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o OH
1. Reduction of RJLX to R)\X and related reactions

o highly reactive, non-selective
o grey solid or ether solution

A. Aluminum-based reagent
a. Lithium Aluminium Hydride (LiAlH,)

o work-up tip—— 1:1:1:3 rule: for 1 g of LiAlH4, quench with 1 mL of H,O, 1 mL of 20% NaOH, 3 mL of H,O

preparation of reagent

LiAlH,, THF

(70%)

stereochemsitry? |

OH White JOC 1999, 64, 7871

codeine

o) OH
Ao N
j\ o) OH
—_—
R” “OR’ JJ\H or R)
0 o NH,
—_— JJ\ or
R” ONR’, H R
o NH,
_CN or
R — A .
X %
—_—
R R RXR’
General mechanistic considerations
Type |
o) OH
worku
I, — =5 "
R R R R R
Type Il
o) OH,
e T — K,
H
Type lll
o Lewis acid OH
I, — — K"
R "R R R
Type lll
0 SET H*

OH_
R RkR’

LiAlH,, THF
—»

(~80%)

LiAIH,

why?
LiAIH,

OTIPS

Baran ACIE 2008, 47, 3578

product

a 2-step solution

Baran JACS 2011, 133, 14710
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b. Diisobutylaluminum hydride (DIBAL-H)

« at low temperature, reduces non-hindered ester to aldehyde, lactone to lactol
* a good reagent to reduce nitrile to aldehyde

« solvent can be toluene, CH,Cl, and hexane. ester and THF diminish reduction capability

CO,Me

T

DIBAL, toluene

NBoc
Me Me

=78 °C
76%

DIBAL, toluene

cl O
M
TBSO/\)\/”\’;" e

OMe
N me” "0TPDPS
OTBS
Me

TMS

c o
TBSOWLH

Danishefsky ACIE 1999, 38, 3542

OHC\”\/ﬁ
Z Me” “OTPDPS

OTBS
Kobayashi JOC 2018, 83, 154

CH,Cl,, 78 °C
(82%)

DIBAL, toluene

—_—
-78°C
(94%)

Me

1) TESCI
2) DIBAL
3) MnO,
—_—
(77% over
3 steps)

oHc—/ )
TESO

Me

Smith JACS 2023, 145, 18240

TMS
DIBAL, THF

R
-40 to =20 °C
(quant.)

/\/
HO
Me

Ferreira JACS 2013, 135, 17266

DIBAL, THF
—»

-78°C
(80%)

(o}
Dzyuba and Nakanishi OBC 2005, 3, 3471

¢. Aluminum hydride (AlH3), Alane

« similar reducing capability as LiAlH,

Me Me Me Me
Me Me AlH3 Me Me
—_—
N THF
Bn o (80%)
Bn
N (o}
H AlH
: o 3
et THF, =78 °C
Meo,c™ ¥ oo N (89%) ! .
OBn "Bu OBn "Bu
Williamson JACS 1987, 109, 6124
d. LIAI(OMe)s, LiAI(OEt), LiAl(Ot-Bu),
« selective reduction of amides to aldehyde
CO(NMe), CHO
Cl LiAI(OEt);, ether, 0 °C Cl
(80%)

LiAl(OEt);, ether, 0 °C
iAl(OEt);, ether, . OZNOCHO

(75%)

Brown T 1979, 35, 567

oH Me e
(>99% de)

e. NaAlH,(OCH,CH,OMe),, REDAL-H

* a more bench-stable LiAlH,

o
HO

REDAL-H

/©/C02Me
- —_—
xylene, 140 °C HO PhH, 80 °C

(77%)

LiAI(OEt)s, hexane, THF, 0 °C j\/ 5
- n
> HO N
Me

(94% ee)
Myers JACS 1997, 119, 6496

REDAL-H /©/\ OH
HO

Malek TL 1969, 10, 1739
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B. Boron-based reagent
a. NaBH,

