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ABSTRACT 

Cubane is a highly strained saturated hydrocarbon system that has historically been of interest 

in theoretical organic chemistry. More recently it has become a molecule of interest for 

biological applications due to its inherent stability and limited toxicity.  Of greater significance 

is the ability to potentially functionalize cubane at each of its carbon atoms providing complex 

biologically active molecules with unique spatial arrangements for probing active sites. This 

has seen an increase use of cubane in pharmaceutically-relevant molecules.  In this perspective 

we describe synthetic methodology for accessing a range of functionalized cubanes and their 

applications in pharmaceuticals. Lastly we provide some perspectives on challenges and future 

directions in the advancement of this field.  

 

INTRODUCTION 

 

On first glance, pentacyclo[4.2.0.02,5.03,8.04,7]octane, or simply cubane (1), looks to be an 

unrealistic framework for organic chemistry. However, this view could not be further from the 

truth, as cubane and its substituted derivatives have found multiple applications in varied 

chemical fields. Cubane is thermodynamically unstable and highly strained, with the geometry 
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around the carbon atom being far removed from tetrahedral. Importantly though, no kinetically 

viable path exists for its thermal rearrangement, meaning that cubane is stable up to 220 °C, 

and even then decomposition is slow.1  It is the high energy, but relative stability of cubane, 

combined with its high density, that saw its initial application in explosives. It has only been 

in recent years that cubane has made its impact in the field of medicinal chemistry, making it 

a chemical moiety with significant potential as a robust scaffold.2 There have been previous 

reviews of cubane that cover its history and application outside the field of medicinal 

chemistry,2-4 whereas this perspective will discuss its relatively recent impact in drug design, 

including potential opportunities in unexplored areas, and future challenges.  

 

CHARACTERISTICS OF CUBANE 

 

The interest in cubane for pharmaceutical incorporation arises from the idea that it can act as a 

bioisostere of benzene (2), first proposed by Eaton.2 The distance between the body diagonal 

of cubane (2.72 Å) matches closely with that of benzene (2.78 Å) (Figure 1),5 even though the 

individual C–C bond lengths are slightly longer (1.573 Å vs 1.397 Å).6 Cubane has the benefit 

over its benzene isostere in that it is biologically stable and there is no inherent toxicity 

associated with this moiety.2 Further benefits exist with cubane, in that the eight contact points 

allow for substitution in defined 3D-spatial arrangements, including what can be considered 

“above” (A) and “below” (B) the benzene plane, in addition to “within” (C) the benzene plane 

(Figure 1).2 Moreover, and as will be discussed later, there are multiple practical synthetic 

considerations that currently hamper the full exploration of these key spatial arrangements. 
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Figure 1. Cubane (1) and comparison to benzene (2), incliding the “above” (A), “below” (B) 

and “within” (C) the benzene plain. 

 

Additional benefits attributed to cubane include its complete stability to light, air, and moisture, 

and its relatively high melting point of 130–131 °C.7 These attributes were capitalized upon 

for the promotion of cubane itself as the ideal internal NMR standard, because in addition both 

the hydrogen and carbon atoms resonate at uniquely reliable chemical shifts.8 As will be 

outlined below, cubane is also stable to most common reagents allowing for synthetic 

manipulation without disrupting its key core structure. 

 

Due to the highly strained geometry of the cubane system the C–C bonds take on much more 

p-character, which in turn provide the C–H bonds with increased s-character. As a result, the 

C–H bond is much more acidic than what is observed for unstrained hydrocarbons.9 

Neighboring-group participation allows for ortho lithiation with LiTMP,10 though 

transmetallation is generally required to give a more useful transformation.10-12 Despite the 

unfavorable considerations behind the generation of a cubyl cation, such as geometry and high 

s-character of the exocyclic orbitals, experimental evidence has been provided that supports 

facile formation of a cubyl cation.13 Its formation is attributed to the p-character of the C–C 

bonds allowing for charge delocalization by donation of electron density to the cationic 

center.14 Furthermore, no cationic rearrangement of the cubane skeleton is observed. Finally, 
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the existence of cubyl radicals has been shown through a combination of practical and 

computational experiments.15-21  

 

SYNTHESIS OF CUBANE AND MONOSUBSTITUTED BUILDING BLOCKS 

 

Cubane was first synthesized and reported in 19647 following the work of Eaton and Cole who 

had, earlier in the same year, reported the synthesis of the dimethyl-1,4-cubanedicarboxylate 

(3).22 Chapman and co-workers reported several modifications to this protocol utilizing 

cyclopentadienone ethylene ketal (4) as the starting material.23 Tsanaktsidis and co-workers 

integrated key elements of the Eaton and Chapman approaches to describe an improved 

protocol for the production of kilogram quantities of 3, which has become the key building 

block for cubane-based chemistry (Scheme 1).24, 25 Tribromination of 4 using three equivalents 

of bromine affords the intermediate 5 that, following bromide elimination, undergoes Diels-

Alder dimerization to afford 6. Ketal removal affords 7 that engages in a [2π +2π] ene-enone 

photocyclization, with subsequent hydrolysis of dimethyl ketals that form during the reaction, 

to afford caged compound 8. A double Favorskii ring contraction, followed by acidification 

then methyl ester formation converts 8 into the solid dimethyl 1,4-cubanedicarboxylate (3) in 

22% overall yield on kilogram scales.  
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Scheme 1. Synthesis of dimethyl 1,4-cubanedicarboxylate (3). Reagents and conditions a) Br2, 

1,4-dioxane, 10 °C to RT, 1 day; b) NaOH, MeOH, 5 °C to reflux, 20 h; c) H2SO4, 25 °C, 30 

h; d) 1) hn (Hg, Pyrex), aq. MeOH, H2SO4, 40–45 °C, 173 h; 2) H2O, reflux, 3 h; e) 1) NaOH 

(30% aq.), reflux, 3 h; 2) HCl (32%), <5 °C, 18 h; 3) Dowex 50WX8–100, MeOH, reflux, 18 

h. 

 

Given the ready accessibility of 3, various methods have been used to convert this starting 

material into synthetic building blocks (Scheme 2). Mono-ester hydrolysis of 3 affords 9 that 

can then undergo a Barton decarboxylation to afford the mono-substituted ester 10.26, 27 

Hydrolysis affords the acid 11, which could be reduced to the alcohol 12, though direct 

reduction from the methyl ester 10 gives higher yields.18, 28 Alternatively, the carboxylic acid 
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can be converted to the primary amine hydrochloride 13 or the methylamine 14.29 The alcohol 

12 can be further converted to the bromo derivative 1430 or the sulfonyl chloride 16 via the 

corresponding thioacetate.28 The mono-methyl ester 10 can be homologated to the cubanyl 

acetic acid 1728, 30 or to the Weinreb amide 18, allowing for further functionalization, as 

exemplified by the formation of alkyne 19.28  

 

Scheme 2. Synthesis of cubane-based building blocks. Reagents and conditions: a) NaOH, 

THF/MeOH, RT, 18 h, 88%; b) (COCl)2, DMF, CH2Cl2, 1 h then mercaptopyridine N-oxide 

sodium salt, 2,6-lutidine, hn (500 W tungsten), CHCl3, reflux, 1 h, 78%; c) NaOH, MeOH, RT, 

2 h, 85% d) BH3•SMe2, THF, 0 °C to RT, 4 h, 95%; e) LiBH4, THF, 0 °C to RT, 12 h, 96%; f) 

1) DPPA, Et3N, tBuOH, reflux, 5 h, 77% 2) HCl (gas), MeOH, –60 °C to RT, 20 h, 96%; g) 1) 

CDI, THF, RT, 2 h, then NH3, H2O, 0 °C to RT, 5 h, 87%; 2) LiAlH4, THF, 0 °C to reflux, 16 

h, 70%; h) PPh3, CBr4, CH2Cl2, RT, 5 h, 71%; i) 1) PPh3, DIAD, AcSH, 0 °C to RT, 2 h, 94%; 

2) NCS, HCl (2.0 M), MeCN, 10 °C to 20 °C, 25 min, 55%; j) 1) CH2Br2, LiTMP, THF, –78 
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°C, 20 min, 88%; 2) LHMDS, nBuLi, THF, –78 °C to 0 °C, 70 min, 60%; k) MeNHOMe•HCl, 

iPrMgCl, THF, –40 °C to –30 °C, 2 h, 88%; l) lithium (trimethylsilyl)acetylide, THF, –30 °C 

to RT, 2 h, 98%.  

 

Compounds 9–19 provide multiple varied handles for incorporating cubane into larger 

molecules, though other building blocks have been generated, as shown in Figure 2. Substituted 

cubanes with a simple functionality, such as an aldehyde,31 thiol,32 alcohol,33 nitrile,34 alkyne 

and azide35 moiety have all been generated (compounds 20–25, respectively). Although, the 

aldehyde is best utilized in situ as it can readily decompose in pure form, whereas Eaton 

postulated that hydroxyl cubanes can readily undergo rearrangement via a ketene 

intermediate.2, 32 Hydroxyacid 26, accessible from ester 10, can also be used to generate amino 

acid substituted cubanes 27–29.36 In the case of 27, the Boc and methyl ester protected 

compound can undergo chiral (enantioselective) HPLC separation that affords, following 

deprotection, (+)- and (–)-27.36 The cyanoformamide 30 has been prepared as an electrophilic 

carbonyl source to incorporate the cubyl amide directly.37 The nitrile 31 has also been prepared 

and used to generate isoxazole cubane 32 with a primary amine for further functionalization.28 

Alternatively, the imidazole heterocycle 33 can be generated, also with a nucleophilic nitrogen 

atom.28 
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Figure 2. Cubane-based building blocks. 

 

MONOSUBSTITUTED CUBANES IN PHARMACEUTICALS 

 

With the accessibility of key monosubstituted cubane building blocks, the cubane motif has 

begun to appear in pharmaceutically-relevant molecules. One of the first examples of using a 

cubane compound for biological applications was (aminomethyl)cubane (14) to inhibit 

monoamine oxidase-B (Figure 3).38 Rather than looking to develop a pharmaceutical, 14 was 

used to probe the mechanism by which the enzyme is able to oxidize amine containing 

neurotransmitters. 

