Cope rearrangement

The Cope, oxy-Cope, and anionic oxy-Cope rearrangements belong to the cate-
gory of [3,3]-sigmatropic rearrangements. Since it is a concerted process, the ar-
row pushing here is only illustrative. This reaction is an equilibrium process. Cf.
Claisen rearrangement.

R A, [3,3-sigmatropic R R
rearrangement g 2? T

Example 1*

H
H
- CO:CH:  1gp°C COLLHs NaCl
7
wet DMSO o}
OTMS t%zene Br OTMS refhux Br
pe Krapcho 71%

Example 2°

T COsMe 100°C,12h == ~C0zMe
O 0 ,
TS B4Y% =" 'TMS
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Cope and Related Reactions

Aza~-Cope Rearrangement Cope Rearrangement
5 5

R
4 4 6
Ry L, P . =
A —_— - 3 }/’1 3\““ i
_Z N 5 2

Azo-Cope Rearrangement Oxy-Cope Rearrangement

N - . R‘I‘I Rl
A

N. .
(\j 2NN HO_~. . HOL o Keto-enol  Ox
= v Z - X -~ -

Oxy-Cope rearrangement
While the anionic oxy-Cope rearrangements work at low temperature, the oxy-
Cope rearrangements require high temperature but provide a thermodynamic sink.

o

OH - - .
A, [3,3}-sigmatropic o “2OH mutomerize
rearrangement S s =
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Example
P OH

xylene, Ace® tube 0
=
T 225 °C, 24 h, 49%

Siloxy-Cope rearrangement

O5iR, O5iRs

:f" A, [3,3-sigmatropic =
R :
@4 rearrangement @H

Example 1'

sealed tube
high vacuum

3M0°C, 1h
= TE%
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Anionic oxy-Cope rearrangement

OH
."_,..-" =]
. THF

OH
A, [3,3sigmatropic
.-""‘ H.
S, THF resra r'rgernent
S O H-O “m—~0H tautomerize
e P P

(]
IF.
0o

A

Example 1'
OH 0

KH, THF, rt
.\-\""-\.\_‘. -H"‘-\.\‘ r r
=  then HZ0, BB%

Example 2*

CHC

oy wOH
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ACETOACETIC ESTER SYNTHESIS

Importance:

The preparation of ketones via the C-alkylation of esters of 3-oxobutanocic acid (acetoacetic esters) is called the
aceloacelic ester synthesis. Acetoacetic esters can be deprotonated at either the C2 or at both the C2 and C4
carbons, depending on the amount of base used. The C-H bonds on the C2 carbon atom are activated by the
electron-withdrawing effect of the two neighboring carbonyl groups. These protons are fairly acidic (pK; ~11 for C2
and pK; =24 for C4), so the C2 position is deprotonated first in the presence of one equivalent of base (sodium
alkoxide, LDA, NaHMDS or LiIHMDS, etc.). The resulting anion can be trapped with various alkylating agents. A
second alkylation at C2 is also possible with another equivalent of base and alkylating agent. When an acetnacenc
ester is subjected to excess base, the corresponding dianion (extended enolate) is formed.'* ™" When an
electrophile (e.g., alkyl halide) is added to the dianion, alkylation occurs first at the most nucleophilic (reactive) C4
position. The resulting alkylated acetoacetic ester derivatives can be subjected to two types of hydrolytic cleavage,
depending on the conditions: 1) dilute acid hydrolyzes the ester group, and the resulting [-keto acid undergoes
decarboxylation to give a ketone (mono- or disubstituted acetone derivative); 2) aqueous base induces a retro-
Claisen reaction to afford acids after protonation. The hydrolysis by dilute acid is most commonly used, since the
reaction mixture is not contaminated with by-products derived frnm Helnmc scission. More recently the use of the
Krapcho decarboxylation allows neutral decarboxylation conditions.”™™ As with malonic ester, monoalkyl derivatives
of acetoacetic ester undergo a base-catalyzed coupling reaction in the presence of iodine. Hydrolysis and
decarboxylation of the coupled products produce y-diketones. The starting acetoacetic esters are most often obtained
via the learsen condensation of the corresponding esters, but other methods are also available for their
preparannn
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acatoacetc eater

