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HYPOIODITE THERMOLYSIS-CYCLIZATION ROUTE TO POLYCYCLIC KETONES. 

DIRECTION OF THE CC-BOND SCISSION. 

REARRANGEMENT OF 6-PROTOADAMANTANOL TO 2- AND 4-HOMOBRENDANONE 
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Summary: Thermolysis of 6-protoadamantyl hypoiodite followed by intramolecular, base-promoted, 
cyclization of the resulting iodoketones yields 76% of a 3:2 mixture of 4-homobrendan-4-one and 
2-homobrendan-2’-one. Direction of the d-CC bond scission in the hypoiodite appears to be 
controlled by the relative strain energies of the iodoketones. 

The hypoiodite thermolysis-cyclization sequence appears to be an excellent method for 

preparation of polycyclic ketones by rearrangement of the appropriate bridgehead alcohols. 
l-5 

3 
4-Protoadamantanone was obtained from adamantanol in 7182% yield; 1-homoadamantanol 

yielded 74% of lo-homoprotoadamantan-4-one, 4 while 3-homoadamantanol gave 78y0 of a 3 : 2 

mixture of 4-homoadamantanone and 4-homoprotosdamantan-4-one. 
5 

The most plausible mecha- 

nism’ (Scheme I) involves formation of the hypoiodite (A, 
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X=I) in situ from the alcohol (A, X=H), 

a> A>& 

A ox B 0’ 

‘0 

;Q J . 
c O hot 

ROI 

Q ) WI 
D 

followed by homolytic cleavage of the O-I bond and rearrangement of the resulting alkoxy radical 

(B) by scission of one k-CC bond (a, b, or c) to give the carbonyl-alkyl radical (C) and the 

corresponding iodoketone (D). Intramolecular, base-promoted, C-alkylation of the iodoketone will 

produce the polycyclic ketone (F). Since two d-carbonyl methylene groups in the iodoketone are 

activated, two isomeric polycyclic ketones could be formed from each iodoketone. Consequently, 

the structure of the polycyclic ketone(s) depends on both the direction of the CC-bond scission 

in the alkoxy radical and the course of the intramolecular C-alkylation of the iodoketone. 

In this work we studied the first of these two reactions, the L-CC bond scission, using 

6-protoadamantanol (la) as the starting material. Contrary to the systems studied previously, l-5 

all three c&CC bonds in 1 (Scheme II), are nonequivalent (a#b#c) and, consequently, three 
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isomeric iodoketones, 3 3, and 3 could be formed through the CC-bond scission. The intramo- 

lecular C-alkylation of 2, s and 4 could theoretically produce six ketones: 5 6 -* 7 2 8 A 9 ,’ and lo. 

Scheme II 
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6-Protoadamantyl hypoiodite (Ib) was prepared and thermolyzed in a single operation by 

treatment of la6 (7 mmol) with lead tetraacetate (17 mmol) and iodine (15 mmol) in a dry ben- - 

zene solution (60 ml) at 70 ‘C for 2 h. The solid materials were removed by filtration and the 

filtrate was washed with aqueous Na2S203 and NaHCO3 and dried. Evaporation of the solvent 

produced an approximatively 3 : 2 mixture (by lH NMR) of two iodoketones. 
7 

The crude iodoketones 

were cyclized by KOH (35 mmol) in methanol (50 ml; reflux 2 h) to yield a 3:2 mixture of two 

products which was purified on a neutral alumina (activity III) column using pentane as eluent. 

The overall yield of the pure products (2 96% by GLC) was i’O(& (based on laJ. The products 

were separated on a 10% charcoal-silica gel column with a 0+5% ethylacetate-cyclohexane 

mixture as eluent. 

The spectral data of both products are in accord with all six proposed structures: 2, 2, 

I, 8, 2, and J& To assign the correct structures to the products, they were reduced to the 
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parent hydrocarbons by Wolff-Kishner reaction. The major product (41%) was identified 

-homobrendan-4-one8 (1, tricycle 5.2.1. 0 [ 
3, 8. 

1 decan-4-one) by 13C NMR, ‘H NMR, IR, 

spectrometry, and GLC comparison of its parent hydrocarbon, 4-homobrendane, 
9 

with 
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as 4- - 

and mass 

an 

authentic sample. 
10 

The 
13 

C NMR spectrum of the hydrocarbon derived from the minor product 

(29%) showed 10 signals.ll Such a spectrum can correspond only to structures 8 and 10. 
12 

However, the IR, 
13 

C NMR, 
1 

H NMR, and mass spectra of the minor product 
I3 - 

and its parent 

hydrocarbon 
11 14 

were entirely different from those of authentic samples of 5-protoadamantanone 

(51) and protoadamantane, respectively. Consequently, structure 10 was assigned to the minor 

- product. This new tricyclic system (tricycle 5.2.1. 0 [ 428) decane) can be conveniently named 
15 

2- - 

-homobrendane. According to our knowledge no 2-homobrendane derivative has been prepared 

previousiy. 

Thus, thermolysis of 6-protoadamantyl hypoiodite (Ib) proceeds thrqh scission of bonds 

5 and 2, rather than h, producing iodoketones 2 and 4 in a ratio of 3: 2, while iodoketone 2 is 

not formed. The relative strain energies of the iodoketones may be assumed to roughly parallel 

the relative strain energies of the hydrocarbons from which they are derived. The calculated 

strain energy of the hydrocarbon corresponding to iodoketone 3 (bicycle 14.2. l] nonane: 20.95 

kcal/mol)16 is twice the strain energy of the hydrocarbons related to iodoketones 2 and 4 

(bicycle [4.3. Olnonane: 9. 86 kcal/mol, bicycle [3.2. l] octane: 12. 06 kcal/mol). 
16 

Therefore, the - 

direction of the L-CC bond scission in the hypoiodite appears to be controlled by the relative 

strain energies of the iodoketones. 
17 

This is in good agreement with the results of thermolyses 

of 3-noradamantyl and 4-homoisotwist-3-yl hypoiodite. 
18 

Iodoketones 2 and 4, could theoretically yield ketones 1 and fi, and 2 and l0, respectively, 

by base-promoted cyclization (Scheme II). Both k. -carbonyl methylene groups ( .d and $‘) in 2 

as well as in 4 should be about equally active. However, the cyclizations of iodoketones 2 and 4 

were found to be highly selective processes yielding ketones 1 and I& rather than 8 and 2, 

respectively. Ketones 1 and 10 are formed through 5-membered ring closures, while the forma- - 

tion of ketones 8 and 2 would require closures of 6- and ‘I-membered rings. This is in good 

agreement with the rates of the base-promoted cyclizations of u -halogenoalkylmalonic esters to 

the cycloalkane-1, l-dicarboxylates. 
19 

The relative rates of closure of 4-, 5-, and 6-membered 

rings were found 
19 

to be 1 : 6500 : 5, respectively. The closure of 5-membered rings was 

recently demonstrated to be also favored over 7-membered ring closures. 
20 
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