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SOME Ag (I)-PROMOTED REACTIONS OF TETRACYCLO [3.2.0.0.2'70 .6

2,704,6

] HEPTANE

(QUADRICYCLENE) , 1-METHYLTETRACYCLO [3.2.0(.0. ] HEPTANE CARBOXYLATE

2 4
(2~ CARBOMETHOXYQUADRICYCLENE) AND 1,2-DIMETHYLTETRACYCLO [3.2.0.0. 17448

0 1
HEPTANE DICARBOXYLATE (2,3-BIS(CARBOMETHOXY)QUADRICYCLENE).
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The ability of Ag(I) salts to initiate skeletal transpositions in and alco-

holyses of saturated, strained carbocycles is of syntheticla—d and mechanistic

interest.2a™h

Even so, the highly strained quadricyclene system has been little
studied. AgNOB—catalyzed isomerization of the parent hydrocarbon la to norborna-
diene (2a) has been noted, but no quantitative information is available.> We know
of only one related study and that describes the Ag(I)-promoted methanolysis and
rear;angement of diester 3.4 We detail herein the first systematic investigation
of quadricyclene-Ag(I) salt chemistry and have chosen quadricyclenes la, 1lb, and
1lc for initial study. The objective of this preliminary report is to describe
general product studies, and, accordingly, consideration of the complex questions
regarding mechanism will be largely deferred.

When lc (1M) was allowed to react with AgOOCCF

(1M) in CH,OH, there was

3 3
negligible (<3%) conversion of lc to diene 2¢ and 15% reduction of Ag(I) to Ag°.

Distillation of the crude product gave a 71% yield of nortricyclyl ether 4c as an

equimolar mixture of C-3 epimers. Similar treatment of lc with AgOOCCF3 in CH3OD

afforded the (-3 deuterioether 4d in 64% yield. Preliminary nmr rate studies on
1M solutions of lc in CD,0D have shown silver ion to be an active electrophilic

catalyst for alcoholysis of the 3-5 bond. Thus, in the presence of M AgOOCCF3,

addition of CD,OD to lc was complete within one hr at room temperature and gave

ether 4e in apparently quantitative yield. However, when 0.98M CF,COOH was the

3
catalyst, the same reaction was ca 58% complete after 38 hr. Hence, if Ag(I)
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reduction is accompanied with stoichiometric formation of CF3COOH, the acid-

catalyzed methanolysis of lc is not likely to be a competitive process.

When lc (1.3M) was allowed to react with AgOOCCF, (1.3M) in acetone, a solvent

3

of low nucleophilicity, there was 53% reduction of Ag(I) to Ag°. Distillation of

the crude proauct gave epimeric nortricyclyl trifluoroacetate 4f (17%) and epimeric

nortricyclyl alcohol 4g (53%). The isolation of 4g as the major organic product

was unexpected, but the reaction mixtures do become appreciably acidic, and it
seems likely that acid-catalyzed dehydration of acetone may provide the water

necessary for alcohol formation. As before, there was low (~3%) conversion of

lc to 2c.

Treatment of lc (1M) with anhydrous AgBF, (1M) in ClCH,CH,Cl gave Ag°® (25%)

4 2772

ana diene diester 2c (42%, 31% by isolation); no other organic products were

identified.

The reactivity of lb both parallels and contrasts with that of lc. When lb

(14) was allowed to react with AgOOCCF. (1M) in CH,OH, Ag°® was precipitated in 82%

3 3
yield. Fractional distillation of the crude product gave diene monocester 2b (20%)

and nortricyclyl ether 4b (32%) as an equimolar mixture of C-3 epimers. Thus,

when one of the ester functions in lc is replaced by hydrogen, isomerization to
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diene becomes competitive with methanolysis. Moreover, methanol adds selectively
to the strained o bond bearing the carbomethoxy group.
The reactivity of lb in acetone differs significantly from that of lc. Treat-

ment of lb (1M) with AgOOCCF, (1M) in acetone gave a relatively low yield (32%) of

3
Ag® and caused clean conversion of lb to diene 2b (isoclated in 81% yield by distil-
lation); no nortricyclenes were identified.

When quadricyclene (la), the parent hydrocarbon, was allowed to react with
AgOOCCF3 in CH3OH (0.26M in each reagent), there was 89% reduction of Ag(I) to Ag°.
Several organic products were identified, and their yields were determined by glpc
analysis; they were norbornadiene (23)(34%), 3-2597methoxynortricyc1ene (ig)(ZB%),
and 5-exo-methoxynorbornene (5)(7%). By way of comparison, treatment of la with
concd. sulfuric acid in methanol gave a 90% crude yield of 4a and 5 in a 23:77 ratio.

A most unusual property of the guadricyclene system is its ability to cause
silver ion reduction, a process which is apparently regulated by the nature of the
quadricyclene substituents and by the reaction solvent.5 Furthermore, the produc-
tion of acid in solvent methanol appears to be related to the extent of Ag(I) reduc
tion. The results of a pH study on la, lb, and lc are given in Table I. The
formation of silver methoxide, perhaps by proton transfer from Br¢nsted acid 6 to
the substrate, and its subsequent decomposition is a plausible source of Ag® in
that solvent but we can, as yet, only speculate on this matter.6 The formation of
norbornadienes 2a-2¢, nortricyclenes 4a-4g, and norbornene 5 is consistent with
the known reactivity of quadricyclenes toward electrophilic agents and may proceed
by nucleophilic interception and intramolecular collapse of intermediate
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7a~e  4ith quadricyclyl esters lb and lc, bonding of the

carbocations 7 and 8.
catalyst to carbonyl oxygen as shown in structure 9 seems possible4 and is consis-

tent with the observed selectivity of methanol addition to 1lb.

We reserve judgment regarding the nature of the active electrophile, e since



4946 No. 49

there may, in fact, be several catalytic species. Organosilver carbocations have
been implicated as intermediates in Ag(I)-promoted rearrangements of strained
hydrocarbons in non-hydroxylic solvents,2b but their existence in methanol is

equivoeal.2a

TABLE I
Acidity of Quadricyclene:AgOOCCF3:Methanol keaction Mixtures?
Quadricyclene [Quadricyclene]? [A900C0F3]§’c pHd
______________ 0.29 6.0
la 0.28 0.29 1.7
1b 0.28 0.29 1.8
lc 0.27 0.29 4,1

(a) The reaction mixtures (l0ml) were allowed to stand for 24 hr at ambient temper
ature ‘and poured into distilled water (100ml) prior to pH measurements. (b) Initial
molar concentrations of ia, lb, lc, and silver trifluorocacetate. (c) Silver tri-
fluorocacrtate (Aldrich Chemical Co., 98%) was recrystallized from n-hexane: ethyl
acetate and dried in vacuo (lmm) just prior to use. (d) The pH meter (Ag/AgCl-
Glass electrode) was pre-calibrated with buffer solutions at pH 2,4, and 7.
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