 

The strategic replacement of key moieties with cubane in pharmaceutical leads was 

demonstrated with the development of morphine analogues 34c and 35c (Figure 3).39 Morphine 

(34a, Ki = 38 nM and 1870 nM at µ and k opioid receptor, respectively) and oxymorphone 

(35a, Ki = 15 nM and 725 nM at µ and k opioid receptor, respectively) are potent opioid ligands 
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while N-allyl derivatives (34b and 34b respectively) are at least 8-fold more potent, as is the 

N-cyclopropylmethyl (not shown). The comparable electronic character between cubylmethyl 

and the N-allyl and N-cyclopropylmethyl moieties make for an interesting comparison. At both 

the µ and k opioid receptor, binding was improved when comparing the N-methylated 

compounds 34a and 35a with the cubane substituted compounds 34c (Ki = 17.3 nM and 107 

nM at µ and k opioid receptor, respectively) and 35c (Ki = 13.6 nM and 19.5 nM at µ and k 

opioid receptor, respectively). However, the most potent binding was still observed with 

derivatives 34b (Ki = 4.5 nM and 131 nM at µ and k opioid receptor, respectively) and 34b (Ki 

= 1.1 nM and 12 nM at µ and k opioid receptor, respectively). This improvement was 

rationalized because while the cubane maintained the favorable electronics of 34b and 35b, the 

larger size of cubylmethyl compared to allyl and cyclopropylmethyl groups introduced 

unfavorable steric interactions. 

  

Figure 3. Early mono-substituted cubane containing molecules for biological applications. 

 

Structure-activity relationships (SAR) that incorporate the cubane moiety have normally 

involved it as an isostere for a phenyl group or as a substitute for cyclic or polycyclic 

functionality. Validation of Eaton’s hypothesis stating cubane is a benzene isostere has only 

recently been reported.40 In doing so, the authors investigated known pharmaceuticals and 

agrochemicals that contain phenyl rings and generated their cubane analogues. Two of the 
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mono-substituted cubane derivatives are shown in Figure 4. Compound 36a (SAHA) is a 

histone deacetylase inhibitor approved for treatment of cutaneous T-cell lymphoma.41, 42 The 

cubane analogue 36b, in a side-by-side assessment with 36a, obtained comparative IC50 values 

against tumor cells and were significantly less toxic against NFF primary cells. Further 

comparisons were conducted in vivo with both compounds demonstrating significant reduction 

in tumor growth compared to vehicle. Furthermore, both compounds performed almost 

identically in these studies. 

 

Benzyl benzoate (37a) can be used to kill mites that are responsible for causing the scabies 

skin disease.43 Three cubane analogues 37b-d were synthesized substituting either one or both 

phenyl groups. While 37a exerts complete acaricide after 5 minutes, the most potent cubane 

derivative 37d took 24 hours to elicit 55% mortality. These results show that a phenyl to cubane 

swap of a drug lead will not always retain or enhance biological function.  

 

Kassiou and co-workers examined substitution of D3-trishomocubane for the development of 

s receptor ligands.44 As part of that study they synthesized analogues 38 that examined the 

difference in phenyl (38a), cyclohexyl (38b), cubane (38c) and a number of other substituted 

phenyl derivatives (not shown). The phenyl derivative 38a showed a Ki of 78 and 19 nM at the 

s1 and s2 receptors, respectively. Cyclohexyl substitution brought binding down to 4.0 and 1.9 

nM while the cubyl derivative showed a Ki of 3.0 nM at the s1 receptor and 2.0 nM at the s2 

receptor. Improved affinity was argued through the increased 3D steric bulk associated with 

the cyclohexyl and cubyl moieties. Interestingly, some selectively was also lost with affinity 

for the DA transporter observed with 38c (126 nM) whereas the phenyl derivative 38a had a 

Ki of 3480 nM, and the cyclohexyl derivative lacked affinity. 



 11 

 

Figure 4. Examining cubane as a substitute for a phenyl group. 

 

What seems to be more common in SAR studies is the comparison of cubane with other 

polycyclics, most commonly adamantane (Figure 5). Cubane differs from adamantane in terms 

of its reduced size and lipophilicity whilst also showing increased metabolic stability.45 

Polycyclic differences have been examined with GluN2B-containing NMDA receptors.40, 46 

While no direct comparison with the phenyl derivative was reported, the 3-fluorophenyl-

containing compound 39a showed one of the best affinities , a Ki of 2.86 nM. Converting to 

the adamantyl compound 39b saw a significant reduction in affinity (Ki = 4810 nM) which was 

mostly regained through the incorporation of cubane (Ki = 150 nM). These results provide a 

key example of how the steric bulk of the adamantane can be detrimental and that by using 

cubane, this issue can be avoided. Given the different affinities obtained by changing phenyl 

substitution, it exemplifies the need to examine different cubane substitution. 

 

Given the considerable lipophilicity associated with polycyclics, such entities have made a 

number of appearances in drugs designed for the central nervous system.47 One such example 

is the cation-selective ion channel P2X7R.27, 48 It has been shown that the cyanoguanidine 40 

gave the best results when flanked by a hydrogen-bond accepting aromatic and an adamantane 
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polycyclic.48 An IC50 of 57 nM for 40a was significantly reduced to 3467 nM for the cubane 

containing 40b. In this instance, the importance of steric bulk was clearly exemplified. 

 

Also with the P2X7R, a range of polycycles linked via an amide bond to an aromatic (41) have 

also been reported.27, 29 A change from the adamantane 41a to cubane 41b saw a reduction in 

IC50 from 10 nM to 436 nM, while the D3-trishomocubane 41c saw a smaller drop to 32 nM. 

Interestingly the closo-1,2-carborane derivative 41d saw a small improvement in IC50 with 8 

nM. With these examples, there is a clear correlation between the size of the polycyclic cage 

and inhibition of the P2X7R observed, with bigger polycyclics being more effective in the 

inhibition of this receptor. These reports also evaluated the lipophilicity of the various 

polycycles.27, 29 As expected, cubane is less lipophilic than the adamantane and closo-carborane 

cage, though calculated values from various computational methods can be quite removed from 

those determined experimentally. For example, the HPLC-determined logD7.4 for 41b was 3.42 

while the cLogP was calculated as 1.46,27 though different experimental results gave a logD7.4 

of 2.90 and clogP and logP of 2.67 and 1.94, respectively.29 The discrepancy between these 

results has yet to be rationalized. 

 

The adenosine A1 receptor agonists 42 were synthesized as a comparison between the cubane 

and trishomocubane (45) substituent.50 In this example, the cubane derivative 42b showed 

vastly superior results over the D3-trishomocubane 42a, in both binding (Ki = 363 nM vs 3838 

nM) and activity (EC50 = 14 nM vs 3438 nM). In this example, the smaller cubane group was 

better accommodated in the N6-binding pocket of the receptor. 

 

Utilizing the scaffolds 4351 and 44,52 Emmitte and co-workers have explored substitution of 

many cyclic and polycyclic moieties for metabotropic glutamate receptor (mGluR) negative 
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allosteric modulation. When testing against mGluR 1, the adamantyl compound 43a gave an 

IC50 of 85 nM51 whereas the cubane compound 43b had an IC50 greater than 10,000 nM. In this 

instance, the cyclohexyl 43c and tert-butyl 43d compounds also lost all activity. This was 

replicated with compound 44a with the IC50 of 161 nM going above 10,000 nM for compounds 

44b–d.52 Given the loss of activity for all aliphatic substitutions (others not shown), these 

results suggest more the success of the adamantyl group rather than any obvious trend of 

cubane substitution. 

 

 

 Figure 5. Examining cubane as a substitute for cyclics and polycyclics. 
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Mono-substituted cubanes have also made multiple appearances in the patent literature (Figure 

6). However, detailed biological data have not been included, meaning that the role cubane 

plays in activity is difficult to quantify. Compound 47 was shown to be an inhibitor of receptor 

interacting protein kinase 1 at less than 1 µM but so were many other substitutions, both cyclic 

and acyclic, meaning that little benefit was attributed to the cubane.53 Compound 48 (with 

various aryl substitution) also showed potent activity (0.01-10 nM) as casein kinase 1 inhibitors 

for subtypes e and d.54 Again, the cubane was one of many cyclic and acyclic analoges, all of 

which showed good activity. 49 showed a Ki of between 10 nM and 100 nM against Muscarinic 

4 receptor,55 while 50 (and other cubane analogues) were patented as metalloprotease 

inhibitors.56 

 

The number of publications and patent filings, most of which have occurred since the turn of 

the century, illustrate the increasing consideration that mono-substituted cubanes are getting 

for incorporation into pharmaceuticals. Multiply-substituted cubanes have also made an impact 

and will be examined in the following sections. 
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Figure 6. Cubane-containing molecules from the patent literature. 

 

1,4-SUBSTITUTED CUBANES 

 

Given the key cubane building block is 1,4-disubstituted ester 3, disubstituted cubanes in 
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using 3, or its monohydrolyzed derivative 9, and performing chemistry similar to that outlined 

in Scheme 1, but without the preceding decarboxylation step. For example, monoacid 9 can be 

converted to the chlorinated derivative 51a,40 brominated derivative 51b57 and iodinated 

derivative 51c44 through radical chemistry (Scheme 3). The iodo group can be further converted 

to the fluoride 51d using XeF2.58 Functional group manipulations of the ester from 51c lead to 

compound 52.18, 59 
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The Boc-protected amine 53 can be derived through a Curtius rearrangement and trapping with 

tert-butanol.40 Deprotection to the hydrochloride salt 5440 or methylation to 5560 have both 

been reported. Given the halogen handles available in 51, multiple attempts have been made at 

cross coupling,31, 61-63 including through first generating metal and metalloid derivatives for 

transmetallation in the cross-coupling step.59 However, these attempts have been unsuccessful 

largely due to the instability of cubane in the presence of palladium. The incorporation of 

phenyl groups has been successful by using Pb(OAc)4 and the carboxylic acid 9,64 PhLi and 

substituting an iodo group65 and using ZnPh2 and a redox-active ester.66 Lithiation of 52 and 

addition of electrophiles has also allowed for additional substitution, including with silicon, 

sulfur, phosphorus and metal electrophiles.59 However, it is only with a recent report that a 

cross coupling-like reaction with cubanes has been reported.67 Building upon the redox-active 

ester approach,66 compound 56 was first synthesized, before a nickel catalyzed reaction with 

an arylzinc afforded aryl-substituted analogues 57. In this approach, rather than an oxidative 

addition step, a single-electron-transfer was utilized to generate the active species for coupling. 

A general reaction scope was reported with electron-donating and -withdrawing groups 

tolerated. Naphthyl and porphyrin substituents were also coupled using this procedure. This 

work illustrates the growing interest in cubane, and the novel approaches that must be utilized 

to obtain higher functionalization. As more work is reported, this is likely to have a flow-on 

effect to medicinal applications of cubane. 
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Scheme 3. Synthesis of 1,4-disubstitued building blocks. Reagents and conditions a) 1) 

(COCl)2, CH2Cl2, RT, 1 h; 2) mercaptopyridine N-oxide sodium salt, DMAP, CCl4, hn (500 W 

tungsten), heat, 2 h, 52% over 2 steps; b) HgO, Br2, CH2Br2, 80 °C, 2 h, 85%; c) PhI(OAc)2, 

I2, toluene, 80 °C, 8 h, 70%; d) XeF2, CH2Cl2, reflux, 6.5 h, 58%; e) NaOH, MeOH, RT, 18 h, 

>92%; 2) BH3•SMe2, THF, 0 °C, 4.5 h, 95%; 3) NaH, MeI, RT, no time reported, 97%; f) 

DPPA, Et3N, tBuOH, reflux, 2 days, 66%; g) AcCl, MeOH, –15 °C to RT, 1.25 h, 82%; h) 

NaHMDS, MeI, THF –78 °C to 25 °C, 18 h, 73%; i) tetrachlorohydroxyisoindoline1,3-dione, 

DIC, DMAP, CH2Cl2, RT, 16 h, 73%; j) ArZnCl•LiCl, NiCl2-glyme, dtbbpy, DMF, RT, 2 h, 

10-58%. 