naae
jEucess)

o8 0@

A=) T
A l— w I

dianion

ACETOACETIC ESTER SYNTHESIS

- o
= '

e

CZdawyaied
soeloacels esler

1
- P
&, 1&81 ':'l.-l.l:._:l

o8 0 i 0 O J
nase (1 8quv) RE=) 288 (1 equiv)
ke *1—- "‘H1 - "
bR 9 RE=X
#oate R
2 monoakyiaied
soeloacels egter
g &/
1. MaOR' /|,
) " 1. Ha”
. 2. HO . -,
fr & - II-I-I.IE'H1':-I-FI-I:.-:I
o 3. heat{-C0y)
wDlastone
T mmm——
0 0O 1. H. 0" ¥

2.nest -C0;)

OR’
04 monoalyiated Monoaubatituled
aceinacels egler soelone derivative

acetone denvative

Cia Linattuted

Riw1® 2% or 3% gy, any Rfw 1  or 2° gy, alyl, benzyt RO 1% or 2° gy, 8y, benzy! base: NaH, NeOR' LIHMDS, NaHMDS
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3310

Mechanism:

The first step is the deprotonation of acetoacetic ester at the C2 position with one equivalent of base. The resulting
enolate is nucleophilic and reacts with the electrophilic alkyl halide in an Sn2 reaction to afford the C2 substituted
acetoacetic ester, which can be isolated. The ester is hydrolyzed by treatment with agueous acid to the

corresponding f-keto acid, which is thermally unstable and undergoes decarboxylation via a six-membered transition
state.

Adyaton:

{53 & P

- HBzas| g o ¢ O 52
M:H- M:H'H M:H' T )H)LHH-
H"L:EHE anoiale (?; '

R
kj Ciglyaied
scelbhacels sale
Hydroiysls:
18 @ RL o
M 10 iaudmirzalion I
:H- — T
. 2.BT. 0 -
p ’ | (et
T gyated - : e H e
alopesls s et e g —
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Notes:
Acetoacetic Ester can be prepared by the condensation of ethyl acetate, called the

Acetoacetic Ester EMJ-E‘M‘HIJ‘{?H E‘m{rﬁm a Claiven Condensation:
J. K. H. Inghs and K. C. Roberts

)
Fase ﬂrgmra: Sywtheses OV, 235
,JLGH Base M

See M. B. Smith, I. March in Mareh 5 Advanced Organic Chemisirg, 57 ed,, Tohn Wiley znd Sons,
Inc., MNew York, 2001, p 34%; and C. B, Hauszer, B. E. Hudson, Ir., Orpawic Reactions 1,9

Weder Madification: By uzing very sirong bases, a dianion can be formed that will preferentially
alkylate at the methy] group:
{j{:} {jcj 0 0

o 0 NaH, n-BuLi B~
rFlh'\"fJL\ - = ‘}\\HI’JJ\“
Me OEt THF, 30 min HyC O -~ e

5. M. Huckin, L. Weiler Jowrnal of the American Chemical Society 1974, 96, 1082

(OHER

simple AMI caleulation
on Me ester shows the

HOMO coresponding o
the reactive intermediate
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aynthetic Applications:

In tha labaoratory of H. Hiamstra, tha synthasis of the bicyclo[2.1.1]haxane substructure of salanosclapin A was
undartskan utiizing tha intramalecular photochemical diaxenons-alkana [2+2] cycloaddition reaction®’ Tha
dioxanana pracursor was praparad from the commarcially availabla ferf-butyl acetoacstata using tha scefoscefic
ester synfhissig. Whan this dioxanona precursor was subjacted to iradistion at 300 nm, complata convarsian of tha
starting matarial was obsarvad aftar about 4h, and tha axpacted cycloadduct was formad in accaptabla yiald.

