Birch reduction
of Heterocycles

Ruben Eckermann
Gaich-Group Seminar
06.01.2014



Gaich-Group Seminar

CO nte nt Ruben Eckermann
1. General
- Solvent
- Reducibility AT AT = aA
- Mono-Protonation / \
- Dianion-Formation o H
- —— AH ——> AH,

Dimerization

-X
Cleavage ¢ i

N o XH_ - XH_
2. Examples/Applications A? T AR AR,

-X




Gaich-Group Seminar

General Informations Ruben Eckermann

Review:

“Reduction of heterocyclic compounds by metal-
ammonia solutions and related reagents”

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5,
905-944
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SOIVE nt SyStem Ruben Eckermann

- e best solved in NH; more reactive in amines

A" best solved & stabalized in amines

Dielectric constant of co-solvent:

THF: 7.6 HMPA: 30

Co-solvents: THF, DME, dioxanes, HMPA - decreases metal solubility

- Temperature range: -
NH, -80° = -33°C Li best soluble in amines
H,NEt -81° > 17°C - Na/K alloy soluble in ethylene
H,N-(CH,),-NH, 8° > 116°C diamine

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 4
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Lower LUMO - more rapid reduction

D -0-0-0 -0
N S @) H
S 6 7 8 9
low LUMO high LUMO

selNceRNoa TN
N N
10 11 12 \ 6

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 5
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Reduction potentials = half wave potential (E, ,)

Iy
in NH; not given for most cases > DMF or MeCN comparable da

\/

(- OC-C0- (- L0
Oﬁ()

ease of first electron addmon

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 6
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Stabilisation of A™

NS=SN > O . [N
QN ' ~-’N ._J ‘s:}

17 18 20 21

- More delocalization favours reduction
- Benzyl groups (quinolines, indoles) & carboxyl substituents favours
reduction

Li ,NH
Y — >

O
8

ﬂ\ Li ,NH3 A
CO,H > Q CO,"

O

23 24

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 7
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Acidic protons can prevent reduction:

0> 0
b N.

H -

9 25 26 27
- N-alkyl substituents!
X Li, NH5
> Indol K m > R
ndoles work! ~N MeOH N
H H
28 29
Positive charge favours reduction:
AN
| /. \
+ 2
N 0
1
R R
30 31

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 8
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Experimetnal observations: O (\ (\
) E ] U
—> Triazines, Pyridines, Pyrimidines, Pyridazines, =

Pyrazines, Quinolines & Indoles easy reducible ©\/\ ©\/j @@
_N

— Thiophenes reducible 15
[/ \)
Sz
—> Furanes reducible under forcing conditions U\
Os
RN =\
- N-alkyl pyrrole carboxylic acids very N CO.R N N-R
slowly reducible R 35 36
oo
—> Pyrroles not reducible N N
Imidazoles only N-alkylated 9 26

Text

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 9
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Mono-protonation Ruben Eckermann

_ ROH i
A > AH

Not irreversible like in carbocycles!

ESR studies and MO-calculations indicates protonation at position of highest

electron spin density 4-position highest density
- Nitrogen special role! * *
-~\| :'.“‘ | R R t'-“
R . ,' / ._'l . T "
N N N
H H \
37 38 1 3
Protonation at nitrogen for pyridines & quinolines
L
Indoles protonated in benzene ring first! N_
H H
Monoprotonated products can dimerize or add 2nd eletron 39

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 10
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Dianion Formation Ruben Eckermann

A > A%

Dianion formation is hindered = reduction potential of A™and the metal crucial

Product formation in some cases indicates dianion formation, at least in small
amounts of an equilibrium

—> dianions highly basic, mostly irreversible protonated, even by NH,

H
Li, NH3 @ Li, NHj @
MeOH N\ N\ N
\
12 41 42

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 11
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Dianion Formation Ruben Eckermann
H H
NH3 R-X
-y —— — |
N \
45 R

H H
AN
CL)
P N
N H
46 Me 48

- The more basic anion gets alkylated / protonated

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 12
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2 A “A-A" vS. AT+ A — A-A’

Occurs especially with nitrogen containing heterocycles
N AN z N\
| _ > _ > - IN + [ ]
7
N N N’ N
5 10 32 33
Dependent on solvent system:
Li, NH3 Li, NH
“ A > -
N \ THF
49 1

