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/. Introduction 

In recent years, saturated polycyclic "cage" molecules 
have held a special fascination for organic chemists. 
With the exception of adamantane, most saturated cage 
molecules contain considerable strain energy as evi
denced by the fact that they (i) contain unusually long 
framework carbon-carbon a-bonds, (ii) contain unusual 
C-C-C bond angles that deviate significantly from 
109.5°, (iii) possess unusually negative heats of com
bustion, and (iv) possess unusually positive heats of 
formation when compared with nonstrained systems. 
Frequently, the strain energy contained within cage 
molecules also expresses itself through unusual patterns 
of chemical reactivity.1 Additionally, the thermody
namic instability that this strain energy confers upon 
cage systems is a potential problem that synthetic or
ganic chemists must learn to deal with constructively. 

Alan P. Marchand, a native of Cleveland, OH, is a member of Local 
72, American Federation of Musicians. 

In this review, we shall focus upon the synthesis and 
chemistry of three types of noncyclopropanoid cubane2 

homologues that result via introduction of one 
["homocubane" (I)], two ["bishomocubanes" (2-6)], and 
three methylene groups ["trishomocubanes" (7-20)] into 
the cubane skeleton. A listing of pertinent parent hy
drocarbon structures appears in Table 1. No system
atic attempt has been made in this review to cover 
functional group transformations of these cage systems. 
Coverage of the literature extends through August 1988. 

/ / . Homocubanes 
(Pentacyclo[4.3.0.025O38O4 7]nonanes) 

A. Syntheses of Homocubanes 

Several independent syntheses of substituted homo
cubanes have been reported. In general, two types of 
approaches have proved successful in this regard: (i) 
intramolecular [2 + 2] photocycloadditions in appro
priately substituted tricyclic diene systems3-6 and (ii) 
ring contractions of appropriately substituted bis
homocubanes.7-13 Some examples of each type of syn
thesis are shown in Tables 2 and 3. In addition, 
Dieckmann condensation in a secocubane diester, i.e., 
21, has been found to be useful for synthesizing the 
corresponding substituted homocubane (i.e., 22, Scheme 
I).14 

It is worthwhile to consider ring contractions as a 
general approach for synthesizing homocubanes (Table 
2) and other cage compounds.15 Whereas simple cyclic 
and acyclic a-halo ketones undergo Favorskii-type re
arrangements16 in the presence of base, cage a-halo 
ketones undergo a base-promoted rearrangement that 
is formally analogous to the corresponding base-pro-
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moted rearrangement of benzil to benzilic acid.17 As 
in the case of the Favorskii rearrangement, this 
"semibenzilic acid" rearrangement results in ring con
traction with concomitant formation of a carboxylic acid 
(or ester). Although this reaction is generally useful, 
several examples that might at first glance appear to 
be suitable for synthesizing substituted homocubanes 
nevertheless have been found to be impractical.15 When 
they occur, deviating pathways that involve Haller-
Bauer type cleavage18 generally proceed with scission 
of a strained carbon-carbon u-bond in the cage system. 
Examples of such deviant reactions in substituted ho
mocubanes and in substituted 1,3-bishomocubanes 
(which might have served as precursors to the corre
sponding substituted homocubanes) are shown in Table 
4. 

Some examples have been reported wherein semi
benzilic acid rearrangements in unsymmetrically sub
stituted cage systems occur regiospecifically, thereby 
affording a single ring-contracted product where more 
than one such product might have been formed. One 
such example, reported by Scherer and co-workers (i.e., 
regiospecific base-promoted ring contraction of 23 to 
24), is shown in Scheme 2.13 A closely related example 
has also been reported (i.e., base-promoted conversion 
of 26 to 27, Scheme 3).9'10 In this same vein, Griffin 
and co-workers19 have reported that semibenzilic acid 
rearrangement of octabromo-l,3-bishomocubanedione 
(29) affords only one of the three possible isomeric 
hexabromocubanedicarboxylic acids (i.e., 30, Scheme 
4). No convincing arguments have been forwarded to 
account for the unusual regioselectivity of each of the 
semibenzilic acid rearrangements 23 -* 24, 26 -* 27, 
and/ or 29 —- 30 cited in Schemes 2-4. 

Substituted homocubanes also have been prepared 
by reaction of transition-metal complexes with cubane 

[ R h ( C O ) 2 C l ] 2 (1 e q . ) 

35 ! 9 0 1 ) 

SCHEME 6 

»2 'IaOEt . IP 'JaOEt, .. 

> J — M 'neat (-N-) ^ t - J 

37 (major product) 38 (minor product) 

SCHEME 7 

(norsnoutane. 

(see section I.B). Thus, reaction of cubane (33) with 
a stoichiometric amount of [Rh(CO)2Cl]2 affords ho-
mocubanone (34). A stable acylrhodium intermediate, 
35, has been isolated in this reaction (Scheme 5).20 

Substituted homocubanes have been synthesized via 
carbene-mediated ring expansions performed in ap
propriately substituted cubanes. Thus, thermolysis of 
diazoalkane 36 in ethanolic sodium ethoxide afforded 
a 3:2 mixture of isomeric ethers (37 and 38, respec
tively). The intermediacy of l-phenyl-9-homo-
cubylidene in this reaction (and, by implication, 9-
phenyl-l(9)-homocubene (39)), has been suggested 
(Scheme 6).21 

B. Reactions of Homocubanes 

Much of the chemistry of homocubane and its de
rivatives is a natural consequence of the high level of 
strain energy contained within the homocubane skele
ton. The results of force field calculations suggest that 
the strain energy of homocubane is on the order of 125 
kcal/mol.22 Thus, relief of strain provides an important 
driving force for Haller-Bauer type cleavage18 that is 
encountered occasionally in base-promoted reactions of 
cage a-halo ketones (see Table 4). 

The results of ab initio calculations reveal that sig
nificant negative electrostatic potentials are associated 
with strained carbon-carbon c-bonds in, e.g., homo
cubane.238 The region in homocubane that is predicted 
on the basis of these calculations to be most reactive 
toward electrophiles is that which is associated with the 
C(4)-C(7) bond.23b In accord with this prediction is the 
observation24 that Ag(I)-promoted rearrangement of 
homocubane proceeds with initial rupture of the C-
(4)-C(7) bond, ultimately affording norsnoutane (40, 
Scheme 7). 

Complexes of Rh(I) (4d8) and of Pd(II) (4d8) also are 
capable of inserting into strained carbon-carbon a-
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bonds.25 Reactions of homocubanes with Rh(I) proceed 
in stepwise fashion via organorhodium intermediates 
(e.g., 41) that result via an oxidative addition process. 
Once again, initial attack of the electrophile is at the 
C(4)-C(7) cr-bond in the homocubane. The product, 42, 
that is isolated from this reaction results via cleavage 
of the C(4)-C(7) and C(5)-C(6) a-bonds in the substrate 
(Scheme 8).24d-25 Substituent effects on the course of 
Rh(I)- and Pd(II)-promoted rearrangements of homo
cubanes have been studied.24*1 

Hydrogenolysis of homocubanes in the presence of 
Pd, Pt, and Rh catalysts results in the formation of two 
isomeric dihydro compounds (C9H12), 43 and 44. Of 
these two dihydro compounds, only one, 44, reacts 
further to afford a tetrahydro compound, i.e., 
"twistbrendane" (45). In addition, the hydrogenation 
catalyst also promotes rearrangement of homocubane, 
thereby affording norsnoutane (40). Subsequently, 40 
suffers hydrogenolysis to afford brendane (46). The 
various reactions and hydrogenolysis products are 
summarized in Scheme 9.26 

In addition to the hydrogenolysis experiments de
scribed above, cleavage of strained carbon-carbon a-
bonds with concomitant fragmentation of the homo
cubane cage skeleton can occur under a variety of ex
perimental conditions. Thus, homocubanone (34), a 
nonenolizable ketone, can be cleaved readily under basic 
conditions,27 thereby affording a mixture of epimeric 
secocubanecarboxylic acids (47 and 48, Scheme 10) .6a 

Fragmentation of the homocubane skeleton has been 
carried out via base-promoted homoketonization28 of 
bridgehead-substituted homocubanes. Some typical 
examples of this rection in appropriately substituted 
homocubanes are shown in Table 5. 

