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§3 &8%> CYCLOBUTADIENE IN ORGANIC SYNTHESIS (3% §&

Usage of Unstable Intermediate: Cyclobutadiene as A Case
0. Introduction
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1. General feature of cyclobutadiene
Huckel orbital energy

+ antiaromataic
+ unstability from ring strain IE'

+ rapid dimerization and oligomerization =~ ;---"""---------------------o- Lo TTTTT T T T T T TTImemTeTITe A

cf. stable cyclobutadiene A L« + """" -+E

_________________________

2. Stabilization by iron tricarbonyl complex
+in 1965, the first prepation of cyclobutadiene-iron tricarbonyl ref. JACS 1965, 87, 132.

T

Fez(CO)g (CO)3FE

stable pale yellow crystalline

+ Molecular orbital of C4H4Fe(CO); ref. Inorg. Chem. 1979, 18, 1760.
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Molecular orbital diagram of C,H,Fe

— 4
.

CaHa CyHyFe Fe

Molecular orbital diagram  Molecular orbital diagram of C4H4Fe(CO)3

1. near equality of the cyclobutadiene
g level and Fe 3d (d,x and dy;) level

2. Geometry of CO allows only by, b,
and ay (d,2, dyy, and dy?.?) to
participate in © back-donation.

of C4H4Fe and CO 2
r P
{ab E
Zn o 3Za" P
fa— Pt — 0 2y
Y _— 4 hy  ——
byim akon ==
= ev | N —
2 o, -10 F - .
= ..‘\.':-_u_ 3 .
12F , — = s i
u - g !
S — 14 - s
-18 ; .,
CHyFa [ HF eIt to 18 i . .
it {
DI CaHFe Car PRl LDy
|:Ie.,, Figure 5. Molecular orbitzl diagram of C;H Fe(CO)s.
C/ \CCO
o (0] 3. d8 doesn't require metal-ring antibonding
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geometry of CO P

These three features make the complex stable.

+ compatible with many organic reactions
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*electrophilic reaction, Grighard reagent, reduction

* cyclobutadiene-iron tricarbonyl complex is known
to decompose oxidatively.

(CO)3Fe
+ Ce* —— Fe?* 1+ co + (]

+ liberated cyclobutadiene can be trapped with several unsaturated compounds.

(CO)sFe
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‘ CAN
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only activated dienophile can be used intermolecularly
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3. Reaction sequences of cyclobutadiene

3.1. Intramolecular cycloadditions between cyclobutadiene and alkenes

ref. JACS, 1996, 118, 9196.
JACS, 2002, 124, 14748.

H
(CO)sFe :
Cb | CAN H y. 85%
acetone, r.t., 15min
(@) (0]
# Precedents pentane
sealed tube O |
(CO)sFe / 220°C, 90min a
CAN || |
acetone 4 )
o (o) o y. 50%
(CO)3FE
1. hy
—_—
CAN
0 o o y. 83% Tetrahedron Lett. 1974, 28, 2425.
# Scope and limitations
substrate preparation Table 1. Intramolecular Cyclobutadiene—Olefin Cycloadditions
FBIC‘DH FF‘(CF:I FB{CD]-; Fe(COls Entry Substrate® Cyu'lnudduclb Thermal Pl‘odul!lb
[LJJ a_ c_ ',_|JI FE{CO]G
i ”C—\ /““U
OH a4 TH 0,
a(a) N—meﬂ]y]formamhde, POCI;: (b) NaBH,: () H*, alcohol. 9 85%
.
[
| . ;ﬂ ;@r .
+ intramolecular = the key to success with unactivated olefin HeC CH& HeC GHB Het e
+ intermolecular cycloadditions ---------- oligomerization s 10 -
FetCOJa

