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Low toxicity

History
- Manganese oxides have been found in pre-historic cave paintings
- The name derives a black minearal "Magnesia" found in Ancient Greece (MnO,)
- In the 16th century MnO, became known as magnesia negra and was used to add or remove
color from glass and became known as "glassmaker's soap"
- Due to its wide availability alchemists experimented with MnO,
- Kaim and Glauber discover MnO3 can be converted to KMnOg4 (late 1600s)

- Scheele uses MnO, to produce chlorine from HCI (~1750)
- Johan Gottleib Gahn isolates elemental manganese (1774)

- First manganese-steel alloy prepared (1816)

Applications
- Added to aluminum to prevent corrosion

- Methylcyclopentadienyl manganese tricarbonyl anti-knocking agent in gasoline
- Important mineral for human health (require ~2.3 mg/day)

- Used to decontaminate drinking water

Toxicity
- Low acute toxicity compared to other metals

- no lethality in mice fed 2,251 MnCl, mg/kg/day for 6

months

- Manganese overexposure can lead to manganism

(reversible)

- Chronic low dose Mn exposure from drinking water linked to

developmental delays in children

Reviews
Manganese catalysis: Eur. J. Chem. 2016, 3912

Coord. Chem. Rev. 2016, 308, 191

Organomanganese(ll)
reagents:

Not Covered
- HAT (see Lo, Baran Lab GM, 2014)

- Mn(OAc) ; oxidative cyclizations (see Voica, Baran Lab GM,

2010)

Manganse

d’ transiion metal
Physical Appearance: Silvery gray metal resembllng |ron
12th most abundant element ’ '

Non-ferromagnetic

Chem. Rev. 2009, 109, 1434)

@/Me

. Mn
ocYy ~co

OC
18 mg Mn/L gasoline

MnO -

A Versatile StoichiometricReductant

- unactivated, commercial manganese powder is coated in a layer of oxide = low reactivity
- Recent examples using unactivated Mn® primarily in cross-electrophile coupling

cat. [Ni], Ln, n-octyl—I,
Mn® (2 equiv.) _

DMPU, 80 °C
82%

CC
Me

@En-octyl
Me

(Weix, JACS, 2010, 132, 920)
For a detailed review of Ni
catalysed cross coupling see
Revisiting Nickel - Edwards 2016

- Additives such as TMSCI/PbCl,, ZnCl,, |, partially activate the Mn and expand its reactivity

(Cahiez, Tet. Lett. 1989, 30, 7373)

MnP (1.5 equiv.),

Me

ZnCl, (10 mol%)
MeA~_Br + cgH “cHo > X n-hex
o EtOAC, 60 °C
82% OH
(Takai, Tet. Lett. 1996, 37, 7049) Mn° (4 equiv.),
O  PbCl, (1 mol%) OH
/\/Br + TMSCI (40 moI%L —
THF, 25 °C
99%
(Furstner, JACS 1996, 118, 2533)  cat. [Ni], cat. [Cr]
Mn° (1.7 equiv.)
TMSCI (2.4 equiv
QI + C6H13/\CHO ( 9 "); n-hept
DMF/DME, 50 °C
67% OH
- Several methods have been developed for preparation of highly activated Mn* from Mn(ll)
MnX, reductant Mn*
conditions reference

- MNnCl,*2LiCl, Li° 2-Ph-pyr, THF, RT

- MNnCl,+2LiCl, Mg® Br(CH,),Br, THF, RT
- CgK, MnBrz-LlBr THF, -20 °C

- MnBr,, Li° , napthalene, THF, RT

Applications of Mn*

-Mn insertion into C-X bonds

R-X —M0° 5 R-MnX

R= alkyl (Tet. Lett. 1999, 40, 6407)
aryl (Synth. Commun. 1998, 28, 1065)
het-aryl (Tet. Lett. 2005, 46, 5961)
alkenyl (Tet. Lett. 1996, 37, 7009)
benzylic (JOC, 1998, 63, 6766)

Cahiez, Tet. Lett 1999, 40, 6407
Oshima, Synlett, 1998, 1075
Furstner, Tet. Lett. 1996, 37, 7009
Rieke, Tet. Lett 1996, 37, 2197

-Single electron reductant - Pinacol coupling
X Y
Mn*
g
A7 Y Ar
XY

NHP
0,Y
0,Y

=y
ZT<

.Y =H

Rieke, J. Org. Chem.
1998, 63, 5235

X
X
X
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. For a detailed review see: Cahiez, Cahiez, Tetrahedron Asymetry 1997, 8, 1373

Mn(") organometallcs Chem. Rev. 2009, 109, 1434 o ci (0] R

. R 1 I 0, 0,
General I.°ropert|e.s. . . R-MnCl (1.1 equiv) =B V|ego(/o) eeg(g/o) trace
- Intermediate reactivity between Grignard and organozinc reagents (R-MgX > R-MnX > R-ZnX) o > o n-bu-Mn ! epimerization
- Thermally stable, most can be stored as solutions in THF for extended periods THF, -10 °C t—Bu—MnCl 85 97 observed
- Broadly functional group tolerant (esters, amides, nitriles, alkyl halides) Ph—MnClI 80 97

o o *3 mol% CuCl added

- Reaction with ketones, aldehydes and acyl chlorides

Preparation

transmetalation from R-X
organometalic) (v = Lj, Mg) *Mn*
— MnX
R=alkyl, aryl, p_pe _»n 2 R-MnX
alkenyl, alkynyl MX,