Some features of the reactions shown in Table 5 merit 
comment. Homoketonization of homocubanes results 
in opening of the cage system with complete retention 
of configuration; i.e., protonation occurs exclusively at 
the endo face of the electrofugal carbon atom that is 
generated during base-promoted homoketonization.11,29 

This conclusion is supported by the results of deuter

ium-labeling experiments (Le., identification of products 
formed via homoketonization performed in the presence 
of NaOMe-MeOD).28-30 Generally, these homo
ketonization reactions proceed regiospecifically in cases 
where more than one fragmentation pathway is possible. 
In such instances, the thermodynamically most stable 
product is formed (e.g., 49 -* 50, Scheme H).29 Ex
ceptional in this regard is the base-promoted rear
rangement of 51 to 52, which appears to be directed by 
the 5-bromo substituent (Scheme 12).n 

Interestingly, different results were obtained when 
base-promoted homoketonization of 49 was performed 
by using lithium diisopropylamide as base (i.e., under 
aprotic conditions). Under these conditions, the anion 
formed via initial homoketonization appears to suffer 
further fragmentation, thereby affording 53. A possible 
mechanism for the transformation of 49 to 53 is shown 
in Scheme 13.29b 

A closely related homoallylic rearrangement reaction 
is depicted in Scheme 14.31 Compound 54a, when 
treated with lithium diisopropylamide followed by 
aqueous workup, afforded an intractable mixture of 
ring-fragmented products (55a + 56a) in essentially 
quantitative yield.31 In contrast to this result, similar 
treatment of 54b afforded 55b in nearly quantitative 
yield; only traces of 56b were formed in this reaction.31 

C. Cationic Rearrangements in the Homocubyl 
Ring System 

The 9-homocubyl carbocation is of conceptual in
terest as a potentially fluxional species which, in prin
ciple, can achieve ninefold positional degeneracy via 
operation of a series of sequential Wagner-Meerwein 
(1,2-carbon-carbon) shifts (Figure 1). In practice, the 
anticipated degeneracy can be achieved simply via 
solvolysis of 9-substituted homocubanes.5'12 That the 
9-carbocation thereby generated is indeed degenerate 
was demonstrated via the observation (by nuclear 
magnetic resonance spectroscopy) of positional scram
bling that accompanied acetolysis of 9-homocubyl to-
sylate-9-d.5 

The 4-homocubyl carbocation has been generated 
under solvolytic conditions from the corresponding 4-Br 
derivative or via nitrous acid deamination of 4-amino-
homocubane. Nonclassical stabilization of the 4-ho
mocubyl carbocation has been postulated.32 

The 9-homocubylcarbinyl carbocation has been gen
erated via solvolysis of 9-homocubylcarbinyl tosylate 

SCHEME 9 
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(57). The alcohols derived via hydrolysis of the mixture 
of cage acetates produced via acetolysis of 57 (i.e., 
compounds 59-62) appear in Scheme 15.33 A large 
number of potential rearrangement pathways are 
available to the 9-homocubylcarbinyl carbocation 
through which strain energy contained in the homocu-
byl ring system can be at least partially alleviated. Of 
particular interest is the small amount of 59 found 
among the solvolysis products. Formation of the cor
responding acetoxy-l,4-bishomocubane via the 9-
homocubylcarbinyl carbocation requires four successive 
Wagner-Meerwein 1,2-carbon-carbon bond migra
tions.33 

Wagner-Meerwein rearrangement has been observed 
to accompany the reaction of l-bromo-4-(hydroxy-

(a) Solvolysis of 9-homocubyl tosylate with stereospecific par
ticipation of the Cj-C2 (C3-C8) bond results in equilibration of five 
positions: 

(b) Nonstereospecific solvolysis permits eventual equilibration 
of all nine positions: 

0. U ^ 

Figure 1. Wagner-Meerwein rearrangement in the 9-homocubyl 
carbocation. 
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^ 
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methyl)homocubane (63) with SOCl2 or with PBr?.
34 

The product is formed regiospecifically with exclusive 
migration of the C(3)-C(4) [or C(4)-C(7)] bond in 63. 
Analogous behavior has been observed during Wag
ner-Meerwein rearrangement that accompanies solvo
lysis of 64.135 The structure of the solvolysis product (i.e., 
65, Scheme 16) was established unequivocally via sin
gle-crystal X-ray structural analysis. 

Deep-seated cationic skeletal rearrangements in ho-
mocubanes have been observed. An example in this 
regard is provided by the reaction of 1,4-dibromo-
homocubanone (66) with sodium azide in methane-
sulfonic acid. Two products, 67 and 68 (ratio 5:1, 75% 
yield), were thereby obtained. Mechanistic rationali
zation of their formation is provided in Scheme 17.36 
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/ / / . Bishomocubanes 

A. 1,8(or 1,1')-Bishomocubane [Basketane (2)] 

The first syntheses of 2 were reported independently 
in 1966 by Masamune and co-workers37a and by Dauben 
and Whalen7 (Scheme 18). Both procedures rely upon 
a relatively expensive starting material, cyclo-
octatetraene, and neither procedure lends itself to 
large-scale synthesis of basketane. More recently, an 
improved synthesis of 2 has been reported by Gassman 
and Yamaguchi.38 Their procedure affords 2 in 11% 
overall yield in six steps starting with the Diels-Alder 
addition of 1,3-cyclohexadiene to 2,5-dibromo-p-
benzoquinone (Scheme 19). 

Substituted basketanes have been synthesized via 
regiospecific one-carbon homologation of 4-substituted 
homocubanones (Scheme 2O).39 Most likely, the re
giospecific C(8)-C(9) bond migration in 69 is controlled 
by the presence of the bromine substituent at C(I). It 
has been reported that when a-halo ketones are em
ployed as substrates in such ketone homologation re
actions, the presence of the halogen atom effectively 
suppresses migration of the terminus to which it is 
attached. 

Electrophilic attack on the basketane ring system by 
Ag(I) catalysts3,240'43"46 results in the formation of 
snoutanes (e.g., 71, Scheme 21), whereas similar treat
ment of basketanes with Pd(II),45'47 Rh(I),45,47 or Ni(O)48 

catalysts affords both snoutanes and ring-opened 
products that result via a formal [2 + 2] cycloreversion 
process (Scheme 21). In the case of Pd(II) and Rh(I) 
catalysis, both the nature of the ligand and the pattern 
of substitution at the C (4) and/or C (5) positions in 
basketane were found to have a dramatic effect upon 
the course of the reaction.240'45'47 

Silver ion promoted valence isomerization of 4-sub
stituted basketane 9,10-diesters can, in theory, undergo 
four different rearrangements that lead to two isomeric, 
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aqueous MeOH 
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(+ o t h e r p r o d u c t s ) 

i s t a n e " , 70%) 

substituted snoutane diesters. It has been reported that 
Ag(I)-promoted valence isomerization of 72 proceeds 
quantitatively to afford both isomeric snoutanes, 73 and 
74. In general, the major reaction product is 73 (the 
distal isomer) .44b'46a The course of this reaction has been 
rationalized in terms of initial attack by the electrophile 
at the less substituted edge bonds in the substrate [i.e., 
C(2)-C(5) and C(5)-C(6) (Scheme 22].24c'44b 

Hydrogenolysis of basketane and substituted baske
tanes has been studied extensively.378'49""51 In an early 
study,378 hydrogenation of basketene (75) at atmos
pheric pressure and ambient temperature produced a 
"dihydrobasketane" (76, 85% yield), which was believed 
to result via hydrogenolysis of the C(4)-C(5) bond in 
the presumed intermediate, basketane (2). This con
clusion was challenged subsequently by Musso and 
co-workers,49,508 who showed that hydrogenolysis of 2 
proceeds with rupture of the C(3)-C(4) bond (or other 
bonds in 2 that are equivalent to the C(3)-C(4) bond 
by symmetry) to afford an unsymmetrical product, 77. 
A small amount of a "tetrahydrobasketane" was formed 
during hydrogenolysis of 2 at atmospheric pressure.49,508 

It was later demonstrated52 that reaction of 2 with hy
drogen over 5% palladized charcoal in a Parr shaker 
(initial hydrogen pressure 3.3 atm) at room temperature 
affords twistane (78) in 70% yield along with at least 
three other minor products. These reactions are sum
marized in Scheme 23. 

The results of force field calculations52 confirm that, 
of the seven possible modes of hydrogenolytic ring 
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TABLE 1. Listing of Homocubanes, Bishomocubanes, and Trishomocubanes 

Marchand 

structure name(s) registry no. 
I. homocubane (C9H10) 

pentacyclo[4.3.0.02'5.03'8.04'7]nonane 
homocubane 

452-61-9 

II. bishomocubanes (C1QH12) 
pentacyclo[4.4.0.02-6.03'8.04'7]decane 
!,l'-bishomocubane; 1,8-bishomocubane; basketane 

pentacyclo[4.4.0.02'5.03'9.04-7]decane 
1,2-bishomocubane 

pentacyclo[5.3.0.02'5.03'9.04'8]decane 
octahydro-l,2,4-metheno-lH-cyclobuta[cd]pentalene 
C2-bishomocubane; 1,3-bishomocubane 

pentacyclo[4.4.0.02'5.03'9.04'8]decane 
C2„-bishomocubane; secopentaprismane 

5603-27-0 

6707-86-4 

7172-92-1 

P. 
III. trishomocubanes (C11H14) 

pentacyclo[5.3.0.02'6.03'9.04'8]decane 
octahydro-l,3,4-metheno-lff-cyclobuta[cd]pentalene 
Dai-bishomocubane 

pentacyclo[5.4.0.02'6.03'10.06'9]undecane 
octahydro-l,2,4-ethanylylidene-lH-cyclobuta[cd]pentalene 

6707-88-6 

4421-32-3 

pentacyclo[6.3.0.02'6.03'10.05'9]undecane 
decahydro-l,3,5-methenocyclopenta[cd]pentalene 
D3-trishomocubane 

pentacyclo[5.4.0.02'6.03'10.04'8]undecane 
decahydro-1,3,6-methenocyclopenta[cd] pentalene 

pentacyclo[5.4.0.02'6.03'10.05|8]undecane 
octahydro-4,l,2-ethanylylidene-lif-cyclobuta[cd]pentalene 

30144-56-8 

63231-04-9 

63231-09-4 

W. 
K^A 

pentacyclo[5.4.0.02'5.03'u.043]undecane 
decahydro-l,2,4-methenocyclobut[cd]indene 
1,3-ethanomethanocubane; Crhomobasketane 
[2.1.0]triblattane 

pentacyclo[5.4.0.02|6.03'9.04'8]undecane 
decahydro-l,3,4-methenocyclobut[cd]indene 
C2„-homobasketane 

