Radical Reactions (Part 1)
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Radicals:
How Do | Make Them?

Most common method: heating a catalytic amount of AIBN and n-Bu3;SnH

CN
M
sz’\)N"ﬁ\ CN heat ; _N + .KCN
> M me ~80 °C N* Me
Me Me

B. Giese, B. Kopping, Tetrahedron Lett. 1989, 30, 681.
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Meﬁ\N"N CN eat | N'"N + o KCN e it b n-Bus;Sn e
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controlled radical propagation]

Other metal hydrides that are potential initiators:
nBu3Sn—H (Me3S|)3S|_H nBU3Ge_H Et3S|_H
74 kcal/mol 79 kcal/mol 84 kcal/mol 90 kcal/mol

[not really a viable
source of radical]

Lower temperature radicals: Et;B and n-Bu3;SnH with adventitious oxygen will
form the tributyltin radical at ambient temperature.

B. Giese, B. Kopping, Tetrahedron Lett. 1989, 30, 681.
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Radicals:
How Do | Make Them?

Other methods:

or hv

0O heat
NI To (50-60 °C) .
v 0) I —> CO, + @
0

/\ heat
(80 °C)
R3\Snzsn\R _— . SnR3
n) 3 or hv
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What Species Can Serve as Initiator Groups?
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Reactivity order with organic halides is: | > Br > CI
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Reactivity order with organic halides is: | > Br > CI
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* Sn(n-Bu)
{S 3 S,Sn(n-Bu)3 .Sn(n-Bu);
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Radical Reactions:
Background and General Considerations

Reactivity and Regioselectivity:

H4C - HCH,C - HyCOH,C - (H5C),CH (H5C)sC -
Ko 1 1 2.7 4.8 24

Alkyl radicals are considered to be "nucleophilic” species
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Reactivity and Regioselectivity:

H4C - HCH,C - HyCOH,C - (H5C),CH (H5C)sC -
Ko 1 1 2.7 4.8 24

Alkyl radicals are considered to be "nucleophilic” species

AN
HsC A CoMe  —> I"'e\/\cone
A nBu A Cl A ph A coMe  ZCHO
krel 1 8.4 84 3000 8500
CO,Me
Z>Co,Me CO,Me Meo?c\/\cone Me\/\cozl\ne

Krel 1 150 5 0.01
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Radical Reactions:
Background and General Considerations

Reactivity and Regioselectivity:
A B

a NN\ >95 <5

In every case,

5 the addition
a b >95 < product leads to the

most stable radical

intermediate prior
5 :"S: >95 <5 to final quench

a 50
RN %0
b
a b Note:
NN 50 50 Intramolecular
cases are
a b different!
— >95 <5
— <5 >95



Radical Reactions:
Background and General Considerations

Intramolecular Cyclizations: Regioselectivity with Stabilized Radicals

M902C
6-endo-
trig .  NC
MQOzc el
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RS . MEOzc ¢

5-ex0- A NC
trig Z S

Julia and co-workers, Compt. Red. 1960, 251, 1030.
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Intramolecular Cyclizations: Regioselectivity with Stabilized Radicals

M902C
6-endo- v
- NC
trig >©/
MeO,C el \ MeO,C
Ncﬁ'\j/ NC
‘\“\ MEOzc ¢
5-ex0- W NC
trig Z S
6-endo-
]
5l NG COEt Ny
NC C02Et5 \ NC CO,Et
-exo-
trig ° CNCOZEt

Julia and co-workers, Compt. Red. 1960, 251, 1030.
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Background and General Considerations

Intramolecular Cyclizations: Regioselectivity with Non-stabilized Radicals

6-endo- .
trig o
. z
98:2 preference
5-6)(0\ g /

trig
6-exo- O/
trig \
9:1 preference
7-endo-"\ O
trig

J. P. Beckwith and co-workers, J. Chem. Soc., Chem. Commun. 1974, 474.
J. P. Beckwith and co-workers, J. Chem. Soc., Chem. Commun. 1980, 484.