Tetrahedron, 1989, 45, 4163
Tet. Lett. 1997, 38, 1927
Tet. Lett. 1998, 39, 849

BuyMnLi, R=
-~

(see previous slide)

manganese—halogen
exchange

R-B
" oeketo halide

Chem. Commun.1997, 21, 2077

JACS, 1997, 119, 5459

- Organolithium and Organomagnesium reagents competent donors

- MnCl; & MnBr; can be heat dried under vacuum

- Transmetalation proceeds in THF and Et,0, respective LiX salt often added to enhance solub|I|ty. Me

- Stability: R4MnLi, > RzMnLi (~RMgX) > RMnX >> R,Mn

Chemoselective 1,2-Addition: Aldehydes & Ketones

Cahiez, Tet. Lett. 1986, 26, 4445

(o] (o]
H n-Bu—MnCl n-Bu selective addition to
Et)kﬂs/\[( THF, 20 °C Et)L§‘78/\|/ aldehyde
(o] 89% OH
Cahiez, unpublished (see Chem. Rev. 2009, 109, 1434)
(0] HO n-Bu
(o) HO n-Pr
)]\ n-Bu MnClI n-Bu-MnCl

> —_—

n-Pr n-Pr Et,0, rt, 30 mins n-Pr \\ THF, rt, 30 mins

95%

Chemoselective 1,2-Addition: Acyl chlorides
Cahiez, Synthesis 1984, 37

n-hept—=MnCl| o
—_—
C'\)J\c, THF/Et,0 C'\)l\n_hept

66%
Cahiez, Tet. Lett. 1988, 29, 3659

Me
/©/COCI
Me

=z MnBr
Me 0— 20°C

then MeLi, 0 — 20 °C
Et,0, 80%

Me

n-Bu

86%

allyl, propargyl,

General Features
- mono-addition to alkyl/aryl acyl chlorides
- alkyl, aryl, alkenyl, alkynl R-MnX all work
- cat. Cu(l) added for hindered substrates
Cahiez, Tet. Lett. 1989, 30, 7369
- mixed anhydrides work also
Cahiez, Synth. Commun. 1979, 9, 639

Me OH

Me

=
bisabolol Me

one-pot synthesis
from acyl chloride

Conjugate Addition to a,f—Unsaturated carbonyls

Cahiez, Tet. Lett. 1986, 27, 569
o HO i-Pr o o

(o]
conjugate addition
23% 4% 33%

produces mixture of
products

i~-Pr—MnCl
THF, -30°Ctort

Cahiez, Tet. Lett. 1989, 45, 4163

Me
Me N7 mel
THF, 30 C ot e
CO,Et

CO,Et

M = Mg (45%)
M = Mn (83%)

Cahiez Org. Synth. 1995, 72, 135

B

w/o MnCI2 =51%

CuCl (3-5 mol%)
n-Bu- MgCI

THF, 0 °C

- hindered malonate derivatives
- Cu(l) salts enhance reactivity

MnCl, (30 mol%) = 95%
Manganese Enolates
- prepared using N-Me aryl manganese amide (Tet. Lett. 1994, 35, 3065) or salt
metathesis from existing enolate by adding MnCl,-2LiCl (Tet. Lett. 1994, 35, 3069)
- highly efficient at supressing enolate overalkylation
Cahiez, Org. Synth. 1999, 76, 239
OM Fh O Q Me Yield (%)
Me PhCHzBr Me Ph Ph M A B C_
THF DME Li 34 11 18
Mn 86 5 >1
(9
Iron Catalyzed Alkenylation of Vinyl Halides
Cahiez, Tet. Lett. 1996, 37, 1773 o
Fe(acac)sz (3 mol%) M _ Fe(acac); (3 mol%)
e -Bu—
B /\ Oct-MnClI n-Bu/ﬁ c1 -Bu=MnCL_ é\/\n-Bu
THF NMP, rt Oct THF-NMP, rt
=1 (90%) 74%
- more efficient than o
corresponding Kumada (B;lr ((ggo;")) >98:2 E/Z for both examples
(]

Miscelaneous Reactions
- copper catalyzed displacement of alkyl halides (Cahiez, Synlett, 1993, 1, 45)
- palladium catalyzed biaryl coupling (Tet. Lett. 1997, 38, 4397)
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Mn Promoted Cross Coupling

C-C Bond Formation

First Report (Cahiez, Synthesis, 1999, 12, 2138)
a-keto aryl chlorides with Grignards
(Cahiez, Org. Lett. 2004, 6, 4395)

Vinyl halides with Grignards
(Cahiez, Org. Lett., 2008, 10, 5255)

cl R>—MnCl, R, R,-MgCl,
— i o,
(1.2-2 equiv.) R/\/X MnCl, (10 mol%) R1/\/R2
R4 THF, —60-40°C Ry R THF, 0-60°C R, = aryl
0.5-4 hrs = 1-18 hrs 2"
70-90% R =alkyl, aryl 50-90% E/Z ratio retained
for most substrates
Chloro Substituted Heterocycles with Grignards i-Pr
(Rueping, Synlett. 2007, 2, 247) N
SO0 O
MnCl, (1-5 mol%) N
Het-Ar-ClI W Het-Ar-R cl N H
y ° _rt 0, 0, 0,
1212 hre 53% | SN 58% Xy 46%
50-90% 7 _N
) N Ph
(No control experiment w/o Mn) 58% 77% n-Bu

Radical Dehalogenation-Cyclization
Oshima, JOC, 1997, 62, 1910

Me
0/\/\Me

[ BT
n-Buo)\/ 80%

Cyclobutanol Cleavage—Electrophile Trapping (Zhu, ACIEE, 2016, 55, 2866)

Mn(OAc); (20 mol%),
bipy (22 mol%),

n-Bu—-MgBr (2 equiv.)