62415-12-7 

63231-12-9 

pentacyclo[5.4.0.02'6.03'10.04'8]undecane 
octahydro-2,l,4-ethanylylidene-lH-cyclobuta[cd]pentalene 

pentacyclo[5.4.0.02-6.03'u.0','10]undecane 
C,-homobasketane 

pentacyclo[5.4.0.02'10.05'9.08'n]undecane 

63231-03-8 

63231-13-0 
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structure name(s) registry no. 
pentacyclo[5.4.0.03'10.06'9.08'u]undecane 
octahydro-2,l,5-ethanylylidene-lff-cyclobuta[ccf]pentalene 

63231-08-3 

s V - A " 

^ 

/ V 18 

pentacyclo[5.4.0.02'6.03'10.04'9]undecane 
decahydro-1,3-methanodicyclobuta[cd,g/i] pentalene 

pentacyclo[5.4.0.02'6.03'n.04-9]undecane 
decahydro-1,2,5-methenocyclobut [cd] indene 

pentacyclo[5.4.0.02'10.03'9.08'u]undecane 

pentacyclo[5.3.1.02'5.03'10.04'9]undecane 

63231-10-7 

63231-11-8 

61304-39-0 

63451-58-1 

TABLE 2. Syntheses of Homocubanes via Intramolecular 
[2 + 2] Photocycloaddition Reactions 

reactant conditions 
product (% 

yield) ref 
x^-"x X = H or OEt, 

hv, sens 
3 (X = H) 
5 (X = OEt) 

1 (X • H) 

(X • O E t ) 

M.e0V^°!Me ^ , Vycor filter, °Me 

room temp, 4 h ci^ c l Jx n M e 

Cf 

( 9 6 J ) 

hv, Corex filter, 
CH2Cl2, 3.5 h 

34 ( 6 8 « ) 

opening of 2 that might afford "tetrahydrobasketanes", 
that which results in the formation of 78 is predicted 
to proceed with the most negative heat of hydrogena-
tion and the greatest net relief of strain. Thus, the 
prediction that 78 should be the major product of this 
reaction concurs with experiment.5013 

Homoketonization of 4-substituted basketanes has 
been studied by Zwanenburg and co-workers.53 1-
Bromo-4-acetoxybasketan-10-one (79a) and its corre
sponding ethylene and dithioethylene ketals (79b and 
79c, respectively), when treated briefly with methanolic 
sodium methoxide, undergo regio- and stereospecific 
ring opening to afford substituted secobasketanes 80a-
c, respectively, with exclusive C(4)-C(7) <r-bond cleav
age. Prolonged treatment of 79b or of 79c with base 
instead resulted in further ring fragmentation, thereby 
affording substituted bicyclo[2.2.2]octanes (i.e., 81 or 
82, respectively). Treatment of either 80a or 80b with 
methanolic HCl resulted in the formation of a substi
tuted homobrendanedione (83). These reactions are 
summarized in Scheme 24.53 

Cationic skeletal rearrangements have been observed 
in the basketane system. Thus, treatment of pentacy-

TABLE 3. Syntheses of Homocubanes via Ring 
Contraction of Substituted Bishomocubanes 

reactant conditions 
product (% 

yield) 

1. TsNHNH2 
2. aq NaOH 
3. hv, Corex filter, THF 

1. aq KOH, heat 
2. acidify 

1. 30% aq KOH, 
reflux 4 h 

2. dil aq HCl 

1. 30% aq KOH, 
100-110 0C, 1.5 h 

2. 30% aq HCl 

(44%) „ 

\0 

HO,C (67», ) 

0""N 1. 10% aqKOH (62%) 
*- -' 2. HgO-Br2 (51%) 

3. Li, t-BuOH (57%) 
4. H2SO4 

1. 85% KOH pellets, 
refluxing xylene 

2. acidify 

(85'0 

SCHEME 24 

ref 

9,10 

11 

12 

13 

Br U N.y>>. orolonged treatment v, X V - L K * 6 * " 
K j Y ? NaOH, MeOH^ f g f / p« 79b or 79c^ « g f > MeOH ^ ^ ^ 

79a (X = 0) * 80a (X = 0) I 

79b (X = OCH,CH,0) 80b 

79c (X = SCH C H . s ; C U = SCH-CH,S] 

{X = 0 o r OCH-CH 0 

81 (v = 0 . 37 ero"' 79b) 

82 {' ' = S, 62 from 7 9 c ! 
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TABLE 4. Base-Promoted Ring Fragmentation Reactions 
in Cage a-Halo Ketones 

reactant conditions product (% yield) ref 

SCHEME 25 

30% aq KOH, 
dioxane, cl 

reflux 4 h 
or NaOH, 

benzene, 
reflux 21 h 

30% aq KOH, 
reflux 
6 h under N2 

6a, 9b 

( 9 4 ? ) 

9 2 ? ) 

10% aq KOH, c\ £0?H 
reflux c i c 

10% aq KOH, 
reflux 

o-\ KOH, aq 
L - ' DMSO, room 

temp, stir 
overnight 

TABLE 5. Base-Induced Homoketonization of 
Bridgehead-Substituted Homocubanes 

6a 

13 

13 

( c a . 5 0 ! ) 

substrate conditions product (% yield) ref 

rl 

"IP* 
KXl 
7 

•OS 

0.5 M methanolic 
NaOMe (2 equiv), 
250C 

NaOMe, MeOH, 
room temp, 
stir 1 h; quench 
via addition 
of NH4Cl 

NaOMe, MeOH, 
room temp, 
stir 1 h 

(50-6OS) 

30 

11 

50 ( c a . 1001) 2 9 

RO 

4 9 (R • H , A c ) 

49 (R = H, Ac) n-BuLi, HN(J-Pr)2, 
hexane-THF, 
room temp, 
stir 1 h 

t-BuOH, room 
temp, 10 min cl 

29 

53 (58S) 

31 

clo[4.4.0.02'5.03'8.04'7]decan-9-one ("basketanone" (84)) 
with sodium azide-methanesulfonic acid results in the 
formation of 4-(cyanomethyl)-7-(mesyloxy)tetracyclo-
[3.3.0.02'8.03'6]octane (85, 60% yield) and 4-aza-5-oxo-
pentacyclo[5.4.0.02'10.03'9.08-u]undecane (86, 32% yield) 
(Scheme 25).54 

Solvolytic reactions of appropriately substituted 
basketanes have been studied. Thus, acetolysis of 
mesylate 87 followed by hydrolysis of the resulting 
mixture of acetates afforded alcohols that possess all 
five possible bishomocubyl carbon frameworks (Scheme 
26).33 A series of consecutive carbonium ion rear
rangements was suggested to account for the course of 
this reaction.33 

tf" N a N , , M s O H , C H 0 C l . 

8 6 ( 3 2*,) 

SCHEME 26 

1 . b u f f e r e d HOAc 

105 C C , 2 h 

2. h y d r o l y s i s 

I I 60 (m ix tu re of 
5 9 < 1 4 " ' ) ° h e „ 1 n s 

( 1 0 ) CH 59 ( K - J Ch 
e p i Te1-S , I 8 r ; 

SCHEME 27 

( A r = £ - a n i s y l , 7 0 : i 

Valence isomerizations of 2,5-diaryl-3,4-dimethyl-
basketanes (88) have been studied as a model system 
for solar energy storage.55 When benzene solutions of 
these substituted basketanes are heated to reflux, 
thermal [2 + 2] cycloreversion occurs, thereby affording 
the corresponding dienes (89). Subsequent studies have 
shown that cycloreversion of 88 to 89 can be performed 
photochemically in the presence of ZnO or CdS or 
thermally in the presence of eerie ammonium nitrate.56 

Additionally, it was found that this cycloreversion re
action can be promoted by photoexcitation of the 
charge-transfer complex that is formed when com
pounds of the type 88 are reacted with tetracyano-
ethylene (TCNE) in acetonitrile solution.56'57 Photo-
cycloreversion of 88 to 89 also can be catalyzed by ad
dition of pyrilium salt 9058 or by addition of triaryl-
aminium cation radical salts (e.g., 91,59 Scheme 27). An 
electron-transfer radical cation chain mechanism was 
suggested to account for the catalyzed cycloreversion 
reactions.56-60 

B. 1,2-Blshomocubane (3) 

A search of the literature reveals only one example 
that resulted in the synthesis of a substituted 1,2-bis-
homocubane. Thus, acetolysis of either 9-homocubyl-
methyl tosylate (57, Scheme 15, section ILC) or of 
basketane mesylate 87 (Scheme 26, section III.A) fol
lowed in each case by hydrolysis of the mixture of cage 
acetates thereby obtained afforded 8-hydroxy-
pentacyclo[4.4.0.02'5.03'9.04,7]decane (61) in low yield 
along with several other cage alcohols.33 
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C. 1,3-Bishomocubane (4) 

Substituted 1,3-bishomocubanes (93) can be prepared 
readily via [2 + 2] photocyclization of the corresponding 
substituted endo-tricyclo[5.2.1.02,6]deca-4,8-dienes (92, 
Scheme 28).61,62 

This approach appears to offer the best general route 
for synthesizing substituted 1,3-bishomocubanes. In an 
interesting application of this reaction in substituted 
ercdo-dicyclopentadienes, intramolecular [2 + 2] pho
tocyclization has been utilized to establish unequivo
cally the structure of Thiele's ester63 (94, Scheme 29).64 

