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ABSTRACT 

The kinetics of solvolysis of the epimeric tricyclo-

0^'^]deca-2,4'-diene-10-carbinyl 3f5-dinitro'benzoates, 

as well as their monoolefin and saturated derivatives, were 

determined in aqueous acetone. It was found that the anti 

series solvolyzed faster than the svn analogs. The rate 

constants were employed to calculated the equilibrium constant 

for the monosuhstituted cycloheptatriene-norcaradiene equi

librium; the estimated energy barrier was ca. 4.5 kcal/mole. 

The second part concerns the study of the silver-assisted 

hydrolysis (in aqueous acetone) and buffered acetolysis of 

some monobromo- and dihalopropellanes. The major products 

formed upon solvolysis of the 10,10-dibromo[4o3.1]propellanes 

indicated that the reactions occurred via bridgehead olefins 

transoid in a 7-membered ring, followed by protonation and 

rearrangement» The solvolysis of ll,ll-dihalo[4.4.l]pro-

13 pellanes were also shown, via the use of ^C-labeling at the 

position, to proceed via the intermediacy of a bridgehead 

olefin species, contrary to ear-.ier conjecture. The relative 

difficulty of generating a bridgehead double bond transoid in 

a 6-membered ring was demonstrated by the minor amount of 

such products isolated from the hydrolysis of 9,9-dlbromo-

[3.3.1]propellane. Comparison of the percentage of products 

which arose from the bridgehead olefin intermediates with 
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that which arose from collaps at the bridge position allowed 

one to estimate an energy difference "between the two type of 

bridgehead olefins (i._e. , 7 and 6-membered rings) of ca. 6 

kcal/mole. Combination of the rate and product data required 

that all the anti-lO-bromof^. 3.l]T)ropellanes solvolyze via a 

"partially-opened" cyclopropyl cation intermediate. 

Part three describes an investigation of the Grignard 

reagents derived from the epimeric 10-bromo[4.3.l]propellanes; 

radical intermediates were indicated. The results revealed 

that the stereoselective formation of the product arose from 

reduction of the cyclopropyl radicals anti the the 6-membered 

ring, regardless of the stereochemistry of the starting bromid 

bromides or the presence of double bonds in the 6-membered 

ring. Inversion of svn cyclopropyl radicals to the more 

stable anti analogs was rationalized by arguing that 

nonbonding interaction between two hydrogens is worse than 

that between one hydrogen and one half-filled orbital. 
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PART I; 

THE CYCLOHEPTATRIENE-NORCARADIENE 

EQUILIBRIUM PROBLEM. SOLVOLYSIS OF 

NORCARADIENYLCARBINYL DERIVATIVES 
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INTRODUCTION 

The Cycloheptatriene-Norcaradiene Equilibrium Problem 

The first substituted norcaradiene, 1, formed from the 

thermal decomposition of diazoacetic ester in benzene, was 

accepted that the Buchner esters were mixtures of the basic 

monocyclic and bicyclic structures until Doering and co

ed that the Buchner esters are just the four positionally 

Isomeric cycloheptatriene esters, with the ester group 

occupying 1, 2, 3» and 7 of the seven-membered ring 2. A 

third structure 2 was considered by Doering, i.e., an 

intermediate structure which would be regarded as a pseu-

doaromatlc planar compound, a homobenzene; ̂  was proposed 

on the basis of the heat of hydrogénation of cycloheptatriene. 

reported in 1888 by Buchner.^ It had been generally 

2 workers reinvestigated the subject. These authors conclud-

1 2 

The problem associated with the valence-tautomeric 

equilibrium has received a great deal of attention since 

Doering's work. Until 196?, many experimental results 
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showed that cycloheptatriene and its simple substitution 

products exist entirely in the monocyclic form.^ Never

theless, it was found that the isomerization of 4 to 5 

takes place only at high temperature, due to dearomatization 

of the "benzene ring^'during the process. Conversely, 

benzocycloheptatrienes 6 and 2 do not isomerize to the nor-

caradiene form _8 and respectively.^ 

7 8 
Vogel and coworkers' discovered a very elegant method 

of fixing the norcaradiene structure. In compound 10 the 

carbon atoms 1 and 6 of the norcaradiene are held in posi

tion by an additional five-membered ring (bracket effect). 

On the other hand, compounds^' containing a 

tetramethylene bridge are more stable in the cycloheptatriene 

form, 11. 

CO_R 

8 

11 
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Gunther, et al.^^ found that 12 was more stable than 

13 by 0.2 k.cal/mole and that the barrier for the process 

12^ 13 was less than 6.6 kcal/mole on the basis of results 

obtained from variable temperature cmr experiments. It has 

13 been shown by Giinther that compound l4 also exists in 

valence-tautomeric equilibrium with the norcaradiene form. 

12 11 14 

The magnitude of the H-H coupling constant between the 

methylene protons (3-5 Hz for norcaradienes and 7-12 Hz for 

cycloheptatriene derivatives^' 15-23 ^^C-H coupling 

17-23 15-23 
constants" and UV data have been used to analyze 

for the presence of the norcaradiene form. 

There is no doubt that both compounds with the bicyclic 

and monocyclic form can exist, but the energy barrier 

between the two systems may vary considerably. Evidence 

also exists^ that the intimate structure of the cyclohepta

triene and norcaradiene is sensitive to the demands of the 

substituent groups, particularly at C„. For example,,,^-
24 

compound I5 exists exclusively in the bicyclic form 

25" 
while compound I6 is an open triene. 

O 
CN 
CN 

15 16 
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However, a rapidly equilibrating valence tautomeric 

mixture, 22. and was detected by pmr spectroscopy,"^^ 

in which the cycloheptatriene was the major component. 

Ciganek^^ later showed the mixture contained of 18 at 

room temperature, with = 0, AS° = 5 eu and Ea for 

12 equal to about 7 kcal/mole. 

CF^ 
3 

CN 

12 18 

In order to shed more light on the stabilization, by 

two cyano groups, of the norcaradiene relative to the 

27 
valence isomeric cycloheptatriene, 1^, Ciganek studied a 

series of compounds where he varied the substituents at 

and attempted to estimate the ground-state enthalpy differ

ence for each pair of valence isomers obtained. The thermo

dynamic parameters of the norcaradiene-cycloheptatriene 

systems are compiled in Table 1. There are also other 
, 28 9̂ 30 ,31, 

compounds \2X ' ̂  2^- and 2^- ) for which no thermo

dynamic parameters have been reported, but which exist in 

27 the norcaradiene form. Thus Ciganek concluded that with 

the exception of 21, two substituents containing ^-systems 

are necessary for the stabilization of thei norcaradiene 

valence isomer. It is no surprise to see lower entropies 

for 3^ relative to ̂  due to the fact that the former is a 
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much more rigid molecule than the latter. 

^P(OR), 

22 24 

Table 1. Ground-State Enthalpy and Entropy Difference of 

Norcaradiene-Cycloheptatriene Systems. 

C><; 

12 20 

Rg A , kcal/mole A S°, eu reference 

CN CN 6 - 32 

CN COgMe 4 - 27 

CN Ph 3^5 - 27 

o
 
o
 

<D Ph 5c^ 16.8 33 

COgMe p—MeOC 2.3 7.4 33 

o
 
o
 

(D
 

p-OgNC^H^ 3o5 11.0 33 

CN CF^ 0.4 5 27 

COgMe o
 
o
 

(D
 

0.2 3 34 

OMe OMe 0.25 - 34 " • 



www.manaraa.com

7 

Since rapid valence isomerization has been demon

strated for a number of norcaradiene-cycloheptatriene 

systems, it should be noted that such equilibria exist in 

all compounds of this type even though they may escape 

detection by the methods currently available. However 

using dilatometry, Tsuji, et al. were able to measure 

the cycloheptatriene-norcaradiene equilibrium. They studied 

the Diels-Alder reaction of cycloheptatriene 2^, dihydro-

indan and • propelladiene 3^ with an excess of fumaryl 

chloride. 

Their results were consistent with a pseudo first-

order kinetic expression for the reaction. Equilibrium 

constants (Keq = were therefore calculated on the 

basis of observed rate constants. Two of the calculated 

equilibrium constants were chosen and led to a value for 

the free energy difference between cycloheptatriene and 

norcaradiene of 4.0 - 4.5 kcal/mole. When the authors 

compared these values with the 11 i 4 kcal/mole proposed by 

COCl 

COCl 
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Doering and Willcott^^ on the basis of bond energies, they 

suggested that the most preferable mechanism for the Diels-

Alder reaction of cycloheptatriene is not through the nor-

cardiene form, but through a transition state visualized by 

the authors as 26. 

COCl 

There are several explanations for the effect that 

TT-substituents exert on the norcaradiene-cycloheptatriene 

equilibrium. One possibility takes into account the 

differences in the o bond energies between differently 

2 3 hybridized carbon atoms: bonds between sp, sp and sp"^ 

hybridized substituents and of the norcaradiene (which, 

as a cyclopropane carbon, is approximately sp hybridized) 

will be stronger than the bonds between the same substitu-

3 37 ents and the sp-'^ hybridized of the cycloheptatriene. 

Alternative rationales include dipole-dipole repulsion 

between substituents on and possible electronic inter

actions between the endo substituent and the planar diene 
38 

system of the norcaradiene. However, the most popular 

39 4-0 interpretation is that electronic interaction between 

the cyclopropane ring and the acceptor substituents results 
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in a strengthening of the bond between and of the 

norcaradiene by weakening the antibonding contribution to 

that bond (see Fig. la). On the other hand, an electron 

rich group attached to the cyclopropane ring leads to the 

weakening of the bond by strengthening the antibonding 

contribution to that bond.- (see Fig. lb). One representa

tive of the latter type is 22, which exists as a bicyclic 

^0 triene, in juxtaposition to the hydrogen analog 10". which 

is a tricyclic diene. 

22 

A A 

e-donor 

4% 

(a) 

A 
e-acceptor 

^l(S) "*3 (b) 

Fig. 1. Qualitative Walsh-Orbital of Cyclopropane and Its 

Interaction with a Substituent. 
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Norcaradienylcarbinyl Cations 

The first case of cyclopropane participation initiated 

by valence tautomerism in cycloheptatrienyl carbinyl deriv

atives was reported by Sargent, et al.^^ The solvolysis of 

7-cycloheptatrienylcarbinyl 3,5-dinitrobenzoate 28b in SOfo 

aqueous acetone followed first order kinetics, with 

k^(lOO°) as 2.6 X 10~^ sec ^ and k^(l25°) = 3.0 x lo"-^ set 

(A H* = 28.3 kcal/mole, AS* = -8.9 eu). 

-1 

HoOR CHoOR 

28b 

a, R=H 

b, .R=3.5DNB 

22b 

28a 

CHgODNB 

10 
The products from solvolysis in the presence of excess 

urea were unrearranged 28a (73 ~ 6^) and styrene. The 

latter was shown to be a primary product. The enhanced 

rate constants and the nature of the observed products led 

the authors to postulate that solvolysis of 28b involves 

prior isomerization to the valence tautomer 29b. Further

more, since the pmr of the starting material 28b shows no 
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trace of 29b, Sargent estimated the minimum free energy 

difference between 28b and 29b as 6 Iccal/mole. The actual 

rate constant for 29b at 100° was thus calculated as 

— P —1 
2.6 X 10 sec" , approximately 300 times greater than 

that for the model compound 30 [k^(lOO°) = 9-65 x 10 ̂  sec 

If the rate enhancement of 28b is due to the electron donat

ing capability associated with a preformed cyclopropane 

ring in the transition state, the factor of 300 is probably 

too big to be explained by the error arising from the 

assumption of the free energy difference (i._e. , 6 kcal/mole), 

unless there is some extra participation by the diene in 

the norcaradiene form. However, the configuration of the 

carbinyl carbon in Sargent's system could not be determind, 

since, in the mobile equilibrium, the presence of the bicy-

clic tautomer, 2^, could not be detected directly. There-

39 fore, Hoffmann's explanation of the electronic factors 

involved in determining the cycloheptatriene-norcaradiene 

equilibrium did not take the stereochemistry of the nor

caradiene into consideration- Clearly, direct evidence on 

the nature of ions such as ̂  and 32 can only be obtained 

from an investigation of compounds whose ground-state 

structure is of the norcaradiene type. Therefore, we chose 

to study the derivatives of the tricyclo [4.3.1.0^' 
•7 

decadiene series which have been shown to exist exclusively 
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in the norcaradiene form. 

12 



www.manaraa.com

13 

RESULTS AND DISCUSSION 

Synthesis 

The most obvious route to the desired compounds 44c 

and 48c is the photo- or copper-catalyzed addition of ethyl 

diazoacetate to 4,7-dihydroindan. However, only end adducts 

43 were obtained in both reactions. An alternative route 

(Schemes .2 and 3 ) was thus followed. The compounds used 

7 in this study are listed in Scheme 1. Vogel, ̂  a2., have 

demonstrated that dibromopropellane 21 can be synthesized 

from 4,7-dihydroindan and dibromocarbene in good yield. 

COgEt 

Br _Br 

/ 
1 

CH2OH 

I 

COgEt 

HOCH 

11 
44 c 48c 
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Scheme 1 

4l 

44 

, R=C02H 

COgCHj 

CHgOH 

CH, ,Ci (THP) 

4i 

R 

46 

R 

42 

R. 

48 

S 
e, R=CH20-C 

(DNB) 

f, Br 
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Scheme 2 

46f (77%) Mg ^ 

2. 002 

3. HCl 

46b (9%) 42b (91%) 

1. NaOMe, MeOH 

2. NaOH 

3. HCl COOH 

46a (50%) 42a (50%) 

Ig/NaHC0_ 

COONa 

Zn/HOAc HCl 

42a 
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Scheme 3 

LiAIH, 

42a Hp/P-fc 

CHgOH 

Q 

HgOTHP 

42c 42d 

HgOH 
EtaO ' ̂CHgODNB 

. 1. Br 

I2. 
2 

DBU 

4lc 

HgODNB 

4le 

rcmso 
42c J KOtBu 

CHgOTHP 

CHgOTHP 

44d 

P-Tsoj EtOH 

4]d 

I 

CH OH 

44 c 

HgOH I 

1 

CHgODNB 

44e 

HgODNB 
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Treatment of ̂  with one equivalent of tri-n-butyltin 

hydride afforded a 77:23 mixture of monobromides 46f and 

42f. Conventional carbonation of the Grignard reagent 

derived from a mixture of 46f and 42f. followed by reaction 

with diazomethane in ether, yielded a mixture of methyl 

esters 46b and 42b in a 9:91 ratio. Assignment of the 

stereochemistry of 46b and 42b followed from the synthesis 

of the individual epimers (vide infra). Separation of the 

isomeric carboxylic acids 46a and 42a was achieved via 

iodolactonization^^ of the svn-acid 46a whereby the anti-

acid salt remaind in the sodium bicarbonate solution. Oily 

iodolactone 34 was isolated by simple extraction. This 

light sensitive compound was purified by recrystallization 

and gave correct analyses (see Fig. 2 for ir and pmr spectra). 

syn-Acid 46a was thereby established to be the minor com

ponent from the carbonation reaction. Base-catalyzed 

epimerization of esters 46b and 42b in refluxing methanol 

prior to the iodolactionization reaction was thus undertaken. 

The pure syn-epimer 46a was quantitatively recovered after 

reduction of iodolactone 3^ with zinc dust in glacial acetic 

acid.^^ (see Fig. 3 and 4) The desired propelladiene 

derivative 44e was synthesized via the route depicted in 

Scheme III. Acidification of the basic solution obtained 

from the iodolactonization reaction produced pure, anti-acid 

42a (see Fig. 3 and 4) which could be converted to its 
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methyl ester 42b with diazomethane (see Fig. 5 and 6). 

Reduction of 42a with lithium aluminum hydride afforded the 

corresponding alcohol 42c (see Pig. 7 and 8) / .'Subsequent 

protection with dihydropyran (see Fig. 9 and 10), 

treatment with bromine, and dehydrota?omination with l,-5--diaza--

bicyclo [5, 4, 0] undec-5-ene (DBU) gave 44d (see Fig. 11 and 

12); hydrolysis in the presence of p-toluenesulfonic acid 

yielded the corresponding alcohol 44c (see Fig. 13 and 14) 
in 31^ overall yield from 42a. Confirmation of the nor-

caradiene structure for 44c was gained from the following 

spectral data: 272(4170), 254(3960), 248(4000)nm; 

5 6.4-5.6 (m, 4H of AA'BB'), 4.60 (s, OH), 3-95 (d, 

2H, J = 7Hz) 2.7-1.3 (m, 6H), O.35 (t, cyclopropyl H, 

J » 7Hz) (see Fig. 13 and l4). The subsequent conversion 

to the 3,5-dinitrobenzoate 44e proceeded normally (see Fig. 

15 and 16). 

In a manner exactly analogous to that described for 

44e in Scheme 3 , svn-alcohol 48c was obtained in 34^ yield 

starting from 46a. The spectral properties of 48c are quite 

different from those of 44c; A 246(3230), 252(4040), 

257(3230)nm; 0^g4 6.4-5.6 (narrowly split mult., 4H), 4.50 

(s, OH), 2.88(d, 2H, J = 7Hz), 2.7-1.2(m, 6H), l.l8(t, 

cyclopropyl H, J = 7Hz) (see Fig. 13 and 14). Alcohol 48c 

was conventionally converted to its 3,5-dinitrobenzoate 

(48e), obtained as a pale yellow crystalline material which 

gave satisfactory spectra and analysis (see Fig. 15 and I6). 
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• " + • •  

Figure 2. Pmr (Top) and Ir (Bottom) Spectra of exo-3-

Hvdroxv-endo-^-iodotricyclo[^.3.1.0^'^]decane-

lOa-carboxylic Acid Ô-Lactone, (^). 
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I* 

I . ' .  .M. ' . . ' . ; . v ;^  

COOH 

HOOC 

I ,1 

JA 
M • yJ i !! 

»0 «Mtfi I • 40 

Figure 3. Pmr Spectra of Tricyclo[4.3.1.0^'^]deca-3-ene-

lO-carboxylic Acids s 42a (Top) and 46a (Bottom). 
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COOH 

wAvfirwcrN M miCfO"! «  * 1  ^  1 5  6  6 5  /  - i h  '  ) f ) l i i >  

kooc 

Figure 4. Ir Spectra of Tricyclo[4.3.1.0^^^]deca-3-ene-

10-carboxylic Acids: ^ (Top) and Mm (Bottom). 
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COOCH 

r I I I I I I I r 1 I 1 I 1 I I I I I I i I I I I r I I I I 

CH.OOC 

-I*» ir- rfu ' -Wr 

Figure 5. Pmr Spectra of lO-MethoxycarlDonyltricyclo-

[4.3.1.0̂ '̂ ]deca-3-enesx kZb (Top) and 4613 

(Bottom). 
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•COOCH 

WAVELENGTH 

WAVENUMK0 CM-

Figure 6. Ir Spectra of 10-Methoxycarbonyltricyclo-

[4.3'l'0^'^]deca-3-enes: ^2b (Top) and ^6b 

(Bottom). 
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Figure ?. Pmr Spectra of 10-Hydroxymethyltricyclo-

' ]]deca-3-enes! 42c (Top) and 46c 

(Bottom). 
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9 10 11 12 13 U )5 16 r j |l ' [ I 'ITjfl-rr 
WAVEICNCTH IN MtCJIONS 

CHpOH i 

3*00 3300 3CB0 2900 2C00 2400 2200 2000 1900 1800 1700 i&O 1500 1400 1300 ÏMO u5o ÏOTO W 
WAVB4UMMI CM-

WAVaENGTM pM 

HOCH 

Figure 8. Ir Spectra of 10-Hydroxymethyltricyclo-

[4.3.1.0^'^]deca-3-enes: ^2c (Top) and 46c 

(Bottom). 
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CHgOTHP 

f 

T THPOĤ C 

so pm(r) «.0 70 
' I ' 1 VI" ''I'; I 

»o mil) 40 

Figure 9. Pmr Spectra of 10-Tetrahydropyranyloxymethyl-

tricycloj^^.3• 1 • 0^'^]deca-3~snes: ^•2d (Top) 

and 46d (Bottom). 
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{ 

THPOCH 

Figure 10. Ir Spectra of lO-Tetrahydropyranyloxymethyl-

tricyclo[^.3-l. 0^'^]deca-3-enes: 4-2d (Top) 

and 46d (Bottom). 



www.manaraa.com

V 

28 

THPOCH 

CHgOTHP 

I.' I 

iV 

\)\ 

h 
, . I . I Tf . I I . , 

I 

'a/\ 

' • • 

Figure 11. Pmr Spectra of 10-Tetrahydropyranyloxymethyl-

tricyclo[^.3•1»0^'^]deca-2,4-dienes: ^^d (Top) 

and 48d (Bottom). 
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THPOCH 

Figure 12. Ir Spectra of 10-Tetrahydropyranyloxymethyl-

tricyclo[^.3.1.0^'^]deca-2,^-dienes: 44d (Top) 

and 48d (Bottom). 
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Figure 13. Pmr Spectra of 10-Hydroxymethyltricyclo-

[4.3.1.0^'^]deca-2,4-dienes: 44-0 (Top) and 

48c (Bottom). 
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Figure l4. Ir Spectra of 10-Hydroxymethyltricyclo-

[4.3.1.0 '^]deca-2,4-dienes: 44c (Top) and 

48c (Bottom). 
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Figure !_$. Pmr Spectra of 10-(2,4-Dinltrobenzoyloxymethyl)-

tricyclo[4.3.1.0^'^]deca-2,4-dienes: 44e (Top) 

and 48e (Bottom). 
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Figure 16. Ir Spectra of 10-(2,4-Dlnitrobenzoyloxymethyl)~ 

tricyclo[4.3.1.0^'^]deca-2,4-dienes: 44e (Top) 

and 48e (Bottom). 
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Figure 17. Pmr Spectra of 10-(2,4-Dinitrobenzoyloxymethyl)-

tricyclo[4.3.1.0^'^]decane: 4le (Top) and 

45e (Bottom). 
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WAVEIENGTM IN MICRONS 

DNBOCH 

Figure 18. Ir Spectra of 10-(2,^-Dinitrobenzoyloxymethyl)-

tricyclo[4.3.1.0^'^]decane: ^le (Top) and 

4Se (Bottom). 
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Figure 19. Pmr Spectra of 10-(2,4-DinitrolDenzoyloxymethyl) 

tricyclo[4.3.1.0^'^]dec-3-ene: 42e (Top) and 

46e (Bottom). 
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Figure 20. Ir Spectra of 10-(2,4-Dinitrobenzoyloxymethyl)-

tricyclo[4.3•1•0^'^]dec-3-ene: 42e (Top) and 

46e(Bottom). 
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Figure 21. Pmr Spectra of 10-(2,4-Dinitrobenzoyloxymethyl) 

tricyclo[4,3'l°0^'^]dec-2-ene: 43e (Top) and 

47e (Bottom). 
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Figure 22. Ir Spectra of 1.0-(2,4-Dinltrobenzoyloxymethyl)-

trlcyclo[4.3.1.0^'^]dec-2-ene: 43e (Top) and 

47e (Bottom). 
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CH^OTHP 
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Figure 23. Pmr Spectra of 10-Tetrahydropyranyloxymethyl-

tricyclo[4,3.1.0^'^]dec-2-ene: ^3d (Top) and 

^7d (Bottom). 
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Figure 24. Ir Spectra of 10-Tetrahydropyranyloxymethyl-

tricyclo[4.3«l*0^'^]dec-2-ene: 43d (Top) and 

47d (Bottom). 
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Figure 25. Pmr Spectra of 10-Hydroxyinethyltricyclo~ 

[4.3•1.0^'^]dec-2-ene: 43c (Top) and 47c 

(Bottom). 
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Figure 26. Ir Spectra of 10-Hydroxymethyltricyclo" 

[4.3.1.0^'^]dec-2-ene: 43c (Top) and 47c 

(Bottom). 
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HOCH 

Figure 2?. Pmr Spectra of 10-Hydroxymethyltricyclo-

[4.3.1,0^'^]decanes 4lc (Top) and 45c (Bottom). 
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Figure 28. Ir Spectra of 10-Hydroxymethyltricyclo-

[4.3.1.0^'^]decane: 4lc (Top) and Mç (Bottom). 
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As model compounds, esters 4le. 42e. 43e and their 

epimers were also prepared according to Scheme 3 (see Fig. 

17, 18, 19, 20, 21 and 22). Rearrangement of the symmetri

cal olefin 42d in a KOtBu-DMSO solution^^ led to a ca. 1:1 

mixture of starting ether 42d and the rearranged counterpart 

43d. The unsymmetrical olefins 43d and 47d (see Fig. 23 

and 24) were separated individually from their symmetrical 

counterparts via chromatography on silver nitrate-impregnat

ed (12^) silica gel.^^ Finally, hydrolysis afforded the corres

ponding alcohols 43c and 47c in 2S^ and 30^ yield from 42d 

and 46d. respectively (see Fig. 25 and 26). 

Catalytic hydrogénation (Pt/ether) of 42c and 46c gave 

4lc and 45c. (see Fig. 27 and 28), respectively. Both were 

routinely converted to the corresponding dinitrobenzoate 

esters, 4le and 45e. 

Kinetics 

Originally, on the basis of the results shown in Table 

4l 2, Sargent, et al, proposed that solvolysis of 7-cyclohepta-

trienylcarbinvl-3,5-dinltrobenzoate;^^2 involves nrior isomeri-

zation to the valence tautomer 29b followed by cyclopropyl-

assisted ionization. During the progress of this work, 

48 Paquette, et al., published their study of the tetrame-

thylene bridged derivatives 34-39. The observed reacti-
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Table 2. Relative Reactivity of Some Cycloalkylcarbinyl 

Derivatives » 

Compound. krel at 100° 

1.0 

5.1x10'^ 

3.1 

2.8x10^ 

28 

rj>-CH2X 1.1x10^ 

10 

1.6x10^ 

2.8x10® 

22 
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vities are shown in Scheme 4. 

The above data led the authors to conclude that their 

4l 
evidence further supported Sargent's proposal, although 

the spread of relative rate constants for 35-38 was only a 

factor of 10. In view of the 3.4-fold enhanced rate for 

anti-epimer 36. relative to svn-epimer 35, Paquette sugg

ested that 7-cycloheptatrienyl-carbinyl systems solvolyze 

preferentially through the anti configuration. However, it 

is not possible to draw a firm conclusion from their studies 

of 25. and since the solvolyses are dependent upon pre-

equilibria, i.e., upon Keq values of unknown magnitude. 

Scheme 4 

R=CH20DNB 

krel. 
at 100° 

0.4 

22 
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Table 3» Solvolysis Rates for 3i5-Dinitrobenzoates in 70:30 

Acetone-Water. 

Compd. 
T, oc, • 

±0.1 

-1 sec krel. kcal/Mol 
(70°) 

eu 

A s  

4le 70.0 

100.0 

(2.17*0. 09)xlO"-^ 

(4.70^0.20)xl0"^ 

8.6 24.9 -8.0 

42e 70.0 

100.0 

(5.l8Ï0.44)xl0"3 

(1.45^0.02)xl0"^ 

2.1 27.0 -4.6 

43 e 70.0 

100.0 

(8.49-0.26)X10"-5 

(2.1ll0.05)xl0"^ 

3.4 26.0 -6.6 

44e 70.0 

100.0 

(2.03±0.07)xl0-4 

(4.98Î0.17)X10-3 

80 25.8 -0.6 

45 e 70.0 

100.0 

(I.04t0.02)xl0"5 

(2.30-0o02)xl0"^ 

4.1 25.1 -8.6 

46e 70.0 

100.0 

(3.04±0.30)xl0"3 

(6.62to.08)xl0"^ 

1.2 24.9 -11.8 

If 70.0 

100.0 

(3.78t0.27)xlO"5 

(1.21+0.03)xl0"^ 

1.5 28.2 -1.8 

Jge 70.0 

100.0 

(2.53Î0.l3)xl0"-^ 

(5.85-0.22)xl0"^ 

1.0 25.5 -10.2 
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Uur study of the solvolyses of 4le-4^e in acetone-water 

(70:30 by volume) were followed by titrations with standard

ized NaOH solution, Clean first-order kinetics were observed 

up to da. 2-3 half-lives, using calculated infinity • titers. 

The rate constants are given in Table 3» Several conclusions 

^9 can be drawn from these data.'^ First, it can be seen 

that, with the exception of the dienes 44-6 and ^8e. the 

compounds of the anti series (4le. 42e and 43e) solvolyze 

ca. twice as fast as those of the svn series (4Se, 46e and 

47e). There is no discernible through-space (field) effect^^ 

of the double bond of 46e or 47e. The factor of 2 is 

attributable to steric acceleration in the anti series. 

Secondly, one may evaluate the conjugative effect of a vinyl 

group in the P-position of a cyclopropyl-carbinyl cation. 

This is of interest due to the recently reported chrysan-

51 
themyl (cis-40 and trans-4O) solvolyses, in which a trans-

g-vinyl substituent is five times more accelerative than a 

cis-3-Vinyl substituent. 

CH^ODNB 

trans-40 cis-40 



www.manaraa.com

51 

At least in our case, the idea^^ that trans-vinyl 

groups can conjugate better than cis-ones is illusory; the 

relative rate for the trans case (i._e. , ^3e/4le = 0.39) is 

the same as for the cis (47e/4Se = O.36). The absolute rate 

difference between cis and trans is due to steric factors. 

Indeed, the cis/trans ratios found by Sasaki et al\^ are 

most likely also due to steric effects. Furthermore, with 

respect to the ability of the cyclopropane ring to transmit 

52 
the conjugative effect of avinyl group, it can be seen 

that our data indicate a very small, but real, effect. This 

is best noted by comparing the unsymmetîrical to symmetrical 

olefins (i.e. 43e/42e • 1.64 and 47e/46e = 1.24). The blend 

of inductive and resonance effects are such that both need 

be stronger in the unsymmetrical cases. In any event, we 

do not feel the finding of allylcarbinyl*-type products 

requires the postulation of distorted cyclopropylcarbinyl-

51 
type ions. Thirdly, it is most interesting to compare 

the data for the unsymmetrical olefins (43e and 47e) with 

that for the dienes (44e and 48e). If the effect of the 

double bonds in the dienes is similar to that of the double 

bonds in the unsymmetrical monoenes, then the predicted 

relative solvolysis rates are I.3I for 44e f43e x 43e/4lel 

and 0.54 for 48e f47e x 47e/45el. The actual relative rates 

are 80.2 and 1.00, corresponding to an "unexpected" acceler

ation of 61.6 and 1.85. Through the use of extended Hiîbkel 
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.53" 
calculations, Stohrer and Daub have recently provided a 

partial electronic explanation for the greater stability of 

the anti form of 7-acceptor-substituted norcaradienes 

relative to the svn-epimer (calculated^ E=3«9 ^cal/mole 

for a CHg substituent). From our data, we can calculate 

the energy difference between the transition states for the 

formation of the two norcaradienylcarbinyl cations: 

*48e/̂ 45e 

A F = -RT In (—r rr ) = 2.? - 0.1 kcal/mole. 
K44e/*4le 

This method eliminates steric effects and should approximate 

the electronic energy difference between 'svn and anti 

cations. However, since the extended Huckel calculations 

do not factor out steric effects, it may be more relevant 

to simply consider the rate difference between 44e and 48e, 

whereby AF=-RTln ) = 3.2 - 0.1 kcal/mole. This 

value is surprisingly close to that obtained by Stohrer and 

Daub.-̂ ^̂  

It should be pointed out that a low temperature pmr 

study of ^2 in strong acid has also shown that the norcara

dienylcarbinyl cation exists preferentially in the anti-

form (J. „ = 3.5 Hz). Fourthly, and most importantly, 
9  f  

conclusions may be drawn regarding the cycloheptatriene-

4l norcaradiene preequilibria encountered by Sargent, et al., 

48 
Paquette, et al. Their mechanism can be written as follows: 
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k-i k 
Cycloheptatriene Norcaradiene Products 
derivative "A" —g derivative"B" "C" 

--1 

A steady-state treatment of [B] gives 

k.^[A] = k_^[B] + kgCB] 

or [B]/[A] = + k^) 

if we assume k )) k , then [B] = —— [A]. 

' r 1 
Since the rate law is —— = ̂ 2^^^ ~ ̂ 2— [A] = 

-1 

ksolv may obtain Keq. via the appropriate substitu

tion: ^ 

k'solv = "2-̂  
-1 

= kigKeq (l) 

and = -RTlnKeq (2) 

However, one must obtain a suitable value for kg. 

If one assumes that the preferred conformation of the 

GH^ODTîB -^'oùp in 4^e-44e is the same as in the bicyclic 
^ 4-1 

compounds of Sargent, et al. 
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^8 - -and the tricyclic ones of Paquette, et al., kg can 

be obtained by taking the ratio of the rate constant of 

norcaradiene 44e to an appropriate model compound 4le (or 

45e) (this factors out differential steric effects). One 

then utilizes the observed for the triene systems, 

divided by the k^^^^ for an appropriate reference compound. 

The equilibrium constants and free energy differences are 

thus calculated (see equation (l) and (2), and Table 4). 

Table 4. Calculated Keq and A P for Cycloheptatriene-Nor-

caradiene Derivatives at 100°. 

Compound Keq AF , kcal/mole 

28 2.5 

5.0 

a 
X 10-3 

_ t 
X 10 ^ 

• 

4.5 

4.0 

3.9 X 10"2 
n 

2.4 

11 4.7 X 10"^ 0.57 

&Calc' d on the basis of kg = k44e/^4le 

^Calc' d on the basis of kg = ^Zj,4gA42e 

°Calc' d on the basis of kg = ^48e/^49e 
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Interestingly, the equilibrium constant for syn-epimer 

35 (Keq = 0.4?) is almost the same as the one found for 7-

cyano-7-trifluoromethylcycloheptatriene, wherefore it is 

suggested that at 'low temperature, both norcaradiene and 
26 

cycloheptatriene forms should be observable. Unfortunate

ly, neither the valence tautomerism of 25. 2Â could be 

slowed to the intermediate or slow range on the pmr time 

scale "before crystallization of the solute occurred. 

