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Abstract 

 

The body of this thesis is comprised of five scientific articles and is preceded by 

an overview that contextualizes all of this published, submitted or to-be-

submitted work. 

 

The first major part of this thesis is comprised of publication 1. This is a review 

concerned with the application of Raney-cobalt in organic synthesis. The 

author’s work described in publications 2 and 3 featured Raney-cobalt mediated 

reductive cyclization reactions as key steps in the construction of the framework 

of various uleine alkaloids and certain of these are highlighted in this review. 

 

Publication 2 comprises the second major part of this thesis. This full paper 

details the total syntheses of key members of uleine alkaloid family (specifically 

uleine, noruleine, dasycarpidone, nordasycarpidone) by using a palladium-

catalysed Ullmann cross-coupling reaction to generate compound A and the 

reductive cyclization of this so as to assemble the uleine alkaloid framework B.  

 

 

 

The third major part of this thesis is comprised of publication 3. This full paper 

describes the total synthesis of uleine alkaloid gilbertine. The key intermediate 
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C embodying the framework of uleine-type alkaloids was assembled by the 

Raney-cobalt mediated reductive cyclization of intermediate D which was itself 

constructed via a reaction sequence including a palladium-catalysed Ullmann 

cross-coupling process. The end-game involved a cationic (and possibly 

biomimetic) cyclisation reaction that established the final, tetrahydropyran ring 

of gilbertine. 

 

 

 

The fourth major part of this thesis is comprised of publication 4. This 

communication details the total synthesis of a marine-derived sesquiterpene (+)-

viridianol. The target molecule was derived from intermediate E through 

various functional group manipulations. Compound E was prepared through a 

photochemically-promoted 1,3-acyl migration reaction involving the 

cyclopentannulated bicyclo[2.2.2]octenone F, itself constructed from the 

homochiral compound G using Negishi cross-coupling and intramolecular 

Diels-Alder (IMDA) cycloaddition reactions as key steps. The starting material 

G, a cis-1,2-dihydrocatechol, was obtained through the whole-cell 

biotransformation of p-iodotoluene using a genetically engineered micro-

organism over-expressing the enzyme toluene dioxygenase.  
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The fifth major part of this thesis is comprised of publication 5. This full paper 

details a model study relevant to the total synthesis of the marine-derived 

sesquiterpene (+)-viridianol. Specifically, two structurally related ring-fused 

cyclopropanes H (prepared from α-terpiene using [2+2] cycloaddition reaction 

and Simmons-Smith cyclopropanation as key steps) and I [prepared during the 

course of the successful total synthesis of (+)-viridianol as delineated in 

publication 4] were subjected to the same hydrogenolytic conditions. However, 

they showed dramatically divergent behavior. Specifically, hydrogenolysis of 

cyclopropane H generated the hoped-for gem-dimethylated cyclopropane J, but 

analogous treatment of congener I afforded only trace amounts of the target 

molecule (+)-viridianol, the major products derived from this more complex 

cyclopropane being the vic-dimethylated compound K and the two-fold ring-

cleavage product L. 
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Thesis Overview 

Publication 1: Raney Cobalt 

 

Raney cobalt, which was first prepared in the 1930s, is known to function 

effectively as a catalyst in certain chemoselective reductions. However, its 

utility in chemical synthesis does not seem to have been fully appreciated.1 

Publication 1 reviews published work on the application of Raney cobalt in 

organic synthesis. For example, as shown in Scheme 1, the halogenated 

nitroaromatic 1 can be reduced to the corresponding aniline 2 using this catalyst 

and without any accompanying hydrogenolysis of associated aryl-halogen 

bonds.2 

 

 

Scheme 1: The Chemoselective Reduction of a Poly-functional Nitro Aromatic with Raney 

Cobalt 

 

Similarly, and as shown in Scheme 2, the unsaturated nitrile 3 can be reduced to 

the corresponding unsaturated primary amine 4 by using Raney cobalt in the 

presence of hydrogen.3  

 

 

Scheme 2: Nitrile Reduction with Raney Cobalt 
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As featured in the author’s total synthesis of the alkaloid gilbertine (see Scheme 

3 and the commentary on Publication 3 presented below), the 

polyfunctionalized cyclohexenone 5 was subjected to reductive cyclization 

under an atmosphere of hydrogen in the presence of 200 wt% Raney cobalt and 

p-toluenesulfonic acid and so providing the tetracyclic compound 6 in 60% 

yield4 (Scheme 3). This conversion highlights the extraordinary 

chemoselectivties that can be achieved using the title catalyst. In particular, 

nitro and nitrile groups can be reduced in the presence of ketones, alkenes and 

benzyl ethers (viz. these last three functional groups remain unaffected under the 

reducing conditions used). 