MnCl, (10 mol%) using cat. Mn/Cu and RoZn
2 o

see; Knochel, Cahiez, Tet.
Lett. 1996, 37, 5865

n- BuOM

Me

R1 = aryl, alkyl Ri_ OH PIDA(2 equw
R, = alkyl, H E (1 5 equiv.)
R3 = alkyl, Ry
aryl, H CH3CN rt, % -8 hrs RHO R,
E = TsCN, R-SO,Ph R, 34-87% het 1\‘:(
TBS (o] n-Pr nV
Vi CN fin Ln
o PIDA OAc MnY
40% n-Pr 0" “oAc
"/,)J\Ph Br 1.2:1d.r. N’;Mn"'—OAc Ry
34% c N R
12:1 d.r. o ArSO,-OAc<—— SO,Ar ’
)J\N (detected) Ln
Ph A . Mn'V
o 50% o E-SO,Ar SOAr 6Ac 0‘)
)J\/\/CN E ‘_R1 3/\
Bn R4 Rq T R2
52% R, R,

Allene Carbomanganation (Oshima, Org. Lett. 2003, 5, 4623)

/\GMH(MQC”Z J
N HMPA (2 equi) H,o M OMe
N OMe OMe |M2
THF, 0°C 22 hrs OMe
OMe 46%, 9:1 d.r.

For reactions with alkynes see Oshima, JACS, 1996, 118, 6076

Three Component Coupling of Imines/Nitriles, Grignard Reagents and THF

Wang, JACS, 2014, 136, 6558 o o Mn3*
Mn(TMHD); (2.5 mol%), ~ NHR;  OH 5 5
NR; Ar-I (2 equiv.), LiCl t-Bu t-Bu
+ A-MgX —=——23 g Mn(TMHD);
- THF, t, 18 h o
R Ry (5_equw.) 50199% s R R, - reaction using nitriles gives ketones
X =Cl, Br after treating with aqu. HCI atrt
NH(Mes) NHPh NHPh
Ph
2-Napth 2-Napth
98%, 8:1 d.r. 84% 63%, 3:1 d.r. Me 70%
NH(M
(Mes) Mo O
OH Mo I OH
Ph Ph Ar-H \ Ph
o}
OH 56% 94%
@)
Ph;Mn
(— MnCI, 1™+ Ar ! o Ph-Mgcl
PhMgCI, Ph;Mn'"
Ar-1, THF Ar-l
pph—MgCl
Cimg* I | (o]
_ Ph;Mn"MgClI I
phmi~© ’ Ph/MnO
P
Ph PI?—MgCI
Ph. _Mn'Ph IMin-C
N, Mn-O
b;0 2PhMgCI N omgct
D Ph R NPh
OH Ph
ph)\/\/
N J Ph H

C-B Bond Formation C-H Borylation (Hartwig, ACIEE, 1999, 38, 3391)

B,pin, Cp*Mn(SO)s BPin Limited C-H

. (10 mol%) OR /\/\/BPin 'borylation scope

using Mn, Re more

R-H (solvent)  CO (2 atm), efficient
hv, 55 hrs. 76% 35%
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SP3 C-X Borylation (Cook, JACS 2016, 138, 6139) - First example of Manganese catalyzed

C-H Activation

Bopin, (1.3 equiv.)