» most commonly used reagent to reduce aldehyde and ketone to alcohol
* requires alcoholic solvent/H,0 to develop H-bonding with carbonyl to promote reduction
- reagent will slowly react with solvent: H,0>MeOH>EtOH>PrOH>'BuOH

NaBH,, CH;OH

0°Cc
(100%)
(dr=1:1)

NaBH,, CH;OH

0°C
(86%)
(dr= 4:1)

“Me

.. O
;j\/\OPiv

Yoon JACS 1992, 114, 3162

OTMS

TMSQ Me,

Ley PNAS 2004, 101, 12073

Stereochemistry

NaBH,, CH;OH

Bn,N o 0°C
0 (95%)
(dr=27:1)

Stereochemistry

b. NaBH,, CeCl3*9H,0 (cat.)

Luche reduction

OH OH

[0}
O — *

NaBH, 51% 49%
NaBH,, CeCl; 99% trace

Luche JACS 1978, 100, 2226

Mechanism

NaBH,, CeCl;
—_—
TiPSCI, imidazole

87%

Danishefsky JACS 1997, 119, 10073

Stereochemistry

NaBH,, CeCl;
—_—
78%, 4 :1dr

Dauda TL 2000, 41, 5631

Stereochemistry
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c. NaBH,, CoCl, e. NaBH,, I,
- generate Co,B as a black grannular precipitate, which steadily evolving H, - very effective way to reduce carboxylate acid to alcohol, often used in preparation of amino alcohols
« reduce nitrile, amide and nitro to primary amine + can also reduce amides to amines
CO,Me CO,Me
(j/coZEt NaBH,, CoCl, ()/(:02'5‘ ©: ? NaBHj, I, THF, 0 °C ?
—_— —_— OH
NC ('\gggi'; H,NH,C COH (82%) Periasamy JOC 1991, 56, 5964
Me
— NaBH,, CoCl,
NC — — > H,NH,C — CO,H NaBH4, I, THF, 0 °C
CO,Me MeOH CO,Me N
(60%) (83%)
Ganem JACS 1982, 104, 6801 Y,
o Ray T 2007, 63, 3049
CH.NH NaBHy, I, THF
NaBH,, CoCl,, 10 °C /©/ 272 COH 0°Cto reflux , OH
CN MeOH T ON NH, (72%) NH,
/©/ (60%) 2 Meyers JOC 1993, 58, 3568
O,N NaBH,, CoCl,, 40 °C CHoNH,
Moo f. NaBH,, HSCH,CH,SH
(50%) HoN
+ reduce ester with primary and secondary alcohol, but not tertiary alcohol
J— NaBH,, CoCl,, 20 °C + reduce amide but not nitrile to amine
" en - - ” CH,NH
2NHy
('\ggf/’o';' NaBH, (1.5 equiv) NaBH, (1.5 equiv)
(CH,SH),, (1.5 equiv) (CH3SH),, (1.5 equiv)
NaBH,, CoCl,, 30 °C PhCO,Et » PhCH,OH PhCO,tBu » PhCH,OH
Me” -~ CONH2 - Me” ™" NH, THF, reflux 2 THF, reflux 2
MeOH (80%) (5%+95% RSM)
(70%) Satoh TL 1969, 10, 4555
NaBH, (1.5 equiv) NaBH, (1.5 equiv)
(CH,SH),, (1.5 equiv) (CH,SH),, (1.5 equiv)
iClae PhCN > PhCH,NH PhCO2NH, » PhCH,NH
d. NaBH4’ N|CI2 6H20 THF, reflux 272 THEF, reflux 22
- generate Ni,B as a colloidal black material, which behaves similar to Raney Ni no reaction (79%)
* reduce nitrile, nitro to primary amine Guida JOC 1984, 49, 3024

* reduce olefin to alkane . i .
g. Micellaneous reductions with NaBH, + Metal salts