 

 

Scheme 3: A Tandem Reductive Cyclisation Mediated by Raney Cobalt 

 

A method for the preparation of reproducibly effective Raney cobalt is also 

provided in this short review. 

 

Publication 2: A Palladium-Catalyzed Ullmann Cross-coupling/Tandem 

Reductive Cyclization Route to Key Members of the Uleine Alkaloid 

Family 

 

The tetracyclic alkaloids uleine (7),5,6 noruleine (8),6 dasycarpidone (9)6 and 

nordasycarpidone (10)6 (Figure 1), all of which have been isolated from a range 

of plant sources, including the bark of the South American shrub Aspidosperma 

dasycarpon A. DC., are considered the “original” and representative members 
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of a structurally distinct family of natural products. These are known as the 

uleine alkaloids. A range of interesting biological properties has been attributed 

to them, including analgesic, anti-inflammatory, bactericidal, anti-malarial and 

acetylcholinesterase (AChE)-inhibiting activities.7 In addition, the capacity of 

uleine to promote the synthesis of nitric oxide has prompted investigations of 

the use of the source plants as an adjuvant in the treatment of patients with 

compromised immune systems.8 

 

 

 

Figure 1: Structures of Uleines (7-10) 

 

Publication 2 details successful total syntheses of uleine alkaloids 7-10 by 

using palladium-catalyzed Ullmann cross-coupling and Raney cobalt mediated 

reductive cyclization reactions as key steps. The syntheses commenced (as 

shown in Scheme 4) from commercially available 4-ethylcyclohexanone (11), 

which was converted into iodide 12 in six steps. Compound 12 was subjected to 

a palladium-catalyzed Ullmann cross-coupling reaction with o-iodonitrobenzene  

generating product 13. Treatment of this last compound with 200 wt % of 

freshly prepared Raney cobalt1 in the presence of hydrogen and p-

toluenesulfonic acid then afforded the reductive cyclization product 14 from 

which all of the target compounds 7-10 were then derived by relatively standard 

methods. 
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Scheme 4: Key Steps in the Syntheses of Uleine Alkaloids (7-10) 

 

All the data obtained on the synthetically-derived alkaloids matched those 

reported for the corresponding natural products.9 

 

Publication 3: A Raney Cobalt Mediated Reductive Cyclization Route to 

the Uleine Alkaloid Gilbertine 

 

Gilbertine (15) (Figure 2) was isolated in 1982 by Miranda and Blechert from 

the Brazilian tree Aspidosperma gilbertii (A. P. Darte).10 It differs from other 

better known members of the class4a such as the “parent” compound uleine (7), 

noruleine (8), dasycarpidone (9) and nordasycarpidone (10) by virtue of the 

presence of an additional tetrahydropyran-based ring system and a fourth 

stereogenic center. The unusual pentacyclic framework of gilbertine has been 

the target of various synthetic studies,11 but only one successful total synthesis 

had been reported prior to the author’s study.11 An adaptation of the routes used 

to prepare alkaloids 7–10, as reported in publication 2, was deployed in 

achieving a synthesis of gilbertine. 
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Figure 2: The Structure of Gilbertine (15) 

 

So, the author’s synthesis of gilbertine started (Scheme 5) from commercially 

available 3-ethoxy-2-cyclohexen-1-one (16) that was converted into iodide 17 

over seven steps. Compound 17 was then subjected to the palladium-catalyzed 

Ullmann cross-coupling reaction with o-iodonitrobenzene and thus affording 

product 5 that upon treatment with Raney cobalt1,4a in the presence of hydrogen 

provided, via a reductive cyclization cascade, key intermediate 6. Compound 6 

was converted into ketone 18 over three steps including a PCC-mediated allylic 

oxidation.4a Intermediate 18 was elaborated to compound 19 over two steps 

including a TFA-mediated cationic cyclization to form the tetrahydropyran ring 

associated with gilbertine. Reductive methylation of the secondary amine 19 

then afforded the crystalline gilbertine. All the spectral data obtained on this 

synthetic material matched those reported for the natural product,10,12 and the 

structure of this (viz. the synthetic material) was confirmed by a single-crystal 

X-ray analysis. 
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Scheme 5: Key Steps Involved in the Author’s Total Synthesis of Gilbertine (15) 

 

Publication 4: Total Synthesis of (+)-Viridianol, A Marine-derived 

Sesquiterpene Embodying the Decahydrocyclobuta[d]indene Framework 

 

There are three possible modes of annulation of a four- and a five-membered 

carbocycle to a common cyclohexane ring (Figure 3). The first of these, 

involving a linear arrangement of the constituent rings, is encountered in the 

sterpurene (20) class of sesquiterpenoid13 while the second, 21, represents the 

key structural element associated with the even more common protoilludane 

group of natural products.14,15 In contrast, natural products embodying the third 
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such framework, namely 22, are rare, with (+)-viridianol (23)16 and (+)-

trefolane A (24)17 being the only two examples incorporating such a structure. 

