Chapter 18



oxidations in this
table occur left-
to-right, or
bottom-to-top

Reductions in
this table occur
right-to-left or
top-to-bottom
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Classes of Oxidations



Classes of Reductions

H H X H
— X—R G——R ——= G—£R
A A A
(18.5) (18.6)
X X A R A A
AR — = —— | =X x
A R A R A



Table 18.2: Common Oxidation

Reactions

Reaction Type

Alcohol oxidation

Dehydrogenation

Oxidative cleavage of
glycols

a-Selenylation

Hydroxylation

Epoxidation

Ozonolysis

OH 0

----- e L
o 0
(/V[/ _Se0y, A (18.10)

HO OH

HIO, CHO
—_— E><_/—CHO (18.11)
2) PhSeSePh SePh
OH
e M on (1814)
CCly
m-CPBA @EZ\ (18.15)
CH2C|2 O

1) O3, CH,Cl,, —78°C

d

CHO
2) Me,S




Table 18.3: Common Reduction
Reactions

Reaction Type Example

Catalytic hydrogenation

H
Ha, PtO; : (18.17)
EtOH
H
NaBHy, EtOH @O’OH (18.18)

Metal hydride reduction

2

Mg, Et,O COH
. . . . » =12
Reductive elimination “©>:o — (18.19)

Br 0
Dlssolylng metal (Birch) Na, NHg, EtOH _ @O (18.20)
reduction

0
Deoxygenation ©)KL NoHg KOH ©/\L (18.21)
co,H  HOCH2CHH,OHIA COH

Reductive substitution

OTs LiAID,4, Et,0, A @_{3 (18.22)

; K




Figure 18.1

R._-OH R R
: R — T~ )~OH —= }=0 (18.23)
* Major classes of oxidation s A-com A R

reactions in organic

chemistry . . >_<
} / \ (18.29)
— oxidation of alkene  bonds :}—é: - }-o + 0 .

— allylic and benzylic
oxidation

— o-oxidation of carbonyl
compounds

— dehydrogenation of
carbonyl compounds

— oxidative insertion
(rearrangements)

— arene oxidations (ring and
side chain)




Figure 18.2
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Common Cr (VI) oxidizing reagents

CO”inS reagent (..TJH a CrOs2py C:{}(igjme (18.28)
(CrO5°2py, CH,Cl,) ol oon o

OMe 90% OMe

Collins oxidation®

* PCC (pyridinium ol (0
chlorochromate,
pyH* CICrO;~

'OH  (18.29)

CH.Cl,, 25°C
80%

Pyridinium chlorochromate’

.r"'
‘- _-CHO  (18.30)
CH.Clp, 12h
67%

Pyridinium dichromate®




Table 18.4: Oxidizing Agents Based on

Cr (VI)

Reagent

Compound Name

Acronym or Reaction Name

K,Cr,07/H,S0O4/H,0
K,Cr,04/ H,SO4/ H,0 /Et,0O
CrO3/ H,SO,4/ H,O /acetone
CrOs;/pyridine [CsHsN, py]
CrOs:¥2py

pyHCrO;Cl

pyHCrO;F

(pyH).Cr,07

(CsH4),HCrO;Cl [bpyHCrO;Cl]

Me3 SlOCI'OzCl

chromic acid
chromic acid
chromic acid
chromic anhydride
chromic anhydride
pyridinium
chlorochromate
pyridinium
fluorochromate
pyridinium
dichromate
bipyridyl
chlorochromate
trimethylsilyl
chlorochromate

N

G

Brown oxidation
Jones oxidation
Sarett oxidation
Collins oxidation

PCC

PFC

PDC

BPCC

TMSCC




Babler oxidation

e oxidation of tertiary allylic
alcohols by excess PDC or Collins
reagent for extended periods of

time
. . ,f'““\-xf OH PCC (2eq) GW
e occurs with allylic E | o |
rearrangement ,K 94% K
e Reaction may proceed by o

(18.47)

heterolysis and subsequent Cllf\i Crow2py _ G@ p—
rearrangement of the allylic I~ CHCh

chromate ester, or by
sigmatropic rearrangement of

the allylic chromate ester (shown
here)

: R? R 2
Ft h | 1 o H‘
RL_~ P ¥ 1R H ST
e a I | i s
i = & H O —_— Dx R
e O~Crom HO -Qb"'@

(18.49)
(18.50 (18.51)

Rl _R?

o R
(18.52)



Manganese-based reagents: KMnQO,

CO-Me 1) KMnOQy,, %T'DH COzH
\ H20, —40°C _ HO (18.37)
2) KOH, EtCH, H>0 OH
Ph 679 Ph

HMHD4, NﬂgCGg

Ho0, 4-5°C /L
- 18.38
)\/DH 76% con (1838

e oxidizes alkenes more rapidly than primary alcohols
e oxidizes aldehydes more rapidly than alcohols
* oxidizes primary alcohols to carboxylic acids




Manganese-based reagents: MnO,,

* Reagentis
selective for
allylic alcohols

* Reagent is not
easy to make
reproducibly

* Large excess of
reagent is
often required

OH OH
MnQO,, CHCI5 26
S (18.39)
16 h
O™ 64% 0
1 MHGE
H _DH pentane H1 CHD

HE

7 W
K\\J\

- 18.40)"
25°C HH ( )

R'=H. R%=Et: 83%
R'=Et, R2=H: 64%

MO, —< \L%D (18.41)"
57% '
W




Manganese-based reagents: BaMnQO,

0
BaMnO, (1.5 eq) "OH - 18.42)
HO EHEEJE i
OH 92%, H

| . ki
, =0
H BaMnO, (10 eq) | (18.43)
CHoClo } J
949, H

* Reagent is similar to manganese dioxide, but
more reproducible and easier to make



Other Metal-based Oxidations
e ruthenium (TPAP,
Pr,N* RuO,") m “’“:&'t” iﬁfm -
! A
0 H Agccf T (18.45)
HH

(87%)

00

003

* vanadium (V,Oc:
may be used with CF — (7 ‘
02 as terminal (f e (f (1840

. 100°C. 16 h
oxidant)

vanadium



Table 18.5: Oxidizing agents based on
dimethyl sulfoxide

-

Ac,0O, Me,SO, 25°C

C.H,;N=C=NC.H,; (DCC), CF,CO,H, C,H,,

Me,SO, py, 25°C

DCC, H;PO / Me,SO, 25°C Moffatt (or Moffatt-Pfitzner)

py *SO;, Et;N, Me,SO, 25°C Parikh-Doering

(COCl),, Et;N, Me,SO, CH,Cl,, -78°C Swern



Mechanism of oxidation with dimethyl
sulfoxide-based reagents

Me,SO + (COCI), — Me;S*(C1 + CO + CO, + CI°
Me,SO + RN=C=NR + H" — Me,S"TJC(NHR)=NR]

Me,SO + Ac,O — Me,ST(DAc + OAcC

Me,SO + SO; — Me,STDS0:°

i e = Me
I
.'d_rdel.ﬁl::t-l;["ﬁ_ ___'I Ft '._-ME S-ME
FI: II"" r':"|E F| l'} L ':lﬁ Hl.
A—3—OH —  HY — (18.53)
H _.-""F H
N H_
R A !
R AR



Representative Swern oxidations

The Swern oxidation helps

prevent epimerization of { Et:ffiéiﬂic. C/ (18.54)
the aldehyde product £ on oe% §FeHo
ghe |n|t|a_Idpr9duct of Iche 1850 Pua 1850 opue
owern oxidation can be Me;SO, (COCN, _ o
intercepted in situ by S on EWN.CHCL 60C | | cHo
appropriate nucleophiles . e .

ofr"Xb’ol Me;SO. (COCl)z _ O/EXEZ"OL MeMgBr. Et,O of':‘xzz"o

/}*o  Som \ EtaN. THF, -35°C _+° T My e /"o AN

85% (2 steps)
0" "Ph 0" ph 0" "ph
i o __Me:SO. (COCN: PhsP=CHCOMe _ .
Q9% EWN.CHCl. 35°C ~ [T0T'CHO ~ oo 2steps)  [M0"1~"“come