However, it seems certain^^^ that the stereochemistry 

exerts a very marked effect on the valence tautomeric 

equilibrium, with existing chiefly as a cycloheptatriene 

derivative and 25. partaking of substantial norcaradiene 

character, as revealed by low temperature cmr studies. 

In conclusion, our results, together with Paquette's 

data, firmly support the idea that the capability of a 7-

cycloheptatrienyl group to stabilize a neighboring cationic 

center is due to the intermediacy of the norcaradienyl 

valence tautomer, with the cationic center in the anti-

configuration. Furthermore, the calculated free energy 

difference between bicyclic derivative 2Â a.nd its norcara

diene form (as well as for 25 and its counterpart) compared 

to that for monocyclic compound indicates a significant 

decrease (ca. 2-4 Kcal/mole) due to the bracketing effect 

of a tetramethylene bridge. 
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Product Analysis 

The products formed upon hydrolysis of ^^e and 48e 

were identical. When the reactions were carried out in 

unbuffered 70% aqueous acetone for ten half-lives, the only 

isolable product was identified as ^-vinylindan j^O. The 

structural assignment of ̂  was based, in part, on its non-

identity with 5-vlnylindan synthesized from the coupling 

of readily available 5-bromoindan and lithium divinyl-

copper.^^ Solvolysis product 52 exhibited ir absorption 

at 725 cm~^, characteristic for three adjacent ring hydro

gens in a 1, 2, 3-trisubstituted benzene.On the other 

hand, ̂  displayed two bands at 830 and 870 cm corres

ponding to two adjacent hydrogens and one lone hydrogen in 

a 1, 2, 4-trisubstituted benzene.The pmr spectra of SO 

and 51 were slightly different with respect to the chemical 

shifts of the ABX pattern of the vinyl group, (see Fig. 29 

and 30). 

It was shown that alkyl-oxygen rather than acyl-oxygen 

cleavage was occurring, since 4^c was proven to be stable 

under the unbuffered solvolysis conditions. Therefore, the 

4-vinylindan formed is completely analogous to the products 

found in Paquette's system^^' and presumably arose 

via the same mechanism. The major products obtained from 

the hydrolysis of model compounds 4le, 42e. H-3e. 45e, 46e 
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I  M  I  M  M  M  M  J '  M  I  '  F M  M  '  I  '  M  1  '  I  '  I  '  i l '  I  '  1  '  J  '  I  I  I  '  J  M  M  M  M  '  I  mu 

Figure 29» Pmr Spectra of 4-Vinylindan, (Top) and 

5-Vinylindan, ̂  (Bottom). 
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Figure 30. Ir Spectra of 4-Vinylindan, ̂  (Top) and 5-Vinylindan, 51 (Bottom). 
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and 47e were homoallylic-type products with ça. I/3 of 

products "being that of internal return for 4le, 42e, 45e 

and 46e on the basis of pmr spectra. However, we found no 

internal return for 43e and 47e. whereby we surmise that 

the product is allylic alcohol ̂ 4. 

51 

51 

The ir spectrum of pure ̂  obtained both from 4le and 45e, 

shows an intramolecularly hydrogen-bound hydroxyl (sharp, 

3570 cm as well as the usual hydroxyl absorptions (sharp, 

3615 and broad, 3420 cm ^), which allows the assignment of 

a cis ring fusion to 52.- It seems likely that 52. snd 5!t 

are also cis fused. While we did not obtain sufficient 

material for complete analysis, the clean ABX pattern 

observed in the pmr spectra of ̂  and ̂ 4 strongly suggests 

that the material is largely one isomer in each case. Thus 

55. a reasonable product from 43e and/or 47e, was not 

observed. 

OH 

a i5 
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EXPERIMENTAL 

General 

Infrared spectra were recorded on BeckmanIR-12, IR-18A 

and IR-^250 spectrophotometers. The ultraviolet spectra 

were recorded on a Gary Model l4 spectrophotometer. The 

proton magnetic resonance spectra were obtained on Varian 

A-60, and Hitachi Perkin-Elmer R-20B spectrometers, using 

carbon tetrachloride as the solvent and tetramethylsilane 

as the internal standard, unless otherwise specified. The 

carbon magnetic resonance spectra were recorded on a Bruker 

HX-90 spectrometer equipped with a Nicolet Model 1089 data 

package. The mass spectral studies were conducted using 

Altas GH-if, High Resolution MS-9 and Perkin-Elmer 270 GLG-

mass spectrometers. Glc analyses were conducted on a Varian 

Aerograph Model 90-P gas chromatograph. Melting points 

were taken on a Thomas-Hoover melting point apparatus and 

are uncorrected. Elemental analyses were performed by the 

Use Beetz Microanalytical Laboratory, Kronach, West Germany 

and Spang Microanalytical Laboratory, Ann Arbor, Michigan. 

The following glc columns were -utilized. 

A, 10 ft. X 0.125 in., Jfo DEGS on chromsorb P. 

B, 6 ft. X 0.25 in., 20^ DEGS on chromsorb P. 

C, 8 ft. X 0.25 in., 20^ SE-30 on chromsorb P. 
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D, 5 ft. X 0.25 in., yfo SE-30 on varaport 30. 

E, 6 ft. X 0.25 in., 20^ dinonyl phthalate on Chromsorb W. 

F, 10 ft. X 0.25 in., 5^ carbowax 20 M on chromsorb W. 

G, 6 ft. X 0.25 in., 15^ FFAP on chromsorb P. 

H, 15 ft. X O0I25 in., 12^ DC-550 on chromsorb W. 

Synthesis 

Tricvclo r4, 3, 1. 0^' ̂ 1-deca-3-ene-lO-carboxvlic 

acids (42a, 46a) To a refluxing mixture of 6.5 g (0.2? 

mole) magnesium powder in 26 ml of freshly distilled THF 

was added a solution of 6.5 ml dibromoethane in 26 ml dry 

THF. After the evolution of ethylene subsided, a solution 

of 21.6 g (0.074 mole) of bromides 46f and 42f (3*3 to 1 

ratio) in 155 ml dry THF was added dropwise to the slurry 

over a period of 30 min. The resultant mixture was refluxed 

for one additional hr., and then cooled to room temperature. 

Carbon dioxide was bubbled through the mixture overnight. 

Dilution with 100 ml ether was followed by acidification 

with 2N HCl solution. The resulting milky suspension was 

extracted with ether several times, and the combined 

ethereal layers were then extracted with dilute NaOH solu

tion. Reacidification of the basic solution with 2N HCl, 

followed by ether extraction, drying over anhy. NagSO^ and 

concentration in vacuo gave 7.6 g (43%) of the white solid 
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carboxylic acids, mp 153-156° (hexane)o Spectral data for 

the separate acids are given later. 

Anal. Calc'd for : C, 74.13; H, 7-92 

Found : C, 74.34; H, 8.14 

Equilibration of 42a and 46a via their methyl esters 

A stirred solution of 5-0 g (28.2 mole) of 42a and 46a in 

57 75 ml ether was titrated with etheral diazomethane-'^ solu

tion at room temperature until the yellow color persisted 

and no further bubbles were evolved. The solution was 

concentrated to give a yellow oil (5.23 g, 97?^)- The ratio 

of esters 42b to 46b was determined by pmr as 91 to 9 (6, 

3.52 for OCH_ of ̂  and 6.3.47 for OCH^ of Mb). Prepar

ative separation of the epimers was attempted, without 

success, on the column E and F. A single symmetrical peak 

was observed in every case. 

Anal. Calc'd for : C, 74-97; H, 8.39 

Found ; C, 75-05; H, 8.44 

To a solution of 4.33 g (22.5 mmol) of 42b and 46b in 

50 ml of absolute methanol was added 12.2 g (225 mmol) 

sodium methoxide. The resulting brown mixture was refluxed 

for 46 hr. Upon cooling, the mixture was diluted with 50 ml 

ether and washed with 5 x 20 ml water. After drying over 

anhydrous sodium sulfate and removal of solvent, there 

remained a oil which weighed 0.88 g and contained an equal 

amount of 42b and 46b. Acidification of the combined aq. 
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layers yielded the corresponding acids (3.O6 g). Saponi

fication of the esters, followed by acidification, produced 

42a and 46a (0.8I g). The overall yield (3-87 g) was 78^. 

Separation of 42a and 46a via iodolactonization 

A solution of 10.1 g (56 mmol) of equilibrated 42a and 46a 

in 500 ml of 0.5 N sodium bicarbonate solution and a 

solution of 28.6 g (112 mmol) of and 56.0 g (337 mmol) 

KI in 150 ml water were mixed and stirred in a one liter 

flask which was wrapped with aluminum foil to avoid decom

position of the product. After 24 hr. the dark brown oil 

was separated from the aq. solution, which was then extract

ed with 3 X 200 ml chloroform. The combined organic layers 

were shaken with 2 x I50 ml 10^ sodium thiosulfate solution, 

followed by washing with 2 x 80 ml water and drying over 

anhy. NagSO^. Finally, removal of solvent yielded 7% 90 g 

of yellow solid. Two recrystallizations from 95^ ethanol 

gave 7*75 g (90^ yield based on 46a used) of mp 135-136° 

(ethanol) 

Ir (CHCl^); 1720, 1710, 1365, 1070 and IO3O cm"^ 

Pmr (CDC1_): 64.52 (m, 2H), 3.40-2.30 (m, 4H) 

and 2.25-1.05 (m, 7%); (see Fig. 2) 

Mass spec: parent ion at m/e 304. 

Anal. Calc'd for : C, 43.44; H, 4.31 

Found : C, 43-39; H, 4.47 

The aq. solution separated from the reaction mixture was 
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treated with lOfo NagS^O^^ solution until the red color dis

appeared. After acidification with 2N hydrochloric acid, 

the resulting mixture was extracted with 3 x 200 ml ether. 

The etheral layers were combined, dried and concentrated. 

The white solid (42a) weighed 3-77 g (75^)» mp l60-l62° 

(ether), 

Ir.(CCl^): 3500-2400, and 1700 cm'^. 

Pmr» 512.7 (s, IH) 5-45 (m, 2H) and 2.8-1.4 (m, IIH) 

(see Fig. 3 and 4). 

Mass spec.: parent ion at m/e 178. 

Esterfication of 42a with diazomethane gave a quantita

tive yield of 42b. 

Ir (GCl^): 1735 cm"^. 

Pmr: 65.40 (m, 2H), 3-52 (s, 3%), and 2.7-1-5 (m, IIH) 

(see Fig. 5 and 6). 

Mass spec.: parent ion at m/e 192. 

The procedure ^as repeated except 0.90 g of the 

nonequilihrated acid mixture eas used. The products were 

0.21 g of ̂ 4 and 0.76 g of 42a. 

syn-Carboxylic acid 46a from iodolactone ̂ 4 To a 

solution of 7.5 g (2.46 ramol) ^ in 12 ml glacial acetic 

acid was added 2.0 g zinc dust. The mixture was stirred at 

90° for 6.5 hr. The resulting mixture was filtered and 

washed with 2 x 10 ml hot water. After cooling to room 

temperature, the filtrate was extracted with 3 x 30 ml 
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ether. Evaporation of the ether gave a white solid (46a) 

which was redissolved in 5^ potassium hydroxide and acidi

fied with 2N hydrochloric acid. Filtration and drying left 

3-97 g (91^) &6a, mp 145-147° (ether) 

Ir (CClr): 3500-2400 and 1710 cm~^. 

Pmr: 012.6 (s, DgO exchangeable, IH) 5-40 (m, 2H) 

and 2.7-1.3 (m, IIH); (see Pig. 3 and 4). 

Mass spect.: parent ion at m/e 178. 

anti-10-hvdroxvmethyl-tricyclo-r4.3.1.0^' ^]deca-3-ene 

(42c) To 1.95 g (51'5 mmol) lithium aluminum hydride 

suspended in 30 ml anhydrous ether in a 250-ml two-necked 

flask equipped with magnetic stirrer, addition funnel and a 

drying tube on the top of the reflux condenser, was added 

3.00 g (16.9 mmol) 42a in 80 ml ether at such a rate as to 

produce gentle reflux. The mixture was .allowed to stir for 

24 hr. The excess hydride was decomposed by adding 25 ml 

of 20^ sodium potassium tartrate solution. The layers were 

separated, and the aqueous layer extracted with 3 x 10 ml 

ether. The combined etheral layers were dried over anhy

drous sodium sulfate and concentrated. The colorless oil 

solidified upon cooling, and recrystallization from hexane 

gave 2.18 g (79^) 42c. The solid was hygroscopic. 

Ir (CCI4). 2635, 3340, 3040, 1660, 1115, 1060, and 

1020 cm"^. 

Pmr: 65.40 (m, 2H), 3.72 (Br. d, OH), 3-35 (d, 2H, 
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J = 7Hz), 2.20-1.20 (m, lOH), and 1.03 (t, IH, 

J = 7Hz) (see Fig. 7 and 8). 

Anal. Calc'd for : m/e = 164.1201. 

Found ; 164.1202. 

svn-10-hydroxymethyl-tricyclo [4.3.1.0^' ̂ ]deca-3-ene 

46c Treatment of the svn-carboxvlic acid (46a) (3*97 g) 

as described for 42a gave a 92fo yield (3.36 g) of the 

svn-alcohol C46c). which solidified when cooled. 

Ir (film); 3340, 3020,1660, 1100, IO3O and 1010 cm"^. 

Pmri 05.47 (m, 2H), 3.88 (Br. s, OH), 3.38 (d, 2H, 

J = 7Hz), 2.50-1.00 (m, lOH), and 0.81 (t, m 

J = 7Hz) (see Fig. 7 and 8). 

Anal. Calc'd for : m/e = 164.1201. 

Found : 164.1202. 

anti-10-tetrahvdropvranvloxvmethvltricvclor4.3.1.0^' 

deca-3-ene (42d) To 2.88 g (17.6 mmol) 42c was added 

1.50 g (17.9 mmol) 3,4-dihydropyran, to which had been 

added five drops conc. hydrochloric acid. The mixture was 

allowed to stir at room temperature for 5 hr. Dilution with 

20 ml ether was followed by extraction with 2 x 5 ml 

saturated sodium bicarbonate solution and then 2 x 5 ml 

water. The ethereal layer was dried over anhy. magnesium 

sulfate, filtered and evaporated. The yellow oil was 

chromatographed on silica gel and eluted with a hexane/ 

ether mixture, to yield 3«58 g {82%) 42d as a colorless oil. 
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The sample was suitable for analysis. 

Ir (CCl^)j 3020, l650(w), 1075. and 1020 (s) cm~^. 

Pmr: 05.^2 (m, 2H), 4.48 (Br. s, IH), 3.90-3.15 (m, 

4H), 2.70-1.20 (m, I6H), and I.03 (t, IH, 

J = 7Hz) (see Pig.9 and 10). 

Mass spec: parent ion at m/e 248. 

Anal. Calc'd for ^]_5^24^2 ' 77.38; H, 9.7^. 

Found : C, 77.36; H, 9.53. 

svn-10-tetrahvdropvranvloxvmeth-vltricvclor4.3.1.0^' 1 

deca-3-ene (46d) Treatment of the syn-alcohol 46c (3.30 

g) as described for 42c gave a brownish oil which was 

purified by column chromatography to yield 4.25 g (85#) of 

46d. 

Ir (CCl^): 3010, 1655 (w), 1075. 1050, and 1020 (s) cm"^. 

Pmr: S5.5O (m, 2H), 4.4l (Br. s, IH), 3.8O-3.O5 (m, 

4H), 2.75-1.10 (m, I6H), and O.87 (t, IH, 

J = 7Hz) (see Fig. 9 and 10). 

Mass spect.: parent ion at m/e 248. 

Anal. Calc'd for : C, 77.38; H, 9.74. 

Found ; C, 77.36; H, 9.53. 

anti-lO-tetrahvdropvranyloxvmethvltricvclor 4.3.1.0^*^1 

deca-2.4-diene (44d) To a solution of 2.55 g (10.3 mmol) 

42d in 10 ml methylene chloride which was cooled to -78° was 

slowly added a solution of I.65 g (10.3 mmol) bromine in 

1.5 ml methylene chloride. After stirring at -78° for 30 
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min, the mixture was warmed to room temperature. Removal 

of solvent under vacuum at less than 35° resulted in a 

brownish oil which was used for dehydrobromination without 

further purification. The dibromo compound was dissolved 

in 10 ml freshly distilled THF which was predried over 

lithium aluminum hydride. Under nitrogen, 15 ml of a dry 

THF solution containing 5.0 g (33 mmol) 1.5-diazabicyclo[5• 

4.0]undeca-5-ene (DBU) was slowly syringed into the solution 

of the dibromo compound. A brown ppt. formed as soon as the 

DBU was added. The resulting mixture was heated at ^5° for 

48 hr. After cooling, 5 ml water was added, followed by 

extraction with 4 x 15 ml ether. The combined ethereal 

layers were dried, filtered and stripped of solvent. The 

resulting brown oil was chromatographed on silica gel using 

1$ ether in hexane as the eluent. Analytically pure 44;d 

(1.72 g, 68^) was obtained as a slightly yellow oil. 

Ir (film): 3040, 1080, and 1028 cm"^. 

Pmr: 06.30-5.60 (m, 4H,AA'BB'),4.60 (Br. s, IH), 

4.10-3.25 (m, 4H), 2.40-0.90 (m, 12H), and 

0.31 (t, IH, J = 7Hz) (see Fig. 11 and 12). 

Mass spect.: parent ion at m/e 246. 

Anal. Calc'd for ^2.6^22*^2 ' ^ ' ̂ 8.01; H, 9.00. 

Found : C, 77.88; H, 8.76. 

svn-lO-tetrahvdropvranvloxvmethvltricvclor4.3.1.0^' ^1 

deca-2. 4-diene (48d) Treatment of the syn-THP ether 



www.manaraa.com

69 

46d (2.50 g) as described for 42d gave a yellow oil which 

was chromatographed to yield (1.63 g) of 48d. 

Ir (film): 3040, 1064, and 1035 cm 

Pmr; 05.90 (m, olefinic 4H), 4.36 (s, IH), 3*90-3'30 

(m, 2H), 3.05 (d. of d. IH, J = 12Hz, J = 7Hz), 

2.65 (d. of d. IH, J = 12Hz, J = 7H2), and 

2.40-1.10 (m, I3H) (see fig. 11 and 12). 

Mass spect.; parent ion at m/e 246. 

Anal. Calc'd for : C, 78.01; H, 9.00. 

Found : C, 77.88; H, 8.76. 

svn-10-tetrahvdroT)vranvloxvmethvltricyclor4.3.1.0^' ^1 

deca-2-ene (47d)) In a 100-ml 3-necked flask, 3*90 g 

(34.8 mmol) of potassium t-butoxide in 25 ml DMSO was heated 

to 70° under nitrogen. A 20 ml DMSO solution containing 

2.80 g (11.3 mmol) 46d was syringed into the mixture. The 

resulting mixture became dark brownish immediately. After 

heating at 75° for l4 hr, the mixture was poured into 50 ml 

HgO and extracted with 4 x 50 ml ether. The combined 

ethereal layers were seqentially washed with 2 x 10 ml of 

10^ hydrochloric acid solution, 2 x 10 ml of 0.5N sodium 

bicarbonate solution and 2 x 10 ml water. The organic 

layer was dried over anhy. NagSO^, filtered and concentrated 

to give a crude product which was chroraatographed on silica 

gel. Elution with 2$ ether in hexane gave a mixture of 
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46d and 47d (1.90 g, 68^). Separation of the mixture (0.45 

g) was achieved "by column chromatography, using a 12^ 

silver nitrate-impregnated silica gel packing on a 1/2 x 20 

in. column and eluting with 500 ml hexane, then 1^ 

EtgO/hexane, and finally ether. 15 ml fractions were 

collected; fractions 31-59 (0.18 g) were identified as 

containing 46d and fractions 65-68 (0.18 g) as containing 

47 d (pmr analys is). 

Ir (film) J 3020, l660 (w), I050, and 1020 cm~^.. 

Pmr: 65.95-5-40 (m, 2H), 5.40 (s, IH), 3-90-3.00 

(m, 4H), 2.30-1=20 (m, I6H), 1.12 (t, IH, 

J = 7Hz) (see Pig. 23 and 24). 

Mass spect.: parent ion at m/e 248. 

Anal. Calc'd for C^^Hg^Og : C, 77-38; H, 9.74. 

Found : C, 77.27; H, 9.6I. 

anti-tetrahvdropvranvloxvmethvltricvcloP4.3.1.0^* 

deca-2-ene (43d) Treatment of the anti-THP ether 42d 

(2.36 g) as described for 46d gave a 79^ (1.86 g) yield of 

a mixture of 42d and 43d. Separation was accomplished over 

a 12^ silver nitrate-impregnated silica gel 60 dry column 

(1 X 60 in). Two spots (R^ = 0.11 and 0,34) were found via 

TLC, where the TLC plate was pretreated with an acetonitrile 

solution containing silver nitrate (developing solvent 8^ 

ether/hexane). 

Ir (CCl^^: 3035. 1630 ( w ) ,  1055, and 1020 cm"^; 
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Pmr: 66.00 (d, IH, J = lOHz), 5.50-5.10 (m, IH), 

4.50 (s, IH), 4.00-3.15 (m, 4H), and 2.20-1.10 

(m, 17H) (see Fig. 23 and 24). 

Mass spect.; parent ion at m/e 248. 

Anal. Calc'd for C^^Hg^Og: C, 77.38; H, 9.74. 

Found : C, 77-38; H, 9-73. 

svn-10-hvdroxvmethvltricvclor4.3,1.0^' decane (45c) 

A mixture of 0.59 g (3'6 mmol) 46c and 0.15 g 5f° pt/C in 

30 ml ether was stirred at room temp, under a 15 psi 

hydrogen atmosphere for one hr. The catalyst was then 

filtered off and washed with 2 x 10 ml ether. After removal 

of solvent, the crude product was recrystallized from 

pentane (0.57 g, 970), mp 41-42°. 

Ir (CCl^): 3620, 3350, 1085, 1060, 1045, and 1010 cm"^. 

Pmr: 64.22 (s, OH), 3.64 (d, 2H, J = 7Hz), 2.10-1.00 

(m, 14H), and 0.78 (t, IH, J = 7Hz) (see Fig. 27 

and 28). 

Mass spect.: parent ion at m/e I66. 

Anal. Calc'd for C^^H^gO : C, 79.47; H, 10.91 

Found ; C, 79-50; H, 10.91 

anti-10-hvdroxvmethvltricvclor4.3.1.0^' decane (4lc) 

Hydrogénation of 42c (O.52 g) as described for 46c gave a 

94^ (0.49 g) yield of 4lc which failed to crystallize. 

It- (CCl^): 3640, 3350, 1100, and 1010 cm"^. 
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Pmr: 64.00 (s, OH), 3.56 (d, 2H, J = 7Hz), 2.3-I.O 

(m, 14H), 0.86 (t, IH, J = 7Hz) (see Fig. 27 

and 28). 

Mass spect.: parent ion at m/e I66. 

Anal. Calc'd for C^^^H^gO ; C, 79*47; H, 10.91. 

Found : C, 79-40; H, 10.87. 

anti-10-hvdroxvmethvltricvclor4.3.1.0^' ^ldeca-2, 4-

diene (44c) To 0.60 g (2.44 mmol) 44d in 2 ml 95^ 

ethanol was added 5 mg p-toluenesulfonic acid. The mixture 

was stirred at 55° for one hr. and then poured into a 

mixture of 4 ml water and 60 ml ether. After separation 

of the layers, the ether layer was washed with 2 x 5 ml 0.5N 

sodium bicarbonate solution, 2 x. 5 ml water, dried and 

stripped of solvent. The yellow oil thus obtained failed 

to crystallize. Column chromatography on silica gel 

(methylene chloride elution) produced 0.28 g (71^) of pure 

44c 0 

Ir (benzene): j 600 ,  3450, IO9O, and 1010 cm 

Pmr (CDClj): 66.40-5.60 (m, 4H of/AA'BB"') ,4.60 (s, IH, 

OH), 3.95 (d, 2H, J = 7Hz), 2.7O-I.3O 

(m, 6H), and 0=35 (t, IH, J = 7Hz) (see 

Fig. 13 and l4). 

Uv (cyclohexane); 272 (4170), 254 (3960), and 248 

(4000) nm 

Mass spect.: parent ion at m/e l62. 



www.manaraa.com

73 

Anal. Calc'd for ; C, 81.44; H, 8.70. 

Found ; C, 81.22; H, 8.73. 

svn-10-hvdroxvme-thyltricvclor4. 3.1. 0^' ^ldeca-2. 4-

diene (48c) Treatment of 0.54 g of 48d as described for 

44d gave 68fo (0.23 g) of 48c after column chromatography. 

Ir (film); 3410, 3040, 1090, 1070, and 1020 cm~^. 

Pmr: 05.95 (Br. s, 4H), 4.50 (s, IH of OH), 2.88 (d, 

2H, J = 7Hz), 2.70-1.20 (m, 6H), and 1.18 (t, IH, 

J = 7Hz) (see Fig. 13 and l4). 

Uv (cyclohexane): 246 (3230), 252 (4040), and 257 

(3230). 

Mass spect.: parent ion at l62. 

Anal. Calc'd for C^^H^^O ; C, 81.44; H, 8.70. 

Found : C, 81.22; H, 8.73' 

anti-10-hvdroxvmethvltricvclor4.3.1.0^' ^ldeca-2-ene 

(47c) Treatment of 0.40 g of 47d as described for 44d 

gave 68^ (0.I8 g) of 47c after column chromatography (elution 

with CHgClg). 

Ir (CCl^^): 3630, 3330, 3030, 1640, 1100, IO65, and 

1025 cm"^o 

Pmr (GCl^): 06=02 (Br. s, IH), 5-50-5-10 (m, IH), 

3.57 (d, 2H, J = 7Hz), 2.70 (s, OH), 

2.50-1.30 (m, lOH), and I.33 (t, IH, 

J = 7Hz) (see Fig. 25 and 26). 

Anal. Calc'd for ̂ 22^2^^' 164.1201. 

Found : m/e 164.1194. 
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syn-lO-hydroxymethvltricvclor4.3.1.0^' ^ldeca-2-ene 

(43c) Treatment of 0.35 g of 43d as described for 44d 

gave 65?^ (0.15 g) of 43c. 

Ir (CCl^): 3640, 3040, 1635, 1100, IO65, and 1020 cm"^. 

Pmr: Ô6.00-5.40 (m, 2H), 3-40 (e, 2H, J = 7Hz) 

3.00 (s, IH), 2.30-1.30 (m, lOH), and 

1.10 (t, IH, J = 7Hz) (see Fig. 25 and 26). 

Mass spect.: parent ion at m/e 164. 

Anal. Calc'd for : C, 80.49; H, 9.82. 

Found : C, 80.19; H, 9.87. 

General Procedure for the 3.5-dinitrobenzoates (4le-48e) 

To a solution of 0.20 g (1.22 mmol) of alcohol in 10 ml dry 

pyridine was added 0.40 g (1.74 mmol) of 3,5-dinitrobenzoyl 

chloride (which was previously recrystallized twice from 

ether and hexane). The mixture was stirred at room temper

ature for 2 hr. and then left in the refrigerator overnight. 

The resulting mixture was poured onto ice-water. After 

ether extraction, the combined ether layers were washed 

with 10^ HCl solution, then 0.5N NaHCO^ solution, and 

finally saturated NaCl solution. After drying over anyh 

NagSO^ and removal of solvent, the remaining solid was 

recrystallized from CCl^/hexane to give the pure 3,5-

dinitrobenzoate. The data for the various 3,5-dinitroben-

zoates (4le-48e) are collected in Table 5 (see Fig. 15-22 

for pmr and ir spectra). 
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Table 5* The Physical Properties and Analyses for some 

3'»5-dinitro'benzoates. 

yield . Mass spect. Elemental 

comp mp m/e, at Analysis 

7 0 e v  calc'd found 

calc'd found foC fcC foK 

4le 104-105* 54 360 3 6 0  55.99,5.59 59.82,5.53 

42e 81-82.5® 74 358 358 6 0 . 3 3 , 5 . 0 6  6 0.44, 4 . 9 3  

àle 84-85° 69 358 358 6 0 . 3 3 , 5 . 0 6  60.38,5.05 

#e 113-114° 36 356 356 6 0 . 6 7 , 4 . 5 3  6 0 . 6 4,4. 6 9  

86-87* 77 3 6 0  3 6 0  59.99,5.59 6 0 . 0 0 , 5 . 7 0  

46 e 98-99* 52 358.1165 358.1159 - -

104-105° 6 6  358.1165 358.1144 - -

48e 92-94° 38 356.1008 356.0983 - -

Kinetic Studies 

A stock solution of 70:30 (by volume) acetone-water 

was prepared from purified acetone (distilled from KMnO^) 

and distilled water. Solvolyses were carried out in sealed 

ampoules, into which 3.5 ml of 0.0100 M 3,5-dinitrobenzoate 

solution had been transferred. A set of ampoules was 

immersed in a constant temperature bath at the appropriate 

temperature. After allowing 3 min for temperature equili

bration, the zero point was taken and an accurate timer was 
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started. After the appropriate times, the ampoules were 

withdrawn, cooled in ice, brought to room temperature and 

opened. A 2.99 ml aliquot was pipetted and titrated with 

standardized 0.01^2 M sodium hydroxide solution (the concen

tration changed after several weeks, thus necessitating 

restandardiz ation) with bromothymol blue as indicator. In 

each case, good first order kinetics were observed and 

average rate constants for duplicate runs were calculated 
to 

according to equation (3.)r The calculated infinity titer 

values (Voo ) were used. 

V^-Vo k 
log = : t • (3) 

v«x, - vt 2.303 

All kinetic data are summarized in Tables 6 and ?. 

Product Studies - General Procedure 

Samples of the 3,5-dinitrobenzoates were solvolyzed in 

70^ aqueous acetone for 10 half-lives. The work-up 

consisted of removal of organic solvent under reduced 

pressure, extraction with ether, combination of the ether 

layers, and washing with 2N NaHCO^ and saturated NaCl 

solution. After drying over anhy. NagSO^, the solution was 

concentrated under reduced pressure. Products were 

analyzed by the usual methods. 
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Solvolysis of 44e and ^8e Only one product was 

isolated and it was identified as 4-vinylindan ̂  (see 

results and discussion) in 84-^ and 86^ yield from ^^e and 

48e respectively. Anal. Calc'd for m/e 144.0939; 

found; 144.0938. Pmr and ir spectra are shown in Fig. 29 

and 30. 

Solvolysis of 4le and 4'^e Only alcohol ̂  was 

isolated in ca. 40^ yield after column chromatography 

(silica gel, eluant: 4^ ether in hexane). Ir (CC1|^) : 3^15 

(sharp, free OH), 3570 (sharp, intramolecularly H-bound OH), 

3420 (broad, intermolecularly H-bound OH), 1632 (w, 0=0), 

1190 cm"^ (s, tert. alcohol C-o);Pmr: 6 6.11 (4 lines, X 

part of ABX, = 16 Hz, J q̂ = 12 Hz), 5»21, 5*05, 4.92 

(5 lines, AB part of ABX, = 2 Hz), 2.3-1.0 (m, with a 

broad s. centered at 1.42, 15 H). 

Anal.: calc'd for O^^H^gO m/e,166.1358. 

Found: 166.135^* 

Solvolysis of 42e and 46e The pmr and ir spectra 

of the crude products from either 42e or 46e showed one 

major product, identified as Ir (CCl^): 36OO, 3460 (OH), 

3030 (olefinic 0 - H), l640 (C = C)cm and Pmr: 05.8O (4 

lines, X part of ABX, = 17 Hz, = 10 Hz), 5.65 (m, 2H), 

5.12, 4.94, 4.84 and 4.78 (8 lines AB part of ABX, 

= 2 Hz), 2.5-1.2 (m, 11 H). 



www.manaraa.com

78 

Solvolysis of ^3e and 47e The pmr and ir spectra 

of the crude product indicated one major product, assigned 

as Ir: 3620, 36OO, 3410 (OH), 3020 (olefinic C -H), 

1630 (C = C)cmT^ Pmr: 6 6.02 (4 "broad lines, X part of ABX 

= 17 Hz, Jgx = 11 Hz), 5.56 (m, 2 H), 4.98, 4.90, 4.81 

and 4.62 (8 lines, AB part of ABX, = 2 Hz), 2.5-1*1 (m, 

11 H). 

Synthesis of ^-vinylindan ^ 5-Bromoindan was 

synthesized via bromination of indan in acetic acid accord-
59 

ing to the procedure described by Bruce bp. 113-115°/I6 
'60 

torr (lit- 110-112°/l5 torr). 

To 150 ml ether and 5-8 g (30.4 mmol) cuprous iodide 

was added 20 ml of 3*1 M (60.2 mmol) vinyllithium, and the 

mixture allowed to react for a period of 15min. under, 

nitrogen at -20°. The resultant dark brown mixture was 

stirred for an additional 20 min. at -20°. After cooling 

to -78°, 2.47 g (12.5 mmol) of 5-bromoindan was added 

dropwise. After stirring for two hr., the flask was 

allowed to warm to room temperature. Addition of water (50 

ml) was followed by ether extraction, drying of the extract 

and solvent evaporation. 5-Vinylindan (0.32 g, 18^) was 

obtained as a colorless oil after vacuum distillation, bp 

ll6-121°/l7torr (lit^^^ 95-100°/lO torr). The pmr and ir 

spectra are shown in Fig. 29 and 30. 
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Control reactions When 0.10 g (0.282 nrniol) of 44e 

was dissolved in ^ ml of 70^ aqueous acetone containing 

0.0225 g (0.282 mmol) of urea, and solvolyzed for ten half 

lives, 4-vinylindan was obtained in 88^ yield. 