alkyl halide coupling

cl EtMgBr (1.3 equiv.) BPin ! Early Stoichiometric Studies (Woodgate, J. Organomet. Chem., 1990, 381, C26)
MnBr;, (1 mol%) '
Me _TMEDA (1mol%) _ Me L OMe OMe H MesNO: OMe on,
MeO DME, rt, 4 brs, 88% Bpin | CHO PhCHMN(CO)s. /\COZMe
Me h n- heptane A 53 % CO,Me
JL(V)/\ Ph ; : 21% Mn(CO)
4-MeOPh™ "Bpin Bpin L “Bpin
X = CI (59%), Br (75%) X = Cl (14%), Br (64%) X = CI (65%) 2:1 eq/ax. X = CI (83%) First Catalytic Report Using Manganese (Takai, ACIEE, 2007, 46, 6518)
Bpin . MeN MeN
. - MeN—\ [MnBr(CO)s] (5 mol%)
cl reaction ! A\
LbBPin Ph/\/\Bpin " BPin  selective for : = PRCHO, Et3S| Mn H Et33|
: PhM 115 °C OTES
X = Cl (83%), 86:14 d.r. X = CI (60%), Br (51%) X = Br(83%) Oroverc ; o4 hers 93%
Br (79%), 87:13 d.r. :
Mechanistic studies: condltlonos G/\Bpin - Radical O.A. proposed
/\/\/\ 0.1 M, 65 °C 39% (racemizes enantiopure hahdes): Alkenylatlon of Arenes (Wang, JACS, 2013 135, 1264
=z Br conditions _~ _~_~ - Radical recombination is N Ph X o]
05M 0° =z - Bpin temperature dependent ; | MnBr(CO)s (5 mol%) ,& |
5M, 79% A ||| Cy2NH (10 molgs) (10 mol%) o "
""""""""""" EO, 80°C Ph
C-S Bond Formation (Lee, Chem. Asian. J. 2013, 8,1029) ' R 26 hrs X X
MnCl, (20 mol%) :
1 1 ' 76% 48% 68%
R\\ | Phen (20 mol%) ‘ R\\ S‘Rz - generally high yeilds °
| + R2sH  Cs2C0s (1.5 equiv.) - - alkyl/aryl sulfides ] A A | A Mn avoids alkyne
/ PhMe, 135 °C, 24 hrs. = - low steric sensitivity ! _N _N Cco _N co cyclo-trimerization
60— 99% . MnBr(COgs "”'Ml «CO N o, ln‘\\CO issues of softer
H -CO - | ~co —HaNCy,Br l ~Sco  Metals
, —Br co -CO L
Sn-hex /©/ \O . ﬁ H——R
: HNCy, (X /E
: | % co
60% 64% 80% 91% 63% . ‘,,, MI ACO
_______________________________________________________________________________________ ' n
C-N Bond Formation o NO, ! N "l e
Amination using Bimetalic Catalyst System in Aqueous Media /©/ | _N | |
Teo, Tet. Lett. 2011, 52, 7171; Teo, Eur. J. Org. Chem. 2013, 515 N ' R
MnF, (10-30 mol%) H : xR b
I < R2 Cul (10 mol%), KOH (2 equiv.) R 82% ' C via
S 1,2-Chex-diamine(20 mol%) N F. A
R-NH,*+ || > 0, e N N
2 = water, 60100 °C, s 0\ co | | N | )\ co
24 hrs, 50-94% /©/ °N ; “, | \CO _N I .CO zN., | \CO
- ' n
' \ \
\_N M ! /\ co l CO (o0)
o 0 e O —- O,
z Weakly nucleoph|l|c : R/§'/H
53% 94% amines can be coupled
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Scope Expansion to Include Acrylates (\Wang, Chem. Commun. 2014, 50, 14558) E
/ .
C02Me .
MnBr(CO)s (10 mol%) N Y CO,Me N COzMe
CyzNH (20 mol%) (20 mol%) N CoMe :
BG__A' Et,0, 100 °C :
d_G g 6 hrs 49%,
irecting 32% 35% 12:1 A/B :
group !
Imine Directed [4+2] Benzannulation (Wang, ACIEE, 2014, 53, 4950) PMP E
R, R, N 1
N NH  MnBr(CO)s (10 mol% NN '
| nBr(CO)s (10 mo) MeO Z>1us ;
R// R, dioxane, 105°C AP NF R4 96% Ph :
i .
Rs Z 12 hrs R; isomer ratio = 1.7:1 :
R = aryl, alkyl t-Bu cl Pup :
SN N :
Et .
= ,
Me,N = O MeO :
PMP,
PMP 73% NBoc 51% .
MnBr(CO)s Ar/J% :
PMP R2 :
PMP co PMP !
N ,H
N \
A N-H
Mn(CO); co
SM (detected) (co)4 R e R
1—— Rz
E
PMP B
X, H
4,
“,, | \\CO
H
| "Sco D c
co ‘¥ ‘\CO
Product

ers (Kuninobu, Org. Lett.. 2016, 18, 304)
Other Methods

Aminocarbonylation (Ackermann, ACIEE,
2015, 54, 14137; [3+2] Annulation
(Ackermmann, ACIEE, 2015, 54, 4092;

Synthesis of Isobenzofuranones from Aromatic Est
Oo__R;
l><R3

Mn,(CO)4o (5 mol%),

o]
A oMe BPhs (1 equiv. A Cyanation (Ackermann, Chem. Eur. J.
| P DCE/hexanes | _ 0 2016, 22, 17958); Allylation (Ackermann,
R1/ 150 °C, 24 hrs R1/ ACIEE, 2016, 55, 7747); Decarboxylative
23-83% R, Alkenylation (Ackermann, ACIEE, 2017,
R,

Cyclization

Formal [2+2+2] of Alkynes and Dicarbonyls (Nakamura, JACS, 2008, 130, 7792)

HO CO,Et HO CO,Et R, CO,Et
— MnBr(CO)s (10 mol%) | R, —H,0
. R H o PhMe 65°C 372 hrs R R R R
\\\ // 1 33-98%
R = alkyl, aryl mechanistic study: Nakamura, JACS, 2009, 131, 4099

Pyrone Synthesis from Dicarbonyl via Formal Alkyne Insertion
Takai, Chem. Commun. 2008, 6360

o]
o 0R1_3=alkyl,aryl MnBr(CO)s (5 mol%) R,
neat, 80 °C, 24 hrs | (o]
R1M0Et + Ry==——H  ihen TBAF (10 mol%), RS NP NR
R, 50 °C, 2hrs, 13-96% 3 1
H
T TBAF
=R —-EtO~
| * OEt co Rs
oc, 0\0 oc, | wx Rs
,M _— Ml TS R,
oc l\/ R; 0] oc” (I:o ,gszt RE CO,Et
R1 oH cyclization R1OH R/ “OH

Olefin Functionalization

Alkene Epoxidation HO Me
Epoxidation Catalyzed by a Simple Mn(ll) Salts (Burgess, JACS, 2002, 124, 11946) X
MnSO, (1 mol%), Hy0, (5 equiv.) Me o
R1_ R4 DMF, salicylic acid (4 mo%) @@ Me><\’ME o
H 8 NaHCO; Buffer

R, R P 3 R

2 slow addition, 16 hrs 2 Me Me™ Me
R = alkyl, aryl, H 50-97% 97% 81% 91%

Using Electrochemically Generated H,0, (Wong, Green Chem. 2006, 8, 900)