Ph NiCl,+6H,0 (10 mol% Ph Reduction of PhCN with NaBH,-Transition Metal System

H,N H 2 2 H.N 1

2 N, NaBH,4, Boc,0 2 N,
[ (8_,50/) N NiCl, 75%

BocHN
NC 0 Co(0Bz), 50%
OsCl, 78%
o NiCl,*6H,0 (10 mol%) NHBoc  OH
NC NaBH,, Boc,0 IrCly 75%
Me —>(85‘7 ) Me PtCI, 80%
L
Caddick T 2003, 59, 5417 Satoh TL 1969, 10, 4555
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h. NaCNBHj3 OH O Me.NB(OAGC)H OH OH
o |less reactive than NaBH, Me Me 2iNB(OAc); Me ; Me
o stable in aqueous solution (84%)
o often used for reductive amination (Borch reaction) Me Me Me (98:2 dr) Me Me Me 1,3-trans
(o} NMe. OH O OH OH
Me,NH-HCI, KOH 2 Me.NB(OAc)-.H H
NaBH,CN Me Me eNBOAc)H - ‘_ _Me
-_—— Y = .
MeOH H (92%) H Evans TL 1986, 27, 5939
1 Me Me Me (98:2 dr) Me Me Me JACS 1988, 110, 3560
(52%) Borch JACS 1971, 93, 2897

(0.2 mol scale)

OrgSyn 1972, 52, 124 Transition State
08N 1) 0s0,, NalO, OBn
S (49%)
[>_03n —————  BnOg
/ 2) AllylONH;Cl  Boc,N” Noo A
2 3) NaBH,CN -
O-N(Boc)Fmoc ) (8702 ) Crich JACS 2014, 136, 14852 I- ZN(BHa)2

e carbonyl oxygen can coordinate with Zinc, to promote 1,2-reduction
e Coordination enabled 1,2-anti reduction

\FO
Zn(BHy),
NaBH;CN ether 0CO,CH,CCl,
NH,OAc "
(73%)
(90%)
Naito CL 1980, 445
A (o} OH
HoN : Anderson OL 2013, 15, 3918 Me Zn(BH,), Me
H DME
i. NaBH(OAc)s, Me4,NBH(OAC)5 o (100% ketone reduction) o
o reduce aldehyde but not ketone Ranu JOC 1990, 55, 5799
o often used from reductive amination
o diastereoselectively reduce p-hydroxyketone via directed reduction OH z"(t?lHa)z \/okH
Ph ether - Ph
Me CHO Me CH,0H jH\Me ) v “Me
| NaBH(OAc)3;, AcOH | ) (anti/syn = 98:2) OH
Me > Me
(80%) Nakata and Oishi TL 1983, 24, 2653
[o] o] Gribble JCS CC 1975, 535
Et Zn(BH,), Et
CHO CH,OH 37\\( THF, -78 °C s7~
° o > O on
N A\ Me (anti/syn = 99:1) Me
| NaBH(OAc);, AcOH | (>98%) Matsubara and Utimoto CL 1992, 2173
F3C N > F3C N
o Me (95%) o Me Baker T 1990, 46, 2691 Transition States of all these reactions
CO,Me Na(OAc);BH, AcOH HO CO,Me
N_Ph - Ph
[0} (80%)
OH H OH
with NaBH,4, no AcOH 1:1dr Evans JACS 1988, 110, 3560




Hu

2. Reduction

Chemb5022 @WestlakeU

k. BHg

e commercially available in BH;*Me,S (pure or as a 1M solution in THF), BH3THF (1N in THF) and other forms
e can be in situ generated via NaBH,+BF;°OEt,, may have higher reactivity compared with commercial bottles
o selective reduction of acid in the presence of ester, amide, halides

1) BHy-THF
2) DHP, TsOH

Corey JOC 1975, 40, 579

H H
N N\)J\OH (\N/\/N\/\OH

O,N oo._N " 0 ___, ON o _NH M
NHTFA reflux NH,
(93%)
Meares Biocong Chem 1992, 3, 563
I. LiH(sec-Bu);  L-selectride
e very bulky
e undergoes 1,4-reduction of enone to give enolate
L-selectride oTf
then PhNTf,
(CH,);0PMB —_— (CH,);0PMB
s (69%) 2
Me Me

L-selectride
Mel
_——

(92%)

Dake JOC 2006, 71, 4237

Me Me

TBDMSO. TBDMSO.