Qo C cEL 1)

transfer of stereochemical information ----concerted mechanism =" P

+ 20: sterically restricted tether ---------------- oligomerization o ees A

higher temp. & short rxn. time ---------- works well FEEWJ&

+ 23: sterically encumbered alkene ---------- two adjacent O ) /-J_-l C& o
quaternary x..-—\ 1
carbon centers 14 95% 54% 16 Proosown

I|=e CQla
o] = ‘:CECH Oijf\j
® O a '
CHs H 0 HaC CHy
17 T8% 19 g2
Fe(COls

# Oxidative decomplexation of (CO)sFe-cyclobutadiene complex

substrates prone to undergo intramolecular cycloaddition
1

CAN (5eq.), acetone(1-2mM), r.t., 15min

substrates less prone to undergo intramolecular cycloaddition

I
trimethylamine-N-oxide(TMAO, 8-20eq.), acetone(2-20mM),
reflux, 6-24h

5@_

6L
&
]
4
#

e
w

]
Gy
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d

b

3 B5% 88%

? Isolated yields from alcohol precursor 28. ° Isolated yields.
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No involvement of Fe in the cycloaddition
# Tether effect

preliminary experiment

* Three-atom heteroatom-containing tethers
* Three-atom all-carbon tethers

* Four-atom heteroatom-containing tethers
* Four-atom all-carbon tethers

+ Three-atom heteroatom-containing tethers

Table 1. Cycloadditions of Chiral Cyclobutadiene Complexes

91 15 0
Me L |ico)Fe

e Ph —_

|
Me)% I
Ph

Table 2. Intramolecular Cycloadditions with Three-Atom
Heteroatom-Containing Tethers
entry subsirate cycloadduct  method® yield®
1
R! R? H R , A:CAN, acetone, rt
(CORFe—)| | B: CAN, DMF, 80°C
C: TMAO, acetone, fleflux
(1) 22 Ry=Ry=H A 85%
2) 24 Ry=n-Pr,R=H 25 A B4%
(3) 26 Ry=H, R=n-Pr 27 A 70%
(4) 28 Ry=R;=Me 20 A T0%
» @ T - -
3 © 31 ©
(o]
OBz
(6) tcoyaFe—Qi [ A oo%
2 ©
allene A 35%
O(?J (CO}aFE-% (4.5:1.0 dr)
34 © s O
Me Me
O{BI (COMF Me Me A 20%
o] DX .y
3 c 84%
36 O 37 —0
H sterically congestured
(CO)Fe—— 7]
(9) 38 R=502p-Tol 39 A 93%
(10) 40 R= allyl 4 A T0%

@ Reaction conditions: method A, CAN (5 equiv), acetone (1—2 mM),

Me ) )

o n n o 'n
14(n=1) ~ ) 18 17
18(n=2) " 1Me nf— 20 21

L. 19 O _|
entry SM (% eg) conditions* yield product ratio (ee)
1 14((35%) CAN 66%  16:17 =[16 (0%):1 (0%)
2 14((35%) TMAO  55%  16:17 =(14 (0%):1 (0%)
3 18/(35%) CAN 48%  20:21=|1 (0%):1 (0%)
1 18((35%) TMAO  54%  20:21={1 {0%):1 (0%)
% CAN (room temperature, 2 mM, 15 min); TMAO (36 °C, 20 mM,
6 h).
A: CAN, acetone, rt
B: CAN, CH3CN, rt
C: CAN, DMSO-H,0, rt
D: TMAO, acetone, reflux
Table 3. Intramolecular Cycloadditions of Carboxylate Derivatives
entry substrate cycloadduct method® yield®
Ph H
: SN 55%
O (1) (CO)Fe | B 70%
N c 88%
22 9 9 430
|:I
(2} {CC-}gFe—- 0%"
0%"°
*hydroly5|s
*cinnamyl alcohol was
'g recoverd
o @) (CDZ'SF“+§)| |L IH% A 47%
D 30%
o=y | 07Ny