Radical-based Cascade Cyclizations:
Curran's Total Synthesis of Hirsutene

| Me 1. MG3SI%LI | Me | | n-Bu3SnH,
| THF, 0 °C AIBN
> >
Me : 2. CsF Me : toluene, M
Me H H 9 Me H H 110 °C
(78% overall) (0.02 M)

D. P. Curran and co-workers, J. Am. Chem. Soc. 1985, 107, 1448.
D. P. Curran and co-workers, Tetrahedron 1985, 41, 3943.
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Curran's Total Synthesis of Hirsutene

1. Me3Si —— W Me | | n-BU3an,
| THF,0°C AIBN A Me
> -
2. CsF Me : toluens,
o Me |:| H 110 °C :
(78% overall) (0.02 M) Me H H
5-exo-trig
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Me H Me | |

H H

D. P. Curran and co-workers, J. Am. Chem. Soc. 1985, 107, 1448.
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Radical-based Cascade Cyclizations:
Curran's Total Synthesis of Hirsutene

1. Me3Si —— W Me | | n-BU3an,
| THF,0°C AIBN
> >
2. CsF Me : toluene,
.) Me |:| H 110 °C
(78% overall) (0.02 M)
5-exo-trig
cyclization
n-BuSnH . e H e ||)
- (80%) 5'eXO'dig Me ’ d
cyclization :
H H

D. P. Curran and co-workers, J. Am. Chem. Soc. 1985, 107, 1448.
D. P. Curran and co-workers, Tetrahedron 1985, 41, 3943.



Radical Cyclizations:
Curran's Total Synthesis of Capnellene

M n-Bus;SnH, M
MeO,C Il 1. memgnr  me { Br fl ABN M)« ™ It
P —— e
: 2. MesSiBr : benzene, :
; ; 80 °C i

90% overall H H
H H (90% ) (0.02 M) H H
5-exo-trig
cyclization
n-Bu;SnH
- -
(80%) 5-exo-dig
cyclization

D. P. Curran and co-workers, Tetrahedron Lett. 1985, 26, 4991.



Radical Cyclizations:
Stork's Approach to the Cardiac Aglycones

Cl CI

o_o_J
\[ n-Bu3zSnH, \r

I e vl ,

benzene
H a cyclization
Note the selective generation of a radical 5-exo-tri
from the primary alkyl bromide in the presence of cvelizati og
a primary alkyl chloride 4

CI CI

1. Na, THF/NH;

2. PCC -Bu3SnH

3. DBU, THF (75%
(50% overall)

G. Stork and co-workers, J. Am. Chem. Soc. 1983, 105, 3720.
G. Stork and co-workers, J. Am. Chem. Soc. 1983, 105, 3741.




Me

HO
ﬁ\ Me p.Bu;SnH HO
«Me ==
Me (52%)
H

Radical Cyclizations:
Chen's Approach to the Cedrane Framework

Me
Me
)\/\/\ n-Bu3SnH, Me
Me N X0 AIBN o HO r%
-y HO
Amberlyst A-21 NO, begszgge, vr YT Me
resin (basic) Me H < ™M
(62%) X v e
Henry reaction Me
5-exo-trig
cyclization

5-exo-trig
cyclization

Y. Chen and co-workers, J. Am. Chem. Soc. 1986, 108, 6384.



Radical Cyclizations:
Murphy's Approach to the Core Rings of Aspidospermidine

@ © —N=
N=N=N =
: (Me;Si)SiH, . )
AIBN,
benzene 5-exo- trlg
\ 80 °C

' H cyclization
MeO,S MeOZS eOZS

[-N>] l
Me % ©§Q (Me3Si)SiH ©§©

MeOZS MeOZS

P. J. Murphy and co-workers, J. Chem. Soc., Chem. Commun. 1995, 1409.



Radical Cyclizations:
Parker's Approach to Codeine

MeO Ts, MeO Ts MeO Ts
N~Me n-Bu3SnH, N~Me \N\Me
AIBN, o
- % y
° BVTL benzene, < QU TL 5-exo-trig 0 <| )
y SPh 130 °C, H SPh  cyclization *4{ “SPh
sealed tube H
HO HO HO