L-selectride
Me > Me
o) -78°C HO
Me (55% + 30% RSM) Me

Masamune JACS 1978, 100, 7751

m. LiBHEt,

super hydride

e super nucleophilic hydride
e can reduce alkyl halide, tosylate and epoxide effectively

Table 1 Reactivity of Et3BH™ in comparison to other nucleophiles

Reagent Relative Nucleophilicity
Et;BH™ 9 400 000
n-BuS— 680 000
PhS™ 470 000
AlH4~ 230 000
I~ 3700
EtO~ 1 000
BH4 ™ 940
Br— 500
PhO™ 400
NO;~ 1
The above table is taken from the following paper: Brown JOC 1983, 48, 3085
LiBDEt;, THF
Lb _s5°C72h
Br (96%)
D
O, Lsrey T x=mv=nn, s25%
’ ‘ X=H,Y=NO, 99.7%
- X=H,Y=0Me 94.4%
X X
Me, Me Me Me Me, Me
> OH
Me O Me Me Me Me O Me
LiAlH,, THF, 25 °C, 48 h (100%) (0%)
LiBH4, THF, 25 °C, 48 h (0%) (100%)
LiBHEt;, THF, 65 °C, 24 h (100%) (0%)
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OH
) )

LiAlHg4, Et;0, reflux, 24 h (15% (85%
BH3*THF, reflux, 4h (54%) (23%)
LiBHEt;, THF, 65 °C, 24 h (93%) (<0.1%)

Yamamoto, EROS, 2007
doi.org/10.1002/047084289X.rt219.pub3

mechanism

C. Meerwein-Ponndorf-Verley (MPV) reduction
fl\ Lewis acid [often as AI(iPrO)3]‘ j)\H

2 1
R i-PrOH R

R R?

mechanism

MPV

(78%)
(3:1dr)

MeO,C = CO,Me MeO,C = CO,Me

lhara JACS 2000, 122, 9036

Sml, (0.15 equiv)
Me iPrOH (10 equiv)
—_—
THF
(99%) PMBO
(97% de)

Evans JOC 1990, 55, 6260

D. Evans-Tishchenko reduction

R3
OH O Sml,, R3CHO
] T o)\o OH
R R2 i
R R2 Evans JACS 1990, 112, 6447
mechanism
1) EtCHO (12 equiv)
PMBO (o] OH Br Sml, (1 equiv) PMBO OH OH Br
: THF, -20 °C H
Y Z Br Y Z Br
H 2) K,CO3;, MeOH :
Me Me Me Me

(94% over 2 steps)

Paterson OL 2011, 13, 4398

1) PMB-imidate
Me 2) TBAF

Me MecHO
TIPSO 3) K,CO4

Sml,

O 4)Swern

baconipyrone

OH O Me CH;CHO (4 equiv)
Sml, (0.6 equiv)
OHC ;
5 ~ Me (30%)
0
Me Me (1:1 dr)
Me Me
Hulme TL 1997, 38, 8245
OH O OPMB
X A~ ~Me 1) PhcHO (4 equiv)
Sml; (0.6 equiv)
Me Me Me (96%) PMBO..,,

OPMB 2) Grubbs Il (20 mol%)  Me*”

/Y\/CHO (70%) Me Me Me

Me Hulme OL 2007, 9, 631
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E. Li/NH3 reduction

H
0 Li/NH;, Et,0
S on

F. Sm|2

mechanism

(o]

Ph\HL
Me

reactions of Sml, will be covered in a later chapter

o readily generate ketyl radical from ketone/aldehyde
e very sensitive to oxygen
o tunable reductive capability by additive (HMPA/H,0...)