 

Functionalization to produce symmetrical 1,4-disubstitution has also been reported, generally 

as a method of using cubane as a linking moiety (Scheme 4). Saponification of 3 with a larger 
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equivalent of base affords the diacid 5828 which can be converted to the diamine 59 via the 

Boc-protected amine and dihydrochloride salt.68 Reduction of 3 to give the diol 6030 allows for 

oxidation to the di-aldehyde 61.31 The aldehydes can be converted to the terminal dialkyne 62a 

or TMS-protected dialkyne 62b.31 Selective removal of a single TMS group affords the 

unsymmetrical dialkyne 62c. Sonogashira coupling with the terminal alkynes was successfully 

employed, confirming that palladium insertion directly to the cubane is the problem associated 

with cubane in cross coupling reactions.31 

 

Scheme 4. Synthesis of symmetrical 1,4-disubstitued building blocks. Regents and conditions 

a) NaOH, MeOH, RT, 18 h, 96%; b) 1) DPPA, Et3N, tBuOH, reflux, 12 h, 75%; 2) HCl, MeOH, 

–61 °C to RT, no time given, 81%; 3) NaOH, H2O, RT, 10 min 58%; c) LiAlH4, THF, RT to 

reflux to RT, 10 h, 91%; d) DMSO, (COCl)2, CH2Cl2/THF, –78 °C to RT, 30 min, 65%; e) 1) 

PPh3, CBr4, CH2Cl2, RT, 10 min, 84%; 2) n-BuLi, THF, –78 °C, 1 h, 95%; f) e) 1) PPh3, CBr4, 

CH2Cl2, RT, 10 min, 84%; 2) n-BuLi, THF, –78 °C, 1 h, then TMSCl, –10 °C, 10 min, 92%; 

g) MeLi•LiBr, THF, 5 °C, 25 min, 33%. 
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The use of cubane as part of a SAR study was first reported by Hasegawa and co-workers for 

the development of anti-ulcer agents (Figure 7).69 The majority of these efforts were directed 

to altering the amide of the cubane 63 to examine the effect. A single homocubane analog was 

also reported, although comparison to other functionality was not made. The disubstituted 

cubane with the amide was shown to be necessary to retain potency. Though interestingly, 1,2- 

and 1,3-substitution lost activity. When the piperidinyl amide was used, good oral anti-ulcer 

activity was observed, although in the gastric fistula rat model, no activity was observed.69  

Radiolabeled compound 64 (123I) was developed as a probe for in vivo Staudinger ligation to 

azide tagged antibodies.70 In comparison to desferrioxamine type probes with 89Zr or 67/68Ga 

radiolabeling (not shown), compound 64 showed poor pharmacokinetics and thus was not 

explored further in this study. As a way to improve upon compound 12a for inhibition of 

monoamine oxidase B, the 12b-c series of compounds were synthesized.71 These results 

showed that disubstitution was advantageous, most likely due to stabilization of the C4 radical 

intermediate. 

 

Polymers for the release of morphine have been developed from compound 65 through amide 

linkages (Figure 7).72 Compound 66 has also been developed as a polymerization precursor. 

Subjecting 66 to free radical copolymerization with various drugs leads to novel and targeted 

delivery systems.73-81. Nitroxyalkyl groups substituted onto cubane with various linkers have 

been developed and explored for their anti-ischemic activity (compounds 67).82 Compound 

67a showed an improved ratio between the necrotic and ischemic zones (36.1%) over the lead 

compound nicorandil (68, 42.0%), where a mononitroxyalkyl is substituted on a pyridine. 

Importantly, the cubane derivative also showed reduced toxicity of the lead (commercially 

sold) pharmaceutical (LD50  = 800 mg kg–1 for 67a and 475 mg kg–1 for 68).  
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Figure 7. Novel 1,4-disubsituted cubane-containing molecules. 
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been reported (Figure 8).40 Compound 69a (leteprinim) has been shown to increase neurite 
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showed a greater effect than the phenyl lead 69a (approximately 48% vs 38% differentiated 

neurons, respectively). The common pain medication benzocaine (70a) was also compared to 

the cubane analog 70b in a noxious heat stimulus test with results showing the same local 

anesthetic efficacy between the compounds.40 The role of cubane in pesticides was also 

investigated through comparison of diflubenxuron (71a) and the cubane analog 71b. 

Investigating these compounds’ ability to illicit mortality of larval Tribolium castaneum 

showed an approximate 2-fold improvement by the cubane derivative 71b over 71a. These 

results indicate that while cubane offers a viable alternative to the phenyl group, no clear 

prediction of the expected pharmacology can be made. 

 

 

Figure 8. Examining 1,4-disubsituted cubanes as phenyl isosteres. 
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bicyclo[2.2.1]heptane (75). Compounds 76 were analyzed for non-specific binding and results 

showed that 72 linked compound 76c had a much lower propensity for non-specific binding 
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Compounds 77 with various polycyclic rings and iodo substitution were synthesized as 

potential ligands for single photon emission computerized tomography (SPECT) imaging of 

the 5-HT1A receptor.86 Compounds 77a, 77c, 77d, all gave IC50 values less than 2.6 nM and Ki 

of around 1 nM. The adamantyl 77b showed slightly reduced inhibition with an IC50 of 5.04 

nM and Ki of 2.15 nM. The cubane compound 77a also showed selectivity over other receptor 

subtypes. This investigation was instigated due to the lead compound (not shown) which 

contained a cyclohexyl group rather than a polycycle (and no iodination), undergoing 

metabolism through amide hydrolysis. This reaction was not observed with the cubane 

polycycle, nor was C–I bond cleavage, which allowed for 123I labelling for SPECT imaging by 

means of a copper-mediated transhalogenation of the ‘cold’ bromo compound. Unfortunately, 

despite the positive properties of this molecule, it ultimately failed as a SPECT imaging agent 

due to its poor brain uptake, and poor in vivo specificity. 

 

Given the initial success of the 77 compounds, further modifications were made in an attempt 

to image 5-HT1A using PET. For this goal, compounds 78 were synthesized, including the 18F 

tracers for imaging.87 In rats, all three compounds showed a higher uptake in the hippocampus 

and cortex, regions where the 5-HT1A receptor would be expected. Compound 78a showed 

slightly higher uptake in the liver than 78b, which was explained by the enhanced hepatic 

activity for the cubyl moiety.88, 89 The brain uptake of 78c was higher than 78a and 78b which 

were almost identical, and selectivity for 5-HT1A was shown by means of competitive binging 

studies. Unfortunately, during these studies the rat bone uptake as observed resulting from 

defluorination, again with 78a and 78b showing faster bone uptake than 78c. While ultimately 

unsuccessful for imaging applications, this work does nicely illustrate the role cubane can have 

as a linking functionality in medicinal chemistry. 
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The ABL1 kinase inhibitor imatinib (79a) was subjected to an SAR study incorporating cyclic 

linking groups.90 Compounds 79b and 79c showed higher thermodynamic solubility than other 

analogs, including the parent 79a, but lost inhibitory activity against the ALB1 kinase with 

IC50 values of >1 µM and >30 µM respectively. When examined in cell cytotoxicity assays, 

cubane-containing compound 79b still performed the best of the new analogs against KU-812 

and MEG-01 cells, with an estimated EC50 value of 1.4 µM and 1.8 µM, respectively. Though 

lead compound 79a showed sub-micromolar potency this could be attributed to its potency 

against ABL1. Given the lack of ALB1 activity for 79b, it was suggested that off-target effects 

were causing the cytotoxicity, though which targets these are is not currently known. 

 

Various polycyclic linkers were also explored as inhibitors of Bruton’s Tyrosine Kinase, 

namely compounds 80.91 In all cases IC50 values between 0.1 and 0.4 nM were found, 

indicating great tolerance for this alteration. Potencies were replicated in human peripheral 

blood mononuclear cell and human whole blood activity studies. Compounds 80a and 80b 

showed a greater reduction in potency in those studies compared to the bridged cyclohexyls 

80c and 80d. It should be noted that the cubane compound 80a differed slightly in that it had a 

remote aromatic F-substitution (X = F) while the others lacked this substitution (X = H). 

Despite these encouraging results, compounds 80a–d were hampered by increased adenosine 

uptake inhibition which has potential negative effects on the cardiovascular system. 

 

A comparison between phenyl, 72 and cubane linkers was made with compounds 81 as they 

antagonize the mGluR1. These results showed that the phenyl ring in 81a is not necessary for 

activity at the receptor provided that a suitable spacer, such as that observed with 81c is able 

to keep the amino acidic moiety and distal carboxylate in a co-linear arrangement.92 When 

investigating the cubane-linked 81b, despite maintaining the co-linear arrangement, it showed 



 24 

a nine-fold decrease in potency, which was ascribed to the increase in volume of the spacer.93 

Despite the low potency at mGluR1, it showed greater selectivity than either 81a or 81c, as it 

was devoid of any effect at mGluR5, suggesting a more sterically demanding receptor. With 

these results, it was derivatives of 81c that were investigated further, rather than the cubane-

containing molecule.94 
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Figure 9. Comparing 1,4-disubsituted cubanes with cyclics and polycyclics. 
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Cubane has also been featured as a linker in peptides, specifically as analogs to the cytotoxic 

natural products tubulysins (Figure 10).60, 95 These result immediately showed that substitution 

to give analogs 82 was tolerated, and this included other alkyl and aryl linkages (not shown). 

While analogs 82 accepted some modifications, particularly aromatic linkers, the inclusion of 

3-D linkers such as cubane or 72 was not tolerated. However, 81 analogs showed that 3-D 

linkers could be incorporated at the carboxyl end. Both 81 compounds showed toxicity against 

cancer cell lines MESSA and HEK 293T. The cubyl compound 81a showed reduced activity 

for both cell lines (IC50 = 840 nM and 260 nM at MES SA and HEK 293 T, respectively) 

compared to the 72 linked compound 81b (IC50 = 350 nM and 110 nM at MES SA and HEK 

293 T, respectively). 

 

Figure 10. Peptides containing 1,4-disubsituted cubanes. 

