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Abstract 

The last 50 years have seen the rise of interest in marine natural products.
1
  Malonganenones are 

tetraprenylated purine alkaloids isolated from marine sources.
2-5

 They have displayed cytotoxic 

qualities
2,3,6

, and development of synthetic strategies are thus of interest both from a chemical 

perspective, but also from a pharmaceutical. It is imagined that most of the malonganenones will 

be available from a selective N-7 alkylation of 3-methyl-hypoxanthine once the terpenoid side 

chains have been fashioned. 

 

 

 

This project explores the selective N-7 alkylation, mostly using the geranyl terpenoid side chain 

(a model reaction for the larger tetraprenylated side chains, depicted in the scheme above) in 

addition to the synthesis of 3-methylhypoxanthine.   
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Abbreviations and symbols 

Ac   acetyl 

aq.   Aquaceous 

Bnz   benzyl 

13
C   carbon spectrum 

DMF    dimethylformamide 

DMA   dimethylacetamide 

DMSO   dimethyl sulfoxide 

DIAD   Diisopropyl azodicarboxylate 

EI   electron impact 

et al.   et alli 

HRMS   high resolution mass spectra 

TLC   Thin layer chromatography 

TFA   Trifluoroacetic acid  

THF   Tetrahydrofuran 

m/z   mass per charge ratio 

MS   mass spectroscopy 

M   molar 

MHz   megahertz 

Hz   hertz 

HMBC   heteronuclear multiple-bond correlation spectroscopy 

HSQC   heteronuclear single quantum coherence spectroscopy 

Et   ethyl 

Oxyma   ethyl (Z)-2-cyano-2-(hydroxyimino)acetate 

δ   chemical shift 

d   doublet 

DDQ   2,3-dichloro-5,6-dicyano-1,4-benzoquinone 

e.q.   equivalent(s) 

h   hour(s) 



P a g e  | 6 

 

1
H   proton spectrum  

 

J   coupling constant 

M   molar 

m   multiplet 

M
+   

molecular ion 

Me   methyl 

M.p.   melting point 

MS   mass spectroscopy 

NMR   nuclear magnetic resonance 

OAc   acetate 

Ox   oxidation 

R   substituent 

r.t.   room temperature 

s   singlet 

t   triplet 

tq   triplet of quartets 
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1.0 Introduction 

The last 50 years has seen an increasing interest in marine natural products,
1
 both from a strictly 

chemical perspective, but also from a pharmacological one. The high seas have become the new 

hunting ground for natural products and lead-compounds, as the oceans might offer an almost 

undrainable source of chemical structures, especially in regards to the numerous species that 

reside in the deep.
7
  

Several compounds isolated from marine sources have been found to possess interesting 

biological activities. Among these are the malonganenones and the closely related nuttingins, 

isolated from the gorgonians:
2-5

 Leptogorgia gilchristi, Euplaxaura nuttingi, Echinogorgia 

pseudossapo and Euplexaura robusta. The structures of all malonganenones and nuttingins are 

presented in Figure 1. The gorgonians are an order within the phylum Cnidaria, and are also 

generally referred to as sea whips or fans. The name Gorgonacea used to be the classification 

name for the order, but all taxa have since been included under the order Alcyonacea,
8-10

 and 

readers within the field should take note of this as it may be the cause of misunderstandings in 

future publications. 

The malonganenones and  nuttingins have been shown to display cytotoxic,
2,3

 anti-protozoal
6
 and 

apoptosis
3
 -inducing activity, but because none of them have been prepared by total synthesis as 

of yet, all screening studies have relied on direct extractions of specimens collected by divers, 

with yields peaking at 29 mg (from 148 grams of specimen).
2
 This is obviously a limiting factor 

for further studies on the bioactive qualities of these two groups.  

1.1 Overview of the structures and biological activities of the malonganenones and 

nuttingins 

Following is an overview of the malonganenones and the nuttingins that have, as of 2016, been 

isolated. Table 1 lists the different biological sources, from which the different compounds have 

been isolated, in addition to the biological activities. 
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Tabell 1 Names, biologic activity and biologic source of all malonganenones and nuttingines 

Name Biologic activity  Biologic source n
o
 

Malonganenone A -Cytotoxic
2
  

-Anti-protozoal
6
 

-Anti-bacterial
2
 

L. gilchristi
2
 

E. nuttingi
3
 

E. robusta
5
 

1 

Malonganenone B -Cytotoxic
2
 

 

 

L. gilchristi
2
 

E. nuttingi
3
 

E. robusta
5
 

2 

Malonganenone C -Cytotoxic
2
 

-Anti-protozoal
6
 

L. gilchristi
2
 

E. nuttingi
3
 

3 

Malonganenone D -Cytotoxic
3,5

 

-Inhibit. action C-Met.kinase
5
 

-Apoptosis
3
 

E. nuttingi
3
 

E. robusta
5
 

 

4 

Malonganenone E -Cytotoxic
3,5

 

-Apoptosis
3
 

E. nuttingi
3
 

E. robusta
5
 

5 

Malonganenone F -Cytotoxic
3
 

-Apoptosis
3
 

E. nuttingi
3
 

E. robusta
5
 

6 

Malonganenone G -Cytotoxic
3
 

-Apoptosis
3
 

E. nuttingi
3
 

E. robusta
5
 

7 

Malonganenone H -Apoptosis
3
 E. nuttingi

3
 8 

Malonganenone I -Cytotoxic
5
 E. robusta

5
 9 

Malonganenone J -Cytotoxic
5
 E. robusta

5
 10 

Malonganenone K -Cytotoxic
5
 E. robusta

5
 11 

Malonganenone L -Inhibit. action phosphodiesterases
4
 E. pseudossapo

4
 12 

Malonganenone M -Inhibit. action phosphodiesterases
4
 E. pseudossapo

4
 13 

Malonganenone N -Inhibit. action phosphodiesterases
4
 E. pseudossapo

4
 14 

Malonganenone O -Inhibit. action phosphodiesterases
4
 E. pseudossapo

4
 15 

Malonganenone P -Inhibit. action phosphodiesterases
4
 E. pseudossapo

4
 16 

Malonganenone Q -Inhibit. action phosphodiesterases
4
 E. pseudossapo

4
 17 

Nuttingin A -Cytotoxic
3
 

-Apoptosis
3
 

E. nuttingi
3
 

 

18 

Nuttingin B -Cytotoxic
3
 

-Apoptosis
3
 

E. nuttingi
3
 19 

Nuttingin C -Cytotoxic
3
 

-Apoptosis
3
 

E. nuttingi
3
 

 

20 

Nuttingin D -Cytotoxic
3
 

-Apoptosis
3
 

E. nuttingi
3
 

 

21 

Nuttingin E -Cytotoxic
3
 

-Apoptosis
3
 

E. nuttingi
3
 

 

22 

Nuttingin F  --- E. nuttingi
3
 23 



 

 
 

 

 
  

 
 

 

   

   

  
 

   

 
 

 

Figure 1 Structures of the malonganenones (1-17) and nuttingins (18-23).
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Before discussing the biological activities found for the various structures, listed in Table 1, it 

must be pointed out that biological activity is not unknown in compound-groups related to the 

malonganenones and nuttingins. 

Most of the malonganenones and all of the nuttingins are related to the agelasines and asmarines 

(for review articles that summarizes activity and syntheses on these, see references),
1,11

. The 

structural relations between the different groups can be seen by comparing the structures 

presented in Figure 1, with the two examples in Figure 2. Figure 2 presents two example 

structures, one structure from the agelasines and one from the asmarines. Notice how most of the 

malonganenones and all of the nuttingins consists of one purine structure with a terpenoid 

substituent. The same is true for both the agelasines and the asmarines. In addition, all the 

terpenoid substituents are bound to the purines in the N-7 position.    

 

Figure 2 Examples of structures from the agelasines and the asmarines. 

 

Whereas both the malonganenones and the nuttingins contain a purine part, with the exeption of 

a few of the malongaenones (Compounds 3, 8 and 11), these purine structures are not equal. 

Purine consists of two heterocyclic rings fused together, one larger six-membered pyrimidine 

ring and one smaller five-memered imidazole ring (Figure 3). 
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Figure 3 Purine and derivatives, the number-system apply for all structures. 

 

Several purine derivatives exist in nature; two of these are the hypoxanthine and the 

theophylline-structures, also depicted in Figure 3. Most of the malonganenones (Compounds 1, 4, 

5, 9, 10, 12-14) are made up of an N-3 methylated hypoxanthine base. Some of the 

malonganenones (Compounds 2, 6, 7, 15-17) have an N-1, 3 di-methylated hypoxanthine 

structure where the pyrimidine ring is opened in between the N-1 and the C-2 position. Three of 

the nuttingins (Structures 20-22) have a reduced hypoxanthine structure, which is di-methylated 

in the N-1 and N-3 position. Theophylline is a part of two of the nuttingins (Compounds 18 and 

19). 

As can be seen from Table 1, most of the malonganenones and nuttingins show some kind of 

biological activity. The significance of these activities is available in the respective sources. As 

are all the structure elucidations. Note that the biological activities are subject to gradation in the 

different sources; however, Table 1 does not distinguish between the potencies of the biological 

activities as its intended function is a systematic overview of both groups of interest. In the 

following review however, these findings are presented. 
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1.2 Bioactive screening 

 

Here, a summary for each of the screenings for biological activity, performed by the various 

research groups are presented. As stated in the introduction, the compounds used in these 

screenings were obtained from biological sources. The first two groups,
2,3

 working with L. 

gilchristi and E. nuttingi, extracted freeze-dried specimen samples with methanol and a methanol 

containing eluent-system, respectively. Both groups continued with different chromatography 

techniques including reverse phase, vacuum column, and HPLC. Other groups used similar 

methods.  

Keyzers et al. 
2
 reported compound 1 as the most active (of compounds 1-3) against the cancer 

cell lines screened by them (WHCO1, WHCO5, WHCO6, KYSE70, KYSE180 and KYSE520) 

with an average IC50 of 26.4 µM. Least active was compound 3 with an average IC50 of  > 60.0 

µM. On the other hand, compound 3 showed to be more selective in its activity than the others, 

targeting to a higher extent the cancer cells in comparison to the line of benign control cells 

(MCF12). That type of activity, they point out, is interesting in a pharmacological setting, as 

chemotherapeutic agents, with less (adverse) side effects, are highly sought after. The 

antimicrobial activity of  compound 1 was also measured, and disclosed its mild anti-bacterial 

activity against Staphylococcus aureus (gram positive bacterium) at 100 µg/disk. However no 

activity against Escherichia coli (gram negative bacterium) or the fungus Aspergillus niger was 

observed. 

Sorek et al. 
3
 screened compounds 4-7 and 18-22 for inhibitory activity towards K562 and UT7 

human leukemia cell lines. It should be noted that these tests were carried out with mixtures of 

compounds 4-5, 6-7, 18-19 and 20-22 “as there was no real difference between the activities of 

compounds differing only in the side chain, e.g., compound 3,4 and 5”
3
 (compound 20, 21 and 

22 in current system). Compounds 20-22 showed inhibition of both cell lines, but UT7 cells were 

more sensitive than the K562s (IC50 of UT7 = IC30 of K526 at 0.4 µg/ml). The rest of the 

compounds showed similar inhibitory activity, but were three times less potent than structures 

20-22. Compounds 4-8 and 18-22 induced apoptosis in transformed mammalian cells when the 

concentration reached 1.25 µg/mL  
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Cockburn et al. 
6
 screened compounds 1-3 for activity against chaperone activity  of the heat 

shock protein PfHsp70-1, as this particular protein has an important function in the survival and 

virulence of the parasite Plasmodium falciparum.
 1

 All three were discovered to possess 

inhibitory activity. Compounds 1-3 were subsequently screened for direct inhibitory activity of P. 

falciparum growth and structure 1 and 3 were found to boast high effects (IC50 0.81 and 5.20 

µM), while compound 2 failed to produce any inhibition.  

Zhang et al. 
5
 screened compounds 1-2, 4-7 and 9-11 for activity against tumor cell lines K562 

(overlapping somewhat with the screening conducted by Sorek) and HeLa. Compound 9 showed 

moderate activity against the tested cell lines (IC50 8.69 and 10.82 µM, respectively), while 

structures 10-11 both displayed weak activity (IC50 58.01 and 53.23 µM and IC50 > 100 and 

57.82 µM ). Compound 1, 4 and 5 showed strong activity (Compound 1 strongest with IC50 0.35 

and 1.56 µM ), confirming findings by Sorek. However, compound 2, 6 and 7 displayed no 

activity, contradicting findings by Sorek
3
 (for the cell line K562, which both groups tested), but 

these studies may not be comparable due to the different screening setups (aforementioned joint 

batch testing by the Sorek
3
-group). All the compounds treated in this study were also screened 

for inhibitory activity against c-MET kinase, and structure 4 showed moderate inhibitory activity 

(IC52 10 µM), while the others showed none.  

Sun et al. 
4
 screened compounds 12-17 for inhibitory activity against three phosphodiesterases 

(PDE4D, PDE5A and PDE9A). All the compounds exhibited good inhibition against PDE4D at 

the tested concentrations 5 and 50 µM, with compound 13 performing worst (<10 and 72 % 

inhibition, respectively). However, weaker activities against PDE5A and PDE9A. Compounds 

12 and 17 were the most active on an overall basis (IC50  8.5 and 20.3 µM, respectively).  

