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Abstract - Use of the title reactions for the regioselective, and stereoselective
functionalization of a range of dienylacetic acids, available from simple organoiron

chemistry, is presented.

In order to be useful for organic synthesis, nucleophile addition to tricarbonyldienyliron
cations,2 followed by demetallation, must result in substituted dienes (a) which are not
readily available by standard organic synthesis methodology and (b) which can be further
functionalized in a selective manner. We report herein a sequence of diene functionalization
using organoiron and organoselenium chemistry which meets these requirements and which capi-
talizes on diene selenolactonization coupled with allylic selenoxide [2,3]sigmatropic rear-
rangement3 to provide a potentially useful approach to intermediates of defined regio- and
stereochemistry. While selenolactonization of monoolefinic acids is a well-established
procedure,4 the potential for carrying out the reaction in a conjugate manner does not appear
to have been widely investigated.5

A number of cyclic and acyclic dienylacetic acids were prepared as outlined in Scheme 1,
and a typical procedure is described for the cyclohexadiene derivative la, not available by
standard procedures, but readily prepared in good overall yield from tricarbonylcyclohexa-
dienyliron hexafluorophosphate using a four-step sequence:(i) NaCH(COzMe)z, THF, 0°C, 10 min;
(ii) MezNO, benzene, 30°C, 24 h;3(iii) NaCN, wet DMSO, 110°C, 24 h; (iv) KOH, H,0, MeOH, 20°C,
4 h. The cycloheptadiene derivatives 4a and 4b were prepared by demetallation of the pre-
viously reported complexes7 2a and 2b, followed by decarboxylation, but some diene rearrange-
ment was observed at temperatures above 90°C so this conversion was performed at lower temper-
atures for prolonged reaction time (NaCN, wet DMSO, 70°C, 36 h). Alternatively, the acids
could be produced in higher yield by desulfurization8 of the phenylsulfonylacetic ester deri-

vatives 3c and 3d (6% Na-Hg amalgam, MeOH, Na, HPO 0°C, 1 h, then 23 °C, 1 h, 75% yield),

s
themselves readily available by oxidative demetal?ation of the complexes 2c¢ and 2d. The
preparation of the acyclic dienylacetic ester 5 illustrates the potential usefulness of or-
ganoiron chemistry for functionalizing readily available acyclic dienes,9 (see Scheme 1).
With appropriate diene derivatives now in hand we turned our attention to their seleno-
lactonization reactions, summarized in Scheme 2. The cyclohexadicnes la and 1b underwent

N, CH,Cl,, 23°C, 2.5 h) to give single crystalline Yy lac-

very clean reactions (PhSeCl, Et 5C1l,,

3
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tones (vmax 1775 cm_l) in yields greater than 90%, readily assigned the gross structures

6a (m.p. 80°C) and 6b (m.p. 74°C), respectively, on the basis of 1H NMR decoupling experi-
ments. However, the stereochemistry of these selenolactones could only be resolved by single
crystal X-ray analysis11 of 6a (see Figure).12 Treatment of 6a with hydrogen peroxide (5% aq.
HZOZ’ pyridine, aqueous work-up) afforded the hydroxy lactone 7a via [2,3]sigmatropic rear-
rangement of an intermediate allylic selenoxide.3 Conversion of 7a to the acetate 7b (Ac,0,
py., 0°C, o/night) followed by ozonolysis (03, CH2C12—MeOH, -78°C; Me,S work-up) afforded the
dialdehyde 8, which has relative stereochemistry corresponding to C(4), C(5} and C(6) of the
macrolide antibiotic magnamycin B (g). Thus, the sequence: conjugate selenolactonization/
selenoxide rearrangement provides an excellent method equivalent to regiospecific and stereo-

specific bis-hydroxylation of 2,4-cyclohexadienylacetic acids.
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The acyclic dienylacetic acid 5 was subjected to similar lactonization conditions (PhSeCl,