 

1,4-Disubstituted cubanes have also featured prominently in the patent literature (Figure 11). 

Compounds 85 were developed as prostaglandin D synthase inhibitors.96 In addition to cubane, 

82a, R = 1,4-cubyl
82b, R = 72

R H
N

O
N
Me

O OAc

S

N O

HN

CO2Me

Ph

R

H
N

N
Me

O OAc

S

N O

HNO

H
N

O
N
Me

O H
N O

HN

CO2Me

Ph
O

R

H
N

COOMe

83a, R = 1,4-cubyl
83b, R = 72

84a, R = 1,4-cubyl
84b, R = 72

N

N



 27 

many cycloalkyl, aryl, heterocyclic and polycyclic linkers were used. Though direct 

comparison with IC50 values is not possible, compounds 85 were reported with values between 

10 and 79 nM. Compounds 86 were included in a screen as Type II sodium dependent 

phosphate transporter 2A inhibitors with IC50 values of 7 and 9 nM for 86a and 86b, 

respectively.96 While obviously showing reasonable results, a direct analog with another linker 

was not included to allow for an indication of the exact role of cubane. 

 

Compound 87 was tested against Janus kinases 1-3 and Tyk2 and displayed EC50 values of less 

than 100 nM, but so did a significant number of other non-cubyl analogs.97 Compound 88 was 

developed to target the human histamine H1 and H4 receptor with a Ki value, along with many 

other analogs, of less than 100 nM.98 This was very similar for compound 89 and many non-

cubyl analogues showing an IC50 of less than 100 nM for phosphoinositide 3-kinases-gamma.99 

Compounds 90a100 and 90b 101 were developed as antagonists for mGluR, though specific 

biological results were not provided, the only analogs reported included the cubane moiety. 

Compound 91 was developed as a linker between two cytotoxic agents to generate bifunctional 

molecules.102 While the linker was reported, along with other polycyclic linkers, examples of 

where they were conjugated to the cytotoxic agents was not reported, with only a propyl chain 

example being provided. Compound 90103 was one of many analogs patented for targeting the 

HDM2 oncogene that regulates p53, though no biological data was included for this specific 

compound. Compounds 93 showed 100% inhibition of human 11-β-hydroxysteroid 

dehydrogenase type 1 enzyme at 100 nM but no unique role of the cubane was identified as 

other cyclics and polycyclics also elicited the same result.104 

 

Compounds 94 were synthesized and tested against the human and mouse retinoid-related 

orphan receptor g.105 Similar results were obtained for both species, but for the human receptor 
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94a showed and EC50 of 32 nM, while 94b and 94c gave values of 38 nM and 21 nM, 

respectively. Compound 95 showed an IC50 between 0.1 and 1 µM for the Janus kinase 3, but 

again, so did many other non-cubane analogs.106 More information could be obtained from the 

IC50 values for retinoid-related orphan receptor g for compounds 96. Of related compounds 96a 

showed the best value with an IC50 106 nM, while the analogs 96b and 96c had values of 1344 

nM and 392 nM, respectively.107 This is one of the clearest examples from the patent literature 

describing the benefit of a 1,4-disubstituted cubane analog. Compound 97 showed good 

activity against SET and MYND Domain Containing protein 3 (IC50 = 142 nM), which was 

also carried through to cellular analysis (IC50 = 1308 nM). Though no clear advantage was 

suggested for the cubane over other linkers.108 

 

Compound 98 was reported as an adenosine receptor antagonist but no specific biological 

results were reported,109 while compound 99 gave an EC50 value of between 10 and 50 nM 

against ATF4 luciferase.110 

 

Compounds 100 were tested against matrix metalloproteinase 13 with results showing 

tolerance for both hydroxylmethyl and carboxylic acid substitution.111 However, a clear 

advantage for the cubane linkage was shown with both substituents showing improved binding 

compared to the 73 linkage (100a Ki = 0.57 nM, 100b Ki = 0.13 nM, 100c Ki = 10.6 nM, 100d 

Ki = 2.63 nM). Derivatives of compounds 4954 and 5056 with a simple second 1,4-disubstitution 

of the cubane moiety were also reported, but no quantification of biological data was provided. 
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Figure 10. 1,4-Disubsituted cubanes reported in the patent literature for medicinal applications. 

 

 

1,2- AND 1,3-DISUBSTITUTED CUBANES 

 

Access to 1,2-disubstituted cubanes occurs through neighboring group participation, namely 

using the ortho-lithiation approach (Scheme 5). Taking an amide 101, simply derived from 

acid 11 and a variety of amines, lithiation with LiTMP affords lithiated intermediate 102 that 

can be treated with an electrophile, e.g. CO2, to afford the 2-substituted acid 103.112 Originally 

the diisopropyl amide (R = iPr) was used, which requires aggressive conditions to further 

manipulate (e.g. LiAlH4 followed by DMDO for conversion to a carboxylic acid),2 but other 

amide examples also exist.69 Transmetallation of the lithiated species10-12 can also be used to 

broaden the scope of the transformation, as is the case here with magnesium. Unfortunately, 

no procedures for the synthesis of 1,2-dicarboxylic acid 104 have been reported, but oxidation 

of the amide to acid has been shown with the iodo, rather than COOH, analog,113 and other 

suggested methods have also been reported.114 Furthermore, the diacid 104 was used in a 

subsequent transformation, to afford 105 and then 106,115 so it must be accessible. Direct 

irradiation of 11 in oxalyl chloride affords the diacid chloride but in 1:3:1 ratio between 1,2-, 

1,3- and 1,4-disubstition, making it a less than practical approach.116 

 

The application of 1,2 substituted cubanes to medicinal is limited. The 1,2-substituted analog 

of 63 required a dosage 3-times that of 63 to elicit the same response,69 and to date it remains 

the only example.  
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Scheme 5. Synthesis of 1,2-disubstituted cubane. Reagents and conditions a) LiTMP, MgBr2• 

OEt2, THF, –78 °C to 0 °C, 5 h, then CO2, –40 °C, 1 h, then HCl in H2O, 12% (R = piperidinyl 

amide); b) (COCl)2, reflux, 4 h, then TMSN3, benzene, RT, 2 h, then benzene, reflux, no time 

given, 92%; c) H2O, acetone, RT, 12 h, 51%; d) (COCl)2, hn (sun lamp, pyrex), 10 to 20 °C, 5 

h, no yield given. 

 

The synthesis of 1,3-disubstituted cubane 107 was first reported in 1966 from 108 and 109 to 

give 110 (Scheme 6).117 Photocyclization of 110 in benzene, to give 111 then allows for a 

double ring-contraction to give 107. Though reported, experimental details for these 

transformations are not provided. A second method was provided in 1970 from 112, through a 

dibromination to give 113 followed by photochemical rearrangement to 114.118 The authors 

then converted 114 into 107 following their procedures for the 1,4-disubstitution,22 though 

again no details were provided. Utilizing 115, which is obtained as a minor byproduct (4.5%) 

from the debromination and dimerization of 5,112 conditions for the formation of 107 were 

provided. A ring contraction to 116, followed by deprotection to 117, then allows for a second 

ring contraction to give 107. Given the challenges with accessing 107, it becomes clear why 
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1,3-disubstition is not commonly observed with cubane derivatives. In the case of 1,3-

substituted analog of 63, it required a dosage 3-times that of 63 to elicit the same response.69  

 

 

Scheme 6. Synthesis of 1,3-disubstituted cubane. Reagents and conditions a) KOH (10%), 

H2O, reflux, 2.5 h, 92%; b) H2SO4 (75% in H2O), RT, 24 h, 92%; c) KOH (25%), H2O, reflux, 

3.5 h, 25% (following conversion to the dimethyl ester with diazomethane). 

 

POLYSUBSTITUTED CUBANES 

 

Cubane substitution has been reported all the way to octasubstitution (Figure 11). However, in 

these instances, substitution tends to involve the same functional group, as seen in the examples 

of 118b119, 119120 and 120.121 In the case of 119 and 120, new cubane syntheses were devised. 

For the nitro derivative 118b, it was synthesized from the heptanitrocubane (118a), itself 

derived from the tetranitrocubane.119, 122 
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Figure 11. Highly substituted cubanes 

 

Functionality can be introduced through photochemical means, but regulation, both in terms of 

regiochemistry and level of substitution, can be difficult to control.116 Also, this method limits 

the introduction of different functionalities.123 To introduce variable substitution patterns with 

some degree of control is best achieved through a halogen handle65, 124 or a neighboring group 

directed lithiation approach (Scheme 7),10, 125-128 Though admittedly this approach is quite step 

intensive. Beginning with 1,4-disubsituted cubane 121, selective carboxylation leads to 122 

which is then converted to the nitrile 123 to allow for a subsequent carboxylation to 124. 

Another nitrile formation gives 125, which allows for another carboxylation to give 126. 

Hydrolysis of the nitriles is selective leaving the amide present in 127. Carboxylic acid 

reduction and acetyl protection gives 128 which allows for an oxidative conversion of the 

amide to acid in 129. This pentasubstituted cubane 129 can be decarboxylated to the 

tetrasubstituted cubane 130.125 
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Scheme 7. Synthesis of 1,3-disubstituted cubane. Reagents and conditions a) MgTMP2, THF, 

–78 °C to RT, 1h, then –78 °C, CO2(g), 15 min, 85%; b) (COCl)2, CH2Cl2, RT, 45 min, then 

NH3(l), THF, –78 °C to RT, 30 min, 99%; c) BrMgTMP, THF, –78 °C to RT, 1h, then –78 °C, 

CO2(g), 15 min, 78%; d) SOCl2, CH2Cl2, RT, 2 h, then NH3(l), THF, –78 °C to RT, 30 min, 

92%; e) BrMgTMP, THF, –78 °C to –20 °C, 1h, then –78 °C, CO2(g), 5 min, 77%; f) KOH, 

EtOH, reflux, 3.5 h, quantitative; g) 1) LiAlH4, THF, reflux, 20 h, 89%; 2) Ac2O, RT, 

overnight, 89% over 2 steps; h) dimethyldioxirane (DMDO), acetone, RT, overnight, i) SOCl2, 

RT, 1 h then mercaptopyridine N-oxide sodium salt, DMAP, benzene, RT, 15 min, then, tBuSH, 

hn (sunlamp), benzene, reflux, 1.5 h; 72% from 128. 

 

Radical halogenation is also useful for selective polysubstitution of cubane with different 

functional groups, but they are then difficult to incorporate into useful molecules.129, 130 
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Regardless of their challenging synthesis, polysubstituted cubanes have still been utilized by 

medicinal chemists (Figure 12). Cubane 131 showed moderate anti-HIV activity and 132 

displayed moderate anti-cancer activity, although no identification of the R groups nor 

quantification of data or structural comparisons were provided.131  

 

The compounds 133 have been patented for their anti-viral and anti-cancer properties though 

no specific biological data were presented.132 

 

Figure 12. Polysubstituted cubanes in medicinal chemistry. 
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future there is no doubt that the number of SARs that feature cubane will continue to increase, 

allowing further insight into how it can be best utilized. 