 

                                                           
1
 The parasite responsible for the most dangerous form of malaria.

(12) 
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1.3 Full synthesis design 

1.3.1 General outline 

As mentioned previously; no malonganenone or nuttingin have ever been made by total synthesis 

before. But observations during examination of the extracts of E. nuttingi 
3
 can provide insight 

into formation of nuttingin F (23), which can also, possibly, be performed in vitro. Observed was 

the instability of nuttingin D (21) which oxidized into compound 23, as the only difference 

between these two structures is the cationic part (Scheme 1). This provides an explanation for the 

bio-formation of compound 23 (which, as indicated by Table 1, was isolated together with the 

rest of the nuttingins), it is, however, unclear whether compound 23 was oxidized during 

isolation or in vivo by the organism.
3
 Simmilar oxidations were observed for nuttingin C and E 

(20 and 22). It is thus perceivable, that because none of the other "cationic system"- compounds 

were isolated together with compound 23, in which case they would have been given trivial 

names themselves, none of the others are produced by the organism itself, and are only results of 

air oxidation. This is, of course, just conjecture. Regardless of these speculations, the fact that 

only a mere oxidation of one nuttingin can produce another opens up for a possible 

straightforward synthesis as discussed in literature,
3
 building on a similar oxidation of a reduced 

purine, previously reported
13

 (Scheme 2).  

 

 

 

 

 

 

 

 

 

Scheme 1 cationic system of Nuttingin F 

(23) 
Scheme 2 Oxidation of Agelasimine B (47) as reported 
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Another interesting use for this approach may be the ring-opening of the cationic system. This is 

achieved by subsequently treating the DDQ-produced cationic system 48a with hydrochloric 

acid. The resulting structure (Scheme 3) resembles structures 2, 6 and 7 and 15-17, and may thus 

prove to be valuable in the syntheses of these malonganenones. 

These approaches were developed as part of syntheses directed towards the Agelasimines, and 

the applications to malonganenones and nuttingins are examples of how reactions and synthesis- 

pathways used for the Agelasines and closely related analogs can potentially be used for the 

construction of malonganenones and nuttingins, as pointed out by Gordaliza and Baraldi
11

 in 

their review article. Both the cationic purine system 48a and the ring opened structure (48b) in 

Scheme 3 are intermediates in the overall synthesis of Agelasimine-A from Agelasimine-B (47). 

This transformation, they argue, suggest a possible biosynthetic pathway from B to A. 
13

 Viewed 

in that context, it is not unreasonable to claim the same for the malonganenones, in fact, Keyzers 

et al.
2
 suggest exactly that.   

  

 

 

 

 

 

  

 

 

 

 

Scheme 3 Ring opening of a cationic purine system. 
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1.3.2 Premise for the synthesis of malonganenone J (10)  

 

Malonganenone J (10) was chosen as a target for full synthesis due to the simple side chain. In 

terms of a full syntheses of this malonganenone there is primarily two structures that need to be 

addressed, considering the synthetic approaches imagined. Firstly, the purine base needs to be 

produced. In this project focus was directed at 3-methylhypoxanthine 29b which can be used by 

many of the malonganenones as the main building block.  Scheme 4 presents a retro-synthesis 

that gives an overview of two approaches to 3-methylhypoxanthine 29b. The first is initiated 

with a reaction Oxyma 24 with N-methyl thiourea 25 to form a six member ring. Following is 

reduction, ring closing and desulphurization to give the desired product. The second approach 

uses commercially available adenine, which is methylated in the N-3 position and then treated 

with sodium nitrite and acid to give compound 29b.  

 

 

Scheme 4 Retrosynthesis of malonganenone J (10)  

Ref:1
14

, 2
15,16

,3
17
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Secondly, the terpenoid side chain has to be constructed, and then, subsequently, attached to 3-

methylhypoxanthine in a selective N-7 alkylation. Scheme 4 presents maybe the easiest solution, 

namely buying commercially available geranylgeraniol 36.  Scheme 5 presents another option. 

The procedure presented here is based on a method developed for the synthesis of an Agelasine-

analog.
17

 It is initiated by acylation of the alcohol 

group on commercially available geranyllinalool 

33 catalyzed by DMAP, followed by a Tsuji-Trost 

reaction (palladium catalyzed) and then an 

ensuing reduction and ultimately bromination. 

This is, conversely, not the most effortless way of 

making the brominated allyl 37 from 

geranyllinalool 33, simpler reactions, as displayed 

in Scheme 6, are available, but in terms of stereo-

chemistry it offers a clear advantage.
17

 From an 

economical point of view, the use of 

geranyllinalool 33 is definitely to be preferred to 

the purchase of geranylgeraniol 36.  Eight times 

the amount of geranyllinalool 33 can be acquired 

to approximately the same price. However, if time 

is an important factor the choice will be the 

opposite. 

 

 

Alkylation of 3-methylhypoxanthine 29b in the N-7 position is already mentioned in literature.
18

. 

Performed in DMA, benzyl bromide (41) is used as alkylating agent. The reaction uses 

potassium carbonate to deprotonate and create a nucleophilic nitrogen on the N-7 position, which 

attacks the electron poor carbon, directly adjacent to the halogen, and thus joins the two parts 

together. In theory, the same can be done for other alkyl halides, like geranylgeranyl bromide 37. 

 

Scheme 5 Synthesis of brominated 

gereanylgeranyl for alkylation of purinone 
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Scheme 6 Direct conversion of geranyllinalool 

to geranylgeranyl-bromide (37) 
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2.0 Synthesis and discussion 

2.1 Synthesis of starting material 3-methylhypoxanthine from Oxyma and Thiourea 

This section covers making of the starting material (29a) from oxyma 24 and thiurea 25 and 

includes a discussion on the troubles that followed, which led to the starting material eventually 

being procured by another approach. 

2.1.1 Four steps to the sodium salt of 3-methylhypoxanthine  

An overview of the initially used synthesis route of 3-methyl-hypoxanthine is presented in 

Scheme 7. The majority of the approaches in Scheme 7 are derived from one single 

article,
14

which describes the entire process, from the two starting materials (24,25) to product 

(29a). There were, however, made adjustments on two reactions: the reduction from compound 

26 to 27 and the ensuing ring closure due to the formation of a by-product 28a. 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 7 Synthesis of the sodium salt of  3-methylhypoxanhine 
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Oxyma 24 and N-methythiourea 25 were reacted according to literature procedure,
14

 without 

incident. When compound 26 was attempted reduced to structure 27, it turned out not to be as 

straightforward as initially thought. The procedure provided by the aforementioned article, where 

starting material is dissolved in 1M NaOH (aq) and then reduced with sodium-dithionite 

followed by filtration, was proved difficult to reproduce, as the resulting material turned out not 

to be the expected product. The 
1
H-NMR spectrum of the crude product showed only a couple of 

broad shifts and nothing that could be taken for the desired product. A possible explanation for 

the failure of this experiment may have been neglect on the part of the authors of the paper, as 

details about the procedure may have been left out of the article. For instance, a possible 

explanation could be that they intended the mixture to be pH adjusted before filtration. It could 

also, however, have been that the starting material (26) used in this reaction, was too impure for 

use in this experiment. Compound 26 was used unpurified, as instructed by the article.
14

 

However, the initial level of purity was poorer than for later repetitions (from which the yields in 

Scheme 7 are derived), so it is hard to pinpoint the source of the failure. The impurities in the 

initial reactions were often due to some decomposition caused by drying product 26 at too high a 

temperature, later repetitions gave very pure product. Nevertheless, after having attempted to 

adjust the pH of the filtrate, as a final solution, without observing any precipitation, it was 

decided to attempt this reaction again, but with another approach. Instead of making a solution in 

1M NaOH (aq), the starting material (26) was suspended in boiling water, an approach 

mentioned in literature.
19

 This approach was successful.  

After the trouble with this reaction had been dealt with, literature procedure
14

 was resumed for 

the next reaction, seeking to produce compound 28b. When the 5-day long reaction was 

completed, and NMR results (1D and 2D) were examined, it was determined that what had been 

produced was in fact a methylated analog (28a) of targeted compound. The mechanism of the 

formation of this compound is still unknown. The failure of this reaction was initially blamed on 

the high temperature. The reaction was run at ca. 155 
o
C, which of course are quite harsh 

conditions. However, the procedure did specify that the mixture should be refluxed, and with the 

boiling point of DMF being 155 
o
C it seemed only natural. Nevertheless, the failure of this initial 

experiment prompted modifications to be made on the original literature procedure.  
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During the failed reaction, notice was taken of a layer of material forming over the surface of the 

solvent during reflux. It was, at that time, assumed to be the desired product. This material, 

disappeared after the third day though, raising doubt about the earlier assumption. When the 

reaction was completed, and no product could be observed, as described above, it became 

interesting to figure out whether or not this mid-experiment observation might have been of the 

desired product, and therefore indicating that a reduction in reaction time might prove beneficial 

(other similar reactions
20,21

 report much shorter reaction time). This idea was then put to the test 

with a small-scale reaction, and the results found to be most impressive; in that, a high yield was 

achieved, but also that it cut reaction duration drastically, from 5 days to 2 hours.   

Desulphurization to remove the C-2 thiol group in compound 28b was done according to 

reported literature method
14

 using Raney nickel. Raney nickel can react violently (flammable) 

when in contact with air, so appropriate measures were taken to avoid incident. This experiment 

was difficult to perform due to the extra care that needed to be taken and did not give full 

conversion. The crude product was also hard to purify. Initially, purification was not a big 

concern. The reference
14

 reported use of the unpurified product in their later reactions. Later, 

when facing a lot of by-products in the following alkylations, purity was looked into, which led 

to the use of another procedure for producing 3-methylhypoxanthine, see discussion on purity 

below and section on production of starting material from adenine (Section 2.2). In addition to 

the purification issue, a residual amount of solvent (2-methoxyethanol) was detected in the 

product (29a), even after vigorous drying attempts, the first of which resulted in completely 

destroying the product in an oven. Some experimentation with different solvents (isopropanol 

and acetonitrile), in the attempt of recrystallizing the product, proved rewarding; in that the 

undesired solvent was removed, although the product was not successfully recrystallized, but 

merely suspended. The solvents used in this purification were also shown to be hard to remove, 

although not as hard as the former. 
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2.1.2 Purity of compound 29a 

The 
1
H- NMR spectrum of the product 29a after suspension in isopropanol showed two peculiar 

shift at 8.52 ppm and 7.08 ppm, which were not among the reported
14

 shifts for this molecule. 

Initially, it was speculated that the 8.52 peak could be an unreported N-H, but this was later 

disproven by deuterium exchange (the peak actually grew in size) and 2D-NMR, more 

specifically 
1
H-

15
N HSQC, which gave no signals. The possibility of tautomers was also 

concidered, but as the peak at 7.08 ppm disappeared after suspension in acetonitrile it was 

concluded that the signal’s origin had to be a proton not affiliated with the product molecule. 

This, along with other evidence that will be presented, made it evident that the extra shifts were 

not a case of tautomery. The product was used without further purification, and the results 

produced with this starting material (29a) are discussed under alkylations performed with impure 

starting material in section 2.3.1.  

For a while, this was an accepted policy for producing starting material for the following 

alkylations. However, with the rising difficulties of producing good results in DMA, the purity of 

the starting material (29a) was considered as a potential source of error, and steps were made to 

find the underlying cause of the problems. That included taking a new look at the purification of 

the starting material.  

Indeed, flash chromatography on silica gel had been considered before, but due to the high 

polarity of the target compound, it had never been successfully performed.  In an eluent 

consisting of EtOAc:MeOH (9:1) the compound had an Rf-value of 0.01. Increasing the 

methanol percentage to 30% improved the Rf-value up to 0.05, still below preferred flash-levels. 

Reverse phase chromatography was about to be used when CHCl3:MeOH (9:1) was tested and 

gave an Rf of 0.12. This system was used, but was still very slow, yet a small amount of product 

was isolated. As it turns out, this particular way of synthesizing 3-methylhypoxanthine gives the 

product as the sodium salt (29a). How this came to be known will be made clear in the following 

discussion, but it is important to note that the very high polarity and difficulties with flash 

chromatography can be explained by this fact. All product, however little (5 % yield), collected 

from flash chromatography had been protonated on the column. Starting material 28b was also 

collected, see discussion below. 
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After having isolated 3-methylhypoxanthine 29b in this fashion, an explanatory problem arose 

concerning the 
1
H-NMR spectrum of the flashed product, as it did not seem to match the 

reported
14

 shift values. The shifts obtained from the flashed product were quickly adopted as 

correct shift values, as they matched predicted values (Chemdraw prediction tool), integrated 

perfectly and even included the N-H signal not listed among the reported shifts. Thus, based on 

the results of the flash chromatography, it was theorized that the reported shift values, were 

caused by starting material 28b interfering with the shifts of the product.  A blend NMR-sample 

consisting of both structure 28b and neutral 3-methylhypoxanthine (29b, obtained from flash) 

was run to see if the NMR shifts would change to fit the reported ones. It did not, which led to 

the examination of how pH affects the NMR shifts of product 29a. Literature
22

 provided insight 

into what form the product took under alkaline conditions, which, given that the product is 

evaporated straight from an alkaline solution without being subjected to any neutralization, 

probably represents the state in which the product is formed, see Scheme 8. As can be seen, 3-

methylhypoxanthine exists as a sodium salt 29a under alkaline conditions. The reference also 

lists NMR shifts for the compound under acidic, neutral and alkaline conditions; thus to compare,  

and to demonstrate the effect of pH on NMR shifts, a titration series was set up, the results of 

which are displayed as a stacked spectrum (Spectrum 1). Here several vials containing equal 

amounts of crude product 29a (sodium salt) dissolved in DMSO-d6 were set up next to each 

other, before increasing equivalents (up to 1 eq.) of trifluoroacetic acid (TFA) were added to the 

samples, creating a gradient from alkaline to neutral conditions. The number of equivalents of 

TFA added is marked on the spectrum. As can be seen, the aromatic signals (H-2 and H-8) 

clearly shift to the left as equivalents of TFA reaches 1. At 1 equivalent, the majority of the 

product had been protonated and the NMR shifts matched those of neutral product that was 

obtained through flash chromatography. 
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Scheme 8 3-methylhypoxanthine at pH 7 and pH 13 

Spectrum 1 TFA titration of the sodium salt of 3-methylhypoxanthine 29a 
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As stated, flash chromatography also revealed the main contaminant in the reaction to be, as 

briefly mentioned above, structure 28b, implying unsuccessful conversion of starting material. 

