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In the previous paper (I), we have reported the formation of the cage molecule, pentacyclo- 

T7 S o o2,7o5, ‘3.06, 12 . . . Itetradeca-3, IO-dien-8-one (la), by the double cycloaddition reaction of 

tropane and cycloheptatriene. As considerable internal strain in the molecule was clearly revealed by 

the X-ray crystallographic study of its 7-chloro derivative (2,3), we are interested in the fate of the 

corresponding geometrically-fixed homoallylic ion and have undertaken the solvolyfic study of tosylate 

of the corresponding alcohol lb. 
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I a: X, Y=O 

b: Y=H, X=OH 

c: Y=H, X=OTs 

d: Y=OH, X=H 

II a: X=OH, Y=H 

b: X=H, Y=OH 

c: x, Y=O 

III a: X=H, Y=OH 

b: X,Y=O 

IV a: X=H, Y=OH V a: X=H, Y=OH 
b: X,Y=O b: x,Y=o 

VI a: X=OH, Y=H 

b: X,Y=o 
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The tosylate (Ic), m.p. 122-123O, derived from lb (1) was subjected to acetolysis at 118’ for 11 hrs. 

The resulted acetate mixture, after treatment with lithium aluminum hydride and separation by silica-gel 

column chromatography, yielded four isomeric alcohols: lla, m.p. 163’ (d.) (17%), Ilb, m.p. 153’ (d.) 

(33%), Illa, m.p. 170’ (9%), IVa, m.p. 130-134O (14%) (4). All the products were formed in the 1st 

order process as was revealed by glc. The tropylidene moiety remains intact in all of these compounds, 

since mass spectra of ketone derivatives exhibit the most intense peaks at m/e 92 and m/e 91, correspond. 

ing to tropylidene and tropylium ion, respectively, besides the molecular ion (m/e 198) (5). 

The structure of the alcohol Ila rests on its IR (v 3285, 1044, 1014 cm-‘) and NMR spectra C61,67, 

6,3:*2.4, 62:2.76, fj3:6.15, 64:5.62, 65:-3.00, 66:4.7, 68,69,610: 1.00, 611:4.13, 612: 1.33, 614: 

1.15, 614,: 1.54, J1,2=8, J,,,63.5, J1,14,=1.6, J2,3=8, J2,7=4, J,,h8.5, J4,5=7, J5,6=8, J5,13=8, 

J6, 12=4, Jlo, 1 1=1, J,l, 12=3.2, J12, ,3=6, J,3, 14=2, J13, 14,=4, J14, 14,=13 (6,7)1, and its chromic acid 

oxidation to the cyclopropyl ketone Ilc, m.p. 163O (d.) [hmax 280 nm (s 95), v 1678 cm-‘, 61,613:e2.60, 

S2,b5,S6,S7:2.84-3.30, 630r4:5.25, 640r3:5.65, 68,69,6,2: 1.75-2.1, Slo: 1.48, b14: 1.32, S14,: 

1.66, J1 14=5, J1 ,4,=1.6, J2 3’6.5 or 7.2, J3 d9, J4 5=7.2 or 6.5, J8 

J13,14=i.7, J,,,1’4,=4, J14,14:=131. ’ ’ 

I 
1o=7 or 8, J9 

I 
1o=8 or 7, 

The second alcohol Ilb [v 3265, 1049, 1007 err? , 61 1: 4.07 (dd, 

Jd.6, 4.1)1 is the epimer of Ila as it is oxidized to Ilc by chromic acid. 

Spectra of the third alcohol llla revealed the presence of secondary hydroxyl group Cv 3500, 1092 cm-]. 

6q 3.77 (dd, Jz4.2, 1.5)1, two cis double bond Cv 1627, 683 cm-‘, 63 or 4: 6.09, S4 or 3: 5.82, 610 or 1 1: 

6.32, 6 1, or 1o: 6.401 and a methylene group (614: 1.19, 6,4,: 1.47, J14 
I 

14,=12.0). The configuration 

of the hydroxyl group was deduced from the coupling constants of the carbinyl hydrogen, H9. Chromic 

acid oxidation of Illa gave the 6,Y -unsaturated 5-membered ring ketone Illb, m. p. 1 88-190°, IXmax 288 

nm (s llO), v 1740 cm+]. Although the NMR spectrum of Illb was very complicated, NMDR experiment 

revealed that the methylene group CS14: 1.33 (t, J=12.2, 4.5), 614,:,l.74 (br.d, Jz12.2) 1 was separated 

at least by three single bonds from any of the olefinic linkage. 