@ Reaction conditions: method A, CAN (5 equiv), acetone (1—2 mM),
room temperature, 15 min; method B, CAN (5 equiv), CH3CN (1 mM).
room temperature, 15 min; method C, CAN (10 equiv), DMSO:H20 (1:1).
room temperatore. 15 min; method D, TMAO (8—10 equiv), acetone (20
mM), reflux, 12 h. # Isolated yields. © 20—30% starting material recoverad,
as well as 65% frans-cinnamyl alcohol.

unactivated olefins: OK

room temperature, 15 min; method B, CAN (10 equiv). DMF (1 mM), 80
°C, 3 min; method C, TMAO (10 equiv). acetone (45 mM), reflux. 12 h
% Isolated yields.

oxidant

: CAN is OK



+ Three-atom all-carbon tethers

Table 4. Intramolecular Cycloadditions with Three-Atom
All-Carbon Tethers

entry substrate cycloadduct method® yield” (dr)

(CO)Fe

H

1
R\ R H E~R2 ¢ TRI A: CAN, r.t.
I | B: TMAO, reflux
) H HO™ C: CAN, reflux
O () 48 RI=ELR2=H 49 . unactivated alkene:
49:50 (2.9:1.0) CAN: X

2) 51 R’—H R%=n-Pent 52 53 AorB frace
{CthB wans  Slightly activated alkene
- %% CAN: OK
" secondary orbital interaction ?
E o h
(CO)Fe—)) T A tace
o5 EB b
56 57
H co.Me
T activated alkene
A 2% trans 9ood yield
59:60 (2.3:1.0)
H coMe H cOMe > secondary orbital interaction ?
A 66% :
HD% HO‘EB 6263 (2510) C°
(CO)sFe [
O @ c % restricted freedom of the tether
64 65
@ Reaction conditions: method A, CAN (3 equiv), acetone (1—10 mM).
room temperature, 15 min; method B, TMAO (10 equiv), refluxing acetone
(20 mM), 6—8 h; method C, CAN (10 equiv), refluxing acetone:CH1Clz
(7:1, 1 mM), 3 min ? Isolated yields.
Table 5. Cycloadditions with Enone Substrates
entry substrate cycloadduc’( method" yieldb
A: CAN, acetone
(CO)sFe B: TMAO
C: CAN, MeOH
Om 66 R =Ph
2 68 R = n-Pent 69 q
(2} n-Pen 5 L sz
@) 70 R = +-Butyl b2 + reactivy |
- > -
O @) 72 R =COsMe 73 A 01% heteroatom-containg > all-carbon
shorter C-O lengths
{CO)Fe overall yield compressed C-O-C bond angles
(ketalization)
l Sp3 + how to solve this low reactivity
(5; 74 R=Ph {s?)“ C 70%(100%)°
(E-J 75 R =n-Pent iﬁ‘ﬂd c ET%{TS%): *electronic activation of dienophile
7 76 R =tButyl ™) C  29%(95%) *socondary orbital interaction
Ph B oph *restriction in the freedom of tether
. . *geminal substitution
O (8) (CO)Fe | gem-disubstituted *g
TMAO
o cf. entry 1
Me — Me
77 78 A 83%, @4\3;2




+ Four-atom heteroatom-containing or all-carbon tethers

Table 6. Intramolecular Cycloadditions with Four-Atom Ethereal Table 7. Cycloadditions with Four-Atom All-Carbon Tethers
Tethers
R N entry substrate cycloadduct  method® yield®
en substrate cycloadduct method®(yield™)
try - y - (¥ MeO,C. H cogMe
: & ACAN O (1) (CO)Fe
(CO}Fe | B: TMAO
P HO HO
o \o . less reactive 9z A <5%
O (1) ™ R=E % [A %6 @22%) trans MeO:C
(2) 81 R=Ph 82 A (63%), C (55%)
O (3) 83 R=CO;Me 84 A (65%) O (2) (CO)Fe-1Z
freedom