When alcohol 44c. (50 mg) was heated under the 

solvolysis conditions (i.e., in the presence of one equiv. 

of 3,5-dinitrobenzoic acid) for ten" half lives, 58^ of 

starting material was recovered; no 4-vinylindan could be 

detected by pmr spectroscopy. 
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Table 6. Kinetic Data for Solvolysis of 3,5-Dinitrobenzoates 

in 70:30 AcetonerWater at 70°. 

Compound t, Titer, ̂ 10^Kj_^ 
min. ml. sec" 

4le 

42e 

. 0 0.02 -

185 0.47 21.6 

300 0.69 19.4 

420 0.92 22.4 

540 1.09 21.8 

660 1.26 22.6 

I68O 1.90 22.1 Ave. 

0 0.03 — 

60 0.09 5.16 

240 0.19 4.52 

780 0o52 5.52 

1500 0.77 4.76 

2220 1.14 5.60 

2940 1.34 5.52 Ave 

0 0.02 -

360 0.34 7.67° 

^Average values for two runs. 

^The calculated infinity (Voo = 2.12 ml) was utilized. 

^Discarded value is not included in the average. 
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Table 6 (Continued) 

t, Titer,^ lO^K,^ 
Compound mir? ml. sec~^ 

Me 1080 0.94 8 . 9 0  

1440 1.09 8.25 

2580 1.53 8 . 2 0  

3300 1.74 8.60 Ave. 8.49 t 0.2( 

0 0. 04 -

1.5 0.54 201 

30 0.80 202 

40 0.98 2 2 0  

50 1.08 200 

60 1.20 202 

180 1.88 191 Ave. 203 + 7 

Me 0 0.02 -

180 0.29 10.2 

300 0.42 10.7 

540 0.64 10. 0 

7 2 0  0.81 10.4 

840 0 . 9 1  10.4 

1680 1.40 10.3 Ave. 10.4 ± 0.2 
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Table 6 (Continued) 

106K,̂  
-1 Compound 

t, 

min. 

Titer,^ 

ml. sec 

46 ( 

47 e 

48e 

0 0.03 -

240 0.14 3.02 

960 0.42 3.64 

I68O 0.60 3.04 

2940 0.84 2.70 

4080 1=08 2.79 Ave. 

0 0.02 -

1080 0.52 4.16 

258O 1.03 4.25^ 

3300 1.16 3.96 

438O 1 = 26 3.40 

7200 1 .68  3.60 Ave. 

0 

CM 0
 

0
 -

300 0.22 2.50 

1020 0.42 2 .62  

1680 0.60 2.70 

2940 0.82 2.38 

4080 1.03 2.44 

10080 1.89 3.60° Ave, 
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Table 7. Kinetic Data for Solvolysis of 3,5-DinitrobenzOates 

in 70:30 Acetone-Water at 100°. 

Compound 

^le 0 0.02 -

25 I0I5 4-50 

50 1.80 490 Ave. 470 + 20 

42e 0 0.02 -

120 1.50 1^3 

180 1.85 147 Ave. 145 1 2 

Me 0 0. 02 -

50 1.12 216 

120 1.80 206 Ave. 211 + 5 

We 0 0.02 -

2.5 1.26 5150 

5.0 1.78 4800 Ave. 4980 + 170 

Me 0 0.02 -

50 I0I6 228 

100 1.75 232 Ave. 230 ± 2 

46 e 0 Qo 02 -

120 0.88 65.3 

180 1.20 67.0 Ave. 66.2 t 0.8 



www.manaraa.com

84 

Table 7 (Continued) 

lO&K, 
Compound 

t, 

min. 

Titer 

ml. sec -1 

&ZÊ 

48e 

0 

120 

180 

0 

120 

180 

0 . 0 2  

1.34 

1.71 

0.  02 

0.84 

1.05 

118 

124 Ave. 121 ± 3 

6O0 6 

56.3 Ave. 58.5 - 2.2 
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PART II: 

SOLVOLYTIC FORMATION OF BRIDGEHEAD OLEFINS 
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INTRODUCTION 

Cyclopropyl Cation Problem 

61 
In 1951I Roberts and Chambers firët reported the 

solvolysis of cyclopropyl derivatives wherein they showed 

that the acetolysis of cyclopropyl tosylate (5^) proceeded 

some 10^ times slower than the acetolysis of cyclohexyl 

tosylate (^), and gave allyl acetate as the only isolable 

product. Based on the kinetic data, the authors proposed 

a two-step mechanisms slow ionization to the cyclopropyl 

cation, a process involving an unfavorable increase in bond 

angle strain at the cation center, followed by fast ring 

opening to the allyl cation. This conclusion was later 

questioned by Schleyer and Nichola^^ who noted that the 

acetolysis rate of 56.was 100 times faster than that of 7-

norbornyl tosylate (58) despite larger bond angles at the 

cationic center of^S. 

Foote^ and Schleyer^ have published more quantitative 

analyses of the solvolysis of_^ which showed that the rate 

was actually enhanced; they suggested that ionization and 

ring opening were concerted. 

The question of whether ring openings of cyclopropyl 

systems involve discrete cyclopropyl cations or concerted 

ionizations to allyl cations has subsequently attracted 

much attention. 
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•OTs 

56 

krel.: Zxio'^ 
at 60°C 

5Z 

1 

58 

10-7 

Î 

5â > 1 
HOAc 

OAc 
fast 

Depuy and discovered that either cis CIS or 

trans-2-arvlcvcloi)roDvl tosylate ( 49) was more readily 

solvolyzed than the parent compound 56. To account for these 

results the authors postulated that the cyclopropyl cation 

was not an intermediate in these solvolyses, but that ring 

opening occurred simultaneously with loss of tosylate, 

leading to a partial positive charge on the benzyl carbon 

atom in the transition state. 

Ô- U 

12 
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The rearrangement of a cyclopropyl cation to an allyl cation 

can be treated as an electrocyclic ring opening, subject to 

orbital symmetry rules^^ and is thus predicted to be a 

stereospecific disrotatory process(_&0 and £l)rather than a 

Woodward and Hoffmann favor mode £0, in which substituents 

cis to the leaving group rotate inwardly. These predictions 

have been confirmed by other calculations and have received 

widespread experimental support based chiefly on indirect 

kinetic evidence from the solvolyses and thermolyses of 

conrotatory process(62), Extended Huckel calculations^ by 

68 
cyclopropyl systems. 
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Furthermore, direct and complete stereochemical verifi

cation of the prediction was obtained through the study of 

the isomeric 2,3-dimethylcyclopropyl chlorides in strong 
69 

acid media (ShF^, SO^ClF at -100°). On the basis of the 

pmr spectra, the steroisomeric allyl cations were observed. 

For ̂ -substituted cyclopropyl derivatives, the rates 

of solvolysis for the trans isomers are ça. ̂ .5 x 10 times 

SbPy^O^ClF 

faster than those for the all cis isomersHowever, the 

order of reactivity can be reversed by simply joining the 

71 two substituents to form a ring. If the ring is small, 

a trans. trans allylic cation can not easily be accommodat

ed, but a cis. cis cation can. 
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// > 

OTs 

Ring size dependence on the stability of bicyclic 

cyclopropyl tosylates has been studied more quantitatively 

71 
by Schollkopf, et al. A series of endo- and exo- bicyclo-

[n. 1. 0] alkyl tosylates gave the relative acetolysis rates 

shown in Table 8.. 

The authors suggested that the rate decrease with 

increasing ring size in the endo series might indeed be a 

result of decreasing stability of the cis-cvcloalkenvl 

cation intermediates,62.- As judged from Dreiding models, 

the cyclohexenyl cation (n = 3 in^)is almost strain-free, 

while the cycloheptenyl and cyclooctenyl cations (n = 4 and 

5, respestively, in ,^)exhibit both torsional and trans-

72 
annular strain. Wiberg and Nakahira's experimental 

results for the solvolysis of cis-cycloalkenyl allylic 

systems are in accord with this reasoning. The cyclonon 

cyclononenyl cation (n = 6 in 
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Table 8. Relative Acetolysis Constants of endo- and exo-

Bicyclo[n.1.O^alkyl p-toluenesulfonates. 

H 

OTs (CHgîn^ (CH2)nV 
\  (C H 2)n t;f̂ H 

1 i 

^ K 
H 

H k OTs 

endo exo 64 

n krel at 100* n krel at 100° 

3 25,000 3 0 .01  

k 62  4. 1.7 

5 3.1 5 2 ,500  

6 3.5 6 10 ,000  

is, according to models, more flexible than its 7- and 8-

membered homologs. The opposite order of reactivity in the 

exo-series was attributed to the increasing ease in forming 

the trans. trans-allvlic cations as the ring size increased. 

However, intermediates as simplistic as 65 were ruled out, 

since these give strain-free Dreiding models only beyond 

the 12 and I3-membered rings. 
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Schollkopf, et al.^^ _ " therefore proposed that the 

intermediates were somewhere between a cyclopropyl and an 

allyl cation, i.e. the partially-opened cyclopropyl cation 

(see 64),wherein positive charge was distributed among the 

three cyclopropyl carbons, with the cyclopropyl character 

increasing with decreasing n. For instance, the solvolysis 

of exo-7-norcarvl tosylate (^) (n = 4) results in an 

equal mixture of 67.and 68, which can be explained on the 

basis of cation Ù3.. 

OTs 
Ô +  X  

OAc 

(-TsO-) 

HOAc 

66 
H 

62 

+ 

OAc 

HOAc 

/ 68 
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The high stereoselectivity of the formation of èl suggests 

73 
that the, orbital on C-7 may have a pyramidal configuration. 

71 
However, when n > 4- in the exo-series. , 20 » the allyl 

character of the cation predominates, leading only to mono

cyclic products 21 and 72 (the ratio of 21 to22. is 2). 

OTs 

HOAc / ̂  

.21 OAc 

y 22 

•=r̂  
("TsO") 

100° 

-f 
)Ac 

20 

\ 
-

In any event, when the cyclopropyl derivatives possess a 

7^ 75 76 77 substituent {e.£o , cyclopropyl , phenyl ' ' group) 

which would stabilize a positive charge at the site of the 

leaving group, primarily products without ring opening 

result. Evidence has been presented which is consistent 

with the formation of a classical cyclopropyl cation inter

mediate in these cases. The results are summarized "in 

equations 4, 5 and 6. 
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Piw J:i 

1 

ref. 13 

'h OCH^ CH30^Ph 

CH3OH 

AgNOg 

reflux 

+ 

Q: 

24̂  

h 

OCH, 

(4) 

19# 

ref. l4 

CI 

CH3OH 

CH. 

AgNOj 

115°, 12 hr. 70^ 

(5) 

HOAc 

AgOAc 

ref. 15 42̂  

23^ 

AcO 

35)( 

(6) 
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Bridgehead Olefins 

During the past few years, "bridgehead olefins have 

attracted rapidly increasing attention. Several excellent 

attempt to define the limits of Bredt's rule was made by 

Fawcett, who proposed that compounds with bridgehead 

double bonds should be isolable for S&9, and that compounds 

with bridgehead double bonds could be transient inter

mediates for S^7, where S was defined as the sum of the 

number of carbon (or other) atoms in the bridges of a 
Oq 

bicyclic system. Another approach, suggested by Wiseman 

in 1967f noted that a bridgehead double bond in any bicyclic 

alkene 73 is endocyclic to two of the rings and must lie 

trans within one of these. He thus postulated that the 

strain of a bridgehead alkene is closely related to the 

strain of the corresponding trans-cvcloalkene. On this 

basis, he forecast that bridgehead alkenes incorporating a 

trans-cycloheptene might be isolable and would be detectable 

as transient intermediates. 

reviews have been published in this area. 78-80 An early 

81 

c 

21 2à 25. 
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oh 
Wiseman and Chong reported that they were able to 

synthesize a mixture of the bicyclononenes and 23. = 7), 

although they dimerized after being isolated. In addition, 
84 

the base-catalyzed H/D exchange at the bridgeheads of 76 
86 

and 22 implied the existence of enolates related to 78. 
87 

Recently, Nickon and coworkers - reported a remarkably easy 

bridgehead exchange at C-3 in brendan-2-one, 22.' which 

the corresponding anti-Bredt enolate also contains a tran-

soid olefin in a seven-membered ring. 

(D)H 

,H(D) 

26 22 

However, so far there is no firm data for the existence 

of trans-cvclohexene. Consequently, the detection of 

related bridgehead alkenes is significant. The first example 
88 

of this type, reported by Campbell, et al., in 1965» involved 

the elimination of LiF from ̂  to give perfluorinated 1-

norbornene, which was trapped by furan to give two stéréo 

isomeric adducts. The parent hydrocarbon of ̂  was shown 
89, 90 

to exist transiently by Keese and Krebs, who treated 

1,2-dihalonorbornanes (82) with n-butyllithium in the pre

sence of furan to afford two cycloadducts. 
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In a similar study, adamantene, 83,, was presumed to be 
. 91, 92, 93 

the transient intermediate in the dehalogenation 

9^ of 84 and thermally induced fragmentation of ̂  in order 

to account for the formation of dimers and cycloadducts. 

.0 • 
H(D) 

(-LiF)̂  

80 81 

X=C1, Br 

82 
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84 

BiiLi 

iCC' 
85 

itBu 

-» aimers 

adducts 

The transient generation of homoadamantene during the 

pyrolysis of ̂  was used to rationalize the ça. 10^ yield 

95 of a mixture of dimers. Kovacic and Adams suggested that 

either the reaction proceeded preferentially via SZ or else 

that ̂  rapidly rearranged to 87. 

R 

66 

+ -
R = N(CH^)^OH 

or N0(CH_)2 

iP 
88 
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In connection with homoadamantene, Farcasiu and co-

96 
workers reported their results involving car "bene ring 

expansion as a source of anti-Bredt olefins. Pyrolysis of 

89 did not give unsaturated compounds but rather afforded 

five hydrocarbons {22% yield) of which three were regarded 

as direct dimerization products of 

89 

M=Li or Na 

Recently, bicyclo[2.2.2]oct-l-ene, was proposed as 

the transient intermediate to account for the results 

obtained from the reaction of with an excess of t-
. 97 ' 

butyllithium. 

dimers 

Br 

tBu 

21 
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The pyrolysis of the dried tosylhydrazone salt £2 led 

deuterium labeling experiment, the formation of the diene 

could be explained as arising via a retro Diels-Alder 

cleavage of 90. 

anolysis of in which the dihalocyclopropane unit is 

constrained in a propellane structure, making normal dis-

rotatory ring opening to a fully opened allyl cation seem 

prohibitive. With this in mind, the author, rationalized 

the major product, as having arisen via a Wagner-

Meerwein rearrangement of the initially formed cationic 

species (see Discussion for details). 

to 3-methylene-l, 6-hep'tadiene. On the basis of a 

22 

Propellanic Cyclopropyl Cations 

as studied the Ag -assisted meth 



www.manaraa.com

101 

CH^OH.AgNOi 

21 
22)g 

In addition, comparable products were also isolated by 
101 

Ledlie e_t al. from the solvolysis of unsaturated systems 25. 

and 97. 
Br _Br 

CH_OH 
—^ *» 
AgNO^ 

25. 
COoCH^ 

CĤ 0>̂ 0CH3 

(20#) 

32 

CH^OH 

AgNO, 
4-

(2-5#) (2-5#) 

Aromatization of diene ̂  andipp by silver ion, as 

explained by these authors, resulted in the formation of 

the corresponding ketones and 
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eô 
22 

100 26 

However, Warner, et al. 102 recently found that when 

dichloro carbene was added tothe initial adduct. 102 

was thermally labile in dipolar aprotic solvents. The oil 

(102) obtained after evaporation of the solvent underwent an 

exothermic reaction upon warming to room temperature. A 

white, crystalline material 103(ca. 80^ isolated) was 

deposited in the flask. Mass spectrometry indicated a 

formula of ^ dimer of 102. 

An X-ray analysis of the crystalline dimer showed that 

only one stereoisomer was formed, although there are eleven 

O 
:CC1 

.01 

»dimer 

iOl 102 101 
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possible stereoisomeric structures for the dimer of 102. 

l%)on dissolving cold 102 in fur an, and warming the solution 

to room temperature, there resulted a mixture of 1:1 adducts. 

Therefore, Warner and Larose concluded that the formation 

of dimer 103 occurred via the intermediacy of a partially 

opened cyclopropyl cation, 10^ wich collapsed to transient 

species 10^, which has a bridgehead double bond in a seven-

membered ring-the first example of a bridgehead double bond 

in a one-carbon bridge in this ring system. 

CI 

•» 

CI 
Ô + 

Ô + 

102. 

adducts dimer 

The effect of the double bond of 102on the dimerization 
103 

was also investigated. It was observed that the saturat

ed analog 106was even more labile than 103, i._e. , io6 was 

more reactive toward ionization and ring opening than was 

•102. 
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106 

In an independent study of the solvolysis of 93 in 

aqueous acetone in the presence of silver perchlorate at 
104" 

20° , Reese and Stebles reported that SU was the only 

isolable product {62% yield). These authors suggested the 

same mechanism as did Ledlie. An accompanying hydrolytic 

study of 1-deuterio -7,7-dibromobioyclo [^«I'O] heptane. 107. 

wherein pmr spectroscopy revealed that the deuterium atoms 

in the products (Ï08 and Ï09) were equally distributed between 

two positions, led to the postulation of a hydride shift 

mechanism, as follows: 

ir 

aq. acetone 

1Q2 108 0̂̂  
0 

+ 

1 1 

109 11% 
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105 
In a similar study, when compound 110was subjected 

to silver-assisted solvolysis in aqueous acetone (5 •'951 v/v), 

the products were 111,112 and some unidentified products, 
106 

one of which was later shown by Warner, et aJ.. , to be diol 

113. Since only the formation of 2JJLcould be explained by 
105 

the Wagner-Meerwein rearrangement mechanism, Reese 

postulated that 112 arose from bridgehead olefin ll4via 

protonation and fragmentation. Indeed,%he isolation of 

diol 113 further supported the existence of 11̂  

The solvolysis of the unsaturated analog of 110. 33 

was also examined by two groups, Ketone 115 was the only 

product identified by Reese and Stebles}°^who felt that 115 

and 112 were both pure geometrical isomers on the basis of 

the sharpness of the bromomethylene proton signals in the 

pmr spectra. Further pmr studies of 112, utilizing shift 

107 
reagents, confirmed this assertion. However, Warner and 

coworkersfound that a diol. II6. was isolated in yield 
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AgClOi^ 
aq. acetone 

110 

•f 

111 • (15#) CHBr 

112 (505̂ ) 

in the Ag^-assisted solvolysis of .2^ in 90# aqueous acetone, 

along with 11^ in 2?^ yield. A single crystal X-ray analysis 

of diolll6 showed that stereospecific protonation had 

occurred. 

Br_ ̂ Br 

\ AgClOa 

aq. acetone 

(90#) 

+ 

iii 116 

27# 
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108 
More recently, Ledlie and Bowers investigated the 

methanolysis of 117 in the presence of silver nitrate at 100° 

and found that three volatile products were obtained in ca. 

10^ yield. The authors proposed the following pathway for 

the formation of the volatile products. The intermediacy 

of 118 or 119 is at best problematical. 

CH^OH rX 

112 

AgNOj 

100°, 25hr. 

2-3# 
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The synthesis of metacyclophane 120was achieved by 

treating l2l with phenyl (trichloro methyl) mercury in hot 
109 

benzene (7^ yield). On the other hand, its lower 

homolog. 122. was not obtained utilizing the same procedure. 

Instead, a mixture of 123 {S.kfo yield) and 12^ (66# yield) 

110 was produced. Parham considered two pathways for formation 

of 124; (l) a route involving a bridged allylic ion, which 

also gave rise to 1^ (path a in Scheme 5 ) and C6 ) a 

separate route to 12'^ involving a phenyl migration (path b 

in Scheme 5 • Evidence mitigating against path b came from 

the authors' demonstration that 120reacted readily with HBr 

in hot benzene to give a mixture of 126 (̂ 0% yield) and 127 

(53^ yield). Additionally, when 120was heated in benzene 

containing a mixture of p-toluenesulfonic acid and trifluoro-

acetic acid, 127 was produced quantitatively. 

"  ̂CuO 
120 121 
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110 

120 

00 
o 

o 

W 
I t-3 
m 
§ 

N-o o 
o 
ro 

a\ \f  % 

(98#) 

127 (53#) 

+ 

(CH2)6_Br 

126 ikOfo) 

In order to further evaluate the pathway for the 

formation of 127 and 126 -labeling experiments^^^were 

carried out, the results of which showed that the formation 

of 127 does not involve phenyl migration. The cleavage and 

rearrangement products. 123 and 124. are apparently derived 

from the same intermediate (122) (see Scheme 6 ). 
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Scheme 6 

path d 

120 

path c 

12Z 127 
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RESULTS AND DISCUSSION 

Synthesis 

7' 
The compounds studies were either already known (JH, 

105 8 111 
110» £2.» 129 ^ readily prepared via tri-n-

butyltin hydride reductiorf^^ of dibromide derivative 

for monobromides 46f.42f.^4f and 4lf ). The latter two were 

generated by catalytic hydrogénation of k6f and 42f in ether. 

Separation of epimers ̂ 6f and it-2f was accomplished by column 

chromatography. The stereochemistry or 46f and 42'fwas 

assigned on the basis of (i) similar pmr signals for the 

allylic protons of 32, and 46f which are distinctly different 

from those of &2f ; (ii) lithiation of ̂ 6f with" nt,3iiLi ' 

followed by retentive deuterolysis and catalytic hydrogén

ation to give [4.3.l]propellane, where the cyclopropyl 

protons are well separated in the pmr spectrum; (iii) 

lithiation of 46f with n-BuLi followed by carboxylation 

to give a single carboxylic acid which could be converted 

to the iodolactone, indicating overall stereoretention. 

^^C;-Enriched 128 was synthesized via a standard procedure 

using -enriched chloroform. 

Br ,Br 

110 
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113 

38 

Cl Cl 

i+2f 

,Br 

4lf 

Br^ , Br 

128 

The [4.3.1]propellane System 

105,106 
Previous work on the solvolyses of 33 and llOin 

aqueous acetone utilized excess silver ion. Isolable 

products were identified as 115 and ll6 (see Fig. 33) from 

33» and as 111,112 and 113 (see Fig.32) from 110 (see Eq. 7 

and 8). However, when 110 was solvolyzed with 1.1 equi

valents of silver perchlorate in SQffo aqueous acetone, two 

new compounds. 130 (11^) and 131 (0.2#). were isolated. 

Ag' 

aq. acetone 

33 CHBr 115 

(7) 

116 
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00 MOO MOO MOO »00 3000 

Figure 31. Pmr (Top) and Ir (Bottom) Spectra of lOa-Bromo-

1,6- dihydroxybi cyclo[ 4.3.1] de cane ( II3.). 
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Figure 32. Pmr (Top) and Ir (Bottom) Spectra of lOa-Bromo-

l,6-dihydroxybicyclo[^.3.l]dec-3-ene ÇL16). 
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OH 

Figure 33» Ir Spectrum of 7-Hydroxy'bicyclo[5• 3 • 0]decan-2-

one (130). 
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110 

Ag + 

aq. acetone 

0 

CHBr 

f 

112 

^(jP 
11Ï 

in 

(8) 

0 H 

122 231 

P-Hydroxy ketone 130 solidified in the refrigerator 

mp, 9^-95° <kfter recrystallization from hexane/ether). 

Infrared (see Fig. 33) peaks at 3600, 3^50 and 1707 cm ^ 

served to indicate the presence of the two functional , 

groups; elimination of water (70-72^ perchloric acid) to 

give 111 established the skeleton of 130. as well as the 

position of the carbonyl group, ^he P positioning of the 

hydroxyl group was assumed by analogy with the correspond

ing bicycloundecanone 137(vide infra). The cis stereo

chemistry of the ring fusion of 130was established using 
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Eu (fod)^; at a 1:1 mole ratio.of shift reagent to 130. Hn 

showed an induced shift of -12.3 ppm, while no other 

carbon-"bound proton had undergone a larger LIS (see 

experimental section). Carboxylic acidl31 had a typical 

ir spectrum (3600-2^00, 1705 cm~^) and mass spectrum [l68 

(P), 151 (P-OH), 123 (P-COgH). The stereochemistry of I31 

was tentatively assigned as cis-fused by analogy with our 

results for the solvolysis of ll,ll-dibromo[4.4.l]propellan.e 

(vide infra). No diol 113was isolated in a reaction of 110 

with 306 equivalent of silver ion in 90^ aqueous acetone, 

but the yield of 111 increased to 16^ at the expense of 130. 

and that of 112 grew slightly to 52?^' It seems reasonable 

that Reese did not observe 113. since he utilized excess 

silver perchlorate. Reese's unidentified product (/^5^) 

was probably a mixture of 13X)gnd 131 « which is consistent 

with the results obtained from the solvolysis of llOwith 

3.6 equivalent of silver perchlorate (see Table 9). A 

control experiment for hydroxy ketone 130 under the 

solvolysis conditions showed that enone 111 was indeed an 

elimination product from 130. 

Furthermore, when diol 113was treated with excess 

silver perchlorate in aq. acetone, a l4:1 mixture (glc 

analysis) of hvdroxvketone 130 and enone 111 was obtained. 

This observation further suggested that products 111 and 130 
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Table 9. Products of Ag+ Assisted Solvolysis of llOunder 

Various Conditions. 

[Ag"^] [ii^, Acetone/kgO Time Yields of Products Réf. 

[49] M Vol. % Min. 112 111. ill IIÇ lH 

excess ? 95 10 50 15 - ca. 5 105 

1-2 0.02-
o.o6 

90 20-
30 

43 13 15 - - 106 

1.1 0.32 90 15 42 3 10 11 0 . 2  this 
work 

3.6 0.19 90 300 52 16 0 4.4 0 . 2  this 
work 

as well as 112. are derived from the same intermediate (i.e_. , 

114). However, the minor product llimust arise from a 

different intermediate, most likely 132 (ring opening of such 

an intermediate is precedented by the work of Groves and 

113-
Ma )b That ilOdoes not directly yield 111 via acid-

catalyzed addition of water was indicated by the finding 

that ilO can be recovered unchanged after being subjected 

to the acidic hydrolysis conditions (simulated by reacting 

one equivalent of ethyl bromide with a similar amount of 

silver perchlorate prior to adding no to the solution). 

Furthermore, [4.3.1]propellane was recovered unchanged 

after treatment with acidic silver perchlorate indicating 
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that carbon-halogen bond cleavage is necessary for further 

molecular transformations under these (aqueous acetone) 

hydrolysis conditions. Scheme 7 summarizes the pathway 

for the hydrolysis of 110. 

Scheme 7 

Br̂ Br 

Br OH 

COOH 

231 m 

I  Ag + 
0 H 

-H 

H" 

2M 
OH 

-H^O 

CHBr 112 

0 

CP 
111 
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In a parallel study, diol gave hydroxy enone 12^ 

(see Fig. 3^) in 97^ yield in the presence of excess AgClO^ 

in ^Qffo aq. acetone (20 hr.). The lanthanide shifted pmr 

spectrum of 133 at a 1:1 molar ratio of Eu (fod)^ to 133 

showed an LIS of -11.0 ppm for Ha; since Ha was again the 

most shifted carbon-bound proton, 133 was judged to have a 

cis ring fusion. Catalytic hydrogénation of 133 gave a 

quantitative yield of 111 Neither 133 nor 13^ were mentioned 

in the early reportsNo further investigation of 

these compounds was pursued. 

133 134 

105 
It was reported that the formation of ketones 112 

and 113 was stereospecific on the basis of the sharpness of 

the bromomethylene proton resonances in their respective 

pmr spectra. However, the detailed structure of 113 (and 

112)was unknown (either! i pp. orll2b was correct). In order 

to determine the stereochemistry of112. its 2,4-dinitro-

phenyl-hydrazone derivative (l35)was synthesized (see Fig. 

35)' An X-ray study of this yellow crystalline substance 
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W«v[l(notn 

Figure Pmr (Top) and Ir (Bottom) Spectra of 7-Hydroxy-

TDicyclo[5.3«0]dec-^-en-2-one (133). 
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NNH-2,^-DNP 

lèfl ' liu Hwcr 

wavelength in microns 

• lOO ; »] 

NNH-2, 4-DNP 

3200 3000 2800 2600 2400 2200 2000 1900 1600 1700 1600 1500 . 1400 1300 1200 1100 1000 900 800 700 
wavenum&w cm 

Figure 35.  Pmr (Top) and Ir (Bottom) Spectra of 2,4-

Dinitrophenylhydrazone Derivative of 112, (135) 



www.manaraa.com

124 

was undertaken.. The space group was found to be P%, with 

2 molecules per unit cell of dimensions a = 11.048 (5) 

b = 11=997 (6), c = 7.514 (2) A, and a = 98.42 (3), 

P =97=09 (3)» Y = 116.70 (4)°. The structure was solved 

by heavy atom methods and fully refined (excluding H's) to 

a discrepancy index of R = 0.094 for 1920 uniquely measured 
2 114 

structure factors (Fq>3cj )̂. The key feature of 13̂  (and 

thus 115) is the orientation of the bromine atom, which is 

as in 112b,. Since Warner,et al.^°^ demonstrated the stereo

chemistry of diol 113 (and thus 136). the fragmentation of 

136toll2 must occur with retention of configuration to give 

112bonly. The cmr spectrum of 112 (see experimental) con

firmed that 112 is probably^ 99^ epimerically pure, since 

only 10 peaks were observed even after 21,000 pulses. In 

a parallel study, Reese discovered that the pmr of 112 in 

the presence of shift reagents shows no evidence for the 

epimer of 112b. 

H Br 

112a 112b 
fNH-2, 4-DNP 

115. 
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A noteworthy conformational feature of135 is that the 

exocyclic carbon projects above the nine-membered ring 

r_ = 3.O7A, r^ = 3.44A), making transannular 
cj-cg ci cio 

interaction im 1 ?. seem attractive. Although 112 is stable 

under aqueous solvolytic conditions, it suffers conversion 

to the bicycle ,126, upon treatment with aluminum trichloride 

in acetic anhydride (52^ yield) (see Eq. 9), Furthermore, 

Warner observed a similar trans annular cyclization of ll') 

which was converted to bicyclic derivatively?during pro

longed acetolysis of XI a.'t room temperature (see Eq = lO). 

a 
AlCl, 

AcgO 

150°,  2.5 hr. 

112 

(9) 

Br H 

111 

AgClOk 

HOAc 

25°, 1 hr. 

(10) 
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In order to study the unassisted solvolysis of HQ, an 

acetic acid solution of 110.buffered with 2 equivalents of 

sodium acetate, was heated at 125° for one hr. The result

ing products, summarized in Eq.11,also implicate a reaction 

pathway involving bridgehead olefins 

Thus upon column chromatography, the products first 

eluted consisted of a mixture of epimeric cyclopropyl 

acetates ,138 -exo andl38-endo. No further attempt to 

Br Br 

110 

Ho AC 

NaOAc, (2eq) 

125°, 1 hr. 

138-exo 138-endo 

139 18^ 112 

136 53f° 140 2.5% 

(11) 
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separate the epimers was made. The structure of the 

epimers was confirmed when it was found that the same 

epimers are produced by catalytic hydrogénation of '153 

(the analogous solvolysis products from 33), the structure 

of which was firmly established (vide infra). The exo/endo 

ratio was determined from the pmr integration of the cyclo-

propyl proton resonances (03.I8 for 138-exo. 62.80 for 

138^ndo). Compound 139. eluted next, proved to be a bridge

head olefin containing an acetate group at the other 

bridgehead position (see Fig. 36). The following chemistry 

supported the proposed structure: 

Pd-C 

H 

OAc 

141 

HOAc HOAc 

, 11 hr OAc 
118 

IM 

OAc 
142 
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3 WAVatNCTH 

Figure 36.  Pmr (Top) and Ir (Bottom) Spectra of 6-Acetoxy-

10a-bromobicyclo[4.3.l]dec-l(9)-ene (lj9) 
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BrCHOAc 
Br^^H 

6ac 

1È1 
144 

cb 

OH 
OPNB 

aq. acetone 

OH 

146 147 

Thus catalytic hydrogénation of 139 afforded a single 

product (i4l) (see Fig. 37), A doublet at ô 4.95 (J =' 5Hz) 

inl4l suggested H^^ is coupled to H^. The alternative 

structure. 143, could not lead to a reduction product in 

which the low field proton would be vicinally coupled. 

Acid-catalyzed isomerization of 139. which afforded the 

epimeric mixture 138.served to establish the positioning 

of the double bond (i.e. 1^ was excluded vide infra for 

discussion of this regioselectivity). Diacetatel3ê was 

also found as the minor product from the acid-catalyzed 

isomerization of 139. It should be noted that the rearrange

ment of 139 to 138 is precedented by the work of GassmanTet al 

l45-»l46-»l47. Tri-n-butyltin hydride reduction of 139 gave 

.142;its pmr spectrum reveals a broad triplet (J = 5«5Hz) 
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at ô 5«55 as the only low field absorption, which also 

mitigates against structure 14-3 (it would give two low 

field peaks upon reduction). Also, the very small change 

in chemical shift seen for the olefinic proton upon 

reduction ( 6 = 0.15 ppm) made structure l^ seem unlikely. 
105 

Monocyclic ketone 112. eluted next, was a known compound. 