MnSO, (0.6 mol%), O - lower yields than
NaHCO3, 2 M H,SO, Burgess procedure (50-97%)
> - slow generation of
RVC anode/Pt cathode

H,0O, prevents Mn

t-BUOH/H,0, divided cell catalysed decomp

constant voltage = 400 mA

Epoxidation Catalyzed by Pyridine 3-Carboxylic acid (Feringa, ACS Catal. 2012, 2, 1087)
MnCIOy4 (0.01 mol%), H,0O, (1.5 equiv.),

73%

R, R4 butanedione (1.5 equiv.) O HO OH
— PCA (0.5 mol%), NaOAc (1 mol%) R1AR4 R, R,

R. R . > R, Rj 2 R
2 3 CH3;CN,0°Ctort, 12 hrs

electron rich electron defficient

10-98%
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Jacobsen Asymmetric Epoxidation (Jacobsen, JACS. 1990, 112, 1801; JOC, 1994, 59, 4378) E Alkene Mono- and Di-Functionalization

works well for « Mukaiyama—Magnus Hydration (See Lo, Hydrogen Atom Transfer, Baran Lab GM, 2014)

. Me
trisubsituted ¢ ' Me Me_ Me (o] Me
and cis-1,2- ' Me Mn(dpm)3 (20 mol%),
R A (3mol%), NaOCl Ry O gisubstituted : \ = PhSiH3, O,, TBHP; PPh; Me
>=\ 4-PhC5H4NO (20 mOlo/g A olefins ! i'PfOH/CHzCIZ, _ 1006 Me Maimone,
R2 Ry CH,Cl,, 0 °C R2 R tBu t-Bu: 0 d 52% H™ o JACS, 2014,
R =alkyl, aryl 61-97%, 86-95% ee ! cardamom peroxide 136, 5287
E MnCl, Catalyzed Oxidative Styrene—Alcohol Coupling
! Wen, Sci. Rep. 2015, 5, 15250 [Mn] t-BuO
New Ligands Imporve Selectivity NMe, E OH MnCl;-4H,0 O OH |[t-BUOOH—— +
- reactions catalyzed using A (0.2 mol? ' | XX )\ (10 mol%), OH
1.5-2 equiv. aq. H,0, o1 98;10|e/l|)(§ 0o + R R. 1BHP (3 equiv.) | N R, R; +-BuOO’
h,, o oer ol iR neat, air, 70°C 5S¢ /\/\0“
OTf + Ry = alkyl, halogen 51-75% 1 Arm '\\R:,
/l, \\\ . = =
nH HN O‘ UL Gao, Org. Lett. 2013, 15,4138 1 Ro = alkyl, Rq = alkyl, H
"IN l!l OTf o ! Mn(OAc); Mediated Diazidination
% Qs B (0.1 mol%) ! Fristad, JOC, 1985, 50, 3647; Snider, Synth. Commun. 1998, 28, 1913
=N ;.pr N= Ph | 7 70-89% vyield . biased cycli
o_V L o X R 67-80% ee : N3 N3 unbiased cyclic
i-Prt 8 : Mn(OAC)s (3 equiv.), ‘ N, f:vzsrtrtf;‘;z _
A (4 steps) B €2 Sun, Org. Lett. 2016, 18, 372 ‘ NaNj; (5 equiv.) Mn(lI1)-Ng product
. —_—
Alkene Hvdrogenation (See Lo, Hydrogen Atom Transfer 2014) MeM 9722 9CH33C;\II/J;§A MeM MeM Pd/C, H, Nj
Mn Catalyzed Enone Reduction Shenvi Hydrogenation . € 8’7"/;) € € 59% NH,
Shenvi, JACS, 2014, 136, 1300 [ES— I _—
Magnl:;g.e}t.Béett. 2000, 41, 9731 MeOTBS MeenVI Me : Olefin Dichlorination (Pinetti, J. Chem. Res. 1989, 108) o o "
Mn(dpm); (3 mol%) Mn(dpm)3 (10 mol%) z . e
PhSiH5 (1.3 equiv.) PhSiH, TBHP § '\%OSZC(: g eq“'v) cl J_Ph Gl
~TPrONICHCly - PR DBty ) P
- 2~ FProH : TTHR 60°C C
H 100% : 79%, 5:1 d.r. : R 100 oo, cl cl cl
o \OTr o \OTr Bn Bn E ° 85% + (8% syn)  83% + (15% syn) 92%
i Hydroxy Aziridination (Jiao, JACS, 2015, 137, 6059) HO
Phenyl-Isopropoxysilane Improves Reaction Yield (Shenvi, JACS, 2016, 138, 4962) ! HO Me HO
) . ' MnBr;, (5 mol%), HO N. Me
Me_Me Mn(dpm)s (3 mol%) Me~_Me -PR(-PrO)SiHz found 3 Ri H,0 (10 equiv); g, M PR Z :
| Ph(i-PrO)SiHy, TBHP to be active species N,  PPhs(lequiv) o Na N, P N
o —— P> 5 (o] - i-PrOH repleacable i Rz ————— 3 R; 3 51% 0
hexanes, 0 °C with any solvent ' R; CH3CN, air, rt R, 88% o 62%
N 94% (23% 1st gen.) cn - Yields increased and | 42-96% 5:1 d.r. N; o~
rxn times reduced TMS—OH R/\

Application to the Synthesis of Aplydactone (Zhang, ACIEE, ASAPs) product TMSN, 'N3 A—» R/\/N3
Me  Mn(dpm); (10 mol%) *02
Ph(i-PrO)SiH,, TBHP 0