Dependent on presence of proton source:

H H
Li, NH3 X Li, NH5 =\ /=
| || == | > HN NH
EtOH p _ _
N N H
H
50 5 51

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 13
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Cleavage pI‘OCESSES Ruben Eckermann

Important for oxygen- and sulfur-containing heterocycles: S>0>>N

1. Direct cleavage: stabilisation of negative charge on hetero-atom
diaryl ethers, allyl ehters, benzyl ethers

OR OR
OR OR
oo S o on ]
® ~ T
OH OH
OR OR
52 53

2. Elimination: C-C-X ——» C=C + X
ﬂ\ —VD\ - — 7/ NY—co, —> /_>—COH
0O CO-H ') CO, 2
0O @)
54 55 56 57

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 14



Cleavage processes: furanes

/ﬂ Li, MeNH2> )Ol\/\
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Ruben Eckermann

O
58 59
COZH COZH COZ_
Na, NH, Na, NH
! — ROH [ Y U
@) @) O
60 61 62

MeO . MeO
Li, NH3 R Li, NH
\©\/\ — D o
OH Z~0 15% EtOH

64 65

/_>_C02H <Na, NH3 ﬂ\ Li, NH3 -

0O o~ CO-H
67 68

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944

15
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Cleavage processes: thiophenes  rubeneckermann

Li, NH — — _
@ I\I/IeOHsy@J'QJ'QJ'/_\
70 71 72

73

S _S ')
74 75 76
R S CO-,H MeOH R SH CO,H
77 78

Arthur J. Birch, Jacob Slobbe, Heterocycles 1976, 5, 905-944 16
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Examples/Applications Ruben Eckermanr

1) Pyridines
2) Pyrroles

3) Furanes

4) Thiophenes

17
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1) PyrldlneS Ruben Eckermann
Dihydropyridine derivatives Li, NH5
|| tend to autoxidation and Xy TeqEtOH ||
N . | >
H rearomatization N/ then Mel N
79 - in-situ alkylation Me
B 80 81 .
Na, NH
EtOH
N
I > | | >
Z then H3O
N ” 00
_ a5 i
® IL -
>
R
NINR 0
86 89
@)
A Pyridine access to
> .
| - O\) Steroid skeletons
Me N
90

T. J. Donohoe, A. J. McRiner, M. Helliwell, P. Sheldrake, J. Chem. Soc., Perk. Trans. 1 2001, 1435-1445 18
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Na. NH COQIPF
AN a, 3 .
| S¢— g N0 defined A Na,\N/H3> no defined
N~ ~CO,Pr  thenR-X products | \ then/E-X products
92 93
N COLPr  Na, NH 5 CO,iPr
T O
N then R-X N/
94 95
N CO2Pr  Na, NH4 yZ CO,iPr _ Me
| | CO,iPr
2 > ProC T Pro,C—N. 2
PrO,C~ "N then Mel Me N 2Me N
Me
96 97 5 1 98

T. J. Donohoe, A. J. McRiner, M. Helliwell, P. Sheldrake, J. Chem. Soc., Perk. Trans. 1 2001, 1435-1445 19
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1) PyrldlneS Ruben Eckermann
X CO2Pr  Na, NHj Y CO,Pr
| > Pro,C | +
iPrO,C N then 5 N
99 A0 100 1
7]
) oPr |
COzIPr Z -
AN Na, NH; “Z 0 R-X
| > | o _ —
Pro,C~ °N Z N
102 | OPrqo3 |
n = Me, Et, Bu, -(CH,),,Cl (n=3-5) ¢ NH,4CI
S
/¥O , N\F CO2Pr  H, PdIC 7f]/COﬂF’r
iPrO,C 7(]/ — ProzC N
N R
R H H
106 105

T. J. Donohoe, A. J. McRiner, M. Helliwell, P. Sheldrake, J. Chem. Soc., Perk. Trans. 1 2001, 1435-1445 20
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| Xy CO2PT Na, NH3 ~ | CO2Pr base
T
iPrO,C
Pro,C~ N el N
107 n=1-3 () 108

Cl
n=1-> base: DBU, CH,Cl,, A; 95%
n =2 = base: DBU, ac, A; 88%
n =3 - base: KHMDS, 18-C-6, THF, A; 46%