This can possibly be attributed to the reagent used, Raney nickel. Due to the fact that it cannot be 

allowed to dry out (it is purchased as a suspension in water), measuring correct amounts to be 

used in a reaction is complicated. Performing the reaction twice in succession was carried out on 

a couple of occasions, with better conversion. If suspension (see description above in section 

2.1.1) and subsequent workup, the same as for the adenine path below (Scheme 9), had been 

performed on fully reduced material, pure, neutral product (29b) could possibly have been 

obtained. This technique was tested with the sodium salt 29a and the 
1
H-NMR spectrum of the 

resulting product demonstrated how it would work. In the spectrum one can see both neutral 

product 29b 
1
H-NMR (DMSO-d6, 400 MHz)  13.56 (s, 1H, 7-H), 8.27 (s, 1H, H-8), 8.17 (s, 1H, 

H-2) 3.77 (s, 3H, Me-3 ) and compound 28b 
1
H-NMR (DMSO-d6, 400 MHz)  13.56 (br s, 1H, 

HS), 12.43 (br s, 1H, H-7), 8.16 (s, 1H, H-8), 3.79 (s, 3H, Me-3), which was expected as the test 

was conducted with sodium salt 29a which contained ca. 20 % unconverted starting material 28b. 

Thus, the spectrum was almost identical to the blend spectrum of the two compounds 28b & 29b 

intentionally put together, as described above. To iterate, theoretically, had this crude product 

been reduced a second time and then treated as described here, pure, neutral compound 29b 

could possibly have been synthesized. The overall yield would not have been good though, it 

was calculated to ~8% for the entire path.  
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2.2 Adenine approach to 3-methylhypoxanthine (29b) 

2.2.1 Pure 3-methylhypoxanthine (29b) in two steps. 

Because of the difficulties with purification and the low yield, it was decided to attempt other 

ways of synthesizing 3-methylhypoxanthine (29b) before resuming testing with alkylations. 

Building on the works
15

 of previous members of the group, and an additional reference,
16

 a new 

synthesis applying adenine (38) as starting material, was drawn up, depicted in Scheme 9. 

 

First attempt at making 3-methyladenine (40) was not successful due to a misunderstanding of 

how the reference
15

 was to be interpreted. As it turned out, the chromatography required for this 

experiment was intended only as a rough purification. Not realizing this, and given the fact that 

virtually all fractions contained overlap on TLC, no product 40 was produced the first time. The 

process was repeated, but this time the flash fractions were combined more roughly, so that all 

fractions containing product were collected, regardless of overlap. In order to further purify these 

fractions, three recrystallizations were required. After two recrystallizations from ethanol, the 

tosylate salt of 3-methyladenine 39 was obtained. When this salt was recrystallized from a 

saturated aqueous solution of ammonia, compound 40 was acquired , though not in the best yield, 

this was however expected, as the reference
15

 reported a yield of 20 %.  

Scheme 9  Synthesis of 3-methylhypoxanthine (29b) from adenine in two steps 



P a g e  | 27 

 

Compound 40 was reacted with sodium nitrite and HCl (aq.) to give compound 29b (neutral 

form of 3-methylhypoxanthine). The fact that this approach gave the neutral form of the product 

was  due to the workup that was made use of, which included adjusting the pH-level, something 

the previous method of synthesizing compound 29a clearly lacked. Applying this workup to said 

anionic product 29a made by the Oxyma/thiourea-path was also attempted, as described in the 

section above. 

 

2.2.2 Purity of 3-methylhypoxanthine (29b) produced from adenine (38) 

As far as purity goes, this way of synthesizing 3-methylhypoxanthine (29b) was absolutely better 

than the previous method, as determined by NMR-results. The overall yield was not that 

impressive, but slightly better than for the other method. It should be mentioned that the second 

step, from compound 38 to 29b was expected to have a yield of up to 68 % as reported in the 

reference
16

. Unfortunately, only 48 % were obtained, even though the process was repeated 

many times and appropriate adjustments were made. The reason for this is theorized to be the 

elevated content of inorganic salt, present in the finished product. The particular workup for this 

reaction includes, as mentioned, a pH-adjustment of a solution of the crude product, from which 

the product 29b precipitates. This precipitation happens rather fast, allowing for some of the 

sodium chloride and potential other inorganics to be trapped among the product. The product 

was, in accordance with the reference
16

, washed with water, but as the 3-methylhypoxanthine 

(29b) itself is a very polar compound, some loss of product is unavoidable. Note that the amount 

of water used by the reference
16

 is seemingly unreasonably low, 6 ml are used for 1.44 g of 

product. When attempting to do the same, salt remained and was visible on the filter paper, 

which resulted in increasing the volume of water used for washing to 40 ml. The resulting 

product gave a yield of 53%. The question then remained; was the lower yield a result of loss of 

product due to washing, or was the reported yield a result of salt contamination, which they
16

 for 

obvious reasons would not have been able to see from NMR-spectra. It was probably a little of 

both. When a 1:1 mix (moles, weighted out) of the 3-methylhypoxanthine (29b) and a reference 

molecule 24 (Oxyma) were dissolved and examined by NMR, it was discovered that there, on 

average, was a deficit of 13 %wt, see Spectrum 2. This proved the presence of inorganic salt in 

the product, even after the increase in volume of water in the washing step.  
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The reference
16

 mentioned recrystallization from an eluent system consisting of a 1:1 ethanol-

water blend, which was used to obtain an analytical sample for element analysis; but they did not 

indicate any yield for this step. Recrystallization was carried out regardless, and after drying, the 

final yield was established at 48 %. For absolute clarity, it is important to note that the product 

would absorb water from the atmosphere or elsewhere to become a sesqihydrate,
16

 which of 

course, would give false readings on any weight. Hence, this was taken into consideration, by 

making sure the compound always remained anhydrous. Tests were carried out to assure this by 

comparing the level of water in NMR-solvents with the levels in the NMR-experiments of the 

product (29b).  The overall yield, from commercially available adenine (38), to finished 

recrystallized product was found to be 10 %. Albeit not the best yield, this path for making 3-

methylhypoxanthine (29b) offers a clear advantage when it comes to purity. The fact that it only 

requires two steps is also favorable. 

 

Spectrum 2 a blend of 3-methylhypoxanthine 29b and oxyma 24 
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2.3 N-7-alkylation of 3-methylhypoxanthine 

This section covers the various attempts at alkylation of 3-methylhypoxanthine (29a&b). 

Subsections will distinguish between types of 3-methylhypoxanthine (29a or b), reactions types 

and solvents used. Two different types of reactions were performed in order to alkylate the N-7 

position of compound 29: alkylation with alkyl bromides and Mitsunobu alkylation using 

geraniol (30).  

As mentioned in the introduction, this project set out to develop syntheses for the 

malonganenones, in particular malonganenone J (10). To do that, a study into the alkylation 

conditions using the geranyl side chain was first carried out. Geraniol 30 was used to generate 

geranyl bromide 31 which was used because it is similar to the longer tetraprenylated 

geranylgeranyl chain of compound 10, and much cheaper than both the geranyllinalool 33 and 

geranylgeraniol 36, which alternatively would have been used to synthesize geranylgeranyl 

bromide 37. 

2.3.1 Alkylations with the impure sodium salt of 3-methylhypoxanthine (29a) 

2.3.1.1 Alkylation by Mitsunobu reaction 

The Mitsunobu reaction (see Scheme 10) turned out to present abysmal results, some alkylation 

did in fact take place, but the yield was very low. Also, the purification turned out to be quite 

difficult, as a byproduct of the reaction (O=PPH3) has almost the exact same polarity as the 

target compound. Two attempts were made at Mitsunobu-alkylation and both produced 

approximately the same result, namely, very poor conversion. The number of equivalents of 

reagents was modified after the first reaction failed to produce any significant amount of product. 

Scheme 10 depicts the conditions for the second attempt at Mitsunobu-alkylation, note that the 

amount of DIAD and triphenylphosphine presented here is double the amount used in the first 

attempt. The poor results were initially believed to prove that Mitsunobu was a bad choice for 

this alkylation. However, because it was the anionic form of 3-methylhypoxanthine (29a) that 

was utilized, something that was not known at the time, doubts have been raised as to whether or 

not the reaction actually failed. The Mitsunobu reaction, requires a deprotonation of the 

nucleophile, in this case the 3-methylhypoxanthine to protonate DIAD. With the sodium salt of 

3-methylhypoxanthine (29a), this would have been impossible. This would effectively have 

stopped the reaction, which led to a minimal of alkylation taking place. Another issue with this 
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reaction is the use of THF as solvent. The polarity of the starting material, even the neutral form 

(29b), is quite high. This means that the starting material is not dissolved, but suspended, which 

most likely also contributed to the poor results. A later alkylation with geranyl bromide (31) was 

also conducted in THF, yielding no desired product.  

 

Scheme 10 Alkylation of 3-methylhypoxanthine (29a) by Mitsunobu-reaction 

Even though the reaction was not favored, some alkylation did take place. As stated, the 

purification was difficult to perform. The 
1
H-NMR spectrum of the product showed that the 

phosphines had been separated from the product, but that the desired product was far from pure. 

If it had been pure, the mass of these combined flash chromatography fractions would have given 

a yield of 3 %. With such low prospects, it was decided not to pursue further purification. The 

Mitsunobu reaction was abandoned after this.  
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2.3.1.2 Alkylations by substitution-reaction 

 

Scheme 11 depicts the bromination of geraniol (30) to geranyl bromide (31), the alkyl halide 

used for all alkylations discussed in this section. Although the substitution reaction using alkyl 

halide initially was thought to be a straight forward process, based on literature methods;
18

 it 

turned out to be somewhat troublesome. Again, geranylation was used as a model reaction for 

the larger geragylgeranylation that would be needed for synthesizing malonganenone J (10). The 

alkylation, depicted in Scheme 12, did not behave as selective as was assumed; a number of by-

products were formed and a series of reactions were run in order to increase the selectivity and 

thus yield of the desired product (32a). Table 2 summarizes the different variations in 

experimental setup and conditions; in addition, it tabulates values concerning distribution of 

various products from the 
1
H-NMR spectra of the crude products. It should be mentioned that 

small integrals that have never been accounted for, have been observed in many of the 
1
H-NMR 

spectra of the crude products. Certain salt precursors of molecules such as compound 42a could 

be present in the crude products, though no definite proof of this have been found.  Hence, the 

distribution found in Table 2 considers isolated and partially isolated compounds only. 

 

 

 

 

 

 

 

Scheme 12 (a) Geranyl bromide, K2CO3, DMA; for detailed conditions, see Table 2 

Scheme 11 Bromination of Geraniol (30)  
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Table 2. Reactions conducted with unpurified 3-methyl-hypoxanthine. 

Entry  

 

Base 

Eq. 

RX 

Eq. 

Conc. 

29a 
(M) 

Temp. 

(
o
C)

d
 

Time (h)
e
 29a:44:46:45:42

a:32a:43a
b
 

Yield 

(%)
c 

32a 

1  1.0 1.2 0.032 110+90 1.0+1.0 0:26:4:6:31:31:2 -
a
 

2 1.0 1.2 0.032 110+90 1.0+1.0 0:23:4:7:33:32:2 15 

3 1.2 1.5 0.032 70 1.0+1.0 0:20:4:10:47:19:

1 

-
a
 

4 1.2 1.5 0.032  90+r.t. 1.0+18 0:7:4:14:76:0:- 0 

5 1.0 0.9 0.032 105+90 1.0+1.0
g
 0:21:4:7:10:57:1 <41

f
 

6 1.0 0.9 0.032 105+r.t. 1.0+2.0
g
 0:16:2:8:12:60:2 <41

f
 

7 1.0 0.9 0.032 105+r.t. 1.0+2.0 

Syrr.pump rate 2.5 ml/h 

0:14:1:5:10:56:1

3 

<55
f
 

8 1.0 0.9 0.032 105+0 1.0+2.0 

Syrr.pump rate 2.5 ml/h 

0:11:1:6:7:55:20  

9 

 

1.0 0.9 0.032 105+r.t. 1.0+4.0 

Syrr.pump rate 1.25 ml/h 

54:1:0:0:0:6:39 -
a
 

10 

 

 1.0 0.8 0.032 105+r.t. 1.0+2.0 

Syrr.pump rate 2.5 ml/h 

57:1:0:0:0:3:39 -
a
 

a) Not purified; b) From 1H-NMR of the crude product; c) Isolated yield after flash chromatography; d) Temp. with base 

only+temp. after RX addition; e) Time with base only + time after RX addition; f) Not completely pure, see discussion e; g) RX 

added over the course of an hour by hand 
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The conditions for the initial reactions listed in Table 2 were derived from the benzylation 

mentioned in literature.
18

 First successful reaction, in terms of actual isolation of product, is 

listed as entry 2 in Table 2, though the 
1
H-NMR spectrum of the crude product of a previous 

experiment (Table 2, entry 1) showed that product indeed had been formed in this experiment as 

well.  The failure to isolate any product was thus attributed to purification problems, hence these 

two reactions were almost identical. A somewhat more polar eluent system was used for the 

purification of the latter experiment (Table 2, entry 2). Still, the yield turned out low, and so for 

the following experiment (Table 2, entry 3) the amount of geranyl bromide (31) was increased 

from 1.2 equivalents to 1.5 equivalents. The temperature was also decreased to 70 
o
C. These 

changes made little difference in the yield of isolated product, but from 
1
H- NMR analysis of the 

crude, it was obvious that the conversion actually went down. An increase in alkylation time was 

then tested; the reaction ran over night at room temperature (Table 2, entry 4). This did not lead 

to any improvement, in fact, no product was isolated after this reaction, nor was there any sign of 

the desired product (32a) when analyzing the 
1
H-NMR spectrum of crude product.  