Sml,, HMPA/MeOH, THF 9H Ph OH

Ph ~
(82%) v

(2.56:1 dr) Me Me

Yamamoto JACS 1988, 110, 4475

Sml,, THF/H,0

-

Li/NH,, (76%) y
dioxane, THF éOzMe
Corey JACS 1987, 109, 6187
mechanism mechanism
Li/NH,,
tBuOH, THF
- "
OH O OH OH
; Sml,, THF/MeOH ;
Me Me
(95%) Keck OL 2000, 2, 2307
Li/NH, ec 'S
—_—
Momo O Sml,, MeOH/THF MOMO  OH
Stork JACS 1979, 101, 7107 Ph N (76%) Ph X

mechanism

Venkateswarlu HCA 2014, 97, 112

Smly, THF/H,0

(76%)

Fu and Liu OL 2021, 23, 290
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G. lonic Reduction. Kishi reduction

o typical conditions involve use of Lewis acid to generate carbocation and silane as hydride donor
e can reduce carbonyl to alcohol, alcohol to alkane, alkene to alkane

OBn

mechanism

OBn
Et;SiH, BF3*OEt, OBn
oe o
CH3CN, -10 °C OBn
(83%)
Kishi JACS 1982, 104, 4976
mechanism

BF;°OEt,, PhSiMe,H
—_—

OAc CH;CI;, 0°C OAc
(95%) i
OAc (1.5:1 dr) OAc
W OSi(i-Pr)H W u OSi(i-PryF
7 BF5OEt, T
R
OAc (II13(3I4, -10°C OAc
0,
OAc (66%) OPiv 0Ac
Kim OL 2018, 20, 4295
H
o, H
A N A o N
Et,SiH, CF;COOH
MeN- CH,Cl,, reflux B MeN—-
o
OH

CO,Et

1) Et;SiH, TiCly

Overman ACIE 1999, 38, 2934

Me
Me

OMs

2) NaHCO,
(80%)
(32:1 1)

/
=
5
o

,'.©/C02Et
Me I

o
Federspiel OPRD 1999, 3, 266

OH

o]

NHCO,Et
Ph

Me

Ph3SiH, TFA

CH.Cl,
(100%)

LiClOy4, Et;SiH

Et,0
(52%)

PhMe,SiH, TFA

(87%)

0°C,25h

Me

OH

Me

stereochemistry

TFA, Et3SiH

(87%)

[

MeO

Carey JOC 1969, 34, 4

Wustrow TL 1994, 35, 61

NHCO,Et
Ph

Tamejiro, JOC, 1988, 53, 5415

Takano TL 1992, 33, 1909

stereochemistry
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H. Examples of asymmetric ketone reductions

a. Corey-Bakshi-Shibata (CBS) Reduction

ﬁ\ BHa-Ligand OH N\B,o
H )
R" "R? cat. R1TOR? R®
cat.
mechanism
0O,, hv
Rose Bengal
>
Me BH;°DMS
o -78 °C to -30 °C
/ \ 91%
o
Corey JACS 1997, 119, 12425
1) n-Buli,
CBS work-up
reduction HO,, 2) TBSCI
-

OO

90%, 95% ee

TBSO.,, @

Nicolaou and Chen JACS 2010, 132, 3815

b. Noyori asymmetric hydrogenation of non-directed ketones

Ru (cat.)

H, (4 atm)
28 °C, 6h
(97% ee)

oy
P N Ph
e
-~
Ph| H Ph

Cl
Ru (cat.)

mechanism

Noyori JACS 1995, 117, 2675
JACS 1998, 120, 13529
Morris JACS 2001, 123, 7473

10
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c. Noyori asymmetric transfer hydrogenation of non-directed ketones

[RuCl,(mesitylene)], (0.5 mol%)

X z
— /\ —
\Q/Ru\/nu\@/

0 (S,S)-TSDPEN (1 mol%) OH
M KOH (2.5 mol%)
e - - > Me [RuCly(mesitylene)],
i-PrOH (0.1 M in ketone)
Ph,, _NHTs
(95%, 97% ee) Ji (8,5 TeDPEN
Ph”” NH,
mechanism