Ph

Ph



Corey-Kim and Parikh-Doering
oxidations

o)

1) CyoH2SMe, NCS
CH,Cl,, —40°C, 2 h. (18.58)
2) EtaN, CHCl,
-40°C, 14 h
o o

(91%)

e Parikh-Doering
oxidation does
not required low
temperatures




Redox reactions mediated by
aluminum alkoxides

Ar Al(OR)3 0 H_H
D=<H A[Aﬂx‘ﬂr
(18.69) il
Me M
I i o= __E{ME : » 1
LM naos R P P | — "o
&) H~H ATy 2Mecoa R o-aloR), R0l R!
At 18.72 o F
(ROJAI, AL\~ Ar O A . b
¥ ' - (18.73)
Ef;:'—iH ='iH (ROIAL
(18.70)

 The Tishchenko reaction is a redox disproportionation reaction
catalyzed by an aluminum alkoxide

 The Oppenauer oxidation is the oxidation of an alcohol by hydrogen
transfer to a carbonyl acceptor compound (e.g. acetone)



Ruthenium-catalyzed oxidation

Low valent ruthenium
complexes (e.g. Shvo’s
catalyst, 18.75) react
with alcohols by initial
oxidative addition of
the O—H bond to
ruthenium, and then
reductive elimination
of H,

Oxidation of primary
alcohols to aldehydes
is usually followed by
ruthenium-catalyzed
Tishchenko reactions
to give esters (or
lactones from diols).

Ph_O-H-O_Ph

=5 Ph Ph%
Ph—F \. /¢ ~pn (18.75)

oo ait i co
oc co

Ph

P ~
i O (o
O—# (PhaP),RuH; O- ——
\ il Me,CO, PhMe, 180°C L) '
\ (95%) A/
OH ' 0" o
C?H!ﬁ RUJ(CO:h;: N )OL CJ:_ng
HO Ph Ph, 145°C Cs” O (18.77)
(97%)

QAc

(Ph3P)sRuCl,

OAc

Me,CO, K.COa, A
(67%)

0O
o
,'[b/
.
HO

?.—o
~JLA4~0H

- (J ) (18.78)
L0

O



Oxidations with TEMPO and a
supporting stoichiometric oxidant

R
Me 7( L Me Me
> N A\ \ S-_o

e o- )—OH !
H2C)s = (HC) (H:C) '
Ve }\—OH NaOQCI (1.1 eq) \8 \8 (18.79)

* stoichiometric 68% 10%

oxidants OH OH
o TEMPO, CuCl,, 02 o
— 0, (CuCly) P DMF
o (>69%)

ng_‘-\~~0 TEMPO (2.5 mol %) o‘é o
- - -
HOL‘I‘-\ q, ,C VA )

X N
OMe ci-N  =0(0.8 eq) Xome  (18.81)
Ob_NC| X = (l-OH [79?‘9)
X = -OH (84%)
NaHCO; (30. eq.) X = a-NHAC (66%)
DMF, 0°C, 4-9 h
OH  TEMPO (8mol%) _ o}
o PhICI, (3 eq.) o (18.82)
pyridine (6 eq)

CHCl;, 50°C,.5h (98%)



Uemura oxidation

~ | 5] Pd(OAC). py. 02 . CHO
E j 3A mol. sieves r\J | (18.86)
oo PhiMe, 80°C SR

(87%)

e palladium catalyzes the oxidation of alcohols
by means of molecular oxygen

* the reaction is catalyzed by pyridine



Reaction Synopses: Oxidation of
alcohols to aldehydes and ketones

R o R
R>—OH e R)=o

Reagents:
Cr (VI): PCC, CH,Cl,; PDC, CH,Cl,; CrOs;¥2py, CH,Cl; etc.
Mn (VI): BaMnQO,, CH,Cl,
Mn (IV): MnO,, C¢Hg, A only)
Mn (VII): KMnO,, CuSO¥5H,0, AL,O;, r.t. (solvent-free)
Ru (VII): TPAP, NMMO, CH,Cl,, r.t.
Ag (I): Ag,COs, celite, C¢Hg, A
Al (IIT): Al(O-i-Pr);, Me,CO, A
Ru (II): (Ph;P),RuH,, PhMe, Me,CO, 180;C;
Shvo's catalyst, K,COs, Me,CO, A
Me,SX": (COCI),, Me,SO, CH,Cl,, Et;N, (60; C (Swern);
DCC, Me,SO, CH,Cl, (Pfitzner-Moffatt);
py¥S0;, Me,SO, CH,Cl, (Parikh-Doering);
Me,S, NCS, Et;N, CH,Cl,, @5;C (Corey-Kim); etc.
Dess-Martin: DMP, CH,Cl,(-H,0); selective for 2; ROH over 1;
TEMPO: TEMPO, CH,Cl,, NaOCI, H,O; TEMPO, Cu(Cl, O,, DMF; etc.
0O,: O,, Pd(OACc),, pyridine, PhMe, 80;C (Uemura).



Reaction Synopses: Tishchenko and
related reactions

O

R
on T R‘/<O Wi
Reagents:
(R=aryl): Al(OR3), Me,CO (Tishchenko);
(R=akyl): RU3(CO)12, PhCECPh, A

Shvo's catalyst, Ph\CH=CHCOMe, A



Oxidation of primary
alcohols to carboxylic
acids with stoichiometric
or catalytic Cr (VI)
reagents

OH CO.H
PDC, DMF
< 18.87
EtO.C 76% EtO.C ( )
Ph Ph
OH HslOg (2.2 eq) CO-H
PCC (2 mol %) o
MeCN, rt.,3h (18:38)
95"
COEt | COuEt

I
L“""‘---\.
a-u', * .__'__.-l""-u\\

OTBDMS

"

N

= > KoCr05, HoS0, N\{
NH MEECG Hgﬂ N

OH (629%)

9 /
Jones reagent (5 eq.) O
0°C, 20 min.

OTBDMS O

2

_\—EGEH (18.89)

H

(18.90)
,_COsH

HO2C



Ruthenium tetroxide oxidation of

Ph OH  RuCly*H:0 Ph CO-H
\W/ - \ 7/ (18.92)
H M ™H NalOs, MeCN BN ™
O R4 O
{TD'-‘}-:-::I
“‘}—D “““I—Cl
- H / H
RuOs (cat.), NalO4 - 0O
G\)“ ! D“:---D : - D\/k S S (18.93)
}!{\{ I CCly4, HO j!l\( o
¥ M g /’\\
(85-90%) o 0

This very powerful oxidizing agent is almost always prepared in situ from a
lower-valent ruthenium compound and a strong oxidant (NalO, is popular)

The reagent also attacks alkenes (very rapidly), aromatic rings (moderately
fast) and esters and amides (slowly). Epoxides are also fairly resistant to
the reagent.



Pi}\ CHO ]
- ___COH
(Y om0 Iy
: : (45%) ¢
Oxidation of ; P
aldehydes to o
carboxylic acids. DORG,  y) ) aon
. . " = Feams O '
The oxidation of A eote = Vi
. % over 2 steps HO,C
primary alcohols to s
. Boc
aldehydes is mos, KNSy
. . . - roon A
highlighted in red; 1) MezS0, SO0py, EisN Hezc*"‘\;}%j’“
HN- 10
the oxidation of the ) NesCehtte, THERGD 3"’ i
aldehydes is B
highlighted in blue oM
i i
C!\GH 1) cat. TEMP?; Phl(OAc): l/HC]/\CDEH
H S u (18.97)"

B 2) NaClOz, Na;HPO4 -
Me.C=CHMes
~OTBS (85%) e #OTBS



Oxidation of allylic alcohols to
conjugated esters

| OH J
&’J MnO., NaCN ot %, -COzMe
S HOAc, MeOH, 20-25°C \l (18.98)
| 95% |
PN S
:
[ ar-NUN- Ar] -
G~ DBU Me._ _CO,Bu
] o MnO,, BuOH ]/ (18.99)
Ph™ 2 o
(913%)

manganese dioxide is the functional oxidizing agent

the aldehyde is intercepted by the nucleophile (cyanide anion or the NHC)
to give an alcohol that is further oxidized

the resulting acyl derivative reacts with the alcohol solvent to give the
conjugated ester and regenerate the nucleophile.