 

Current limitations of cubane center around its synthetic accessibility, beyond the readily 

available commercial dimethyl cubane-1,4-dicarboxylate. Multiple reports for functional 

group manipulations to generate many mono and 1,4-disubstituted cubanes correspond to the 

medicinal applications that include these substitution patterns. To fully utilize cubane, its 3D 

positions need to be fully accessible. Simple and reliable procedures to access 1,2- and 1,3-

disubstitution patterns, as well as polysubstitution would greatly aid in the full exploration of 

its role as a bioisostere. In particular, the exploration of the “above” and “below” benzene plane 

in 3D arrangements. Given how the interest in high-energy materials resulted in multiple 

methods for nitrating cubane, the current attention of cubane in medicinal chemistry will likely 

lead to novel synthetic methodologies involving this moiety. Intriguingly, a common question 

raised is whether the isostructural aza-cubane 134 can exist (Figure 13). This molecule, and the 

other polynitrogen containing cubane derivatives (e.g. 135–137, Figure 13), have to date only 

been the fodder of considerable theoretical thinking.133-137 That said, should any of these aza-

cubanes become synthetically viable, one could easily imagine access to a new class of nitrogen 

heterocyclic isosteres. 

 

 

 

Figure 13. Aza-cubane and selected polynitrogen-containing derivatives. 
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ABBREVIATIONS USED 

Boc = tert-butyloxycarbonyl; CDI = 1,1’-carbonyldiimidazole; DIAD = diisopropyl 

azodicarboxylate; DIC = N,N`-diisopropylcarbodiimide; DMAP = 4-dimethylaminopyridine; 

DMDO = dimethyldioxirane; DPPA = diphenyl phosphorylazide; dtbbpy = 4,4′-di-tert-butyl-

2,2′-dipyridyl; HEK 293T = human embryonic kidney cells; LHMDS = lithium N,N-

bis(trimethylsilyl)amide; LiTMP = lithium tetramethylpiperide; MES SA = uterine sarcoma 

cells; mGluR = metabotropic glutamate receptor; NCS = N-chlorosuccinimide; PET = positron 

emission tomography; SAHA = suberoylanilide hydroxamic acid; SAR = structure-activity 

relationship; SPECT = single photon emission computerized tomography; TMS = 

trimethylsilane. 

 

REFERENCES 

1. Martin, H.-D.; Urbanek, T.; Pfohler, P.; Walsh, R. The pyrolysis of cubane; an example 

of a thermally induced hot molecule reaction. J. Chem. Soc., Chem. Commun. 1985, 964-965. 

2. Eaton Philip, E. Cubanes: Starting Materials for the Chemistry of the 1990s and the 

New Century. Angew. Chem. Int. Ed. 1992, 31, 1421-1436. 

3. Biegasiewicz, K. F.; Griffiths, J. R.; Savage, G. P.; Tsanaktsidis, J.; Priefer, R. Cubane: 

50 Years Later. Chem. Rev. 2015, 115, 6719-6745. 



 40 

4. Griffin, G. W.; Marchand, A. P. Synthesis and chemistry of cubanes. Chem. Rev. 1989, 

89, 997-1010. 

5. Yildirim, T.; Gehring, P. M.; Neumann, D. A.; Eaton, P. E.; Emrick, T. Solid cubane: 

A brief review. Carbon 1998, 36, 809-815. 

6. Hedberg, L.; Hedberg, K.; Eaton, P. E.; Nodari, N.; Robiette, A. G. Bond lengths and 

quadratic force field for cubane. J. Am. Chem. Soc. 1991, 113, 1514-1517. 

7. Eaton, P. E.; Cole, T. W. Cubane. J. Am. Chem. Soc. 1964, 86, 3157-3158. 

8. Chalmers, B. A.; Chen, A. P. J.; Savage, G. P.; Williams, C. M. Cubane: A New NMR 

Internal Standard. Aust. J. Chem. 2010, 63, 1108-1110. 

9. Luh, T.-Y.; Stock, L. M. Kinetic acidity of cubane. J. Am. Chem. Soc. 1974, 96, 3712-

3713. 

10. Eaton, P. E.; Castaldi, G. Systematic substitution on the cubane nucleus. Amide 

activation for metalation of "saturated" systems. J. Am. Chem. Soc. 1985, 107, 724-726. 

11. Eaton, P. E.; Higuchi, H.; Millikan, R. Synthesis of zinc, cadmium, tin, and silicon 

derivatives of cubane. Tetrahedron Lett. 1987, 28, 1055-1058. 

12. Bashir-Hashemi, A.; Ammon, H. L.; Choi, C. S. Chemistry and structure of 

phenylcubanes. J. Org. Chem. 1990, 55, 416-420. 

13. Eaton, P. E.; Yang, C. X.; Xiong, Y. Cubyl cation. J. Am. Chem. Soc. 1990, 112, 3225-

3226. 

14. Eaton, P. E.; Zhou, J. P. The nature of the cubyl cation. J. Am. Chem. Soc. 1992, 114, 

3118-3120. 

15. Della, E. W.; Head, N. J.; Mallon, P.; Walton, J. C. Homolytic reactions of cubanes. 

Generation and characterization of cubyl and cubylcarbinyl radicals. J. Am. Chem. Soc. 1992, 

114, 10730-10738. 



 41 

16. Fokin, A. A.; Lauenstein, O.; Gunchenko, P. A.; Schreiner, P. R. Halogenation of 

Cubane under Phase-Transfer Conditions:  Single and Double C−H-Bond Substitution with 

Conservation of the Cage Structure. J. Am. Chem. Soc. 2001, 123, 1842-1847. 

17. Eaton, P. E.; Li, J.; Upadhyaya, S. P. Synthesis of Methylcubane and 

Cyclopropylcubane. The Cubane-1,4-diyl Route. J. Org. Chem. 1995, 60, 966-968. 

18. Priefer, R.; Farrell, P. G.; Harpp, D. N. Effective Synthetic Routes to Cubylcarbinol 

Derivatives. Synthesis 2002, 2002, 2671-2673. 

19. Eaton, P. E.; Tsanaktsidis, J. The reactions of 1,4-dihalocubanes with organolithiums. 

The case for 1,4-cubadiyl. J. Am. Chem. Soc. 1990, 112, 876-878. 

20. Hassenruck, K.; Radziszewski, J. G.; Balaji, V.; Murthy, G. S.; McKinley, A. J.; David, 

D. E.; Lynch, V. M.; Martin, H. D.; Michl, J. A body-diagonal bond in cubane: can it be 

introduced? J. Am. Chem. Soc. 1990, 112, 873-874. 

21. Moriarty, R. M.; Khosrowshahi, J. S.; Dalecki, T. M. Hypervalent iodine iodinative 

decarboxylation of cubyl and homocubyl carboxylic acids. J. Chem. Soc., Chem. Commun. 

1987, 675-676. 

22. Eaton, P. E.; Cole, T. W. The Cubane System. J. Am. Chem. Soc. 1964, 86, 962-964. 

23. Chapman, N. B.; Key, J. M.; Toyne, K. J. Preparations and properties of caged 

polycyclic systems. 1. Pentacyclo[5.3.0.02,5.03,9.04,8]decane and 

pentacyclo[4.3.0.02,5.03,8.04,7]nonane derivatives. J. Org. Chem. 1970, 35, 3860-3867. 

24. Falkiner, M. J.; Littler, S. W.; McRae, K. J.; Savage, G. P.; Tsanaktsidis, J. Pilot-Scale 

Production of Dimethyl 1,4-Cubanedicarboxylate. Org. Process Res. Dev. 2013, 17, 1503-

1509. 

25. Bliese, M.; Tsanaktsidis, J. Dimethyl Cubane-1,4-dicarboxylate: A Practical 

Laboratory Scale Synthesis. Aust. J. Chem. 1997, 50, 189-192. 



 42 

26. Eaton, P. E.; Nordari, N.; Tsanaktsidis, J.; Upadhyaya, S. P. Barton Decarboxylation of 

Cubane-1,4-dicarboxylic Acid: Optimized Procedures for Cubanecarboxylic Acid and Cubane. 

Synthesis 1995, 1995, 501-502. 

27. Wilkinson, S. M.; Gunosewoyo, H.; Barron, M. L.; Boucher, A.; McDonnell, M.; 

Turner, P.; Morrison, D. E.; Bennett, M. R.; McGregor, I. S.; Rendina, L. M.; Kassiou, M. The 

First CNS-Active Carborane: A Novel P2X7 Receptor Antagonist with Antidepressant 

Activity. ACS Chem. Neurosci. 2014, 5, 335-339. 

28. Wlochal, J.; Davies, R. D. M.; Burton, J. Cubanes in Medicinal Chemistry: Synthesis 

of Functionalized Building Blocks. Org. Lett. 2014, 16, 4094-4097. 

29. Gunosewoyo, H.; Guo, J. L.; Bennett, M. R.; Coster, M. J.; Kassiou, M. Cubyl amides: 

Novel P2X7 receptor antagonists. Bioorg. Med. Chem. Lett. 2008, 18, 3720-3723. 

30. Eaton, P. E.; Yip, Y. C. The preparation and fate of cubylcarbinyl radicals. J. Am. Chem. 

Soc. 1991, 113, 7692-7697. 

31. Eaton, P. E.; Galoppini, E.; Gilardi, R. Alkynylcubanes as Precursors of Rigid-Rod 

Molecules and Alkynylcyclooctatetraenes. J. Am. Chem. Soc. 1994, 116, 7588-7596. 

32. Priefer, R.; Lee, Y. J.; Barrios, F.; Wosnick, J. H.; Lebuis, A.-M.; Farrell, P. G.; Harpp, 

D. N.; Sun, A.; Wu, S.; Snyder, J. P. Dicubyl Disulfide. J. Am. Chem. Soc. 2002, 124, 5626-

5627. 

33. Annese, C.; D’Accolti, L.; Fusco, C.; Gandolfi, R.; Eaton, P. E.; Curci, R. 

Oxyfunctionalization of Non-Natural Targets by Dioxiranes. 6. On the Selective 

Hydroxylation of Cubane. Org. Lett. 2009, 11, 3574-3577. 

34. Della, E. W.; Gangodawila, H. Coupling to sp-Hybridized Carbon: 13C-13C Coupling 

Constants in Some Polycycloalkanecarbonitriles. Aust. J. Chem. 1989, 42, 1485-1492. 

35. Eaton, P. E.; Fisher, A. M.; Hormann, R. E. Azidocubanes; 2. Acid-Induced 

Rearrangement: Formation of 9-Azahomocubanes. Synlett 1990, 1990, 737-738. 