g 0 'J( b k Ac;0, acetone .
KOBu, Nal [eat ) A .
Mﬁ 10 *Clort. 16h = 4
- THF, 0 °C 1o reflux, 18n E for 2 glens | |
-y
i A LIAIH,, aH
MelN aceione 1 THF. 1 Fulune
51 wv) - 10 min ok
= o=, T  \wF  TT=s -
1., 3.5 7('“ 7% for o
2 atens o
2.1.1|nexane
sxalaton Snlannesann A
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R. Maiar &t al. synthesized substituted 2-hydroxy-3-acetylfurans by the alkylation of ferf-butylacetoacetate with an o-
halakatona, followad by treatment of tha intarmadiate with trifluoroacatic acid.™ When furans ara praparad from f-
ketosstars and wo-halokstanas, the raaction is known as tha Fesf-Bénary reschion. A sacond alkylation of tha C2
alkylated intarmadiata with various bromaalkanas yisldad 2 2-disubstituted products, which upan traatmeant with TFA,

providad accass to trisubstitutad furans.

. MaH{1.1 aquiv), THF
30 min, 0 *C men

ﬂ\m ,

ar [1.1 equiv)
tbutylaostoaostats Am p
s

i
0*C, 2h thenrt, 12h
S

TFA L, 1h or I
= | H

DOMTHF (10:1) | o o
i, 12h
- 2-Hydrony-3-acety furan
BT T da '

dasvaive

M. Nakada and co-workars developad a noval synthesis of tetrahydrofuran and tetrahydropyran darivatives by
raacting dianions of acatoacetic sstars with apibromohydrin darivativas. % The selective formation of tha
tatrahydrofuran darivativas was achiaved by tha usa of LiCI04s a5 an additiva.

— L' | ]
P v g LICHO, (2.0 equiv) .
oEl E000 4 A0 Cn et
Me Jdn & B3%

Lz gndd
OO Et

i)

Tetrahydrofuran : Tetrahydropyran = 1351 1

1/9/2019
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A synthetic strategy was developad for tha typical core structure of the Stemona alkaloids in the laboratory of C.H.
Haathcack ™ The pracursor for the 1-zzabicyclol5.3.0]dacana ring systam was praparad wis the succassive doubls

9

alkylation of the dianion of sthyl acatoacstata.

_— 1. Lil, DME, haat
:.d\‘[ﬁ“rﬁ /% :
.ru"q_,.-"ﬁ-\_

ou ou Q -
Y TEmoe - -
3 NaOMe, MeOH
& _ dsetpH1
- il.tlJE"'lE',"lE‘ﬂ‘l
-
1 47% ovars

Ly

alens
—_—

1-Azanioyoos 3 0pacans
yatem
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Examples:

-

0 0
CO,Et 1. NaQEt, EtOH CO,Et
Mﬂ/u\/ 2.n-BuBr  Me
72% Bu

C. S. Marvel, F. D. Hager, Organic Syntheses 1941, 1, 248

1. NaH, DMF

O
CO,Me
MIE:JK/ 2 2.

T7%
K. A. Parker, L. Resnick, Journal of Organic Chemistry 1995, 60, 5726

1/9/2019
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o O MeO, H

Me’u\)l\om "B

K. Mori, Tetrahedron 1974, 30, 4223

MeO H

O 06

i-Bu O 0O Me 0 Me
¥ -Du /u\/u\)\
o fE3Llh1) M e
: —_—

=3 '

H

Me

O 90%

W. L. Meyer, M. J. Brannon, C. da G. Burgos, T. E. Goodwin, R. W. Howard, Journal of Organic
Chemistry 1985, 50, 438
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Dieckmann condensation

The Dieckmann condensation 1s the intramolecular version of the Claisen conden-
gation.