Reaction synopses: Oxidation of
alcohols to carboxylic acids

0
R—CH,OH Ol gy R—CO,H

Reagents:

Cr (VI): K,Cr, 07, H,SO4, H,0O; K,Cr, 07, H,SO,, acetone, H,O;
CrO;, H,SO4, H,0, acetone, 0; C (Jones reagent);
PDC, DMF; PCC, Hs104, MeCN; etc.

Mn (VII): KMnO,, H,O; KMnO,, H,O, BuysNCI, CsHg;
KMnO,, 18-crown-6,, benzene; etc.

Ru (VHI) RU.O4; RU.C13¥I‘120, N&IO4/M€CN; RUOQ, NaIO4, CC14,

H,O; etc.



Reaction synopses: Oxidation of
aldehydes to acids or esters

[O]
R-CHO —— R-CO,H

Reagents: Ag(NH5),0OH, H,O; Ag,O, THF, H,0; etc.
or NaClO,, NaH,PO,, Me,C=CHMe, THF, H,O
or V-,0s, H,O,, HC1O4, MeOH; etc.



Oxidation of ethers and amines

[~ RuO4, CCl S
;\} uQs, CCly (D/\%D (18.101)

0 ( 100%)
Mew| NalO,, RuOusxH,0 Men
] (18.103)
e N_a“"' CC'_q_, HEG 0 N o
) (70%) y
Ph Ph
T \| Hg(OAc): (\i-f" ‘*~J NaOH, Hz0 (’hﬂfﬁfm
. . S AcOH, H-0, A #,Er'_'ll:lq.y,,r (BE%) N~ (18.104)

(B99%)

ruthenium tetroxide oxidizes ethers to esters
ruthenium tetroxide oxidizes amines to amides or imides

mercuric acetate oxidizes tertiary amines to iminium ions, which may be
further transformed into enamines; the hydrogen removed is anti to the
nitrogen lone pair



Figure 18.3

X ) L
X
R )=“,:::\* R X g) / RRO
R—( A —— R R — "h{ AR
R=N-0 O R—N=OH R—-N-=O
R rR© § @
(18.106) (18.107) (18.108)
R
-\, R
H—&D ® R HpO: N
e H,O0—R <« R
H . N-R 9
N-R R
R (18.110) (18.109)

* The mechanism of the Polonovski reaction



Figure 18.4

O
O
] H 0 wrH
Ac,O .
H CHCly
Me N O

0-1 A, 3h h )
0
H e 1 opsa12) (18.113)
_ (70%) (20%)
| 0
@0.,,2
Me™ 1 ® H p ~H
Me TFAA
i i (18.113)
(18.111) CH.Clz _ (60%)
Me.. g
H

(18.114)
(40%%)

 Comparison of the Polonovski and Potier-
Polonovski reactions



Reaction synopses: Oxidation of ethers
and amines to esters and amides

Rig~g — r. M R. ~ ., R\HJ\R

Reagents: RuQ,; RuCl;¥H,0, NalO4, MeCN; RuO,, NalO,, CCly, H;O; etc.
or Hg(OAc),, HOAc, H,O, A (3; amines)



Reaction synopses: Polonovski
reaction

R R
0N

'cO R R

R [o]S) R R R
‘>~N—R —_ ¥N® — = ‘>:O and/or
R ®R R R R R

Reagents:
Ac,O/CHCI5/A; AcCl/CHCIl;; ete (Polonovski reaction);
(CF5;CO),0/CH,CIl, (Polonovski -Potier); etc.



Table 18.6: Oxidative rearrangements

O H Substrate Reagent Product Reaction MNgme
.O H

o}
N H,S04: H;POs: ete. Risy JLR Beckm: earmngememl
o Ry

e PO;: etc. nn rearr
| 25 J4: Hy 03, etc X 5‘ T Beckmann rearrangement
: [} . [} 2
R )LRz RCO;:H: etc. R|\OJLR2 BMr-V\lﬁgn‘ oxidation °
Ry )OLN3 Aorhv IR,‘N;C"OI Curtius rr:arrm\gmnemJ
R‘jLu LOH H3S04; TsCl: ete. IR,‘N',C'O Lossen t@mgement5

HNa. Blc.  Boxon [f- R o HofmangReamangement Schmidt reaction

R "R, N e

)oL RCO4H: etc. Rs. J\ Baeyer-Villiger oxidation

O ! (a) Beckmann, E. Ber. dtscl. chem. Ges. 1886, 19, 988. (b) Blatt, A.H. Cf, . 1933, 12,
(c) Jones, B. Chem. Rev. 1944, 35, 335. ) Popp, F.D.; McEwen, . §Chem. Rev. :
A or ¥ 58, 370. (e) Heldt, W.Z.; Donaruma, L.G (ﬂRﬂlCt 196{)& wley, R.E. Cumus l’ea!raﬂgmnt
Org. React. 1988, 35, 1.  (c) McCarty, C.G. mistry ot he Carbon-

R N Nitrogen Do uble Bond (Wiley: New York, 1970), 9. 408.

| 3 * (a) Schmi dt, K.F. Z. angew. Chem. 1923, 36, 518 (b) Sch midt, KF. Chem. Beér. 1924, 57,
704. (c) Wolff, H. Org. React. 1946, 3,307. (d)Benson, F.R. Chem. Rev. 1947, 41,48. (e)
Popp, F.D.; McEwen, W.E. Chem. Rev. 1958, 58, 370.
?(a) Baeyer, A .; Villiger, V. Ber Deut. chem. Ges. 1899, 32, 3625. (b) Baeyer, A .; Villiger, V.
Ber Deut. chem. Ges. 1900, 33, 858. (c) Hassall C.H. Org. React. 1957, 9,73. (d) Krow,
G.R Org. React. 1993, 43, 251. (e) Rentz, M.; M ier, B. Eur. J. Org. Chem. 1999, 737.

0 2da) C s, dtsch. chem. Ges. 1890, 23 43023. (b) Curtius, T. [ Prakt. Chem. [2]
| 28% %, fsbﬁg*@s., Org. React. 1946} 3,337, (c) Saunders, J. @ Jplokombe, RJ. Lossen rearrangement
1eill. Rev. 43,205. -~
’OH 3 (a) Lossen, W. Ann. Chem. Pharm. 1872, 161, 3 '».L 2 Ann. CRem. Pharm.
N 1875, 175, 271, 343.  (c) Yale, Hl. Chem. Rev.J1943, 33, Zm) Popp, F.D §; McEwen,
W.E. Chem. Rev. 1958, 58, 370.
H ° (a) Hofmann, A.W. Ber. disch. chem. Ges. 1881, 14, 2725. (b) Hofmann, A.W. Ber. dtsch.
chem. Ges. 1882, 15,407, 762. (c) Hofmann, A.W. Ber. disch. chem. Ges. 1884, 17,1406. (d)
Hofmann, A.W. Ber. dtsch. chem. Ges. 1885, 18, 2734. (e) Hofmann, A. W. Ber. dtsch. chem.

Ges. 1882, 15, 752.  (f) Franklin, E.C. Chem. Rev. 1934, 14, 219. (g) Wallis, ES.; Lane, J.F.
Org. React. 1946, 3, 267.

