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Abstract— Treatment of 7-trimethylsilyleoxy-7-vinyl-2-azabicyclo-
[3.2,0}heptane=3,4-diones with various acids vielded novel caged
compounds, 2-azabicyclo[4,3.6, gt '9] nonana-3,7-diones, whose
formation is exvlained in terms of intravolecular Prins type

cyclization with concomitant 1,2-shift.

7-Vinyl-2-azabicycloi3,2,0lhentane-3,4-diones are vulnerable to thermolysis or

base treatment and are known to give at least four types of reaction nroducts

derending on reaction conditions and the nature of the substituent X.Z-S
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The path A, B, and C are the thermal reacticns and the path D is the ionic
reaction. Among those, the path 3 and C are essentially the reactions through
lactim intermediates and accelerated by trangforming the compound to the
imjdate.3-4 The path A is facilitated when X is oxygenated substituent such as
0TMs, for those co&pounds this pathway exceeds to the others yielding hydre-
indoles as major products.2 The similar 1,3-shift occurs, nrebably in an icnic
fashion, at a low temperature when the compound was treated with tetrabutyl-
ammonium fluoride.6

In this communication we wish to demonstrate that 7-oxy-7-vinyl derivatives 1
under acidic conditions undergo completely different skeletal rearrangement to
afford novel caged compounds having a norbornane skeleton.

Treatment of la with BFj.etherate in CH:Cla or 5% HC1 in THF{l:1) at room
temperature afforded a ketol £37 in good vield, The methoxyvinyl derivative

1b on a similar acidic treatment readily rearranged to yield the similar
vroduct 2b. The tH-methyl derivatives lg and 1d on BFa treatment also gave

the similar rearrangement products 2c and 24, respectively. 1In the tetracyelic
congeners 5%a and 5b, hydrochleric acid caused the same rearrangement to yield
the ketols 6a and 6b, respectively. However, RFs.etherate produced comnlex
mixtures from which the isomeric ketol 7 and the enone 8b (hoth of which are
1,3-shift oroducts)awere isolated in low yields, respectively. The results are
summarized in Table 1.

The products 2a-¢g and 6a showed very close spectroscopic properties with the
ketols 3a-g and 7 (1,3-shift wroducts of the same substrates) ; that is, the
presence of a tertiary OH, a five membered-ring ketone, -?—CHzCO—, and
-¢—§H—§H—CO— together with the other exvected functional groups, but they were
isoﬁeric each other. These spectral evidences coupled with the mechanistic
consideration (intramolecular Prins reaction accommanied by 1l,2-shift of C1-Cg
bond) lead to the structures as depicted in Chart 2. The alternative structure
4 resulting from Cg-C, bond migration was eliminated from the H- and *3C-mMR
snectral data.

The configuration of the methoxy group (R*) in 2b, 24, and 6 was assigned as

exo in norbornane system since JH°-H® in those comnounds are zero, while in 2a

and gg, J (H%ndo-H%) and Ji{Hexo-H®) are shown to be # and 6 Hz, reswectively.
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Table 1. Reactions of Trimethylsilyloxy-vinyl({or methoxyvinyl)-cyclobutanes 1
and 3 with Variocus Cationic Reagents

Conditions

Product{¥ield %)

Reagents Temp. (°C} Time {1,2]shift {1,3lshift others

la A 20 18h 23175} ——— —_——
B 20 4h 28(57) — _—
Cu 20 18h 1da(47) 11a{39} ——
p? =30 10min 2a(28) Ja(57) ————

1h A ¢ Smin 2b(46) -—— _—
B 20 4h 2b186) —— ——
c 20 18h 18b(12) 115 (69) _———
p?! -39 Imin N 35 (88) ——

ig A 10 4h 2¢(98) _—— —_—
2] ) 2¢ 4h -—— -— 9c(60)
o? -39 2min 2¢(32) 3g(63) -~

1d A 20 3Gmin 24(55) ———— ————
B, 20 ih 24(85) ——— _—
Hi -3 2m1n - 14(83) —

58 A 20 lh ~ems @) 7 (8) (@
B, 2@ 3h 62(97) ——— ———
o?! -39 Smin 6a(ll) ga(51) ——

5h A 20 lh 55(18) BH(10) (2534
By 24 lh 6 (85) -2 ——_———
D ) -30 19min _—— %5(82} _———

A: BFyetherate{5-18 equiv,) in CH cl, =B 5% HC1-THF (1:1)
C: Et3O0BF4 in CHyCl, D: n-BuQN% ifi THF .
a) T. Sano, J. Toda, and Y. Tsuda, Chem, Pharm, Bull,, submitted (ref,6)

b) T. Sanc, J, Toda, and ¥. Tsuda, and T. Ohshima, Heterocycles, accompanying

paper (ref.8). c) not detected on TLC. d} The structures were not clarified.
Table 2. Chemical Shifts of Ring Protons and Carbens of 2
'H-wMR (6, 3, Hz 1n CDCly)
Cg-H C.-H Cp-H cg-Ha)
{ex0) (&ndo) (AnB, J}
gg 2.44 1.94 3,26 2,74
(dd,6,14) (3,14 (3,6) (0.26,20)
2b ——— 3.77 3.27 2.64
(s) {s) (9.21,28)
2c 2.26 1,92 3.33 2.71
(ad,6,14) (d,14) (a,6) (@.21,28)
2d ——-- 3.76 - 3.29 2.62
{s) {bs) (8.25,20)
a) The signal aopeared as ABg of 2H.
13
C-NMR {5, CDCly)
1 3 4 5 6 7 8 9
2a 71.8{s} 168.0(s) 83.7(s) 35.81(t) 53.5(d} 20B.6(s) 35.1{¢} 67.3(s)
gg 78.5 (s} 167.5 (s) 89.4(s) B4.21(d) 64.5(3) 2¢6.7 (s) 36.7(t) 69,8 (s)




HETERGCYCLES, Vol 22, No.

The following evidence shows that this rearrangement reaction oroceeds via
a 7-hydroxy-7-vinyl derivative 2,9 On treatment of lg with 5% HCI-THF at room
temperature, it gave a hydroxy compound 25 which on further treatment with

RF s.etherate in CH:Cl: under reflux vielded the rearranged ketol 2¢ in 98% yield,
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Triethyloxonium flucroborate was the reagent to effect two reactions, 1,2- and
1,3-shifts, comnetitively. Thus, treatment of la and 1ib with this reagent in
CH2Cl2 produced two imidates ;EE,E‘ and lla,b , which were proved by conversion

of 2a,b and 12a,b to 1l0a,b and lla,b, respectively,

1 Ph N Ph OEt Ph :

R Ph H . - R Ry OEt Nz o
= Ne_o Et;0'BF, OH L o ; o
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a: Ri=H a: 6,7-dihydro
b: R1=0Me b: A%
Chart 4

As shown DZEViously,G tetra=-n-butylammonium fluoride (TBAF) induces oxy-vinyl
1,3-shift, but the above 1,2-snift was cbserved as a side reaction in some
instances, in which ammonium cation may promote the Prins reaction. In a
particular case, the substrate 13 gave the 1,2-shift product 14 as a major
product on treatment with THAF.1U

The facts renorted 1n this and nreceding paners6 clearly demonstrated that
which type of shifts nredominantly occur is denendent not only on the reagents,
acidity or hasicity of the reaction media, but alsc on the structures of the

substrates.
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