 43 

36. Wlochal, J.; Davies, R. D. M.; Burton, J. Synthesis of Novel Amino Acids Containing 

Cubane. Synlett 2016, 27, 919-923. 

37. Nugent, J.; Campbell Sarah, G.; Vo, Y.; Schwartz Brett, D. Solvent-Free Synthesis of 

Cyanoformamides from Carbamoyl Imidazoles. Eur. J. Org. Chem. 2017, 2017, 5110-5118. 

38. Silverman, R. B.; Zhou, J. P.; Eaton, P. E. Inactivation of monoamine oxidase by 

(aminomethyl)cubane. First evidence for an α-amino radical during enzyme catalysis. J. Am. 

Chem. Soc. 1993, 115, 8841-8842. 

39. Cheng, C.-Y.; Hsin, L.-W.; Lin, Y.-P.; Tao, P.-L.; Jong, T.-T. N-Cubylmethyl 

substituted morphinoids as novel narcotic antagonists. Bioorg. Med. Chem. 1996, 4, 73-80. 

40. Chalmers, B. A.; Xing, H.; Houston, S.; Clark, C.; Ghassabian, S.; Kuo, A.; Cao, B.; 

Reitsma, A.; Murray, C. E. P.; Stok, J. E.; Boyle, G. M.; Pierce, C. J.; Littler, S. W.; Winkler, 

D. A.; Bernhardt, P. V.; Pasay, C.; Voss, J. J. D.; McCarthy, J.; Parsons, P. G.; Walter, G. H.; 

Smith, M. T.; Cooper, H. M.; Nilsson, S. K.; Tsanaktsidis, J.; Savage, G. P.; Williams, C. M. 

Validating Eaton's Hypothesis: Cubane as a Benzene Bioisostere. Angew. Chem. Int. Ed. 2016, 

55, 3580-3585. 

41. Richon, V. M. Cancer biology: mechanism of antitumour action of vorinostat 

(suberoylanilide hydroxamic acid), a novel histone deacetylase inhibitor. Br. J. Cancer 2006, 

95, S2-S6. 

42. Grant, S.; Easley, C.; Kirkpatrick, P. Vorinostat. Nat. Rev. Drug Discov. 2007, 6, 21. 

43. Currie, B. J.; McCarthy, J. S. Permethrin and Ivermectin for Scabies. New Engl. J. Med. 

2010, 362, 717-725. 

44. Banister, S. D.; Manoli, M.; Barron, M. L.; Werry, E. L.; Kassiou, M. N-substituted 8-

aminopentacyclo[5.4.0.02,6.03,10.05,9]undecanes as σ receptor ligands with potential 

neuroprotective effects. Bioorg. Med. Chem. 2013, 21, 6038-6052. 



 44 

45. Wilkinson, S. M.; Barron, M. L.; O’Brien-Brown, J.; Janssen, B.; Stokes, L.; Werry, E. 

L.; Chishty, M.; Skarratt, K. K.; Ong, J. A.; Hibbs, D. E.; Vugts, D. J.; Fuller, S.; Windhorst, 

A. D.; Kassiou, M. Pharmacological Evaluation of Novel Bioisosteres of an Adamantanyl 

Benzamide P2X7 Receptor Antagonist. ACS Chem. Neurosci. 2017, 8, 2374-2380. 

46. Beinat, C.; Banister, S. D.; Hoban, J.; Tsanaktsidis, J.; Metaxas, A.; Windhorst, A. D.; 

Kassiou, M. Structure–activity relationships of N-substituted 4-

(trifluoromethoxy)benzamidines with affinity for GluN2B-containing NMDA receptors. 

Bioorg. Med. Chem. Lett. 2014, 24, 828-830. 

47. Stockdale, T. P.; Williams, C. M. Pharmaceuticals that contain polycyclic hydrocarbon 

scaffolds. Chem. Soc. Rev. 2015, 44, 7737-7763. 

48. Callis, T. B.; Reekie, T. A.; O'Brien-Brown, J.; Wong, E. C. N.; Werry, E. L.; Elias, 

N.; Jorgensen, W. T.; Tsanaktsidis, J.; Rendina, L. M.; Kassiou, M. The role of polycyclic 

frameworks in modulating P2X7 receptor function. Tetrahedron 2018, 74, 1207-1219. 

49. O'Brien-Brown, J.; Jackson, A.; Reekie, T. A.; Barron, M. L.; Werry, E. L.; Schiavini, 

P.; McDonnell, M.; Munoz, L.; Wilkinson, S.; Noll, B.; Wang, S.; Kassiou, M. Discovery and 

pharmacological evaluation of a novel series of adamantyl cyanoguanidines as P2X7 receptor 

antagonists. Eur. J. Med. Chem. 2017, 130, 433-439. 

50. Gosling Joshua, I.; Baker Stephen, P.; Haynes John, M.; Kassiou, M.; Pouton Colin, 

W.; Warfe, L.; White Paul, J.; Scammells Peter, J. Synthesis and Biological Evaluation of 

Adenosines with Heterobicyclic and Polycyclic N6-Substituents as Adenosine A1 Receptor 

Agonists. ChemMedChem 2012, 7, 1191-1201. 

51. Manka, J. T.; Rodriguez, A. L.; Morrison, R. D.; Venable, D. F.; Cho, H. P.; Blobaum, 

A. L.; Daniels, J. S.; Niswender, C. M.; Conn, P. J.; Lindsley, C. W.; Emmitte, K. A. 

Octahydropyrrolo[3,4-c]pyrrole negative allosteric modulators of mGlu1. Bioorg. Med. Chem. 

Lett. 2013, 23, 5091-5096. 



 45 

52. Lovell, K. M.; Felts, A. S.; Rodriguez, A. L.; Venable, D. F.; Cho, H. P.; Morrison, R. 

D.; Byers, F. W.; Daniels, J. S.; Niswender, C. M.; Conn, P. J.; Lindsley, C. W.; Emmitte, K. 

A. N-Acyl-N′-arylpiperazines as negative allosteric modulators of mGlu1: Identification of 

VU0469650, a potent and selective tool compound with CNS exposure in rats. Bioorg. Med. 

Chem. Lett. 2013, 23, 3713-3718. 

53. G. Bonanomi; A. A. Estrada; J. A. Feng; B. Fox; C. P. Leslie; J. P. Lyssikatos; C. 

Napolitano; A. Pozzan; A. Sudhakar; Z. K. Sweeney; F. Tonelli; V. Fidalgo; De, J. 

Isoxazolidine derived inhibitors of receptor interacting protein kinase 1 (ripk 1). 

WO2017096301A1, 2017. 

54. Velaparthi, U.; Darne, C. P.; Liu, P.; Wittman, M. D.; Pearce, B. C.; Araujo, E. M. V.; 

Dasgupta, B.; Nair, J. S.; Janakiraman, S. K.; Rachamreddy, C. R.; Rao, M. M.; Karuppiah, A. 

M. S. S.; Reddy, B. S.; Nagalakshmi, P.; Bora, R. O.; Maheshwarappa, S. H.; Kumaravel, S.; 

Mullick, D.; Sistla, R. Novel substituted pyrazolo-piperazines as casein kinase 1 d/e inhibitors. 

US20150133428A1, 2015. 

55. Harriott, N.; Pagano, N. N-[2-(1 -benzylpiperidin-4-yl)ethyl]-4-(pyrazin-2-yl)-

piperazine-1 -carboxamide derivatives and related compounds as muscarinic receptor 4 (m4) 

antagonists for treating neurological diseases WO2017079641 A1, 2017. 

56. Steeneck, C.; Gege, C.; Richter, F.; Kroth, H.; Hochguertel, M.; Essers, M.; 

Veldhuizen, J. V.; Nolte, B.; B.Gallagher; Feuerstein, T.; Schneider, M.; Arndt, T.; Deng, H.; 

Biesinger, R.; Wu, X.; Bluhm, H.; Sucholeiki, I.; Taveras, A. Heterobicyclic metalloprotease 

inhibitors. US20070155738 A1, 2007. 

57. Eremenko, L. T.; Romanova, L. B.; Ivanova, M. E.; Malygina, V. S.; Barinova, L. S.; 

Lagodzinskaya, G. V.; Lodygina, V. P.; Eremenko, I. L.; Aleksandrov, G. G. Cubane 

derivatives. Russ. Chem. Bull. 2007, 56, 1408-1422. 



 46 

58. Della, E. W.; Head, N. J. Synthesis of bridgehead fluorides by fluorodeiodination. J. 

Org. Chem. 1992, 57, 2850-2855. 

59. Plunkett, S.; Flanagan, K. J.; Twamley, B.; Senge, M. O. Highly Strained Tertiary sp3 

Scaffolds: Synthesis of Functionalized Cubanes and Exploration of Their Reactivity under 

Pd(II) Catalysis. Organometallics 2015, 34, 1408-1414. 

60. Nicolaou, K. C.; Yin, J.; Mandal, D.; Erande, R. D.; Klahn, P.; Jin, M.; Aujay, M.; 

Sandoval, J.; Gavrilyuk, J.; Vourloumis, D. Total Synthesis and Biological Evaluation of 

Natural and Designed Tubulysins. J. Am. Chem. Soc. 2016, 138, 1698-1708. 

61. Eaton, P. E.; Stossel, D. Synthesis of alkynylcyclooctatetraenes and alkynylcubanes. J. 

Org. Chem. 1991, 56, 5138-5142. 

62. Eaton, P. E.; Cassar, L.; Halpern, J. Silver(I)- and palladium(II)-catalyzed 

isomerizations of cubane. Synthesis and characterization of cuneane. J. Am. Chem. Soc. 1970, 

92, 6366-6368. 

63. Cassar, L.; Eaton, P. E.; Halpern, J. Catalysis of symmetry-restricted reactions by 

transition metal compounds. Valence isomerization of cubane. J. Am. Chem. Soc. 1970, 92, 

3515-3518. 

64. Moriarty, R. M.; Khosrowshahi, J. S.; Miller, R. S.; Flippen-Andersen, J.; Gilardi, R. 

Free-radical arylation of cubane using cubyl lead acylates. J. Am. Chem. Soc. 1989, 111, 8943-

8944. 

65. Eaton, P. E.; Pramod, K.; Emrick, T.; Gilardi, R. Building with Cubane-1,4-diyl. 

Synthesis of Aryl-Substituted Cubanes, p-[n]Cubyls, and Cubane-Separated Bis(arenes)1. J. 

Am. Chem. Soc. 1999, 121, 4111-4123. 

66. Toriyama, F.; Cornella, J.; Wimmer, L.; Chen, T.-G.; Dixon, D. D.; Creech, G.; Baran, 

P. S. Redox-Active Esters in Fe-Catalyzed C–C Coupling. J. Am. Chem. Soc. 2016, 138, 

11132-11135. 