)OL Br,, KOH: etc. R, -0 Hofmann rearrangement




Figure 18.5

___________________________________________________________________

H®
8] ::} %}I’:;' -'c:’.H _______________________________________________
H'JLH H“’L‘H H/}IE\H j:i __m. g
H ;.\> H@ Y \ ‘(:LG‘ZH E ' RTNZ H’N};[E_,
X E : > H@'Y \
Y C%tﬁ: ﬁm 0
VZ G @Qﬁ’
: H

. @ H 8+ -H S &
g N 1t ) P
a = = :
X~ R R.x“~R x ; G - | @ *
i O 4 e Tl
LM R o N
{18.115) : (18.11e)

* General mechanisms of oxidative rearrangements

— rearrangements of ketone derivatives
— rearrangements of carboxylic acid derivatives



Figure 18.6

,./G T Rso o
0 o O
H-.ll- —_— --I:}U B /‘g‘
R (18.117) H&, y  (18.118) R
D.-
H.l

* Mechanism of the Baeyer-Villiger oxidation

— reaction occurs with retention of configuration at the migrating carbon

— migratory aptitude of groups: 3°R > cyclohexyl=2°R > PhCH,=Ph=vinyl >
1°R > cyclopropyl > Me

— facilitated by stronger peracids (RCO;H): R = CF; > ¢c-CH=CHCO,H > o-
CH,CO,H > p-C.H,NO, > H = m-C,H,Cl > C.H, > Me >> Bu



Figure 18.7

H
. ® o i
HO. |N HEE)IN H:0.. 5+
Hs’/J\ Ha Hs/'J\Ha =1 )E':-Ha
5
(18.120) (18.121)
M Ra
.Ra H., .Ra e |
HMN N@ I NG
Ko = oo T reon, T Giljon,
R 0 Rs OH o 2
® R
(18.125) (18.124) (18.123) (18.122)

Mechanism of the Beckmann rearrangement
— group anti to the OH group of the oximes migrates preferentially
— group migrates with retention of configuration at carbon



Representative Beckmann
rearrangements

Rearrangement of
cyclohexanone oxime
with sulfuric acid
gives caprolactam,
the key starting
material for nylon 6

As shown in this
lower example,
mercuric chloride can
act as a mild Lewis
acid catalyst for the
rearrangement

HO. 0

~NH
H-50,, A . (1 3.125]”‘6
(56-65%)

Ph \",. Ph HgCl,, MeCN Ph H
NOH 80°C, B h
(96%)

=

O_.

Ph (qe.127)



Figure 18.8

d 16‘@ & @ oH i
R ; —
p L mJLNH —  RI""NH
HE H o ! o
® R R
o OH
— 18.128 18.124 18.125
— H
—
2
M. E:] H1 __NET — ,1./-1_;:__ _—— H‘%“NE"
H™ N3 TN RSN i
T < ’
. (18.128) (18.129) (18.122)

Mechanisms of the Schmidt reaction

— the rearrangement may proceed by either of two
mechanisms

— the stereochemistry of the migrating group is retained



Intramolecular Schmidt-like reaction of
an w-azidoalkyl ketone

® N R
O . s f:mi—r:;\"" R rN ={
sk TiCly A @ G%
N=NSN =——= A —— WiV, —
2 s L/j,ﬂmam_w CTI ) Q
(18.130) (18.131) (18.132) (18.133)

* Reaction proceeds through an N-diazonium
ion formed by acid-catalyzed addition of the

azide group to the carbonyl group

* the rearrangement occurs with retention of
configuration at the migrating carbon



Common mechanistic characteristics
of Hofmann, Curtius and Lossen
rearrangements

D |""II ]
LR .3 0e . %
R™ N Rt SN iz
=) - B
(e (18.138) (18.135)
(o ©0 oy OF
Lo r‘:_--_-' e \__
Fr’:u;*‘\hl'ar " F;;L:-N“*,Elr 7C X
Wy o G :
(18.134) OH (18.135) ‘ﬁ: c@0 n, Oss
I:t.--f N..--K m— _H-;I.QN\L}: —_— «-‘:‘r,il
'::" L B
CO; (18.139) (18.135)
\ iy I X = OCOR, OSO,R
NH: _C. LG,
HO= Il-lgG R R
(18.137) (18.136)
i
NN 0
D N;—_—_" IL:\—LN L =
j s = e D"{O = N=C=0  (18.140)
R™ “NHOH MeCN )_._?N, MeCN g
F"



Stereochemistry in Hofmann, Curtius
and Lossen rearrangements

COH |

e

(18.141)

(" 1)PCl, CONH CONHBr
2) NH3 H7J\ 2 71 NaOH
Ph Me NE[DH Me
(18.142) (18.143)
1) PCl 3
2) Na; " CONg 1) Aor b
prf Me 2) H0
(18.145)
1) PCla CONHOH 1) PhCOCI
) NH,OH i )L 2) MeOK, A
pif Me 3) KOH, H:0
(18.146)

_\-\H‘I
. NH-
o
(18.144)
oy

e all rearrangements occur with retention of configuration at
the migrating carbon

* color coding is the same as in the previous slide



Reaction synopses: Baeyer-Villiger
oxidation (rearrangement)

O RCOgH @
R)LR' CH,Cl, R)J\O’R
Reagents: HCO;H; MeCOsH; m-CPBA; etc.

or HQOQ, RFOH, PhASO3H, HQOQ, RFOH, TSOH, etc.
or H,O0,, zeolites; etc.



Reaction synopses: Beckmann
rearrangement

Reagents: H,SO,, H;PO,
or POCIl;, PCls, P,Os, SOCI,, (COCl),, cyanuric
chloride, Ac,O, RN=C=NR, RN=C=0; etc.



Reaction synopsis: Schmidt reaction

Reagents: HNj5: NaN;/HCI; Me;S1N3/Znl,; etc.



Reaction synopses: Hofmann

rearrangement
H,0 R—NH,
j\ - [ fN:CZO] < 0
R™ "NH, R | |
R'OH R‘HLO’R

Reagents: Br,/ KOH/H,0; NaOCIl/H,O; etc.
or Br,/ROH/RONa



Reaction synopses: Curtius
rearrangement

O O Ry

—_— _ N=C=0
R)J\OH R)J\ orA R

Reagents: 1) PCl3; 2) NaN;3; 3) A
or 1) CICO,Et, Et;N, THF; 2) NaN3, H,O; 3) hv, PhH
or NaN3, HzSO4, HQO, A
or 1) PCls; 2) H,NNH;; 3) HONO



Reaction synopses: Lossen

rearrangement
j\ . )(J)\ (base) N=C=0
R OH rR™N-OR ] [ R ‘
H H
Reagents: H>SO,4; H3POy,; etc.

or 1)PhCOCI; 2) KOMe, MeOH, A »O, NaOAc, A
or 1) TsCl, py; 2) KOCMe;; etc.
or K2C03, MeQSO, A



Table 18.7: Forms of oxidation
reactions

Oxidative substitution Dehydrogenation

HX

R—H A R—X

HX R-R  R-R L» R-R

O R A O R

> b -

R H R X R R >:<
_—

= R R R
HO%—QOH—>>:OO:<
R R R R R R R R
—( — o
R R R R R R R

L — e

R R



Figure 18.9

* Transition state
for concerted

transfer of oxygen H LR
in epoxidation J
* transfer of oxygen " R
occurs to the less
hindered face of KO morsnono, KB o)
the alkene = S

bond.



Representative epoxidations with
Mo(CO), and a hydroperoxide

l.o Lo
e EtCMe.O—OH :
1 . + (18.148)
Mo(CO)s 5
)e .
21% 50%

S-Limonene

)/ +-BuOOH
J Mo(CO)s f,j__ﬁ\/ (18.149)

p-Pinene

* the more substituted (electron-rich) ® bond of a diene
reacts more rapidly

e the m bond is attacked from the less hindered face



Effects of hydrogen bonding on
epoxide stereochemistry

OH OH OH
i i

g
PhCO4H, CgH P
C - S c}@ ¥ Gﬁ,ﬁ\) (18.150)

(B%) (78%)
OAC OAC OAC
8 i g
N PhCOgH, CgH P
f aH, CgHg _ D@ + o j (18.151)
R o ",
(38%) (30%)

* acyclic allylic alcohol will preferentially form the epoxide
with the oxygen atoms cis.

e a cyclic allylic ether or ester will preferentially form the
epoxide with the oxygen atoms trans.