- s
O ) ccthe—%Jg E%
3 % A 88%
\
o o ,.Me
85 86 [A ©%).p (17%) — ,,—0 e
cis e
CoMe B coMe O (3) (CO)Fe '\(0
O (5) (CO)Fe 5 EB D:_B O strongly activated

33%°

A (0% B (21%)

88:89 (3.3:1.0) @ Reaction conditions: method A, CAN (5 equiv), acetone (1 mM), room

temperature ? Isolated yields. © The yield represents a two-step sequence:
(6) (CD)gFG*% B “Ph Knovenagel condensation of the corresponding iron aldehyde with Mel-

dmm’s acid followed by CAN-promoted cycloaddition.

[A ©0%).J8 (30%) + reactivity

three-atom > four-atom

@ Reaction conditions: method A. CAN, acetone (1 mM), room tem-

perature. 15 min: method B, TMAO (20 equiv), refluxing acetone (1 mM), + again, some activation (strongly in the case of

24 h; method C, TMAO (8 equiv). refluxing acetone (20 mM), 6 b ? Isolated all-carbon case) is essential
yields.
# Theoretical calculations RB3LYP/6-31G(d) as implemented in Gaussian 98

These reactivity was supported by theoretical calculations.

H H
o — H s ® — H
)
E o D
heteroatom-containing all-carbon
D Y -r_;; =7 shortC-O bond
Cyelobuiadiene ! ‘[" i / ’
+ A H - Ot ]
Ethylene "'{""._l‘—LA- "'\’" PR, [T PR |T1J\!:‘
’ 25 II!;‘;) 355 :‘4-
--{ Ll A-TS B-TS | o l _(
| a0 _ % . N, )
234} [l ""{{’:.:u-m‘r: I "‘-‘s(':""‘-( ] I
St ;s T T
2l 38, 1 I:J- Lt | ) !
N P )
3 - |
[4+2], not [2+2] - - A !
e ) [ o= I
AE+ZPE! 62 10
toal < 135
Figure 1. Calculated transition states for reactions A and B.

All-carbon tether must be more compressed because of long C-C
bond at the expense of angle strain that destabilizes the B-TS.
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H H
| | =0 |
© % LO-—» %.; 5 @ O%H

_-_'J’-.,-_;,_-;__ba.-_ ) A =T - Unexpectedly, these activation energy
1::'? 7 *" .,...if T ,;..:{ is higher than A-TS or B-TS. (cf. A: 9.1 kcal/mol)
! ; 5 il 239 -+
- gy .
f""‘%‘f o Y \, l— { Ester tether is too short to connect two
CT8 D-Ts o reacting groups without strain?
> 00 And because s-cis conformer is unfavorable?
Anyway, there is no inherent difference in
cyclization reactivity between C and D.
NI - Low yield of D might be due to
apzpes 12 Shightly g 1. less propensity to be oxidized
&G 199 < 203 2. more electrophilicity of ester carbonyl
Figure 3. Calculated transition states for reactions C and D. (a-cation is stabilized by the complex)
H H
(B) !T . Ho oy P L - !
OH OH
OH OH © o
j sp® sp?
b oo iy T j?.- - i
w.zfﬂﬁ__qyp. == E . I VAR
; B ; T 3 IR I
o W - J\ P 2500 231 A 242 4 {-"'-«
.?0“3?3_.! = ey { @ - ’)-)NJ _‘?-_l"-t
3 . ’ S - )
E-TS F-TS .-J"G'rh 5 ! f’q
i Y Ta. -k
""':3{' —_.f — ;"_(1 AE+ZPE! ’ ;52' T};:H -‘ H]_;r:]
oy \11_ T\ 80" 17 Cycloaddition 154
230 ) ;2-4'3;-;. 22401 [I,,}— E A 7 A
-1 I P .
i ~ac b - S
: C{f—z::f 253 Y s \
“ubel 12 >abe=116° A a 2257 gi " dpem
s et ! i3 - i
AE<ZPE. 104 11.2 "‘—i’_"J b { # ""“f'-&;"'"""
AGT 28 13.6 3
G-TE-I < H-TS-1I
Figure 4. Calculated transition states for reactions E and F. . -
AEHZPE: 114 Typel 13.4
4G 148 Creloaddition 17.0
2 cppe
clearly, sp~ carbon makes the compressed TS difficult Figure 5. Calculated transition states for reactions G and H.