Note the regioselectivity of the second addition

cyclization

6-endo-trig l

MeO Ts

MeO Ts ]
N~Me N~Me
_[PhS"] 5
(35%) SPh
H H B-elimination H T
HO HO

K. A. Parker and co-workers, J. Am. Chem. Soc. 1992, 114, 9688.




Radical Cyclizations:
Stork's Tandem Vicinal Difunctionalization

(0] OEt

Ph;SnSnPh OEt
Br 3 3
Q/k/ benzene, hv H 0
. —_—
O Me O 5-exo-trig H
Me 7 cyclization . A~ ,,N Me
N ~C \|<Me
Me
Intermolecular
trapping
Note: t-butylisocyanide OEt
approaches from the less > H 0
hindered convex face
of the intermediate -~ H =
bicyclic radical (58%) _N. _Me
Me

G. Stork and co-workers, J. Am. Chem. Soc. 1983, 105, 6765.



Radical Cyclizations:
Stork's Tandem Vicinal Difunctionalization in Synthesis

OEt OEt
/k/' n-Bu3SnCl (0.1 eq), /k OEt
: NaCNBHj; (2 eq), 5-exo-trig /k
3 hv, THF, 25 °C cyclization P S
- 4 -
<j| SiMe; <j| <:|
SlMe
TBSO CsHi 1Bso TBSO ( :
o 5M11
0
Intermolecular
trapping
OEt OEt
HO K
/ = -Bu3SnH
d\/;\/\_/\/\/\i?\; SiMe3 SiMe;
: H : CsH11 CsHi1
HO OH TBSO TBSO

G. Stork and co-workers, J. Am. Chem. Soc. 1986, 108, 6384.



Radical Cyclizations:
Curran's Synthesis of Camptothecin

Q Inter-
MesSnSnMe3, molecular
z N PhN=C: trap
— e
' X O hy, benzene, o
i OH 80 °C O
Me
5-exo-dig
cyclization
O
(63%)
0
:. 0
|“" OH
Me

D. P. Curran and co-workers, Angew. Chem. Int. Ed. Engl. 1995, 34, 2683.
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Oxidative Free-Radical Cyclizations:
Mn(OAc)y/Cu(OAc),

B. B. Snider and co-workers, J. Org. Chem. 1987, 52, 5487.



Oxidative Free-Radical Cyclizations:

Mn(OAc)y/Cu(OAc),
o)
o CO,Me COZM}
Z  Mn(OAc); y
—
Radical

generation

Me

B. B. Snider and co-workers, J. Org. Chem. 1987, 52, 5487.



Oxidative Free-Radical Cyclizations:

Mn(OAc)y/Cu(OAc),
o o)
o COzMe COzMe COzM}
=
Mn( OAc )3 .
—— ) —
Radical - 6-endo-trig N
generation ~ cyclization
Me Me Me
Why do you think the initial cyclization was
6-endo-trig instead of 5-exo-trig?
o)
COzMe
Me

B. B. Snider and co-workers, J. Org. Chem. 1987, 52, 5487.



Oxidative Free-Radical Cyclizations:

Mn(OAc)y/Cu(OAc),
o o)
o COzMe COzMe COzM}
2~ Z
Mn( OAc )3 .
— ) —
Radical - 6-endo-trig N
generation ~ cyclization
Me Me Me
Why do you think the initial cyclization was
6-endo-trig instead of 5-exo-trig?
o] 0 0
CO,Me
COzMe -H(-B 2 CU(OAC)Z COzMe
- EEE—
(86%) Oxidation
Me Me @ Me ©,

B. B. Snider and co-workers, J. Org. Chem. 1987, 52, 5487.



Oxidative Free-Radical Cyclizations:

Mn(OAc)5/Cu(OAc),
Me Me
Mn(OAc);
| it} «| .
0 Radical (o) N 6-et;do-trlg
[ cyclization $
Mée COzEt generation Me C02Et y Me CO,Et
Why do you think the initial cyclization was .
6-endo-trig instead of 5-exo-trig? Cu(OAc); | Oxidation

EtO, o® 740\
7
e O =
Cation-n
O"Me

cyclization
(73%)

S\H
Me C02Et

B. B. Snider and co-workers, Tetrahedron Lett. 1987, 28, 841.



Oxidative Free-Radical Cyclizations:
Mn(OAc)y/Cu(OAc),

Mn(OAC)_f,',
EtOH, TFA,

25 °C
Radical
generation

-
(57%)
Hydrolysis
upon work-up

O
COzMe
Cs
o"'\ N
ii? N
N
Et

(0]
C02Me
o
H Et

—
6-exo-trig
cyclization

5-exo-dig
cyclization

Q C02Me
@3:”'
H Et

Cu(OAc),

EtOH
(0)([oL:11[e])]
and proton
capture

-

B. B. Snider and co-workers, J. Org. Chem. 1992, 57, 322.



Oxidative Free-Radical Cyclizations:
Mn(OAc)y/Cu(OAc), Combined With Deoxygenation

TBSO Mn(OAc),, o)
o) Cu(OAc),, W Q
» AcOH, 25 °C > ‘
= : O —'> Me_.
: Radlcal 5-exo-trig
O 1 generation cyclization Me
Me~ Me Me Me 5-exo-trig
cyclization
o)

Why the selectivity in these two “
radical cyclization reactions? ° .&

Draw in the arrows on this slide for practice
Me Me

Oxidation (80%

1. LlAIH(Ot-Bu)3
2 KHMDS ‘ i‘ A
%oph PhOC(S)CI
Me Me

%)
(71%) Me Me

S. J. Danishefsky and co-workers, J. Am. Chem. Soc. 2000, 122, 6160.



Oxidative Free-Radical Cyclizations:
Mn(OAc)y/Cu(OAc), Combined With Deoxygenation

TBSO Mn(OAc);, o
(o) Cu( OAC)z, A
> AcOH, 25 °C > ‘ I
= : O —'> Me_.
: Radlcal 5-exo-trig
o 1 generation cyclization Me
Me~ Me Me Me 5-exo-trig
cyclization
o)

radical cyclization reactions?

Why the selectivity in these two . a‘

Draw in the arrows on this slide for practice

Me pe
n-Bu3SnH, Oxidation *(80%)
O AIBN, benzene, o) 1. LIAIH(OMB0) o
80 °C, 12 h - Li -Bu)s
- -~ LT\
(42%) o 2. KHMDS, .&
M€ pre Barton- . S)\oph PhOC(S)CI
McCombie Me (71%) Me jpe
deoxygenation

S. J. Danishefsky and co-workers, J. Am. Chem. Soc. 2000, 122, 6160.



Barton-McCombie Deoxygenation:
Background and General Considerations

S S
or
CIJ\Y YJ\Y
—>
or CS,, Mel

* Sn(n-Bu);

S AIBN, S
R R o )LY n-Bu3;SnH, R, J\y
+ —>
ZR toluene, R> ? S §
3
110 °C Rj
.Sn(n-Bu);
R, .Sn(n-Bu), R, j\
Ry &+ T Ry)707%Y
R oY "

D. H. R. Barton, S. W. McCombie, J. Chem. Soc., Perkin Trans. 1 1975, 1574.



Barton-McCombie Deoxygenation:
Background and General Considerations

* Sn(n-Bu);

S S
S AIBN,
R or ’ S
. 1 oH CIJ\Y YJ\Y R, )J\ n-BuzSnH, R, J\y
29— . RR>—0"Y —— 5 T A
R or CS,, Mel toluene, 2 ?
3 2y R3 110 °C R
3
Sn(n-Bu) S,Sn(n-Bu)?,
.Sn(n-Bu);
i nBuStH Y S LIV
2 - 27/7° + B B— )
R R 0o Y 2770
3 3 R3
F
S S S F F
)J\ J\ Method works well for most hydroxyl
R N/\\N R” “SMe R” O F groups, including highly hindered
|§/ B secondary and tertiary alcohols.