Comparison of peracid and transition
metal-catalyzed epoxidations

OH OH OH
)‘ H“"-‘“f’] [0] ?ﬁJ =2
- CH,Cl, k F (18.153)
M A K8

m-CPBA 33% 67%
t-BuOOH, VO(acac), 999 1%

]

e peracids exhibit a preference for reaction at the more electron-rich
7 bond, even in a situation where one of the alkenes is part of an
allylic alcohol.

e transition metal-catalyzed epoxidations are highly selective for
allylic alcohols over isolated alkene © bonds



Epoxidation of electron-deficient

alkenes
—5 5 .
epoxidation of conjugated 7@\ H:0z NaOH _ 7@) ——
carbonyl compounds must be peoH
effected using a nucleophilic
oxidizing agent (typically the Ph Fh
conjugate base of a /2 ;g;f;':f” - of s
hydroperoxide) CHO 3540 CHO
epoxidation of the E and Zisomers ’
of the enone at right gives the (
same stereoisomer of the major M.j\["" H,0,
product b o,
— the reaction proceeds by a (18.156) L Me *eo
§t§epv;/isdedm§echaniél~‘,m ’Lhrough t o s
Initial addition and subsequen Me
displacement of the hydrgxide or Mo:;'r % i
alkoxide anion in the second step. -




Epoxidations with dimethyldioxirane

Me Me

iiGDEMe o O—==CO0,Me ”
H—d 3 H\i—- (18.159)
Mea Me E—CD_. GHE'GlE ~Mea
PH —20°C, 24 h PH

(99%)
MeO,C bl MeO,C

) Me 0-0 O ——=Me —— 73
H Me,CO, CH,Cla H"'{M (15:180)

J—Me  _opec 24h

H. .= 2 = K. 179
7 M TWeco.omop epH e
Ph —20°C, 24 h Ph

(quant.)

The stereochemistry of the alkene is preserved in the product

this reagent will epoxidize both electron-rich and electron-deficient alkene
n bonds



Hydroxylation (dihydroxylation) of
alkenes

OH
) NaOH, H,0O “OH

(x)

antarafacial {ant) hydroxylation

OH
O 05Oy, +BUOOH _ g (18.163)
+BuOH, 25°C
OH

suprafacial (syn) hydroxylation

e addition of elements of HO—OH across the © bond
* may be antarafacial (anti) or suprafacial (syn)



anti-Hydroxylation of cyclohexenes

OH
W 1) HCOH. CH,Cl, /______?J | /~7r—on
o et 2) NaOH, H,0 o A S o el =
major OH minor
(18.164) (18.165) (18.166)

reaction proceeds through the epoxide

epoxides always open anti, whether o
under acid or base conditions _./l,_f.?_f,?/’o T e 7
product should be the trans-diaxial diol mmcomo'rme, —
(both OH groups anti in the six- (haif-chair)
membered ring) -
. . . ¢
the trans-diequatorial diol may be | j,.:/-"\ NHOOHM.CHO, | o
. . S LY 5 »~ o~ L OH
formed from a boat-like conformation 7 2) NaOH, H,0
of the epoxide (the epoxide has more A (18.166)
conformational flexibility than a typical
cyclohexane)
note how additional substitution on /\__j-___z(” HO Ho /E_Y\__;LHH . i
the ring in the acid-catalyzed ring " S u\x’f«#m
opening reduces the g0 oM w0 H
diastereoselectivity (ta1z1) (18172 2 (f8am)
Me - OH Me
HY H,0 e S 1
TG fitte o+ [
© o ik : T L

(18.174) (18.175) : {18.176)



syn-Hydroxylation of alkenes

HO T
/4 KM — -
e I'IG;, KOH HO 1E4
- 18.167
Hz0, 0-10°C { )
COH 100% () COzH
| S

H-.V.#" o H':'MU__;-"
| ~" _0s0, tBuOOH _ T o -
i W H !'E-U;:;H ]HE{} ‘ﬁ""ﬂ#ﬁ‘{:lH
| ¥3%

 both permanganate and osmium tetroxide will accomplish syn
hydroxylation

* the toxicity and expense of osmium tetroxide have led to the development
of catalytic processes where the terminal oxidant is sodium chlorate of an
organic hydroperoxide



Figure 18.9

I
N
Mn, - OH
QT8 e, %o (X
0 o© HO OH
* Cyclic ester (18.168)
intermediates in manganate ester
hydroxylation 5
11
s,
Q282 (o 32 O
% Hz0
00 : OH

(18.169)

osmate ester



Table 18.10

Oxidizing electrophiles that add to alkenes to give anti

adducts A

ke - ( NU!J Mo 18.177

/Eﬁ\ elay = R—ET\H:EG} ;I[\E QR
Electrophile (EN Nu)  Typical Reagents
XN X' Br,, CH,Cly; BrCl, CH,Cly; ete.
XN OH (XN OR) Br,, H,O; NBS, Me,SO, H,0; Br,, MeOH; etc.
BrN OH, IN OH NaBrO; (or NalO,), NaHS O3, H,O, MeCN;; etc.
XN OCOR Br,, HOAc; Br,, NaO Ac, MeCN; etc.
RSN X PhSCI, CH,Cl,; PhSCI, NaOAc, THF; etc.
RSeN X PhSeCl, CH,Cl,; PhSeCl, NaOAc, THF; etc.
IN N; IN;, CH,Cl,
BrN N; HN;, Br,
IN NCO AgNCO, I,
XN SCN I,, (NCS),; Cl,, Pb(SCN),




Representative anti additions to
alkenes

HO.C. LOH

Iz, MeCN
I oy NaHC Da
(88%)

| A
| 1) 15, MeCN .

O 2} NaHCO; H\ /J}: (18.179)™"
= D&“OBUJ [58'%-} o 0

(18.178)"™

I, NHCO; ! 0, &

_ CHCl ol ‘
Ph{ 1 (18.180)
Gl ls, MeCN = % -0

0
Ph
0
o
H, ¢
NMe, “f

1 _
= l2, Hz20 "‘"[\/]’mH (18.181)™"
~ 0 THF

O

&
O _O |l NaHCO; m/\ (18.182)™"
|/ Hgﬂ

Ph

ey

IO
PhSeCl
o (18.183)*
@VGC@H (93%) i/\lli\):

H

S
PhSCI___ PhS™YTY g qagpn
HO EtN(LPr)2 o._~

(85%)



anti Addition of transition metal
electrophiles to alkenes

M Me Me
N8 HgioAcl H0 oD NaBH;, NaOH A NOH N
L | Etz0 L J e - [ (18.185)°"
! . ~ ™ HgOAC 2 ~

(70-75% overall)

the prototypical example of this type of reaction is
the oxymercuration step of the oxymercuration-
demercuration sequence for preparing alcohols from

alkenes by Markovnikov addition of water, without
rearrangement




Reaction synopses: Addition of
halogens and halogen-like reagents

N o

Reagents: Br,, CH,Cl,; Cl,, CH,Cl,; IN5; Br,, H,O; etc.
or (Y:COZH) Brz, N&HCO3, HZO, Iz, N&HCO3, HZO,
I,, MeCN; etc.

Stereochemistry: anti addition predominates



Reaction synopses: Oxymetallation

\—/ . NUs—Con
R R HNu NUR RML(n !
Reagents: Hg(OAc),, H,O, THF; Hg(OCOR),, ROH;

Hg(OCOR),, RNHCOR'"; Pd(OAc),, H,O, MeCN; etc.
Replacement of metal by heteroatom leads to net oxidation



Reaction synopses: Epoxidation of
alkenes (Prilezhaev reaction)

R R R R
= —
R R R O R
Reagents: m-CPBA, CHQCIQ, HCO3H, CH2C12, CF3CO3H, CHQCIQ,

MMPP, CH,Cl,; 1) Br,, H,O, 2) K,CO3;, acetone; etc.
Stereochemistry: overall suprafacial addition to the n



Reaction synopses: Epoxidation of
conjugated carbonyl compounds

R R R R
=
R R

R OR

Reagents: H,O,, KOH; Me;COOH, KOH; Me,CO,, Me,CO:;
Me,CO,, Me,CO; Me,CO, Oxone™; etc.