CO,Me
H
Type |
_— VS
Type Il
o4 H

(E)-alkene H CO2Me



The Type | transition structure is lower in

energy than the Type Il transition.

(disagreement with experiment in H-TS)

Type | : Type Il =1.0: 3.3
(Table 6, entry 5)

E-alkene leads to lower energy transition

structure compared to Z-alkene.

A quantitative measurement of the factors —

(simplifed model)

Transition energy difference
I
Dienophile's energy difference
|
Endo/exo energy difference
1

Strain in the cis-transition structure

1.6
I
0.6

1

0.6

(kcal/mol)

methyl trans-crotonate eyclobutadiene eyelobutadiene +
methyl acrylate trans-crotonate
ENDO
£ 9 R TRh-
- F 14 g P
/\FI\ . a5 230 sey 1229
134 f gl i
Sl Q@ e B e A
e N WD~ =Y
7 Ve, @ # ]
ra f

cyclobutadiene +
cls-crotonate

cyclobutadicne+

methyl céis-crotonate
methyl acrylate

EXD
~ac —
\ g N S
S v oizae P
2 J\ 256 2490 !
o i, T 0y v
H ‘5- ‘L ’- _."-_. -*é-h{ )
" @ ; e =@ Y
o 7 \‘5/
f‘u\_ ."“ LY
AE+HZPE 118 AFLFPE. 409 ARsppp: 43,1
[AaG +.6 AGE 1pg AGT 28]

{rel. s above 1sonver)

Figure 6. Calculated energy differences between endo- and exo-geometries,
as well as olefin stereochemistry in cycloaddition transition states.

Conclusions

Oxidatively liberated cyclobutadiene could be trapped intramolecularly with olefins to afford
functionalized cyclobutene-containing cycloadducts.

This reaction was affected by several factors including

1) oxidant (CAN vs TMAO)

2) electronical acitivation (conjugated olefin)

3) tether length (heteroatom-containing vs all-carbon, 3 atoms vs 4 atoms)

4) tether's freedom (sp2 VS sp3, restriction by phenyl group)

5) alkene configuration (E vs Z)

preliminary study using ethylene

3.2. Rapid entry into functionalized bicyclo[6,3,0] ring system

OTBS

OTBS 200°C
_—

sealed tube

ref. JACS 1997, 119, 1478.

Scheme 1

Fr

\1 .F‘.:.{CC Ia

O
Iz
S b

bicyclo[6,3,0]

model study using substituted alkene
(substituted alkene: regio- & stereo-chemical issue)

OMe

Z.E=19
MeO
- CeHuz
major
Z CeHis +
y. 66% (4:1) —
CeH13
MeO ZE=21
minor

812



substituted alkene (R = 4-penten-1-ol)

Pr,

_‘11 H —
1 \T l’/ (eq. 2)
/\H " = Hor—h R
L
13 84 m 14 little regiocontrol ,n

Pr, K _ (15:1 & 1.4:1)
H BN | {EP 9

. /h'q - {

a

.,

conformation of the methoxy group may play a role
6% r1 41 in dictating the reaction outcome ?