The conditions of the first reaction that managed to raise the yield to a promising level are listed 

in entry 5. After the results from the two previous reactions had been examined, it seemed that 

decreasing the amount of geranyl bromide (31) might be the way to go. In addition, after having 

followed the previous experiments on TLC, a case could be made for the speed of the alkylation, 

which appeared to happen rather quickly. Therefore, spreading the addition of the bromide over 

the course of an hour, and doing so with less bromide in total (0.92 equivalents) turned out to be 

a shot in the right direction. Hence, next reaction made use of the same approach for alkylation, 

but with additional stirring time after all the geranyl bromide (31) had been added. The 

temperature was also lowered. Nevertheless, this did not lead to a major change in yield (Table 2, 

entry 6).  

The use of a syrringe pump helped increase yield to new heights. Up until the entry 6- 

experiment geranyl bromide (31) had been added by hand, which of course had its inaccuracies. 

The pump provided an opportune way of steadily adding reagent at a fixed rate, for a set time. 

This made it harder for unwanted types of alkylation to take place. Thus, the first experiment to 

employ this gave the best result when considering isolated yield, at ca. 55% (Table 2, entry 7).  
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Further decreasing the temperature down to 0 
o
C, gave the best result when considering the 

1
H-

NMR analysis of the crude product, however, approximately the same amount of desired product 

(32a) was isolated as in the previous reaction (Table 2, entry 8).  

Two more reactions were attempted after this, but both failed to produce good results, conversion 

was also very poor (Table 2, entries 9 and 10). The explanation for this was at that time not 

known, but as can be seen from the distribution of products in Table 2, formation of compound 

43a was increased in these experiments. The discovery of this particular by-product was 

surprising and will be discussed in detail in the next section. Note however, that even though the 

formation of by-product 42a was easier to control when adding alkylating agent over time, the 

formation of by-product 43a seemingly increased. Other by-products than the ones displayed in 

Scheme 12 were also isolated and are displayed in Figure 4. However, they have not been fully 

structure elucidated and it remains unclear how some of them were formed. It is important to 

keep in mind that the starting material was not pure, opening up for the possibility that any by-

products in these reactions potentially were produced from other starting materials to begin with. 

In fact, given the discussion in Section 2.1.2, this reasoning is quite sound. Compound 45a and 

46 are examples of by-products that, if indeed formed, were alkylation products from compound 

28b.  

 

 

Compound 42a was the first of the by-products produced in the alkylations to be identified. It 

was from  
1
H-NMR spectrum clear that it was a dialkylated structure. It was also evident that one 

of the geranyl chains was located at N-1 and that the structure had ring-opened between N-1 and 

Figure 4  By-product candidates, partially structure elucidated 
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C-2, as a triplet at 8.27 ppm indicated coupling from an NH to a CH2 at the geranyl chain. The 

structure has since been completely structure elucidated. 

The 
1
H-NMR spectrum of compound 44 shows that this is a by-product that is lacking a proton 

signal from either the H-2 or H-8 position. The remaining signal could very well be from an 

aldehyde proton. At least one geranyl chain is present, but the N-3 methyl group is not. It could 

have a N-H shift at 5.1 ppm overlapping with a C-H signal, which would make compound 44 

seem more plausible, compound 44 is reported in literature,
23

 but the spectra available are in 

CDCl3. Regardless, it would appear that the 6-membered purine ring has been ripped apart. MS-

spectra (EI) indicate high m/z values, which seems odd compared to the NMR-data, thus the 

structure of this by-product remains uncertain. If this is indeed the structure of the by-product, it 

would not be unthinkable to assume that the by-product was formed upon workup or purification. 

This could mean that the larger tetraprenylated analogs malonganenone C, H and K (3, 8, 11) 

possibly are not true natural products, if they were formed during extraction or purification.  

 

Spectrum 3 
1
H NMR (400Mhz DMSO-d6) Spectrum of compound 44 
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Spectral data of compound 45 suggest that this by-product contains two geranyl chains. One of 

these chains is most likely attached to nitrogen, with a N-CH2 signal at 4.9 ppm. The other chain 

must be attached in a way that eliminates one of the aromatic signals, H-2 or H-8. Initially, a 

dialkylated structure with geranylation at N-7 and C-8 was suggested, but Structure 45 was later 

suggested, and seems to be a better fit. Both structures support an N-CH2 signal at a lower shift 

value, 3.8 ppm, but 2D-NMR and MS-data (EI): 454 (0.26, M
+
), 385 (100), 318 (53), 136 (7), 69 

(81) favors structure 45.  

 

 

Spectrum 4 
1
H NMR (400Mhz DMSO-d6) Spectrum of compound 45 
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Compound 46 is a suggested structure based on the lack of one of the aromatic protons, the 

presence of three geranyl chains, and N-CH2 doublets at ca. 4.9 and 4.5 ppm (
1
H-NMR spectrum 

32) which indicate two geranyl chains attached to nitrogens. N-1 alkylation has been observed in 

later alkylations and is more likely than a double N-7-N-9 alkylation. The polarity of the 

molecule could be a problem. An organic salt is expected to have an elevated polarity, and given 

the use of EtOAc:Hex (2:1) for isolation of all by-products in Figure 4, one can question whether 

or not such a salt would go through the column. However, due to the lipophilic qualities of not 

one, but three geranyl chains, it is perceivable that is exactly what it did. As for compound 45, it 

is possible that due to the impurity (compound 28b) in the starting material compound 29a, that 

some by-products were formed from the impurity instead. MS (EI) data, does not seem to 

support the suggested structure, with fractions of unknown origin and a lack of the molecular ion. 

Other structures can also be imagined, but all have their problems in fitting with the data, and 

serious questions can be raised concerning the mechanism of formation. Hence, the structure 

remains speculative. 

Spectrum 5 
1
H NMR (400Mhz DMSO-d6) Spectrum of compound 46 
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An issue that has to be addressed is the purity of the desired product (32a) after flash 

chromatography. A series of peaks from 1- 1.5 ppm can be seen in almost all the fractions. This 

was initially believed to be a result of decomposition on sillica gel, as 2D-TLC made it seem 

plausible. Later experiments involving benzyl bromide (41) as the alkylating agent has 

diminished the credibility of this theory, as there is no reasonable way this halide or any product 

produced in such a reaction could give rise to these peaks. Multiple suggestions have been made 

at what could be the cause, and each time it has been checked out without finding grounds for 

any theory. For later alkylations, a post-chromatography rinse with hexanes was implemented in 

order to fully purify products, which worked with great effect. Other ways of avoiding this 

impurity, involves a gradual flash chromatography technique
24

 where extracting the crude 

product before flash is employed. This can still give some impurity in the isolated by-products, 

but the desired product comes out clean. Still, the post-chromatography rinse was preferred, as it 

in addition to removing the impurity, gave the isolated desired products in a solid, crystalline 

form. 
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2.3.2 Alkylations with pure 3-methylhypoxanthine (29b) 

 

After pure and neutral starting material was made available through the adenine method, 

alkylations were resumed. Table 3 summarizes the conditions under which the various reactions 

were run, in addition to listing results such as ratio between the known by-products (42a,b; 43 

a,b and 49) and desired products (32a, b and 10 ). Scheme 13 outlines the overall reaction, the 

specifics of which have been the subject of previous discussions.  

 

 

 

 

Scheme 13. (a) RX, base, solvent; for conditions, see Table 3. 
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Table 3 Alkylations with pure 3-methylhypoxanthine 

Entry  

 

Base (Eq.) RX (Eq.)
g
 Solvent Conc. 29b 

(M) 

Temp. (
o
C)

d
 Time (h)

e
 29b:32:42:43

b 
Yield (%)

c
 

32/42/49 

1 

 

K2CO3 (1.0) Ger-Br (0.9) DMA 0.032 110+0
 
 1.0+2.25

 

Syrr.pump rate 2.5ml/h
 

72:3:0:25 -
a
 

2 

 

K2CO3 (1.5) Ger-Br (1.1) DMA 0.032 110+r.t.
 
-90 

(1h r.t+1h 90 C
o
) 

1.0+2.0
 

Syrr.pump rate 5.0 ml/h
 

40:15:0:45 -
 a
 

3 K2CO3 (1.5) Ger-Br (1.5) DMA 0.032 110+r.t.-50 

(19 h r.t+2h 50 C
o
)
 
 

1.0+21 

 

82:1:0:17 -
 a
 

4 

 

K2CO3 (1.5) Ger-Br (4.6) DMA 0.015 110+90 1.0+7.0 0:30:2:68 74/0/0 

5 

 

K2CO3 (1.0) Ger-Br (1.2) DMA 0.032 110+90 1.0+2.5 36:29:0:36 -
 a
 

6 

 

K2CO3 (1.0) Ger-Br (1.2) DMA 0.25 110+90 1.0+1.0 13:70:6:11 -C 

7 

 

NaH (1.2) Ger-Br (1.2) DMA 0.25 r.t. 1.0+1.0 41:40:16:6 -
 a
 

8 

  

NaH (1.2) Ger-Br (1.2) DMF 0.25 r.t. 1.0+2.0 0:32:46:22 -
 a
 

9 

  

K2CO3 (1.0) PhCH2Br (1.2) DMA 0.032 110+90 1.0+1.0 0:39:32:28 23/-
f
/0 

10 

  

K2CO3 (1.0) Ger-Br (1.2) DMA 0.25 r.t. 1.0+2.0 0:39:25:36 36/10/0 

11 

 

K2CO3 (1.5) Ger-Br (4.6) DMA 0.015 110+90 1.0+1.0 23:0:0:76 0/0/0 

12 

 

K2CO3 (1.0) Ger-Br (1.2) DMA 0.25 110+90 1.0+1.0 0:30:33:36 -
 a
 

13 

 

K2CO3 (1.5) Ger-Br (4.6) DMA 0.015 110+90 1.0+1.0 0:0:78:21 -
 a
 

14 

 

K2CO3 (1.0) Ger-Br (1.2) DMA 0.25 110+90 1.0+1.0 0:8:89:3 -
 a
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Entry  

 

Base (Eq.) RX (Eq.)
g
 Solvent Conc. 29b 

(M) 

Temp. (
o
C)

d
 Time (h)

e
 29b:32:42:43

b 
Yield (%)

c
 

32/42/49 

15 

 

K2CO3 (1.5) Ger-Br (1.5) DMA 0.017 110+90 1.0+1.3 0:66:31:3 -
 a
 

16 K2CO3 (1.5) Ger-Br (1.0) DMA 0.021 110+90 1.0+0.33
  

Syrr.pump rate 60 ml/h 5min 
0:95:4:1 

 

86/-
 f
/3 

17 

 

K2CO3 (1.0) Ger-Br (1.2) DMA 0.25 110+90 1.0+0.25 0:83:17:0 -
 a
 

18 

 

K2CO3 (1.0) Ger-Br (1.2) DMA 0.25 110+90 1.0+1.0 10:74:6:10 69/5/12 

19 

 

Cs2CO3 (1.2) Ger-Br (1.2) DMA 0.25 r.t. 1.0+0.41 51:30:12:7 -
 a
 

20 

 

K2CO3 (1.2) Ger-Br (1.2) THF 0.25 r.t.->66 1.0+0.75 89:0:11:0 -
 a
 

21 

 

K2CO3 (1.2) Ger-Br (1.5) DMSO 0.021 110+90 1.0+1.5 
Syrr.pump rate 60 ml/h 5min

 

7:92:1:0 

 

86/-
 f
/-

 f
 

22 

 

K2CO3 (1.0) PhCH2Br (1.2) DMA 0.032 110+90 1.0+1.0 93:6:0:2 -
 a
 

23 

 

K2CO3 (1.2) Ger-Br (1.5) DMSO 0.021 r.t. 1.0+2.0
  

Syrr.pump rate 60 ml/h 5min
 

15:84:1:0 

 

86/-
 f
/7 

24 K2CO3 (1.0) Ger-Br (1.2) DMSO 0.021 r.t. 1.0+2.58
  

Syrr.pump rate 60 ml/h 5min
 

11:81:8:0 

 

87/-
 f
/5 

25 

 

K2CO3 (1.0) PhCH2Br (1.2) DMSO 0.021 r.t. 1.0+1.5
  

Syrr.pump rate 60 ml/h 5min
 

5:93:2:0 

 

96/-
 f
/0 

26 

 

K2CO3 (1.0) Gerger-Br 

(1.2) 

DMSO 0.021 r.t. 1.0+3.0 23:76:1:0 68/-
f
/-

f
 

a) Not purified; b) From 1H-NMR of the crude product; c) Isolated yield after flash chromatography; d) Temp. with base only+temp. after RX addition; e) Time with base only + 

time after RX addition; f) Not completely pure; g) Ger = geranyl, PhCH2 = benzyl, Gerger = geranylgeranyl. 



2.3.2.1 Alkylations in DMA 

 

Entry 1 in Table 3 lists the conditions for the first of the alkylations to use pure, neutral 3-

methylhypoxanthine (29b) made from the adenine approach. The previous starting material (29a) 

was prone to high reactivity and fast formation of by-products. It was assumed that this still 

would be the case, and thus only a modest amount of alkylating reagent was added using a 

syringe pump at 0 
o
C. The turnout was disappointing, with a low degree of conversion.  

In the following experiment (Table 3, entry 2) both base and bromide equivalents were increased. 