1,3-Bishomocubane, which possesses C2 symmetry, is 
the only one of the five bishomocubane isomers listed 
in Table 1 that is chiral. Syntheses of optically active 
1,3-bishomocubanes have been reported by Nakazaki 
and co-workers (Scheme 3O).65"67 The absolute con
figuration and absolute rotation of (-)-
(lS,2S,3S,4S,5#,7S,8S,9fl)-l,3-bishomocubane have 
been determined.65,66 

endo-Tricyclo[5.2.1.02,6]deca-4,8-dienes (i.e., endo-
cyclopentadiene dimers) generally undergo smooth in
tramolecular [2 + 2] photocyclization to afford the 
corresponding, substituted 1,3-bishomocubanes, as 
noted above.61 By way of contrast, the corresponding 
photochemical behavior of substituted endo-cyclo-
pentadienone dimers has been found to be significantly 
more complicated.68-75 Thus, irradiation of endo-
cyclopentadienone dimer (99) affords products that 
correspond to all possible modes of molecular inter-
conversion (Scheme 31).71 All of the interconversions 
shown in Scheme 31 with the exception of the Cope 
rearrangement are photochemically "allowed" processes, 
if concerted.76 An additional example in this regard is 
provided by the photochemical behavior of the Diels-
Alder dimer of l,4-dimethyl-2,3-diphenylcyclo-
pentadienone (100, Scheme 32). The mechanisms of 

SCHEME 31 

SCHEME 32 

SCHEME 33 

NaBH4, H N ^ O H 

MeOH P>i- [ V ^ -
1 1 hv , Pyre 

U ( r e f . 74) ~~ f [A + , 2 ^ Ph 

J hv , HeOH, HCl 

( r e f . 2 a ) 

n e u ^ * U H . 

cone. HCl , THF 

25 °C , 5 h 

hv , benzene 

Pyrex (85" ) 

/ 7 ^ 2 S * „ 2 s ] 

photochemical transformation of reversibly dissociating 
and of nondissociating cyclopentadienone dimers (e.g., 
10074 and 99,71 respectively) have been studied exten
sively by Fuchs and co-workers. The reader is referred 
to the appropriate primary literature for further dis
cussion of this subject.68"71,73-75 

Substituted endo-cyclopentadienone dimers can be 
used as precursors for the synthesis of the correspond
ing substituted 1,3-bishomocubanes provided that the 
hybridization of C(IO) in the substrate is sp3 (rather 
than sp2, as it would otherwise be in a cyclo
pentadienone dimer). This can be accomplished in any 
of a number of ways: e.g., (i) by selective reduction of 
the (nonconjugated) C(IO) carbonyl group with sodium 
borohydride,72,77 (ii) by selective hemiketal formation 
at C(IO),23 or (iii) by selective hydrolysis of the ethylene 
ketal functionality at C(3) in a substituted endo-tricy-
clo[5.2.1.02,6]deca-4,8-diene-3,10-dione bis(ethylene ke
tal).78-80 An example of the application of each of these 
reactions to the synthesis of a substituted 1,3-bis-
homocubane (103-105, respectively) is shown in Scheme 
33. 1,3-Bishomocubanes also have been synthesized 
via solvolytic ring expansion of appropriately substi
tuted homocubylcarbinols. This topic has been dis
cussed earlier in this review (cf. Scheme 16 and dis
cussion in section ILC). 
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Il c U (100?) 

Electrophilic attack on substituted 1,3-bishomo-
cubanones (106) and 1,3-bishomocubanediones (107) by 
Ag(I) results in the formation of the corresponding 
substituted endo-tricyclo[5.2.1.02,6]deca-4,8-dienes (108 
and 109, respectively, Scheme 34).81 The products, 108 
and 109, are those that result via initial attack of Ag+ 

on the most highly strained cr-bond [i.e., the C(3)-C(4) 
bond] in the substrates. 

A different result was obtained when a suspension of 
110 in 20% aqueous potassium hydroxide was treated 
with excess silver nitrate at 60 0C. Workup of the re
action mixture afforded a single carboxylic acid, 5-
oxo-4-bromotetracyclo[4.3.0.02,4.03,8]nonane-endo-7-
carboxylic acid (111, 85% yield). Repeated recrystal-
lization of 111 from ethanol resulted in epimerization 
at C(7), thereby converting 111 into the corresponding 
exo-7-carboxylic acid (112). A mechanism that accounts 
for the formation of 111 and 112 in this reaction is 
presented in Scheme 35.11,82 As in the case of the 
corresponding reactions of 106 and 107 with Ag+ 

(Scheme 34), the reaction OfAg+ with 110 is initiated 
by regiospecific attack of the electrophile on the C-
(3)-C(4) cr-bond in the substrate. 

The behavior of Rh(I) complexes toward 1,3-bis-
homocubanes differs significantly from that of Ag(I). 
Whereas [Rh(norbornadiene)Cl]2 reacts with 4 to afford 
endo-dicyclopentadiene, [Rh(CO)2Cl]2 instead reacts 
with 4 to afford a dinuclear acylrhodium complex, 113, 
that can be transformed subsequently into endo-di-
cyclopentadiene or into a trishomocubanone (114, 
Scheme 36).83 

Hydrogenolysis of 1,3-bishomocubane has been 
studied by Hirao and co-workers.84,85 As was found to 

SCHEME 37 

H 2 , 10 " , P d - C 

e l e v a t e d p r e s s u r e 

H O A c , 10 h # 

SCHEME 38 

N a N , , MsOH 
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SCHEME 39 

^ 
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2 . L i A l H 4 , E t ; 0 

3. aqueous NaOH 

1. HOAc, 120 =C 

2. LiAlH,, Et,0 

3. aqueous NaOH 

^ 
1 1 8 ( 9 4 - - I 

be the case for attack by Rh(I) on substituted 1,3-bis-
homocubanes, bond cleavage occurs preferentially at the 
C(3)-C(4) tr-bond. These results are consistent with 
predictions based upon the results of empirical force 
field calculations.290,86 This hydrogenolysis reaction has 
been used to synthesize substituted tetracyclo-
[5.2.1.02,6.04,8]decanes ["bisnorditwistanes" (115)] from 
the corresponding, substituted 1,3-bishomocubanes 
(Scheme 37).84,85,87,88 

Sodium azide-methanesulfonic acid promoted cat-
ionic skeletal rearrangement of 1,3-bishomocubanone 
(98) has been studied. This reaction is analogous to 
corresponding reactions of homocubanone and of 
"basketanone" that have been discussed earlier (cf. 
Schemes 1736 and 25,M respectively). Thus, treatment 
of 98 with sodium azide-methanesulfonic acid resulted 
in the formation of exo-2-(methylsulfonyl)-9-cyano-
brend-4-ene (116) in 45% yield (Scheme 38).89 

Solvolytic reactions of appropriately substituted 
1,3-bishomocubanes have been studied. Whereas ace-
tolysis of syn-10-(tosyloxy)-l,3-bishomocubane (117) 
affords (after reduction with lithium aluminum hydride) 
nearly exclusively the corresponding unrearranged 
syn-10 alcohol (118), acetolysis of arciMO-(tosyloxy)-
1,3-bishomocubane (119) affords a mixture of the un
rearranged arc£i-10-hydroxy-l,3-bishomocubane (120, 
11%) together with the symmetrical, rearranged pen-
tacyclo[5.3.0.02,6.03,9.04,8]decan-10-ol (121, 64%; see 
Scheme 39) .90,91 These results have been rationalized 
in terms of bridged ("nonclassical") carbocationic in
termediates (cf. Figure 1 and discussion in section II.C) 
and in terms of unimolecular nucleophilic substitution 
that proceeds with retention of configuration.91'92 

Base-promoted ring fragmentations in appropriately 
substituted 1,3-bishomocubanes have been studied ex
tensively by Zwanenburg and co-workers.11,28,2915,92,93 As 
in the case of the corresponding fragmentation pro
cesses in homocubanes and in basketanes, ring opening 
occurs with complete retention of configuration.11,28 A 
mechanism that accounts for the observed mode of 
NaOMe-EtOD-promoted fragmentation of 5-hydroxy-
9-bromopentacyclo[5.3.0.02,5.03,9.04,8]decanes 122 and 123 
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(which afford 124 and 125, respectively) is shown in 
Scheme 40.29b 

The regiochemistry of base-promoted homo-
ketonization of substituted 4- and 8-acetoxy-l,3-bis-
homocubanes has been found to be influenced strongly 
by /3-substituents as illustrated by the examples shown 
in Scheme 41.92,93 In 126 and 128 the 6-substituent 
(hydrogen or OCH2CH2O) is incapable of stabilizing a 
carbanionic intermediate and/or transition state. It has 
been suggested290 that the observed cage fragmentation 
products (130 and 132, respectively) are those that 
would be expected to result simply via (thermodynam-
ically controlled) cleavage of the C(3)-C(4) <x-bond in 
the reactants. However, in the case of 127 and 129, the 
C(6) carbonyl substituent, which is capable of conju-
gative stabilization of a carbanionic transition state, 
might be expected to promote (contrathermodynamic) 
scission of the C(4)-C(5) a-bond in each of the reac
tants.92 The results of empirical force field calculations 
provide additional theoretical insight that supports 
these suggestions.290,93 