reconsideration of the steric factor

Table 1. Selective Ring-Opening Cross-Metatheses® Table 2. Cope Rearrangement on Ring-Opened Products®
entry substrate major product }'i['ll]h enlry subsirate [lr[:ducth }-jeldc
{regicisomar ratio)
Pr M
72% 1 70%
(8:1)
2
GG
{(10:1)
Pr. H
] 3 an
Og b 0%
o7 "Me
21 MeOC, W e MeO,C., /= oT8s
3 - . o o A .
4 5 . +is0merns oo, | | gg°%;
. F@ | o (= g
” .'OH 20
22 Me0,C, T/__ MeD,C. OTES
@ Cross-metathesis of cyclobutene substrates with TBS-pent-4-en- OTRES f
1-ol. ? Isolated yields after silica gel chromatography. 5 Heyf R/( a9,
| trast between 17 and 21 o
clear contrast petween an . trans-23 DH 28
? Typical conditions: Substrates heated (200 °C, 1 h) in benzene
[0.01 M]. % Structural and stereochemical assignments were made
through degradative and spectroscopic techniques. © Isolated yields after
silica gel chromatography.

H
Pree, PC
1] clg
Hee + + 7 Rum,
, OTBS Cl™ 1
o~ 'Me 3 PCYR

H H H MeQ
Pr, = e} Pr, = :
H .\ hv H | 200-240°C
H H sealed tube
0" Me O Me

Me

5-8-5 ring system
ref. JACS 1999, 121, 4534

. JACS 2005, 127, 1201. Q&?
OL 2001, 3, 28109.



boat

+ Configuration of R determines which pathway (A or
A") is prevailed. R favors exo face ?

+ cis,trans-1,5-cyclooctadiene relaxes leading to
cis,cis-1,5-cycloocatadiene through rearrangement.

Table 1. Intermolecular Photo[2 + 2]cycloaddition
3 , L ] T T Table 2. Thermal Fragmentatlon of Photoadducts
Fntry Cyelobutene  Enone Major Froaduct \ItJ"_[HJEll’.-:I re iOisomer __________ e = o e e o
Isomeric rativ g Entry Cycloadduct Thermal Product  Yield (conv.)
Fr. _i :___:-.',. r ,
N | |__:,J\) Fry ‘J_ N ) , m
O i1} Y e :” 1 " “I d
PP il
o Me \GAMJ 1
O (2 5 W I T g %\} 99% (160%)
§ , " o e i . inversion
Fr., d ) H F MehC Me M 4]
—F T i 4% (1715 e 3 1., -I.-"'
10 oM 1y e W) r."-} / N inversion
) 0} - 15 "{b
Meo,c, Mo H  May H
n il 4 TTIT S saween MeOzG, —\Mf
" S ' v I'l S anly isomer i —N 70 (1000
:‘\‘ A'U'* S ’3' \ 12 :___;
C 15 ou 5 |nversg_%>‘—/ﬂ
M=t g MeOpG H  Me 1m0 Ny
c ER o X
o YO« I wmew Ry
R s : P PN e e
L LA H 'T L N EET (TER)
14 e OH 15 oM 5) Y vt
I 'T‘H |nver5|ocI H
@ Minor 1somer has carbonyl group on opposite side of cyclopentane v o Me 20 Me
ring.
o) ! H H O
@ | Pr,, = <
1
+ ' enchance the regioselectivity + H |
. N :
(steric repulsion?) H b
| O Me
l : :
! improve yield
: (quaternary carbon prevents the carbonyl
: group from participating unproductive reation??)
1
|
1
' + stereochemical inversion
i @C8inentry2 & 3
1 .
: @Cl4inentry4 &5
Figure 2. Ortep plot of photocycloadduct 9. Scheme 1. Proposed Fragmentation Mechanism
0]
cis,trans-1),5-cycloocatadiene o
¢ rtatior:
_________________________________ e
Me
R H
Y
X
chair P

i o i Band
/Ma H 'ﬁh..... i/ — Me gy i,
¥
& i B

3.4. Approach to bicyclo [5,3,0] ring system through cyclopropane opening

H 4
H CH2|2, Etzzn <
rt, 12h
H
O

ref. JACS 2001, 123, 5152.
OL 2005, 7, 5785.