In addition, the temperature was raised to room temperature and the syringe pump was again used 

to add the bromide. After the first hour at room temperature, almost no change was observed on 

TLC and so temperature was increased to 90 
o
C and the mixture was left stirring for an additional 

hour. This prompted some reaction to occur, but after an hour, virtually nothing happened. The 

1
H-NMR spectrum of the crude product of this reaction revealed a conversion of almost 30 % and 

the crude product was thus attempted purified by flash chromatography. In the interest of finding 

an eluent-system that would allow the desired product 32a to move faster through the column, a 

more polar system than usual was used. Flash chromatography was usually carried out with an 

eluent system consisting of EtOAc and MeOH in a 9:1 ratio. For this experiment, the MeOH 

content was raised to the resulting ratio of 2:1 (33% MeOH). In this system, the desired product 

32a had an Rf value of 0.4, something that was deemed acceptable due to an apparent reduction in 

trailing on TLC. Unfortunately, a strange by-product came out in the same fractions as the 

product. The 
1
H-NMR spectrum of the fractions collected from flash chromatography contained 

all the expected shifts of an N-7 mono-alkylated product, but it also had additional shifts that 

appeared to originate from another geranyl chain. Thus, initial assumptions were leaning towards 

a new double-alkylated by-product. However, this could not be confirmed with MS-results and 

when it was discovered that the additional peaks were present to some degree in virtually all the 

1
H-NMR spectra of crude products of all former alkylations, it raised the question of why a 

dialkylated by-product, matching the shifts found, had not been isolated before. The answer came 

a couple of reactions later (Table 3, entry 4), when the shifts associated with the assumed new by-

product also appeared in a 
1
H-NMR spectrum after flash chromatography, but this time the 

integrals of the shifts did not seem to fit with the double-alkylated by-product theory i.e. the 

shifts could not originate from one single compound. It was from this, evident, that two different 
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compounds had been isolated together and that one of them was the desired product 32a. Thus, it 

was interesting to see if the two compounds could be separated from each other. Purification by 

flash chromatography was again employed, reverting back to the EtOAc and MeOH-eluent 

system with a 9:1 ratio, where the Rf of the desired product 32a was 0.1 and the unknown by-

product was stuck on the baseline. The desired product 32a was isolated, and chromatography 

was continued with an EtOAc-MeOH system with a MeOH gradient of 33-50 %. However, 

nothing else came out of the column, and it was theorized that the compound had decomposed on 

silica gel. This was later confirmed by yet another experiment (Table 3, entry 11) in which the 

by-product was isolated. In this experiment, there was no conversion of the starting material 29b, 

but a lot of the unknown by-product was formed, which made it a great candidate for flash 

chromatography, as there was no chance of getting overlap with the desired product 32a. Again 

using the EtOAc-MeOH eluent system in a 2:1 ratio, the unknown by-product was isolated. 

Massive decomposition was observed, but a few fractions were pure, and were collected for 

analysis. The decomposition explains the trailing observed on TLC in many of the previous 

alkylations, and why it was so hard to isolate it. Structure elucidation identified the by-product as 

compound 43a, shown in Scheme 13. While this was a surprising by-product, the formation of 

quaternary ammonium salts from tertiary amides (DMA and DMF) and alkyl halides in the 

presence of carbonates have been reported in literature
25-27

 before. Unfortunately, the mechanism 

is not reported, and indeed not known.
28

 Another thing worth noting, is that the symmetry of the 

molecule 43a made it impossible, by 
1
H-NMR alone, to recognize that it contains two geranyl 

chains. This is why a double-alkylated structure at first was suggested, and also why a methyl 

ether (structure 50, Figure 5) was considered. 

 

Figur 5 Geranyl methyl ether 

The fact that the formation of an ammonium salt competes with the desired reaction, in that it 

consumes alkyl halide, was a major reason for why the solvent, DMA, eventually was substituted 

with DMSO. It should be mentioned that the type of positive counter ion to the negative 

carbonate are reported
25

 to affect the formation of the salts. Apparently, reactions performed with 

carbonates with counter ions such as calcium, cesium and lithium gave lower yields than the ones 
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performed with potassium and sodium. A threshold temperature for the start of the reaction for 

most cases (they did not test geranyl bromide 31) was reported at 40 
o
C in the same article.

25
 This 

prompted an assessment as to whether or not the formation of geranyl ammonium salt 43a could 

be controlled in the alkylations. Temperature did not seem to affect the formation, as reactions 

carried out at 0 
o
C (Table 3, entry 1) and at room temperature (Table 3, entry 10) still ended up 

producing it. This was also confirmed by stand-alone experiments where geranyl bromide 31 was 

allowed to react with DMA in the presence of potassium carbonate at room temperature and at 

110 
o
C.  

A reaction performed with cesium carbonate instead of potassium carbonate (Table 3, entry 19), 

did not solve the problem either, compound 43a was still formed in some of the other alkylations. 

There were cases in which formation of compound 43a was low, but with the exception of one 

reaction (Table 3, entry 16), they were all difficult to control for formation of other by-products.  

Before continuing to look further into different variations of experiment conditions, it must at this 

point, be mentioned that good conditions for the DMA-reactions, in general, were hard to find. 

The conditions had to be adjusted to avoid both mono and double-alkylation with ring opening, 

and in addition control the formation of ammonium salt 43a. Even though a reaction presented 

good results (Table 3, entry 16), with high conversion and limited amounts of by-product, this 

cannot be seen as “a guaranteed to work” reaction. This because, reproducing reactions in DMA 

turned out to be complicated. Notice how the reactions listed as entries 12, 14, 17 and 18 in Table 

3 are all repetitions of the reaction listed as entry 6. No parameters were changed in between 

these reactions, yet the experiments listed as entries 12, 14 and 17 turned out very different from 

the entry 6 reaction.  Attempts to reproduce the results of the literature procedure,
18

 that all the 

alkylations are based on, also failed (Table 3, entry 9). The reaction uses benzyl bromide 41 to 

synthesize compound 32b (Scheme 13), and a yield of 65 % is reported.
18

 However, only 23 % 

was isolated when attempted and double-alkylated by-product 42b and quaternary ammonium 

salt 43b were also formed. Two other attempts were made at reproducing the results of the 

literature reaction;
18

 one gave inconclusive results and was discarded (not entered in Table 3). 

The last one failed to fully convert the starting material 29b (Table 3, entry 22). Alkylation with 

benzyl bromide 41 was, as with geranyl bromide 31, eventually performed in DMSO, achieving a 

high yield of 96 % (Table 3, entry 25).   
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Continuing with the discussion on experimental conditions for the geranyl alkylations in DMA 

before moving on to the DMSO-reactions: the experiment listed as entry 3 in Table 3 attempted 

to see if longer reaction time would give better conversion. This turned out not to be the case. 

After 19 hours at room temperature, no conversion could be observed, either on TLC, or on NMR. 

In an attempt at salvaging the experiment, the reaction mixture was heated to 50 
o
C and left 

stirring for 2 hours. Despite the effort, in the end no sign of conversion was observed on TLC. 

1
H-NMR of the crude product also confirmed this conclusion. 

The experiment listed as entry 4 in Table 3 has already briefly been mentioned, as it was 

important in identifying compound 43a.  The reaction started out with little success, the syringe 

pump added 0.92 equivalents geranyl bromide 31 to the reaction mixture over the course of 5 

hours at 90 
o
C. This first addition gave no reaction. The number of equivalents of geranyl 

bromide 31 was then adjusted to 1.5 by direct addition (without the syringe pump) and the 

reaction mixture was stirred at 90 
o
C for an additional hour.  No reaction was observed after this 

hour had passed, which at the time seemed very odd, considering the fact that the previous 

reaction (Table 3, entry 2) produced at least some conversion at 90 
o
C with 1.1 equivalents of 

geranyl bromide 31. When no reaction occurred after this one hour with 1.5 equivalents of 

alkylating agent, the number was increased to 4.57 equivalents. The response came rather quick, 

within one hour, full conversion was achieved, with only small amounts of heterocyclic by-

products. The crude product was purified by flash chromatography yielding 74 % desired product 

32a. The initial un-reactivity was an issue that was subject to some debate. At first, a theory 

concerning concentration was considered: when adding geranyl bromide 31 to the reaction 

mixture, up to five ml of additional DMA was used to dilute it. This obviously changed the 

reaction concentration, which could have affected the reactivity. However after compound 43a 

had been isolated and structure elucidated, it was realized that formation of this by-product was 

to blame, based on the 
1
H-NMR spectrum of the crude. 

Entry 5 list conditions for an experiment that was set up to be identical with the original article,
18

 

but with geranyl bromide 31 instead of benzyl bromide 41. These conditions had only been tested 

with the impure sodium salt of 3-methylhypoxanthine 29a, thus it was interesting to establish 

what would happen when pure, neutral starting material 29b was used. After one hour, the 
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mixture was still reacting, so the time was extended. After 2.5 hours, the reaction had come to a 

halt, without full conversion and with a much ammonium salt 43a formed. 

 

Figure 6 A tosylate salt, a residue from the synthesis of 3-methylhypoxanthine. X= Na
+
/K

+
 

 

Increasing the concentration, based on the 3-methylhypoxanthine 29b, was attempted (Table 3, 

entry 6). Here, better conversion was achieved, and only a small amount of by-product was 

formed. Unfortunately, upon flash, the product was contaminated by a tosylate salt 51 (Figure 6) 

from the synthesis of 3-methylhypoxanthine 29b from adenine discussed earlier. Incidentally, this 

had also occurred in one previous experiment, though without too serious of consequences, this 

time however, it caused trouble as it proved difficult to remove from compound 32a. After two 

attempts at purification by flash chromatography, in which some product had to be sacrificed, the 

product was still not completely pure, and no further attempts at purification were made. 

Nevertheless, the reaction increased conversion with low formation of by-products, and it was at 

the time believed to show that increased concentration could improve the reaction, which led to 

more reactions being run at the same concentration. 

A reaction that sought to test a different base to deprotonate the N-7 position of 3-

methylhypoxanthine 29b is listed as entry 7 in Table 3. Sodium hydride was chosen for this, and 

the reaction was tested at room temperature. 
1
H-NMR of the crude product showed that some 

reaction had taken place, but a lot of unconverted starting material 29b was still present. In the 

end, it was determined that the solvent, DMA, probably was too acidic and was being 

deprotonated by the base, and so in the subsequent reaction (Table 3, entry 8) DMA was replaced 

by DMF. This, combined with longer reaction time, allowed for an almost complete conversion, 

but more by-products were formed.  

The next reaction (Table 3, entry 10) tested what would happen if the entire reaction was run at 

room temperature, including the deprotonation step. This gave good conversion, but also a lot of 
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by-products. Purification by flash chromatography gave 36 % of desired product 32a and 10 % 

dialkylated by-product 42a.  

Entry 11 and 13 in Table 3 show the conditions for two experiments that were attempts at 

repeating the results of the entry 4 experiment. The only modification was with the addition. 

Instead of a stepwise addition of geranyl bromide 31, all was added in one addition. This failed to 

produce the intended results of the former reaction (entry 4). Even though no variations in the 

experimental setup were made between the two repetitions (entry 11 and 13), they ended up 

producing very different results. The first reaction (entry 11) had no conversion of the starting 

material 29b, but large amounts of the geranyl ammonium salt by-product 43a. This is why this 

experiment was ideal for isolating compound 43a, as discussed above. The second reaction, had 

full conversion, but no desired product 32a was produced, only dialkylated byproduct 42a, in 

addition to compound 43a.The results from these two reactions again underlines the problems 

with finding good conditions for the alkylation in DMA, with the formation of quaternary 

ammonium salt as an unpredictable variable. 

One experiment was performed with two subsequent additions of geranyl bromide 31. It too was 

intended to reproduce the results of the experiment in entry 4, but with stepwise addition of 

bromide 31. After two additions (1.5 eq. in total), full conversion was achieved and there was 

thus no point in adding more. Little ammonium salt 43a was formed in this reaction, but 

dialkylated by-product was. No further attempts at repeating the entry 4 experiment. 

An experiment that was briefly touched upon earlier was the highest yielding reaction in DMA 

(Table3, entry 16). In this experiment, the syringe pump was again used, but the rate of addition 

was much faster than for previous reactions, only 5 minutes. After 20 minutes, the reaction 

achieved full conversion with little by-products.  Although producing good results, with 86 % 

desired product 32a isolated, the results were considered lucky, as the confidence in results 

produced by the DMA-reactions were weakening. The purification of the crude product also 

isolated a new by-product, compound 49, an N-1 mono-alkylated ring opened product (Scheme 

13). This by-product was also isolated in later experiments (Table 3, entries 18, 23 and 24). The 

presence of such a structure suggests that it might be a precursor to the dialkylated by-product 

42a (Path A, Scheme 14). Then again, as no benzyl-analog of compound 49 has ever been 
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isolated or in any way detected, yet a dialkylated benzyl by-product 42b has. Path B in Scheme 

14 can thus not be ruled out. 

 

 

Scheme 14 Alternatives to the formation of compound 42 

 Notice that compound 49 is not included in the distribution ratio in Table 3. This is due to the 

difficulties of pinpointing the exact NMR-shift values of the by-product in the 
1
H-NMR spectrum 

of the crude product. Recall how the NMR-shift values of 3-methylhypoxanthine 29b changed 

with pH (section 2.1.1), i.e. the 
1
H-NMR spectrum of the sodium salt of 3-methylhypoxanthine 

29a was different from the spectrum of neutral compound 29b. The same is most likely the case 

for compound 49. In the crude product, the by-product most likely exists as the sodium salt 52, 

depicted in Figure 7, giving rise to different and unknown shift values in the 
1
H-NMR spectrum 

of the crude product. That being said, there were, as for the alkylations conducted with impure 

starting material 29a, many unidentified shifts in the 
1
H-NMR spectra of the crude products, 

some of which could suggest that ring opening did not occur before during purification and that 
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the by-product thus existed with an intact ring (compound 53 in Scheme 14) in the crude product. 

However, if this was the case, it would be reasonable to expect to see compound 54 present as 

well, but no conclusive evidence of this was found. It must be added that a 4-methoxybenzyl-

analog to compound 54 is known to form in a similar alkylation using 4-methoxybenzyl 

chloride
24

 in DMSO. The analog is stable in the crude product up until purification by flash 

chromatography, when ring opening occurs. It is not known why such a structure would be more 

stable than geranyl (54) or benzyl analogs.   