The fourth alcohols IVa [v 3500, 1127, 686 cm-‘, 614,614,: 1.33 (2H, br.t), 610: 4.21 (t, J=5.5)1 

contains only one double bond C63,64: 5.5-6.5 (2H, m)l. On chromic acid oxidation, IVa yielded the 

4-membered ring ketone IVb Cm.p. 134-136’, hmax 285 nm (E 120), v 1768 cm”, 614,6,4,: 1.38 (2H, t, 

J=3.2), 63,6q: 5.7-6.4 (2H, m)] (8). 



above, it is clear that only the homoallyl-cyclopropylcarbinyl- 

A /a B 

From the product analysis described 

D 

cyclobutyl type rearrangement and no cleavage nor simple 1,2-shift of C-C single bond have occurred 

during the acetolysis. Therefore, initially-formed homoallyl cation A with the fixed geometry would change 

immediately to the asymmetrically-participated nonclassical ion B which is stabilized by the participation 

of C=C, since C,O -C , , double bond is situated closely to CB. The acetate of Ilb would be resulted by the 

stereospecific attack of nucleophile on the ion B (attack a). The absence of the product corresponding to 

the epimer Id of lb (attack b) suggests the formation of Ilb acetate be concerted (9). Subsequent partici- 

pation of C9-C,O bond results in the formation of the delocalized ion C with less internal strain. The 

formation of the acetates of Ila, Illa and IVa would be the result of the stereospecific attack of nucleo- 

phile on the ion C at al I the three possible positions, C, , (attack a), C9 (attack b), and C,O (attack c) 

(10). Thus, all the products can be rationalized by the intervening ion B and C. In this connection, it is of 

interest that Ilc and Illb was found among the product of the cycloaddition reaction of tropylium ion and 

cycloheptatriene after subsequent oxidation (11). 

When the acetolysis was carried out at higher temperature (150°, 24 hrs) the product distribution 

changed completely. After the separation of the acetate mixture by preparative glc [two peaks due to 

acetates (12)l followed by the hydrolysis, Illa was obtained in 11% yield, along with two new alcohols, 

Va and Vla, which were separated partially by Si02 chromatography. Most pure alcohols were oxidized 

to the corresponding ketones vb, m. p. 124-127’ (subl.) and Vlb, m.p. 174-18O’(subl.). The yield of 

ketones was 30% and 16% from Ic, respectively. 

Va contains a tropylidene moiety h/e 198 (M+), 92, 91, 6,4,5,4,: 1.90(2H, s), 8,r-unsaturated 

6-membered carbonyl group Chmax 284 nm (e 272), v 1725 cm’1 and two olefinic linkage C6,0: 5.60 (dd, 

Jc9.0, 6.0), SB: 6.01 (dd, Jz9.0, 5.5), 64: 6.24 (dd, Jc7.5, 6.3), 63: 6.42 (ddd, 7.5, 6.3, 1.6)1, while 

Vlb has a 5-membered carbonyl [Xmax 282 nm (E 37), v 1745 cm-‘], a double bond CS3: 6.09 (dd, J=9.2, 6.7), 

b4: 6.32 (dd, J=9.2,6.7)1 and a cyclopropane ring C68,69,6,0: 0.95-I. 20 (3H, complex) as well as the 
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tropylidene moiety Cm/e 198 (M+), 92, 91, 8,4,8,4,: 1.55 (2H, br. s)]. The structures of the ketones were 

elucidated by NMDR coupled with the use of Eu(fod) shift reagent. 
3 

Stereochemistry of the hydroxyl groups 

in Va and Vla was determined from the coupling patterns of their carbinyl protons at 69 4.17 (s) for Va 

and 6,2: 3.90 (br.s, W,,2h=8) for Vla. 

This experiment clearly disclosed the involvement of one more ionic species D for the formation of 

Va acetate, while the formation of Vla acetate only needs 1,2-migration of C6-C,2 bond to C,, with 

the subsequent stereospecific nucleophilic attack. Such a skeletal rearrangement needs the activation 

energy and therefore higher temperature. However, the cause of the whole reaction sequence can only 

be rationalized by the strain energy present in the original molecule Ic, which would be released by the 

skeletal rearrangement. Apparently, the localization of the positive charge in C by the 1, P-bond migra- 

tion (path d) would be unfavored unless the strain in 4-membered ring is released. 
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