The major product, diacetate136 (see Fig.38), was sub-
106 

sequently eluted and converted to the known did, 113. 

via basic hydrolysis in methanol. Finally, hydroxyacetate 

lApwas obtained (see Fig. 39)» Since the analogous un

saturated hydroxyacetate 13?(see Fig. 49) had previously 

4-3 
been observed from the acetolysis of 20.' the finding of 

1^0was not unexpected. The structure of l40 was confirmed 

by its conversion to 136 with acetyl chloride in pyridine. 
43 

Since in the earlier work in glacial acetic acid Warner 

had noted that unsaturated diacetate 154 was slowly convert

ed to unsaturated hydroxyacetate 137.it was suspected that 

some water was involved in the production of l^•0. Therefore, 

the acetolysis was repeated in the presence of 10^ AcgO, 

whereby the products given in Eq. (12)were obtained. 

HOAC/ACOO 
110 

Na0Ac(2eq) 

129*,1 hr. 

IM +136 

21)2 63̂  
(12) 
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Br 

'Ac 

j wavelength >iM 

Figiii'e 37* Pmr (Top) and Ir (Bottom) Spectra of 1-Acetoxy-

10a-'bromo"bicyclo[^.3.l]decane (l4l). 
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OAc 

AmiVWV^ 1^ 

ikr -W 

WiVk'tSi.'M 1«I MJCOW", 

Br 

AcO 

OAc 

Figure 38.  Pmr (Top) and Ir (Bottom) Spectra of lOa-Bromo-

l,6-diacetoxyblcyclo[4.3.1]decane (136). 
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Figure 39» Pmr (Top) and Ir (Bottom) Spectra of 1-Acetoxy-

10a-bromo-6-hydroxybicyclo[^.3•l]decane (l4o). 
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This seemed to verify thatl4o arose via intervention 

of water. More importantly, the absence of monocyclic 

ketone 112 showed that ion 149 canhot fragment with loss of 

concerted fragmentation of l49a" to 112 "with "the added require

ment of a good departing cation (in this case à proton) 

(see Scheme 8). 

It should be noted that140 did not give 112 under the 

reaction conditions, which made the alternative mechanism 

for the formation of 140 shown in Eq.I3 unlikely (or at 

least less important than the involvement of water 

mechanism) » -d̂  

acylonium ion; this strongly supports the concept^of a 

4. HOAc 

126 140 
Scheme C 

Br 

DH 
114 149a 
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The "buffered acetolysis of H utilizing 10^ AcgO, resulted 

in the products show in Eq. 14. 

Br Br 

21 

AcgO/HOAc 

NaOAc 

125°, 29 hr, 

Br H 

152 Ifo 

144 61# 

CHBr, Br. OAc 

oAC 

+ I 

OAc 

lil-exo 9% 153-endo 3% 

(14) 

Thus products 152 (see Fig. 4o), 1^3. 154 " are the 

unsaturated analogs nf 139.138 and 136. The regioselective 

formation of 139 and 152. to the exclusion (or nearly so) 

of isomeric bridgehead olefins with the double bond in the 

four carbon bridge, can be due to several factors. First 

of all, the A 1, 2 isomers appear to be more strained than 
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Br 

'Ac 

"6r rk-•Hr •ir iv 

Br 

OAc 

Figure 40. Pmr (Top) and Ir (Bottom) Spectra of 1-Acetoxy-

10a-bromobicyclo[4.3.1]deca-3,6(7)-diene (152). 
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the ones observed (examination of Dreiding models). Alter

n a t i v e l y ,  d e p e n d i n g  o n  t h e  c o n f o r m a t i o n  o f  1 ^ 9 . m a y  

be better aligned for elimination than H-5o More import

antly, perhaps the stereochemistry of reaction of 14-8 (and 

148), in which protonation from the right-hand side may 

leave an acetate ion closer to H-7, may portend the 

ultimate formation of 139 (and 152). It is doubtful that 

148(or 148) was directly transformed into 139 (or 152) via 

a 1,3[H] shift (thermally disallowed). Also an acetic 

acid-mediated concerted [H] shift would be disallowed (8 

electrons). 

Two of the products obtained from the acetolysis of ̂  

had no analogy in the products obtained from 110. The first 

one, 150 (see Fig. 4l), was formed by a solvent protonation-

deprotonation process, which became competitive with the 

slower solvolytic process of ̂  (relative to 110). In fact, 

the unbuffered acetolysis of gave primarily (ça. ̂ •Ofo) 
43 

150. The regiolocation of the angular double bond of 

150 was indicated by the absence of anything but end 

absorption in the TJV spectrum. This sensitive probe, 

coupled with the fact that the cmr showed only 10 peaks 

(4 olefinic and 6 aliphatic) even after 11,264 scans, made 

it unlikely that 166 was present in the solvolysate. How

ever, one could not be confident thatl6S wasn't formed, 
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CHBr 

oz 

CHBr 

Figure 4l. Pmr (Top) and Ir (Bottom) Spectra of 1-Dibromo-

methylbicyclo[4.3' 0]deca-3»6(7)-diene (3^_0). 
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43 
since it had been shown that 156 rearranged to 157 under 

acidic and thermolytic conditions. The isolation of 150 

raised the possibility that 153 and 152 were formed via 

solvolysis and rearrangement of 150, rather than via 

solvolysis of 33 (see Scheme 9). Indeed, treatment of 150 

under the solvolysis conditions ' led to 25?^ rearrangement 

to 153 (predominantly 153-exo) and perhaps some (but 

small relative to the amount of 153). Thus roughly 10$$ of 

the total amount of 152 and 153 formed arose via solvolysis 

of 150. whereas 90^ came through 158. It is interesting 

that the rearrangement of 150 occurred stereospecifically 

(with respect to the bromine orientation). 

CHBr 
2 

151 

CH 

156 151 
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Scheme 9 

Br H 

— I 

0^ 

Br H 

+ 

H 

16 0 

Br_ H 

The second novel compound isolated proved to "be 

propellane 151 (earlier thought to be a bridgehead olefin 

diraer ) (see Fig. 42), formed via collapse of the initial

ly formed ion at the cyclopropyl position. The stereo

chemistry of 151 was assigned by analogy with solvolysis 

product i6.2 (vide infra), but is unproven. Basic hydro-
117 

lysis of l5l led to the expected, known carboxylic acid, 

163. A second product, assigned structure l64 on the basis 

of an ir absorption at 1825 cm~^, was also isolated from 

the hydrolysis mixture. 
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''V1lŴ «̂ /,;vŴ M̂ k///'lr 

3 3 35 4 5 wavaencih iim 6 7 8 » 10 u 12 13 

co moo 3*00 &eo sm woo two 3«oo 3400 mo xec i«oo two itoo iooo isoo 140o iwo 1200 noo 1000 «00 wo 
wavenummk cm"' 

Figure 42. Pmr (Top) and Ir (Bottom) Spectra of 10&-

Acetoxy-10a-'bromotricyclo[4„3.1. 0^'^]dec-3-ene 

(l^l). 
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.0 
COoH 

2âl 164 

The epimeric mixture of lS3-endo and 153-exo was 

separated by careful column chromatography (see Fig. 4.3 

and 44). The position of the acetate group was ascertained 

by separate hydrolysis and oxidation of the epimers to the 

same ketone (166, see Fig. 45, which also served to prove 

the epimeric nature of the isomers). This ketone showed 

an ir absorption at 1735 cm~^, entirely appropriate for a 

5-membered ring ketone conjugated to a cyclopropane, but 

clearly inconsistent with a conjugated cyclohexenone (^.g. 

16%). 
Br H 

MeOH 

B%__H Br H 

p-TsCl 
* 

'Ts 

162 166 46f 
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Br 

OAc 

wavenumter cm-' 

Figure ̂ 3. Pmr (Top) and Ir (Bottom) Spectra of 

Acetoxy-10a-bromotricyclo[4.3•1» 0^'^]dec-3-

ene (153-endo). 
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Figure Pmr (Top) and Ir (Bottom) Spectra of 

Acetoxy-10a-bromotricyclo[4'o3 • 0^'^]dec-3-ene 

(153-exo). 
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Br 

Br 

Figure 4-^. Pmr (Top) and Ir (Bottom) Spectra of 10a-

Bromo-7-5%ptricyclo[4.3.1.0^'^]dec-3-ene (l66). 
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« 

(P 
CTAc OAc 

120 168 

Thus 16 8 and/or the bridgehead olefin 170 were not 

solvolysis products. The orientation of the bromine atom 

on the cyclopropane ring was proven via hydrolysis of the 

epimeric acetates, l53 to the epimeric alcohols, l65 (see 

Fig 46 and 4?), followed by tosylation and sodium cyano-

borohydride reduction of the tosylates, l6.9. to the known 

(vide supra) bromide, 46f It should be noted that the 

reduction of the tosylate had to be carried out in situ 

(with addition of HMPA), since attempts to isolate the 

tosylates failed. Also, sodium cyanoborohydride reduction 

of the tosylhydrazone derivative of 166 did not lead to 

any identifiable products, as did not similar reduction 

with catechol borane. 

The structural differentiation between 143-exo and 

l53-endo was made on the basis of the coupling pattern 

observed for the methine proton at (carbon bearing 

acetate). Thus it was concluded, from an examination of 

models and use of the Karplus equation, that Hy-g^do 

143-exo) should be coupled to both neighboring protons 

almost equally, with J = 7•5-^-5 Hz (observed; triplet, 
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Br 

Br 

OH 

Figure 46. Pmr (Top) and Ir (Bottom) Spectra of lOcx — 

Br omo - 7 -hydroxy tri cy clo[ 4. ] .1.0^' ̂]dec-3-

ene (l65-endo). 
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WAVagNGTM >iM 

Figure ̂ 7. Pmr (Top) and Ir (Bottom) Spectra of 10a-

Bromo-7gjjQ-hydroxytricyclo[4.3.1. 0^'^]dec-3-

ene (l65-exo). 
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Br 

AcO 

OAc 

Figure 48. Prar (Top) and Ir (Bottom) Spectra of lOa-

Bromo-l,6-dlacetoxy'bicyclo[4.3. l]dec-3-ene 

(154)-



www.manaraa.com

150 

s WAVaB4GTM >iM 

Figure 4?. Pmr (Top) and Ir (Bottom) Spectra of 1-Acetoxy-

10a-'bromo-6-hydroxy'bicyclo[4.3.l]dec-3-ene (1^7) 
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J = 8Hz,). On the other hand, (of 143-endo) should 

he coupled to (J = 5Hz), but not to 

(observed; doublet, J = 3.5Hz). Corroborative evidence 

for these assignments came from the cyclopropyl hydrogen 

chemical shifts. These were ô 3=30 for l53-exo and ô 2.92 

for 163-endo (compare 6 2.85 for the corresponding proton 

of46^). wherefrom the expected deshielding effect of the 

exo acetoxy group was clearly seen. The above spectral 

features were also seen in the corresponding alcohols, 2Â5.' 

The solvolysis of 46f.45f.42f. 4lf _ was undertaken, 

in part, to demonstrate that the bromine atom svn to the 

five-membered ring was the more reactive one, and also to 

further investigate the role of the "partially-opened" 

cyclopropyl ion, first suggested by Schollkopf, 

71 et al. where we hoped to look at both kinetics and 

products, with the thought that the three membered ring 

might be retained in the products. 

Br Br, 

46f Mf 172 

Products 
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As could be predicted on the "basis of the trans-cvclo-

hexenoid character that would result in the ions derived 

from 46f and 4^5f (see 17 2), neither 46f nor 4Sf underwent any 

solvolysis in buffered acetic acid at 125°. While solvent 

addition eventually intervened for 45f.46f could be recovered 

unchanged after 42 days.On the other hand, 42f and 

4lf which lead to ions with trans-cycloheptenoid character 

(see 171). both solvolyzed smoothly under buffered 

conditions to give one product each (in approximately 3Qffo 

yield, as judged by internally standardized pmr, and in ça. 

75?^ isolated yield*"^"^). Since spectral data were inconclu

sive, cyclopropyl acetates Q.2K and were independently, 

synthesized (38^ overall yield) via lithiation, oxygenation 

and acetylation of 46f (see Eq. 15). The minor acetate (162) 

proved to be identical to the solvolysis product from 42f 

(see Fig. 50 and 51).. Similarly, by catalytic hydrogén

ation of the mixture of 42k and 46k. it was shown that 4Ik 

was the solvolysis product from 4lf. Similarly, a mixture 

of 4Ik and 4Sk with 1 to 1 ratio was obtained via 

lithiation, oxygenation and acetylation of 45f(see Fig. 52). 

OAc 

1) n-BixLi ^ ^ 

2) Og, -78°' l; 

3) AOgO ' i i  (15) 

2 . 8  
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AcO 

Figure 50. Pmr (Top) and Ir (Bottom) Spectra of 10a-. 
1 A 

Acetoxytricyclo[4.3.1.0 ' ]dec-3-ene (46k) 
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BOO 

Figure 51. Pmr (Top) and Ir (Bottom) Spectra of 103-

Acetoxytricyclo[4.3.1.0^'^]dec-3-ene (42k). 
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OAc 

WAVa&4GTH mM 

OAc 

WAVCMUMKI CM-* 

Figure 52. Pmr (Top) and Ir (Bottom) Spectra of Epimeric 

Mixture of 10-Acetoxytricyclo[^.3.1.0^'^] 

decane (4lk and 45k). 
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d> 

H^OAc AcO H 

iJ-lk 

The crucial stereochemical distinction between 

and 46k was made in two ways. First of all, the pmr 

pattern of the four allytic H's of 46k is the same as that 

of 21 and 46f."but differs greatly from 42k and 42f. Second

ly, acetates 42k and 46k were separately hydrolyzed back 

to their alcohols (42k-OH and 46k-0H). Whereas 42k showed 

normal free (36OO cm~^, m, sh.) and intermolecularly 

hydrogen-bound (3430 cmT^, m, br. )' hydroxyl absorptions in 

the ir (CDCl^), 46k-OH showed an important intramolecular

ly hydrogen-bound (3540 cm m, sh.) hydroxyl peak, as 

well as diminished free (3590 cm w, sh.) and intermole-

cularly hydrogen-bound (3440 cm~^, w, br.) hydroxyls, 

thereby confirming the stereochemical assignments. 

Warner, et al.^^^ had shown that the'solvolysis of 32 

in the presence of excess silver ion involved a complicated 

process including silver ion complexation, from which it 

was not feasible to draw conclusions regarding "partially-

opened" cyclopropyl cations. In fact, when the [4.3.1]pro-

pellene 42g was treated with excess silver nitrate in 

acetonitrile, the broad singlet due to the cyclopropyl 
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protons was split into an AB quartet centered at 6 O.38 

(J = 5Hz), which indicated the formation of a silver-olefin 

99-101 
complex. Thus Ledlie*s reported- silver assisted 

solvolysis rates for some [4^4.1]propellanes were deemed 

to be of limited value. 

Consequently, the solvolysis rates of 22' HO » ^2f.and 

46f were measured in buffered acetic acid. The observed 

first order rate constants (summarized in Table 10) show 

that the double bond of 21. produces essentially the same 

decelerative effect as that of 42f. If the developing 

charge were to be localized at the cyclopropyl bridge 

position, C^Q, in the transition state for the ionization 

of 21 and ̂ 2£. then the double bond in each case should 

exert a normal ô inductive effect. Some knowrr^^ ^^'values 

for Ô inductive effects for acetolysis reveal only very 

modest rate retardations, even for a nearly limiting case 

(176-178). 

Additionally, no serious decelerative field effect 

was observed (compare 176 and 178). Interestingly, in 21 

and 42f through-space involvement of the double bond should 

have led to an accelerative interaction (of the bishomo-

+ 121 122 
type, 179). Recently, Creary has shown that an 
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Table 10. Buffered Acetolysis Data for Some Cyclopropyl 

Halides. 

Temp, 
Compound o- sec 'il 

krel, ÀH, A^, 

125° kcal/mol eu 

Br_ Br 

110 

^2£ 

Îf 

125 (1.80+0.18)xlO"^ 307 17.7 

100 (3.44t0.28)xl0"^ 

- 2 8 . 0  

125 (6.94±0.59)xl0"5 

100 (1.01+0.02)xl0"5 

125 no solvolysis 

125 no solvolysis 

(42 days) 

11.8 20.7 -26.6 

125 (I.18±0.93)xl0"4 20.1 

125 (5.86l0.26)xl0"^ 1.0 
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sONs 

=  0 . 6 7  

O 

CH^OBs 

CH^OBs 

= 1 

OBS 

krel 1.50 

CHgOBS CH2OBS 

1.08 2.64 

126 IZZ 128 

+Y 

-X-

m 
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appropriately constrained double bond accelerates the 

solvolysis of a cyclopropyl derivative by at least a factor 

of 81 (see l8l, 182). Clearly, then, our kinetic results 

cannot be understood in terms of a 6 inductive effect. 

OTf 

181 

•OTf 

krel 81 

kOTs 
OTs 

184 185 

krel 1  5 . 5  

If considerable ring opening did occur (to a partially-

opened cyclopropyl cation) at the transition state, then 

the double bond could be in a y position. The expected 

inductive rate retardation is a factor of 5-9» based on 
123 

what was observed for the cyclopent-3-enyl system. Also, 

the double bond in 422: retarded the addition of acetic 

acid to the cyclopropane ring (where charge developed at 
•43 

C^) by roughly 5 fold. ' Lastly, the decelerative effect 
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12̂ ' 
of the double bond in 184 (relative to 186) was 5<>50. 

This system is particularly valuable as a model since it 

is a limiting one and charge is known to be delocalized to 

the two cyclopropyl bridgehead positions (y double bond). 

Therefore the observed "inductive" effects for 21. and 42f 

may be too large to explain without invoking an antibis-

homoaromatic conjugative effect (see 183); however, this 

point requires further investigation. Whatever factors 

were responsible for the slower solvolysis rate of ̂  

(relative to 110) also caused the formation of 151 (as 10^ 

of the observed products). Thus less charge was delocalized 

to the bridgehead positions in the ion derived from 23. 

then in that from 110. Nevertheless, considerable charge 

delocalization to the bridgehead positions must be invoked 

for 22 and iro (where the products were those of ring 

opening) and 4'2f and 4lf (where no ring opened products were 

formed)» Certainly.^If achieved as much stabilization in 

its ionization to a partially-opened ion as did endo-7-

norcaryl bromide (ISO) in its ionization to a cycloheptenyl 

ion. Thus our combined kinetic and product data should 

lay to rest any lingering doubts about the validity of the 

partially-opened cyclopropyl cation concept. The retentive 

stereochemistry observed in the products from 42f and 4lf. 

which can be explained on the basis of a nonplanar ion, 

needs to be studied further. » 
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The [4.4.l]Propellane System 

Reese and Stable^®^ and Ledlie^^ have independently 

studied the silver-assisted solvolysis of 2J. aqueous 

acetone and methanol, respectively, and isolated one major 

product, which was identified as 

Br _^Br 0 

AgClOi^ 

aq. acetone 

21 24 
AgNO. 

CH^OH ^ 

These authors rationalized ̂  as arising via a 

mechanism involving a 1,2-alkyl shift in a cyclopropyl 

cation(Scheme lo). This work was reinvestigated, originally 

due to a desire to compare the acetolysis rate of ̂  with 

that of 110. Our initial step was to investigate the 

acetolysis products. These were found to be ̂  (36^1, 

lfi7 (19^), 188 (21^) and two unidentified acetates (ca. 
125 

The structure of compound l87 was established from 

spectroscopic (including exact mass) measurements, and 

by analogy of these spectra to those nf112, The UV and 

pmr spectra of l88 were as reportedf^^ Compound 187 

clearly arises from an intermediate containing a bridge

head double bond (see Fig. 53»54)- Therefore, the 
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Scheme 10 

X 

1,2 C-
shiff 

Scheme 11 

III 

125 
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Scheme 12 

X 

OH 

HO 

+ 

121 

HO 

(-H.0) 
> 
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Scheme 13 

X X 

-HX" 
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Figure 53. Prar Spectra of 6-Chloromethylenecyclodecanone 

(189, Top) and 6-Bromomethylenecyclodecanone 

(187, Bottom). 
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WAVaENCTH tN MICRONS 

CI 

•Ip— 
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•wAVfNUMietor» 
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Br 
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Figure 5̂ . Ir Spectra of 6-Chloromethylenecyolodecanone 

(189, Top) and 6-Broinomethylenecyolodecanone 

(187, Bottom). 
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HOAc 
31 N^OAc 

(2eq) 

125° 

Br H 

+1 II ) + others 

ca. 18?& 

188 

Ag^-asslsted solvolysis of .21 in 90^ aq. acetone was 

repeated, and 187 was found to be a minor product (spotted 

first by ir^.. V q=o ~ 1710 cm~^; pmr: 0 5-95 for vinyl 

proton, and positively identified by glc-mass spectrometry 

as being formed in ca. 0.4^ yield), while 2!i was indeed 

the predominant one. It thus occurred to us that alternate 

pathways for formation of involving the intermediacy 

of a bridgehead olefin, were possible (Schemes 11 and 12..) 

An important distinction between the bridgehead olefin 

mechanisms (Schemes 11 and 12) and the originally advanced 

mechanism (Scheme 10) was that a label placed at would 

end up at the a position of the enone ̂  if were formed 

via a bridgehead olefin, but at the carbonyl carbon if 

the alkyl shift process occurred. With this in mind, a 

labeling experiment, utilizing dichloro[4.4.1]propellane, 
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128.., enriched at such that was 5*8^ (synthesized 

13 
"by standard methods, using C-enriched chloroform 

purchased from Merck), was undertaken. 

When 128 was allowed to react with 5 equivalents of 

AgClO^ in 90^ aq. acetone at room temperature, at least 

seven products were formed after 24 hr. (note the roughly 

20-fold rate deceleration compared to 93)• The isolahle 

products were as shown in Eq. 16. 

Cl CI 

128 

AgClO^ 
(5eq) 

9^ ^ 
aq. acétone 
r.t. 24 hr. 

CI 

4-

121 

others 

(16) 

The carbons marked with a square indicate the position of 

13 
the C label, as determined by cmr spectroscopy (see 

experimental). The lower yield of carboxylic acids l90 
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and 191 is, in part, due to a mechanical loss during work

up. However, when the reaction was repeated, an 18?^ yield 

of carboxylic acids was obtained. From high resolution 

mass spectral data, it was calculated, assuming all of the 

the cmr spectrum of the carbonyl, and carbons 

exhibit resonances at ô 205.^, 153-2 and 135*3> respective

ly. Table 11 shows the integrated intensity of these three 

peaks after data collection at 20-sec pulse intervals, 

both for enriched and unenriched samples of _2^. If Cg was 

taken as a standard, then it appeared that, within 

experimental error, all of the label wound up at C^. From 

the integration, the content at was calculated to 

be 5'6%, in good agreement with the high resolution mass 

spectral data. However, a possible worry involved 

scrambling of the label, as follows: 

excess remained at one carbon, that the enriched 

carbon position of contained a total of 5-3^ . In 

excess 

2!ï 
2k 

jl 
0 0 OH 

0 

122. 121 
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However, a control experiment showed that no change in the 

cmr intensities for occurred after treating ̂  under 

the reaction conditions for 48 hr; also, no buildup of 

19'3was noticed under these conditions, implying is not 

readily hydratable. Thus the pathway shown in Scheme 10 

proved to be incorrect. 

Table 11. FT-OMR Data for Enone 94. 

relative area no. of pulses 
Compound carbonyl 0% (20-sec intervals) 

unenriched 94 1.02 0.62 1.00 2000 

^^C-enriched 94 0.84 5.06 1.00 1710 

Obviously the isolation of hydroxyketone193 was a 

key finding, for it mitigated strongly against the . 

mechanism shown in Scheme 11. The structure of 193 was 

indicated by the finding that it yielded 2!i upon brief 

treatment with conc. HCl at room temperature, or upon 

exposure to the acidic solvolysis conditions. The cis 

ring fusion has been assumed by analogy to the structure 

of its homolog, 130 (see Fig. 55 and 33). 

However, the intervention of haloketone 1Q4 still had 

to be considered,, but as a source of carboxylic acid 190. 

The literature revealed two relevant cases^^? "(gee Eq. 17 

and 18 ) Both tertiary a-bromoketones give Favorskii-type 

rearrangement products, but no a-unsaturated enone. If 
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OH 

OH 

Figure 55.  Pmr (Top) and Ir (Bottom) Spectra of 7-Hydroxy-

bicyclo[5.^.0]undecan-2-one (193) 
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13 iqO were to have arisen via 194. the -^C label would have 

to have ended up at the carbon a to the carboxylic acid 

moiety (see Eq. 19)o However, the finding of the label 

at the carboxylic acid carbon excluded the above pathway. 

0 CH, 

3 ^ , 
aq. MeOH 

CH_ CHg 

40# 

(17) 

aq. MeOH 

COOH 

-CD (18) 

Ag 

COOH 

(19) 

120 

The alkyl shift mechanism shown in Scheme 10, wherein 

the rearranged cyclopropyl cation 195 must be trapped with 

water prior to any ring opening (this unlikely requirement 

was made necessary by the failure to observe any scrambling 

of the ^^C label, which would occur otherwise), still 



www.manaraa.com

174 

presented itself as a possibility, although it could not 

have "been the sole route for the formation of (the 

finding of 193indicated that). It was noted that, in 

Scheme 12 ion 196 faced two fates s (l) fragmentation to 

ketone 189 or (2) collapse with water to diol 197 (and 

eventually 94.)= Contrariwise, l95 (Scheme 10) reacted 

with water only once, and led only to ' Thus a simple 

test was evident. If the mechanism shown in Scheme 10 

were dominant, then a decrease in the concentration of 

water should not dramatically affect the ratio of ̂  to 

189. Contrariwise, if the mechanism shown in Scheme 9 

predominated (or were solely involved), the ratio should 

alter drastically. The results of treating 93 with 5 eq. 

of AgClO^ in various concentrations of aqueous acetone 

are given in Table 12. The data are consistent only with 

Scheme 12» 

It is interesting to note that the percentage of 

carboxylic acids (190-192) formed remained fairly constant 

(at _ca. 35f°) > even when the amount of water was decreased 
113 

to ifo. From the work of Groves, one might have expected 

an increase in the percent of acids with decreasing amounts 

of water (as the solvent becomes less able to stabilize 

charge and tight ion pairing becomes more significant). 

It was found that upon hydrolysis of 21 in 90fo aq. 

acetone, the ratio of the resulting carboxylic acids (iQ 0; 
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191» 192), which were isolated by base extraction, was, 

Table 12. Product Ratios for Various Aqueous Acetone 

' Mixture (GLC Analyses of Duplicate Runs). 

% water % product composition ratio 

(by volunm) 
121 182 • (94+193)/MZ 

1 93.5 1.5% 5.0 19 

96.3 
_ b 

3.7 26 

2 94.2 2.9^ 2.9 34 

97.3 
b 

2.7 36 

5 90.3 7.4^ 2.3 43 

98.5 
b 

1.5 64 

10 98.5 lol^ 0.4 246 

99.4 
_ b 0.6 170 

^Dll. sodium bicarbonate solution was utilized in the 

work-up. 

^5^ Sodium hydroxide solution was employed in the work

up, thus only a trace of 193was obtained (see 

experimental). 

by glc analysis via their methyl esters, 3.6:1.0:1.2. An 

alternate determination (pmr integration of the methyl 

peaks of the corresponding methyl esters) gave a 

3.0:1.0:1.6 ratio 0 The structure of 190 was indicated 
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by a comparison of its ir spectrum with the published 

a sample of 190 contaminated with the known trans-9-decalin 

carboxylic acid). Acid 191. which was noticed from its 

pmr olefinic absorptions, was the minor acid. Hydroxyacid 

1q2 which was isolated thanks to its insolubility, was 

assigned the trans fusion on the basis of the broadly split 

pmr absorptions for the aliphatic hydrogens, indicatiye of 

a rigid trans-decalin systeir?^^ (see Fig. 56). Of the 

possible routes for formation of the acids, direct 

electrophilic attack by either or Ag"^ had to be 

condidered(see Scheme lA). 

Protonic cleavage of was ruled out by the finding 

that ̂  could be recovered unchanged after treatment under 

the acidic solvolysis conditions (simulated by reacting 

one equivalent of EtBr with an equivalent of AgClO^^, prior 

to adding 93 to the reaction mixture). Silver catalyzed 

cleavage was made doubtful by the finding that [4^4^1]pro-

pellane (198) was recovered unchanged after treatment 

under the acidic solvolysis conditions (simulated by 

reacting one equivalent of ethyl bromide with 2 equivalents 

of AgClO^ and one equivalent of 198). 

l28 
one (a mixture of 190 and 191 were hydrogenated to give 

0 

201 
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OH 

COOH 

CD 
OH 

Figure 5 6 .  Pmr (Top) and Ir (Bottom) Spectra of trans-

lO-Hydroxydecalin-9-car'boxylic Acid ( I 9 2 ) .  
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Scheme 14-

Br Br Br Br 

I 

(A=:H or Ag) J, 

120 

H + 

ACX, 

/ \ 
OH 

121 

The above findings left, as an alternative, the sort 

113 
of pathway precedented by the finding that 199 gave 190 

quantitatively, presumably via 200 (see Eq. 20). The 

complete pathway needed to account for 190-192 is 

summarized in Scheme 15. It should be noted that 

a-bromohydrin 200 is written as the intermediate for 

convenience; we certainly have no evidence for or against 

the intermediacy of a cyclopropanone (201,but see results 

for the [3.3.1]propellone system). 
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Scheme 15 

Br. .OH 

AgClOa ^ 

HgO acetone 

31 

ath a. 

BrCHOH 

OO^H 

122 

path a <Sc c 

(-H+) 

CHO 

COUH 

OH 

121 
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The increased amounts of 187 formed upon decreasing 

the percent of water in the aqueous acetone solvent led 

us to repeat the hydrolysis of 128 in 99^ aqueous acetone. 

The product distribution after ^4^ reaction, highlighted 

by a 42^ yield of 189. is summarized in Eq. 21. 

Br 
8 
OCCF, 

L Jl̂ ^̂ îoxane 

122 

Br OH 

200 

H 

COOH 
120 

( 20 )  

128 

AgC10^(5eq.) 

99fo aq. )=0 
r.t., 23 hr 
SWo conversion 

-h 

COOH 

OH 

(21) 

OOH 
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The [3.3.l]Propellane System 

Since the previous work discussed herein had 

established the relative ease of generating a bridgehead 

double bond transoid in a 7-membered ring, it became of 

interest to see whether it would be possible to force 

generation of a bridgehead olefin transoid in a 6-membered 

ring. The obvious precursor for such an endeavor was 

9,9-dibromo[3.3ol]propellane (129). When 129was subjected 

to silver perchlorate assisted hydrolysis in pyridine-

buffered 90^ aq. acetone, the products shown in Eq. 22' 

were isolated. 

90^ aq. acetone 
pyridine 

0 

122 
202 201 

+ (22) 

20if 205 
86̂  
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Thus enone 202. clearly the product of a "bridgehead 

olefin (if 202 had been formed via an alkyl shift 

mechanism, there would be no explanation for its greatly 

diminished yield) intermediate, was as expected, a rather 

minor product (2.1^). Again, as expected, carboxylic acids 

204 and 204 were the major products (86?S). Hydrogénation 

of the mixture of acids gave pure cis acid 20k. a known 

compound^^"^' The ratio of 204 to 205 (5 = 3'l) was 

established from (a) pmr integration of the methyl peaks 

of the corresponding methyl esters and (b) comparison of 

the integrated pmr intensities of the vinyl proton of 20'? 

and the carboxyl protons of 204 + 205 (whereby 205 was 

seen to be the minor acid). 

The isolation of cyclopropanone 203 was a surprise, 

and, indeed, treatment of 203 under non-buffered hydrolysis 

conditions led to its isomerization to (mainly) 204. as 

did treatment of 203 with aqueous base (wherefore, efforts 

to isolate 203 required a neutral workup, where complete 

removal of 204 and 205 with aq. carbonate could not be 

performed). The carbonyl absorption of 203 at 1824 cm ^ 

was quite distinctive (see Fig. 57) (compare 1822 cm ^ for 

1.1-di-t-butylcyclopropanone^^^and 1825 cm ^ for trans-
•131 

1.2-di-t-butylcyclopropanone ' ). The mass spectrum showed 

a peak for the loss of carbon monoxide, and an almost 

equally intense peak for the loss of ethylene from the 

parent ion. The cmr showed only 4 peaks, with the carbonyl 
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WAVEIENCTH mM 

WAVtHOMUM CM-

Figure 57- Pmr (Top) and Ir (Bottom) Spectra of Tricyclo-

[3»3«l'0^'-^]nonan-9-one (203). 
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carbon appearing at ô 174. Attempts to generate the ketal 

of 203 failed, but heating in methanol caused rearrange

ment to a new compound, tentatively identified as 206 (on 

the basis of pmr: 6 5«35 (m) and ir: 1700 (C-o) and l64o 

(C=C) cm~^). It is interesting to consider the reasons 

for the stability of 203. in light of the instability of 

tetramethylcyclopropanone^^^ Models of 203, wherein the 

preferred boat conformation of the bicyclohexane rings is 

taken into account, indicate that severe torsional 

interactions with a hydrogen on 2 sides would develop upon 

attack at a bridgehead position, while the pseudoaxial 

protons at and protect the carbonyl group from 

attack (see 203a). 