Me/, % Me,, aplydactone :PPh; HOMn'"! <—2— mp' 00’

! n-hexane, rt '

[, Me'Br es5%, dr. 151dr. OOH 0OMn!! R)\/N3
H 45%, 1.1:1 using PhSiH
o) (45% using iH3) o R N; H,0 R)\/N3
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alcohol [O] state

(0] OH Me, OH Py
_ ,Me favored for 2° N -
proceeds via aqua- Ne” | YN

complex of Mn’ (I;N

/S\
H,N""0 AgSbFg (5 mol%), HN-S 0 A\ MlCIN
PhI(OPiv), (2 equiv.) T
2 g Ay

R
8 4 AMS, CgHg/CHSCN, R, 3
H TR, rt, 824 hrs R4, Ry = alkyl, H (not 1°)

R, 51-90% R; = alkyl, aryl

05/27/17
- N R-OH —— PHIO ESecondary C-H Chlorination and Fluorination
C-H Oxidation (N\MnlgN> Phi 'Groves, JACS, 2010, 132, 12847; Groves, Science, 2012, 337, 1322 Cat = R
R NL'——N y . o] , Me
Porphyrin Based Catalysts R cl ! Chlorinaiton: +Fluorination Me
dical hansim f OH _9 \ catalyst (10 mol%) Me o . catalyst (8 mol%)
é[aC'CHa ”?gct_ans'm avors N"ln.\, ) <N\ II V‘N) ! NaOCI (3.0 equiv.) Cl. ' AgF (3.0 equiv.)
- oxidation N N R NN/ | TBACI (2.5 equiv.) Me ! TBAF (0.3 equiv.) Me
- changes to R lead to “éT |1| & ! CH,Cl, > ! PhIO (8 equiv.)
variable selectivity o’ H 42% 7%
O aioal meataniom based \<N"|\N P :L(SMoreocl);cled 2X)  md m& CH3CN/CH,Cly, 50 °C
on H atom abstraction by L=9, ) N
N '
Mn=oxo complex | N ¢ OCl R-CI N"II : N"II
E R - |_N> : Phlg,}'<N_ | ,N>\(R
Bulky Porphyrin Favors 1° C-H OX|dat|on (Suslick, J. Chem. Soc Chem. Commun. 1985, 580) E cl N— E |‘N
Cat. Ph ' \? + v omnt ) ( MY )
A— ¢ NTIEN NTI : N:_|_: +
R-H _catalyst, PhiQ__ M ! ( MY ) LnMn' ( S 'r,'VN) : ——T\ E
e Ph! N N nMn N ' NT I yN
(solvent) C He 7 hrs . + \4—' ' ( mn¥ AgF
66 Me Me : oL : R F NZ N
: Lo~ ' ~|-’ AgOH
A 91 1 9 SN, He . R SR SRR
relative yield B = R-Ph : Non-Porphyrin Based Catalysts
B 25 69 6 E Aminopyridine Ligated Mn (Bryliakov, Org. Lett. 2012, 14, 4310)
Templating Strategy Gives Site-Selective Hydroxylation (Breslow, JOC. 2002, 67, 5057) ' H H202(1.3-2.5 equiv.), OH o I N
o SO:H; /|\ 2 (0.1 mol%) )]\ Z
' —_— or
: Ri"R,Rs CHiCN/AcOH, Ry g Ry Ry Rz e, N, | OTF
N ; 2 0°C,05-2hrs 2 if Ry = ,’M N
H ! Ri—R3 = alkyl, H N | Notf
1) R'OAc, TsOH : o OH U
2) catalyst (1 mol%) E X
PhIO (5 equiv.) . t-Bu “°A° wOAe
100% R'O S_cvelodextrin | * 2
cyclodextrin ) f S 3 - selective oxidation of 3° C—-H
................................... 84% 3% e Me H bonds in the presence of 2°
Enantioselective C—H Oxidation Using Chiral Porphyrin Cat. = R i - 2° C—H bonds oxidized 68% 1% - cat. A highly sensitive to
Simonneaux, Inorg. Chem. 2002, 67, 5057 ’ ' to ketones ° steric environment
o OH (o] . -
cl_aitaolys(ts(%f; TJ?J?) : Oxidation via MnV" intermediate (Lau, JACS. 2014, 136, 7680) N ! 2
Me 272 (54 Squiv.), Me . Me : CAN (1 equiv.) or 2, lllyaCN
Imidazole (60 mol%) ' H CH3COLH (1 equiv.) oH o “Mn'
Me MeOH/H,O, it Me Me SOsNa /{\ 3 mol%). Py NC’ 3 “CN
. —_— or
90%, 57% ee % - i R Rs  AcOH(Tequv) Ri"gRs = R "R, R,-OH ArOOH or
) . or
Intramolecular C-H Amination (White, Nat. Chem. 2015, 7, 987) | (4.8 equiv.) 250%09}452_%?% - overall yields very R,=0 celv
OO0 ' R1—R3 = aIkyI, H ’ hlgh ArOH or
Y 1 (5 mol%), o0 . - selective for 3 ° C—H, Rn=H Cell