Thermal ring opening of 4-methoxypentacyclo-
[5.3.0.02,5.03,9.04,8]decan-6-ones 110 and 134 has been 
studied by using flash vacuum pyrolysis techniques. 
Thus, when 110 and 134 were heated in the gas phase 
at 400 °C/0.035 Torr, cleavage of a cyclobutane ring in 
both 110 and 134 occurred, thereby affording the cor
responding dienes (135 and 136, respectively).11'82 Cage 
opening of 110 and 134 could also be accomplished by 
treating a toluene solution of either substrate with hy
drogen chloride gas. A summary of these reactions and 
a mechanism for the acid-catalyzed ring opening of 110 
and 134 are shown in Scheme 42.11,82 

Compound 110 was synthesized by intramolecular [2 
+ 2] photocyclization of 4-bromo-5-methoxy-ercdo-tri-
cyclo[5.2.1.02,6]deca-4,8-dien-3-one (137).11,82 The overall 
reaction sequence, 137 —• 110 —* 135, is an example of 
"photothermal metathesis" (Scheme 43^94,95 Reactions 
of this type have been utilized extensively for the syn-

110 !<• B r ) N _ _ X ^ I 3 5 ; i = B r i 
11IaS1H vac-Jun p y r o l y s - s 

134 !* " " ) 400 = C , 3,035 t o r r . 1 3 f i ,; * = H , 

SCHEME 43 

ieo ^ X ) 

"SP3 
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[2 

ght 

t 2 file 

137 

SCHEME 44 

o _ o ^ 

f l a s h vacuum 

0 p y r o l y s i s 

( -Me 9 C=O, - C O - ) 

OOT^T^O 

thesis of linearly fused cis,syn,cis tricyclic systems, in 
particular cis,syn,cis linear "triquinanes" and natural 
products that contain this ring system.94,95 

Gas-phase thermolysis of two substituted 1,3-bis-
homocubanes, 138 and 139, in each case affords a vi-
nylideneketene, 140, which then suffers further frag
mentation to benzyne.96 Mechanistic rationalization of 
the fragmentation of 138 is provided in Scheme 44.96 

Formation of 1,3-bishomocubyl radical cations and 
studies of their subsequent reactions have been the 
subjects of recent investigations. The 1,3-bishomocubyl 
radical cation, 141, has been generated by argon reso
nance photoionization of the parent hydrocarbon, 4,97 

and also by 7-irradiation of 4 in freon matrices at 77 
K.98 When the species that was generated by argon 
resonance photoionization of 4 was photolyzed subse
quently, a mixture of isomeric 1,3,5,7,9-decapentaene 
radical cations was produced. The formation of all-
irans-l,3,5,7,9-decapentaene radical cation from 141 in 
this reaction was rationalized via a series of sigmatropic 
shifts and electrocyclic processes.97 When formation 
of 141 instead was carried out in freon matrices, a di-
cyclopentadiene cation radical, C10H12'"

1", was pro
duced.98 

In a more recent study, Roth and co-workers99 reacted 
both 4 and 1,3-bishomocubanedione bis(ethylene ketal) 
with photoexcited chloranil. Weak chemically induced 
dynamic nuclear polarization (CIDNP) effects were 
produced in the proton NMR spectra of the reaction 
products (141 and 142, respectively). Specifically, 
emission signals were noted for the methine protons, 
but no polarization was observed for the methylene 
protons in 141. In the case of 142, the four methine 
protons that are situated adjacent to the ketal moiety 
(i.e., Ha, which absorb at 5 2.85) appear in emission, 
while the remaining methine protons (Hb, which absorb 
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at 5 2.45) display enhanced absorption. These results 
are summarized in Scheme 45 . " 

An unusual rearrangement in a substituted 1,3-bis-
homocubane that proceeds via an intermediate radical 
anion has been reported recently.100 Thus, treatment 
of methyl 3,10-dinitropentacyclo[5.3.0.02'5.03'9.04'8]de-
cane-8-carboxylate (143) with potassium ferricyanide-
sodium nitrite reagent in the presence of base afforded 
methyl 3,9-dinitro-exo-10-methoxypentacyclo-
[5.3.0.02-5.03'9.04-8]decane-8-carboxylate (144). This re
action is unusual in that the 1,3-bishomocubyl ring 
skeleton is preserved in the rearrangement product. A 
mechanism that accounts for the course of the rear
rangement of 143 to 144 is shown in Scheme 46.100 

Functionalization of the 1,3-bishomocubane ring 
skeleton has been studied extensively. This is usually 
accomplished by placing substituents at appropriate 
positions in a synthetic precursor rather than by direct 
substitution onto the 1,3-bishomocubane ring. Such an 
approach was discussed previously for the example of 
intramolecular [2 + 2] photocyclization of substituted 
endo-cyclopentadienone dimers (cf. Scheme 33). A 
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related approach is illustrated in Scheme 47; here, the 
key step involves the synthesis of an appropriately 
functionalized ercdo-tricyclo[5.2.1.02,6]deca-4,8-dien-3-
one (145)101 which subsequently can undergo intramo
lecular [2 + 2] photocycloaddition to afford the corre
sponding, substituted 1,3-bishomocubanone, 146. This 
approach has been utilized successfully to synthesize 
several polynitro-l,3-bishomocubanes.77'80'102 These 
compounds are of interest as a potential new class of 
explosives and propellants.103'104 Examples in this re
gard are provided by the syntheses of 6,6,8-trinitro- and 
6,6,10,10-tetranitropentacyclo[5.3.0.02'6.03,9.05'8]decanes 
(147102 and 148,80 Schemes 48 and 49, respectively). 

Ring expansions in the 1,3-bishomocubyl system have 
been promoted by reactions of substituted 1,3-bis-
homocubanones with Ce(IV)105 and with /n-chloroper-
benzoic acid (Baeyer-Villiger reaction).105,106 Carbo-
cyclic ring expansions, which are promoted by reactions 
of substituted bishomocubanones with diazoal-
kanes,39-42'107-109 have also been studied; these will be 
discussed in sections IV.E and IV.F. 

Mehta and co-workers105 reported that the reaction 
of 1,3-bishomocubanone (i.e., rac-98) with either eerie 
ammonium sulfate (CAS) or eerie ammonium nitrate 
(CAN) in aqueous acetonitrile proceeds regiospecifically 
to afford lactone 149 in 78% yield. In contrast to this 
result, oxidation of (rac) 98 with m-chloroperbenzoic 
acid in dry benzene solution in the presence of a cata
lytic amount of p-toluenesulfonic acid at room tem
perature for 2 h afforded two lactones, 149 and 150 
(product ratio 1:5, Scheme 5O).105 
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Different results were obtained by Hirao and co
workers106 as a result of their investigation of the 
Baeyer-Villiger oxidation of 1,3-bishomocubanone. 
Thus, reaction of 1,3-bishomocubanone with a chloro
form solution of m-chloroperbenzoic acid (1.5 equiv) at 
room temperature for 1 h afforded a mixture of three 
lactones: 149 (1.1%), 150 (major product, 50%), and 
a rearranged lactone, 151 (13%). A control experiment 
established that 151 is a primary reaction product and 
is not formed in this reaction via subsequent acid-pro
moted rearrangement of 150. Furthermore, when the 
polarity of the solvent medium was increased, the ratio 
of 151 to 150 was found also to increase. A mechanism 
was forwarded to account for the formation of 151 in 
this reaction that proceeds via one or more cationic 
intermediates (Scheme 51).106 

D. C2„-Bishomocubane [Secopentaprismane 
(5)] 

Secopentaprismane-7,10-dione (152) was synthesized 
by Pettit and co-workers.110,111 The material thereby 
obtained was converted subsequently to hypostrophene 
(153, Scheme 52). At the time that it was first syn
thesized, hypostrophene was of intense interest as a 
potential precursor to pentaprismane (154). However, 
it was found subsequently that hypostrophene could not 
be induced to undergo the requisite [2 + 2] photo-
cyclization to afford pentaprismane.110-113 

More recently, a substituted secopentaprismane, 155, 
served as a valuable intermediate in what proved to be 
the first successful synthesis of pentaprismane (Scheme 
53) ii4,ii5 Compound 155 also has been synthesized by 
Dauben and Cunningham in their "formal" synthesis 
of pentaprismane.116 The route that they employed for 
this purpose is shown in Scheme 54. 
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Rh(I)-promoted cleavages of secopentaprismanes 
have been studied by Eaton and Patterson.117 As an 
example in this regard, reaction of 156 with [Rh(nor-
bornadiene)Cl]2 in chloroform at 70 0C results in ring 
opening to afford 157 (Scheme 55). Of particular in
terest is the fact that treatment of ring-opened product, 
157, with excess norbornadiene results in the estab
lishment of a cleavage-closure equilibrium as indicated 
in Scheme 56.117 In addition, Rh(I)-promoted cleavage 
of substituted secopentaprismanones 158 and 159 was 
found to result in the formation of substituted cis,-
syn,cis-tricyclo[5.3.0.02'6]deca-3,9-dienes (160 and 161, 
Scheme 57). Intermediate rhodium complexes, 162 and 
163, respectively, have been isolated and characterized 
in these reactions. 