Reaction synopses: Hydroxylation of
alkenes

~ — e

Stereochemistry: may be either syn (suprafacial) or anti (antarafacial).
Reagents: syn: KMnO,4, KOH, H,O;
1) OsOy4, 2) KOH or NaHSO;, H,O;
OSO4, NaClO3, Hzo, CH2C12, etc.
anti: 1) HCO3H, CHzClz, 2) KzNzOz, Hzo, etc.




Cleavage of 1,2-diols

Cleavage by chromic
acid is the end step of

the Barbier-Wieland
degradation of esters

HECFEDT

2 OH -
PhMgBr / HzS04/A 0
F{_{{DH. Eu0 ~ / k‘PrTh \ Hf}- OH (18.186)
F"hII
O
Ph
HO OH
”L_,,&' NalOs, Me=CO DH;; ‘3,, (18.187)™
b == H,0, 0°C = '
OCOPh 2 DGDFh
OH
; Pb(OAc)4 /\T,GHD |
il i as; SEPTR | (18.188)""
O, O OH 90% N
% ) Ph  Ph



Diol stereochemistry and cleavage

OH g

periodate cleavage requires the s o D_: |- OH (18.189)

formation of a cyclic periodate L~/ oY — [~/ oOH
ester

cis-1,2-cyclohexanediols can

readily form a cyclic periodate

ester, and react rapidly with

periodates /7 —0OH —= A J,-"DD fr

e =..—-
trans-1,2-cyclohexanediols i3
cannot easily form a cyclic HO CIH
periodate ester, and does not
react rapidly with periodate 0OH

trans-1,2-diols such as 18.191 . S j.L__ .
and 18.192 canot form a cyclic ff e

periodate ester. They are not T-
cleaved by periodfate, but are OH

cleaved by lead tetraacetate (18.191) (18.192)

(18.190)



Figure 18.10

,5 A2,
" o:. [retro- G‘«. “»q é@l DH
[3+E] i [3+2] 'l. / SB
:L' Q&j Cl
primary carbc:nyrl "narmal®
ozonide oxide ozZonide

* The Criegee mechanism ofozonolysis



Work-up of ozonolysis

NaBH,
MeOH

- S oy HC,_< (18.193)

G\WZ“
MezS
P e ST .;;.{ (18.194)

o-©

HzOg
HCOH

~-L0H D=< (18.195)

reduction of the ozonide with sodium borohydride gives the
corresponding alcohols

reduction of the ozonide with dimethyl sulfide or trimethyl phosphite
gives aldehydes and ketones

oxidation of the ozonide with peracids gives ketones and vcarboxylic acids



Selectivity in ozonolysis
I j H}=<HL

= | one

)

|

1) O3, MeOH, —78°C COsMe
- (18.196)™
2) Me,S __CHO

R !
~# R 1) 03, CHyCl . ﬂ
o [ py, —78°C (18.197)™*
. 5 2) EtsN IGHG

T
{

relative rate of ozonolysk

_______________

* the most electron rich alkene reacts most rapidly



Lemieux-Johnson cleavage of alkenes

O ~0
'D' Q
4+ 0s04 NalOs _ (\'
0| i 0 (18.198)
dioxane- HED
78%
OH O O

0s04 (0.01 eq) :
Oxone® (4 eq} . (18.199)
DMF

(60%)

* The reaction is catalytic in osmium tetroxide, with a
secondary oxidant to reveal the diol and cleave it



Cleavage of C—C 1w bonds with
ruthenium tetroxide

OAc OAc
RuQ, (cat.)
NalO4 . (18.200)
HEO. MBECD )
r 80°% HO-C -
0 O
II - |
§ RuQ,, NalO,4 _ | 5 (18.201)
3 ME‘ECD1 HED HDEC B
689%)
g ( HO,C
X
|
RS CO-H
| RuO4. NalOy Iy 2 (18.202)
- CCly, MeCN, H;0 Me OAc

Me OAc
ruthenium tetroxide is a much stronger oxidant than osmium tetroxide.
ruthenium tetroxide will cleave aromatic rings, and oxidizes the double

bond in testosterone acetate (18.200); osmium tetroxide does not react
with this enone.



Reaction synopses: Oxidative cleavage
of 1,2-diols

R R o] R R’
HO>—OH —~ =0 + 0=
R R R R’

Reagents: HIO,4; Pb(OAc)s, CH;CO,H; CrOs; etc.

In cyclic systems, cis-diols react faster than their trans isomers.



Reaction synopses: Ozonolysis

R R R R’
= ——= =0+ o<
R R R R’
Reagents: 1) O3, CH,Cl,, G78; C; 2) Zn, H,O;
or 1) O3, CH,Cl,, 5}78; C; 2) Me,S; etc.
or 1) O3, CH,Cl,, G78;C; 2) CH;CO,0H; etc.




Reaction synopses: Lemieux-Johnson
oxidation reactions

R R R R’
=~ = =0+ o
R R R R’
Reagents: OsQOy4, NalO,, CCly, H,O; etc. to give aldehydes;

or OsO,4, Oxone”, DMF; etc. to give acids



Reaction synopses: Ruthenium
tetroxide oxidations

R R R R

= —= o + o

R H R OH
Reagents: RuO,, CCly; RuO4, Me,CO, H,O0:

or (RuO, or RuCls), NalO,4, CCly, H,O.



Figure 18.11

Oz, H”“*“ R
A= Pd'Lo

LPdl N\ \1 (18.204)

R/ Hg::r.uaJ l

LEF'd“'
Hgl\”ﬂ 18.205
R =] / F'é ILE : )
——
0 HO

* The catalytic cycle of the Wacker oxidation of
1-alkenes



Allylic halogenation

0 0
i:(H—Br + HBr — MN-H + Brz (18.207)
o 0
o N-bromosuccinimide succinimide
N-bromosuccinimide
serves as a source of
elemental bromine
NC AcO [ AcO

j> """ ) st ) ) (18.206)
a Br™



Allylic oxidation with Pd (lIl)

HG)_\ Pd{OAc) (0.1 eq) _I,-;"--‘h'jl--"D{} i o T.JD\} \
il a8 e A T 1It‘\'n | N 245
Q — MeOH-H.0 (8:1) bl Sl S —/ (18.208)
‘OMe 26°C ‘OMe OMe
3 1
Ts Ts
HN Pd(OAc); (0.05 eq) I“Isl
7\ py (0.1 eq) 2 Y (18.209)"
/ ) PhMe, 80°C /
these reactions most likely PR 0.1 0.,
proceed through the n3- AN { Y-cokto4ea _~
llylpalladi I NA Y /= Teoweormor e T NA B/ 820
allylpalladium complex " : n BN
Me (82%) Ve
Pd{OAC)z
Ao | T Flh‘lIID.E'.CIIE r {1 3‘215}
%ﬂ N‘P AcOH, 100°C

(B8%)




Allylic oxidation with Cu (l) and a tert-
butyl perester

i
H m\_:_.;".-':hh.‘__.-' H H “H-__."-""ﬂ-.

O >

J_o.
Ph™ "0 ]( HO

OCOPh

PhCO4Bu’ 4 (18.212)]
TR k| (18.211) J

71-80% .

= i
0._0 G ~.Cl m]
il ‘{ii ~,Cu(lil) | Ly

0
o PH

* the product with the less substituted double
bond tends to dominate the reaction mixture
from terminal alkenes



Pd-catalyzed allylic oxidation

0:g ‘g0
| Ph' pg~ Ph OAc |
.--'"d_x"ﬁ H'“H-I '&'C':;Cat]DAC T i \| h'“"«._-"' DAC
[ |\,| - - | + | (18.214)
- benzoquinone L S
solvent
MezS0:AcOH, 1:1 40% 2%
CHoClz:AcOH (1:1) 8% 66%:
Pd(OAC)a
Py O S
L 2 AcOH, 100°C N N
T N N
(88%)

Suitable terminal oxidants allow the palladium (Il) acetate to be
used in catalytic amounts.

The regiochemistry of the product is often determined by the exact
experimental conditions



Oxidation of alkenes to enones

J MngO(OAC)y _
7@ = ﬁ)\ (18.216)

CAC DA
+-BuOOH, ~1
/L Rhz{cap)4 j
- i
’*ﬁi T/‘"'“-" H.0, 40°C s .y, |:1521?]
" % .