H 0 
"H ' 206 

îV' 
H 

203a 

3 

Br H 

207 

The absence of products, other than 202. attributable 

to a bridgehead olefin intermediate, led us to investigate 

the solvolysis of 129 in 999^ aq. acetone. Aside from the 
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products previously obtained, evidence for the production 

of 207 was amassed [ir absorption at I690 cm~^, pmr singlet 

-at 6 5*80, molecular ion at m/e 216.OI56 (calc'd for 

C^H^^OBr: m/e 216.0150)]. The most reasonable pathway 

for the formation of the observed products is presented in 

Scheme I6, The possibility that 204 and/or 205 were 

produced by direct electrophilic cleavage of the cyclo

propane ring of I29was again investigated (see discussions 

for similar studies on [4.3.1] and [4.4.1] propellane 

systems), and found not to occur. Whether or not formation 

of 204 and/or 205 funnels through 203 could not be 

established, but is a possibility. 

It is interesting to note that 129 hydrolyzes roughly 

8-10 times faster than128. but 2-3 times slower than 93 » 

More importantly, one may compare the percentage of 

products which arose from collapse of the initially formed 

ion at the bridgehead position (to give bridgehead olefin 

intermediates) with that which arose from collapse at the 

bridge position (to give cyclopropane intermediates or 

products); this is done in Table 13* Since the bridgehead 

olefins formed from 129 and 110 both are cisoid in a 

6-membered ring, the change in their formation frequency 

must be attributable to the fact that the one from 11Ois 

transoid in a 7-membered ring, while the one froml29 is 

transoid in a 6-membered ring. If this were the only 
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factor involved, then the energy difference between the 

two types of bridgehead olefins would be about 6 kcal/mole. 

Since the other factors involved would tend to make 

bridgehead collapse even more difficult in the ion derived 

Br Br 

129 

0 

201 

Ag"* 
aq. 
Acetone 

Br OH 

Scheme l6 
Br 

K eye 

K br 

202 

Br H 

H 

CO3H 

5.3 

CD 
CO^H 

1 205 
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from. 129.the above estimate of the energy difference is 

likely to be a maximim. 

Table 13* Relative Product Ratios in 90^ Aqueous Acetone, 

Ratio of Products 

cyo 

il, X = Br 

128. X = CI 

110 

1.8 

3.6 

^ 360 

0.024 

F - 6 Kcal/raol 

The Ag"*" assisted acetolysis of afforded two 

products: compound 208 (ca. 0.6^), identified 

spectroscopically and 209» identified spectroscopically 

(see Pig. 58) and by its conversion tn 204 (base). It 

was noteworthy that basic treatment of 208 led, initially, 
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Br OAc 

•hr •hr 

WAVELENGTH >.M 

Br 
OAc 

Figure 58 . Pmr (Top) and Ir (Bottom) Spectra of 9-Acetoxy-

9-bromotricyclo[3.3.1.0^'^]nonane (209). 
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to diol 210 and hydroxyketone 211. and, after more vigorous 

treatment, to enone 202. 

In contrast to the minor amounts of products isolated 

from the solvolysis of l29which were attributable to 

bridgehead olefin intermediates, hydrolysis of 212 in 85?^ 

aqueous acetone (Ag"*" assisted) led only to aldehyde 213, 

(91?^^mechanistically comparable to carboxylic acids 204 

and 205) 

OAc 

208 209 

OH 

210 

CHO 

OH 

211 212 m 
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EXPERIMENTAL 

_^h_e [4.3.l"]Propeliane System 

10.lO-Dibromotricvclor^.3.lo0^'^]dec-3-ene (33) 

Propellene ̂  was prepared according to the published 

7 7 
procedure, in 22-^5?^ yield, mp 68-69.5° (acetone, lit 

72°), pmr: 5 5.51 (br. s. 2H), 2.33 (br. s. W, 2.25-1.00 

(m. 6H); cmr (CDCl-), ô 123.4, 55.9, 39.5, 36.8, 28.5, 26.3; 

ir (CClj^); 3020 (olefinic), I66O (C=C), 1020 (cyclopropyl 

C-C) cm ^ « 

10.10-DibromotricvcloF4.3.1.0^'decane (HQ) Hydro

génation of 5 g of ̂  was effected in 150 ml ether solution 

over 5^ Pt-C at room pressure. A quantitative yield of 110 

was isolated by filtration through celite and evaporation in 

vacuoc The hygroscopic product was recrystallized from 

pentane, mp 33-3^° (sealed tube), cmr (CDCl^) ô 58=6, 40.8 

39.1, 27.2, 26.7 and 20.9. 

11.11-DibromotricvcloF4.4.1.0^'^lundecane (93) Pro-

pellane 22. was prepared from catalytic hydrogénation 

(5^ Pt-C, in ether) of 11, ll-dibromotricyclo[4.4.1.0^'^] 

undeca-3,8-diene [mp 121-123°, lit^"^'mp 124-125°; 5 ^.65 

5=35 (m. 4H) 2.8-1.0 (m. 8H)] which was itself synthesized 

from tetrahydronaphthalene according to the procedure 

described above for 33;. Product '22. was obtained as a white 
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crystalline material after recrystallization from pentane, 
8 

mp 43-44° (lit- '45-46°)., 

10a-Bromotricvclor4.3.1. 0^'^]dec-3-ene (46f) and 103-

Bromotricvclof 4.3.1.0^' ̂"]dec-3-ene ^2f ) Propellenes 46f 

and 42f were synthesized via tri-n-hutyltin hydride 

reduction of utilizing Seyferth's procedurein 85^ 

yield. The pmr spectrum showed a 3-3:1 ratio of •46f. 42f 

based on integration of the cyclopropyl protons (5 2.85 for 

46fand 3-16 for 42f ),. bp 54-58°/0.5 Torr. The epimers were 

separated via fractional column chromatography (neutral 

Woelm alumina,hexane as eluent). The pmr spectra of ' 46f 

and 42f are shown in Fig 59. 

Anal. Calc'd for C^QH^^Br; C, 56.36; H, 6.15 

Found : C, 56.68; H, 6.23 

10a-Bromotricvclor4.3.1.0^'^]decane (45f) and lOP-

Bromotricvclor4.3.1.0^'^]decane .,(4lf) Partial reduction 

of ilO with n-Bu^SnH, as described for the synthesis of ̂ f 

and42f. led to a 4.1:1 mixture of 4.5f and4lf. Since all 

attempts to separate 4^ from4lf were unsuccessful, recourse 

was made to the catalytic hydrogénation (5^ Pt-C, ether) 

of 46f (to give 45f ) and4?.f (to give 4lf ). The pmr spectra 

of 45f and 4lf are shown in Fig. 6 0 .  

Anal. Calc'd for C^^H^^Br; m/e 214.03571 

Found : m/e 2l4.03533 
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V* |||t 

-!*«- -hm. 

Figure 59. Pmr Spectra of 10a-Bromotricyclo[4.3.1.0^'^]-

dec-3-ene (^6f,Top) and 103-Bromotricyclo-

[4^3.1.0^'^]dec-3-ene (42f,Bottom)0 
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Figure 60. Pmr Spectra of 10a-Bromotricyclo[4.3.1.0^'^] -

decane (ih5£» Top) and 103-Broinotricyclo-

.3•1.0^'de cane(4lf. Bottom)• 
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Silver Assisted (id eg) 3nlvolvsis of" 10.10-Di^bromo-

tricvclo^4°3.1.0^'^]decane (llo) in 909^ Aqueous Acetone 

To 0.93 g (3«l6 mraol) of dibromide 110 in 6 ml 90^ aq. 

acetone was added dropwise, over a 5  min= period, 0 . 7 0  g 

(3«40 mmol) of anhydrous silver perchlorate dissolved in 

4 ml of 90^ aq. acetone at room temperature. After 

stirring at room temperature for 15 min-, the precipitate 

was filtered off by suction filtration. ïhe solution was 

then concentrated in vacuo, followed by dilution with ether. 

The ether layer was extracted with water (three, times) 

then 5^ NaOH solution and saturated sodium chloride 

solution, dried over anhydrous magnesium sulfate, and 

concentrated on a rotary evaporator. The basic aqueous solu

tion was acidified with 2N HCl solution followed by ether ex

traction, drying and solvent evaporation to give ca. 3 mg 

(0.6^) of hexahydroinda-8-carboxylic acid (ill)1 ir (CCl^): 

3600-2400 (C00H),1705 (C=0) cm"^; mass spec, at 70 ev; m/e 

(rel. int.) I68 (35,P), 151 (lOO, P-OH), 123 (76, P-CO^H). 

The nonacidic organic products formed a yellow oil (0.58 g) 

which was chromatographed on a 20 x 0.5 in. column packed 

with silica gel (Baker, 60-200 mesh). Elution with a mixture 

of ether and hexane (2/98 for fractions 1-57» 30/70 frac

tions 58-64) afforded the following products (50ml fractions): 

Frac.6, bicvcloF 5.3.0ldec-l(?)-en-2-one (ill) pmrt 

6 2.75-2.20 (m. 8H), 2jl5-1.40 (m. 6H); ir (CCl^): l644 
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(C=0), 1624 (C=C) cm"-^. 

Frac. 7-17, 5-"bromomethvlenecvclononanone 0.12) pmr: 

Ô 5-99 (s. IH), 2.6-1.5 (m. l4H)'; emir (CDCl^): 0,215.2, 

142.8, 106.7, 43.9, 41.4, 34.7, 33.3, 25-3, 23.9 and 23.5 

(after 4,800 scans, but identical ten lines observed even 

after 21,000 scans); ir (film): I702 (C=0), 16I8 (C=C) 

—1 cm 0 

Frac. 58, 7-hvdroxvbicvclor 5.3.01decan-2-one (130) mp 

94-95° (hexane/ether) pmr (CDCl^): à 3.03 (t, J = 8 Hz, 1 H), 

2.80-1.20 (m. 15 H); ir (CCl^): 36OO, 3450 (OH), I707 (C=0) 

cm~^; (see Fig. 33), lanthanide-induced shifts (LIS) for Ha 

demonstrated the cis ring fusion: 

[Eu (fed)-] 
£_ = 0.17 0.33 0.45 1.10 

|30] 

LIS = -1.35 -2.95 -4.60 -12.3 

Anal. Calc'd for ^]_o^i6^2' ® I68.II50 

Found : m/e 168.1152 

Frac. 59-64, lO-g-bromo-l.6-dihvdroxvbicvclor4.3.ll 

decane (113 mp 154-155° (hexane/ether) (lit^^^148-150°); 

pmr (CDCl.): ô 4.34 (s. 1 H), 2.5-1.4 (m. I6 H); ir (CCl^): 

3570, 3455 (OH) cm"^. (see Fig. 31). 

Anal. Calc'd for C^QH^^O^Br: C, 48.21; H, 6.88 

Found : G, 48.35; H, 6.77 

The yield of each product was determined by glc (column E): 

112(4290, l^O (11^),. ]^(10^), 2ii.(3%), and^ (0.2#). 
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Dehydration of 7-Hvdroxvbicvclor6.3.0]decan-2-one (l30) 

Six mg of hydroxy ketone 13P was treated with one ml of 

perchloric acid(70-72^) at room temperature for 2.5 hr. 

After work-up, ir analysis of the product indicated that 

enone ill was formed. 

Silver-Assisted (3.6 eg) Solvolvsis of (llQ) in 909% 

Aqueous Acetone To 0.28 g (0.95 mmol) 110in 3 ml 90^ 

aq. acetone was added dropwise a 2 ml 90^ aq. acetone 

solution of 0.70 g (3-^0 mmol) anhydrous silver perchlorate 

at room temperature. After stirring for 5 hr., the usual 

work-up yielded a yellow oil (0.15 g). The pmr spectrum 

of the products indicated that no detectable diol 113 was 

formed; glc analysis (column E) indicated: ll2 (52^),111 

(16^) ,110 (4.4^) and 131 i O . Z f o ) .  

Silver Assisted Solvolvsis of 10-a-bromo-1.6-dihvdro-

xvbicvclo[4.3.1]decane (113) A mixture containing 20 mg 

(0.184 mmol) ethyl bromide and 76 mg (O.368 mmol) anhydrous 

silver perchlorate in 0.5 ml 90^ aq. acetone was allowed 

to stir for 10 min. at room temperature. To the mixture 

was then added 45«5 mg (0.184 mmol) diol 113in 2 ml 90^ 

aq. acetone. After stirring for 20 min, the usual work-up 

gave a white solid (36 mg) which consisted of hydroxy 

ketone 130 and unreacted diol 113 (pmr and ir analyses). 

Further treatment of the above-obtained solid with O.70 g 
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anhydrous silver perchlorate in 5 ml 90% aq. acetone for 

4 hr. at room temperature, afforded, after work-up, 22 mg 

of a yellow oil which proved to he a l4:l mixture of 

hydroxvketone 130 and enonein (glc analysis, column E). 

Control Reaction for 5-Bromomethvlenecvclononanone 

( 112) To 30 mg (O0I3 mmol) 112 in 2 ml 90% aq. acetone 

was added 270 mg (I.3 mmol) anhydrous silver perchlorate 

in 3 ml 90% aq. acetone. After stirring for 2 weeks, no 

detectable precipitate was observed, and ketone 112was 

recovered in 91% yield. 

Treatment of 110 with Acid Generated during Solvolvsis 

To mg (0.50 mmol) ethyl bromide in one ml 90% aq. 

acetone was added 82 mg (0.40 mmol) anhydrous silver 

perchlorate in one ml 90% aq. acetone. After stirring at 

room temperature for 25 min., 147 mg (0.50 mmol)110 in 5 

ml aq. acetone was added to the reaction mixture. The 

resulting mixture was allowed to stand at room temperature 

for 3 hr. Work-up as described for the solvolysis of 110 

gave l40 mg (95%) of starting dibromide 110. 

Treatment of [4.3.l]Propellane (4lg) with AgClO^ in 

Acidic Aqueous Acetone To 50 mg (0.4^ mmol) ethyl 

bromide in one ml 9 0 %  aq. acetone was added I 8 7  mg (0 . 9 0  

mmol) anhydrous silver perchlorate in one ml 90% aq. 

acetone. After stirring at room temperature for 40 min., 
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6l mg (0.4^ mmol) Jng. in one ml 90^ aq. acetone was added, 

and the resulting mixture allowed to stir for 2 hr. at 

room temperature. Work-up as described for the solvolysis 

of ̂  gave ^•6 mg (7^%) of starting propellane .&lg . 

2.4-Dinitrophenvlhvdrazone derivative of 112 Com

pound 1^ was synthesized via a usual procedure^^^ in 85^ 

yield, mp l64-l65° (chloroform); pmr (CDCl^): 6 9.07 (d., 

1 H, X portion of AlVIX- pattern = 2.5 Hz), 8.25 (d. of 

d., IHo M portion, = 2.5 Hz, = 10 Hz), 7.8? (d., 

1 H, A portion, = 10 Hz), 5*87 (s. 1 H), 2.9-1.5 (m. 

14 H), 1.25 (so NH)j ir (KBr): 3320 (NH), 1622 (C=C), 1590 

(aromatic C=C), 1522, 133^ (NO^), 836 (Ar) cm~^ (see Fig. 

35). 

Anal. Calc'd for m/e 410.0590 

Found : m/e 410.0572 

Silver Assisted Solvolvsis of 10-a-Bromo-1.6-dihvdro-

xv"bicvclor4. 3 .l"|deca-3-ene (116) To O.3O g (1.22 mmol) 

of diolll6 in 15 ml 90^ aq. acetone was added a solution 

of 2.5 g (12.2 mmol) anhydrous silver perchlorate in 5 ml 

90^ aq. acetone. After stirring for 20 hr., the usual 

work-up yielded a colorless oil (195 mg, 970), shown to 
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be hydroxy enone 133 which solidified upon cooling, mp 80-

81.5° (pentane/ether)= The structure of 133 was based on 

the following spectral data: pmr Ô 6=05-5«80 (m. 2 H), 

3.35-3=02 (m. 3 H), 2.5O-I.55 (m. 9 H); ir (CCl^): 36OO, 

3410 (OH), 3030 (olefinic), 1708 (0=0) cm"^ (see Fig. 34); 

cmr (CDCl^): ô 209=1, 128.0, 125-9. 87.9, 62.7, 45.8, 40.1, 

37=2, 24.9, 23.5. 

Anal. Calc'd for m/e 166.0994 

Found : m/e 166=0993 

The following lanthanide induced shifts (LIS) for Ha (t, 

J = 8 Hz) demonstrated the cis ring fusion: 

[Eu (fod)^] 
=  0 . 1 2  0.30 0 . 4 4  1 . 0 0  

[133] 

LIS = -1.43 -3.90 -5.30 -11.00 

Catalytic hydrogénation (10^ Pd-C, ethanol) of 50 mg of 133 

gave a quantitative yield of 130. The ir spectrum of the 

product was identical to that of an authentic sample of 

jJO. 

Buffered Acetolvsis of 10.10-Dibromotricvclo -

r4.3.1.0^'^]decane (110) To O.50 g ( 1. 7mmol) 110 v/as 

added 10 ml glacial acetic acid containing 0.28 g (3.4 

mmol) anhydrous sodium acetate. The resulting solution 

was sealed in an ampoule and heated at 125° for one hr. 

After cooling, the solution was poured into an ice cold 
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saturated potassium carbonate solution. The solution was 

then extracted three times with ether. The combined ether 

layers were washed with water, then saturated sodium 

chloride solution, dried over anhydrous magnessium sulfate, 

and finally concentrated in vacuo to give 0.46 g of an 

oil. Column chromatography (20 x 0.5 in. column packed 

with silica gel and eluted with ether and hexane, 2:98 

for frac. 1-25, 4^96 for frac. 26-28) afforded the 

following products: 

Frac. 5-8: 6-acetoxv-10a-bromobicvclor4.3.l1dec-l(9)-

ene (139) 83 mg (l8fo), mp 85.5-86.5° (aq. acetone), pmr: 

Ô 5.85-5°^? (m. 2 H with a br. s. centered at 5*57)» 2.9-

0.9 (m. 15 H with a sharp singlet centered at 1.99): ir 

(CCI4): 3020 (olefinic), 1734 (0 = 0 ) ,  I 6 3 2  ( 0=0) and 1 2 5 0  

(acetate) cm ^ (see Fig. 6); cmr (CDCl^); ô 170.4, 137-4 

128.6, 84.8, 57.3, 40.4, 35.6, 32.2, 24.5, 23.1, 22.3 and 

2 1 . 3 .  

Anal. Calc'd for C^g^^^O^Br: m/e 270.0412 

Found : m/e 270.0411 

Chemical evidence for the structure of139 was sought 

through the following four experiments: 

( 1 )  Low pressure catalytic hydrogénation of 27 mg 139 

in 10 ml absolute ethanol over 10^ Pd-C, followed 

by filtration, concentration and column chromatography 

(0.25 X 12 in. column, silica gel and eluted with ether and 
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hexane 2:98) yielded 26 mg (9^^) of JJH, pmr: ô U-o95 (d, 

J = 5 Hz 1 H), 2.8-1.2 (m. 18 H); ir (CCl^); 1730 (C=0), 

1253 (acetate) cm"^ (see Fig. 37); mass spec, at I6 ev: no 

parent ion was observed, however, a peak was found at m/e 

214.0356, calc'd for (P-HOAc) 214.0357. 

( 2 )  To 4.5 ml 90^ aq. methanol which was 0.4 M in KOH 

was added 17 mg of 139. After stirring at room temperature 

for one hr., the solution was diluted with water, extracted 

with ether. The ether extracts were washed, dried over 

anhydrous sodium sulfate, and the solvent evaporated. This 

led to 12 mg (84^) 10a-'bromo'bicyclo[4.3.l]deca-l(9)-ene-6-ol 

(139-OH). which had the following spectral properties: pmr: 

Ô 5.72 (t, J = 5 Hz, 1 H), 4.85 (s. 1 H), 2.9-1.1 (m. I3 H); 

ir (CCl^): 3560 (OH), 3020 (olefinic) cm"^. 

( 3 )  To Oo5 ml glacial acetic acid containing 3 mg of 

p-toluenesulfonic acid was added 25 mg of 139 . After 

heating at 45° for 11 hr., the products were (pmr comparisons) 

mainly 10a-bromo-7-acetoxytricyclo[4.3.1.0^'^]decane (138-exo 

and 138-endo). (exo/endo ratio = I.7) and a trace of 10a-

bromo-l,6-diacetoxybicyclo[4.3.l]decane (136). 

(4) To 0 . 5  ml benzene containing 21 mg of 139 was 

added 50^1 of tri-n-butyltin hydride. The resulting solution 

was sealed in an nmr tube and heated at 125° for 10 min. 

The structure of the product was suggested as 6-acetoxy-

tricyclo[4.3.1.0^'^]dec-l(9)-ene (l42) on the basis of its 
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pmr spectrum 6 S'SS (t, J = 5*5 Hz), 1=90 (s, OAc). 

Frac. 9-14: lQa-"bromo-7-acetoxvtricvclor4.3.1. O^'^l 

decane (138-exo andl38-endo). 24 mg (5-If") in a ratio of 

1.7/1.0 (exo/endo) pmr: ô 5«3-4.9 (m. 1 H), 3.18 (s. 

for exo-OAc), 2.80 (s. for endo-OAc). 1.98 (s. 3 H), 

2.0-1.0 (m. 12 H); ir (film): 1733 (C=0), 1235 (acetate) 

cm 

Anal. Calc'd for m/e 272.0412 

Found : m/e 272.0422 

Frac. 24-25: 5-bromomethvlenecvclononanone (112) 21 

mg showed identical spectral properties as those 

reported "by Reese and Stebles^^^ 

Frac. 26-27: 10a-l3romo-1.6-diacetoxvbicvclor4.3.ll 

decane (136) 299 mg (53^), mp 73-74® (hexane) pmr: 5 5.14 

(s. 1 H), 2.72-1.50 (m. 20 H with a sharp singlet centered 

at 1.98); cmr (CDCl^): Ô I69.6, 124.4, 83.9, 66.2, 38.1, 

36.3, 22.4 and 20.9; ir (CCl^): I73O (C=0) , 1250 (acetate) 

cm ^ (see Fig. 38); mass spec, at I6 ev: no detectable 

parent peak (332), but observed were peaks at m/e (rel. 

int.), 232 (4), 230 (4), 214 (17), 212 (17), 203 (6), 201 

(6), 190 (19), 188 (19), 151 (95), 133 (37) and 43 (lOO). 

Anal. Calc'd for C^^Hg^O^Br: C, 50.59; H, 6.37 

Found : C, 50.52; H, 6.20 
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The following experiment was carried out in order to obtain 

chemical evidence for the structure of 136 : To 5 I'll 90^ aq. 

methanol, 0.4 M in KOH, was added 30 mg of 136. After 

stirring at room temperature for one hr., work-up as usual 

afforded 10 mg of 10a-bromo-l,6-dihydroxybicyclo[4.3.1]-

decane (113) mp 15^-155° = Prolonged treatment of 136 with 

the same base at 55° for 30 min=, afforded quantitative enone 

(ill) production on the basis of its pmr and ir spectra. 

Frac. 28: lOa-bromo-l-hvdroxv-6-acetoxvbicvclor4.3.1] 

decane (l4p) 12 mg (2.500, mp 87-88® (ether/hexane); pmr: 

Ô 4.66 (s. IH), 2.5 (s. OH), 2.35-1.45 (m. 1? H with a 

sharp s. centered at 1.95); ir (CCl^): 3560, 3440 (OH), 

1730 (C=0), 1234 (acetate) cm (see Fig. 39)mass spec, 

at l4 ev: no detectable parent peak (290) but observed 

peaks were m/e (rel. int.) 232 (12), 230 (12), 214 (7), 212 

(7), 2 0 3  ( 1 9 ) ,  2 0 1  ( 2 0 ) ,  1 9 0  (37), 1 8 8  (37), 151 ( 1 0 0 ) ,  133 

(20), and 44 ( 6 9 ) .  

Analo Calc'd for C^^^^^O^Br; C, 49.65; H, 6 . 6 0  

Found : C, 49.66; H, 6.79 

The following experiment was performed in order to obtain 

chemical evidence for the structure of l40: To 20 mg l40 

was added a solution of 1 ml acetyl chloride in 2 ml pyridine. 

The reaction was allowed to proceed for 2 hr. at room 

temperature. The mixture was then poured into ice-water and 
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extracted with ether. The ether extracts were then 

sequentially washed with 10^ HCl solution, saturated sadium 

bicarbonate solution and saturated sodium chloride solution. 

Drying over anhy. MgSO^ was followed by evaporation of the 

ether to yield diacetate 136 (l8 mg 78^), identical by 

comparison with an authentic sample. 

Control Acetolvsis of 136 In an nmr tube, 100 mg 

of diacetate136 was dissolved in 0. 5  ml glacial acetic 

acid i l fo  AcgO) containing two equivalents sodium acetate. 

The tube was heated to 125°, and the contents monitored 

via pmr spectrometry for a total reaction time of one hr. 

Only starting material was observed. After the usual work-up 

93 mg (93^) of starting material was recovered. 

Control Acetolvsis of 112 In an nmr tube, 85 mg 

(0.37 mmol) of ketone 112 was dissolved in 0.5 ml glacial 

acetic acid containing 6l mg (0.74 mmol) anhy. sodium 

acetate. The tube was heated to 125°, and the contents 

monitored via pmr spectrometry for a total reaction time 

of one hr. Only starting material was observed. The 

reaction mixture was then worked up as described for the 

acetolysate from 110, This led to the recovery of 81 mg 

(95^) starting ketone 112,. 

Buffered Acetolvsis of 110 in the Presence of Acetic 

Anhydride To O.5O g (1.7 mmol) 110 was added a solution 

of 4 ml glacial acetic acid, 2 ml acetic anhydride, and 
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0.28 g (3.4 rnnol) anhydrous sodium acetate. The resulting 

solution was sealed in an ampoule under a nitrogen atmos

phere, and heated at 125° for one hr. Upon cooling, the 

reaction mixture was worked up as already described for 

the acetolysis of llOwithout AcgO. There resulted 0.48 g 

of colorless oil, column chromatography of which afforded 

97 mg (21^) lia-and 358 mg {63%) 

Transannular Cvclization of 5-Bromomethvlenecvclonon-

anone (112) To 5 ml acetic anhydride containing 20 mg 

anhydrous aluminum trichloride was added a solution of 93 

mg (0.4-1 mmol) 112 in one ml acetic anhydride under 

nitrogen. The resulting mixture was heated at 150® for 

2.5 hr. and then cooled prior to pouring it into a chilled 

saturated KgCO^ solution. Subsequently, the mixture was 

extracted 3 times with ether, followed by washing with 

water and saturated sodium chloride solution, drying over 

magnesium sulfate, and removal of solvent under reduced 

pressure to afford 106 mg of an oil which solidified upon 

cooling. Recrystallization from hexane yielded 71 mg (52?S) 

of a white crystalline material, mp 72-7^°, which was 

identified as diacetate 136 by comparison with the authentic 

material obtained from the acetolysis of 110. 

Acetolysis of 33 in the Presence of Acetic A,nhvdride 

To 0.70 g (2.4 mmol) 33 was added a solution, in 5 ml of 

glacial acetic acid, of 0.5 ml acetic anhydride and 0.39 g 
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(4.8 mmol) anhydrous sodium acetate. The resulting 

solution was sealed in an ampoule Under nitrogen and 

heated at 125° for 29 hr. Upon cooling, the reaction 

mixture was worked up as already described for the 

acetolysis of llOto yield 0.69 g of yellow oil. Column 

chromatography (0.62 x 24- in, silica gel, eluted with 

ether/hexane) afforded the following products in order of 

elution: 

Frac. 2-3: 1-dibromomethvlbicvclof4.3.01dec-3.6(7)-

diene (l5o) 30 mg (4.3^); uv (hexane): no A max above 

200 nm; pmr (CDCl^): ô 6.05 (s. 1 H), 5'75-5*'^5 (m. 3 H), 

3.0-2.2 (m. 8 H); cmr (CDC1_): ô 140.6, 126.5, 125-8, 

125.2, 58.3, 57.0, 37.4, 33.2, 2 9 . 8 ,  27.2; ir (film): 3 0 2 0 ,  

1660, 1653, 782, 772, 755, 692,and 654 cm"^ (see Fig. 41). 

Anal. Calc'd for ^io^l2®^2' 289-9306 

Found : m/e 289.9298 

Frac. 6-7: lOa-bromo-lOP-acetoxytricvclof4.3.1.0^'^] 

dec-3-ene (l5l) 53 mg (8.2^); mp 51-52° (methanol); pmr 

(CDCl^): ô 5.57 (s. 2 H), 2.7-1-1 (m. 13 H with two 

singlets centered at 2.40 and 2.13); cmr (CDCl^)j 6 169.0, 

123.3, 80.1, 3 6 . 0 ,  33.9, 27.9, 24.8, 21.0; ir (CCl^): 3025 

(olefinic), 1772 (C=0), 1217, 1200 (acetate), 1184 and 

1070 cm ^ (see Fig. .42). 
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Anal. Calc'd for m/e 270.0255 

Found : m/e 270.0265 

Calc'd : C, 53.14; H, 5.53 

Found : C, 33-31;  H, 5.67 

The following hydrolysis was performed in order to obtain 

chemical evidence for the structure of l5l; l4 Mg (0.052 

mmol) 151 was dissolved in 90^ aq. dioxane which was 0.8 M 

in KOH, and the solution was then stirred at room temperature 

for 12 hr. The reaction mixture was then diluted with water 

and extracted 3 times with ether. The ether extracts were 

washed with water, saturated NaCl solution, dried, and the 

solvent evaporated to yield 3 mg of an oil for which 

structure l64 is proposed, ir (CCl^): 1825 cm The 

aqueous layer which remained after ether extraction was 

acidified and further extracted 3 times with ether. The 

ether solution was then washed with water, saturated N.aCl 

solution, dried (MgSO^) and stripped of solvent to yield 

4 mg of cis-carboxylic acid l63; mp 78-80° (aq. acetic acid, 

lit^^^ 80-80.5°); ir (CCl^): 17OO cm"^. 

Frac. 8-11: a 1.0:8.7:4.7 (pmr analysis) mixture of 

isomers 152, 153-exo and 163-endo, 100 mg (15^). In a 

separate reaction, I.07 g of the same mixture was obtained 

from the solvolysis of 7.2 g H under the same conditions. 

The mixture of isomers so obtained were separated by 
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careful column chromatography (0.62 x 24 in. silica gel, 

eluted with 0.5# ether in hexane). The spectral data for 

the isomers, in order of their elution, follow: 

10a-Bromo-l-acetoxv"bicvclor 4.3. l"|dec-3.6 (7 )-diene 

(152): uv (hexane): no Amax above 210 ran; pmr (CDCl^): 

Ô 5.66-5.40 (m. 4 H), 3.15-2.20 (m. 8 H), 2.0? (s. 3 H); 

ir (CCl^): 3020 (olefinic), 1738 (C=0), 1663 (C=C), 1240 

(acetate) cm~^ (see Fig. 40). 

Anal. Calc'd for m/e 270.0255 

Found : m/e 270.0254 

Room pressure hydrogénation (10# Pd-C) of 20 mg 152 in 25 ml 

ethanol for 1 hr., followed by filtration and solvent 

evaporation gave l4l (19 mg, 93#) which was identical to the 

compound previously obtained from the hydrogénation of 139. 

10a-Bromo-7exo-acetoxvtricvclor4.3.1.0^^^]dec-3-ene 

(153-exo); pmr (CDCl^): Ô 5.56 (s. 2H), 5.32 (t, 

J = 8 Hz, 1 H), 3.30 (s. 1 H), 2.5-1.0 (m. 11 H with a sharp 

singlet centered at 2.08); ir (CCl^^) : 3030 (olefinic), 1742 

(C=0), 1240 (acetate) cm~^ (see Fig. 44). 

Anal. Calc'd for m/e 270.0255 

Found : m/e 270,0251 

The following reactions were performed in order to adduce 

chemical evidence for the structure of 153-exo: 

( 1 )  To 400 mg 153-exo was added 40 ml of a 0.4 M KOH in 

90# aq. methanol solution. The resulting solution was 
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stirred for one hr. at room temperature. Work-up, as 

described for the hydrolysis of 151. afforded 304 mg (90?5) 

of alcohol l65-exo. mp 84-85.5° (hexane)j pmr (CDCl^): Ô 

5.60 (s. 2 H), 4.44 (t, J = 8 Hz, 1 H), 3.32 (s. 1 H), 2.5-

1.0 (m. 9 H); ir (CCl^^) : 3620, 3320 (OH), 3020 (olefinic), 

1662 (C=G) and 1048 (C-0) cm~^ (see Fig. 47). 

Anal. Calc'd for C^QH^^OBr: m/e 228.0150 

Pound : m/e 228.0150 

(2) Room pressure hydrogénation (5^ Pt-C) of 36 mg mixture 

of 153-exo and 153-endo in 25 ml ether for 1 hr., followed 

by usual work-up as described for 152 afforded 35 mg 

mixture of saturated analog 138-exo and 138-endo by 

comparison with the authentic material obtained from the 

acetolysis of 110. 

( 3 )  To 90 mg alcohol l65-exo in 4.5 ml acetic acid was 

added 42 mg chromium trioxide. After stirring for 2 hr. at 

room temperature, 2 ml isopropyl alcohol was added to reduce 

excess oxidant. Subsequently, the resulting solution was 

diluted with water, treated with solid K^CO^ until the 

solution become basic, and then extracted with ether. The 

ether solution was washed with water, dried (MgSO^) and 

stripped to give 72 mg (80^) oil which solidified upon 

cooling and was identified as 10a-bromotricvclor4.3.1.0^'^] 

dec-3-en-7-one (I66) mp 74-75° (aq. methanol), pmr (CDCl^): 

65.58 (s. 2 H), 3.40 (s. 1 H), 3.1-1.2 (m. 8 H); ir (CCl^): 
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3030 (olefinic), 1735 (C=0) cm"^ (see Fig. 45). 