 47 

67. Bernhard Stefan, S. R.; Locke Gemma, M.; Plunkett, S.; Meindl, A.; Flanagan Keith, 

J.; Senge Mathias, O. Cubane Cross-Coupling and Cubane–Porphyrin Arrays. Chem. Eur. J. 

2017, 24, 1026-1030. 

68. Murray, R. W.; Rajadhyaksha, S. N.; Mohan, L. Chemistry of dioxiranes. 13. Oxidation 

of primary amines by dimethyldioxirane. J. Org. Chem. 1989, 54, 5783-5788. 

69. Hasegawa, T.; Nigo, T.; Kakita, T.; Toyoda, H.; Toya, H.; Ueda, I. Antiulcer Agents. 

III. Synthesis and Antiulcer Activity of N-[3-(3-

Piperidinomethylphenoxy)propyl]pentacyclo[4.2.0.02,5.03,8.04,7]-octane Carboxamides and 

Related Compounds. Chem. Pharm. Bull. (Tokyo) 1993, 41, 1760-1768. 

70. Vugts, D. J.; Vervoort, A.; Stigter-van Walsum, M.; Visser, G. W. M.; Robillard, M. 

S.; Versteegen, R. M.; Vulders, R. C. M.; Herscheid, J. D. M.; van Dongen, G. A. M. S. 

Synthesis of Phosphine and Antibody–Azide Probes for in Vivo Staudinger Ligation in a 

Pretargeted Imaging and Therapy Approach. Bioconjugate Chem. 2011, 22, 2072-2081. 

71. Zhou, J. J. P.; Li, J.; Upadhyaya, S.; Eaton, P. E.; Silverman, R. B. 4-Substituted 

Cubylcarbinylamines:  A New Class of Mechanism-Based Monoamine Oxidase B Inactivators. 

J. Med. Chem. 1997, 40, 1165-1168. 

72. Mahkam, M.; Sharifi-Sanjani, N. Preparation of new biodegradable polyurethanes as a 

therapeutic agent. Polym. Degrad. Stab. 2003, 80, 199-202. 

73. Elham, Z.; Roya, S.; Mehrdad, M. Synthesis of New Antibacterial Cubane-based 

Nanocomposite and its Application in Combination Cancer Therapy. Anticancer Agents Med. 

Chem. 2017, 17, 1898-1914. 

74. Mahkam, M.; Poorgholy, N. Novel pH-sensitive Carriers Containing Naproxen 

Pendant Groups for Colon-Specific Drug Delivery. Int. J. Polym. Mater. 2010, 60, 1-10. 

75. Mahkam, M. Novel pH-sensitive hydrogels for colon-specific drug delivery. Drug 

Deliv. 2010, 17, 158-163. 



 48 

76. Mahkam, M.; Poorgholy, N.; Vakhshouri, L. Synthesis and characterization of novel 

ph-sensitive hydrogels containing ibuprofen pendents for colon-specific drug delivery. 

Macromol. Res. 2009, 17, 709-713. 

77. Mahkam, M. Novel Carriers for Oral Delivery of Hydrophobic Drugs. Des. Monomers 

Polym. 2009, 12, 247-255. 

78. Mahkam, M.; Assadi, M. G.; Golipour, N. pH-sensitive hydrogel containing 

acetaminophen silyl ethers for colon-specific drug delivery. Des. Monomers Polym. 2006, 9, 

607-615. 

79. Mahkam, M.; Mohammadi, R.; Ranaei Siadat Seyed, O.; Ranaei-siadat Seyed, E. 

Synthesis and evaluation of pH-sensitive glycopolymers for oral drug delivery systems. In e-

Polymers, 2006; Vol. 6. 

80. Mahkam, M.; Mohammadi, R.; Siadat Seyed Omid, R. Synthesis and Evaluation of 

Biocompatible pH-Sensitive Hydrogels as Colon-Specific Drug Delivery Systems. J. Chin. 

Chem. Soc. 2013, 53, 727-733. 

81. Siadat Seyed Omid, R.; Mahkam, M.; Mohammadi, R. Double Walled Polymeric Drug 

Delivery Systems Containing Nanoparticle Drug Intended for Colon-Specific Delivery. Asian 

J. Chem 2007, 19, 1875-1882. 

82. Eremenko, L. T.; Romanova, L. B.; Ivanova, M. E.; Nesterenko, D. A.; Malygina, V. 

S.; Ermeev, A. B.; Lagodzinskaya, G. V.; Lodygina, V. P. Cubane derivatives. Russ. Chem. 

Bull. 1998, 47, 1137-1140. 

83. Middlemiss, P. J.; Glasky, A. J.; Rathbone, M. P.; Werstuik, E.; Hindley, S.; Gysbers, 

J. AIT-082, a unique purine derivative, enhances nerve growth factor mediated neurite 

outgrowth from PC12 cells. Neurosci. Lett. 1995, 199, 131-134. 

84. Rathbone, M. P.; Middlemiss, P. J.; Crocker, C. E.; Glasky, M. S.; Juurlink, B. H. J.; 

Ramirez, J. J.; Ciccarelli, R.; Di Iorio, P.; Caciagli, F. AIT-082 as a potential neuroprotective 



 49 

and regenerative agent in stroke and central nervous system injury. Expert Opin. Investig. 

Drugs 1999, 8, 1255-1262. 

85. Auberson Yves, P.; Brocklehurst, C.; Furegati, M.; Fessard Thomas, C.; Koch, G.; 

Decker, A.; La Vecchia, L.; Briard, E. Improving Nonspecific Binding and Solubility: 

Bicycloalkyl Groups and Cubanes as para-Phenyl Bioisosteres. ChemMedChem 2017, 12, 590-

598. 

86. Al Hussainy, R.; Verbeek, J.; van der Born, D.; Braker, A. H.; Leysen, J. E.; Knol, R. 

J.; Booij, J.; Herscheid, J. D. M. Design, Synthesis, Radiolabeling, and in Vitro and in Vivo 

Evaluation of Bridgehead Iodinated Analogues of N-{2-[4-(2-Methoxyphenyl)piperazin-1-

yl]ethyl}-N-(pyridin-2-yl)cyclohexanecarboxamide (WAY-100635) as Potential SPECT 

Ligands for the 5-HT1A Receptor. J. Med. Chem. 2011, 54, 3480-3491. 

87. Al Hussainy, R.; Verbeek, J.; der Born, D. v.; Molthoff, C.; Booij, J.; Herscheid, J. D. 

M. Synthesis, biodistribution and PET studies in rats of 18F-Labeled bridgehead fluoromethyl 

analogues of WAY-100635. Nucl. Med. Biol. 2012, 39, 1068-1076. 

88. Choi, S.-Y.; Eaton, P. E.; Hollenberg, P. F.; Liu, K. E.; Lippard, S. J.; Newcomb, M.; 

Putt, D. A.; Upadhyaya, S. P.; Xiong, Y. Regiochemical Variations in Reactions of 

Methylcubane with tert-Butoxyl Radical, Cytochrome P-450 Enzymes, and a Methane 

Monooxygenase System. J. Am. Chem. Soc. 1996, 118, 6547-6555. 

89. Newcomb, M.; Shen, R.; Choi, S.-Y.; Toy, P. H.; Hollenberg, P. F.; Vaz, A. D. N.; 

Coon, M. J. Cytochrome P450-Catalyzed Hydroxylation of Mechanistic Probes that 

Distinguish between Radicals and Cations. Evidence for Cationic but Not for Radical 

Intermediates. J. Am. Chem. Soc. 2000, 122, 2677-2686. 

90. Nicolaou Kyriacos, C.; Vourloumis, D.; Totokotsopoulos, S.; Papakyriakou, A.; 

Karsunky, H.; Fernando, H.; Gavrilyuk, J.; Webb, D.; Stepan Antonia, F. Synthesis and 



 50 

Biopharmaceutical Evaluation of Imatinib Analogues Featuring Unusual Structural Motifs. 

ChemMedChem 2015, 11, 31-37. 

91. Gao, X.; Wang, J.; Liu, J.; Guiadeen, D.; Krikorian, A.; Boga, S. B.; Alhassan, A.-B.; 

Selyutin, O.; Yu, W.; Yu, Y.; Anand, R.; Liu, S.; Yang, C.; Wu, H.; Cai, J.; Cooper, A.; Zhu, 

H.; Maloney, K.; Gao, Y.-D.; Fischmann, T. O.; Presland, J.; Mansueto, M.; Xu, Z.; Leccese, 

E.; Zhang-Hoover, J.; Knemeyer, I.; Garlisi, C. G.; Bays, N.; Stivers, P.; Brandish, P. E.; Hicks, 

A.; Kim, R.; Kozlowski, J. A. Discovery of novel BTK inhibitors with carboxylic acids. 

Bioorg. Med. Chem. Lett. 2017, 27, 1471-1477. 

92. Pellicciari, R.; Raimondo, M.; Marinozzi, M.; Natalini, B.; Costantino, G.; Thomsen, 

C. (S)-(+)-2-(3‘-Carboxybicyclo[1.1.1]pentyl)- glycine, a Structurally New Group I 

Metabotropic Glutamate Receptor Antagonist. J. Med. Chem. 1996, 39, 2874-2876. 

93. Pellicciari, R.; Costantino, G.; Giovagnoni, E.; Mattoli, L.; Brabet, I.; Pin, J.-P. 

Synthesis and preliminary evaluation of (S)-2-(4′-carboxycubyl)glycine, a new selective 

mGluR1 antagonist. Bioorg. Med. Chem. Lett. 1998, 8, 1569-1574. 

94. Costantino, G.; Maltoni, K.; Marinozzi, M.; Camaioni, E.; Prezeau, L.; Pin, J.-P.; 

Pellicciari, R. Synthesis and biological evaluation of 2-(3′-(1H-tetrazol-5-

yl)bicyclo[1.1.1]pent-1-yl)glycine (S-TBPG), a novel mGlu1 receptor antagonist. Bioorg. 

Med. Chem. 2001, 9, 221-227. 

95. Nicolaou, K. C.; Erande, R. D.; Yin, J.; Vourloumis, D.; Aujay, M.; Sandoval, J.; 

Munneke, S.; Gavrilyuk, J. Improved Total Synthesis of Tubulysins and Design, Synthesis, 

and Biological Evaluation of New Tubulysins with Highly Potent Cytotoxicities against Cancer 

Cells as Potential Payloads for Antibody–Drug Conjugates. J. Am. Chem. Soc. 2018, 140, 

3690-3711. 

96. Giese, A.; Klar, J.; Ehrmann, A.; Willwacher, J.; Engel, D.; Dieskau, A. P.; Kahnert, 

A.; Gromov, A.; Schmeck, C.; Lindner, N.; Müller, T.; Andreevski, A. L.; Dreher, J.; Collins, 



 51 

K. Substituted 6-(1h-pyrazol-1-yl)pyrimidin-4-amine derivatives and uses thereof. 

WO2018069222 A1, 2018. 