Typical deoxygenation substrates

D. H. R. Barton, S. W. McCombie, J. Chem. Soc., Perkin Trans. 1 1975, 1574.



Barton-McCombie Deoxygenation:
Application in a Total Synthesis of Colombiasin A

OMe Me O
toluene, Diels-Alder : OMe
Me 180 °C reaction
—> —>
Cheletropic (89%) HO Y. Me
elimination (100% endo) Me'" Me
of 302 H
The xanthate ester was the only intermediate that could NaH, CS,, Mel | (73%)

be successfully attached to this hindered secondary alcohol

BBr 3
I\;’Ie 0 cis-cyclooctene, Me O

OH CH,Cl,,

OMe AIBN,

-78 °C, 20 min n-Bu3;SnH,
- T
H Me (43% based on HY Me 110 °c, MeS
Me™™ Me 70% conversion) ,, e Me 30min
H H Barton
deoxygenation

K. C. Nicolaou and co-workers, Angew. Chem. Int. Ed. 2001, 40, 2482.



Barton-McCombie Deoxygenation:
Application in a Total Synthesis of Swinholide A

Me Me Cy:BC, | Me Me Al Me Me Me
oBn EtsN: Et20 | | oBn| -78—-20 °C, 14h" Me.,, % :
0°C,4h H,0,, MeOH, OH O OBn
o) OBCy, 0°C,1h :
i (84%, >97% ds) OMe
Me 'cl)B"
e Cy
Me.. O = H I_I/IL.:I\(-I'I;?%9 BI‘IOI Me I:lH
O -~ B Vs > -
A R_IO7SS Cy o\ R
i Me\;:c)/ Cy y @\O Me
H H

1. (Imid),C=S, THF,
Me Me Me 60 °C, 16 h
: : 2. n-Bu3SnH, toluene, Me.,
110 °C, 30 min )

Me Me Me

-

OH O. i,é OBn

_ 0.0 OBn (87% overall) . S
: el N Barton-McCombie - +-Bu ‘+Bu
OMe +Bu  t+Bu deoxygenation Ole

I. Paterson and co-workers, J. Am. Chem. Soc. 1994, 116, 9391.
I. Paterson and co-workers, Tetrahedron 1995, 51, 9394.



Barton-McCombie Deoxygenation:
Application in a Total Synthesis of Swinholide A

Me Me Cy-BCl, | Me Me Af, Me I\Elle Me
OBn Et;N, E1,0 W oBn| -76—-20 °C, 14 h$ Me., =
I 0°C,4h 0BGy, Hzgg’c M;’g"” OH O OBn
i (84%, >97% ds) OMe
Me ,cl)Bn cy OMe
- M
Me.. O 24 H/T: l\élae?!é BnO{— ej\l-l Me
O ~-~2-B VS. B, -
M A R :' ~O ~ C “ o— “ R
SMe Me\;:c)/ Cy y @\o Me
H H

1. (Imid),C=S, THF,
Me Me Me 60 °C, 16 h
: : 2. n-Bu3SnH, toluene, Me.,
110 °C, 30 min )

Me Me Me

-

OH O. i,é OBn

_ 0.0 OBn (87% overall) . S
: el N Barton-McCombie - +-Bu ‘+Bu
OMe +Bu  t+Bu deoxygenation Ole

I. Paterson and co-workers, J. Am. Chem. Soc. 1994, 116, 9391.
I. Paterson and co-workers, Tetrahedron 1995, 51, 9394.



Barton-McCombie Deoxygenation:
Application in a Total Synthesis of Dynemicin A

H
KHMDS,
CeCl,, p-TsOH, H.
THF, -78 °C acetone AllocN
— —
OMe (94%) 0
OMe
OoTBS OTBS
~NENA ¢4-DMAP,
N\'% |§\/N CHzclz, 45 OC
n-Bu3;SnH, H.
AIBN, AllocN
-
toluene,
70 °C
(97%)
Barton-McCombie
OTBS deoxygenation OTBS

A. G. Myers and co-workers, J. Am. Chem. Soc. 1994, 116, 1670.



Barton-McCombie Deoxygenation:
What Can You Do Beyond Removing an Alcohol?

