Squaric acid derivatives —
synthetic targets for ring

expansion reactions

Michael Breunig

AG Gaich
Literature Talk
29.06.16



Universitat =

Appl Ica'[IOI’IS Konstanz N

BIOLOGY / MEDICINE MATERIALS SCIENCE

* Antitumor properties * Conjugated polymers with

- Protein inhibitors \ / low HOMO-LUMO gap

 Treatment of warts

PHOTOCHEMISTRY ORGANIC SYNTHESIS
* Energy conversion in * Ring expansions
« Total synthesis

« Methodology

solar cells
* Squaraine dyes as

photosensitizers

C.T. Seto et al., Org. Lett. 2004, 6, 83; S. Takeda et al., J. Am. Chem. Soc. 2001, 123, 10468.
A. Ajayaghosh et al., Org. Lett. 2001, 3, 2595.
K.-Y. Law et al., Chem. Rev. 1993, 93, 449. 1



Universitat =

General background Konstanz | | |

base B 71 2-
HO //O (2 equiv) 0\ O
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\\ ,/ \
HO (o) (o) (o)

symmetrical aromatic dianion
pK,; ~ 1.0 and pK,, = 2.2

double vinylogous carboxylic acid

C, synthon

Cohen et al., J. Am. Chem. Soc. 1959, 81, 3480.
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» First prepared by Cohen in 1959

F F
cl \HF\ Zn cl [_F EtOH EtO | _F H*/H,0 HO °
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jD F F ):
F (of] FV EtO FP HO No
2 3 4 1

» Industrial synthesis nowadays

cl cl EtOH Cl OEt A Cl ¢0 H,S0, / H,0 HO ¢O

Cl = Cl A =2 > _— |

=z (o] (o
> T~c N

Cl ClI cl ¢l Cl cl HO o)

5 6 7 1

Cohen et al., J. Am. Chem. Soc. 1959, 81, 3480.
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B. Jackson, US Pat., 5360937, 1993; G. Maahs, P. Hegenberg, Angew. Chem. 1966, 78, 927.
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Dialkyl squarates Monstans
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HO o

N\

1

ROH
(RO);CH
—_—
reflux

(77-97%)

R = Me, Et, iPr, Bu, tBu

«  Squarate esters are highly strained

* Electrophilic reagents: 1,2- and 1,4 addition

*  Good solubility in most organic solvents

»  Highly oxygenated building blocks

1 1
R /O M/\ R /o
74
|
RZ Yo  M-=Li MgBr R? OH
V
8 17

Moore et al., Synth. Commun. 1997, 27, 2177.
L. Paquette, Eur. J. Org. Chem. 1998, 1709.
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Echinochrome A
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Et
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OH
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'Pro (o] 'Pro OH OH
16¢ 22 23
O OMe OH OMe
Et O'Pr CAN Et oPr
Pro o'Pr iPro O'Pr
O  OMe OH OMe
27 26
air, 7h
(95% 02s)
(o] OMe ; (o] OH
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(o] OMe o] OH
28

E. Pena-Cabrera, L. S. Liebeskind, J. Org. Chem. 2001, 67, 1689.
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Ring-fused quinones
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m 1 tautomeriz. R R
OH R xylene R2 \ 2 oxidation R2 R
o
29 30 32
§
Me o o Me [o]
1.160 °C /5 min Me " J~o  1160°C/Smin
—>
. — .
Me’ OH 2. air Me MeO OH 2. air
(87%) S (98%)
33 34 37
Me (o]
1 160 °C / 5 min = 1.160 °C /5 min
@) \ 2 o
OH 2 air MeO MeO" 4 N  2.air
MeG (89%) o . (67%)
/N-’Pr
pr
35 36 39

L. S. Liebeskind, Tetrahedron 1989, 45, 3053.
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THF/EL,0,
-100 °C
(75%)
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s A OMe ™S OH N\
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‘—
EtO o OH
om (90%) EtO 0 EtO
€ OH 72}
a7 46 45
HgSOy, H,S0,
THF(aq)
(99%)
O OMe O OMe
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%
EtO o (97%) HO o
OMe OMe
48 khellinone

H. W. Moore, J. Org. Chem. 1987, 52, 3491.



1. MelLi, THF, —100 °C
2. TFAA, -78 °C

MeO OMe 3 .niline, 78 to —15 °C MeO NPh
) K 53% ] K
o o (53%) Me o
16a 49
s 1. n-BuLi, THF, =78 °C
o— 2.49, THF, -78 °C
\ 3. oxalic acid, THF/H,O
Br. N -
OTBS (50%)
OTIPS
50 51

1. PhMe, 110 °C
2. air ,rt

(64%)

TBAF, THF 0 °C
-
(65%)

OH

furaquinocin E 52

B. M. Trost et al., J. Am. Chem. Soc. 2003, 125, 13155.
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1. Li————R
THF, -78 °C OTMS
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MeO
2. TMSCI | |