E. 1,4-Bishomocubane (6) 

In 1946, Prins118 isolated a C10Cl12 dimer, mp 485 0C, 
from the reaction of hexachlorocyclopentadiene with 
anhydrous aluminum chloride. The structure of this 
dimer was the subject of controversy for several years 
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after its initial discovery. In 1956, McBee and co
workers119 suggested cage structure 164 for this dimer.120 

It was demonstrated subsequently that reductive de-
halogenation of a tetrahydrofuran solution of 164 with 
lithium and iert-butyl alcohol afforded the parent hy
drocarbon, 6, in low yield along with several partially 
hydrogenolyzed derivatives of this cage system (Scheme 
5 8 ) .m-i23 

A related cage structure, 165, was suggested for the 
product, mp 350 0C, that had been reported previously 
to result from the corresponding reaction of hexa-
chlorocyclopentadiene with liquid sulfur trioxide, 
chlorosulfonic acid, or fuming sulfuric acid (followed by 
hydrolysis of sulfur-containing intermediates).120 The 
dimethyl ketal of 165 has been synthesized.124 The 
structure of the product that is formed via the reaction 
of hexachlorocyclopentadiene with fluorosulfonic acid125 

was shown by single-crystal X-ray structural analysis126 

to be the corresponding undecachloropentacyclo-
[5.3.0.02,6 03,9.04,8]decane-5-fluorosulfonate, 166 (Scheme 
59). 

Hexabromocyclopentadiene, when refluxed in Al-
Br3-Br2, affords the corresponding dodecabromo-1,4-
bishomocubane (167) in excellent yield.127'128 Reaction 
of 167 with sodium methoxide in tetrahydrofuran can 
provide either the corresponding undecabromo-5-
methoxy compound (168) or the corresponding deca-
bromo-5,10-dimethoxy compound (169). Reaction of 
hexabromocyclopentadiene with excess fluorosulfonic 
acid afforded the corresponding undecabromo-5-
fluorosulfonate (170). Hydrolysis of 170 with 0.4 N 
aqueous potassium hydroxide solution followed by 
aqueous acidic workup gave the corresponding ketone 
hydrate, 171, which could be dehydrated by heating to 
afford ketone 172.129 These reactions are summarized 
in Scheme 60. 

IV. Trfshomocubanes 

A. Peritacyclo[5.4.0.02 6.0310.05,9]undecane (7) 

The synthesis and chemistry of substituted penta-
cyclo[5.4.0.02,6.03,10.05,9]undecanes have been treated in 
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a recent article that provides a comprehensive review 
of the literature through August 1987.132 Accordingly, 
the reader is referred to that review for further infor
mation and pertinent literature references. 

B. Pentacyclo[6.3.0.026.0310.059]undecane 
[D3-Trishomocubane (8)] 

Z)3-Trishomocubane (8) and its derivatives have been 
the subject of numerous studies. The parent hydro
carbon is unusual in that it is one of the very few rigid, 
saturated hydrocarbons that belongs to the chiral point 
group D3. Compound 8 also has been shown by mo
lecular mechanics calculations133,134 to be the C11H14 
"stabilomer".135 The first synthesis of 8, reported in 
1970 by Underwood and Ramamoorthy,136 is shown in 
Scheme 61. Subsequently, Schleyer and co-work
ers134,137 synthesized 8 in 93% yield via AlBr3-catalyzed 
isomerization of pentacyclo[5.4.0.02,6.03,10.05,9]undecane 
(7). A novel method by which the endo-cyclo-
pentadiene-p-benzoquinone Diels-Alder adduct138 

could be converted into 8 was reported by Eaton and 
co-workers (Scheme 62).139 More recently, two methods 
were reported wherein 8 was obtained via reductive 
dehalogenation of iodinated pentacyclo-
[6.3.0.02,6.03,10.05,9]undecanes (e.g., 178 and 179, Scheme 
63).140,141 A closely related route for synthesizing 8 was 
published subsequently by Mehta and Chaudhuri.142 

Shortly after rac-8 had been synthesized, three re
search groups independently developed methods for 
preparing each of the enantiomers of 8 in optically pure 
form. The absolute configuration of each enantiomer 
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was then determined.143"146 Helmchen and Staiger143 

separated the mixture of diastereoisomeric esters that 
resulted from the reaction of rac-erado-4-hydroxy-exo-
7-iodopentacyclo[6.3.0.02'6.03'10.05-9]undecane (182) with 
(-)-camphanic acid. Once an individual diastereoiso-
mer, 184, had been obtained in optically pure form, it 
was converted into enantiomerically pure (-)-8 by using 
the reaction sequence shown in Scheme 64.143 

Nakazaki and co-workers144 utilized Smith and Bar-
borak's procedure141 to generate rac-cis-pentacyclo-
[6.3.0.02-6.03'10.05>9]undecane-4,7-diol (186). Attempts at 
optical resolution of 186 failed; accordingly, the corre
sponding monoacetate, 187, was synthesized, and the 
mixture of diastereoisomeric monoacetates thereby 
obtained (i.e., 187a and 187b) was oxidized to the cor
responding mixture of diastereoisomeric keto acetates, 
189. Wolff-Kishner reduction of 189 afforded the 
corresponding trishomocubanol (rac-185). Optical 
resolution of this cage alcohol via the hydrogen 
phthalate was accomplished by using (+)-2-(l-amino-
ethyl)naphthalene as the resolving agent; optically pure 
(+)-185 was thereby obtained. Oxidation of (+)-185 by 
using pyridinium chlorochromate (PCC) in dry meth
ylene chloride afforded (+)-176, which, upon Wolff-
Kishner reduction, afforded (+)-8 (Scheme 65).144 

In addition, Naemura and co-workers145 have per
formed an asymmetric reduction of cage diketone 175 
by using horse liver alcohol dehydrogenase (HLADH) 
as catalyst. The optically active keto alcohol, (-)-190, 
thereby obtained was assigned the 
lR,2R,3R,5S,eS,7S,9R,10S,UR configuration. Subse
quently, (-)-190 was converted into the corresponding 
optically active trishomocubanol, (+)-185, by using the 
reaction sequence shown in Scheme 66.145 Optically 
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active ketone (-)-192 (Scheme 66) was utilized subse
quently to synthesize an optically active 1-alkyl-
pentacyclo[6.3.0.02'6.03'10.05-9]undecane [(-)-196, Scheme 
67].145 A similar approach had been reported earlier 
by Dekker and co-workers146 for the synthesis of rac-
196. 

Eaton and Leipzig147 reported a procedure for optical 
resolution of trishomocubanone (i.e., rac-176) via sep
aration of the mixture of diastereoisomers obtained 
from the reaction of the racemic ketone with /-ephe-
drine. Subsequent acid hydrolysis of each diastereoi-
somer afforded pure (+)-176 and (-)-176. The absolute 
configuration of each ketone enantiomer was estab
lished by Wolff-Kishner reduction to the corresponding 
optically active Z)3-trishomocubane. 

Synthesis of the first enantiomerically pure com
pounds that possess polyhedral T symmetry have been 
reported by Nakazaki and co-workers.67a,148~151 These 
molecules were constructed by placing four optically 
active l-pentacyclo[6.3.0.02,6.03-10.05'9]undecyl groups (C3 
subunits) that possess identical chirality as substituents 
on the 1,3,5,7-positions of adamantane (Td subunit).152 

This approach is illustrated for the synthesis of (-)-203 
in Scheme 68.148>149 

Two routes have been reported for the synthesis of 
rac-D3-trishomocubanetrione (204).153,154 A 4,4-di-
methoxypentacyclo[5.4.0.02'6.03'10.05'9]undecane-8,ll-diol 
(205 or 206) was utilized as starting material for both 
routes. The key step in each synthesis involved acid-
promoted Wagner-Meerwein rearrangement from an 
appropriately subst i tu ted pentacyclo-
[5.4.0.02'6.03'10.05,9]undecane to the corresponding sub
stituted pentacyclo[6.3.0.02'6.03'10.05,9]undecane (Scheme 
6 9 ) _ 1 5 3 1 5 4 

Optical resolution of rac-204 was performed by re
action of this triketone with (i?,fi)-2,3-butanediol fol
lowed by fractional recrystallization of the mixture of 
diastereoisomeric trisketals, 207, thereby obtained from 
methylene chloride-hexane. Reaction of pure (-)-207 
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and of pure (+)-207 with 33% HBr in glacial acetic acid 
afforded optically active (+)-204 and (-)-204, respec
tively, whose absolute configurations were established 
by their facile reduction to (-)-8 and (+)-8, respectively 
(Scheme 70).153 

rac-D3-Trishomocubanedione (208) has been syn
thesized by oxidation of diol 186.141 Carbocyclic ring 
expansion of optically active Z)3-trishomocubanone (176) 
and of rac-208 have been performed by using diazo-
methane.67"'155-157 This approach has been utilized to 
prepare a series of optically active polycyclic compounds 
that contain twisted bicyclo[2.2.2]octane moieties. The 
generic name "triblattanes" has been proposed for these 
compounds.678,158 As examples, optically active 
[2.1.1]triblattane ["C2-bismethanotwistane" (210)] and 
[3.1.1]triblattane (212) have been synthesized via dia-
zomethane-promoted single- and double-ring expansion 
of (-)-176, respectively. In addition, diazomethane-
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promoted ring expansion of rac-208 has been utilized 
as a key step in the synthesis of 210 and of [2.2.1]tri-
blattane (215, Scheme 7l).!55.i56 Additional examples 
in this regard are presented in a recent review by Na-
kazaki and Naemura.158 