With the many unreliable reactions in DMA, other solvents were considered, and after a few 

additional attempts at repeating the experiment marked as entry 6 in Table 3 and a repetition of 

the reaction listed as entry 9, alkylations in DMA were halted.  

 

Figure 7 Sodium salt of compound 49 

 

Although it was already known, that 3-methylhypoxanthine 29b was poorly dissolved in THF, 

from the use in the Mitsunobu-reactions, the solvent was tested once again (Table 3, entry 20). 

The starting material 29b was suspended without being dissolved and after 15 minutes, stirring at 

room temperature, no reaction could be observed. The temperature was then increased and the 

reaction was refluxed for an additional 30 minutes. The reaction performed poorly, with low 

conversion, forming only dialkylated by-product 42a.  
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2.3.2.2 Alkylaytions in DMSO 

 

A reaction in DMSO was then tested (Table 3, entry 21). The conditions from the best DMA-

reaction (Table 3, entry 16) were used, including the use of the syringe pump, but with a higher 

number of equivalents of geranyl bromide 31, as it was interesting to see how susceptible 3-

methylhypoxanthine (29b) was of dialkylation in DMSO. The reaction gave a good conversion to 

desired product 32a and hardly any by-products were formed. Obviously, no geranyl ammonium 

salt could be synthesized. Initially, concerns were raised regarding the high boiling point of 

DMSO and the implications this might have for purification of the product. While most of the 

DMSO was removed under reduced pressure, a small trace amount of DMSO was still present in 

the crude product. This only affected the purification of the by-products of the DMSO reactions, 

as they were less polar than the desired products (compound 32a, b and 10). This made the 

DMSO move them faster on silica gel when purification was attempted by flash chromatography, 

leading to overlap of compounds and unsuccessful isolations. The problem was attempted solved 

by flushing the flash chromatography column, loaded with the crude product, with hexanes. The 

idea was that this would arrest the by-products on the column, and a suitable eluent-system could 

then be employed as normal. The effectiveness of this, though, was not completely satisfactory. 

Whereas the by-products eventually were halted, they traveled too far on the silica gel, again 

leading to, with exceptions, insufficient separation of the by-products. As briefly touched upon 

earlier, extraction of the crude product with a less polar eluent-system has proven to be more 

effective in isolating by-products in DMSO reactions.
24

 The by-products (compounds 42a&b and 

49) and most impurities are separated from the desired product (32 a&b), and the two parts are 

purified by flash chromatography separately.  

After the first alkylation (Table 3, entry 21) in DMSO was purified and gave a high yield of 86 %, 

it was decided to attempt the same reaction at room temperature (Table 3, entry 23). Reducing the 

temperature seemed to have little effect on yield of isolated product 32a. The conversion of 

starting material 29b was calculated, based on integrals from the 
1
H-NMR spectrum of the crude 

products, to be slightly reduced. This was, however, considered to be within the margin of error, 

as there were problems with baseline separation between NMR-shifts of the starting material 29b 

and the desired product 32a, slightly affecting ratio-calculations. This affected experiments listed 

as entry 23-25, but not experiments described in entries 21 and 26 as their spectra were recorded 
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at a higher field (600 MHz) as opposed to the others (400 MHz). It must be clarified, that this 

problem was not initially realized, as the methyl shifts of the starting material and the product, 

the shifts used to calculate the ratio between them, often was more separated in the DMA-

reactions than in the DMSO-reactions. The reasons for this are unknown.  

A reaction at room temperature and with a reduced number of equivalents of geranyl bromide 31 

was attempted (Table 3, entry 24). The reaction was slightly slower, but this was countered with 

increased reaction time. The yield of the desired product was the same as the former reaction, but 

a small increase in dialkylated by-product 42a was also detected, this was attributed to the 

increased reaction time. Because these conditions did not seem to affect isolated yield, it was 

decided to use these conditions for the final alkylation using geranylgeranyl bromide 37 to make 

malonganenone J (10).  

Before this, one alkylation using benzyl bromide 41 was carried out (Table 3, entry 25). This 

reaction gave a high yield of 96 %, a definite improvement to the DMA-attempts and thus also 

the literature reaction.
18

 The only downside to this reaction, and the DMSO reactions in general 

were the low concentration used. From an economic perspective, running at such a low 

concentration as 0.021 M may not be the best. The use of a low concentration was adopted from 

the DMA-reactions, where a low concentration to a certain extent made it easier to control the 

formation of dialkylated by-product 42a&b. Given more time, the effect of an increased 

concentration in DMSO could have been examined.   

The final alkylation with malonganenone J (10) as targeted product, was performed with 

geranylgeranyl bromide 37 made from commercially available geranylgeraniol 36, as time would 

not permit for the longer synthesis from geranyllinalool 33. The reaction was run using the same 

conditions as for the last geranyl reaction (Table 3, entry 24). The reaction was somewhat slower 

than expected, and in the end did not give full conversion of the starting material 29b. On the 

other hand, no major by-product formed. Traces of what was assumed to be a dialkylated ring-

opened by-product were observed in the 
1
H-NMR spectrum of the crude product, but in the end, 

no by-products were isolated. The reaction resulted in a 68 % yield. The yield has since been 

optimized to 79 % by increasing the number of equivalents of geranylgeranyl bromide 37 from 

1.2 to 1.6.
24

 



3.0 Conclusion  

 

This project sought out to develop a synthesis for the natural product malonganenone J 10. In that, 

it succeeded. In the process of this, the synthesis of 3-methylhypoxanthine 29b from 

commercially available adenine, was carried out and used in an ensuing alkylation study. The 

study found a way of optimizing the selective N-7 alkylation of 3-methylhypoxanthine 29b using 

the geranyl terpenoid side chain. The results of this study allowed the synthesis of 

malonganenone J 10 to be performed. The method developed with geranyl was also proved to 

optimize the similar N-7 benzylation of 3-methylhypoxanthine 29b, previously reported in 

literature.
18

 A by-product (compound 43) synthesized in the alkylations also confirmed the 

findings of other groups,
25,26,28

 namely the unexpected formation of quaternary ammonium salts 

from alkyl halides and tertiary amides (DMA and DMF) in the presence of certain carbonates.  

 

 

  

 

 

 

 

 



4.0 Experimental 

 

The 
1
H-NMR spectra were recorded at 300 MHz using a Bruker DPX 300 instrument, at 

400MHz with a Bruker AVII 400 instrument or a Bruker AVIII HD 400 instrument, or at 600 

MHz using a Bruker AVI 600 instrument. The 
13

C-NMR spectra (decoupled) were recorded at 75 

MHz, 100 MHz and 150 MHz using the same instruments respectively. All coupling constants (J) 

are reported in Hertz.  MS spectra (EI) were recorded on a Waters (Micromass) Prospec Q 

instrument at 70 eV ionizing current and are presented in conventional units: m/z and % (relative 

integrals). Electrospray mass (ESI) spectra were recorded on a Waters (Micromass) QTOF II W 

spectrometer, HRMS-ESI was performed with the same instrument. Melting points were 

meassured with a Büchi melting point B-545 instrument, and are uncorrected.  

Dry DMF, THF and Et2O were collected from a MB SPS-800 solvent purification system. 2-

Methoxyethanol was dried with MgSO4 and distilled from sodium. DMA was stirred with, and 

distilled from, barium oxide. DMSO was stirred with MgSO4 under inert atmosphere (N2) over 

night, filtered, then stirred and distilled from CaH2 under reduced pressure. Hexanes were 

distilled before use. With the exception of hexanes, the solvents were stored over molecular 

sieves (pore size 4Å) and under inert atmosphere (N2). Tech. grade K2CO3 was crushed to a fine 

powder and dried in an oven (180 
o
C) under reduced pressure over night. The salt was stored at 

150 
o
C, and cooled in a desiccator before use. All other reagents and solvents were bought and 

used as obtained. 
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6-Amino-2-mercapto-1-methyl-5-nitrosopyrimidin-4(1H)-one (26). 

 

Sodium (82.6 mmol, 1.90 g) was reacted with dried ethanol (60 mL) to create a solution of 

approximately 1M EtONa in ethanol. Ethyl-2-cyano-2-(hydroxyimino)-acetate/Oxyma (24) (32.0 

mmol, 4.55 g) was then dissolved in the sodium ethoxide solution. Promptly after, a solution of 

N-methyl-thiurea (25) (31.9 mmol, 2.88 g) in 2-methoxyethanol (42 mL) was added to the 

mixture. Following this addition, the mixture was refluxed for 5.5 hours, followed by cooling and 

drop-wise adjustment of pH using 1M HCl, down to 2. At this pH, the product precipitated as a 

purple solid, which was filtered off and dried in an oven (100 
o
C) over night. The reaction yielded 

4.94 g (82 %) product. 

 
1
H NMR (DMSO-d6, 400 MHz): br s, 1H, NHbr s, 1H, NHbr s, 1H, -

SH3.65 (s, 3H, Me). 

 
13

C NMR (DMSO-d6, 100 MHz) 177.9 (C-4), 157.8 (C-6), 145.3 (C-2), 140.0 (C-5), 34.3 

(Me).  

MS EI m/z (rel. %) 186 (100, M
+
), 170 (16), 169 (41), 83 (6), 74 (12). 

M.p. 225 
o
C (decomp.) 
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5,6-Diamino-2-mercapto-1-methylpyrimidin-4(1H)-one (27). 

 

6-Amino-2-mercapto-1-methyl-5-nitrosopyrimidin-4(1H)-one (26) (26.5 mmol, 4.94 g) was 

suspended in boiling water (265 mL). Sodium-dithionite 85% (98.13 mmol, 20.10 g) was added 

to the suspension, and the mixture was left stirring at 100 
o
C for 1.5 hours. Product appeared as a 

yellow solid and was filtered off, and dried in an oven, yielding 3.73 g (81 %) product.  

1
H NMR (DMSO-d6, 400 MHz):  12.04 (br s, HS), 6.20 (s, 2H, NH2-4), 3.74 (s, 3H,Me), 3.44 (s, 

2H, NH2-5).  

M.p. 261-263 
o
C (decomp.). 

 

2-Mercapto-3,7-dimethyl-3,7-dihydro-6H-purin-6-one (28a). 

 

5,6-Diamino-2-mercapto-1-methylpyrimidin-4(1H)-one (27) (1.66 mmol, 286 mg) was dissolved 

in DMF (3.7 mL). Trimethoxymethane (24.6 mmol, 2.70 mL) was then added and the mixture 

was refluxed for 5 days (temperature was alternated between 155 
o
C during day, and 145 

o
C 

during night). After the 5th day, the reaction mixture was concentrated by boiling and filtered off. 

The crude was purified by recrystallization from water. The product appeared as a dark-yellow 

solid (12 mg, 3 %).
  

1
H NMR (DMSO-d6, 300 MHz)  12.42 (br s, 1H, HS), 8.11 (s, 1H, H-8), 3.88 (s, 3H, Me-7), 

3.74 (s, 3H, Me-3).  
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13
C NMR (DMSO-d6 , 75 MHz)  174.7 (C-2), 153.7 (C-6), 150.4 (C-4), 144.2 (C-8), 111.6 (C-

5), 35.5 (Me-3), 34.1 (Me-7).  

MS EI m/z (rel. %) 196 (100 M
+
), 109 (24), 138 (16), 109 (25), 82 (11).   

M.p. 293
 o
C (decomp.). 

 

2-Mercapto-3-methyl-3,7-dihydro-6H-purin-6-one (28b). 

 

5,6-Diamino-2-mercapto-1-methylpyrimidin-4(1H)-one (27) (21.6 mmol, 3.73 g) was dissolved 

in DMF (48 mL). Trimethoxymethane (328 mmol, 36.0 mL) was then added and the mixture was 

refluxed at 155 
o
C for 2 hours. After reflux, the mixture was concentrated in vacuo. Purification 

by recrystallization from water,
 
gave the product as an orange solid (3.05 g, 77 %).  

1
H NMR (DMSO-d6, 400 MHz)  13.83 (br s, 1H, SH), 12.45 (s, 1H, NH), 8.17 (s, 1H, H-8), 

3.79 (s, 3H, Me).   

13
C NMR (DMSO-d6 , 100 MHz)  173.8 (C-2), 152.7 (C-6), 149.7 (C-4), 141.4 (C-8), 110.7 (C-

5), 35.0 (Me). 

M.p. 367-370
 o
C (decomp.). 
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3-Methyl-3,7-dihydro-6H-purin-6-one  (29a). 

 

 2-Mercapto-3-methyl-3,7-dihydro-6H-purin-6-one (28b) (16.3 mmol, 2.97 g)  was dissolved in 1 

M NaOH aq. (50 mL). Raney Nickel
†
 50 % (14.0 g) was placed in a round bottom flask and 

washed with 2-methoxyethanol (3 x 50 mL) and water (50 mL). The Raney Nickel was then 

suspended in minimal water (ca. 40 mL) and the solution of 28b was added to the flask. The 

mixture was left stirring at 80 
o
C for 3 hours. After this, the mixture cooled and then filtered 

through a pad of celite, which also had been washed with 2-methoxyethanol and water, while 

inert atmosphere (N2) was blown through a funnel and down over the celite. The filtrate was 

concentrated in vacuo, giving a yellow solid. The product was partially purified by suspension in 

isopropanol, followed by concentration in vacuo and finally decantation and filtration. The 

filtered solid was washed with acetone and dry ether. The partial purification by suspension was 

then repeated with acetonitrile instead of isopropanol. The product was isolated together with 

starting material 28b, as yellow solid, in an 83:17 ratio (1.15 g). 
1
H NMR (DMSO-d6, 400 MHz) 

 7.86 (s, 1H, H-2), 7.32 (s, 1H, H-8), 3.66 (s, 1H, Me).  

MS ESI: 151.1 [M+H]
+
. 

 

 

 

 

                                                           
†
 Raney Nickel should never come in contact with air, as it can self-ignite.Thus it should always be kept suspended 

or under inert atmosphere. Celite and Raney Nickel and every tool used in contact with Raney Nickel were treated 

with 1 M HCl. 
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 (E)-1-Bromo-3,7-dimethylocta-2,6-diene (31). 