{cap = caprolactamate)

0
III
- 4
“’KJ > CaF17Se0sH "ﬁf 5
PhIOz, PHCFs, A ~l ol
PhCO4 x Ph

e Oxidation can be accomplished with Mn (lI1), a hydroperoxide with
a Rh (Il) complex, or by a seleninic acid with a suitable terminal
oxidant



Flgure 18.12
F\J,fo (18.221)] Ri~#

_OH
Se Ry | Se

° Rl ™\

Ri

(18.222)| B2 Hsle’

H-IJ'l\/\DH H,0 H1I\'~? SDH
e Mechanism of R Ra Ry “Rs" ~oH

(18.223)

selenium dioxide oxidation of alkenes

( “L Se0s (0.1 eg) |) N m
OAc

| Me,COOH W LT ) oA (18.219)
g O ~"CHO
509 h%

* the major product of a selenium dioxide
oxidation is the allylic alcohol



Dehydrogenation

0
o M _cn

I | DDQ
CI~ ™y~ “CN

O

OMe OMe

fJ/] _ooa f’”(jﬁ (18.224)
MeO” >0 MeO” > 07\

* substrate must have a benzylic or allylic
hydrogen, or a carbonyl group with an available
o-hydrogen



o-Halogenation of carbonyl
compounds under acidic conditions

O, -~ Qs
3 Br
NaBrO,, HBr
ﬁ i = HOAC f“‘“*-T =
18.226
o - (95%) R ( )

S =
VY i)
g ~F g
) e O, — OO = O e
= 07 0H =7 g0 = Br” “OH =~ 07 0H

halogenation is controlled under acidic conditions to give the monohalo
product

under basic conditions, polyhalogenation at ther same carbon occurs
The Hell-Volhard-Zelinskii reaction can be used to prepare a-haloacids



Other
oxidations at
the o carbon

* lithium enolates may
be oxidized by a
variety of reagents

— the analogous a-
sulfenylketones can
be made using
disulfides or
sulfenyl chlorides

e 1) LDA, THF i
L —23°C [ OH
| i
. ;i:;m( (18.228)
7 2) MoOPH b
O
(779%)
' 5:1 endo:exo
H? H HO H
e PhSeSePh, KH 776
18.229)
fE %-«-{:H THE-DMF (91) prae i E Em.:}H ( )
MeO.C -0 MaO.C 0
= g2 = o)
MeD
1) LDA, THF
B 0 (18.230)77
2) PhSeCl A~ 4 '
<x__ &1 SaPh
. 1) LICA, THF oot SMe
C :: I:]' —?E E N < A>=G {13.231 }].'-'E fa)
e E]MEESME R W
H 1)NaH, HCO.EL, PhH [ S H

1.8 ~g (18.232)
& 2) TsSCHoCHzCH,STs e
KOAG, EIOH. A. 7 h

(B5%)



The Saegusa

Oxidation

the reaction converts an
enol silyl ether to an enone

the active oxidizing agent is
Pd (1)

on small scale, it is most
convenient to use the Pd
reagent stoichiometrically

on larger scale, a hydrogen
atom acceptor such as 1,4-
benzoquinone is used as a
terminal oxidant, with the
Pd (Il) in catalytic amounts

molecular oxygen is a
suitable terminal oxidant in
the presence of dimethyl
sulfoxide

OSiMes

f )
L

[0
A s
|
/l\/\LHE.J’ J'HFHHCOEME

Ph(OAc), (0.1 eq)

s

02z, Me2S0, 75 h
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1) NaHDMS, Et3SiCl

2) Pd(OAc),
(619%)

1) LHDMS, MeSiCl

2) PiOAC), MeCN
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S,
g
O 1) LTMP, Me,SiCl
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BT 2) Pdo(dba)s*CHCla
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Figure 18.14

=) OAc
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* Reaction pathway proposed for the Saegusa oxidation



Reaction synopses: Allylic
halogenation

RW)\FR "Xo" RWR
R HO R X
Reagents: Br,, hv; Cl,, hv; etc.

or NBS, CCl,, A; NCS, CCl,, A; etc.



Reaction synopses: Allylic oxidation

R R R
RoAR D ROALR  andor RUALUR
Reagents: RCO,0Bu/, Cu’, A (R '= OCOR; occurs with allylic rearrangement)
SeO, (R' = H; occurs without allylic rearangement)
SeO,, Me,COOH; SeO,, NaOCl; etc.
R.SeO,H, PhIO,, PhCF,, A;
Bu'OOH, BiCl,, MeCN; (similar reactions with Cu, Co, Mo, V, etc. as metal);
O,, hv, Rose Bengal (X=OOH; allylic rearrrangement)
DDQ, CH,Cl,;
Mn,O(OAc),, Me,COH, O,;
(PhSOCH,),Pd(OAC),, benzoquinone, solvent
(solvent = AcOH, Me,SO 1:1 allylic rearrangement)
(solvent = AcOH, CH,Cl, 1:1 no allylic rearrangement);

O,, Co(py),Br,, MeCN; or O,, CoL,, Me,CHCHO, MeCN



Reaction synopses: o-Halogenation

R R

R IIX2II A’<R
OJ\ﬁH === B -

H X
Reagents: Br,, HOACc; Cl,, HOACc; etc.



Reaction synopses: a-Selenylation and
sulfenylation

R R
R 1) Base _ R
AR D o
H X

Base: LDA, THF, -78°C; NaH, THF; KH, THEF; etc.
X—Y: PhSeCl: PhSeBr; PhSeSePh; PhSCIl: PhSBr;
RSSR; etc.




Reaction synopses: o-Hydroxylation

OSiR; 0

F{/\%I\R HMR

Reagents: Pd(OAc),, MeCN, p-benzoquinone; P
or Pd(OAc),; MeCN
or Pd,(dba),» CHCL,, MeCN, (H,C=CH-(



Reaction synopses: Dehydrogenation
of carbonyl compounds

OSiR; 0

F{/\%\R R/\\\)LR

Reagents: Pd(OAc),, MeCN, p-benzoquinone; Pd(OAc)
or Pd(OAc),; MeCN
or  Pd,(dba),eCHCL, MeCN, (H,C=CH-CH,O),(




Dehydrosilylation of enol ethers
(Saegusa oxidation)

OSiR;

0
F{/\%\R F{/\\)LR

Reagents: Pd(OAc),, MeCN, p-benzoquinone; Pd(OAc),;
Me,SO; O,
or Pd(OAc),; MeCN
or Pd,(dba),» CHCl,, MeCN, (H,C=CH-CH,0),CO



The Norrish Type Il photochemical
reaction of a ketone

| OH
0 H'H.-*"H I ra"\ljj:-'fﬂ )T)./H A R
A Aot T
H R =1
(18.242) (18.243) (18.244) \ (18.245)
OH R
+
Ayl
(18.246)

The initial step of the reaction leads to a triplet diradical rfom the carbonyl group

This is followed by an intramolecular hydrogen atom transfer through a six-
membered transition state

The final step involves the collapse of the diradical to the cyclobutanol



The Barton synthesis of aldosterone

homolysis of a nitrite
ester gives an alkoxy
radical that abstracts
a hydrogen atom from
carbon through a six-
membered transition
state

trapping of the
resultant radical by
nitric oxide gives a
nitrosoalkane that
then tautomerizes to
the oxime

e H{} Phg
CNO -0 \ -0
<O «K] Hll}.vxm]
l!{“ "W :
I::I.--" ,__h___,,-"xh I'Eld“ t j/
(18.247) (18.250)
o] |
e OAC OAC
/ ':'N"':::' J
EE‘*L.HI_L _j'\'t;_: O C’_ H':;_ O
.mi_.f::._H HOW_~J ey
H | . )
’F'ﬂ“!#fix r— e L .-'i'-\-.
A H|H ¥ H | H
OF ~F PN

(18.248) (18.249)



Hypoiodite homolysis and
intramolecular hydrogen atom transfer

C' -D .-'IEI
). PhI{OAC):, I, o < ol L
N B oM G mmso Py 4 Teso "y
dﬁ;‘;-.w - .‘}rﬁ“ f{ - \_\ ,-:I' (18.261)F"
3 % ~O_ . Pb{OAC), CaCOs, I /Mo /O
Ox'. ___]-"" _-"ﬁ“x EEHIE- v :_B_: {:.:-:' ':{:] 'D:' -IE-::I
/" s X
TBS0~ method A: (25%) (43%)
method B: (19%) (24%5)

The alcohol is first converted to the corresponding hypoiodite, R—O—1I, which
homolyzes to an alkoxy radical that abstracts the hydrogen from carbon.