R
53

H. W. Moore et al., J. Am. Chem. Soc. 1985, 107, 3393.

xylene,
135°C

(33-80%)

o o o

MeO ~’ R . MeO. R MeO, R

S — > —

4 o

MeO c R=CO.Et, MeO \® MeO ™S
OTMS Ph O-1ms o

54 55 56

R=Bu, Bz, b
CH,OTMS

o o
MeO R MeO. R
e
MeO ib MeO T™MS
O~1ms o
57 58
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Cyclopentenediones via Pd(ll) catalysis
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Me o]
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——Bu
MeO OH
62

L. S. Liebeskind et al., J. Am Chem. Soc. 1987, 109, 7908.
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60 61
a.H (o)
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c.NBS Me Bu
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(45-77%) o

dr=20:1/13:1 63
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Mel, Ag,0, K,CO3 R o MeO

R 0 T o0 R o CHSCN, 1t PhMe, 110 °C R o
’ -  e—
—> —_— > ,
-95% 83-90% MeO
] ( (27-71%) JE/’/—’ (87-95%) MeO: ’ ( ) —< | i

MeO (o] MeO OH OMe
64 65 66 67
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+
o =
MeO N
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68

H. W. Moore et al., J. Org. Chem. 1991, 56, 6094.
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Me [o] Me [o] EtO (o]

BF3 * Et,0 . BF3 * Et,0
_— @
OEt N Me
EtO OEt EtO OEt EtO OEt
69 70 7
R1
R' = H, Me, CH,CO,Me z\)\/
R ™
R?=H, Ph Z S
72
(60-84%)
EtO
Me fo) R1 A Me o
—>» EtO
(94-100%)
B0 Okt R gz R
73 74
EtO e N,CHCO,Bu Et0 Me @
BF3 » Et,0 .
EtO — » EtO CO,'Bu
(54%)
75 76

H. W. Moore et al., J. Org. Chem. 1991, 56, 6094.
S. Eguchi et al., Synlett 1998, 11, 1167. 13
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S. Eguchi et al., J. Chem. Soc., Perkin Trans. 1 1991, 2272.

R1

R? O—TMS

):?
Ph TiCly |1
\‘ : > OH

CH,Cl,, —78 °C R o
R1
Ph
78 79
1.2-addition
R'=R?=H: 52%
R'=Me, R?=H:  38%
R'=R*=Me: 7%

R! R?
0
¢
ca” Yo
80
1.4-addition
82%
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NH;
+
Me
. CH,Cl, ~78 °C Me (45%)
cl o OSiMe; cl OH - H N oy
(69%) o
77 81 82 83
H,N
H,N Pb(OAC), HO - NaBHg, CeClj « 7H,0 H,N
\/a CH,Cl, _ MeOH/CH,Cl,
- (o]
OHC. — (o)
o~ O (65%) /w| A (80%)
(E)-basidalin 87 86

S. Eguchi et al., Tetrahedron 1994, 50, 7783.

Cl
4, S _OH
HyN Me Me
=
(o]
84

lactonization

-HClI
(85%)
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Radical-mediated: furanones

EtO OEt

=

(o]

16b

EtO

MelLi

THF, -78 °C

OEt Pb(OAc)4
Hscqi AcOH
Ho ©
91
EtO OEt
H__~
o O -AcOH
H
98

S. Eguchi et al.,

J. Am. Chem. Soc. 1995, 117, 9653.

EtO, OEt Pb(OAC); EtO OEt EtO OEt
—> — H —
Hscqi PhMe, rt, 1h AcO + _—
HO o H O o O o
H H
H
88 89 90
(51%) (5%)
EtO OEt
Bsmssmn
—> —
H;C \—0
o
Pb(OAc)3
92 93 94
5-endo-
trig
EtO, OEt . EtO, OEt
_ EtO, OEt Pb(OAC)s _
AcO ~€—— (AcO);Pb e
o~ O -Pb(OAC), (AcO)s o” =0 HC\g” =0
H H;C
H H
96 95

97
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Radical-mediated: 5-endo- vs. 5-eX0-trig  «onstanz
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» 5-endo-trig (disfavored) vs. 5-exo-trig (favored):

EtO, OEt EtO, OEt EtO OEt EtO OEt
Pb(OAC), _ __
Q) ~ —~ ~
PhMe, rt =0 o <o
74 o) 7 o o €
HO o | ou A~
99 100 101 105
i 5-endo-trig $ 5-exo-trig
EtO OEt EtO OEt EtO OEt EtO OEt
i, L ~—
=/ “0o” "o Z>o” Yo [ o o o (¢}
AcO :
104 103 102 106
(37%) (29%) ¢
products
EtO OEt
EtO, OEt —
Pb(OAc), AcO.
— r o o
Ph—= PhMe, rt / o
Ho © 7
(47%)
Ph
108

107

S. Eguchi et al., J. Am. Chem. Soc. 1995, 117, 9653.
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THF, -78 °C

S. Eguchi et al., J. Am. Chem. Soc. 1995, 117, 9653.

Pb(OAc),

PhMe, rt, 1h

R
110

Bu, 60%
CH,Bz, 26%
Ph, 77%
2-furyl, 38%

o0 oTo
007070
[T

a. R'=Pr, 23%
b. R'=Bz, 52%
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EtO, OEt