O
COsEt MNaOEt Q&
CO5Et

CO.Et

The base-catalyzed intramolecular condensation of a diester. The Dieckmann
Condensation works well to produce 5- or 6-membered cyclic [3-keto esters, and is
usually effected with sodium alkoxide in alcoholic solvent.

The yields are good if the product has an enolizable proton; otherwise, the reverse

reaction (cleavage with ring scission) can compete. See the Claisen Condensation.

1/9/2019
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Mechanism

The mechanism is similar to the Claisen Condensation.

CO4Et (5“
OEt : o
enolate OEt 2-eXo-irig OEt O
H'!.\e (e, formation ~__OEt 1ing closure

0 C-D_EE'II ':'D.EEt

CEt

Example 1°

b OBn H 9Bn
s & NaHMDS, THF = oTES
WD;C/\I!J/}..-DTBS o N
r —78 °C, 58%
MeO.C Me O
Example 2°
EtO=C,

1. t=BulK, Taol., reflux, S min.

rrrrr

2.18MN H;S0,, THF, 4 h
614% for two steps

1/9/2019

15



Example 3°

o

Ar./ﬁHch H,CFy

D"TI'/\ArE
O

Recent Literature

1) 3 eq. TMBOTS
~
0 ﬁ 4 eg. ELN

I CH.CL, rt, 14 h

0 -
1 eg. TMSOTS
150 EL], 4h
COMe

3 equiv KO&Bu, DMF

OH

0 °C, 30-90 min., 75=88%

e

Ar-ﬁ Ars

c

C(ém g

. DTME
co., ME CO,Me
a0% ( IEIII|:| 9% ( ISEI|:I

Silylative Dieckmann-Like Cyclizations of Ester-Imides (and Diesters)

T. R. Hoye, V. Dvornikovs, E. Sizova, Org. Lett., 2006, 8, 5089-5091.

1/9/2019
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ACYLOIN CONDENSATION

O
— 2 NaQCH
2 )1\ + 4 Na >
R OMe
O R O R
H
>=< 2 Na* O > )——(
R o H OH

The bimolecular reductive coupling of carboxylic esters by
reaction with metallic sodium in an inert solvent under reflux gives
an a-hydroxyketone, which is known as an acyloin. This reaction is
favoured when R is an alkyl. With longer alkyl chains, higher boiling
solvents can be used. The intramolecular version of this reaction has
been used extensively to close rings of different sizes, e.g.
paracyclophanes or catenanes.

COOH Na H.O O
—_—
~-COOH
Xylal OH

1/9/2019
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If the reaction is carried out in the presence of a proton donor,
such as alcohol, simple reduction of the ester to the alcohol takes

place (Bouveault-Blanc Reduction).

The Benzoin Condensation produces similar products, although
with aromatic substituents and under different conditions.

When the acyloin condensation is carried out in the presence of
chlorotrimethylsilane, the enediolate intermediate 15 trapped as the
bis-silyl derivative. This can be isolated and subsequently is
hydrolysed under acidic condition to the acylotn, which gives a better
overall yield.

1/9/2019
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Mechanism

O 101 Na* to1 Na'
2 2 Na°® —— —

+ ]
R OMe R @i} OMe

- = r -= £
Na* 'Q! 10 Na* ~NaOCH, Na* 'Q oh —~NaOCH,

M\g Na* {E.‘:l;‘ S - Na’

Bl
<H 2=, >i.. ..=< -

- T - - - .
Na™ \O Q- Na H,0 O HO tautomerism
it ———. e — —_

—2NaOH g —
. H'D z
R
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If two moles of a base are added in the first step, the hydrogen of the more acidic
methylene group, and in the next step the hydrogen of the methyl group
(ambident nucleophiles), reacts with the base. The hydrogenated methyl group
is, however, more acidic than the hydrogenated methylene group. The reaction
with alkylation agent in the following step gives a product substituted at methyil

group. This can be synthetically used to prepare selectively ketones of different
types.