Noyori JACS 1995, 117, 7562
JACS 2000, 122, 1466
ACR 1997, 30, 97

d. Selected recent advances on catalytic asymmetric hydrogenation of ketone

Me

[Ir(COD)CI], (cat.)
Ligand (cat.) OH
KOtBu (2.5 mol%)

> Me
EtOH, RT
(>99%, 98% ee)
(up to 4550000 TON)

Ir cat. (0.67 mol%)
KOtBu (5 mol%) OH

LiCl (5 mol%) M

e
iPrOH, RT ~"Me
(99%, 90% ee)

Ir cat. (0.67 mol%) OH
KOtBu (5 mol%) H

nPrOH, RT
(99%, 92% ee)

Ar = 3,5-(tBu),CgHs

Zhou ACIE 2011, 50, 7329

Ar = 3,5-(tBu),CgH,

Zhou NatCatal 2020, 3, 621

11
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I. Selective amide reduction b. Schwartz reagent Cp,ZrHCI
a. Tf,0 + Hydride donor " n o o
Et0,C CO,Et Cp,ZrHCI
o) 2 2 I re I
H H | RN R'"H
I g Tf,0, HEH M g . 23°C
R'" °N° - R ON” Me” “N” “Me R3
R 23°C Ro H
HEH mechanism
mechanism
o Cp,ZrHCI o]
/\)J\ Lt /\)J\
_—
Ph NEt, (96%) Ph H
o FG:
Tf,0, HEH ©ﬂ o] Cp,zeHC! N (90%)
Ac 75%
FG FG . (75%)
7 7 Cp,ZrHCl i
Tf,0, HEH 2
©)Lr©\ e, QAO\ /©)LNE12 __THRRT _ /©)L“
(81%) H.0'
CO,Et - CO,Et MeO 2 FG
(90%)
(o} [0} 0
Cp,ZrHCl
©)L<\Al\ _ThOHEH N/[(o THF, RT H
N —_—
. 92%) MeO
e ©A<:\|\ oo . )\< ( e
o ®  Pn
Charette JACS 2008, 130, 18
o TMSCI o . .H
I w DMPA | 4 RSN 0
o] Tf,0, 2-F-pyr R N0 DIPEA R N O Cp,ZrHCI /\)j\ X
1)]\ R? -78°Cto0°C N, R2 /\)l\ —_— /\)J\ x —> Ph” " o
R > RN’ . . . :
+ 0 v
i) then EtSiH, 0 °C to RT PR™ Y 0 Ph™ 7~ "0 OTMS
1) H,S0,
2) MTBE
3) BzCI
Tf,0, 2-F-pyr
o Et;SiH o] 4) NH,OH
Bn  -78°Cto23°C
TBDPSO N’ > TBDPSO H
Me H (70%, 93% ee) Me
(98% ee)

Charette JACS 2010, 132, 12817

Johnson PT W02004013096A2

12
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2. Reduction of alcohol to alkane

OH H H
_—
N X
A. Barton-McCombie deoxygenation
s AIBN or other initiator
nBu3SnH R—H
R >
L
mechanism

n-BuzSnH, AIBN ° N

benzene, 80 °C

(42%)

:&ox
A

h/'\ﬂ

n-BuzSnH, AIBN
toluene reflux

97%)
tBu/ \tBu
Bno GMOM n-BuzSnH, AIBN
O\n/SMe toluene, reflux
° s (97%)
0"1~o
H
OTBS

Me Me
Daneshifsky JACS 2000, 122, 6160

Panek TL 1998, 39, 6147

OoTBS
Ley ACIE 2007, 46, 7629

n-Bu3SnH, AIBN
toluene, reflux

(94%)

n-Bu;SnH, AIBN
benzene, reflux

(98%)