16b

S. Eguchi et al., J. Am. Chem. Soc. 1995, 117, 9653.

1. pentMgBr, THF, =78 °C H,C=COLi(OBn) EtO ent
2. HCI (cat.), CH,Cl, rt EtO pent THF, —78 °C P
> —_—
% (54%)
(68%) o o BnO,C oH ©
12 113
Pb(OAC)s
PhMe, rt
(55%)
EtO, pent DBU EtO pent
THF, rt
o AcO
=g~ 0 (75%) " Bno,c o’ 0
BnO,C 14

(Z2)-multicolanate
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C-centered radical: cyclopentenediones “onstanz

EtO, OEt
1
R2R
hv
s, O oH ©
N [0} -CO,

Barton's ester

EtO, OEt
R1

\ —
RZ oy ©

115

EtO OEt

EtO OEt

Pol

RZ R1
119

R'/R? = H, Me
(51-84%)

» Cyclization before keto-enol tautomerization

S. Eguchi et al., J. Am. Chem. Soc. 1995, 117, 9653.

5-endo- EtO OEt

trig
—_—
HO—" o
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S. Eguchi et al., Synlett 1998, 11, 1167.

(o]
EtO o] EtO o]
)Ey PhI(OAc), ):¢ EtO | ®
— I —
—OH  MeoH, A %o -Phl | o
eo” L B0’ g iCoac EtO
Ph R
120 121 122
o] o]
EtO EtO
| o = o
(78-88%)
EtO EtO
R OMe R=Me, Bu,Ph R
124 123
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Double addition of vinyl-lithium

16¢c

Pro (o]

/Q =
—_—
Pro o]

16¢

L. A. Paquette, Eur. J. Org. Chem. 1998, 1709.

'Pro, O'Pr
. [e) >= R ( 4n
'Pro_o _O R ipro % ,/’Q conrot. ©0 A %o
v e >
ipro R trans- . Z 2 oRe N
addition 'Pro R R
125 126 127
9 r
Pro
ipro OH R
130 H* 129 128
Li o
iPro X ) K po Q] g B3l
—_—
iPro cis- - =Tk
addition 'PrO C 'b
125 131 128
o R 0(% R
. H* Pro
'Pro -
iPro
ipro OH R
r-0 R
130 H" 129
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WH
iPro + +
ipro OH
132 133 134
(40%) (26%) (4%)
1,2-addition: 1,2-ad_dition: 1,4-addition
trans cis

1,4-addition:

Pro

135 136 137 138 134

L. A. Paquette, Eur. J. Org. Chem. 1998, 1709.
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Stereochemical control

iPr iPr
l“o 0||||||ILI

’Pr iPr

0n|n:@

L|mmo 0nnu|LI
N5 i ]
0 ] on 0
o S}
Yy X o)
] 7Me. Me
Li Me Me
Me 140 141 142
Me
. 139
'Pro. (o} THE. 78 °C loss of initial
Z Z ! . stereochemical
iPro (o) > 0+ information
2.
16¢ LI—@
131 . .
pr iPr ' P
LI(:)“IIO 0“"'" L|mmo 0uu|uL| iPro O'Pr
o :: '@ d: T™MSO oTMS
rO R) N\
00 L| 2 TMSCI
i
PrO H
Me
Me
143 144 145 146
TBAF
H,0

L. A. Paquette, Eur. J. Org. Chem. 1998, 1709.
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Dimethyl Gloiosiphone A Konstanz | |

1. tBuli BF - OEt, OMe
THF, -78 °C 78 °
. CH(OMe), CH:Cl, -78 °C
Q\CH(ome)z 2—> MeO OMe) e e | meo OMe
. MeO, o)
Br OH (80% 02s)
MeO 0o} MeO
148 MeO o 149 150 151
16a
1. NaBH, MeOH, 0 °C
2. Ac,0, NEt; DMAP
(73% 02s)

1. LIAIH(O'Bu)3 o

THF, -78 °C Sml, OMe
P -
2. NaH, Mel THF, MeOH OMe
- 0,
(65% 02s) 78°C
MeO™ 455 (98%)
154 153 152

Os04, NayS;04
acetone/H,0

(74%)

SO3 ¢ py, NEt3

DMSO OMe
—>
(80%) OMe
OMe
156 dimethyl gloiosiphone A

L. A. Paquette et al., J. Am. Chem. Soc. 1996, 118, 9456.
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Highly functionalized cyclopentenones  konstanz

2 Bng
THF, -78 C
1,2-1,4
addition

R = Me, Pr, Bu

0@ (3 HO
RO /= emosc RO
_ =
RO | _ | RO\ Ml
156 159

F3CCH,OH
THF/H,0, 78 °C

A

RO \
D
0 l‘_J Me

157

l (70-84%)

[e]
HO
Me
RO OR
N\

158

SR
]
TATT

Universitat =

o] (o]
RO HO.
OH OR
+ OR
RO | |
Me Me
160 161

» Protonation of octatetraene 156 at —78 °C to prevent 81-electrocyclization

G. Asensio et al., J. Org. Chem. 2012, 77, 6327.
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