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cyclooctatriene fenestradiene
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Conversion of 1,3,5,7-tetraenes to bicyclo[4.2.0]octadienes
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1. Different stereochemistries observed in the reactions

clic Reactions of polyenes

ning of 3-substituted cyclobutenes (first studies)
-pair conjugated in electrocyclic reactions
ing closure of octatetraenes

2. Fenestradienes or Cyclooctatrienes?

= Potential energy hypersurfaces

= Assessment of the aromaticities of the transition structures
(by using structural and magnetic criteria)

» Frontier molecular orbital analyses of the torquoselectivities

= Conformational interconversions of the olefinic ring moieties
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Reactions (1965):

photochemical

conrotatory

disrotatory

conrotatory

(4n+2)Té (4n)mmé
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Stereochemistries in Electrocyclic Reactions of polyenes

ctivity (1996)!

The preference for conrotatory
‘inward' or 'outward'
rotation of substituents
in conrotatory or
disrotatory electrocyclic
ring opening reactions.

IUPAC 1997

(4n+2)T78

(4n)tre

Nicht nur in ring closure, sondern auch in ring opening!

Dolbier, W. R.; Jr.; Koroniak, H.; Houk, K. N.; Sheu, C. Acc. Chem. Res. 1996, 29, 471-477.
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Stereochemistries in Electrocyclic Reactions of polyenes

onjugated Trienes:

disrotatory
A »
CH3 H CH3 H

(2E,4Z,62)-2,4,6-Octatriene trans-5,6-Dimethyi-1,3-cyclohexadiene

AH° = -14.7 kcal mol-" o
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onjugated Trienes:
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equatorial equatorial

r \ r \
Qﬁ%
16a (r,s) 18a (r,s)

y structural analyses of the nitrobenzoate derivate of fenestrene 25a and cyclooctatrienes 16a and
8a. Selected B3PW91/6-31G(d,p) computed parameters in parentheses; bond lengths in A. The
simplified X-ray structures beneath show the different stereochemistries for the new single bonds
formed by the 8tr-conrotatory ring closures. The relative configurations of the stereogenic centers are
shown by (r,r) and (r,s) symbols.
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L5

X =CH, 30 % 7006
X=0CH; >99 % <1%

(a) Dolbier, W. R., Jr.; Koroniak, H.; Burton, D. J.; Bailey, A. R.; Shaw, G. S.; Hansen, S. W. J. Am.
Chem. Soc. 1984, 106, 1871-1872. (b) Kirmse, W.; Rondan, N. G.; Houk, K. N. J. Am. Chem. Soc.
1984, 106, 7989-7991. (c) Rondan, N. G.; Houk, K. N. J. Am. Chem. Soc. 1985, 107, 2099-2111.
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CF,
/e than parent hydrocarbon! ; K/

X = CH,s 30 % 70%
X=0CH; >99% <1%

(a) Dolbier, W. R., Jr.; Koroniak, H.; Burton, D. J.; Bailey, A. R.; Shaw, G. S.; Hansen, S. W. J. Am.
Chem. Soc. 1984, 106, 1871-1872. (b) Kirmse, W.; Rondan, N. G.; Houk, K. N. J. Am. Chem. Soc.
1984, 106, 7989-7991. (c) Rondan, N. G.; Houk, K. N. J. Am. Chem. Soc. 1985, 107, 2099-2111.
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Stereochemistries in Electrocyclic Reactions of polyenes

yond will open

inward
rotation

I. for ERGs: unfavorable
I1. for EWGs: favorable

20
Niwayama, S.; Kallel, E.A.; Spellmeyer, D. C.; Sheu, C.; Houk, K. N. J. Org. Chem. 1996, 61, 2813-2825.
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y for EWGs

-bond will open

inward

rotation rotation

= ERGs prefer to occupy the otward position
» EWGs prefer to occupy the inward position

21
Niwayama, S.; Kallel, E.A.; Spellmeyer, D. C.; Sheu, C.; Houk, K. N. J. Org. Chem. 1996, 61, 2813-2825.
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gs of 3-substituted

ystems with

ugated lone-pair),

(a) Evanseck, J. D.; Thomas, B. E., IV; Spellmeyer, D. C.; Houk, K. N. J. Org. Chem. 1995, 60, 7134-
7141. (b) Thomas, B. E., IV; Evanseck, J. D.; Houk, K. N. J. Am. Chem. Soc. 1993, 115, 4165. (c)
Cosslio, F. P.; Arrieta, A.; Lecea, B.; Ugalde, J. M. J. Am. Chem. Soc. 1994, 116, 2085. (d) Kallel, E.
A.; Houk, K. N. J. Org. Chem. 1989, 54, 6006. (¢) Niwayama, S.; Kallel, E. A.; Sheu, C.; Houk, K. N.
J. Org. Chem. 1996, 61, 2517. (f) Lo’pez, S.; Rodri'guez, J.; Rey, J. G.; de Lera, A. R. J. Am. Chem.
Soc. 1996, 118, 1881. (g) Luo, L.; Bartberger, M. D.; Dolbier, W. R., Jr. J. Am. Chem. Soc. 1997, 119,
12366. (h) Iglesias, B.; de Lera, A. R.; Rodri’'guez-Otero, J.; Lo’pez, S. Chem. Eur. J. 2000, 6, 4021.