Denmark JACS 2006, 128, 11620

MeOZC OBn
n-BuzSnH, AIBN

~OCS;Me toluene, 110 °C
_—
..OBn
\ (90%)
TBSO'
MeO,C *—0O

OMe Ley CEJ 2008, 14, 10683

B. Halogenation—Radical dehalogenation

AIBN or other initiator

nBu;SnH
R-X » R—H
mechanism
Me Me
[o]
Q‘ _fo 1) AIBN, Bu3SnH, PhMe, 80 °C HO _‘(0
Me J O  2)NaBH, Mo o
H (68% over two steps) H
Sarpong, JACS, 2022, 144, 19173
OEt Me OEt e

.OTES

1) AIBN, Bu3SnH, PhMe, 85 °C

2) TBAF
(90% over two steps)

o Romo, JACS, 2022, 144, 18575

13
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. Diazene-mediated deoxygenation

PPh;, DEAD, NBSH

PPh, DEAD, NBSH

PPh3, DEAD, NBSH

CL,
SO,NHNH,

NBSH

PPh;, DEAD, NBSH

\

mechanism

o

(74%)

Myers Science 2005, 308, 395

MeO

PPhg, DEAD, NBSH

PPh;, DEAD, NBSH

PPh;, DEAD, NBSH

PPh3, DEAD, NBSH

PPh;, DEAD, NBSH

Myers JACS 1997, 119, 8572
JACS 1996, 118, 4492

oo

Myers JACS 1997, 119, 8572

(60%) H

Me Me
PPh;, DEAD, NBSH
. Ho&.N\OTBS
(85%)
PPh;, DEAD, NBSH g
> TBSO | ~
(72%)
A
H
PPhy, DEAD, NBSH “'-.f')ﬁ/\ Ph
(77%) v Ve
H
PPhs, DEAD, NBSH TMS,,,.?.)\A Ph
(86%) H Me

Myers JACS 1996, 118, 4492

14
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3. Reduction of ketone and aldehyde to alkanes

A. Wolff-Kishner Reduction
a. Huang-Minlong modification
o strongly basic conditions, high temperature

remove excess reagent
via distillation

o H,NNH,eH,O/KOH

NNH,

R™ 'R’ ethylene glycol/ heat R R’

~200 °C

H H

R R’

Huang JACS 1946, 68, 2487
JACS 1949, 71, 3301

mechanism
4 equiv KOH
%0 3 equiv NyH4°H,0 6
yA HCl diethylene glycol yA
160 °C, 3h
(78%) 58-g prepared  Baran JACS 2017, 139, 7448
H H NoHoHoO H H
HO oM H3 HO
Me Na, (CH,OH), Me
Me Me Me Me

_—
160 °C to 200 °C
(69%)

N,H,-H,0, K,COs,

H

C-A Fan JACS, 2023, 145, 311

(CH,0H),
160 °C to 200 °C
(37%)

Me

H-B Zhai ACIE, 2020, 59, 16475

b. Myers modificantion
e mild conditions, typically preceed at room temperature

TBS  TBS
j’\ HN—NH
R™ R Sc(OTH); (cat.)

KOtBu, HOtBu, DMSO

TBS H
IN_N\
H TBS _
Sc(O0Tf); (cat.)
KOtBu, HOtBu, DMSO
100 °C HO
(96%)
OH
TBS  TBS OTBS
HN—NH
o ° Sc(OTf); (cat.) g OH
c 3 (cat.
WA KOtBu, HOtBU, DMSO o~/ 77
OH ¢ HCle2H,0 23°C
(81%) OH
mechanism
Additional transformations
. TBS, TBS .
Me & = - Me & -~
‘ o HN-NH M |
e Sc(OTf); (cat.) ©
I, TMG, THF 0 °C
(67%)
. TBS,  TBS L
Me & ° - Me & =
" o HN-NH M Br
e Sc(OTH); (cat.) €
Bry, TMG, CH,Cl,, 23 °C
(65%)
. TBS,  TBS .
Me & ™ o HN—NH Me & ™ Br
Me Sc(OTf); (cat.) Me Br
CuBry, Et;N, MeOH, 23 °C
(76%)