0
S n-BusSnH,
R S OJLN&N AIBN,
4 \ — benzene, R
N_I N me = 80 °C Me .H
—_— E—
4-DMAP,  Me Barton- Me;i:[}

CHQCIz, 25 °C Me McCombie Me
(96%) deoxygenation
X A N
SiM93

SiMe3

R. Motherwell and co-workers, J. Chem. Soc., Chem. Commun. 1988, 1380.



Barton-McCombie Deoxygenation:
What Can You Do Beyond Removing an Alcohol?

0
S n-BusSnH,
R S OJLN&N AIBN,
4 \ — benzene, .
N_ N Me =/ 80 °C Me W“‘H
e e —— A
4-DMAP, Me Barton- Me;i}

CHQCIz, 25 °C Me McCombie Me
(96%) deoxygenation
X A N
SiM93

Si Me3 Si Me3
Ring
fragmentation
Me H 5-exo-dig Me H
n-BuzSnH cyclization .
- Me <« Me W
(79%) Me Me ’
SiMe; SiMe4 )
X
& Si Me3

R. Motherwell and co-workers, J. Chem. Soc., Chem. Commun. 1988, 1380.



Radical Rearrangements:
Other Possibilities

Ry,

1~

o)

AA

o)

oo



Barton's Thiohydroxamate Esters:
Background and General Considerations

~
o\
o) © o ¢

socl ®
J ? - M Na® S I N

R” “OH R™ CI DMF or toluene R O™ | )
S
*Sn(n-Bu);

n-Bu;SnH,
AIBN
z
(o) -z
n-Bu;SnH |
RH - R+ Ny - PP, ’@
R> 0 >
CO, S
2 Sn(n BU)3 Sn(n BU)3

D. H. R. Barton and co-workers, J. Chem. Soc., Chem. Commun. 1983, 939.
D. H. R. Barton and co-workers, Tetrahedron 1985, 41, 3901.



Barton's Thiohydroxamate Esters:
Background and General Considerations

~
N
@o =
e socl, 9 Na® S 9 |
RJ\OH > RJ\m > J N
DMF or toluene RO |

S
2/- Sn(n-Bu);

Driving forces for the reaction:

Conversion of a thiocarbonyl to a stronger carbonyl (CO,)
e . n-Bu;SnH,
Aromatization of the pyridine nucleus AIBN
Generation of three molecules from one substrate molecule

n-Bu;SnH - | 0 z |
RH @ R. Ny - A M A ~
R> 0 >
S

D. H. R. Barton and co-workers, J. Chem. Soc., Chem. Commun. 1983, 939.
D. H. R. Barton and co-workers, Tetrahedron 1985, 41, 3901.



Barton's Thiohydroxamate Esters:

Application in Total Synthesis

DCC,
4-DMAP,
H CO,H b%lbzgge,

~ 0
-~
~
~
-

. H
N/\&
[\
%‘Me
H 10

AIBN,

n-BuzSnH
B ——

1. NaOH,
MeOH

S i
2. AgNO3,

MeOH

AcO\ CN
N/\g
\
H .
B H
AcO\ CN

S. Terashima and co-workers, Tetrahedron 1994, 50, 6259.




Barton's Thiohydroxamate Esters:
Application in Total Synthesis

H EDC, |:|

Me : o0 OTBS 4-DMAP, Me : 0 OTBAS/O
COM 1. gusH, o, Ky
: —_— :
H AN H
momo~~ Me Q momo~~ Me
MOMO N g MOMO
|
OH
Accomplishes net replacement of an acid with an alcohol
(a one carbon shortening of a molecule)
H
Me : 0 OTBS
t-BuSH 0.0
- H
Oxidative ~ Me
cleavage MOMO