 

Dry Et2O (24 mL) was added to a round bottom flask that was covered entirely by aluminum foil 

and cooled to 0 
o
C. Once cooled, geraniol (30) (4.0 mmol, 0.69 mL) was added to the solvent, 

and the solution was stirred under inert atmosphere for two minutes. Using a Hamilton syringe, 

PBr3 (2.0 mmol, 0.19 mL) was added drop wise to the solution and the mixture was stirred at 0 

o
C for 3 hours. After stirring, the mixture was diluted with Et2O and washed with a saturated 

solution of NaHCO3 in water (3 x 50 mL). The aqueous phase was extracted with Et2O (200 mL) 

and the organic phases were combined and dried with MgSO4, filtered and evaporated in vacuo. 

The product appeared as a yellow oil (706 mg, 81 %). 

1
H NMR (CDCl3, 400 MHz)  5.56-5.50 (tq, J 8.45 and 1.23 Hz, 1H, H-2), 5.09-5.05 (m, 1H, H-

6), 4.03-4.01 (d, J 8.43 Hz, 2H, CH2-1), 2.13-2.04 (m, 4H, 2x CH2-4, 5), 1.73 (d, J 1.25 Hz 3H, 

Me-3), 1.68 (s, 3H, Me-7), 1.60 (s, 3H, Me-8). 
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(E)-7-(3,7-Dimethylocta-2,6-dien-1-yl)-3-methyl-3,7-dihydro-6H-purin-6-one (32a). 

 

Here, three different approaches for the synthesis of compound 32a are presented. The first is an 

approach for the DMA reactions, the second is the Mitsunobu reaction, and last the recommended 

reaction in DMSO 

 

Substitution approach in DMA: 

Dry 3-methyl-3,7-dihydro-6H-purin-6-one (29b) (0.37 mmol, 55 mg) and potassium carbonate 

(0.55 mmol, 76 mg) were suspended in dry DMA (12 mL) and stirred at 110 
o
C for one hour 

under inert atmosphere (N2). After one hour, the mixture was cooled to room temperature, 

meanwhile geranyl bromide (31) (0.37 mmol, 80 mg) was dissolved in DMA (5 mL) and placed 

into a 5 mL Hamilton syringe. A syringe pump was then set up, the syringe mounted and the 

solution of alkylating agent was added to the reaction mixture at a rate of 60 mL/h for 5 minutes 

while stirring at 90 
O
C. After addition was completed, the mixture was stirred for 15 min at 90 

O
C, 

then cooled, filtered and evaporated in vacuo. Purification by flash chromatography on silica gel 

EtOAc:CHCl3 (9:1) followed by EtOAc:MeOH (9:1). The product was isolated as a yellow wax 

(97 mg, 86 %).  

1
H NMR (DMSO-d6, 400 MHz)  8.25 (s, 1H, H-2), 8.16 (s, 1H, H-8), 5.42 (tq, J 7.2, 1.3 Hz, 1H, 

H-11), 5.02 (m, 1H, H-15), 4.99-4.97 (d, J 7.2 Hz, 2H, CH2-10 ), 3.73 (s, 3H, Me-3), 2.03-1.98 

(m, 4H, 2 x CH2-13,14 ), 1.76 (d, J 1.3 Hz, 3H, Me-12), 1.58 (s, 3H, Me-16), 1.51 (s, 3H, Me-17). 

13
C NMR (DMSO-d6, 100 MHz)  162.0 (C-6), 148.3 (C-2), 146.9 (C-4), 141.3 (C-8), 140.4 (C-

12), 130.9 (C-16), 123.6 (C-15), 119.6 (C-11), 113.8 (C-5), 43.4 (C-10), 38.8 (C-13), 34.2 (Me-3), 

25.7 (C-14), 25.4 (C-16), 17.5 (Me-17), 16.1 (Me-12).  

MS EI m/z (rel. %) 286 (27 M
+
), 218 (57), 217 (52), 151 (100), 150 (42), 123 (10).  
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MS ESI m/z 309.2 [M+Na]
+

. 

HRMS calc. for C16H22N4NaO 309.1686, measured 309.1686.  

M.p. 151-155 
o
C. 

 

In the DMA reactions, various by-products were also produced. Fully structure elucidated by-

products are displayed here:  

 

N,1-bis((E)-3,7-dimethylocta-2,6-dien-1-yl)-4-(N-methylformamido)-1H-imidazole-5-

carboxamide (42a) 

 

The by-product was isolated in various yields, peaking at 15 mg (<10 %) as a yellow wax.  

1
H NMR (DMSO-d6, 400 MHz)  8.26 (t, J 5.6 Hz, 1H, NH), 8.18 (s, 1H, H-2), 7.68 (s, 1H, H-8), 

5.23 (t, J 6.8 Hz, 1H, H-11), 5.12 (t, J 6.3 Hz, 1H, H-19), 5.07-5.04 (2x t, 2H, H-15, 23), 4.73-

4.71 (d, J 7.0 Hz, 2H, CH2-10), 3.78 (t, J 6.1 Hz 2H, H-18), 3.07 (s, 3H, Me-3), 2.03 (m, 4H, 

CH2-14, 22), 1.96 (m, 4H, CH2-13, 21), 1.69 (s, 3H, Me-12), 1.64 (s, 9H, Me- 17, 20, 25), 1.56 (s, 

3H, Me-16 or Me-24), 1.54 (s, 3H, Me-16 or Me-24). 

13
C NMR (DMSO-d6, 150 MHz)  162.2 (C-2), 159.2 (C-6), 140.2 (C-4), 140.16 (C-12), 137.3 

(C-20), 136.4 (C-8), 131.1 (C-16), 130.9 (C-24), 123.9 (C-15), 123.7 (C-23), 120.9 (C-19), 119.4 

(C-11), 116.9 (C-5), 43.8 (C-10), 39.0 (C-13), 38.9 (C-21), 36.7 (C-18), 31.3 (Me-3), 25.9 (C-14), 

25.8 (C-22), 25.5 (C-17, 25), 17.5 (C-16, 24), 16.1 (C-12, 20). 

MS EI m/z (rel. %) 440 (M
+
 44), 412 (5), 371 (11), 288 (24), 218 (61), 152 (65), 151 (62), 69 

(100). 
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(E)-N-((E)-3,7-dimethylocta-2,6-dien-1-yl)-N,N,3,7-tetramethylocta-2,6-dien-1-aminium 

bromide (43a) 

 

The by-product was present in virtually all the DMA reactions. Despite decomposition on silica 

gel, some was isolated after chromatography as a waxy material (16 mg, 5 %). 

1
H NMR (DMSO-d6, 400 MHz)  5.37 (t, J 7.7 Hz, 2H, 2x H-3), 5.07 (m, 2H, 2x H-7), 3.86-3.84 

(d, J 7.9 Hz, 4H, 2x CH2-2), 2.85 (s, 6H, 2x Me-1), 2.14 (s, 8H, 4x CH2-5, 6), 1.75 (s, 6H, 2x Me-

4), 1.64 (s, 6H, 2x Me-8), 1.58 (s, 6H, 2x Me-8).
  

13
C NMR (DMSO-d6, 100 MHz)  149.0 (2 x C-4), 131.3 (2 x C-8), 123.7 (2 x C-7), 111.8 (2 x 

C-3), 59.9 (2 x C-2), 47.9 (2 x Me-1), 39.2 (2 x C-5), 25.6 (2 x C-6), 25.4 (2 x Me-8), 17.6 (2 x 

Me-8), 16.6 (2 x Me-4).  

MS ESI m/z 318.3 [M]
+
. 

HRMS calc. for C22H40N 318.3155, measured 318.3154. 
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(E)-N-(3,7-dimethylocta-2,6-dien-1-yl)-4-(N-methylformamido)-1H-imidazole-5-

carboxamide (49) 

 

The by-product was isolated in some of the later alkylations (10 mg, 12 %). 

1
H NMR (DMSO-d6, 400 MHz)  12.75 (bs, 1H, H-7), 8.23 (s, 1H, H-2), 7.88 (t, J 5.5 Hz, 1H, 

H-1), 7.71 (s, 1H, H-8), 5.19 (tq, J 6.8, 1.1 Hz 1H, H-11), 5.07 (m, 1H, H-15 ), 3.80 (t, J 6.0 Hz, 

2H, CH2-10), 3.10 (s, 3H, Me-3), 2.04 (m, 2H, CH2-14), 1.98 (m, 2H, CH2-13), 1.65 (s, 3H, Me-

12), 1.63 (s, 3H, Me-17), 1.56 (s, 3H, Me-16).  

13
C NMR (DMSO-d6, 150 MHz)  163.4 (C-6), 163.0 (C-2), 137.3 (C-12), 134.1 (C-8), 130.9 

(C-16, 4), 123.9 (C-15, 5), 121.2 (C-11), 39.0 (C-13), 36.4 (C-10), 31.5 (Me-3), 25.9 (C-14), 25.5 

(Me-17), 17.6 (Me-16), 16.1 (Me-12). 

MS ESI m/z 327.2 [M+Na]
+

. 

Mitsunobu approach: 

3-Methyl-3,7-dihydro-6H-purin-6-one (29a) (0.992 mmol, 150 mg) was added to a solution of  

geraniol (30) (1.05 mmol, 182 µL) and PPh3 (1.05 mmol, 275 mg) in  dry THF (10 mL) under 

inert gas (N2). The suspension was stirred for a couple of minutes and then added diisopropyl 

azodicarboxylate (DIAD) (1.05 mmol, 210 µL). The mixture was then stirred at 70 
o
C for 7 hours 

before cooling and more geraniol (30) (182 µL, 1.05 mmol), PPh3 (1.05 mmol, 275 mg) and 

DIAD (1.05 mmol, 210 µL) were added. The mixture was then stirred for another 7 hours at the 

same temperature, cooled and treated with brine (10 mL), followed by extraction with CH2Cl2 (3 

× 75 mL). The organic phases were combined and washed with water (50 mL), dried with 

MgSO4 and evaporated in vacuo. Purification by flash chromatography on silica gel, 

EtOAc:Hexane (2:1), followed by EtOAc:MeOH (9:1) gave impure product as a light yellow wax 

(9.8 mg, <3 %). 
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Substitution approach in DMSO, recommended method: 

Dry 3-methyl-hypoxanthine (29b) (0.59 mmol, 89 mg) together with anhydrous potassium 

carbonate (0.59 mmol, 82 mg) were placed under an inert atmosphere (N2). Dry DMSO (23 mL) 

was subsequently added via syringe and the resulting solution was stirred at ambient temperature 

for 1 hour. Geranyl bromide (31) (0.714 mmol, 155 mg) was placed under inert atmosphere (N2) 

and subsequently dissolved in dry DMSO (5 mL). The bromide solution was transferred to a 5 

mL Hamilton syringe, and then added to the stirring solution over a period of 5 minutes using a 

syringe pump (rate 60 mL/h). The reaction mixture was stirred for 2 hours and 35 minutes at 

ambient temperature. Upon completion, the mixture was filtered (to remove the insoluble 

inorganic salt), and the filtrate was concentrated in vacuo. Purification by flash chromatography 

on silica gel, using eluent EtOAc:MeOH (9:1) Rf 0.10, gave the the impure product as a yellow 

wax. After cooling to 5 
o
C, the wax, resting in a 50 mL round bottom flask, was suspended under 

distilled hexanes (50 mL) and stirred moderately for 2 hours and left still for another hour. After 

this, most of the hexanes were removed carefully by decantation by pipette, leaving a small 

volume, so as not to remove the fine particles of product condensed at the bottom. The remaining 

hexanes were removed by concentration in vacuo, leaving the product as a colorless solid (148 

mg, 87%). Data for the main product 32a is listed above, at the end of the procedure for the 

DMA-reactions. Both by-product 42a and 49 were formed in this reaction. Compound 42a was 

not fully purified, but compound 49 was isolated (10 mg, 5 %). Data for these by-products are 

listed above, among the by-products isolated in the DMA reaction.  
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3-Methyl-3H-purin-6-amine (40) 

 

Adenine (59.0 mmol, 8.00 g) was dissolved in DMA (50 mL). Methyl-p-toluenesulfonate (192 

mmol, 26.0 mL) was added to the solution and the mixture was stirred at 100 
o
C for two hours 

under inert atmosphere (N2). After this, the reaction mixture was evaporated in vacuo. A dense, 

yellow syrup remained. This was suspended/stirred in DCM (150 mL) until the viscosity had 

been reduced so that the entire suspension could be transferred via a glass funnel onto a column. 

The crude product was plugged on a flash chromatography column (column 5 cm in diameter, 

loaded with 100 g silica gel) using DCM followed by DCM:MeOH (6:1). All fractions containing 

spots on TLC with Rf 0.2 (regardless of overlap) were collected, combined and evaporated in 

vacuo. A colorless solid remained. This was recrystallized twice from EtOH to obtain the tosylate 

salt of the product. Finally, the salt was recrystallized from a saturated aqueous solution of 

ammonia, which gave the product as a white solid. This was dried in vacuo over night yielding 

(1.85 g, 21 %).  

1
H NMR (DMSO-d6, 400 MHz): δ 8.29 (s, 1H, H-2), 7.80 (br s, 2H, NH2), 7.75 (s, 1H, H-8), 

3.89 (s, 3H, Me). 

 13
C NMR (DMSO-d6, 100 MHz) δ 154.9 (C-6), 152.4 (C-8), 150.3 (C-4), 143.6 (C-2), 120.3 (C-

5), 34.7 (Me).  

MS ESI m/z 150.1 [M+H]
+
. 

HRMS calc. for C6H8N5 150.0774, measured 150.0771. 

M.p. 300-303 
o
C (lit.