Myers JACS 2004, 126, 5436
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B. Clemmensen reduction.  Zn(Hg), HCI C. De-sulfurization of Thioacetal(ketal) with Raney Ni

e strongly acidic conditions

o RSH, Lewis acid RS SR Raney Ni H H
(o] Zn(Hg), HCI H H J]\ —_— )4
JL > R! R2 R! R2 R? R2
R'” “R? R!" "R?
mechanism step 1
proposed mechanism 1
mechanism step 2
proposed mechanism 2
Me 1) Zn(OTf),, (CH,SH), Me
o. AW 2) Raney Ni i H
Me (45%) Me
more examples Me ] ) > . )
N~ 3) Pd/C, H, NT
H (92%) Hy
Zn, TMSCI kph pumiliotoxin C
MeOH, DCM Kibayashi TL 1994, 35, 9213
W Hao, JACS, 2022, 144, 22433
{ s OH
Raney Ni, H, o C:)TBS C:)H o
B > HO A A AOH
Br r EtOH, reflux
Zn, HCI, HgCl,
OH > OH (99%) .
THF, H,0, 100 °C A. B. Smith ACIE, 2022, 61, e202204884
o (o} o
Scheidt ACIE, 2019, 58, 16490
OH
OH Raney Ni
[ ?\/ Zn, TMSCI 3 MeOH
Me MeOH, DCM g Q\V (75%)
y eOH, Me ME Me
F-C Han OL, 2018, 20, 3687 Thorsten, ACIE, 2017, 56, 4337
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4. Decarboxylation of acid to alkane 5. Decarbonylation of aldehyde
A. Barton radical decarboxylation deoxygenation A. decarboxylation of aldehyde to alkane
o Rh(PPh;);Cl (1 equiv)
z AIBN - _H
)OI\ + N | —>Via reod jl)\ " l —Busan 3 _H R)J\H benzene or toluene R
r” No M HO” R” No- N R CH;CN or PhCN
I orpce, pmap I heat Tsuji JACS 1968, 90, 99
. mechanism:
mechanism:

1) Rh(PPhj3)3Cl (1.5 equiv)
toluene/PhCN, 130 °C

o _—
S — 2) TBAF
/ Oo-N AIBN, BuzSnH
N-O THF. reflux presilphiperfolan-8-ol
— K 3
o ~100%
cubane Snyder JACS 2017, 139, 5007
Eaton ACIEE 1992, 31, 1421
M Me
°x-Ho ' OH H:/0>(
.0 Me RhCI(PPh3); .0 Me
N —_— 3
xylene, MeO C NBoc
120 °C, PhCI MeO NBoc  435°c,4h
(18%) o o
Belema JOC, 1997, 62, 1083
OMe OMe

MacMillan JACS, 2013, 135, 6442
A modern version

NiCl,*6H,0 (10 mol%) RhCI(PPh;);

o PhSiH; (1.5 equiv) PhCN, reflux
o ligand (20 mol%)
Zn (0.5 equiv) H
N B EE——
° THF:DMF:iPrOH TSU Xu OBC, 2012, 10, 8211
TsN o 40°C, 1h

Baran ACIE 2017, 56, 260
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B. decarboxylation of aldehyde to alkene

LA,

H

[Rh(cod)OMe], (cat.)
Xant-phos (cat.)
3-OMeBzOH

NBD or NBE
THF, 40-80 °C

ﬁb ﬁb
NBE NBD

Dong Science 2015, 347, 56

mechanism:

CHO

standard conditions
—_—
(68%)

standard conditions

P

(92%, 95:5 rr)

[Rh(cod)OMe], (2 mol%)
Xant-phos (4 mol%)
3-OMeBzOH (4 mol%)

NBE (6 equiv)
THF, 70 °C
(65%)

Dong Science 2015, 347, 56
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