MOMO

K. Tadano and co-workers, J. Org. Chem. 1998, 63, 2679.



Barton's Thiohydroxamate Esters:
Really the Hunsdiecker Reaction

NaOMe,

MeOH
-+

2:1 mix
of

Cl HN diastereomers HN "‘
5 kCI
F* el

R. M. Williams and co-workers, J. Am. Chem. Soc. 2000, 122, 5666.




Barton's Thiohydroxamate Esters:
Really the Hunsdiecker Reaction

—, 4- DMAP >—— N heat
me O '»H ——> Me
: HO. BrCCI3
HN : “COH Q HNQH” Q
Note

stereo- \
chemistry

Cl
)<C| NaOMe,
Br Cl MeOH
-+
+ A Me 2:1 mix
of

Cl HN diastereomers HN "‘
5 kCI
F* el

R. M. Williams and co-workers, J. Am. Chem. Soc. 2000, 122, 5666.




The Hunsdiecker Reaction (Halodecarboxylation):
Background and General Considerations

AQZOJ _
T1,0,
0 or Hg,0
U —_—
R™ OH solvent

In order to have high yield,
the metal salts must be scrupulously
dry (which is not easy to achieve)

Aliphatic carboxylic acids are
the best substrates

Electron-deficient
aromatic acids can also work

X3

D
dry solvent,

reflux
-[MX]

Cco,

Re 7

H. Hunsdiecker and co-workers, Ber. 1942, 75B, 291.
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CO,H
CO,H

Yo

The Hunsdiecker Reaction:

Use of Classical Reaction Conditions

AgNO3,

KOH
—»

Ph
S

0]
—

Ph
L

Diels-Alder
reaction

P. J. Chenier, D. A. Southard, J. Org. Chem. 1990, 55, 4333.

‘C02Ag
C02Ag

Br p)
ccl,

Hunsdiecker
reaction

t-BuLi
B S——

‘002Br
COzBr

Br
Br




The Hunsdiecker Reaction:

Modified Conditions for Vinyl Halide Synthesis

o)
Bu,N® o N-CI

0 = OH /\/,CI o Z o) 15e qi

0 Cl o added

slowly
Works for all halides,

but fastest

halodecarboxylation

occurs with NBS.

Must use 1,2-dichloroethane
as solvent

Requires adjacent
electron rich systems

S. Roy and co-workers, Tetrahedron 2000, 56, 1369.



The Hunsdiecker Reaction:
Modified Conditions for Vinyl Halide Synthesis

O
Bu,N® o
0 @OJ\CF;; <° .
EE— > A
o Z OH A~_Cl (o) Z 0 1.5eq / O ’\
0 Cl o added
slowly
Works for all halides,
but fastest
halodecarboxylation

occurs with NBS.

Must use 1,2-dichloroethane o o)
as solvent < _ E— <

Requires adjacent
electron rich systems

S. Roy and co-workers, Tetrahedron 2000, 56, 1369.



Fukuyama's Indole Synthesis:

A Clever Use of a Thiocarbonyl in Radical Chemistry

N R

N" A
NS
H

n-Bu3;SnH,
Et;B (cat.),
toluene, 25 °C

(0)'4
Qs -
N~ R
H

y

@ii\/ov -[HSSn(n-Bu)s]
-
N° R

YO )
I~
)
N on
H SSn(n-Bu);
5-exo-trig
cyclization
T (0) 4
R
N ssn(n-Bu),

T. Fukuyama and co-workers, J. Am. Chem. Soc. 1999, 121, 3791.




Fukuyama's Indole Synthesis:
Application in the Total Synthesis of Vinblastine

S
THPO
CIJ\CI, HO | 1. DHP, CSA, |
m Nach3, THF/HZQJ CHzclz, 25 °C S
P 0 °C; NaBH 2. CO,B CO,Bn
MsO N MeOH, 0 o MsO Nse @Na@ 25N mso ”Jﬁ/ 2
(80%) s CO,Me CO,Me
THF, 0 °C
OH (n-Bu);SnH, AIBN, | Fukuyama
toluene, 110 °C | indole
(66% overall) | synthesis
OTHP
..... /Me 4—
B — MsO \ CO,Bn
OAc N
N OH H CO,Me