97. Schou, S. C.; Greve, D. R.; Nielsen, S. F.; Jensen, J. B.; Dack, K. N. Novel sulfamide 

piperazine derivatives as protein tyrosine kinase inhibitors and pharmaceutical use thereof. 

WO2012093169, 2012. 

98. Arai, M.; Yamakawa., T.; Nakajima., R.; Murasaki, K.; Wakiyama., Y.; Fujiwara, Y.; 

Ishikawa, M.; Ninomiya, N. Novel compound and pharmaceuticaly acceptable salt thereof. 

WO2017131171 A1, 2017. 

99. Buesking, A. W.; Sparks, R. B.; Combs, A. P.; Douty, B.; Flalahatpisheh, N.; Shao, L.; 

Shepard, S.; Yue, E. W. Heterocyclic compounds as PI3K-γ inhibitors. WO2017223414, 2017. 

100. Curry, K.; Pajouhesh, H. Cubane derivatives as metabotropic glutamate receptor 

antagonists and process for their preparation. WO1999054280 A1, 1999. 

101. Curry, K. Xanthenyl cubane analogs with activity at the metabotropic glutamate 

receptors. WO2004024709 A2, 2004. 

102. Maderna, A.; Subramanyam, C.; Tumey, L. N.; Chen, Z.; Casavant, J. M. Bifunctional 

cytotoxic agents containing the cti pharmacophore. US20160271270 A1, 2016. 

103. Lu, T.; III, L. V. L.; Parks, D. J.; Milkiewicz, K. L.; Calvo, R. R.; Cummings, M. D.; 

Kim, A. J.; Grasberger, B. L.; T. E. Carver, J. Substituted 1,4-benzodiazepines and uses thereof 

for the treatment of cancer. WO2003041715, 2003. 

104. Cheng, H.; Smith, C. R.; Wang, Y.; Parrott, T. J.; Dress, K. R.; Nair, S. K.; Hoffman, 

J. E.; Le, P. T. Q.; Kupchinsky, S. W.; Yang, Y.; Cripps, S. J.; Huang, B. Novel compounds of 

proline and morpholine derivatives. WO2005108359, 2005. 

105. Yokota, M.; Ikenogami, T.; Watanabe, E.; Seki, N.; Sakai, T.; Fukioka, S.; Shiozaki, 

M.; Suwa, K.; Ogoshi, Y.; Noguchi, M.; Maeda, K. Dihydropyrimidine-2-one compounds and 

medicinal uses thereof. WO2016093342, 2016. 



 52 

106. Wishart, N.; Argiriadi, M. A.; Calderwood, D. J.; Ericsson, A. M.; Fiamengo, B. A.; 

Frank, K. E.; Friedman, M.; George, D. M.; Goedken, E. R.; Josephsohn, N. S.; LI, B. C.; 

Morytko, M. J.; Stewart, K. D.; Voss, J. W.; Wallace, G. A.; Wang, L.; Woller, K. R. Novel 

tricyclic compounds. WO2011068881, 2011. 

107. Duan, J.; Dhar, T. G. M.; Jiang, B.; Lu, Z.; Xiao, H.-Y. Pyrrolidinyl sulfone derivatives 

and their use as ror gamma modulators. WO2015103509, 2015. 

108. Mitchell, L. H.; Bell, A. S.; Chesworth, R.; Foley, M. A. C.; Kuntz, K. W.; Mills, J. E. 

J.; Munchhof, M. J. Substituted piperidine compounds. WO2016040515, 2016. 

109. Kiesman, W. F.; Dowling, J. E.; Ensinger, C. L.; Kumaravel, G.; Petter, R. C.; Chang, 

H. X.; Lin, K. C. Polycycloalkylpurines as adenosine receptor antagonists. WO2001034610, 

2001. 

110. Sidrauski, C.; Pliushchev, M.; Frost, J. M.; Black, L. A.; Xu, X.; Sweis, R. F.; Shi, L.; 

Zhang, Q. I.; Tong, Y.; Hutchins, C. W.; Chung, S.; Dart, M. J. Modulators of the integrated 

stress pathway. WO2017193034 A1, 2017. 

111. Schnute, M. E.; Carroll, J. N.; Hanau, C. E.; Mcreynolds, M. D.; Scholten, J. A.; 

Mcdonald, J. J.; Grapperhaus, M. L.; Massa, M. A.; Ruminski, P. G.; Schmidt, M. A.; 

Strohback, J. W.; Hamper, B. C.; Fletcher, T. R.; Rogers, M. D.; O'brien, P. M.; Nahra, J.; 

Morris, M. A.; Roark, W. H. Pyrimidine and pyridine derivatives and their pharmaceutical use 

and compositions. WO2009016498, 2009. 

112. Nigo, T.; Hasegawa, T.; Kuwatani, Y.; Ueda, I. Base-Promoted Rearrangement of 1,5-

Dibromopentacyclo[5.3.0.02,5.03,9.04,8]decane-6,10-dione: Easy Entry of a Novel Cage System, 

10-Oxa-9-oxopentacyclo[5.3.0.02,4.03,6.05,8]decane. Bull. Chem. Soc. Jpn. 1993, 66, 2068-

2072. 

113. Eaton, P. E.; Maggini, M. Cubene (1,2-dehydrocubane). J. Am. Chem. Soc. 1988, 110, 

7230-7232. 



 53 

114. Kassiou, M.; Coster, M.; Gunosewoyo, H. Polycyclic molecular compounds. 

WO2008064432, 2008. 

115. Eaton, P. E.; Pramod, K.; Gilardi, R. Cubanourea: a cubane-propellane. J. Org. Chem. 

1990, 55, 5746-5750. 

116. Bashir-Hashemi, A.; Li, J.; Gelber, N.; Ammon, H. Photochemical Functionalization 

of Cubanes. J. Org. Chem. 1995, 60, 698-702. 

117. Barborak, J. C.; Watts, L.; Pettit, R. A Convenient Synthesis of the Cubane System. J. 

Am. Chem. Soc. 1966, 88, 1328-1329. 

118. Eaton, P. E.; Cole, T. W. Photochemical rearrangement of cis,anti,cis-

tricyclo[5,3,0,02,6]deca-4,9-diene-3,8-dione: a new approach to cubane precursors. J. Chem. 

Soc. D: Chem. Comm. 1970, 1493-1494. 

119. Eaton, P. E.; Zhang, M. X.; Gilardi, R.; Gelber, N.; Iyer, S.; Surapaneni, R. 

Octanitrocubane: A New Nitrocarbon. Propellants Explos. Pyrotech. 2002, 27, 1-6. 

120. de Meijere, A.; Redlich, S.; Frank, D.; Magull, J.; Hofmeister, A.; Menzel, H.; König, 

B.; Svoboda, J. Octacyclopropylcubane and Some of Its Isomers. Angew. Chem. Int. Ed. 2007, 

46, 4574-4576. 

121. Gleiter, R.; Brand, S. Generation of octamethylcuneane and octamethylcubane from 

syn-octamethyltricyclo[4.2.0.02,5]octa-3,7-diene. Tetrahedron Lett. 1994, 35, 4969-4972. 

122. Zhang, M. X.; Eaton Philip, E.; Gilardi, R. Hepta- and Octanitrocubanes. Angew. Chem. 

Int. Ed. 2000, 39, 401-404. 

123. Bashir-Hashemi, A. Photochemical Carboxylation of Cubanes. Angew. Chem. Int. Ed. 

1993, 32, 612-613. 

124. Eaton, P. E.; Cunkle, G. T. Oxidative deiodination of cubyl iodides: A tactic for the 

nucleophilic introduction of substituents onto the cubane framework. Tetrahedron Lett. 1986, 

27, 6055-6058. 



 54 

125. Eaton, P. E.; Xiong, Y.; Gilardi, R. Systematic substitution on the cubane nucleus. 

Synthesis and properties of 1,3,5-trinitrocubane and 1,3,5,7-tetranitrocubane. J. Am. Chem. 

Soc. 1993, 115, 10195-10202. 

126. Bottaro, J. C.; Penwell, P. E.; Schmitt, R. J. Improved synthesis of cubane-1,2,4,7-

tetracarboxylic acid. J. Org. Chem. 1991, 56, 1305-1307. 

127. Castaldi, G.; Colombo, R.; Allegrini, P. A convenient synthetic route to 1,2,4-tri and 

1,3-disubstituted cubanes. Tetrahedron Lett. 1991, 32, 2173-2176. 

128. Lowe, D. A.; Moorhouse, C. J.; Walter, J. M.; Tsanaktsidis, J. A New Approach to 

Alkylated Cubanes: the Synthesis of Dimethyl 2-Methylcubane-1,4-dicarboxylate. Aust. J. 

Chem. 1994, 47, 1647-1650. 

129. Fokin, A. A.; Schreiner, P. R.; Berger, R.; Robinson, G. H.; Wei, P.; Campana, C. F. 

Pseudotetrahedral Polyhalocubanes:  Synthesis, Structures, and Parity Violating Energy 

Differences. J. Am. Chem. Soc. 2006, 128, 5332-5333. 

130. Reddy, D. S.; Maggini, M.; Tsanaktsidis, J.; Eaton, P. E. Direct radical substitution on 

the cubane skeleton. Tetrahedron Lett. 1990, 31, 805-806. 

131. Bashir-Hashemi, A. Cubanes: Super explosives and potential pharmaceutical 

intermediates. NASA Conf. Pub 1994, 127-130. 

132. Trampota, M.; Murphy, R. B. Cubane nucleoside analogs. WO2007059330 A2, 2007. 

133. Alkorta, I.; Elguero, J.; Rozas, I.; Balaban, A. T. Theoretical studies of aza analogues 

of platonic hydrocarbons: Part 1. Cubane and its aza derivatives. J. Mol. Struc.-Theochem 

1990, 206, 67-75. 

134. Engelke, R. Ab initio calculations of ten carbon/nitrogen cubanoids. J. Am. Chem. Soc. 

1993, 115, 2961-2967. 



 55 

135. Zhou, G.; Pu, X.-M.; Wong, N.-B.; Tian, A.; Zhou, H. Theoretical Investigation on the 

Replacement of CH Groups by N Atoms in Caged Structure (CH)8. J. Phys. Chem. A 2006, 

110, 4107-4114. 

136. Murray, J. S.; Seminario, J. M.; Politzer, P. Effect of the amine group on relative bond 

strengths in cubane and azacubanes. Struct. Chem. 1991, 2, 567-573. 

137. Pinjari, R. V.; Dhumal, N. R.; Gejji, S. P. Theoretical studies on NMR chemical shifts 

in azacubanes. Spectrochim. Acta A 2007, 67, 1144-1149. 

 