1/9/2019
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Acyloin Rearrangement

The Reaction:
O OH

R acid or base R’ R
R R" - R

HO O

Proposed Mechanism:
In acid:

.b'-/F\« (@0" . o~ OH

’kﬁp" HY J\ﬁﬂ' — @(\FR* — ]E'“'>'\‘!€*r R"

R R R

R ~re R N
H

1/9/2019
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Examples:

Br Me
Br, s . \Br NEZCOS
O,N NO, H,0
W
Me By 0 "high yield"

P. A. Bates, E. . Ditzel, M. P. Hartshorn, H. T. Ing, K. E. Richards, W. T. Robinson, Tetrahedron
Letters 1981, 22, 2325

R QFEt TsOH Me R
?_< —_— >__<
Me benzene
HO QOFEt 0 OEt
R=iPr 43%
R=Ph 8&0%

T. Sate, T. Nagata, K. Maeda, S. Ohtsuka, Tetrahedron Letters 1994, 35, 5027
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a mixture of acyl esters

M. Rentzea, E. Hecker, Tetrahedron Letters 1982, 23, 1785

NaH, M
, MeOH oMo
CH,CI,

84%

1/9/2019
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Bouveault—-Blanc reduction

Reduction of esters to the corresponding alcohols using sodium in an alcoholic

solvent.
i MNa, EtOH
s
R™ “OEt R™ OH
o =
Py sngle-electron o ™ HLGE: OH
R fOEt —
/’r transfer (SET) F-'.”'L"DEt R™* "DEt
=
=]

ketyl (radical anion)

OH ot

H &
lload R%‘GEt _ . i ve

0
;‘H;gEt R/%_Ej/ R™ "H

=, COH
O HLOEL on  + &2 %\
M REH —= R” "OH
HTOEt

1/9/2019
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E:{ample‘?

0 Ma, Al;O4

t-BuDH, Tol. OH
DEt [:::Igﬁh
reflux, & h, B6%

References
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Benzoin condensation

Cyanide-catalyzed condensation of aryl aldehyde to benzoin. Now cyanide is
mostly replaced by a thiazolium salt. Cf. Stetter reaction.

o OH
A H  catCN Ar\n)\
s Ar
O o)
(=] C
A (,H CN Ar\lﬂ-l proton Ar\Tg H\g&
r S— —_—e —~— -_—
?ﬂ/ ] transfer OH Ar
) 2
Ar Ar
H H OH
NC proton NC o
Ar O e Ar OH —— Ar Ar + CN
OH (=] transfer g') I

Example 1°

O cl 0O O
EtO EtO
j@')LH . I@)LH NaCN, EtOH O
OH Cl
MeO 81% MeD

Example 27

@ ~—CHj

M
CHO HO’\_,[/& Br9 Q CH,
CHs i OH
o EtyM, +-BuOH, 60 °C, 24 h, 40%
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Feist—Bénary furan synthesis

c-Haloketones react with B-ketoesters in the presence of base to fashion furans.

o

o o o Et;N, 0 °C, 52 h 5—%/
+
)‘I\\/Cl /”\/U\OEt 54_57% CO,E

=2
EtaN‘:\_, EtNH O co.et
H COzEt ;_—<; co,Et rate-determining - 2
'z k\_ H
— TGN | ~
o) step o :NEts

)

@ @ COEt CO,Et
ﬁ\ \?@é\ Z 5
o

H
O EtaN: _/; ')

&g

Example 1>
HsyCOsC ]

0
0O © KOH, MeOH |
+
Moa OcH, 1%
o] 0 O H,CO

Example 2

o
pyridine, rtto 50 °C, 4 h \

-

then rt, overnight, 86% CO,Et
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