Anal. Calc'd for C^QH^^GBr: m/e 225-9993 

Found : m/e 225»9986 

(4) To 30 mg (0.13 mmol) alcohol l65-exo was added 0.5 ml 

dry pyridine containing 50 mg p-toluenesulfonyl chloride 

(recrystallized from hexane). Placement of the resulting 

solution in the freezer (ca. -20°) overnight led to the 

precipitation of pyridinium hydrochloride. However, since 

attempts at isolation of l65-exo-OTs had failed (the 

tosylate is apparently too reactive), the pyridine solution 

was merely diluted with 0.5 ml HMPA. To this was added 83 

mg (1.3 mmol) NaBH^CN, followed by stirring for 6 hr. at 

room temperature. The reaction mixture was then diluted 

with water and extracted with ether three times. The 

combined ether layers were washed with dil. HCl, dil. NaHCO^ 

solution, water and saturated NaCl solution, dried and 

concentrated to yield 21 mg of oil. Pmr analysis showed 

ca. 4-0^ conversion to the known compound 46f (vide supra). 

(5) To 40 mg (0.I8 mmol) ketone 166 in 10 ml of a 1:1 

mixture of DMF-sulfolane was added 47 mg (O.25 mmol) 

p-toluenesulfonylhydrazine, 5 mg of p-toluenesulfonic acid 

and 100 mg (1.6 mmol) NaBH^CN. The resulting mixture was 

heated for 20 hr. at 110°. Work-up consisted of dilution 

with water, extraction with cyclohexane, drying and 

evaporation. However, no desired product was obtained 
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13^ utilizing Hutchins procedure. 

(6) To 30 mg (0.13 mmol) ketone l66 in 1 ml ethanol was 

added 37 mg (0.20 mmol) p-toluenesulfonylhydrazineo The 

solution was heated for 2 hr. at 60°. The tosylhydrazone 

13^ was isolated after work-up as described by Hutchins, 

3^ mg (63^)f mp 222-224° (decomp., recrystallized from 

ethanol). The tosylhydrazone was dissloved in 2 ml methylene 

l37 chloride and cooled to -10°. Catecholborane ' ' (0.11 ml, 

0.10 mmol) was added and the solution was stirred for 1.5 

hr. Sodium acetate (40 mg, 0.3 mmol) was than added and 

the resulting mixture was allowed to stir for 24 hr. at 

room temperature. After diluting with water, extraction 

with ether, drying (MgSO^) and evaporation gave a yellow 

solid which did not show the desired product on the basis 

of its pmr spectrum. 

10a-Bromo-7endo-acetoxvtricvclor 4.3.1.0^' ̂"|dec-3-

ene (153-endo); pmr (CDCl^): 6 5-62 (s. 2H), 5»39 (d. 

J = 3.5 Hz, 1 H), 2.92 (s. 1 H), 2.8-1.2 (m. 11 H with a 

sharp s centered at 2.10); ir (CCl^^) ; 3^30 (olefinic), 1742 

(C=0), 1660 (C=C), 1240 (acetate) cm ^ (see Fig. 43). 

Anal. Calc'd for m/e 270.0255 

Found : m/e 27O.O25I 

The following reactions were carried out in order to adduce 

chemical evidence for the structure of 153-endo: 

(1) To 63 mg (0.23 mmol) 153-endo was added 4.5 ml of a 
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0.4 M KOH in 90^ aq. methanol solution. Under the same 

conditions, as previously described for 163-exo. 48 mg (91%) 

alcohol l66-endo was obtained, mp 90-91° (hexane); pmr 

(CDCl^): Ô 5.63 (s. 2 H), 4.29 (d. J = 3.5 Hz, 1 H), 2.90 

(s. IH), 2.8-1.1 (m. 9 H); ir (CCl^): 362O, 3590 (OH), 

3020 (olefinic), 1655 (C=C), and 1120 (C-O) cm~^ (see Fig. 

46). 

Anal. Calc'd for C^^H^^OBr: m/e 228.0150 

Found : m/e 228.0148 

(2) To 30 mg alcohol l65-endo in I.3 ml acetic acid was 

added 14 mg chromium trioxide. Under the same conditions 

as previously described for l66-exo, 20 mg (75?^) ketone 166 

was found, mp 73-75°' This material had the same ir and 

pmr spectra as that obtained from the oxidation of l65-exoo 

Frac. 16-27: lOg-bromo-l.6-diacetoxvbicvclor 4.3.11 

dec-3-ene (154) 480 mg (6l^), mp 84-85.5° (hexane); pmr 

(CDCl.): Ô 5.60 (s. 1 H), 5.49 (t. J = 3 Hz, 2 H), 3.I-

1.5 (m. 16 H with a sharp s. centered at 2.05); cmr 

(CDCl^): Ô 169.6, 124.4, 83.9, 66.2, 38.1, 36.3, 22.4, 

20.9; ir (CCl^^: 3020 (olefinic), 1738 (C=0), 1242 

(acetate) cm~^ (see Fig. 48). 

Anal. Calc'd for C^^H^^O^Br: C, 50.78; H, 5.77 

Found : C, 50.91; H, 5.73 
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The following oxperiment was performed in order to 

establish the chemical evidence for the structure of 154; 

Room pressure hydrogénation (lO^ Pd-C) of 30 mg 154 was 

executed in 25 ml ethanol for 1 hr. Work-up, as described 

for 152, afforded 27 mg (90^) saturated compound I36 on the 

basis of its pmr spectrum. 

Attempted Dehvdrogenation^^^of Tricvclof^.3.1.0^'^] 

dec-3-ene (175) To 80 mg propellene 175 in an nmr tube 

was added one ml acetonitrile solution containing 450 mg 

silver nitrate and 12 drops of pyridine. The mixture 

turned dark immediately and was heated for a week at 80®. 

desired product was detected via pmr spectrometry. However, 

an AB quartet at 6 O.38 (J = $ Ez) and a broad singlet at 

Ô 5*87 were observed. (see Results and Discussion) 

Synthesis of 103 (a)-Acetoxvtricvclor4.3.1.0^'^"ldecane 

(173. 186) via Oxygenation To 0,88 g (4l mmol) 2Â 

dissolved in 6 ml dry THF in a 100 ml Schlenk flask was 

added dropwise 26 ml (42 mmol) n-butyllithium (1.6 M in 

hexane) under nitrogen. After stirring at r.t. for one hr. 

(during which time the solution turned orange)the 

solution was cooled to -78°, and 0^ bubbled in for 1 hr. 

Saturated NH^Cl solution v.as then added to quench the 

reaction, followed by threefold extraction with ether. 

The combined ether layers were washed with water, 
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saturated NaCl solution, dried (MgSO^) and concentrated 

to give a yellow oil which was further heated at 90° in 

vacuo (1.5 Torr) to pump off the n-butanol. The pmr 

spectrum of the resulting crude product showed two 

equally intense peaks at 5 2.98 and 3-17 which were 

attributed to the epimeric cyclopropyl hydrogens of (.186-

OH) and (173-OH). 

The above-obtained alcohols were dissolved in a 

mixture of 5 ml acetic anhydride and 10 ml dry pyridine, 

and stirred at room temperature for 20 hr. The mixture 

was then poured over ice-water, followed by extraction 

with ether. The ether solution was washed with dil. HCl, 

dil. NaHCO^solution, water and saturated NaCl solution, 

dried, concentrated, and column chromatographed (silica 

gel, eluted with 2gS ether in hexane) to afford 0.10 g of 

unidentified product(s) (probably cyclopropyl ring-opened 

aldehyde(s)) [ir(CCl^): 1735. 1670, I23O cm~^; pmr: ô 

9.60 (s), 9.40 (s), and 2.65-0.40 (m)] and 0.34 g (430) of 

a mixture of 173 and 186. Attempts to separate the two 

epimers by glc (column B) were unsuccessful. The purified 

mixture gave the following data: ir (CClj^): 3030 (olefinic), 

1754, 1740 (C=0), 1235 (acetate) cm pmr: 6 3-72 (s), 

3.63 (s), 2.00 (s), 1.96 (s), 2.3-0.9 (m) (see Fig. 52). 

Anal. Calc'd for C, 74.18; H, 9-35 

Found : C, 74.23; H, 9.23 
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Kinetic Buffered Acetolvsis Measurements-General 

Procedure A 0.004-0.012 M solution of the appropriate 

"bromide, which was also 0.012 M in sodium acetate, was 

prepared in a 50 ml volumetric flask, utilizing the 

required amount of glacial acetic acid to which had been 

previously added IjS acetic anhydride. Seven 7 ml samples 

were pipetted into glass ampoules which had been flushed 

with nitrogen gas. After sealing, the ampoules were 

transferred to a constant temperature bath (125 - 1°) and 

a timer was immediately started. After 3 minutes, the 

first ampoule was removed from the bath and quickly 

plunged into an ice-water bath to quench the reaction; 

this was used as the zero-time sample. After warming to 

room temperature, the ampoule was opened and two 2.99 ml 

aliquots were removed with a calibrated pipet. The 

aliquots were then titrated with a standard solution of 

perchloric acid in acetic acid (0.0108 M) which contained 

ca. of acetic anhydride, using crystal violet as the 

indicator. The color of the solution changed from violet 

to pure blue at the end point. A blank solution was also 

prepared in order to aid in determining the end point of 

the titration. The molarity of the standard perchloric 

acid was determined by titrating three aliquots with the 

primary standard, potassium acid phthalate, in glacial 
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acetic acid using crystal violet as the indicator. The 

rate constants were obtained from the integrated first 

order rate equation 

log = t, 
Vt-y* 2.303 

where = volume of titrant needed at the elapsed time t, 

Yoa and are the corresponding volumes at the completion 

of reaction (ten half-lifes) and at time equal to zero, 

respectively. All kinetic data are summarized in Table 3» 

the raw data are given in Tables 1^ and.15» 

The [4.4.1]Propellane System 

ll.ll-Dichlorotricvclor^o^.l.0^'^lundecane (128) 

11,11-Dichlorotricyclo[4.4.1.0^'^]undec-3,8-diene was 

prepared in 56% yield from tetrahydronaphthalene and 

chloroform (60^ reagent, from Merck, was diluted to 12% 

with regular chloroform) in the presence of potassium 
8 

t-butoxide in pentane, as described by Vogel, et al., 

mp 86-88® (methanol). Hydrogénation over Pt-C in ether, 

as described for 110. afforded 128in 99% yield mp 36.5-38° 

(acetone/methanol). High resolution mass spectroscopy at 

70 ev; m/e (rel. int.) 21? (4.2, P-l), 218 (lOO, P), 219 

(20.5, P+1), 220 (62.8, P+2), 224 (10.9, P+4). The 

enrichment at 0^% was calculated as follows: First was 
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Table l4. Kinetic Data for Buffered Acetolysis of Some 

Cyclopropyl Bromides at 125°. 

Compound t, Titer,& 10%, 

min. ml. sec~^ 

JJLÛ 0 3.02 

5 2.48 2180 

10 2.26 1870 

15 2.13 1720 

20 2.05 1630 

25 1.99 1610 

150 1.89 - Ave. 1800+180 

12 0 3.36 

60 2.61 79.1 

120 2.10 74.5 

360 1.12 62.0 

600 0.60 66.0 

720 0.50 65.3 

1470 0.32 - Ave. 69.415.9 

4lf 0 0.31 

30 2.79 133 

60 2.44 122 

90 2.19 113 

Âverage value for two runs. 



www.manaraa.com

218 

Table l4 (Continued) 

C ompound t, Titer,^ 10*K, 
-1 

min. ml. sec 

&lf 120 2.02 105 

150 1.88 97.5 

1230 0.86 Ave. 118+9.3 

42f 0 3.30 -

780 2.87 6.25 

1380 2.65 5.75 

2760 2.27 5.59 

6820 1.59 Ave. 5°86to.26 

Table 15• Kinetic Data for Buffered Acetolysis of Some 

Cyclopropyl Bromides at 100° = 

Compound t, Titer,^ lO^K, 

min. ml. sec~l 

110 0 2.20 

60 1.55 372 

120 l.4l 316 

Âverage value for two runs. 
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Table 15.(0ontinue d) 

C ompound 
t, 

min. 

Titer,& 

ml. 

lO^K 

sec~^ 

110 180 1 . 3 6  285% 

3 0 0  1.33 250% 

1560 1.32 - Ave. 344+28 

21 0  2.36 -

1620 1.24 10.2 

3060 0.86 10.0 

4440 0.64 12.2% 

5760 0.54 7.1^ 

14400 0.37 - Ave. i o . l t o.2 

^Discarded value is not included in the average. 

subtracted from P+1 the percentage due to the natural 

abundance of deuterium from l6 hydro^enp. The resulting 

value is the total contribution P+l, which, when divided 

by the sum of itself and the parent ion, followed by 

multiplication by 100, gives the percent total in the 

molecule. If one then subtracts from this percentage that 

13 
due to the natural abundance of 10 carbons, the result

ant (5.8?5) is the percentage of enrichment in of 128: 

cmr (CDClj, rel area per carbon); 6 7 8 . 9  (4.9; C^^), 2 9 . 9  
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(1.4; Cg, C,, Cy, C^q), 27.5 (1.2; C^, C^), 20.8'(l.O; G^, ' 

^8' ̂ 9)° 

Silver Assisted Solvolvsis of enriched 12i^ in 90# 

Aqueous Acetone To 4.35 g (21.0 mmol) anhydrous silver 

perchlorate in 4 ml 90^ aqueous acetone was added dropwise 

a solution of 0.92 g (4.2 iranol) of ^^C-enriched 128 in 

6 ml 90^ aqueous acetone. The resulting milky mixture was 

allowed to stir at room temperature for 23 hr. The purple 

precipitate was then filtered off and washed with ether. 

The filtrate was diluted with more ether and washed with 

water three times, then saturated NaHCO^ solution, and 

finally saturated NaCl solution. After drying over 

anhydrous NagSO^, removal of solvent in vacuo left 0.78 g 

of yellow oil which was chromatographed on silica gel 

(0.75 X 24 in. column). Elution with a mixture of ether 

and hexane (l/99 for fractions I-I6; 3/97 for fractions 17-

2 1 ;  1 0 / 9 0  for fractions 2 2 - 2 5 ;  2 0 / 8 0  for fractions 2 6 - 3 5 )  

afforded the following products (50 ml fractions); 

Frac. 1 6 ,  6 -chloromethvlenecvclodecanone (189) mp 

45*5-46° (aq. methanol); pmr: 6 5.87 (s. IH), 2.6-1.5 (m. 

16 H); ir (CCl^): 1710 (0=0), 1620 (0=0) cm'l (see Fig. 53 

and 54); high resolution mass spec, at 70 ev: Calc'd 

for C^^H^^OCl m/e 200.0968, found m/e (rel. int.) 200.0975 
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(5, p), 184 (22, P-16), 183 (14, P-17), 182 (72, P-18), 

l64 (100, P-36). Due to the weak signals for the P and 

P+1 ions, the relative intensities of the peaks at I83 

and 182 were used to calculate the -enrichment of ketone 

189. The data indicated that if all of the excess (i 

above natural abundance) were at one position (_eC^^), 

then there was 5-8^ at that position; cmr (CDCl^): 

gave only one peak at ô II3.I attributable to the enriched a-

chloro olefinic carbon) no other peaks could be 

observed due to lack of pure material. 

Frac. 21, bicvclof5.4.0]undec-l(7)-en-2-one (94) pmr: 

Ô 2.75-1.95 (m. 8 H), 1.9-1.4 (m. 8H); ir (CCl^); 1662 

(C=0), 1632 (C=C) cm high resolution mass spec, at 70 ev: 

m/e (rel. int.) l63 (4.5, P-l), 164 (100, P), 165 (19.2, 

P+l), 166 (1.7, P+2); the percentage of at (of the 

13 a-unsaturated enone system), assuming all the excess C 

was at that position, was calculated to be 5.30; cmr (CDCl^, 

rel. area): ô 205.4 (0.84, 153-2 (l.OO, Cg), 135=3 

(5.06, CgJ, 41.7 (1.24), 34.1 and 33.9 (1.94), 24.8 (I.08), 

24.4 (1.36), 22.7 (1.21), 22.1 (1.23), 21.4 (1.26); thus 

the percentage of at was computed to be 5°60. 

Frac. 25, 7-hvdroxvbicvclor S.4.0]undecan-2-one (193) 

pmr: Ô 3.7 (m. OH), 2.7-1.0 (m. 17 H); ir (CCl^^): 3450 
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(OH), 1705 (C=0) cm ^ (see Fig. 5 5 ) ;  cmr ( C D C l - ) :  6 2 1 5.I 

(Cq_q), 72.9 (Cgy), 62.3 (tertiary carbon a to carbonyl, 

enriched), no other peaks could be observed due to 

lack of pure material. The following reaction was performed 

in order to adduce chemical evidence for the structure 

of 82_i To 40 mg 193 was added 1 ml conc. HCl solution and 

the resulting reddish solution was stirred for 5 hr. at 

room temperature. Ether extraction followed by washing with 

dil. NaHCO^ solution, water, drying (MgSO^) and evaporation 

gave a yellow oil which showed an identical ir spectrum to 

that of enone 9^. 

Frac. 27, unknown compound A with the following 

spectral properties: pmr: Ô 4.3 (m), 3*5 (m), 2.6-1.1 (m), 

mass spec, at I6 ev: m/e 33^1 ir (CCl^): I7IO cm 

Frac. 30, a mixture of cis-decalin-9-carboxvlic acid 

(1^0) and bicvclof4.4.0]dec-5(6)-ene-l-carboxvlic acid 

(191) mp 168-175°; pmr: Ô 10.8 (br. s.), 5-5 (m), 2.4-1.1 

(m); ir (CCl^): 3600-2400, 1695 cm~^; cmr (CDCl^): ô 184.6 

(CçjooH» enriched), 181.7 (^COOH' enriched), no other peaks 

could be observed due to lack of pure material. 

Frac. 35f unknown compound B with the following 

spectral properties: pmr (CDCl^): ô 2.8-0.7 (m); ir (film): 

3660, 3550f 1740 and 1670 cm mass spec, at I6 ev: m/e 

2 3 8 .  
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The yield of above products was determined by glc 

(column C): 1§^ (280), ̂  (310) ,112 (60), mO and l&l (40), 

unknown A (4.50), unknown B (40). 

Treatment of Enone 94 under Ag'*"-Assisted Hydrolysis 

Conditions To a mixture of 770 mg (37 mmol) anhydrous 

silver perchlorate and-78 mg (0.73 mmol) ethyl bromide in 

one ml 900 aq. acetone was added 120 mg (0.73 mmol) of 

5.060 enriched enone ̂  (obtained from the above-

described hydrolysis). The mixture was allowed to stir 

for two days at room temperature. Work-up, as described 

for the hydrolysis of 128.led to . 110 mg (920) of 

starting enone. High resolution mass spect. analysis 

revealed 4.920 enrichment; cmr (CDCl^, rel. area): 6 

205.4 (0.81), 153.1 (1.00), 135-3 (5.10), 41.7 (1.52), 34.1 

and 3309 ( 1.78), 24.8 ( 1 . 2 0 ) ,  2 4 . 3  (l.04), 22.7 (1 . 0 6 ) ,  

22.1 (1.22), 21.4 (1.08). 

Silver Assisted Solvolysis of 128in 900 Aqueous 

Acetone To 1.62 g (7.42 mmol)128 in 15 ml 900 aq. 

acetone was added 7.70 g (37.2 mmol) silver perchlorate in 

10 ml 900 aq. acetone. After stirring at r.t. for 22 hr., 

the mixture was diluted with ether. The ether solution 

was then washed with water and 3 times with 50 NaOH 

solution. The combined basic extracts were acidified with 
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cone. HCl solution to yield a white precipitate which was 

extracted into ether, dried (NagSO^) and concentrated to 

afford 239 mg (18^) of acids IqO-192 (vide infra for 

separation and determination of the ratios of these acids). 

The ether solution which remained after base extraction 

was worked up as described for enriched 128 to give 

960 mg oil which was chromatographed to give three major 

products, r^, ,94 and Incomparable to those obtained from 

the solvolysis of enriched 128 according to their spectral 

properties (pmr and ir spectra); cmr spectral data for 189 

Iq0 and 191 are collected as follows: 

6-Chloromethvlenecvclodecanone (189) cmr (CDCl^, relo 

area): ô 214.3 (0.25, C^ q̂), 141.4 (0.43, 

(1.00, Cc=cHci)' 43.1 (1.28), 37=8 (l.2l), 31.2 (2.3I), 

30.9 (0.56), 24.5 (1.21), 23.2 (1.53), 22.9 (0.96), 22.5 

(0.69). 

Bicvclof 6.4.0lundec-l(7)-en-2-one (94) cmr (CDCl^, 

rel. int.): ô 205.4 (1.02, Cg^g), 153.2 (l.OO, Co), 135.3 

(0.62, C^), 41.8 (0 . 9 5 ) ,  34.1 (1.34), 33.9 (0.40), 2 4 . 8  

(1.10), 24.4 (0.92), 22.8 (0.98), 22.2 (0.97), 21.4 (0.99). 

Cis-Decalin-9-carboxvlic acid (190) and Bicvclor4.4.0] 

dec-5(6)-ene-l-carboxvlic acid (I9l): cmr (CDCl^); ô 

182.7 (1. 5 5 ,  C g Q Q ^ )  181.4 (1.23, C g Q Q ^ ) ,  1 3 7 . 7  ( 1 . 5 0 ,  Cc=c), 

123.1 (1.65, 65.9 (3.14), 48.3 (1.00), 28.2 (l.lO), 
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36.4 (1.26), 35-7 (1.30), 34.3 (1.29), 31.7 (2.27), 30.7 

(1.05), 29.4 (1.18), 28.0 (2.32), 25.4 (1.85), 22.9 (2.95), 

21.1 (1.84), 15.2 (2.07). 

Treatment of Ketone 189 under Silver Assisted Hydro

lysis Conditions To 37 mg (0.34 mmol) ethyl bromide in 

one ml 90^ aq. acetone was added 350 mg (1.7 mmol) AgClO^ 

in 2 ml 90^ aq. acetone. After stirring at room temperature 

for 30 min, 68 mg (0.34 mmol) unenriched ketone 189 in one 

ml 90^ aq. acetone was added to the mixture. After an 

additional 24 hr. at room temperature, the reaction 

mixture was worked up as described for 1^8 to yield 60 mg 

(88^) starting ketone 189 (identified by ir spectroscopy). 

None of the other solvolysis products was detected» 

Silver Assisted Solvolysis of 128 in 99^ Aqueous . 

Acetone To 2.40 g (11.6 mmol) anhy. AgClOj^ in 10 ml 

99^ aq. acetone was added dropwise O.50 g (2.3 mmol) 1^in 

lO ml 999^ aq. acetone. After stirring at r.t. for 23 hr. , 

work-up as already described for 128gave 0.45 g of oil 

which was chromatographed on silica gel. Elution with 

pure hexane afforded 230 mg (46# recovery) nf 128. Elution 

with Yfo ether in hexane gave 103 mg (42^ based on unrecover

ed 128,18 9. Elution with 2$ ether in hexane afforded 23 

mg (11^) Finally, elution with 10-40# ether in hexane 

gave 28 mg (12#) hydroxy ketone 1P,3 and 45 mg (20#) 

carboxylic acids 190-192. 
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Silver Assisted Solvolvsis of 11.11-Dibroinotricvclo -
-1  ̂

[4.4.1.0 * ^undecane (93) in 905̂  Aqueous Acetone To 

1.00 g (3.24 mmol) ̂  in 10 ml 90^ aq. acetone was added 

dropwise a 5 ml solution of 4.5 g (21.8 mmol) anhydrous 

AgClOj^ in 9Qffo aq. acetone. After stirring at room temper

ature for one hr., work-up as described for 128 yielded O.50 

g of yellow oil.. When the pmr spectrum was obtained, it 

revealed a singlet at Ô 5*95» which was attributed to the 

olefinic proton of 187. Ir spectroscopy also indicated a 

carbonyl absorption at 1710 cm~^. Glc-mass spec, analysis 

(column A at 50-180°) showed a peak with the same retention 

time and mass spectrum as that of an authentic sample 

obtained from the acetolysis of 28 (vide infra). Glc 

yields were 2È2. (0.4^). Three other products were 

observed by glc analysis, but no further characterization 

was attempted. 

Silver Assisted Solvolvsis of 93 in Various Concentra

tions of Aqueous Acetone-General Procedure Aqueous 

acetone mixtures were prepared, by volume, by adding the 

appropriate volume of distilled water (utilizing a 

graduated syringe or pipette) to a volumetric flask and 

then filling the flask with acetone. Reagent grade acetone 

was obtained from Fisher • Scientific Company (note that 

this acetone contained 0.5# water, which was taken into 

consideration when preparing the aqueous solutions). The 



www.manaraa.com

227 

following procedure, described for 90^ aq. acetone, was 

typical: To l40 mg (0.^55 itimol) ^ in 3 ml 90^ aq. acetone 

was added 9^0 mg (^.55 mmol) anhy, AgClO^ in 4 ml 90^ aq. 

acetone. After stirring for 4 hr. at room temperature, the 

mixture was diluted with ether. The ether solution was 

washed subsequently with water and three times with 5^ 

NaOH solution. The combined basic extracts were then 

acidified with conc. HCl solution, followed by ether 

extraction, drying over anhy. NagSO^ and evaporation of 

solvent to yield 28 mg of carboxylic acids 190. 191 

and 192. (vide infra for determination of the ratios of 

these acids). The ether solution which remained after 

base extraction was washed with dil. HCl solution, water 

and saturated NaCl solution, dried over anhy. MgSO^ and 

concentrated to give 46 mg oil,to which was added 15.5 mg 

nitrobenzene as an internal standard for glc analysis 

(column B). Only a trace of hydroxy ketone 193 was 

detected due to the g-elimination caused by the basic 

work-up. To verify this, an ether solution of 193 was 

extracted several times with a 5% NaOH solution. Drying 

and solvent evaporation left a quantitative yield of enone 

94 (glc and ir analyses). Total analyses of the products 

obtained from the solvolysis of 23. in various concentrations 

of aq. acetone are summarized in Table 12. 
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Determination of the Ratio of Carboxylic Acids (19 0-

192). Use of the Methyl Esters One of the acids 192 

was found to be insoluble in CCl^ and CDCl^. On this 

basis, it was possible to isolate the hydroxy carboxylic 

acid JL22, utilizing CGl^, mp 191-194; pmr (acetone-dg, TMS); 

Ô 9.5 (s. IH), 2.5-0.9 (m. 17 H); ir (KBr); 3400-2400 

(COOH), 1705 (C=0), 1182 (C-0) cm"^ (see Fig. 56); cmr 

(acetone-dg, rsl. int.): 6 174.3 (0=11, CQOOH^' 80.3 (0.24, 

^C-OH^' (0'25, to carboxylic acid),27.3 (1.55). 

2 5 . 3  ( 1 . 2 2 ) ,  2 1 . 9  ( 1 . 0 4 ) ,  1 9 . 8  (1.00). 

Anal. Calc'd for m/e 1 9 B . I 2 5 6  

Found : m/e 198.1255 

The remaining CCl^ solution was concentrated in vacuo to 

giye a semi-Rolid(55 mg) and then diluted with 20 ml 

ethanol and subjected to room pressure catalytic (10?5 Pd-C) 

hydrogénation. The reduced product (57 mg) was obtained, 

after work-up as described for hydrogénation of139. and 

128 
revealed a similar ir spectrum (especially the character

istic peak at 1255 cm~^ for cis fused carboxylic acid) to 

that known for cis-decalin-9-carboxylic acid 190. mp 

120-122° (acetone, lit^^^ 121.8-123°). 

In order to determine the ratios of 190-192. an 

ethereal solution of the mixture of the acids was titrated 

with diazomethane to yield the methyl esters 19 0a-192a; 

pmr (CDCl^, rel. int.) three singlets at 6 3.7O (1.0, 
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COgCH. of 191a). 3.66 ( 3 . 0 ,  COgCHj of 190a). 3.62 (I. 6 ,  

COgCH^ of 192a); glc analysis (column H, at l40°): 

retention time 33» 60 and 66 min. for 19 Oa. l9la and l92a. 

with a ratio of 3-6:1.0:1.2, respectively. The assignment 

of the peaks was based on those of each ester prepared from 

the corresponding pure acid 190 and 192 with diazomethane. 

Treatment of 93. with Acid Generated during Solvolvsis 

To ^9 mg (0.i|'55 mmol) ethyl bromide in one ml 90^ aq. 

acetone was added 85 mg (0.^15 mmol) anhy. AgClO^^ in one 

ml 90^ aq. acetone. After stirring at room temperature 

for 30 min., 1^0 mg (0.4^5 mmol) 22 > dissolved in 5 ml aq. 

acetone, was added to the reaction mixture. The resulting 

mixture was allowed to stand at room temperature for ^ hr. 

Work-up, as previously described for the hydrolysis of 93. 

afforded I36 mg (970') of starting dibromide 93. 

Treatment of [4.4:.l]Propellane (l98) with AgClO^in 

Acidic Aqueous Acetone To 30 mg (0.2? mmol) ethyl 

bromide in one ml 90^ aq. acetone was added 112 mg (0.5^8 

mmol) anhy. AgClO^ in one ml 90^ aq. acetone. After 

stirring at room temperature for 30 min., 4-1 mg (0.274 mmol) 

198 in one ml 90^ aq. acetone v/as added, and the resulting 

mixture allowed to stir for 2 hr. at room temperature. 

Work-up, as described for the hydrolysis of gave 28 mg 

(70^) of starting propellane 198. 
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Buffered Acetolvsis of 93 A solution of 1.10 g 

(3.58 mmol) 9-3 and O.6O g (7.32 mmol) anhydrous sodium 

acetate in 6 ml glacial acetic acid was heated in a 

sealed tube at 125° for 32 hr. After cooling, the mixture 

was poured into ice-water and neutralized with solid 

sodium carbonate. The solution was then extracted with 

ether several times. The combined ether extracts were 

dried over anhydrous NagSO^, followed by evaporation of 

solvent to yield 0.7I g brown oil. Next, 0.70 g of the 

oil was column chromatographed (silica gel). Elution with 

hexane afforded 330 mg (30^ recovery) and 70 mg (20^) 

188; elution with 2jS ether in hexane gave partial separ

ation of enone ketone 187. and two unidentified 

acetates. Compound ̂  was identified by spectral (ir and 

pmr) comparison with a sample obtained from the solvolysis 

of _23 iïi aq. acetone. 6-Bromomethylenecyclodecanone ( 187). 

pmr: 6 5.95 (s. IH), 1.5-2.5 (m. I6 H); ir (film): 1710 

(C=0) cm ^ (see Fig. .53 and 5^)' 

Anal. Calc'd for C^^H^^OBr: m/e 244.0^63 

Found : m/e 244.0^73 

Benzocycloheptene (188)t pmr: 6 6.95 (br. s. 4 H), 2.70 

(m. 4 H), 1.7 (m. 6 H), ir (film); 3040, 1500, l460, 750 

cm'l; uv (95#, CgH OH): 271 (^=380) nm [lit^^t 271 (€"292)]. 

Unidentified acetate A; pmr: ô 2.2-1.2 (m. with a sharp 
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singlet at 2.0); ir (CCl^): 1740, 1710, 1240 cm"^. un

identified acetate B; pmr: ô 2.1-0.6 (m. with a singlet 

at 1.98); ir (CCl^j^) ; 1740, 1240 cm ^. Glc analysis of the 

remaining 10 mg oil (column C) indicated the following 

composition (on the "basis of unrecovered 9 3  • )  :  1 8 7  ( 1 9 ^ ) ,  

2^ (360^, 188 (21^) and unidentified acetates (ca. 18%) 

Attempted Trans annular Cvclization of 6-Chloromethvl-

enecvclodecanone.(l89) To 5 ml acetic anhydride contain

ing 50 mg anhy. AlCl^ was added a solution of 50 mg (O . 2 5  

mmol) 189 in one ml acetic anhydride under nitrogen. The 

resulting mixture was heated at 145® for one hr. and then 

worked up as previously described for the transannular 

cyclization of 113. There resulted 53 mg of oil which was ap

parently an enol acetate on the basis of its ir spectrum 

(1768 cm ^). The oil was treated with 5 ml 90^ 

aqo methanolic KOH solution ( 0 . 3  M) at room temperature 

for 30 min. After work-up as described for the hydrolysis of 

-139.41 mg (82#) of ketone 189 was recovered. 

The [3.3•l]Propellane System 

Silver Assisted Solvolvsis of 9.9-DibromotricvclcK 

[3.3.1.0^'-^lnonane( 129) in 90# Aqueous Acetone in the 

Presence of Pyridine To 11.2 g (53-5 mmol) anhydrous 
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AgClO^ and 4.23 g (53«5 nrniol) dry pyridine in 20 ml 90fo aq. 

acetone was added dropwise 3*0 g (10.7 mmol) 129 in 50 ml 

90)3 aq. acetone over a 30 min period. The mixture turned 

brown rapidly. After stirring at room temperature for 24 

hr., the precipitate was filtered off followed by dilution 

with ether. The solution was washed with water three 

times, then with saturated NaCl solution, and dried over anhy

drous NagSO^. After evaporation in vacuo left g of 

yellow oil which was chromatographea (l in.x 6 ft.nylon 

tubing, silica gel-Woelm grade for dry-column chromato

graphy) with 2fo ether in hexane. The following products 

were obtained in order of elution, i^e. the greatest is 

first: 

Tricyclo[3'3'l' 0^'^"]nonan-9-one ( 2 0 3 )  1? mg (1. 2 ^ ) ;  pmr : 

0 2.5-1.1 (m): ir (CCl^); 1824 (C=0), I050 (cyclopropyl 

C-C) cm"^ (see Pig. 57); uv (CH^Cl^) : 325 (€ = 27), 

3 3 6  (é = 22) nm; cmr (CDCl ): 6 174.1, 32.8, 30.7, 30.4; 

cmr (CDCl^, containing 2.5 equiv. CrAcAc): ô 173.6, 35'3, 

33.8, 29.9. 