Pr OL 2006, 8, 5183.

130-250°C

H bicyclo [5,3,0]
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Table 1. Cyclopropanation and Fragmentation + C1 substituent influence the facility of the rearrangement.

entry cyclobutene cyclopropane  thermolysis product

(yield) {vield) Table 2. Influence of Substituent C1 on Thermal Fragmentation
H  coMe H  coMe s C0:Me entry R temp.
0(1} | " < H @ inversion B 1R LR (1) -coMe 240 °C
@) //\/T o H (2 -Pr 180 °C
TBSO 4 TBSO 5 (87%) Tpgo 6 (64%) (eq2) {3} -Ph 150 °C
0 O (a4} -CgHep-NOs 190°C
/"
(2) %:LH Q:E_ \ @ (5] -CgH.o-OMe 130°C
{58%)* QO 9 (75%)
CO,Me CO,Me COoMe involvement of the bonds neghboring the C1 substituent
f_;; 2
3) @
) + inversion @ C10
o 10 0 1 £B1".u‘a] 12 (T2%)
H  ph / Ph Scheme 1. Stereochemical Rationale for Fragmentation
(4) ;
3, LO A 8 7
0 O1s (85%) boat é chalr %
Pr X ® :
/f\( " X
{5)
O 1g (76%)

“%’ Hf"*eie Hi?

X =0, CHy
R = H, alkyl, aryl, ester

multiple products

0~ 20 (80%)

@ Low yield due to product volatility.

+ C1 substituent:
influence the formation and reactivity of diradical
A'and A"?

+ inversion: Bto C
(preference for cis,cis’cycloheptadiene ?)

+ entry 6: unfavorable 1,3-interactions @ A" or B ?

+ Lewis acid-mediated fragmentations are also possible.

Table 1. Lewis Acid-Mediated Isomerizations of Cyclopropyl Systems

Lewis acid-mediated fragmentations®

HH g H H R o~ o
- OBn [ n
< pcc. <] BF3EL,0 “ 77%
H T’ H T’ H | retention
H o H ) 4 15
/ -
H o 10-20 min . ,«:-“;\IE;
\=<\:“‘1 64%°
. .|
* low temp. & short time 7 o3
* retention of configuration - OEI\,.H
* B-substituent is OK. [ o
=¢ ] 63%
* approapriately positioned carbonyl is necessary 4 25
* entry 7. acid sensitivity (epimerization & conjugation) CO,CH,
t‘ 2 /50:CHy Fp\\? H
—— - O (@) ; =/ 60%
Scheme 5. Proposed Lewis Acid-Mediated Rearrangement —H ,1
HO™ 1 26 o 27

@ Conditions: pentane or benzene, BHT, 220—240 °C, 2—4 h. 5 Con-
ditions: (1) PCC, CH;Cly, 1t; (2) BF3*Ety0. CH3Cl,. 0 °C, 10—20 min.
¢ Yields vary from 60 to 80%. 9 Yielded three products; the major was 27.

* C3-C7 bond is weakened by Lewis acid-carbonyl interaction.
* relaxation from boat 30 to chair 31
* strain releasing opening from 31 to 32
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+ Oxepines are also available.

1 e R
m-CPBA o7 200°C
H
(e} O
4. Total synthesis of (+)-Asteriscanolide ref. JACS 2000, 122, 8071.
2
(CO)sFe Me
>Q d) (CO)3Fe ,COOMe
— P —
) " o
| CBS red.

__________

___________________________

- . . :
i %CglOobpue'[ﬁi(::gnrﬁe?ﬂ]séggder: ! stability of cyclobutadiene-iron |
1 - 1 |
1 ! 1

tricarbonyl complex [

seguence Vo L ]
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