B Mel X Na, NH; X
. > | || | co,pr
N CO,iPr N

Z
N ~CO,Pr thenMel

I 1 Me
Me Me

111 112 113

T. J. Donohoe, A. J. McRiner, M. Helliwell, P. Sheldrake, J. Chem. Soc., Perk. Trans. 1 2001, 1435-1445 21
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1) PyrldlneS Ruben Eckermann
1) SOCl,, NaBr OMe Na, -78°C O
R MeOH, A naphthalene
P >0 menvel | CO,Me
N CO-H 2)Mel z en e 2
2 ) N, "COxMe then H5O* N Ve
Me Me
114 115 116
\ MeOH, A \ '7,8°C
| > | >
g 2 | | _coMm
N COzH 2) PMB-I N COzMe then R-X 2lvie
FI’I\+/IB then H;O" E’IMBR
117 118 119
0 ¢TFA, A
DBB = di-tert-butylbiphenyl
R =H, Me, Bu, CO,Me, -(CH>),-X
| CO,Me
N R
120
T.J. Donohoe, D. J. Johnson, L. H. Mace, R. E. Thomas, J. Y. K. Chiu, J. S. Rodrigues, R. G. Compton, C. E. Banks, P. 22

Tomcik, M. J. Bamford, O. Ichihara, Org. Biomol. Chem. 2006, 1071-1084
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Transformations:

O . O 0]
Li(secBu);BH MeMgBr
(THF), -78°C | CUBF*SMGZ J\)Jj’
COzMe COZMe BF3*OEt2, (TH F) . COZMe

N
N" Me 78°C t0 -10°C

I
121 1, K,CO5 123
(CH,CI
MeCN, A 2Clo)
o)

Pd/C Ph
COZMe CO,Me PhB(OH)z | COM
- . Me (DME/HZO) N e
PMB
124 125 126
T.J. Donohoe, D. J. Johnson, L. H. Mace, R. E. Thomas, J. Y. K. Chiu, J. S. Rodrigues, R. G. Compton, C. E. Banks, P. 23

Tomcik, M. J. Bamford, O. Ichihara, Org. Biomol. Chem. 2006, 1071-1084
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AN Mel, Ag,CO3 X
w» > | P
(CHCIy),

HO N "CO,H CO,Me

127 128
Mel, % WeOTf
Na, naphthalene
O\ (THF), -78°C
O N CO-Me CO,Me then R-X
Me 129 Me 130 then H;0™
Li, DBB
(THF), 78°C e~ X
> CO,Me CO,Me
then Mel 0" N e O I\l}/ll R
Me 431 € 132
T.J. Donohoe, D. J. Johnson, L. H. Mace, R. E. Thomas, J. Y. K. Chiu, J. S. Rodrigues, R. G. Compton, C. E. Banks, P. 24

Tomcik, M. J. Bamford, O. Ichihara, Org. Biomol. Chem. 2006, 1071-1084
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2) Pyrr0|es Ruben Eckermann
Na, NH; CO,cHx Na, NH R
. , NF3
ﬂ (THF), -78C> —\ R ﬂ ; (THF), -78°C </_kCOchx
CO,iPr >
g 2 then R-X N COiPr then R-X
oc Boc N N
Boc Boc
133 R =Me, Et, Bu 134 135 R=H,Me,Bn,Bu 136
Li, NH
/ \ N C o [T\LRN R=H - de=82%
N then R-X R =Me - de =50%
Boc O OMe o lI%loc 0 OMe
137 138
A. Schéfer, B. Schéafer, Tetrahedron. 1999, 55, 12309-12312 25

T.J. Donohoe, P. M. Guyo, M. Helliwell, Tet. Lett. 1999, 40, 435-438
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Li, NHa3, (THF), -78°C 1) TFA
/ \_ 0. (MeOCH,CH.),NH { \, \% 2) NaOH ag.
Me .,, Me
Boc

then isoprene
then R-X

3) Boc,0O i
139 140

R=Me > 78% ee Z_S,R OH

A

Et = 86% ee N
Bu > 90%ee  B°¢ O

Bn = 90% ee 141
EtO,C CO2Et 1) Li, NH5, (THF), -78°C R R
M H,CH5),NH - .
/ \ ( e(?C 2CH2)2 - Et0C < -COEt  two different
N then isoprene Z S electrophiles
Adoc then R-X (excess) N | iblel
2) TFA, (CH,Cl,) H also possible!
142 R = Me, Bn 143
T.J. Donohoe, P. M. Guyo, M. Helliwell, Tet. Lett. 1999, 40, 435-438 26

