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Abstract- Treatment of 7-trimethylsilylaxy-7-vinyl-2-azabicyc1o- 

[3.2.01heptane-3.4-Jiones with various acids yielded novel caged 

compounds, 2-azabicyclo [ 4 . 3 . 8 . @ l n o n a n e - 3 , 7 - d i o n e  whose 

formation is explained in terms of intranolecular Prins type 

cyclization with concomitant 1,2-shift. 

7-Vinyl-2-azabicyclo13.2.R1he~tane-3,4-dies are vulnerable to thermolysis or 

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

denending on reaction conditions and the nature of the substituent X.'-' 
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?he oath A ,  B, and C are the thermal reactions and the path D is the ionic 

reaction. Among those, the path s and C are essentially the reactions through 

lactin intermediates and accelerated by transforminq the compound to the 

imidate. 3-4 The nath A is facilitated when X is oxygenated substituent such as 

OTMS, for those compounds this pathway exceeds to the others yielding hydro- 

indoles as major pr~ducts.~ The similar 1.3-shift occurs, orobably in an ionic 

fashlon, at a low temperature when the comnound was treated with tetrabutyl- 

arnmonxum fluoride. 6 

In this communication we wish to demonstrate that 7-axy-7-vinyl derivatives 1 
under acidic conditions undergo comnletely different skeletal rearrangement to 

afford novel caged compounds having a norbornane skeleton. 

Treatment of 12 with ~F..etherate in CliK1r or 5% tic1 in THE(1:lI at room 

terperature afforded a ketol Za7 in good yield. The methonyvinyl derivative 

on a similar acidic treatment readily rearranged to yield the similar 

~ r o d ~ c t  G. The il-methyl derivatives & and on 9 F 3  treatment also l a v e  

the similar rearranqement products $and 2 3 ,  reepectlvely. In the tetracyclic 

conqeners and Lb, hydrochloric acid caused the same rearrangement to yield 

the ketols Q and kb,  respectively. However. RFa.etherate produced comnlex 

mixtures from which the isomeric ketol L a n d  the enone 86' (hoth of which are 

1.3-shift oroducts18were isolated in low yields. respectively. The results are 

summarized in Table 1. 

The ~roducts 2 - g  and 6 s  showed very close spectroscopic properties with the 

ketols s-d- and L (1.3-shift xoducts of the same substrates) ; that is, the 

presence of a tertiary OH. a five nembered-ring ketone, -$-CH~CO-, and 

-6-CH-CH-CO- together with the other exnected functional qroups, but they were 
' A  ' 

isomeric each other. These spectral evidences coupled with the mechanistic 

consideration (intramolecular Prins reaction accomnanied by 1.2-shift of CL-C7 

bond) lead to the structures as depicted in Chart 2. The alternative structure 

%resulting from c,-C, bond migration was eliminated from the 'H- and '"-MMR 

spectral data. 

The configuration of the methoxy group (R') in Z b ,  211, and @ was assigned as 

a in norbornane system since JH'-H~ in those comnounds are zero, while in 2 2  

and 3, J I I I ~ ~ ~ I ~ O - H ~ )  and J(R%xo-H~) are shown to be I3 and 5 !Hz, resoectively. 



HETEROCYCLES, Vol 22, No I, 1984 

It2 
R 1  P h R Z  

Ph R 

O H  = 
I I 
OH 0 

R 
COOEt 

0 EtOOC OH 

d: OMe Me 
3 - 

M e 0  

M e 0  

M e 0  

6 

OTMS 

5 - OH 
COOEt 

0 
7 - 

~ h  

~~~ COOEt 

0 
8 - 

a :  3.4-dihydro 

b : A I.* 

Char t  2 



  able 1. Reactions of Trimethylsilyloxy-vinyl(0r methaxyviny1)-cyclobutanes 1 
and 5- with Various Cationic Reagents 

Conditions Product (Yield % )  

Reaqents Temp.lDCl Time [1,2lshift 11.3lshift others 

A: ~€~.etherate(S-lO equiv.1 in CH c12 8: 5% HCl-~~€(l:ll 
C :  E ~ ~ O R F ~  in C H ~ C ~ ~  o: n-m4& in THF 

a1 T. Sano, J. Toda, and Y. Tsuda, Chem. Pharm. Bull,, submitted (ref.61 
bl T. Sano, J, Toda, and Y. Tsuda, and T. Ohshima, Heterocycles, accompanying 
paper I £ . l .  cl not detected on TLC. dl The structures were not clarified. 

Table 2. Chernlcal Shifts of Ring Protons and Carbons of 1 

a) The iignal appeared as ABq of 2H. 

l3 C-NMR (6, CDC13 I 

1 3 4 5 6 7 8 9 
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 he following evidence shows that this rearranqement reaction oroceeds + 
a 7-hydroxy-7-vinyl derivative 2.9 On treatment of & with 5% HC1-THF at room 

temperature, it gave a hydroxy co*aound whlch on further treatment with 

RF1.etherate in CIId2lr under reflux yielded the rearranged ketol g in '37% yield. 
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Tristhyloxonium fluaroborate was the reaqent to effect two reactions, 1.2- and 

1.3-shifts, coanetitively. Thus, treatment of and I& with this reagent in 

CHzClz produced two imidates l>,b and l>,b . which were proved by conversion 
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Chart 4 

A s  shown nreviously.6 tetra-n-butylatnmonlum fluoride ITRAFI induces oxy-vinyl 

1.3-shift, but the above 1,2-snift was observed as a side reaction in some 

instances, in whlch ammonium cation may promote the Prins reactlo". In a 

particular case, the substrate gave the 1.2-shift product 14 as a major 

product on treatment with TURF. 1 0  

The facts renorted in this and areceding paners6 clearly demonstrated that 

which type of shifts oredominantly occur is denendent not only on the reagents, 

acidity or basicity of the reaction media, but also on the structures of the 

substrates. 
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2a: mp 226'C. IR: 3470, 3175, 3090, 1760, 1725. - 
2J: m? 235-237°C. In: 3270, 3200, 3100, 1760, 1720, 1690. 

2s: mp 163.5-165'C. IR: 3400. 1760. 1725, 1700. 

2: mp 178-180'C. In: 3396, 1755, 1720. 

62: rno 212-215OC. IR: 3340, 1758. 1730, 1705. 

62: mn 212-213-C. In: 3350, 1745, 1725, 17fi5. 

9c: mp 144-14G0C. IR: 3370, 1780, 1720, 1705. 'H-NMR 6: 1.01(3lI, t, J=7 Rz) - 
2.66 and 3.26 leach ill, d, 1 1 5.35 (111. dd, J=2 and 11 Hz). 5.64 
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E: mp 70-72-C. IR: 1760, 1730, 1675, 1630. 
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difficult to occur. However, this is not rigid proof of the confiquration 

of the vinyl qroup in 1, since if raoid epimerization at C 7  nrior to cycli- 
zation took place, the =-isomer would give the same product. In fact. very 

recent X-ray analysis of revealed that the comnound has ez-vinyl, -- 
OTMS configuration (unpublished results). 

10. Y. Tsuda and T. Ohshima, unpublished result. 
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