Substituted pentacyclo[6.3.0.02'6.03>10.05'9]undecanes 
have been synthesized by direct substitution at pe
ripheral carbon-hydrogen bonds in 8.159,160 Bromination 
of 8 with bromine in the presence of a catalytic amount 
of aluminum bromide affords the corresponding 1-
bromo derivative, 216.159 By way of contrast, free rad
ical chlorocarbonylation of 8 results in functionalization 
at the 4-position (217, Scheme 72).160 

Substituted D3-trishomocubanes have also been 
prepared by utilizing pentacyclo[5.4.0.02,6.03,10.05,9]un-
decane-8,ll-dione (175) and derivatives of this cage 
diketone as starting materials. Thus, reaction of 175 
or its 1-methyl derivative (218) with chlorosulfonic acid 
results in skeletal rearrangement with concomitant 
formation of trishomocubanones 219 and 220, respec
tively.161 In addition, fluorination of 175 with excess 
sulfur tetrafluoride results in the formation of the 
corresponding tetrafluoro derivative (221).162 Subse
quent reaction of 221 with trimethylsilyl iodide results 
in exchange of three of the four fluorine atoms by iodine 
atom with accompanying rearrangement, thereby af
fording the corresponding fluorotriiodopentacyclo-
[6.3.0.02'6.03'10.05'9]undecane (222).162 Finally, a similar 
rearrangement occurs when 175 is reacted with boron 
tribromide; the corresponding hydroxytribromo-
pentacyclo[6.3.0.02'6.03'10.05-9]undecane (223) is formed 
in this reaction.163 These useful reactions are summa
rized in Scheme 73. 

C. Pentacyclo[5.4.0.026.0310.048]undecane (9) 

The pentacyclo[5.4.0.02'6.03'10.04'8]undecyl (1,2,4-
trishomocubyl) ring system has been synthesized by two 
routes. The first synthetic route involves [2 + 2] in-
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tramolecular photocyclization of a suitably constructed 
polycyclic diene precursor (e.g., 224 — 225,164 226 -»• 
227/65,166 a n d 228 — 229,167 Scheme 74). The second 
synthetic route involves the Lewis acid promoted re
arrangement of a substituted pentacyclo-
[5.4.0.02'6.03'10.05'9]undecane-8,ll-dione (i.e., 230 — 231, 
Scheme 75).168'169 

Thermal cycloreversions of substituted 1,2,4-tris-
homocubanes to afford cis,syrc,cis-tricyclo[6.3.0.02,6]-
undecanes and/or substituted tricyclo[5.3.1.02'6]unde-
cadienes have been reported. Thus, flash vacuum py-
rolyses of 2-substituted pentacyclo[5.4.0.02'6.03,10.04-8]-
undecane-5,ll-diones 227 and 232-234 proceed in the 
manner shown in Scheme 76.169 The data shown in 
Scheme 76 indicate that the regiochemistry of thermal 
fragmentation of the cyclobutane ring in the pentacy-
clo[5.4.0.02'6.03,10.04,8]undecane ring system is influenced 
markedly by substituents at C(2). [Compare the 
product distribution obtained via flash vacuum pyro-
lysis of 227 and 232 (R = alkyl) with the corresponding 
product distribution obtained via flash vacuum pyro-
lysis of 233 and 234 (R = aryl)]. In an effort to ra
tionalize this observation, it was suggested169 that the 
C(2)-C(6) bond might be weaker in 233 and 234 (rela
tive to the corresponding bond in 227 and 232) due to 
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bond lengthening that results from through-bond in
teraction170 of this (j-bond with the aryl group in 233 
and in 234. 

In addition, flash vacuum pyrolysis of 1,8-dimethyl-
and of l,10-dimethylpentacyclo[6.3.0.02'6.03'10.04'8]un-
decane-9,ll-diones (235 and 231, respectively) affords 
the corresponding cis,s;yn,cis-tricyclo[6.3.0.02'6]unde-
canes (236 and 238, respectively) along with novel, 
tetracyclic rearranged products (i.e., substituted tetra-
cyclo[6.3.0.03>7.05'9]undec-10-ene-2,4-diones 237 and 239, 
respectively, Scheme 77).169 A stepwise mechanism 
that involves the formation of an intermediate diradical, 
240, was suggested to account for the formation of 
tetracyclic products 237 and 239 in these reactions 
(Scheme 78).169 

Ogino and co-workers have studied valence isomeri-
zations of 7-substituted pentacyclo[5.4.0.02'6.03-10.04'8]-
undecan-11-ones 225a, 225b, and 229 to the corre
sponding cis,syn,c/.'s-tricyclo[6.3.0.02'6]undecanes (241, 
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242, and 228, respectively). These valence isomeriza-
tions occur when each pentacyclic substrate is treated 
with Lewis acids or proton acids165 or, with the lone 
exception of 225a, when the substrate is reacted with 
rhodium dicarbonyl chloride dimer171 under the con
ditions shown in Scheme 79. In the case of the Rh-
(I)-promoted valence isomerizations of 225a, 225b, and 
229, the relative reactivity order R = Ph > CH3 » H 
was observed. The pronounced rate acceleration caused 
by the 7-phenyl group in 229 relative to the corre
sponding 7-methyl-substituted compound (i.e., 225b) 
might suggest that positive charge (which is better de-
localized by phenyl than by methyl substitution) de
velops at C (7) in the transition state for this process. 
However, a corresponding study of the Rh(I)-promoted 
valence isomerization of 225b (R = CD3) revealed the 
operation of only a small secondary /3-deuterium isotope 
effect (feH/ ^D = 1-04). This result argues against a 
cationic transition state for this process in which a 
significant degree of rehybridization (from sp3 to sp2) 
occurs at C(7). By way of contrast, valence isomeriza
tion of 225b (R = CH3 vs R = CD3), when catalyzed by 
p-toluenesulfonic acid in deuteriochloroform at 30 0C, 
proceeds with a significantly larger secondary ^-deu
terium isotope effect (k^/k^, = 1-15). Clearly, devel
opment of cationic character at C(7) is much greater in 
the transition state for the acid-catalyzed valence 
isomerization of 225b when compared with the corre
sponding Rh(I)-promoted valence isomerization pro
cess.171 

As an alternative to the cationic mechanism, Ogino 
and co-workers171 suggested that these transition-
metal-promoted valence isomerizations may instead 
proceed in concerted fashion. For example, the C(7) 
phenyl group in 229, by operating through a HOMO-
(7rcc) that possesses the correct orbital symmetry, can 
donate electron density to a LUMO(o-*cc) of the cy-
clobutane ring in the transition state, thereby lowering 
the activation energy in the reaction of 229 with Rh(I). 
It should be noted that the rates of the acid-catalyzed 
reactions are roughly 3 orders of magnitude greater than 
the corresponding Rh(I)-promoted valence isomeriza
tion of 225a, 225b, and 229.165-171 

The valence isomerizations presented in Schemes 76, 
77, and 79 provide useful routes for preparing substi
tuted cis,syn,cis linear triquinanes. Mehta and co-
workers94,95,172 also have utilized substituted pentacy-
clo[5.4.0.02'6.03'10.05,9]undecane-8,ll-diones as precursors 
to cis,syn,cis linear triquinanes. The resulting tri
quinanes were used subsequently to synthesize poly-
quinane natural products (e.g., coriolin, hirsutene, and 
capnellene).173 The cis,syn,cis linear triquinanes that 
result from valence isomerization of substituted pen-
tacyclo[5.4.0.02'6.03,10.04'8]undecanes possess markedly 
different substitution patterns when compared with the 
corresponding species produced from substituted pen-
tacyclo[5.4.0.02'6.03,10.05'9]undecane-8,ll-dione precur
sors. The two approaches, therefore, are complemen
tary. 

D. Pentacyclo[5.4.0.026.0310.058]undecane (10) 

Substituted pentacyclo[5.4.0.02'6.03'10.05'8]undecanes 
247-250 have been synthesized by [2 + 2] photo-
cyclizations of 10-substituted tetracyclo[5.3.1.02'6]-
undeca-3,9-dien-8-ones 243-246 (Scheme 8O).164'174 
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Rh(I)-promoted valence isomerizations of 247, 248, 
and 250 have been studied by Ogino and co-workers 
(Scheme 81 ) . m Particularly noteworthy is the ob
served effect of 7-substituents upon the rate of this 
reaction. In contrast to the results obtained for Rh-
(I)-promoted valence isomerizations of 225a, 225b, and 
229 (Scheme 79), the presence of a 7-methyl or 7-phenyl 
group in pentacyclo[5.4.0.02,6.03'10.05,8]undecan-9-one 
(247) was found to severely retard the corresponding 
valence isomerization process (i.e., kie] at 40 0C was 
found to be 247:248:250 = 1:0.011:0.0024). Also, it was 
noted171 that 229 reacts considerably faster with Rh(I) 
than does 250, despite the fact that the parent hydro
carbon of 250 (i.e., 10) is calculated to be more strained 
than the parent hydrocarbon of 229 (i.e., 9) by ca. 10 
kcal/mol.134 

In order to explain these observations, Ogino and 
co-workers171 suggested that rate-determining attack of 
the Rh(I) complex on 247 and on 7-substituted penta-
cyclo[5.4.0.02'6.03'10.04'8]undecan-9-ones 248 and 250 
occurs preferentially at the C(6)-C(7) bond in the 
substrate. Here, the primary function of the 7-methyl 
group in 248 and of the 7-phenyl group in 250 is to exert 
a steric effect that impedes attack by the approaching 
reagent, thereby retarding the rate of Rh(I)-promoted 
valence isomerization in these substrates (vis-a-vis the 
corresponding valence isomerization of 247). This 
differs fundamentally from the mode of operation of 
substituent effects in Rh(I)-promoted valence isomer
izations of 7-substituted pentacyclo[5.4.0.02'6.03'10.04-8]-
undecan-11-ones (e.g., 225a, 225b, and 227; cf. section 
IV.C).171 

