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A regio-controlled synthesis of functionalized hydroindoles from
a p*-pyrrolinedione and its application to the synthesis of erythrinan
skeleton were described. The method is to construct with [2+2] photo- .
cycloaddition of a trimethylsilyloxybutadiene to a A*-pyrrolinedione
followed by thermal [l,3]-rearrangement te vield a hydroindole silylﬂ
enol ether, which is isomeric with the hydroindcle silyl enol ether

obtained by Diels-Alder cyclization between the same substrates.

During the investigation of thermclysis of 2-~azabicycle[3.2.0]heptane-3,4-

diones, 2-4 4e have found that the 7-exo=-vinyl derivative (i, R=H) undergoes thermal

[1,3}-rearrangement to yield hydroindole (i} via honmolytic cleavage of C,-C; bomﬂt.‘.‘l
A stabilizing effect of C;-substituent on the radical (i) wherein formed and the
known fact that the electron donating substituent such as trimethylsilyloxy group
at a migrating center {C;) accelerates a thermal 11,3]—Bhift5, directly leads to

the idea that a vinyl oxycyclobutane derivative (1, R=OTMS) may be a potentcial

precursor for synthesis of functionalized hydroindoles.
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The desired 7-vinyl-7-trimethylsilyloxy derivatives (Eva~£) were readily
prepared by photocycloaddition {>300 nm)6 of 2-trimethylsilyloxybutadiene (2 molar
equiv.) to l-aryl-A?-pyrroline-4,5-diones (f’i_s-v‘_c\:)). The reaction proceeded in regio-
and stereoselective manner in every case to give the product (2) homogeneously.

The structures of §Va~£ were assigned from the results of analogous photocyclo-
addition‘7 and their NMR spectra (Table 1} except for s'tereochemistry at Cs; which
is still to be established.®

On heating the adducts (5:-378) in boiling toluene for 3 hr, an facile [1,3]-
shift occurred as expected to give the hydroindole (Efzﬁ) in the yields shown in
Table 2. The presence of the silyl encl ether moiety in & was easily recognized by
their NMR and IR spectra. On hydrolysis with 53HC1-THF (1:1) at room temp. for
30 min., E' afforded the corresponding diketone (l] in quantitative yield, while on
treatment with potassium fluoride (in THF, r.t., overnight), it gave the ketol (8)
exclusively, as a result of an intramolecular aldel condensation of "\7’ They were
easily distinguishable by IR spectra (Table 3) and their structures wexe confirmed
by the following spectral evidence. In '°*C~NMR spectrum the ketol (8a) exhibited
three —(::— (6 67.6, 68.0, 88.1), one —(:ZH (6§ 53.4) and one ketonic carbon (4 207.4),
while the diketone (7~a] showed two —c:— (6§ 60,2, 62.9), and two ketonic carbons
(6 204.8, 196.1), but no signal of -(:ZH. The structure (29) was further verified

by the following chemical transformation.
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Table 1. Photocycloaddition6 of 2-Trimethylsilyloxybutadiene to 4.
(el
1,2=-adduct NMR (&, CDCl,) IR (Nujol, cm™')
w *
mp , yield (%) wvinyl protons 1 Cg—-H(J, Hz) 2
§3: 176-178°, 70 5.05-5.57(3H) 2.37, 3.53(14) 1780, 1760, 1730
§5: 141-143°, 60 5.32-6.37(3H) 2.33, 3.38{13) i760, 1720
5S¢+ 169-171°, 50 5.03-5.53(3H) 2.29, 3.41(13) 1780, 1730
*] Signals appeared as a typical ABM pattern.
*2 Each signal appeared as a doublet.
Tahle 2. Pyrolysis of The 1,2-Adduct (2)
Product NMR{d, CDCli) IR{Nujol, cm™ 1)
. *1 *2
mp , yield (%) OTMS -CH=
*3 *q
ba; —— ' 58
Lol . .
§E= 144-146°, 51 0.18 4.75 1765, 1720, 1645
gs: 172-178°, 58 0.18 4.66 1775, 1750, 1730, 1650

*1 The signal appeared as a 9H singlet.

*2 The signal appeared as a 1H multiplet.

*3 The silyl enol ether of §E was cleaved on trituration with ether to give Qs.

*4 Yield was calculated from the weight of 8a.

Table 3. Physical bata of The Diketones (z) and The Ketols (E)

Diketone (7}
LY

Ketol (8}
~

mp IR(Nujol, cm™ ') mp IR{Nujol, cm~!)
zs: 150-152° 1770, 1740, 1720, 1710 §9: 195-196° 3200, 1770, 1725
ze: 141-142° 1765, 1740, 1720, 1710 ée: 175=176° 3200, 1760, 1745, 1695
zs: 152-155° 1770, 1745, 1725, 1700 §E: 222-226° 3480, 3330, 1755, 1730
i700
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Sodium borohydride reduction of §§ in ethanol gave a mixture of isomeric

alcohols {(9) which, without separation, were mesylated in pyridine with methan-
~
sulfonyl chloride and the product was treated with DBU to give a compound (&9),

mp 229-231°, which was identical with the Diels-Alder adduct of ie and butadiene.9
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It is worth noting that the silyl enol ether (§) {hence the diketone Z)
obtained in this reaction is isomeric with the silyl enol ether (;&} (hence the
diketone %3) prepared by the Diels-Alder reaction between the same substrates
(i and 2—trimethylsilyloxybutadiene).lo

The above method was applied to the iscguinolinopyrrolinedione {;3)10 which
was expected to lead to erythrinan derivative. The photocycloaddition6 of 2-
trimethylsilyloxybutadiene to &3 also proéeeded in regio- and stereoselective
manner to give a single 1,2-adduct (;3)11 in 90% yield, which underwent thermal
[1,3]-shift in boiling toluene (3 hr) to give the erythrinan derivative (;9)11 in
64% yield. Hydrolysis of 15 with S5$HC1-THF (l:1) or KF in THF yielded the ketone
(%E), mp 283-284°, in 90% yield, identity of which with the known trioxc compound
(£§)12 was confirmed by their direct comparisons (mp , TEC, IR and NMR). Again
the ketone (%E) was isomeric with the ketone (%]) in the position of the carbonyl
moiety in ring D of the erythrinan skeleton; the latter being prepared yia the
Diels-Alder reaction of %3 and Z-trimethylsilyloxybutadiene.l0 1-Methoxy=-3-
trimethylsiiyloxybutadiene underwent cycloaddition (72%) to {3 giving the product
(£§}13 which was then rearranged in boiling toluene (3 hr) into the erythrinan
(33)14 in the similar manner as above. Hydrolysis of lg with boiling 5%HC1-THF
{1:1) under reflux (1 hr) afforded the conjugated enone (29)13(38% from Eg} and
treatment of i? with KF in THF (r.t., overnight) gave the ketol (E})l3(48% from ag),

respectively.
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The preseny,methéd fof_the preparation of functionalized h&droin@oles Fnd
erythrinan derivatives has a.great synthetic value in the points that it shows
a reverse regicselectivity to Diels-Alder reaction and that the silyl encl ether
whereon produced is appropriate to further manipulation. :- l‘ -
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