I\Ine H éOzMe

T. Fukuyama and co-workers, J. Am. Chem. Soc. 2002, 124, 2137.



Fukuyama's Indole Synthesis:
Application in the Total Synthesis of Vinblastine

) _ THPO
I THpo
LDA,
o THF NCS
: -78 °C 5 786~0°C
MeOC  NorBDPS MeOC  Norgpps|  (76%)

THF, 25 °C | indole

n-Bu;SnH, Et;B, | Fukuyama
(67%) y synthesis

,,,,, _Me
OAc H :
N ., i OH MeO,C
I\I,Ie H Cone 2 OTBDPS

T. Fukuyama and co-workers, J. Am. Chem. Soc. 2002, 124, 2137.



Barton-McCombie Deoxygenation:
Application in a Total Synthesis of Swinholide A

Me Me Cy-BCl, | Me Me Af, Me I\Elle Me
OBn Et;N, E1,0 W oBn| -76—-20 °C, 14 h$ Me., =
I 0°C,4h 0BGy, Hzgg’c M;’g"” OH O OBn
i (84%, >97% ds) OMe
Me ,cl)Bn cy OMe
- M
Me.. O 24 H/T: l\élae?!é BnO{— ej\l-l Me
O ~-~2-B VS. B, -
M A R :' ~O ~ C “ o— “ R
SMe Me\;:c)/ Cy y @\o Me
H H

1. (Imid),C=S, THF,
Me Me Me 60 °C, 16 h
: : 2. n-Bu3SnH, toluene, Me.,
110 °C, 30 min )

Me Me Me

-

OH O. i,é OBn

_ 0.0 OBn (87% overall) . S
: el N Barton-McCombie - +-Bu ‘+Bu
OMe +Bu  t+Bu deoxygenation Ole

I. Paterson and co-workers, J. Am. Chem. Soc. 1994, 116, 9391.
I. Paterson and co-workers, Tetrahedron 1995, 51, 9394.



The Barton Reaction:
Photolysis of Nitrite Esters

Ve HA H-atom

HO cm H hv . abstraction HO )
—> O L(IJ\J — |\J —_— |\)
-[+NO]

Tauto-
H@

OH (0] \ \
~ izati S
e e

D. H. R. Barton and co-workers, J. Am. Chem. Soc. 1960, 82, 2640.



The Barton Reaction:
Photolysis of Nitrite Esters

( *NO
Ve HA H-atom

HO cm H hv . abstraction HO )
—> O L(IJ\J — |\J —_— |\)
-[+NO]

Tauto-
H@

OH o N N
~ izati S
@ - HO (¢ HU OH merization HU (o)

The high reactivity of heteroatom-centered radicals can be exploited to accomplish the
formidable task of functionalizing unactivated hydrocarbons.

This reaction is one of the first examples of a field more broadly defined today
as C-H activation

D. H. R. Barton and co-workers, J. Am. Chem. Soc. 1960, 82, 2640.



The Barton Reaction:
Photolysis of Nitrite Esters

CINO
'
pyridine, 25 °C

oc | Nitrite
Note the regioselectivity of hydrogen atom -[+NOJ ester

hv, toluene, 32

abstraction from two possible methyl groups photolysis

/-\HA\O OAc

H-atom
abstraction

D. H. R. Barton and co-workers, J. Am. Chem. Soc. 1961, 83, 4083.



The Barton Reaction:
Photolysis of Nitrite Esters

*NO
-
HNO;
-
(20% overall)

D. H. R. Barton and co-workers, J. Am. Chem. Soc. 1961, 83, 408