E. Pentacyclo[5.4.0.025.0311.048]undecane 
|CYHomobasketane, [2.1.0]Trlblattane (11)] 

A useful synthetic entry into the Cx-homobasketane 
ring system has been achieved by diazoalkane-promoted 
ring expansion42 of substituted 1,3-bishomocubanones. 
An example is provided by the ring expansion of 251; 
reaction of this compound with excess diazomethane 
afforded 252 in 25% yield (Scheme 82).39 As was found 
to be the case for the corresponding one-carbon ho
mologation of substituted 1-bromohomocubanones 
(section ILC), regiospecific C(I)-C(IO) bond migration 
in 251 which occurs as a result of its reaction with 
diazomethane is controlled by the presence of the 9-
bromo substituent. Once again, the presence of the 
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SCHEME 82 
Br 

SCHEME 84 

N o I f f - K i s h n e r r e d u c j i 
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SCHEME 83 

255 ( 6 . 7 : ) 

256a + 2 5 6 b 

i tno isomers, separated 

by coluirn chromatography) 

257a + 257b 

(two i soners, separated 

by column chromatography) 

9-halogen atom effectively suppresses migration of the 
terminus to which it is attached.40-42 Subsequent 
Wolff-Kishner reduction of 252 afforded 253 in disap
pointingly low yield (2%). 

Other examples wherein diazomethane-promoted ring 
expansion of bishomocubane derivatives has been uti
lized to synthesize substituted Cj-homobasketanes have 
been reported by Hirao and co-workers.107-109 Thus, 
reaction of 1,3-bishomocubanone (98) with ethereal 
diazomethane afforded a complex mixture of products. 
Chromatographic purification of the crude product 
mixture on silica gel afforded two fractions (47 % and 
43% yield, respectively). Further chromatographic 
purification of the first fraction afforded two isomeric 
CVhomobasketanones (254 and 255) in 13% and 6.7% 
yield, respectively. Similar chromatographic purifica
tion of the second fraction afforded four pure isomeric 
dimers, 256a, 256b, 257a, and 257b. These products 
appear to have resulted from subsequent aldol con
densation of each of the initially formed C^-homobas-
ketanones with excess 1,3-bishomocubanone. These 
results are summarized in Scheme 83.109 

Addition of potential proton donors (e.g., CH3OH) to 
the reaction medium was found to increase the yield of 
monohomologation product at the expense of dimer 
formation in these reactions. This result was inter
preted in terms of solvent trapping of a betaine inter
mediate (formed via addition of diazomethane to the 
ketone carbonyl group in the substrate). This trapping 
process competes effectively with prototropic shift that 
would result in formation of an ylide-type structure that 
is capable of undergoing aldol condensation with un-
reacted starting material.109 

Hirao and co-workers109 also have investigated the 
reaction of 1,3-bishomocubanedione (258) with ethereal 
diazomethane (large excess) in the presence of metha
nol. Three products (261-263) were formed in this 
reaction in yields of 15%, 34%, and 15%, respectively. 
Presumably, the two possible Cx-homobasketanediones, 
259 and 260, were formed as intermediates in this re
action but did not survive in the presence of excess 

/ z" Ŝ  j / 2 6 ° \ 

SCHEME 85 

2 6 4 a (X • C O 2 E t , Y = H) 

2 6 4 b (X = Y • H) 

2 6 4 c (X = C 0 2 « € , Y • C H 3 ) 

265a (X = C O 2 E t , Y = H) 

265b (X = V = H) 

265c (X = CO 2 Me, Y • CH 3 ) 

26Sd ( X = H , y - CH 3 ) 

diazomethane (Scheme 84).109 

Photochemical [2 + 2] cyclizations that afford C1-
homobasketane derivatives have been studied as po
tential solar energy storage systems.175 Thus, photo-
cyclization of each of the dienes 264a-d afforded the 
corresponding cage system (265a-d, respectively) in 
quantitative yield. The corresponding acid-promoted 
cycloreversion reactions also proceeded quantitatively 
(Scheme 85).175 

Similarly, intramolecular [2 + 2] photocyclizations 
have been studied in complex molecules (e.g., 266a and 
266b) that are derived from levopimaric acid (267).176-178 

Some transformations of 266a and of 266b that result 
in the formation of complex, substituted Cj-homo-
basketanes are shown in Scheme 86.177 

As part of their synthesis of optically active triblat-
tanes,67a'158 Nakazaki and co-workers157 have prepared 
(-)-ll (i.e., optically active [2.1.0]triblattane). A key 
step in their synthesis of (-)-ll involved diazo
methane-promoted ring expansion of optically active 
1,3-bishomocubanone mono(ethylene ketal), (+)-9765-67 

(Scheme 87).157 More recently, (-)-[2.1.0]triblattan-
4-one (i.e., (-)-269) has been used as starting material 
for the synthesis of other optically active [m.l.0]tri-
blattanes (where m = 3-5) and [m.2.0]triblattanes 
(where m = 3-6).179 

The reaction of rac-11 with [Rh(CO)2Cl]2 has been 
studied.83 Two products, 270 and 271, were obtained 
when a benzene solution of 11 was heated with the 
Rh(I) complex in a pressure tube at 80 0C for 72 h. It 
is likely that this reaction proceeds via oxidative in
sertion of Rh(I) into the C(2)-C(3) a-bond of 11 with 
concomitant formation of an intermediate dinuclear 
acylrhodium complex. This complex is analogous to the 
intermediate, 113, which results from the corresponding 
reaction of 1,3-bishomocubane with [Rh(CO)2Cl]2 (see 
Scheme 36).83 The course of the reaction of 11 with 
[Rh(CO)2Cl]2 is summarized in Scheme 88. 

Finally, photochemical and thermal decarbonylations 
of substituted [2.1.0]triblattan-4-ones have been stud
ied.180 Thus, the endo Diels-Alder adduct, 272, of 
1,3-cyclohexadiene (diene) to 2,5-dimethyl-3,4-di-
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phenylcyclopentadienone (dienophile) undergoes facile 
[2 + 2] intramolecular photocyclization to afford 1,2-
diphenyl-5,7-dimethylpentacyclo[5.4.0.02'5.03'u.04'8]un-
decan-6-one (273). Flash vacuum pyrolysis of 273 
through a quartz tube at 450 0C afforded diene 274. 
Alternatively, photodecarbonylation of 273 afforded 
cage hydrocarbon 275 in 16% yield. Subsequent 
thermolysis of 275 occurred at 80 0C to afford diene 274. 
Irradiation of 274 afforded cage hydrocarbon 275 in 
quantitative yield. These reactions are summarized in 
Scheme 89.180 As noted previously (section III.A), the 
reversible (photothermal) transformation 274 <=* 275 has 
been studied as a model for solar energy storage.55 

F. Pentacyclo[5.4.0.02$.039.048]undecane (12) 

Hirao and co-workers108,109 have synthesized deriva
tives of 12 by diazomethane-promoted ring expansion 
of 1,4-bishomocubanone (276). Thus, reaction of 27691 

with excess ethereal diazomethane at 0-5 0C for 16 h 
afforded pentacyclo[5.4.0.02,6.03,9.04'8]undecan-10-one 

SCHEME 90 

M T * I C H2N2 

P^i — 
/T , « 16 1. 

N , ( e x c e s s ) 

? 0 , 0 -5 1C 

CH-N2 (excess) 

Et2C, CH3OH 

277 !70'O * 278 (4 

(277, 37%) along with a dimeric /3-hydroxy ketone, 278 
(32%).109 Compound 278 most likely resulted from 
crossed aldol condensation between 276 and 277. 
Subsequent dehydration of 278 afforded the corre
sponding enone, 279 (64% yield, Scheme 90). Once 
again, as was found to be the case for the reaction of 
98 with diazomethane (Scheme 83), the presence of a 
proton donor (e.g., methanol) was found to suppress the 
formation of the aldol condensation product in the 
corresponding reaction of 276 with diazomethane 
(Scheme 90).109 



Homocubanes, Bishomocubanes, and Trishomocubanes Chemical Reviews, 1989, Vol. 89, No. 5 1031 
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G. Pentacyclo[5.4.0.025.0310.048]undecane (13) 

To our knowledge, synthesis of this ring system has 
not been reported in the literature. An approach to the 
synthesis of substituted pentacyclo[5.4.0.02-5.03-10.04'8]-
undecanes 281 and 282 that starts with the readily 
available endo dimer of carbomethoxycyclopentadiene 
[Le., "Thiele's ester" (280)]63'64 is shown in Scheme 91.181 

H. Compounds 14-20 (Table 1) 

To the best of our knowledge, no synthesis of any of 
these trishomocubanes or derivatives of these trisho-
mocubyl ring systems has been reported in the litera
ture. 

V. Epilogue 

And so, our story ends 
Or, rather, pauses for a time 
Like life itself, 
With no beginning and no end. 
We only stop to catch our breath 
And smell a rose or two 
And then continue on our way. 
We lurch along a path 
That cannot always be discerned 
And wonder what will lie ahead. 
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