Anal. Calc'd for m/e I 3 6 . O 8 8 8  

Found m/e 1 3 6 . 0 8 8 3  ( 0 . 2 )  

Calc'd for '• m/e 1 0 8 . 0 9 3 9  

Found m/e (rel. int.) I O 8 . O 9 3 8  

(1.2) 
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Calc'd for C^HgO : m/e 108.0575 

Found : m/e (rel. int.) 108.0575 

(1.0) 

Bicyclo[^.3'Olnon-l(6)-en-2-one (202) 31 mg (2.1^); pmr: 

Ô 2.7-1.6 (m); ir (CCl^^: l668, I632 cm"l; uv (CHgCl ): 

250 (loge = 4.23) nm [lit̂ *̂250 (log e = 3.95)]. 

Anal. Calc'd for C^H^gO: m/e I 3 6 . O 8 8 8  

Found : m/e I 3 6 . O 8 8 6  

A mixture of cis-bicyclo[3•3.O]octane-l-carboxylic acid 

(204) and Mcyclo[3'3• 0loct-4(5)-ene-l-carboxylic acid 

(205,) 1.^2 g (86#); mp 30-38°; pmr (rel. int.) Ô 11.3 (s. 

COOH, 6.2), 5.36 (m. CH = C, l.O), 2.9-1.1 (m); ir (CCl^): 

3500-2400 (COOH), 1695 (C=0) cm cmr (CDCl^): ô 186.0, 

183.4, 151.9, 122.2, 65.2, 59.8, 49.8, 38.1, 37.6, 37.0, 

35=2, 3^.0, 2 6 . 8 ,  2 6.3f  2 3 . 8 .  The following reactions 

were carried out in order to adduce chemical evidence for 

the structure of 204 and determine the ratio of 204 and 205; 

(1) Room pressure catalytic hydrogénation of 50 mg of the 

mixture of 204 and 205 in 20 ml ethanol over 10^ Pd-C, 

followed by filtration and evaporation afforded a white 

crystalline material, mp 43-44° (lit^^? 40-43°); pmr: ô 

12.1 (s. 1 H), 2.65 (m. 1 H), 2.4-1.0 (m. 12 H); ir (CCl^): 

3500-2400 (COOH), 1693 (C=0) cm ^; cmr (CDCl^): ô 186.0, 

59o8, 49.8, 38.1, 34.0, 2 6 . 3 .  
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Anal. Calc'd for m/e 1^4.0994 

Found : m/e 1^4.0996 

(2) Esterification of 204 and 205 was performed "by adding 

ethereal diazomethane solution to 10 ml ethereal solution 

containing 100 mg of the mixture of 204 and 205 until the 

yellow color persisted in the reaction mixture. After 

work-up as described for 190 and 191, the corresponding 

methyl esters 204a and 205a were obtained in excellent 

yield (980); pmr (CDCl^, rel. int.): Ô 62 (m. CH=C of 

205a, 1.0), 3.67 (sc OCH of 205a. 3.O), 3.62 (s. OCH^ of 

204a. 16), 2.8-1.1 (m. aliphalicH); ir (CCl^): 1730 (C=0), 

1165 (COgCH^) cm~^; mass spec, at I6 ev: m/e (rel. int.) 

1 6 8  ( 3 0 ) ,  1 6 6  ( 6 ) ,  1 4 0  ( 3 5 ) ,  1 3 7  ( 2 0 ) ,  1 3 6  ( 1 4 ) ,  1 2 7  ( 1 0 0 ) ,  

109 (49), 108 (26), 107 (18); glc analysis (column H) 

failed to give ratio of 204a and 205a. probably due to the 

decomposition of the latter in the column. 

Attempted Synthesis of Methanol Hemiketal of Tricyclo 

[3.3.1. 0^'-^]nonan-9-one (203) A solution of 10 mg pni 

and 5 ml anhydrous methanol was allowed to stir at room 

temperature for I6 hr. The excess methanol was evaporated 

under reduced pressure while the water bath was kept under 30* 

giving 9 mg oil which showed no formation of hemiketal 

according to its ir and pmr spectra,' but rather showed start

ing ketone 203. Thi oil was treated with 5 ml anhydrous 
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methanol at refluxing temperature (ca. 70°) for 8 hr. Again, 

no desired product was obtained, but a rearrangement product 

was observed, 7 mg (70%), pmr: 6 5-35 (m), 2.8-1.1 (m); 

ir (CCl^): 1700 (C=0), 16^0 (C=C) cm The structure 

of the product was tentatively assigned as bicyclo[3•3•1] 

non-1(2)-en-9-one (206). 

Attempted Hydrogénation of .203 A 10 ml absolute 

ethanol solution containing 10 mg 203 and 2 mg 5^ Pt-C was 

hydrogenated at 50 psi for two hr. After filtering off 

the catalyst and evaporating the solvent under reduced 

pressure, there remained 8 mg oil which was identified as 

mostly starting ketone 203,and possibly some desired product 

(according to its ir spectrum,1730 (C=0) cm The tentative 

structure is bicyclo[3.3'l]#onan-9-oneo 

Attempted Photolysis of 20'3 A 100 ml pentane 

solution containing 10 mg ,203 was degassed and irradiated 

at room temperature with a 4_$0 watt mercury lamp through a 

filter (pyrex sleeve ACE glass cat. 6515-^^)• The solvent 

was removed under reduced pressure to give an oil showing 

only starting ketone 203 via ir analysis. When the oil 

was irradiated without filter for an additional 5 hr period, 

the product obtained gave a broad carbonyl absorption at 

1720 cm and other peaks (llOO, 1025 cm ^), Glc analysis 

(column D) showed none of the expected product, bicyclL3•3•0] 

oct-l(5)-ene. 
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Reaction of 203 with Potassium Hydroxide To 5 mg 

203 was added 5 ml 90^ aqueous methanolic KOH solution 

(0.5 M) and allowed to stir at room temperature for 15 hr. 

After evaporating under reduced pressure, the residue was 

diluted with water and acidified with conc. HCl solution. 

The milky solution was extracted three times with ether. 

The combined ethereal solution was washed with water, 

saturated NaCl solution, dried and concentrated under 

reduced pressure. The resulting oil (4 mg), which solidified 

upon cooling, mp 40-44°,was identified as bicyclo[3•3»0] 

octane-l-carboxylic acid (204 ) on the basis of its ir 

spectrum. 

Silver Assisted Solvolysis of 129 in 99^ Aqueous 

Acetone To 4.80 g (17.9 mmol) anhydrous AgClO^^ in 30 

ml 99^ aq. acetone was added dropwise 1.00g(3.58 mmol; 129 

in 20 ml 99^ aq. acetone. After stirring at room temper

ature for 20 min., work-up as described for the solvolysis 

of 129 in 90^ aq. acetone afforded O.58 g of yellow oil 

which was diluted with 100 ml ether. The acids 204 and £0^ 

were not completely removed by extraction with saturated 

NaHCO^ solution. Thus, the ethereal solution. 

was extracted with 5?^ NaOH solution. Acidification of the 

aqueous solution followed by ether extraction, drying and 

solvent evaporation afforded [3^3 mg (62^, note that low 
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yield is due to a mechanical loss in work-up) carboxylic 

acids 2Ok and 205. The organic layer remaining after 

base extraction was washed with water, dried over anhy

drous NagSO^ and concentrated under reduced pressure to 

yield 98 mg oil, which was chromatographed to afford ^2 mg 

{ko2fo recovery) 129 mg (7%) 203. and 15 mg of a mixture 

of enone 202 and S-'bromomethylenecyclooctanone (2.Q7 ). The 

evidence for the structure of 207, is a pmr singlet at Ô 

5o80, an ir carbonyl absorption at I690 cm ^ and a mole

cular ion at m/e 216.OI56 (calc'd for C^H^^OBrs m/e 

216.0150). 

Treatment of 129 with Acid Generated during Solvolysis 

To ^9 mg (0.455 mmol) ethyl bromide in one ml 90^ aq. 

acetone was added 85 mg (0.415 mmol) anhydrous AgClO^ in 

one ml 90^ aq. acetone. After stirring at room temperature 

for 30 min., 127 mg (0.455 mmol) 129 dissolved in 5 ml 90^ 

aq. acetone, was added to the mixture. The resulting 

mixture was stirred for 12 hr. at room temperature, and 

then worked up as described for the hydrolysis of 129 to 

yield 118 mg (92^) starting dibromidB 129. 

Treatment of Tricyclof 3 • 3 • 1 « 0^'-^Inonane (214) with 

AgClO^ in Acidic Aqueous Acetone To 53 mg (0.494 mmol) 

ethyl bromide in one ml 90fo aq. acetone was added 204 mg 

(0.988 mmol) anhydrous AgClO^ in 2 ml 90^ aq. acetone. 
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After stirring at room temperature for JO min, 60 mg 

(0.494 mmol) 214 dissolved in 2 ml 90fo aq. acetone, was 

added to the mixture. Further stirring of the resulting 

slurry for 1? hr. at room temperature, followed by work 

up as described for the hydrolysis ofl&2. ̂ ve 17 mg (28^) 

starting propellane 214. 

Treatment of 2l4 with AgClOj^ in Neutral Aqueous 

Acetone To 1? mg (0.139 mmol) 214 in one ml 90fo aq. 

acetone was added 30 mg (0=145 mmol) anhydrous AgClO^ in 

one ml 90^ aq. acetone. After stirring at room temperature 

for 4 hr., work-up as described for the hydrolysis of 129 

gave neither starting material nor any other identifiable 

monomer!c products. 

Silver Assisted Solvolysis of 129 in 95f° Aqueous 

Acetone in the Absence of Pyridine To 11.2 g (54.0 mmol) 

anhydrous AgClO^ in 30 ml 95^ aq. acetone v/as slowly added 

3.0 g (10.7 mmol) 129 dissolved in 50 ml 95^ aq. acetone. 

After stirring for 12 hr at room temperature, work-up as 

described for the solvolysis nf 129 in 90^ aq. acetone in 

the presence of pyridine afforded 1.46 g (,&9%) carboxylic 

acid 204 and 205 and 72 mg yellow oil, which showed a 

trace amount of cyclopropanone 203 in the ir spectrum. 

However, no further separation was attempted. 
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Silver Assisted Acetolysis of 129 To 0.7^ g (3*58 

mmol) anhydrous AgClO^^ in 20 ml of a mixture of acetic acid 

and acetic anhydride (80:20) was added dropwise 1.00 g 

(3.58 mmol)129. in JO ml of the aforementioned solvent, 

over a period of 15 min. After stirring the resulting 

mixture at room temperature for an additional 10 min., it 

was stored in the freezer overnight. Work-up was performed 

as described for the acetolysis of ̂  to afford 0.73 g of 

yellow oil, which showed a pmr singlet at ô 5«60 and an ir 

absorption at 17^5 cm~^. The mixture was chromatographed 

(silica gel, eluted with 1-10^ ether in hexane) to yield 

436 mg (4-4^ recovery) 129. 7 mg {0.6%) 9-'bromo-l,5-diacetoxy-

bicyclo[3.3.1]nonane (208) and 79 mg {15%) 9-'bromo-9-

acetoxytricyclo[3'3'i'0^'^]nonane (209). The new compounds 

gave the following properties: 

Diacetate 208; mp 183° (decomp.); pmr: ô 5 . 6 O  (s. 1 H), 

2.8-1.2 (m. with a singlet at 2.04); ir (CCl^^): 17^0 (C=0), 

1240, 1220 (acetate) cm ^; mass spec, at I6 ev: m/e (rel. 

int.), 320 (P+2, 10), 318 (P, 10), 280 (22), 278 (39), 276 

( 2 2 ) ,  2 1 8  ( 8 9 ) ,  2 1 6  ( 9 2 ) ,  1 5 0  ( 7 6 ) ,  1 3 8  ( 5 6 ) ,  1 3 6  ( 1 0 0 ) ,  

1 0 9  ( 7 2 ) ,  1 0 8  ( 7 2 ) .  

Bromoacetate 209; mp 70-71° (aq. methanol); pmr: ô 2 . 5 -

1.2 (m. with a sharp singlet at 2.0); ir (CCl^): 1770 

(C=0), 1220, 1180 (acetate) cm ^ (see Fig. 58); mass spec, 

a t  7 0  e v ;  m / e  ( r e l .  i n t . ) ,  2 6 0  ( P + 2 ,  0 . 3 ) ,  2 5 8  ( P ,  0 . 3 ) ,  
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217 (0.8), 215 (0.8), 137 (8), 136 (4) ,  135 (3), 126 (4) ,  

108 (100), 93 (32), 80 (45), 43 (6o); also found: m/e 

108.0939 (calc'd for m/e 108.0939). 

A second solvolysis, similar to that described above, 

involved the reaction of O . 5 0  g (1.79 mmol)l29 with 0.37 g  

1.79 mmol) anhydrous AgClO^ in 30 ml of the aforementioned 

acetic acid/acetic anhydride mixture at room temperature 

for 22 hr. After work-up as above, the O.3O g yellow oil 

obtained was subjected to base catalyzed hydrolysis as 

described for l5l to give 7 mg carboxylic acid 204 (iden

tified by ir spectroscopy). The organic layer remaining 

after base extraction 3-nd drying afforded 

198 mg oil which was chromatographed to give 186 mg (370 

recovery)l29 and 10 mg of a mixture (two spots on TLC) of 

9-bromo-l,5-dihydroxybicyclo[3«3'l]nonane ( 2.1 o) and 6-

hydroxybicyclo[4.3.0]nonan-2-one ( 211) on the basis of 

the following spectral data, pmr: Ô 3.58 (s), 3'40-3.15 

(m), 2.8-1.2 (m); ir (CCl^): 3570 (OH), I725 (0=0), I I 6 5  

(tertiary 0-0) cm~^. Part of the mixture (5 mg) was then 

refluxed in 2 ml 90^ aq. methanolic KOH solution (0.4 M) 

for 10 min. The product (2 mg), obtained after work-up 

as described for the elimination of hydroxyketone 193. 

showed a doublet [1668 (0=0) and I632 (C=C) cm in the 

ir spectrum, and Rf = O.38 (TLC, 1:1 OHgClg/hexane), and 
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the same pmr spectrum ( H X - 9 0  FT-spectrometer) as an 

authentic sample of enone 202. 

Silver Assisted Solvolysis of 9-Bromotricyclo -

[3.3.1oO^'^]nonane (212) in 85^ Aqueous Acetone To 4l4 

mg (2.0 mmol) anhydrous AgClO^^ in 2 ml 8aq. acetone was 

added one ml of an 8^^ aq. acetone solution of 40 mg (0.2 

mmol) 212. After stirring at room temperature for 20 min., 

work-up as described for the hydrolysis of 129 afforded 25 

mg (91^) of bicyclo[3.3•O]octane-l-carboxaldehyde ( 2 1 3 ) ,  

pmr: ô 9.40 (s. 1 H), 2.7-1.1 (m. 13 H); ir (CCl^); 2695 

(aldehydic C-H), 173O (C=0) cm"^; 

Anal. Calc'd for m/e 138.1045 

^ound : m/e 138.1046 

Additionally, a trace amount of carboxylic acid I90 was 

detected in the mass spec, (m/e 154). 
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PART III: 

STUDIES OF CERTAIN CYCLOPROPYL 

ANIONS AND RADICALS 
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INTRODUCTION 

In the course of the syntheses of norcaradienyl-

cartinyl derivatives, we chanced to observe that a 77 to 

23 mixture of "bromopropellanes 46f and 42f was converted to 

a 9:91 mixture of the corresponding carboxylic acids 46a and 

42a via carbonation of the Grignard reagent (see Eq. .23)• 

The stereoselective formation of 46a and 42a led us to in

vestigate the nature of the cyclopropyl radical(s) and 

cyclopropyl anion(s) formed in the propellane system. 

1) Mg 

2) CO, 

46 f 42f HOOC^ ^COOH 

77 : 23 

(23) 

9 : 91 

Mechanism of Grignard Reagent Formation 

It has been well established by many workers that 
138-140 

Grignard formation occurs by a free radical mechanism. 

141 
Walborsky and Young reported the first example of a 

Grignard product formed with net retention of configuration 
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from an optically active cyclopropyl bromide 215, (see Eq. 

2 4 ) ,and suggested that the extensive racemization observed 

in the products occurred in the Grignard formation step and 

not after the Grignard reagent was formed; the Grignard 

reagent was presumed to form with net retention. 

B r  C O  H  H  
5 ^ 3 

H ̂̂3 1) Mg 

2) COg . , 
Ph' "Ph Ph Ph Ph Ph 

219 216 21Z (24) 

opt. purity % 

. 98Î2f» 12-2% 10±2# 

In the same study, deuterolysis of the Grignard 

reagent resulted in 78?5 and 52^ deuterium incorporation 

when THF and ether were used as solvent, respectively. 

These data indicate that reaction with solvent in the 

Grignard formation step does occur and that diethyl ether 

is cleaved to a greater extent than THF. However, 

Walborsky°s recently published results in perdeuterated 

142 
ether, shown in Table 15, suggest that solvent cleavage 

becomes more important in THF than in ether, i.e.. solvent 

cleavage is an important source of that hydrocarbon which 
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is formed. Furthermore, it is also of interest that the 

yield of the acid 216 is highter in THF-dgthan in ordinary 

THF and the optical purity of '216 drops slightly in THF-dg 

Likewise, the yield of Grignard reagent is drastically 

reduced in ether while the yield of side products increases. 

The authors proposed the following mechanistic pathways 

(see Scheme 1?) for Grignard reagent formation in order to 

explain their results. 

Scheme 17 

'////// 

R-X 
/////;/// (3) RMgX 
Mg 

R • 'MgX 

Mg 

etc 

The processes were assumed to take place on the 

surface of the magnesium metal. Interaction of the cyclo-

propyl halide and magnesium "by pathway (l) gives a tight 
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radical anion which collapses with radical cation "by 

pathway (4) to Grignard reagent with complete retention of 

configuration. Alternatively collapse may proceed by 

pathway (3) to a loose radical pair, which may also be 

formed directly from magnesium by pathway (2). Racemi-

zation therefore takes place in the loose radical pair to 

give racemic Grignard reagent by pathway (5). However, 

Table 1 6 ,Formation and Carbonation of the Grignard Reagent 

from 215 in Various Solvents. 

Temp. Acid 2l6 Hydrocarbon, 217 

o„ a opt. overall yield RD opt. 
yi 1/ purity?^ of RH + RD, ̂  % purity,^ 

Et^O 35 26 20.4 22.9 - 3.7 

THF 65 70 18.5 é.O - 6.2 

35 25 18.2 20.2 6.7 4.6 

THF-dg 65 88 13.0 1.0 29.2 10.3 

THF-dg 65 93 13.2 1.4 28.1 7.7 

the cyclopropyl radical may abstract a hydrogen from a 

solvent molecule or from other alkyl halide molecules 

present on the surface of the metal. Ethyl ether is 

known to be one of the poorer solvents for the formation 
143 

of radical anions; therefore more of the loose radical 

pair might be formed in ether than in THF. Consequently, 
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more hydrocarbon 217 would be produced in ether. More 
144 

recently, Whitesides, et aJ., reported that the rate 

determining step for formation of Grignard reagents 

involves electron transfer from the magnesium metal to 

145 
alkyl halide., presumbly forming an unstable radical anion. 

l46. 
However, Bodewitz and coworkers" presented direct evidence, 

via CIDNP phenomena, that radicals are true intermediates 

in the formation of ethylmagnesium and iso-butylmagnesium 

bromide in THF and of ethylmagnesium iodide in di-n-butyl 

ether 0 

l47 
Moreover, Ford and Buske' investigated the reaction 

of218 with magnesium in THF followed by deuterolysis. The 

major product (220, $0^) was formed via overall retention 

(see Eq.25). Unfortunately, no conclusive results were 

obtained from the svn epimer (221)under the same conditions. 

In any event, the authors rationalized the highly stereo

selective formation of the Grignard reagent as due to a 

large barrier to pyramidal inversion of 7-benzonorborna-

dienyl free radicals and carbanions, formed via an electron 

transfer free radical surface mechanism. It is interesting 

to note that when 219 or 222 was reduced by n-Bu)^SnD, the 

isomeric distribution of deuterium in the product 

(226/223=43/^7) was nearly identical in both cases, 
148 , 

irrespective of the geometry of the starting bromide (see 
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Eq. 2 6  and 2? ). This may indicate a lower inversion barrier 

in the radical than in the anion. 

1) Mg 

2) DgO 

10# 

(25) 

(n-Bu)^SnD 

^ C^H^, 60^ 
220 t 

43# 

(26 )  

57# 

(n-Bu)^SnD 

C^H^, 60« 220 + 221 (27) 

43# 57# 

222 
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Generation of Cvclouropvl Radicals 

Since the geometry of the cyclopropyl radical has 

long been a subject of interest, attempts to intercept the 

nonplanar radical have been made; a number of these have 

149-151 
been unsuccessful. However, stereospecific reduction 

of gem-halofluorocyclopropanes 224 or 225 with tri-n-butyltin 

hydride to produce completely retained fluorocyclopropane 

products has been cited as evidence for a pyramidal 

152 
structure for the fluorocyclopropyl radical (see Eq.28 

and 29) .This conclusion was reasonable since there is 

evidence that the reduction of alkyl halides with 

organotin hydride involves a free radical chain 

n=3 »4 

X=Cl,Br 

(n-Bu)-^SnH 

80-130° 

(n-Bu)^SnH 

80-130° (ch2^ 

(28)  

( 2 9 )  
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1^3-256. 
mechanism. Most recently, the assumptiom regarding 

the pyramidal structure for the fluorocyclopropyl radical 

has been confirmed by studying the brominative decarboxy

lation and thermal decomposition of 226, 228. 227. 229 

respectively. The results shown in Tables 1? and 18 led to 

the conclusion that the 7-fluoro-7-norcaryl radical is 

configurationally stable, but the chloro and proton 
l57 

analogs are not. 

02% 

X=F,C1,H 

226 228 E=H 
R=0-t-Bu 

ROJO 

229 R=0-t-Bu 

In connection with this, thermolysis and photolysis 

of the t-but yl peroxyester precursors 230 and 231 indicated 

that the equilibration of radicals determines the products; 

essentially identical endo/exo ratios were obtained from 

either starting chloride, although the ratio varied with 
,158,159 

conditions (from 0.4 to 2.0), 
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Table 17.Brominativê Decarboxylation of Acids at 77°. 

Compound 
Yield, 

% 
Isomer 

Retn, 

Ratio 

Invn. 

COOH 

75 100 0 

HOOC 

71 100 

COOH 

73 72 28 

HOOC 

74- 1^3 57 

OOH 

73 84 16 

HOOC ,H 

76 15 85 
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Table 18.Thermal Decomposition of Peroxy Esters. 

s. 

Compound Solvent 
Yield, fo Isomer Ratio 

RCOgH RH or RBr Retn. : InVn. 

S 
COOtBu 

Toluene 

Cumene 

CBrCl^ 

Toluene 

Cumene 

CBrCl^ 

8 
COOtBu 

Toluene 

Cumene 

CBrCl^ 

tBuOOC 

Toluene 

Cumene 

CBrCl^ 

13 61 94 6 

15 65 96 4 

53 100 0 

16 65 90 10 

16 58 93 7 

4-9 100 0 

17 64 78 22 

18 56 80 20 

38 82 18 

18 68 23 77 

19 55 21 79 

- ^7 18 82 

^R stands for 7-fluoro or 7-chloro-7-norcaryl group 
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II 
COOtBu Cl tBuOOC 

Solvent (toluene or diisopropylbenzene) is the source 

of hydrogen in the above case. If the hydrogen donor is 

a more reactive one such as triphenyltin hydride, the 

approach of tin hydride to the intermediate radicals 

becomes important, and may compete with complete equili

bration of the cyclopropyl radical, as in the reduction 
160 

of and 2JJ, The former yielded more retentive 

product than did the latter, (see Eq.30 and31) 

In a related study, Ando and coworker^^^ reported 

that the isomeric products were nearly identical for 
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Ph^SnH 

30= (30) 

Ph^Srfi 

30° 

m 

-h 

69)^ : 

(31) 

31^ 

reduction of. 234 and 237. (see Eq. 3 2 ) .  This is probably 

due to the p-Tr conjugation between methoxycarbonyl or 

cyano group and the cyclopropyl radical center which lowers 

the energy barrier for inversion. The predominant 

formation of endo X)roduct238 must be due to the greater 

steric repulsion in the hydrogen transfer from the tin 

hydride to the endo side of the radical relative to the 

exo side. 

n-Bu)oSnH 
i > 

170° + 

(32) 

236 

232 

R = COgCH-

R = CN 

228 90^ 

91^ 

IQffo 



www.manaraa.com

255 

Nevertheless, reduction of 239 or 2^.0 wit h a large 

excess of neat triphenyltin hydride at 4-0° gave a mixture 

of two isomers of the same composition irrespective of the 

geometry of the starting material?"^^ (see Eq. 33) 

Ph CF^ 

H-
Ph^SnH Ph CF. Ph H 

i 3 
522 ^ (33) + 

PhoSnH jr 
Ph Br ^ 70> 30fo 

CF^ 
H 

240 

In general, the configurational stability of free 

radicals can be regarded as being dependent on the s 
163 

character of the odd-electron orbital. Since the s 

character of the carbon orbital forming the C-F bond in 

the a-fluorocyclopropyl radical decreases relative to that 

of the C-H bond in the cyclopropyl radical, the s character 

of the odd-electron orbital increases. It may be expected 

that the more electronegative the a substituent is, the 
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less rapidly the inversion of the cyclopropyl radical will 
157 

occur. In fact, the energy barrier for inversion of 
, 160 

some cyclopropyl radicals was calculated via CNDO/2 and 
, l64 

MINDO/3; the results, given below, were in accord with 

the above reasoning. 

Inversion Ç^l 

Barrier / \ /\ / \ 

Kcal/mol 

CNDO/2 10.5 4.0 0.8 

MINDO/3 5.9 4.6 

It should be noted that organotin hydrides are 

considered to be extremely reactive toward radicals^^^ >1^-5 

with the reactivity of the various tin hydrides as 

follows 

(n-Bu)^SnH < (n-Bu)2SnH2 < Ph^SnK <PhgSnH^ 

Thus the more reactive hydrides may be better able to 

trap some cyclopropyl radicals before equilibration occurs. 

However, Altman and Nelson^^ carried out the 

reduction of two optically active cyclopropyl bromides, 241 

and 21^ in a large excess of neat triphenyltin hydride and 
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reported that net inversion had occurred. This is in 

direct contrast to the results of Jacobus and Pensak^"^ who 

reduced pure 5 with sodium dihydronaphthalide in dimethoxy-

ethane and obtained 29^ optically pure product with net 

retention of configuration. Although they were dealing 

with two different reagents, radical intermediates were 
166 

involved in both cases. One possible explanation would 

be that the radical undergoes rapid inversion, but that 

the front side is blocked by the bulky triphenyltin bromide 

(radical cage pair) and reduction thus gives net inversion 

in Altman's case. 

Br 

Ph"^ Ph 

• Z15. 2  ̂

y-

Ph^Ph 

COOCH. 

' Br 

Indeed, when the reducing agent was changed to di-n-

butyltin dihydride, net retention in the reduction of 

optically active 215 ana 2^1 was observed.Cage reduction 
168 

of a rapidly inverting cyclopropyl radical was proposed. 

The original work on the preparation of monohalo-
112 

cyclopropane with tri-n-butyltin hydride provides the 

results shown in Eq. 3̂  and 35. 
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(n-Bu)~SnH 
-r ^ 

40° 

one hr. (82^) 

t 

Br 

(34) 

102 242 244 

2995 

Br Br 

(n-Bu)^SnH 

(84^) 

242 

+ 

112 
Seyferth and coworkers^^ have argued that steric 

factors overweigh other considerations, such as planar or 

rapidly inverting cyclopropyl radicals, in terms of the 

observed product distributiono However, when the same 

dibromo compounds. 107 and 242 .were treated with excess 

Na-DMSO, they yielded the opposite composition of the 

monobromo products 243-246. 169 see (Eq. 36 and 37) The 

mechanism was postulated as involving nudeophilie dis

placement on bromine to give a bromocyclopropyl carbanion 

intermediate which then is protonated by solvent. 

Recently, Hatem and Waegeli"'^ studied the reduction 

of the cyclopropane derivatives 247 and 248; n-Bu)2SnH or 
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Na, DMSO 

^ 25°, 2.5 hr 

(72#) 

2Ma + Zbà (M) 

1-105? 90-990 

Na, DMSO 
242 

(71̂ ) 
A5 + 246 (3?) 

5# : 95# 

Na-DMSO gave solely the anti-monohalo product 2^9. Tin 

hydride reduction was thought to proceed through a radical 

intermediate which formed by attack from the less hindered 

direction and then rapidly inverted. The inverted radical 

abstracted hydrogen from tin hydride. However, either an 

anion or radical mechanism was suggested by the authors 
170 

for the Na-DMSO reduction. Likewise, treatment of 248 

with lithium aluminum deuteride in refluxing ether gave 

only 250 together with some cyclopropane ring-opened 

products. A radical mechanism was proably also involved 
171 

in the reduction of 248 with LAD. 

247 R = R' = CI 
a 

248 ^ R = CI, R' = Br 

249 ^ R = H, R' = CI 

250 ^R = D, R' = CI 
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The effect of P-substituents on the configurational 

stubility has also been probed. It was reportecf''^^ that 

an isomeric mixture of fluorocyclopropanes was obtained in 

the reduction of 251 with (n-Bu)^SnH, despite the configur

ational stability of the fluorocyclopropyl radical described 

previously (see Eq. 38). 

.CI 

^0^ (38) 

Temp. 80° 84^ 

241 130° 65# 

165° 

In a parallel study, the stereospecificity of the 

reduction of252a-c and2l3.a-c with tin- hydride has been 

fotmd to decrease in the order >b, (see Eq. 39 and 40), 

suggesting that the configurational stability of the a-

fluorocyclopropyl radical is affected by the nature of 

173 the P-substituents. It appears that P-methyl and g-

methoxy groups have the effect of stabilizing and desta

bilizing • the 7-fluoro-7-norcaryl radical, respectively. 

Normally, cyclopropyl radicals unsubstituted at the 

a-carbon will undergo rapid ring inversion to give an 

epimeric mixture of products^'^^'"^'^^However, when 25^ was 

treated with lithium naphthalenide in THF at -78°, 
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Cl 

^ = Me 

\ = OMe 

(n-Bu)^SnH^ 

251 
®-R = Me 

\ = OMe 

^ = H 

260 

0^ 

12̂  

260 

100̂  

9kfo 

lOOfo 

-h 

+ 

R 

261 

100̂  

88̂  

98?% 

261 

(39) 

(40) 

0^ 

followed by deuterolysis, predominantly inverted product 

(̂  100/1) was obtained^'^'^( see Eq. 4l). One possible 

explanation is that the initially formed anti radical 255 

is less stable than the svn radical 256 due to greater 

steric interaction (H^-Hg) in 255(see Scheme 18). Alter

natively ,256 could be reduced much faster than 255. 
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244 

1 ) LiNaph/THF,-78 

2) DgO 

Scheme 18 

100̂  

D 

(41) 

H 

254 

H 

retained product 

H 

H 

256 

1^2° 

inverted product 
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RESULTS AND DISCUSSION 

Formation of Cyclopropyl Anions 

Our studies of the Grignard reaction of ̂ 6f and 4^ 

prompted us to investigate the nature of the carbanions 

associated with ̂ 6f and ̂ 2f. Walborsky and coworkers^^^ 

have published results involving an intermediate cyclo

propyl carbanion derived from an optically active bromide 

215 and n-butyllithium. They found that on treatment of the 

resultant tertiary cyclopropyllithium compound with 

carbon dioxide, bromine, iodine or water, products were 

obtained in which the configuration, as well as the 

optical activity, had been completely retained. No effect 

on the optical purity of the products could be found upon 

varying the temperature, solvent or reaction time, 

although the lithium derivative was found to react with 

solvent in the order 1,2-dimethoxyethane> THF >diethyl 

ether. These results indicate that l-methyl-2,2-diphenyl-

cyclopropyllithium is configurationally more stable than 

alkyllithiums^^ (sp^) and stilbenyllithium^ (sp^) which 

have been shown to either racemize or isomerize under 

comparable conditions. 
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4l 

42 46 

a, R=CO^H 

b, Rr^COgCH^ 

g I R=H 

h, R=D 

i, R=Li 

j, R=OH 

k, R=OCOCH_ 
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cyclopropyl carbanions 

Evidence pertaining to the stability of secondary 
177 178 179 

propyl carbanions ' has also appeared in the 

literature. In order to check the configurational stabil

ity of the secondary cyclopropyl carbanions related to 

^2f and their saturated analogs, the lithio derivatives 

were generated. Treatment of 45f with n-butyllithium in 

ether followed by deuterolysis yielded deuterated product 

45h with complete retention of configuration within the 

error limits of pmr analysis (see Eq. 42). Only one 

cyclopropyl proton signal was observed in the pmr (6 0.3^) 

and attributed to Ha in 45h. The assignment of stereo-
8 r 

chemistry of k'jh can be compared to the published data 

as shown. 