69% 28% 84%
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Asymmetric 2° C-H Oxidation (Costas, ACS Cent. Sci. 2017, 3, 196) TIPS : MnV Salen Catalyst (Du, Organomet. 2013, 32, 5034) _N’\nu"ll /\N_
H,0, (1.3-2.5 equiv.), o | : A
2 A 1(0.1 mol%) 9 Et, N’ ' 0 PhSiH; (0.5 equiv.); OH t-Bu o o t-Bu
JL /@ T ——— ,lL N, | (OTf ' )L 2 (0.5 mol%) )\
R”™ °N B CH3CN/AcOH, R”™ °'N m o [ ¥ R, e Ol Ry R, B t-B
H 0°C, 0.5-2 hrs H N” | NoTf iR, =alkyl aryl _CHiCN.80°C e, TR
95-97%, 62-94% ee Et/ . R1 — alkyl! H~ TBAFor HClw/u - tolerant of cyclopropanes, NO,
o @ Q @ U\ 2 ’ 64-98% - enones undergo conjugate reduction
Etﬁ)l\N‘\‘ o PiV\N\\\ o BOC\N\\‘ o N TIPS E Mn' NHC Catalyst (Lugan, Adv. Synth. Catal. 2014, 356, 1093; Organometalics, 2016, 35, 4090)
H OH
H H H 1 '
Me 84% 66% ; o Ph,SiH, (1.5 equiv.);  OH
61% 45:1 A/B 8.2:1 AB ; 3 (1 mol%) Me IVIIn Mes
25:1 A/B 91% 65% ! _—— e
86% ee o o WNHCOR: TR PhMenv b R Rz F:e °6c, \)
(using S,S-1) ligand directs substrate : R1 =alkyl, aryl 2 M NaOH, MeOH MesN
approach wNHCOR /"7 NHCOR : Ry = alkyl, H 47-97% yield 750/
N LS H : o ' Me °
< ’ ‘\ o A—» . ol : W\(\ 47% ketone
Et N —gace-éelﬁctlve N, | N orf:t;féﬁ'(‘j' i\ Me 97% Me 88% (+22% 4-Ph-2-butanol)
N - H
abstraction N:| \ N7, N E
50% < ' IVI Mes Mes carbonyl binds @
25:1 A/B 0C', "\l/N Ph2HS|‘4 | \l/ 16 e~ complex Mes
91% ee . OcMesN\/) \) Ph HS|/‘
(using R,R-1) , h Mes )j\ N\)
....................................................................................... . v
: /A:o R R R1—</ Mes
Carbonyl Reduction :
Br. ! .

. . ! hydrid
Hyvdrosilylation u 72% Ma' N Mes transfer
Reduction of Esters by Manganese Carbonyl Acetyl Complex OEt (2 mmol) . PhZHS'\ \|/\)

Cutler, JACS, 1995, 117, 10139 ' Mes”
: =N e
I (PPRo)COMMNCIOICHs (3 mal) E‘°Noa (20 mmol) ! N Mes
R; OR, PhSiH3 (1.1 equiv.) R1/\OR2 o : Ph"S| Mes Ph,SiH, Ph HS| Mnll
- > H / 2
R = alkyl, benzyl CeHe, 15_3(? mins 0. __0 40% : U \)
R, = M, Et, Ar 35-83% reaction is generally cleaner 20 ’ | : es” Mes
for linear esters (20 mmol) ' ><OS'HPh2
Selective Reduction of Acids to Aldehydes (Sortais, Chem. Comm. 2013, 49, 10010) :' ettt
i Hyvdrogenation (\ Br~
0, . . idi N
o MHnszi(I(E:togOS(se;nu?\I//)i) Et;SiO OSiEt; aCl/d'C o i Mn Catalyzed Hydrogenation of Esters to Alcohols H‘N PEtZCO
S : )4 Ll CHO . Beller, ACIEE, 2016, 55, 15364 - enones reduced to saturated alcohols " r;f“\\
Ri™ "OH " "phme, hv, 3 hrs; R H R H : N
R. = alkvl e DV’ > IS, : - cyclic lactones ring opened to diols P” | Yo
1= abe)r/éyl 60-97% yield N\ ' )oj\ 4 (2 mol%) - various heterocycles tollerated Et, CO
: g 4
I T e T
H - ar mp
/70% 0% 55% 88% v Ry=alkyl,aryl  gioyane 24 hrs hydrogenation of amides to alcohols and amines using 4

(+ 22% olefin hydrosilylation) Rz = alkyl 57-98% see: Beller, Chem. Sci. 2017, 8, 3576
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General Oxidations

Catalytic, "Selective" Oxidation of 2° Alcohols

o)
Sun, Org. Lett. 2015, 17, 54 Me\ f&N
OH I
Ph)k/

)o\H H,0, (1.5 equiv.) j’\ 78%
1 (0.2 mol%
R 'R; ( b) R{™ "Rz 2°penzylic alcohol \\(/
R, = alkyl, aryl CH3CN/ACOH, oxidized selectively N
R, = alkyl. H 1-2 hrs, rt no equivalent 2° vs /
2 yl, o Me'
30-95% 1° alcohols tested 1

Manganese Dioxide (MnO,)
see: Manganese Dioxide. e-EROS Encyclopedia of Reagents for Organic Synthesis
General notes:

- MnO, must be in its activated form to serve as an oxidant (commercial or prepared)
- Aprotic non-polar solvents prefered for higher reactivity, polar solvents (DMF, acetone,

EtOAc) can be used to attenuate reactivity
- Stoichiometry MnO,:substrate can vary from 1:5 up to 1:50
- Add MnO, to the reaction solvent before substrate to prevent material loss (DB)
Colton, JOC, 1962, 27, 248

MnOz (33 equiv.)
l-PrOH rt, 18 hrs
70%

- Oxidation to Carboxamides (Corey-Gilman-Ganem Oxidation)
Corey, JACS, 1968, 90, 5616

EN

- Tandem Alcohol Oxidation-Wittig
Nicolaou, ACIEE, 2001, 40, 3849
Ph3P=C(CH3)CO,Et
MnO, (10 equiv.)