Compound 23 was isolated from the red seaweed Laurencia viridis18 while 

congener 24 was isolated more recently from cultures of the basidiomycete 

Tremella foliacea, an edible fungus. 

 

 

Figure 3: The Sterpurene (20), Protoilludane (21) and Decahydrocyclobuta[d]indene (22) 

Frameworks and the Structures of (+)-Viridianol (23) and (+)-Trefolane A (24) 

 

The interesting biological profiles and the intriguing structures of 

sesquiterpenoids embodying frameworks 20-22 have prompted numerous 

efforts to develop the synthesis of them.13-15 Publication 4 details the author’s 

successful total synthesis of (+)-viridianol. This was based on the previous 

research15 within the Banwell group on total syntheses of sterpurene and 

protoilludane-type systems.  

The synthesis (Scheme 6) started from the chiral, non-racemic cis-1,2-

dihydrocatechol 25, a known19 metabolite of the whole-cell biotransformation 

of p-iodotoluene.20 A chromatographically inseparable mixture of the 

stereoisomeric trienes 26 and 27 was obtained from diol 25 through a two-step 

reaction sequence, the key one being a Negishi cross-coupling process to install 
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the unsaturated side-chain. Upon heating the mixture of these two trienes in 

refluxing toluene, only one (27) engaged in an intramolecular Diels-Alder 

cycloaddition reaction and thereby generating the desired adduct 28. This 

adduct was then elaborated to the cyclopentannulated bicyclo[2.2.2]octenone 29 

over four steps including ones involving deprotection, 4-acetamido-TEMPO-

mediated oxidation21 and samarium iodide-mediated reductive deoxygenation 

processes. Intermediate 29 was then converted into the isomeric cyclobutanone 

30 via the photochemically promoted 1,3-acyl migration process (Given’s 

rearrangement)22 and after a further two, conventional steps, ester 31 was 

obtained. Subjection of compound 31 to Baran’s olefin cross-coupling 

reaction23 then afforded nitrile 32 as a mixture of diastereoisomers. Four more 

steps, including a UHP-mediated Baeyer-Villiger oxidation,24 a Dess-Martin 

oxidation and a Tsuji-Wilkinson decarbonylation,25 then gave the target 

molecule (+)-viridianol. The NMR spectral data acquired on this final product 

compared very favorably with those reported16 by Norte and co-workers for the 

natural product. 
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Scheme 6: Key Steps in the Total Synthesis of (+)-Viridianol (23) 

 

Publication 5: Synthetic Studies on the Marine-Derived Sesquiterpene (+)-

Viridianol: Divergent Behaviour of Two Structurally Related Ring-Fused 

Cyclopropanes Under the Same Hydrogenolytic Conditions 

 

As reported in publication 4, a successful total synthesis26 of (+)-viridianol (23) 

has been realized. During this process, a model study was conducted to 

investigate whether or not it might be possible to effect the hydrogenolytic ring 

cleavage of cyclopropane 33 (Scheme 7) and thereby establish the gem-

dimethyl-subunit associated with the target sesquiterpene 23.  
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Scheme 7: A Possible Hydrogenolytic Pathway to the gem-Dimethyl-subunit of  

(+)-Viridianol (23) 

 

Publication 5 details the result of that model study, and the application of it to 

cyclopropane 33. The model study commenced with abundant α-terpene (34) 

(Scheme 8) that was converted into cyclopropane 35 over four steps including 

[2+2] cycloaddition27 and Simmons-Smith cyclopropanation reactions. 

Subjection of compound 35 to standard hydrogenolytic conditions28 afforded the 

hoped-for gem-dimethylated compound 36 in exceptionally high yield. 

 

 

Scheme 8: Model Study Relevant to the Synthesis of (+)-Viridianol (23) 

 

Encouraged by such a result, the same protocol was applied to compound 33 

which was readily prepared (Scheme 9), by applying a Simmons-Smith-type 

cyclopropanation reaction to alkene 37, itself a late-stage intermediate on the 

successful route26 to (+)-viridianol. Unfortunately, the pivotal hydrogenolysis 

reaction afforded only traces of the targeted gem-dimethylated sesquiterpene 

(+)-viridianol (23), the major products being its vic-dimethylated isomer 38 and 

the two-fold ring-cleavage product 39. 
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Scheme 9: Result of the Hydrogenolytic Cleavage of Cyclopropane 33 

 

Given the divergent behaviors of substrates 35 and 33 under the same 

hydrogenolytic reaction conditions it is evident that the cyclopentannulated 

nature the latter substrate impacts significantly on its reactivity, but the precise 

origins of this effect remain unclear.  
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