T.J. Donohoe, R. R. Hariji, R. P. C. Cousine, Chem. Commun. 1999, 141-142
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- Li, NH3 R
Aldol reaction: [_\X\ (THF), -78°C _
N CO.Pr T - > OH
N o en isoprene N~ COPr
then RCHO Boc
144 145
CHO FL
©/ /U\ CHO _~_"XCHO
146 148 149
91% 90% 94% 78%
Li, NH3 Ph

Only one example with (THF), -78°C
: RN TS [P\ o
urane CO,iPr .

O then isoprene ™\ 5 ~~CO,Pr

150 then PhCHO 151

T.J. Donohoe, K. W. Ace, P. M. Guyo, M. Helliwell, J. McKenna, Tet. Lett. 2000, 41, 989-993 27
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(:C)2F1 (DC)zhﬂe
1) Na, NH
I )N Wi
o) 2) CH,N, o)

O O

152 153

CO,H CO,Me
1) Na, NH3
/ \ tBuOH
L. 2)CHN, 4 O
0 0 154 155
Na, NH;
/ \ > [/
@) @)
156 157 ¢
6 Li, NH;
EtOH -
/ \ 7\
@) OMe 0 OMe
158 159
Y. Ohta, M. Doe, Y. Morimoto, T. Kinoshita, J. Heterocyclic Chem. 2000, 37, 751-755
D. Takano, Y. Nakajima, I. Miyahara, K. Hirotsu, R. Tanaka, K. Okada, Y. Morimoto, T. Kinoshita, J. Heterocyclic Chem. 28

1998, 35, 1285-1293
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(I)Me ?Me
’ Na, NH
O OM then Mel o
e

© dr = 41:59 Me o OMe

160 (l)Me 161
’ Na, NH

!\ N
0O OM then Mel
e
O dr = 30:1 OMe
162
OMe
. OMe
MesSi |, MesSi |
Na, NH3 “ 6M HCI —
M - DL
o) OM then R-X - ') R CO-H
e -
O de = 94% R0 OMe
164 165 166

R = Me, Et,iBu, Bn, CH,OMe, (CH,)sCl, allyl

T.J. Donohoe, J.-B. Guillermin, A. A. Calabrese, D. S. Walter, Tet. Lett. 2001, 42, 5841-5844 29
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Na, NH __ mCPBA 0
R, CH-CI
R, / \ R EtOH3 - RZ/[SM 1 272 - Rzm
S 5 then R°-X R3O then A Rs Ry
167 168 169
R' = Me, nPr, nCgH4g, cHx, OH, nC;H15

R2=H, Me, Bu
R3 = Me, Bn, allyl, Bn

COH  Na, NH CO,H )
PrOH " 1) CHN, COMe
S s 2) Cl,CHCOCI
NEt;, CCl,  Cl S
170 171 172
G. Lange, M. E. Savard, T. Viswanatha, G. |. Dmitrienko, Tet. Lett. 1985, 26, 1791-1794 30

K. Kosugi, A. V. Anisimov, H. Yamamoto, R. Yamashiro, K. Shirai, T. Kumamoto, Chem. Lett. 1981, 1341-1344
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Li, NH3 1) DCC, MeOH _
/S\ OH  NH,CI ><_>\‘(OH 2LAH O\/OAC
o) 3) Acy0O, pyr S PFL
173 175 lipase
HO, OH MeOH AcO Ac 1) OsO4, NMO
— Na,CO 2) Ac,O, pyr —
S S
178 176
thio-D-ribose
derivative

H.-J. Altenbach, D. J. Brauer, G. F. Merhof, Tetrahedron 1997, 53, 6019-6026 31



Gaich-Group Seminar

Su MMma ry Ruben Eckermann

—> Birch reduction of hetero cycles much more complicated
than carbocycles
- Many variables to consider

e — - -
A — AT = "A-A
H

XH/ _ \e~
-X
. X _ XH
AH A2~ —— " AH —3 AH,

¢ X ¢ X
oo XH_ - XH
A2 3 TAH —— AH,

X X

- Very useful procedures under right conditions, especially under
alkylation conditions!

32