—_— e -
BrNY"OH GiGh, . 42 hrs BrWOEt — Apoptolidin

Me 91% Me Me

- Selective Oxidation of Allyllic Alcohols

Me Me

NaCN (5 equiv.) I
MnO, (20 equiv.)
2% MeOH, AcOH o
' z
12 hrs

85% (2 steps) Me OMe

MnOz (20 equiv.)

hexane 0°C
30 mins

o sensitive aldehydes in-situ

useful for preparing and reacting

cysteine

alanine
2
i BocHN N
H

crwu@

(can also use

E
59%

- Oxidation of Nitriles to Amides

Taylor, JOC, 1980, 45, 2515
H

Ph Mn02 (2.7 equiv.) N
I PhMe 100 °C, NH,
CN N

36 hrs, 82%
H

- Heterocycle Dehydrogenation

Shioiri, JOC, 1987, 52, 1252
Me S

COZMe

- N-Directed, Ortho Selective Biaryl Formation

Heinrich JOC, 2012, 77, 10699

MnO; (5 equiv.)

MnO, (25 equiv.), pyr Me S
—»

pyr, 55 °C
2—-4 hrs, 69%

.
BocHN N

R;=CIF,
CN, OMe
R,=F, Cl, Br,

COzMe

NH,

(20 equiv.)
HCI salt)

aniline (20 equw)
MnO, (5 equiv.)

CH4CN, rt

N,H, (+16% para)

CH4CN, rt, 3hrs
39-75%

ArC(O)Cl, pyr
PhMe 70 °C
NH,

Manganese(lll) Acetate (Mn(OAc)3)
see: - Manganese(lll) Acetate. e-EROS Encyclopedia of Reagents for Organic Synthesis

R; |\_ CN, H

highly ortho selective

\: CHFZ

xemium
(previous route used Suzuki)

- Applications of Mn(lll) in Organic Chemistry (Voica, Baran Lab GM 2010)

- Allylic Oxidation

Shing, Org. Lett. 2006, 8, 3149

Mn(OAc); (10 mol%),
TBHP (5 equiv.), 3AMS
EtOAC/CH,Cl,
rt, 12 hrs
72%

TBSO Intermediate in
=0

TBSO < the synthesis of

Me samaderine Y
(ACIEE, 2005,
44,7981)

OMe
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- Oxidative Regeneration of Carbonyls From Oximes

Demir, Tet. Lett. 1997, 38, 7267
M A% _

JOH  Mn(OAc)s
)|\ (1 equiv.)
Rz CsHs, A 88% 91% 96%
Ry, Ry = aryl, 1-2 hrs

alkyl, H 87-96% (using a MnTPPCI catalyst see: Ji, Tet. Lett. 2010, 51, 613)

Potassium Permanganate (KMnO,)
see: - Potassium Permanganate. e-EROS Encyclopedia of Reagents for Organic Synthesis
- Lactone formation from Diol

Demir, Tet. Lett. 1997, 38, 7267

Me

KMnOy,,
CuS04:5H,0 insecticide
pervious route
. CH,Cl,
HOY Y . 5 steps from
HO 'y 83% (from isopulegol) menthol)
Me

- Oxidative Cleavage Using Catalytic KMnO, and NalO, (Lemieux—von Rudloff Reagent)

Lemieux, Can. J. Chem. 1997, 33, 1701
The ability of NalO4 to

Kzaébel\rl]aolg4 o serve as a re-oxidant for
R1/\/R2 v O " R1)LOH + Ho\n,Rz MnO,~ was discovered
2> o accidentally during a lab
cleanup

W.S. Johnson noticed Lemieux's publication and applied NalO, to the re-oxidaton of OsQOy,,
their joint publication detailed its use in the oxidative cleavage of olefins to aldehydes
Lemieux, Johnson J. Org. Chem. 1956, 21, 478

cat. OsOy, (o]

O Nalo,
X ——» 22X H
H,O/dioxane, rt
85%

"This statement about Bill Johnson is not characteristic of many scientists, even perhaps of
the majority. Especially since Sputnik, many job seekers have rendered the practice of
science more of a trade than a profession. Unfortunately, many opportunists have risen
above their level of competence and used every known "business" trick to stay involved.
The most common ploy is a form of plagiarism based on misconstruing the contributions of
others by making a vague reference to their work in a first paper, which thereafter is the only
one quoted. It is remarkable that the need to survive can so condition the mentality of some
scientists that they refuse to acknowledge that results presented at scientific conferences
and in person or in private communication are, in fact, published (made public) results. A
more serious threat to the orderly development of science is the evolution, through
inbreeding of editorial boards of prestigious journals, who do not realize that they are about
the only ones who hold their publications in such high esteem. | mention these matters
because | consider it best that young people contemplating a scientific career realize from
the start that science is very much part of the real world and has in its ranks a full quota of
stuffed shirts, film-flam artists, opportunists, exploiters and even full-fledged buccaneers. At
the same time, young would-be scientists must realize that, to participate fully in this noble
profession, they should feel free at all times to talk openly about their work. To my mind, the
best part of a scientific career is to talk about what you have discovered when it is "hot,"
which normally means prior to formal publication. | consider this a most precious freedom
that must be defended at all times and with great vehemence if necessary."

Raymond U. Lemieux, Explorations With Sugars, How
Sweet It Was, Profiles Pathways and Dreams, American
Chemical Society, Washington DC, 1990