Stereochemistries in Electrocyclic Reactions of polyenes

Table 1. Ring-Opening Energetics for Equations 1-3
(Energies in kcal/mol)

2. Conjugatea lone-pair

L 1] H
MNH .. I
i | - N N . or N Ne
n n n
a b
Lone pairin Lone pair out
product n lone pair AEF AE
2a 1 in +26.4 —23.5
2b 1 out +35.0 —23.0
4a 2 in +27.7 +7.1
4b 2 out +44.7 +7.3
bGa 3 in +19.4 +0.4
6b 3 out +20.0 +0.7

Table 2. Ring-Opening Energetics for the Hydrocarbon
Parent Reactions of Equations 1-3 (Energies in

kcal/mol)
—
= n
n AFEF AE ref
1 +29.6 —15.1 16
2 +42.9 +12.6 3
3 +16.5 +0.9 16

Walker,M. J.; Hietbrink, B. N.; Thomas |V, B. E.; Nakamura, K.; Kallel, E. A.; Houk, K. N. J. Org. Chem. 23
2001, 66, 6669.
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5. Difterent ring sizes: R

*NH5

CHO

_—xT— T Tgae o o0 oD
9]
I
=

, transition structures having outward substituents are preferred with respect
vard transition structures, irrespective of the mm-donor or m-acceptor character of
bstituent.

. In contrast with 4m-electron conrotatory electrocyclic reactions, torquoelectronic effects
are not relevant, the stereochemical outcome being the result of secondary orbital
interactions, electrostatic interactions, and steric effects.

(a) Lecea, B.; Arrieta, A.; Cosso, F. P. J. Org. Chem. 2005, 70, 1035.
(b) Thomas, B. E.; IV; Evanseck, J. D.; Houk, K. N. J. Am. Chem. Soc. 1993, 115, 4165. 24
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dependently
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Stereochemistries in Electrocyclic Reactions of polyenes

n even n odd

Closed shell configurations with
4n+2 electrons

embers of annulenes | i
Jopt Mobius geometries
out any apparent strain
—system has Mobius topology;
aromatic with 4n electrons).

(b)
(n+1)/2

-
=k

n-1 0 n-1 (4]

Closed shell configurations with
n even n odd 4n electrons
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Stereochemistries in Electrocyclic Reactions of polyenes

ed in any stable molecule?

en into (Z,Z,2)-cycloocta-1,3,5-triene

product

The aromaticity of the TS for the 8-electron conrotatory electrocyclic
process involving only carbon centers was analyzed by Schleyer et. al. (1994)
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X=6 X=7

B3PW91/6-31G(d,p) Contour plots for the bonding molecular orbitals of the two TS' X
=6 and 7. The HOMO-1 and HOMO for X = 6 and 7, respectively, show favorable
overlap for the 81r-conrotatory process. The contour value was chosen +0.05 a.u. for
the HOMO (X = 7) and for the other orbitals it is £0.06 a.u. Some hydrogens have

been omitted for clarity.
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Ila and 11d: (r,I)

(O HL10 H
lo) PRGN 8m-conrotatory r

H right-handed &

<

H

]
I
Py

axially R
trans

:t |||||| :I: O
~ : R4
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CH,

IIb and Ile: (r,S)

P-helix

H2010 H
equatorially H

trans
16 and 18

B3PW91/6-31G(d,p) Geometric analysis for TS1 with different ring sizes and B3LYP/6-311G(d,p)
/IB3PW91/6-31G(d,p) total NICS(0) values [ppm] in the ring center

X (C'C®ermini (cC) ra Ar P <(C'c2C?) @ (CCIC3C?) NICS(0)c
4 2.191 1.386 1.399 0.010 150.1 +60.8 -11.2
5 2.258 1.395 1.397 0.009 149.8 +35.7 -10.6
6 2.245 1.402 1.398 0.007 140.2 +9.7 -11.1
7 2.256 1.403 1.400 0.004 135.5 -0.4 -10.9
8 2.220 1.404 1.401 0.002 1314 -14.3 -10.1

aThe mean bond length for the delocalized chain including C' to C8 [A]. ®The maximum
deviation from the mean bond length [A]; per definition the amount smaller than 0.06 A
indicates an aromatic character. °The NICS(0) for the benzene as the reference system at
the same level of chemistry is —=8.9 ppm.



twist boat ¢
17a (+9.7) 23a (+6.7)

twist " half chair

15a (+8.5) 21a (+1.7)

(r,s)

chair ¢ boat - twist chair
16a (0.0) 22a (+9.3) 18a (0.0)

Conformational interconversions of the two six- and seven-membered ring moieties in cyclooctatrienes
and fenestradienes. The experimentally observed structures are been shown in boxes.
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pathway I.

SiMe;
. CO,Me
H COzMe
CO,Me
D not observed F not observed
COzMe
A SiMes HG, 'Mes
(r,s)\ HO H
——
COM CO,Me
2oMie COZMe
15 CO,Me
,E\ 10/~ N B observed C not observed
8 5
53
g o T\ .
D
g -5
[0
= -10
o
[0]
15\ 2 20
2 B/ (r,s) stereocontrol
25 ———(r,r) stereocontrol

Reaction Coordinate
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— aliphatic 6-membered ring(n=1) ----------------—>~S-~""-"""""--------------------—-

35| —aliphatic 7-membered ring (n = 2)

Relative Energy (kcal/mol)

R" tetraene

A

Reaction Coordinate

The potential energy hypersurfaces for the two possible stereochemical outcomes for X = 6 and 7.
The right part of the surface is responsible for the (r,r) and the left part for the (r,s) stereocisomers.
The experimentally observed structures are boxed. 34
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Relative Energy (kcal/mol)

Reaction Coordinate )(O
o)

(

n
H

OH

I

The surface energy potentials of the [4.X.4.6]fenestrenes for X = 4-8
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