Synth. Catal. 2023, 365, 3247.
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5. Halofunctionalization

5-2. Dihalogenation
5-2-1 Syn-Dichlorination

Background' ol
SbCl; (1.0 equiv) condition A : alkene(2.8 equiv)
Me\/\l\ne ° Me Me * Me Y\Me CCly, 73 °C,10 min
condition A . .
or Cl condition B : alkene(1.2 equiv)
condition B CCly, 2-6 °C,10 min
A : 96% yield (w. r. t. SbCI5), cis:trans = 82:18
B : 100% yield (w. r. t. SbCls), cis:trans = 70:30
Mechanism of selectivity s N
a(orb) cl T | R1J\rR2
Hujyooo i R
/I,C| CII—CII—CI S Sl AL
2 CI@ / Sb Sb/ cl / sb / rIXR
rCl Cl—Cl—Cl Cl\cf cl—cl SbCls
Cl CI CI Cl Cl 2 (o
C > @.R 2
a b c — HR1 @S H - R‘J\::/R
exothermic reaction | clsblol | Cl
XX
Se-Catalyzed Syn-Dichlorination? 0.5 PhseSePh @
3 Nf + 3 MesSiCl
PhSeSePh (5 mol%) A Initiation Foers
BnEtsNCI (3.0 equiv.) | A yres 3Py + 3 MesSiF
R' R [PyFBF 111 (13equv)  ©  C -

- — T R 1 \H,, R" F BF4 Reoxidation - N\
> < ¥
\ PhSeCl.
: Me3SiCl (2.0 equiv.) 3 cl PhSeCl + CI ot ,

R* R 2 R* R , 30 AR
23 (1.0 equiv.) R1J\rR N ‘ i RN
MCCN (0 2 h'”. n cl Chlorodeselenylation Alkene addition

c
grInsmesensrmsssanscaassmememommevsuaseany ' 26 examples cly 7_Ph o
' % : up to 91% yield Ve . P
. | i Y e
7 M NZ M o 31
N3 - o + s - :
": BF, (') ) : Allzglcé\:i:;/hc4 _________ 5 o SC'Z/ on /\ ]
by-product(s) E2 elimination H w2 glnu&;lssg:ilgg cl
1 23 : cr R g
. . . 3 32
5-2-2 Syn-Difluorination Anti-Difluorination?
s A OO R%0. | OR? pyre9HF o*ﬁ'o-g
—I: 5- F RS CoMe R! "
F -m P (£)-5k-m
@ —————i B ;I: _ 1b F*H"i_ ,
e Of0 |2, OO0 ¢ Oy JOUR
MeO,C" 55%  MeO,C Jij/)\u{z —r @,‘Dﬁaz ] @IF
1f 103 Me rv > 955 22f R! F:‘H\F R' ¥ H——}: I=Ar R'
T laem (2)-Ngy-m ()-Mgym
B |
R R ORS  pyrgHF cR R
R Ngs mCPBA RIK RNps
T0|p Q F & ﬁ)ﬁr —MCPRA )
“~ I 0,Me @7
Fe \‘;)_ 4 ‘I\ l 1bor1c T
O .\ pTo‘ F H-F 1boric Fn .
4 Ar—| 4 “F\R? R
o O A,. *e3 R - RSFIQ ‘F\
MeO,C 23 MeO,C o R\'/\rN ps | —— RWN s _Z 4)@
F “H |s (1') "s (z) g

F

1) Uemura. S. et. al. Bull. Chem. Soc. Jpn. 1974, 47, 692.

2) Denmark. S. E. et. al. Nat. Chem. 2015, 7, 146.

3) Hara. S. et. al. Synlett. 1998, 495.

4) Jacobsen. E. N. et. al. J. Am. Chem. Soc. 2016, 138, 5000.