EtsN, CH2C12, 20°C, 24 h) to give a 4:1 mixture (NMR) of E and Z unsaturated lactones 10a and
10b inseparable on TLC. Assignment of double bond geometry of the major isomer was accom-
plished using n.O.e. difference spectroscopy: irradiation at the vinyl proton singlet (8 5.13)
caused pronounced enhancement of the CEQSePh singlet (& 3.42), but no effect on the vinyl-Me
singlet. Subjection of the mixture of lactones to selenoxide formation/rearrangement condi-
tions (3% aq. HZOZ’ THE, 20°C, 2 h; addition of EtsN and aqueous work-up), followed by acety-
lation (Ac20, pY., 23°C, 24 h) gave a 3:2 mixture of two stereoisomeric acetates 11 in 60%
yield (200 MHz 1H NMR: AcO singlets at § 2.098, major, and § 2.081, minor isomer).

The cycloheptadiene derivatives 4a and 4b furnished some very interesting results of sel-
enolactonization, best results being obtained using the more reactive PhSeBr. Lactonization

of the monosubstituted diene 4a (1.0 equiv PhSeBr, EtN, CH,Cl,, -72°C then -20°C, 2 h) gave
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85-90% yield of a mixture of three products 12a, 13a and 14 in ratio 15:5:1, separated by pre-
parative HPLC.10 The structure and stereochemistry of the major and minor products (}2a and
14) were readily assigned using 200 MHz 1H NMR shieldings and coupling constant data, from
extensive spin decoupling experiments, but the stereochemistry of 13a was assigned only

after comparison with products from the disubstituted cycloheptadiene 4b. Clearly, formation
of 12a (m.p. 95°C) as the major product indicates that the cyclcheptadiene 4a behaves pre-
dominantly as though it were a monoalkene, strongly suggesting that the diene in this com-
pound adopts a twisted conformation in which there is very little conjugation.13 Dreiding

models indicate that the planar diene conformation has considerable angle strain.

0
PhS 3 .- .-
- R=H 5 1
P—— 0 e y ] *2
R 0 0 cO._] -0

1=

OR' CHO
6a R=H 72 R'=H; b R'=Ac 8
6b R=M - -
13 e OAc
5 — \\ﬁfﬁh\*(ji;Fﬁo — 0 0
tH,Seph
10a (E), 10b (2) 11 9
R 3 8
. "wﬁo ’ \FO
zja’b B -0 ©
' X '
K 5ePh
Y
12a R=H, X=SePh, Y=H 13a R=H, X=SePh, Y=H 14
12b R=Me, X=SePh, Y=H 13b R=Me, X=SePh, Y=H o
15 R=Me, X=H, Y=0Ac 16 R=Me, X=H, Y=AcO
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of X-ray structure of

lactone 6a.

The methyl-substituted cycloheptadienylacetic acid 4b underwent selenolactonization (1 equiv
PhSeBr, EtSN, CHZClz, -72°C to -20°C, 2 h) to give an equimolar mixture of lactones 12b, m.p. 96°C,
and 13b (oil) separated by HPLC. In fact, the ratio of lactones obtained from 4b is more variable
and is strongly dependent onquality of the PhSeBr and reaction conditions. For example, performing

the reactionat -20°C for 1 h (instead of starting at -72°C) resulted ina 1:4 mixture of 12b and 13b.
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The stereochemistry of the conjugate lactonization product 13b was arrived at as follows.
Oxidation of 12b and 13b (8% H 2 2 THF, -20°C, 3 h; addition of EtsN, followed by aqueous
work-up) and acetylation (Ac20, py., 20°C, 16 h) gave acetates 16 and 15, respectively, which
differed in their 1H NMR coupling constant data from the selenolactones of related structure.
For example, 15 gave J = 8.9 Hz, and J = 2.2 Hz, compared to 12b, which gave J =6.6

1,2 2,3 1,2
Hz, and J = 8.9 Hz., The data is consistent with the stereochemical assignment shown,

assuming i’ihair-like conformation with Me and lactone groupings equatorial, and OAc axial.
An alternative trans-lactone structure for 15, with OAc and lactone oxygen substituents cis,
also fits the NMR data, but careful analysis of Dreiding models for the corresponding seleno-
lactone is strongly indicative that [2,3]-sigmatropic rearrangement of a derived selenoxide
would be a very high energy, and highly unlikely, process.
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