However, the same lithio derivative ^5i was converted 

to the carboxylic ester 4jb via the usual procedure. The 

pmr spectrum of the product obtained displayed one methyl 

ester signal (5 3.55f see Fig.6l) and glc analysis 

indicated one component due to ̂ 5b (ret. time =8.3 min, 

checked with an authentic sample). g-Epimer ̂ ib was 

p r e p a r e d  i n d e p e n d e n t l y ,  a n d  s h o w e d  a  r e t .  t i m e  =  9 m i n ,  

ô 0.12 ô 0.37 6 0.29 6. 0.36 

&2g 
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COOCH 

Figure'61. Pmr Spectra of 10-Methoxycarbonyltricyclo-

[4.3.1.0^'^]decane: J^Tb (Top) and (Bottom). 
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itS£ 

BuLi 

1) CO. 

2) H+ 

3) CHgNg 

CH-OOC 

46"b 

D 

Mh 

(42) 

whereas the pmr spectrum revealed a very similar chemical 

shift for the methyl ester (6 3«55» see Fig.él). 

Unsaturated analog 46fwas treated in the same manner, 

and the results indicated that over-all retention of 

configuration in the products had occurred. Since the 

small chemical shift difference between the cyclopropyl 

protons of 42gleads to singlet at 6 0.32, the product 

obtained from the deuterolysis of cyclopropyllithium 46i 
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was hydrogenated to ̂ Ig in order to analyze the deuterium 

distribution. On the other hand, the methyl ester protons 

of ̂ 6b are quite different from those of42b(ô 3.^7 and 3-52 

respectively, see Fig. 5 in Part I). Also product 46b 

showed a different glc retention time from that of 42b (11.8 

and 10.0 min respectively). The reaction between cyclo

propyl bromide 46f (or and n-BuLi may well involve a 

four-centered transition state in order to result in 

halogen-metal interchange with complete retention of 

141 configuration. 

Formation of Cyclopropyl Radicals Enroute to Cyclopropyl 

Anions-Grignard Formation 

The Grignard reagents were prepared from the reaction 

between epimerically pure cyclopropyl bromide and magnesium 

metal in refluxing THF in the presence of magnesium bromide 

(formed when 1,2-dibromoethane was added to the mixture). 

Deuterolysis, followed by work-up and column chromatography, 

gave monodeuterated products in 30-84^ yield. The samples 

were purified by glc prior to high resolution mass 

spectrometric (HRWiS) analysis. Based on the integrated 

ratio of the two cyclopropyl proton signals (pmr spectro

scopy) and the deuterium incorporation data from HRMS, the 
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percentage of each deuterated species was calculated and 

is summarized in Table 19. From the data, it is apparent 

that over-all stereoselective formation of anti-deutero 

product has occurred, regardless of the stereochemistry of 

the starting bromides or the presence of double bonds in 

the 6-membered ring. Less than 100^ D-incorporation in 

the products may be explained in several ways, including 

solvent cleavage, proton abstraction from reactant mole

cules, and reaction of the Grignard reagent with K^O 

contaminant. In order to check for solvent cleavage, the 

reactions were studied in perdeuterated THF. The result

ing D-incorporations in the products seem to be less than 

expected. However, the values are reasonable if the 

primary solvent deuterium isotope effect (K^/K^ = ca. 2.5) 

is taken into account. From the previous discussion, it 

is clear that once cyclopropyl carbanions are formed they 
j.41 

are configurationally stable, i,.^. . epimerization from 

one cyclopropyl carbanion to another is probably a high 

energy process. When the reaction was carried out under 

reflux in THF for 2 hr. instead of 20 min., almost 

identical product ratios were obtained (see Table .•?(r)7 

Also, an exchange experiment was performed. When the 

cyclopropyllithiumijiôi, prepared from46f and n-BuLi, was 

added to a THF solution of excess magnesium bromide, the 
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Table 19. Deuterolysis of Grignard Reagents. 

Yield of RD Isomer Ratio 

Run Bromide Solvent RD & RH in H.C. anti-D syn-D^ 
(#) (*) 

Br 

THF 63 94 

DT 

06 
Br 

CD 

Br 

d> 

Br 

THF 84 71 93 

Br 

THF 30 43 99 

06' 

Br 

THF 76 61 100 0 

Bi 

5 f ̂  ] THF 59 63 

Br 

6 THF 38 68 

7 r 1/ > THF-dg 74 15 

Br 

8 If T/ > THF-dg 78 0 

^vn configuration = to D svn to 6-membered ring 
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Table 20. Stability of Grignard Reagent from 46f. 

. . ^ Isomer Ratio 
Condition Yield,^ 

Invno : Retn. 

Mg/THF reflux, 0.3 hr. 84 71 93 7 

Mg/THF reflux, 2.0 hr. 77 69 92 8 

1) n-BuLi/THF, 25° 

2) MgBrg reflux, 1.5 hr. 57 kk 0 100 

Table 21. Effect of Hydroperoxide (in THF-dg) on the 

Deuterium Incorporation in the Product. 

lyfo 
Run Bromide THF-dp .. 

° by HRMS by PMR 

1 with ROOD 64 48 

2 with ROOD 45 27 

3 Ml without ROOD 15 -

4 U-éf with ROOD 54 37 

5 ij-ôf with ROOD 49 25 

6 46f without ROOD 0 -
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intense - yellow color characteristic of the organqlithium 

compound disappeared immediately. After heating for 1.5 

hr, usual deuterolysis and work-up produced 57^ yield of 

hydrocarbon ([4^3.1]propell-3-ene) which contained 44^ 

(i._e., D-incorporation with complete retention of 

configuration). The low D-incorporation from the alkylli-

thium reaction in THF could be due to solvent cleavage, 
141 

as precedented by Walborsky and Young The above two 

experiments show that the Grignard reagent formed from 46f 

in indeed stable under the reaction conditions and thus 

the inverted product 42h,formed form the reaction of 46f 

with magnesium, does not arise from inversion of the svn 

cyclopropylmagnesium bromide. Therefore, inversion must 

take place at the cyclopropyl radical stage, which is one 

of the intermediates involved in the formation of the 

Grignard reagent. It should be noted that the overall 

inversion in the formation of the Grignard reagents 

observed in this study is in contrast to the results by 

Walborsky and Aronof^^^ In that case, net retention of 

configuration led him to conclude that a surface electron 

transfer type of mechanism for Grignard reagent formation 

(see Scheme 17) predominated. In our case, the secondary 

cyclopropyl radicals apparently diffuse away from the 

metal surface, and are then free to rapidly invert (the 
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8 10 
rate of inversion of cyclopropyl radical itself is 10 -10 

_ll59 
sec ). Assuming the rate of electron transfer to the 

epimeric radicals is equal (and this need not be the case), 

then the more stable (inverted) radical is being reduced. 

In fact, anti radicals in the [4^3.1]propellane system are 

probably more stable than the svn radicals, as judged by 

l77 
two very simular cases reported by Freeman et al. , and 

Hatem and Waegell^^^'^^^ (but with the same reservations on 

relative rates of reduction of the, epimeric radicals). 

% 

(less stable) 

4-
H 

H 

H 
H 

H 

% 

H 

H 

(more stable) 
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The argument is that nonhonding interaction between 

two hydrogens is worse than one hydrogen and one half-filled 

•orbital. The possibility of an S^2 displacement of 

magnesium bromide by D^O is ruled out on the basis of the 

stereoretained product obtained from the reaction between 

P-epimer 42fand magnesium in THF. It seems reasonable to 

propose that the pathway for Grignard formation and 

deuterolysis in the [4.3.l]propellane system is as shown in 

Scheme 19(where the Grignard reagent is written in the 

ionic form only for illustrative purposes). 

Scheme 19 

CD 
Mg Br 

yA 
Br. H 

Mg++Br 
H 

|D20 

c6 

Ĥ jBrMg H B̂r 

CD  ̂
I 42f 

H — BrMg 

46h 42h 
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The above scheme explains the stereoselective 

formation of 42hand the source of side product ^2g. However, 

one disturbing fact from the THF-dg experiments is that 

the D-incorporations are higher than expected (see Table 21) 

if the commercial perdeuterated solvent is used without 

purification. After some consternation, the solvent was 

tested with potassium iodide starch paper which indicated 

the presence of a peroxide, presumbly the perdeuterated" 

peroxide from THF. 

A more interesting point was uncovered from the 

observation that the D-incorporations measured by the HRMS 

method (from reactions in THF-dg) are higher than that 

obtained by the pmr method (for which it was assumed that 

one isomer predominated in the mixture and the D-incorpor-

ation was then calculated from the integration of the 

cyclopropyl proton signals). The pmr D-incorporation 

values calculated for the experiments in undeuterated 

THF do not deviate much from those calculated from HRMS 

data. This suggests that in the THF-dg experiments the 

cyclopropyl radical may partly rearrange intramolecularly 

via hydrogen transfer (this could be a source of low 

D-incorporation in the THF cases). Such a process would 

decrease the D-incorporation in the products as indicated 

from the pmr of the cyclopropyl region, but the calculation 



www.manaraa.com

276 

from HRMS data will give the total D-incorporation in the 

molecule-. Further study of this point should he pursued. 

Formation of_Cycloprôpyl Radicals from Cyclopropyl 

Anions-Oxygenati on 

Our need to synthesize cyclopropanols 46n. 42i. 4^j, and 

for the "partially opened" cyclopropyl cation work led 

us to investigate the mechanism of the oxygenation of 

cyclopropyllithium derivatives. This convenient new method 

for synthesis of cyclopropanols was published "by Longone 
l80 

and Wright. However, the stereochemical course of the 

oxygenation step was not elucidated. 

HO. HO .OH 

46.1 42 n 4li 4li 

The exchange reaction between cyclopropyl bromide and 

n-Bulii has been shown to be stereoretentive (vide supra). 

After the lithio derivative was cooled to -78°, oxygen 

was bubbled through the solution for about one hr. The 

resultant mixture of cyclopropanols and n-butanol was then 

acetylated directly (see Eq. 43., -44and 4^ ). Pmr spectra 
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of the products indicated that there was obtained a 26:74 

mixture of '42k and 46k from 46f and pure 42k from 42f. The 

stereochemistry of the acetates was assigned according to 

the arguments described in Part II (also see Fig. '51 

and 52 in part II). 

Br 

46f 
(38̂ ) - (43) 

26$g 1^0 

1) n-BuLi,25° 

2) Og, -78° ^ 

3) AcgO 

(44) 
100̂  

42f 

1) n-BuLi,25 

2) Og, -78°' 

3) Ac,0 

• Vj 

o6 
I—OAc AnO 

+ 

(43#) 50# 

4lk 

50# 

45k 
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While the exclusive formation of ^2k from ^2f might lead 

one to consider direct collapse of the cyclopropyllithium 

with oxygen, the epimeric mixture obtained from^6f strongly 

implies an electron transfer mechanism, which would proceed 

via an intermediate cyclopropyl radical-lithium superoxide 

ion pair; the life time of this radical pair would allow 

181 
epimerization at However, one must exclude the 

182 
possibility that 42k arises via an S^2 displacement by 

LiOg" (formed from the reaction of n-BuLi and 0^) on ̂ 6f. 

To this end, a ^-fold excess of n-BuLi and 46fwere cooled 

to -78° and 0_ bubbled through liàdf was almost quantita-
172 

tively recovered. Thus oxygenation of cyclopropylli-

thiums apparently occurs via the same electron transfer 
183 

mechanism already observed for simple alkyl magnesiums. 

Since the initial product formed from the collapse of a 

cyclopropyl radical with superoxide is a hydroperoxide 

salt, but the obtained product is an alcohol, a step 

involving the transformation of hydroperoxide to alkoxide 

salt must occur. When a solution of t-BuOOLi in ether, 

prepared by adding n-BuLi to dissolved t-BuOOH, was dropped 

into an ethereal ' solution of the cyclopropyl lithium 

derivative of la at -78® and the resultant mixture 

acetylated, pmr analysis of the product showed that only 

syn-acetate 46kwas formed (see Eq. 4.6 ). This indicates 
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that the reaction of the cyclopropyllithium with an alkyl 

hydroperoxide salt occurs via an 8^2 displacement by the 

organolithium. The inversion of stereochemistry at 

cyclopropyl carbon must have occurred in the primary 

oxygenation step. 

LiO 

n-BuLi 

46f 46 i 

Br Li 

n-BuLi 
^ (I 

46f j;°2 

LiOO^ 

cfc> 
46m. 

n-BuLî s* 
LiO 

AcO 

ob 

d> 

/ Ac,0 

t-BuOOLi 

Et?0 ^ 
-78° 

d> 
Ac, 

+ t-BuOLi 

AcO 

(46) 

Scheme 20 
46k 

f-Li Br 

o6 
i ° 2  

H -.0, 

c6' 

l*2î 

C6 
L̂i 

CO 
^ AcgO -OAc 

CO 

.OOLi 
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However, within the context of Scheme 20 we cannot 

tell whether 42m is more stable than 46m or whether 42m 

collapses to42D more rapidly than 46m does to 46p; note that 

the conversion of 46m to 42m involves more than simply 
181 

inversion of a cyclopropyl radical. A strictly analogous 

result is obtained from the oxygenation of the cyclopro-

pyllithium derived from saturated analog 45f. 

Formation of Cyclopropyl Radicals from 

Tin Hydride Reduction 

So far, all evidence seems to support a radical 

mechanism for the tin hydride reduction of gem-dihalocyclc -

1̂ 6. 
propanes. 

Initiation: SnH + » Sn$ + QH 

Propagation: Sn# + RX ^—» R* + SnX - -(4.7) 

R# + SnH ^2 » RH + Sn* - • • (48) 

Termination R* + R« —— > R-R 

R* + Sn* ». R-Sn 

Sn* + Sn* ^ Sn-Sn 

Cyclopropyl radical intermediates formed in reaction 

(47) tend to epimerize or fragment. If reaction (48) is 

sufficiently fast, simple reduction products will result; 

otherwise rearranged or fragmented products may form. 
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Addition of tri-n-butyltin hydride to an equimolar 

quantity of dibromocyclopropane derivatives ilo, ̂  and 257 

resulted in a mixture of isomeric monobromocyclopropane 

products. The results are summarized in Table 22.. 

Table 22.Reduction of gem-Dibromocyclopropanes with 

n-Bu)̂ SnH at 25° . 

Compound Yield, % 
Isomeric Ratio 

anti-Br • syn-Br' 

79 

84 

65 

20 

23 

13 

80 

77 

87 

^Svn configuration refers to the Br syn to the 6-

membered ring 
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Seyferth, et al., reported that reduction of 7,7-

dibromonorcarane with tin hydride gave a 29:71 mixture of 

anti-Br and s^-Br product. The similarity of the 

stereochemical results from this work and Seyferth's seems 

to suggest that syn-hromocyclopropyl radicals are either 

more stable than anti ones or bulky n-Bu)^SnH molecules 

preferentially attack the anti side. It should be noted 

that none of the results can determine which of the two 

bromines has been removed by tri-n-butyltin radical. From 

a model of compound 110.it appears that the anti side of 

the cyclopropyl radical may be blocked by Hg This 

would imply that ' approach from the side of the ^-membered 

ring is not sterically less hindered than approach from 

the other side. If true, then the steric explanation used 

for the reaction of tin hydride with the cyclopropyl 

radical in the 7,7-dibromonorcane case cannot be used to 

explain the stereoselective formation of syn-Br products 

in our system. 

Since it has been fairly well established that a-

fluoro- or a-chlorocyclopropyl radicals are much more 

stable than the corresponding unsubstituted cyclopropyl 
157 

radicals, it is of interest to investigate the stereo

chemistry of collapse of some unsubstituted cases. The 

results of reduction of some monobromocyclopropanes with 
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n-Bu)^SnD are shown in Table These results are 

consistent with the idea that anti cyclopropyl radicals 

(with respect to the 6-membered ring) in the [4^3.1]propel-

lane system are sterically more stable than the epimeric 

radicals, as previously proposed for the Grignard studies. 

However, further studies are needed to confirm this 

hypothesis. 

Table 23. Reduction of Monobromocyclopropanes with n-Bu)^SnD 

in benzene at 85°• 

Isomer Ratio 
Compound 

.a 
anti-H syn-H 

Br 

6 9^ 

Mf 

N 

9 91 

46f 
Br 

5 95 

^vn configuration refers to the H syn to the 6-

membered ring 
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EXPERIMENTAL 

Reagents 

Magnesium chips (99.99^) were purchased from Alfa 

Inorganics, Beverly, Mass.; tetrahydrofuran-dg (99^ D) 

and lithium aluminum deuteride-d^ (99^ D) were purchased 

from Stohler Isotope Chemicals, Rutherford, N. J.; 

deuterium oxide (99.75# D) was obtained from J. T. Baker 

Chemical Co., Phillipsburg, N. J.; n-butyllithium (1.6 M 

in hexane) originated from Foote Mineral Co. Exton, Penn. 

Synthesis 

Tri-n-butyltin Deuteride was synthesized in 8?% 

yield from tri-n-butyltin chloride, utilizing lithium 

aluminum deuteride reduction according to the method 

described by Van Der Kerk, et al.;^®^ b'.p: 74°/0.45 torr. 

IQq •-Bromotricyclo[4.3.1'0 '°]deca-2,4-diene (4 8i) 

A 50 ml methylene chloride solution containing 2.80 g 

(12.8 mmol) 46f and 5*8 g (25.6 mmol) 2,3-dichloro-5,6-

dicyano-l,4-benzoquinone (DDQ) was placed in a tube and 

sealed with a torch. The mixture turned a yellowish green 

color after heating at 70° for four days. Upon cooling, 

the tube was opened and the solid was filtered off follow
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ed by washing the solid with hexane. The residue obtained 

after concentration in vacuo was chromatographed 

(neutral alumina, hexane as eluent) to give 0.82 g on 

the basis of unrecovered 46f) of white crystals, mp 43-44.5° 

pmr: Ô 5-88 (m. 4 H, AA'BB' pattern), 3-37 (s. cyclopropyl 

H , 2.5-1=0 (m. 6 H), (see Fig.62); ir (CCl^): 3C40 

(olefinic C-H), 2965, 2935, 2870, 1445, 1252, I050 (cyclo

propyl C-C), 625 (C-Br) cm"^. 

Anal. Calc'd for C^QH^^Br: m/e 210.0044 

Found ; m/e 210.0028 

10,10-Dibromotricyclo[4.3.1.0^'^]deca-2,4-diene (257) 

In a manner identical to that described for 48f, compound 

267 was synthesized in ^>6% yield on the basis of unrecover-

ed 21; mp 71-73° (methanol); pmr: 6 5-86 (m. 4 H, AA'BB' 

pattern), 2.8-1.3 (m. 6 H) (see Fig.62); ir (CCl^): 3040 

(olefinic C-H), 2970, 2940, 2870, 1445, II70, II55, 1040 

(cyclopropyl C-C), 635 (C-Br) cm~^; uv (C.H .): 235 
O UlQJi. 

(  <  =  1 6 0 0 )  nm; 

Anal. Calc'd for C^j^H^^BrgS m/e 2 8 7 .9150 

Found : m/e 287-91^9 

ll-Bromotricyclo[4.4.1.0^'^]undecane C258) To 2.48 

g (8.05 mmol) of dibromide ̂  cooled with an ice bath was 

added 2.32 g (7.96 mmol) of n-Bu)^SnH with stirring. After 

reaction for 3-5 hr. at room temperature, 1.39 g (76^) of 
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258was obtained from vacuum distillation at 76-82°/0.2 

torr; pmr: ô 3.0 (s. 1 H), 1.1-1,9 (m. I6 H) (see Fig.63); 

ir (film): 30^0 (cyclopropyl C-H), 1075 (cyclopropyl C-C) 

-1 cm ; 

Anal. Calc'd for C^^H^^Br: m/e 228.0514 

Found : m/e 228.0514 

9-Bromotricyclo[3'3 • i - 0^'-^]nonane ( 259) The 

procedure described for the preparation of 258was employed. 

Monobromide 25£was obtained in 80^ yield from 129,bP* 

50-59®/0.5 torr; pmr: ô 3*15 (s. 1 H), 1.5-2.2 (m. 12 H) 

(see Fig.63); ir (film): 3050 (cyclopropyl C-H), 1080 

(cyclopropyl C-C) cm 

Anal. Calc'd for C^H^^Br; m/e 200.0201 

Found : m/e 200.0197 

Formation of Cyclopropyl Radicals Jînroute 10 Cyclopropyl 

Anions 

General Procedure for Reaction between Cyclopropyl 

Bromide and Magnesium in THF or THF-dg The organic 

bromides were chromatographed (neutral alumina, hexane) 

and dried over anhy. MgSO^ before use. Tetrahydrofuran 

(THF) was freshly distilled from lithium aluminum hydride. 
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Br Br 

I*: il» ' ' ' '—' ' ' 8̂' ' ' ' i'a ' it A —fn Swr 

Figiire 62. Pmr Spectra of 10a-Bromotricyclo[^.3.1.0^'^] -

deca-2,^-diene: ^8f. (Top) and 10,10-Dlbromotri-

cyclo[4.3.1.ol'^]deca-2,4-diene: 257 (Bottom). 
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w 

-i4r- i t '  ' ' * ' ' '•)» -ff — ' ' imi' 

Figure 63.  Pmr Spectra of 9-Bromotricyolo[3«3«l«0^'^] 

nonane: 259 (Top) and 11-Bromotricyclo-

r^.^.l.0^'^]undecane:258(Bottom). 
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A 25 ml three neck flask was equipped with nitrogen 

gas inlet, rubber serum cap and condenser whose top was 

attached to a mercury bubbler with tygon tubing. The 

system was flamedried under a flow of nitrogen. After 

cooling to room temperature, approximately 0.1 g of 

magnesium chips, together with a stirring bar, were placed 

in the flask under N^. After the syringing in of 1 mmol 

of cyclopropyl bromide dissolved in 2 ml of freshly 

distilled THF was complete, the resultant mixture was 

heated to reflux. Meanwhile, 0.1 ml of 1,2-dibromoethane 

was syringed into the mixture. Once the gas (ethylene) 

started to evolve, the oil bath was removed. After the 

reaction subsided, the mixture was reheated at 70° for an 

additional 20 min» Heating was then terminated and the 

reaction mixture was quenched by adding 0.5 ml of DgO. 

After stirring at room temperature for 5 min, the mixture 

was diluted with water followed by several extractions with 

hexane. The combined extracts were washed with saturated 

sodium chloride solution, and dried over anhy. MgSO^. 

Removal of solvent under reduced pressure gave 30-84^ (see 

Table 19) yield of deuterated and undeuterated hydrocarbons 

which were subjected to glc (column C) prior to product 

analysis. D-Incorporations of the products were calculat

ed from the relative intensity of the mass spectral 
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signals of P (parent) and P+1 ions. Isomer ratios were 

obtained from the D-incorporation data and the deuteration 

patterns of the cyclopropyl protons, as revealed by 

integration of the pmr signals of H^Q^nti 0 = 35 iJ = 4.8 

Hz ) and ̂ ^Osvn 0.12, J = 4.8 Hz). The results are 

shown in Table 4, (run 1-6). 

When the solvent was changed to perdeuterated THF, 

the Grignards were hydrolyzed, rather than deuterolyzed. 

In runs 1, 2, 4 and 5 of Table 21,commercial THF-dg was used 

directly. In two cases, the THF-dg was treated with KOH 

pellets overnight, then distilled under reduced pressure 

before use (see run 3 and 6 in Table 21). 

Stabilitv of the Grignard Reagent from 46f In a 

manner analogous to the above procedure, the Grignard was 

formed and further heated for 2 hr. at 70®. The product 

(770 yield) showed 6^% D-incorporation, with a 92:8 ratio 

of anti-D to svn-D product. 

Exchange of Cyclopropyllithium with Magnesium Bromide 

A 50 ml flame dried three-necked flask was equipped with 

rubber serum cap, nitrogen gas inlet and an addition 

funnel. To the funnel was added 0.29 g (1.37 mmol) 46f in 

2 ml of freshly distilled THF and 4.4 ml (7 mmol) n-BuLi 

(1.6 M in hexane). The mixture was shaken occasionally at 
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room temperature for 30 min., and then was dropped into 

the flask which had been charged with magnesium bromide 

in 10 ml of dry THF (the magnesium bromide was generated 

in situ from 2.82 g (15 mmol) 1,2-dibromoethane and 0.5 g 

magnesium chips). The reaction was exothermic, but was 

allowed to stir for an additional 30 min., during which 

time the intense yellow color characteristic of the organo-

lithium reagent faded away. The mixture was then heated 

for an additional 1.5 hr. at 65-70°. Deuterolysis (l ml) 

followed by the usual work-up and silica gel column 

chromatography afforded 104- mg (57/^) of product 46h with 

hfUrfo D-incorporation. The deuterium was found to be 100^ 

syn. within the error limits of pmr analysis. 

Formation of Cyclopropyl Anions 

Reaction of 10a-Bromotricyclo[4.3'l'0^'^]decane (^5f) 

and n-Butyllithium To 0,2l4 g (l.O mmol) 4<f in 2 ml 

freshly distilled THF was added 2.5 ml (^.5 mmol) n-BuLi 

(1.6 M in hexane) under nitrogen. After stirring for one 

hr. at r.t., the resulting mixture was quenched by adding 1 

ml DgO, then diluted with hexane. The hexane solution was 

washed with water, saturated NaCl solution, dried and eva

porated under reduced pressure to afford 0.118 g (87^) oil 

which was identified as via pmr spectroscopy, a singlet 

at 50.37 and no detectable peak at 60.12 was observed. 
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General procedure for Carbonation ofCyclopropyllithium 

Derivatives To 0.42? g (2.0 nraiol) 4^f in 3 ml freshly 

distilled THF was added dropwise 5 ml (9.0 mmol) n-BuLi 

(lo6 M in hexane). The mixture was stirred for 30 min. 

at room temperature and poured over ca. 10 g dry ice under 

Ng. After stirring for one hr., the excess CO^ was allowed 

to evaporate. The residue was acidified with 2N HCl 

solution, followed by ether extraction. The combined 

ethereal layers were extracted with 2N NaOH solution. 

Acidification of the basic extracts gave a milky precipi

tate which was again extracted into ether. Drying and 

removal of solvent gave 65 mg (37^) solid. Treatment of 

the resultant carboxylic acid with diazomethane in ether 

afforded a methyl ester. Glc analysis (column F at 92°) 

showed the presence of essentially one component 

(retention time, Rt = 8.3  min) which was identified as 

svn ester 45b by comparison of pmr and Rt with those of an 

authentic sample, (see Fig. 6I) .  

Carboxylic acid 46a was synthesized in the same manner 

(32^ yield). Its methyl ester 46b displayed an Rt = 11.8 

min. with the same glc column. No epimeric ester 42b.which 

was prepared from pure anti carboxylic acid 42awas detect

ed by pmr or glc analysis (Rt = 10.0 min). The pmr and ir 

spectra are shown in Fig. 5 and 6 in part I. 
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Formation of Cyclopropyl Radicals from Cyclopropyl Anions 

Oxygenation of 10a-Bromotricyclo[4.3'l'0^'^]dec-3-ene 

(46f) To a solution of 100 mg (0.4? mM) ̂ ^fin 20 ml 

EtgO contained in a flame-dried, Ng-swept $0 ml Schlenk 

flask was added a solution of 4.98 ÏÏM nBuLi in 3 ml hexane 

and 10 ml Et^O. %e resulting mixture was allowed to stir 

for 3/4 - 1 hr., after which it was cooled to -78°. 0^ 

was then bubbled into the solution (fritted glass bubbler) 

for 1 hr. This was followed by addition of aqueous NH^Cl 

to the reaction mixture (at & 0°). After shaking in a 

separatory funnel, the layers were separated and the 

aqueous layer further extracted with EtgO. Combination of 

the ethereal layers was followed by drying (KgCO^) and 

solvent evaporation. 

The crude mixture of Ml, 42i and nBuOH was then 

dissolved in ça. 5 ml dry pyridine, to which was added ça. 

1 ml AcgO. The solution was heated to 75° for 1 hr., 

followed by cooling, addition of H^O, and extraction with 

2^2^' EtgO extracts were then washed with IN HCl 

until the wash remained acidic. Drying of the ether layer 

was followed by rotoevaporation using a hot water bath (ça. 

75®) to evaporate the nBuOAc. The resulting crude oil was 

analyzed by nmr. The only methine peaks seen proved to be 
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those for 46k and i^2k in the ratio of 2.8:1. It was 

assumed that this ratio also applied to the alcohols 46k -

and 42k. 

Separation and purification of .46k and 42k was 

achieved by chromatography on silica gel (of 355 mg crude 

material). Both acetates were eluted with 4^ 

hexane, with ' 42k coming through first. The total 

isolated yield of cyclopropyl acetates was 38?^* 

46k : pmr (CDCl^); 6 5*50 (narrowly split mult., 

olefinic H), 3.82 (s, cyclopropyl H), 2.13 (s, 4 allylic 

H); 2.1-1.2 (m, 6 aliphatic H), 6 I.90 (s, OAc); ir (CDCl^): 

3020 (m), 1740 (s), 1665 (w), 1250 cm"^ (s): 

Anal. Calc'd for ^]_2^l6'^2' 192 = 1150 

Found (70eV) t m/e 192.II6O 

42k s pmr (CDCl^): 6 5=50 (narrowly split mult., 

olefinic H), 3.95 (s, cyclopropyl H), 2.8-1.5 (m, 4 allylic 

+ 6 aliphatic H), 2.07 (s, OAc); ir (CDCl^): 3020 (m), 

1735 (s), 1654 (w), 1245 cm"^ (s); 

Anal. Calc'd for ^12^16*^2' ^ 192.1150 

Found (70eV) : m/e I92.II6O 

Oxygenation of 10p-Bromotricyclo[4.3.1. 0^*^]dec-3;-ene 

(42f) In a manner exactly analogous to that described 

for 46£ 50 mg (0.23 i#) 42f were oxygenated and acetylated. 

To within the error limits of pmr analysis, the only 

detectable product was 42k:. 
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10a-Hydroxytricyclo[^.3.1.0^'^]deca-3-ene (k6f\ ) 

In 1 ml of a 5^ KOH in 25?^ aqueous MeOH solution were 

dissolved l6 rag pure 46k. . The mixture was heated for 2 

hr. at 50° » followed by dilution with H^O and extraction 

with EtgO. After drying (K^CO^), filtering and evaporating 

the solvent, ça. 5 mg of solid white product were recover

ed. The ir (CDCl^) showed peaks at 3590 (sharp, free OH), 

35^0 (sharp, intramolecularly hydrogen-bound OH) and 3^30 

cm~^ (broad, intermolecularly hydrogen-bound OH). 

10P-Hydroxytricyclo[4.3.1.0^'^]deca-3-ene (42 j) '• 

In the manner described above, a 50 rag sample of pure 

42k was hydrolyzed (in 1 ml of the basic solution, and 

for only 40 rain, at 50°); 13 mg of product were recovered. 

The ir (CDCl^) showed peaks at 3^00 (sharp, free OH) and 

3430 cm~^ (broad, intermolecularly hydrogen-bound OH). 

Oxygenation of 10a-bromotricyclo[4.3.1.0^'^]decane. 

(see Part II). 

Reaction of 10a-l i thiotricyclo[4.3.1.0^'^]deca-3-ene 

(46i)with l i thiura t-butylhydroperoxide 100 mg 46f were 

converted to the corresponding organolithium 46i:  exactly 

as described for the oxygenation of 46f.  Subsequently,  an 

addition funnel above the Schlenk flask containing46i was 

charged with 5 r^uLi in 3 ml hexane and 5 ml Et^O. To 

this were cautiously added 5 (90 rag) of tBuOOH (pre

viously dried,  overK^CO^, in pentane) in 5 ml Et^O (a 
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syringe was utilized). The resulting ethereal solution of 

LiOOtBu was then added dropwise to the solution of ^6'i 

(which had been cooled to -78°). Thus the only way ^6.1 • 

and/or ^-2 j ' could form would be via reaction with t-BuOOLi. 

The work-up and subsequent acetylation of the product 

mixture was performed as described for the oxygenation of 

46f. To within the error limits of pmr analysis, the only 

cyclopropyl acetate formed was 46k. 

Formation of Cyclopropyl Radicals from Tin Hydride Reduction 

General Procedure for Reduction of Dibromocyclopropane 

Derivatives with n-Bu)^SnH Reduction was carried out 

in a manner similar to the procedure developed by Seyferth, 
112 

et al. To 2.92 g (lOmmol) of dibromo compound was 

added dropwise 2.91 g (10 mmol) of (n-Bu)^SnH at room 

temperature. The reaction was initially exothermic and was 

allowed to stir for 2-3 hr. A mixture of monobromocyclopro-

panes was obtained in 84^ yield bp. 75-80°/l.3 torr. The 

ratio of the isomers was determined by integration of the 

pmr signals for the cyclopropyl protons (6 2.85 for&6f and 

3.16 for42f) as 3=3 to 1.0 (46fi42f). In an identical 

manner.110 produced a 4.1:1.0 mixture of 45f and 4lf in 

79f'> yield. Also. 257 yielded a 6.8:1.0 mixture of 48f and 
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in 65^ yield. 

General Procedure for Reduction of Bromocyclopropanes 

with n-Bu)^SnD In an nmr tube, 83 mg (0.39 mmol) of 

was mixed with 114 mg (0.39 mmol) of (n-Bu)^SnD in 

Oo5 ml of benzene. The mixture was heated at 85° for 4 

days and monitored by pmr spectroscopy until no more 

starting materials were left. After removal of solvent, 

column chromatography (neutral alumina, hexane as' eluent) 

afforded a colorless oil (and 4lh) which showed two 

singlets for the cyclopropyl protons at ô 0.35 and 0.l4 

respectively, with a ratio of 1 to I6 (or 6^ to 9^^)« 

Likewise, compound ̂ éfgave a 1 to 10 (or 90 to 910) 

mixture of 46h and 42h.Propellane 48f resulted in a 1 to 

19 (or 50 to 950) mixture of 48h and 44h. 
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