The alkyl radical is trapped by the iodine atom (or an iodine molecule) to give the
alkyl iodide.

In the reaction shown here, the product isolated is not the iodoamine, but is the
tetrahydrofuran derivative formed by S\ 1 displacement of the halide anion.



Variations on the Hofmann-Loffler-
Freytag reaction

WCC‘EEI 1} LBUOCI, CgHs, 0-57C } \
1
NH, 2} hv, H,80, (80%) me“‘*cr_}EH (18.252)

3) NaOH, pH 7.0-7.4 H
™ 2 \ B
I SN
[T e dnk
,f""nlf'“m a4 ;3"_ Iz, Pb{OAC)s, hv ’H;?I’iﬂ"‘r' L ; -
-CgH ! " (18.253)0
0™ Y et A.:G"“‘“--:\N}’
HN‘Fﬁ'D i
: ro-|
:{JRGH FIGK':'
WHEOCFs 4y Meco.Br, Col, 27°C NHUOL N
. |
#’“‘T’“mga 2 f“«Twmga {18.254)
{009%) Br
0
BusSn | {18.255)
P 2) TsCl. EigN f-_f

(53%)



Reaction synopses: Intramolecular
hydrogen atom transfer

gy

Reagents: 1) NOCI, pyridine; 2) hv (Barton reaction);
or 1) L, Pb(OAc),; 2) hv (hyp()lodlte reaction);
or L, PhI(OAc)z, cyclohexane, hv;

etc.

Products may react with base to give tetrahydrofuran
derivatives



Reaction synopses: Norrish Type |
photoreaction




Reaction synopses: Hofmann-Loffler-
Freytag reaction

Y X H H Xz

N R —> N R
R'I U R‘f U
Reagents: 1) +BuOCl; 2) hv (X= X=H, Y=alkyl,
Z=halogen);
or 1) MeCO,Br; 2) hv (X=0, Y=H, Z=halogen);

or Pb(OAc),/L,/cyclohexane/hv (X=0, Y=H,
Z=halogen); |
Products may react with base to give pyrrolidine
derivatives. :



Catalog of Oxidation Reagents-1

Incompatible Functional Groups;
Other Limitations or Features

Transformation Reagents

PCC, PDC; CrO,, py; thiol, sulfide, 1,2-diols can be a
CrO;, py, CH,Cl,; etc. problem; 1,3-diols can be a problem
Swern reagent,
Moffatt-Pfitzner
reagent, Corey-Kim
reagent, etc.

primary and secondary amines can
interfere by reacting with the
dehydrating agent

OH o)
r— —— RHX : , :
often gives higher vyields than
" TPP (Ley reagent) Swerng(t)xidatioﬁs g
o TS e
R—( S can be used in ionic liquids;
R HJ{ﬁ DME, [BA; efe. tolerates most functional groups

expensive—usually reserved for
small-scale reactions

reaction is catalytic in Pd; py is

Pd(OAc),, py, O, essential




Catalog of Oxidation Reactions-2

Incompatible Functional Groups;

Transtormanon Heagents Other Limitations or Features
Jones reagent 1,2- and 1,3-diols; aldehydes
OH 0 . alkenes; aldehydes; "purple
R~ —— RHA IIf}l:/II?.OM BuNMnO,  ponzene” is  an extremely
OH ; etc. .
powerful oxidant
OH 5
R—( — g CrO, (cat), H,IO, same as Jones reagent
R -
5,:;04; RuCl,, NalOy alkenes; ethers and amines
PDC, DMF
Two-stage oxidation of primary
0 o) .
R4 ——= RHA I\N/Iicéc_)éél\?éOH’ .0, alcohols s preferred way to
" Ok 7 make a carboxylic acid
Ag,0O, NH,, H,0 highly selective, but expensive
MnO reagent can be difficult to make
2 with reproducible activity
7 o~ Reagent is easier to make and
/jJH /if BalMn, needs less than than MnQO,
PDC, EtOAc Reagent can be used to oxidize

1,2-diols where one OH is allylic




Catalog of Oxidation Reactions-3

Incompatible Functional Groups;

Transformation Reagents Other Limitations or Features
X=0; Y=RS, RSe; etc.; cannot be
%{)BI;DA’ then.2) ¥, ar used to  halogenate  carbonyl
compounds
. W e —————————————————_————
) < - ) <Y X,, HOAc X=Cl, Br

1) LDA, then 2)
oxaziridine

Y=OH; product is chiral if a
chiral oxaziridine is used

m-CPBA (X=0);

1) NH,OH, then 2)
H,SO, or TsCl, py;

alkenes; reactions proceed with
retention of configuration at
migrating center

KOH, Br, (X=NH,)

1) NH,OH, 2) TsCl,
base (X=Cl, OR)

3)
1) (COCl),, 2) NaN,,
3) A or hv (X=0OH)

reactions proceed with retention
of configuration at migrating
center.




Catalog of Oxidation Reactions-4

Incompatible Functional Groups;

Transtermation beagents Other Limitations or Features
X=0; Y=RS, RSe; etc.; cannot be
%{)BEDA’ then.2) ¥, ar used to  halogenate  carbonyl
compounds
" L ———————— T ——————
> - = X,, HOAc X=Cl, Br

1) LDA, then 2)
oxaziridine

Y=OH; product is chiral if a
chiral oxaziridine is used

m-CPBA (X=0);

1) NH,OH, then 2)
H,SO, or Ts(l, py;

alkenes; reactions proceed with
retention of configuration at
migrating center

KOH, Br, (X=NH,)

1) NH,OH, 2) TsCl,
base (X=Cl, OR)

3)
1) (COCI),, 2) NaN,,
3) A or hv (X=0OH)

reactions proceed with retention
of configuration at migrating
center.




Catalog of Oxidation Reactions-5

Incompatible Functional Groups;

Transrormation Reagents Other Limitations or Features
X=0; Y=RS, RSe; etc.; cannot be
%{)BI;DA’ then.2) ¥, ar used to  halogenate  carbonyl
compounds
% e ——————————————
H —= ¥ <Y X,, HOAc X=Cl, Br

1) LDA, then 2)
oxaziridine

Y=OH; product is chiral if a
chiral oxaziridine is used

m-CPBA (X=0);

1) NH,OH, then 2)
H,SO, or TsCl, py;

HN,

alkenes; reactions proceed with
retention of configuration at
migrating center

KOH, Br, (X=NH,)

1) NH,OH, 2) Ts(Cl,
base (X=Cl, OR)

3)
1) (COCl),, 2) NaN,,
3) A or hv (X=0OH)

reactions proceed with retention
of configuration at migrating
center.




Catalog of Oxidation Reactions-6

Incompatible Functional Groups;

Transtormafion beagents Other Limitations or Features
X=0; Y=RS, RSe; etc.; cannot be
%()BI;DA’ thefi.2) Y, e used to  halogenate  carbonyl
compounds
7 WL ————————————
o —= H v X,, HOAc X=Cl, Br

1) LDA, then 2)
oxaziridine

Y=0OH; product is chiral if a
chiral oxaziridine is used

m-CPBA (X=0);

1) NH,OH, then 2)
H,SO, or TsCl, py;

HN,

alkenes; reactions proceed with
retention of configuration at
migrating center

KOH, Br, (X=NH,)

1) NH,OH, 2) TsCl,
3) base (X=Cl, OR)

1) (COCl),, 2) NaN,,
3) A or hv (X=0OH)

reactions proceed with retention
of configuration at migrating
center.