29
 302-305

 o
C). 
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3-methyl-3,7-dihydro-6H-purin-6-one (29b) 

 

A solution of 3-methyl-3H-purin-6-amine (40) (1.85 g, 12.4 mmol) in HCl (aq.) (0.8 M, 221 mL) 

was prepared and heated to 50 
O
C. Sodium nitrite was dissolved in water (120 mmol, 8.30 g to 

175 mL H2O) to make a 0.69 M solution. 37.0 mL was then added to the primary solution and the 

mixture was stirred at 52 
O
C for one hour under inert atmosphere (N2), before more NaNO2 (aq.) 

was added (37.0 mL). This was repeated two additional times with one hour in between each 

addition, but for the last addition, only half the volume of NaNO2 (aq.) solution was added (18.5 

mL). Following the last addition of NaNO2 (aq.), the reaction was left for another 3.5 hours. After 

the total of 6.5 hours, the reaction mixture was evaporated in vacuo. The residual solid was 

dissolved in minimal hot H2O (20 mL) and the pH was adjusted to 8 with 10 %wt NaOH. The 

solution was cooled to 0 
o
C until product precipitated. Finally, product was filtered off and 

washed with cold H2O (35 mL) giving a light yellow solid. This was dried in vacuo (r.t.) over 

night. The product was recrystallized from a 1:1 mixture of EtOH and H2O, filtered off, washed 

with dry Et2O and dried in vacuo (48 h), giving the product as colorless needles (894 mg, 48 %). 

 
1
H NMR (DMSO-d6, 400 MHz): δ 13.53 (br s, 1H, NH-7), 8.27 (s, 1H, H-2), 8.17 (s, 1H, H-8), 

3.77 (s, 3H, Me). 

 13
C NMR (DMSO-d6, 100 MHz) δ 161.9 (C-6), 148.2 (C-2), 146.8 (C-4), 140.2 (C-8), 114.6 (C-

5), 34.5 (Me-3).   

MS ESI m/z 173.0 [M+Na]
+
. 

HRMS calc. for C6H6N4NaO 173.0434, measured 173.0432. 

M.p. 321 
o
C (decomp.). 
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(E)-N-((E)-3,7-Dimethylocta-2,6-dien-1-yl)-N,N,3,7-tetramethylocta-2,6-dien-1-aminium 

bromide (43a). 

 

Dimethylacetamide (5 mL) and potassium carbonate (184 mg, 1.33 mmol) was stirred under inert 

atmosphere (N2) at 110 
o
C for 1 hour. Geranyl bromide (352 mg, 1.62 mmol) was dissolved in 

dimethylacetamide (0.3 mL) and added to the stirring solution. The resulting mixture was stirred 

at 110 
o
C for 1 hour. Upon completion, the mixture was cooled on ice and filtered to remove 

inorganic solids. The filtrate was concentrated in vacuo giving the product as a waxy material 

(70.4 mg, 22 %).  

Data for this molecule is reported above, under byproducts for the DMA reactions 

 

7-Benzyl-3-methyl-3,7-dihydro-6H-purin-6-one (32b) 

 

Dry 3-methyl-hypoxanthine (29b) (0.59 mmol, 89 mg) together with anhydrous potassium 

carbonate (0.59 mmol, 82 mg) were placed under an inert atmosphere (N2). Dry DMSO (23 mL) 

was subsequently added via syringe and the resulting solution was stirred at ambient temperature 

for 1 hour. Benzyl bromide (0.713 mmol, 122 g, 84.0 µL) was placed under inert atmosphere (N2) 

and subsequently dissolved in dry DMSO (5 mL). The bromide solution was transferred to a 5 

mL Hamilton syringe, and then added to the stirring solution over a period of 5 minutes using a 

syringe pump (rate 60 mL/h). The reaction mixture was stirred for 1.5 hours at ambient 

temperature. Upon completion, the mixture was filtered to remove the insoluble inorganic salt, 
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and the filtrate was concentrated in vacuo. Purification by flash chromatography on silica gel, 

using eluent EtOAc:MeOH (9:1) Rf 0.11, giving the impure product as a light yellow solid. The 

solid, resting in a 50 round bottom flask, was suspended under distilled hexanes (50 mL), stirred 

moderately for 2 hours, and left still for another hour. After this, most of the hexanes were 

removed carefully by decantation by pipette, leaving a small volume, so as not to remove the fine 

particles of product condensed at the bottom. The remaining hexanes were removed by 

concentration in vacuo. The suspension procedure was repeated with dry diethyl ether, giving the 

product as a colorless solid (137 mg, 96 %).  

1
H NMR (DMSO-d6, 400 MHz)  8.40 (s, 1H, H-8), 8.27 (s, 1H, H-2), 7.38-7.28 (m, 5H, Ph), 

5.59 (s, 2H, CH2-10), 3.73 (s, 3H, Me-3).  

13
C NMR (DMSO-d6, 100 MHz)  162.1 (C-6), 148.5 (C-2), 147.1 (C-4), 142.0 (C-8), 137.4 (C-

11), 128.6 (2 x C-13), 127.8 (C-14), 127.7 (2 x C-12), 113.7 (C-5), 48.6 (C-10), 34.2 (Me-3). 

MS ESI m/z 263.1 [M+Na]
+
. 

HRMS calc. for C13H12N4NaO 263.0903, measured 263.0903. 

M.p. 201-205 
o
C (lit.

18
 211-212). 

 

(2E,6E,10E)-1-Bromo-3,7,11,15-tetramethylhexadeca-2,6,10,14-tetraene (37). 

 

Dry Et2O (5.0 mL) was added to a round bottom flask that was covered entirely by aluminum foil 

and cooled to 0 
o
C. Once cooled, geranylgeraniol (36) (0.815 mmol, 237 mg) was added to the 

solvent, and the solution was stirred under inert atmosphere for two minutes. Using a Hamilton 

syringe, PBr3 (0.4 mmol, 0.04 mL) was added drop wise to the solution and the mixture was 

stirred at 0 
o
C for 3 hours. After stirring, the mixture was diluted with Et2O (25 mL) and washed 

with a saturated solution of NaHCO3 in water (3x 10 mL). The aqueous phase was extracted with 

Et2O (100 mL) and the organic phases were combined and dried with MgSO4, filtered and 

evaporated in vacuo. The product appeared as a yellow oil (216 mg, 75 %). 
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1
H NMR (CDCl3, 400 MHz)  5.53 (t, J 8.5 Hz, 1H, H-2), 5.10-5.09 (m, 3H, H-6, 10, 14), 4.04-

4.02 (d, J 8.4 Hz, 2H, H-1), 2.09-1.99 (m, 12H, CH2-4, 5, 8, 9, 12, 13), 1.73 (s, 3H, Me-3), 1.68 

(s, 3H, Me-16), 1.60 (s, 9H, Me-7, 11, 15). 

 

3-Methyl-7-((2E,6E,10E)-3,7,11,15-tetramethylhexadeca-2,6,10,14-tetraen-1-yl)-3,7-

dihydro-6H-purin-6-one/Malonganenone J (10) 

 

Dry 3-methyl-hypoxanthine (29b) (0.42 mmol, 63 mg) together with anhydrous potassium 

carbonate (0.42 mmol, 58 mg) were placed under an inert atmosphere (N2). Dry DMSO (15 mL) 

was subsequently added via syringe and the resulting solution was stirred at ambient temperature 

for 1 hour. Geranylgeranyl bromide (37) (0.504 mmol, 178 mg) was placed under inert 

atmosphere (N2) and subsequently dissolved in dry DMSO (5.0 mL). The bromide solution was 

transferred to a 5.0 mL Hamilton syringe, and then added to the stirring solution over a period of 

5 minutes using a syringe pump (rate 60 mL/h). The reaction mixture was stirred for 3 hours at 

ambient temperature. Upon completion, the mixture was filtered to remove the insoluble 

inorganic salt, and the filtrate was concentrated in vacuo. Purification by flash chromatography 

on silica gel, using hexanes and a gradient of eluent EtOAc:MeOH (95:590:10) Rf 0.10 (in 

90:10), gave the product + an impurity as a yellow wax. After cooling to 5 
o
C, the wax, resting in 

a 50 mL round bottom flask, was suspended under distilled hexanes (50 mL) and stirred 

moderately for 2 hours and left still for another hour. After this, most of the hexanes were 

removed carefully by decantation by pipette, leaving a small volume, so as not to remove the fine 

particles of product condensed at the bottom. The remaining hexanes were removed by 

concentration in vacuo, leaving the product as a colorless solid (120 mg, 68 %).  

1
H NMR (DMSO-d6, 400 MHz)  8.25 (s, 1H, H-2), 8.16 (s, 1H, H-8), 5.42 (t, J 6.9 Hz, 1H, H-

11), 5.02 (m, 3H, H-15, 19, 23), 4.99-4.97 (d, J 7.2 Hz, 2H, CH2-10), 3.72 (s, 3H, Me-3), 2.05-
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1.86 (m, 12H, CH2-13, 14, 17, 18, 21, 22), 1.77 (s, 3H, Me-12), 1.62 (s, 3H, Me-25), 1.53 (s, 3H, 

Me-16 or 20 or 24), 1.52 (s, 3H, Me-16 or 20 or 24), 1.51 (s, 3H, Me-16 or 20 or 24). 

13
C NMR (DMSO-d6, 150 MHz)  162.0 (C-6), 148.3 (C-2), 146.9 (C-5), 141.4 (C-8), 140.3 (C-

12), 134.7 (C-16), 134.3 (C-20), 130.6 (C-24), 124.1 (C-15), 123.8 (C-19), 123.5 (C-23), 119.7 

(C-11), 113.8 (C-5), 43.4 (C-10), 40.1 (C-13 or C-17 or C-21), 39.2 (C-13 or C-17 or C-21), 38.8 

(C-13 or C-17 or C-21), 34.3 (Me-3), 26.2 (C-14 or C-18 or C-22), 25.9 (C-14 or C-18 or C-22), 

25.6 (C-14 or C-18 or C-22), 25.5 (Me-25), 17.5 (Me-16 or Me-20 or Me-24), 16.2 (Me-12), 15.8 

(Me-16 or Me-20 or Me-24), 15.7 (Me-16 or Me-20 or Me-24). 

MS ESI m/z 445.3 [M+Na]
+
. 

HRMS calc. for C26H38N4NaO 445.2938, measured 445.2937. 

M.p. 119-122 
o
C. 

 

 

 

 

 

 

 

 



5.0 References 
 

 (1) Gundersen, L.-L. Phytochem.Rev. 2013, 12, 467. 
(2) Keyzers, R. A.; Gray, C. A.; Schleyer, M. H.; Whibley, C. E.; Hendricks, D. T.; Davies-

Coleman, M. T. Tetrahedron 2006, 62, 2200. 
(3) Sorek, H.; Rudi, A.; Benayahu, Y.; Ben-Califa, N.; Neumann, D.; Kashman, Y. J. Nat.Prod. 

2007, 70, 1104. 
 (4) Sun, Z.-H.; Cai, Y.-H.; Fan, C.-Q.; Tang, G.-H.; Luo, H.-B.; Yin, S. Mar. Drugs 2014, 12, 672. 
 (5) Zhang, J. R.; Li, P. L.; Tang, X. L.; Qi, X.; Li, G. Q. Chem. Biodivers. 2012, 9, 2218. 

(6) Cockburn, I. L.; Pesce, E.-R.; Pryzborski, J. M.; Davies-Coleman, M. T.; Clark, P. G. K.; 
Keyzers, R. A.; Stephens, L. L.; Blatch, G. L. Biol. Chem. 2011, 392, 431. 

 (7) Montaser, R.; Luesch, H. Future Med.Chem. 2011, 3, 1475. 
(8) Cairns, S. D.; Calder; Brinckmann-Voss, A.; Castro, C. B.; Fautin, D. G.; Pugh, P. R.; Mills, C. 

E.; Jaap, W. C.; Arai, M. N.; Haddock, S. H. D.; Opresko, D. M. Common and Scientific 
Names of Aquatic Invertebrates from the United States and Canada: Cnidaria and 
Ctenophora Second Edition, 2002, 2002. 

 (9) Integrated Taxonomic Information System on-line database Retrieved [05. 03. 2015]. 
(10) van Ofwegen, L. Retrived [05.03.2015], from Register of Marine Species  

http://www.marinespecies.org/aphia.php?p=taxdetails&id=1366World 2014. 
 (11) Gordaliza, M.; Baraldi, P. G. Curr. Med. Chem. 2013, 20, 2798. 
 (12) Perlmann, P.; Troye-Blomberg, M. Folia. Biol. 2000, 46, 210. 
 (13) Ohba, M.; Kawase, N.; Fujii, T. J.Am. Chem. Soc. 1996, 118, 8250. 

(14) Wright, A. E.; Roth, G. P.; Hoffman, J. K.; Divlianska, D. B.; Pechter, D.; Sennett, S. H.; 
Guzmán, E. A.; Linley, P.; McCarthy, P. J.; Pitts, T. P.; Pomponi, S. A.; Reed, J. K. J. Nat. 
Prod. 2009, 72, 1178. 

(15) Vik, A.; Hedner, E.; Charnock, C.; Tangen, L. W.; Samuelsen, O.; Larsson, R.; Bohlin, L.; 
Gundersen, L.-L. Bioorg. Med.Chem. 2007, 15, 4016. 

 (16) Itaya, T.; Matsumoto, H. Chem.Pharm.Bull. 1985, 33, 2213. 
(17) Bakkestuen, A.; Gundersen, L.; Petersen, D.; Utenova, B.; Vik, A. Org. Biomol. Chem. 2005, 

3, 1025. 
(18) Fujii, T.; Saito, T.; Inoue, I.; Kumazawa, Y.; Tamura, K. Chem.Pharm.Bull. 1988, 36, 107. 

 (19) Dickinson, R.; Jacobsen, N. Au. J. Chem. 1975, 28, 2741. 
 (20) Taylor, E.; Cheng, C. J. Org. Chem. 1960, 25, 148. 

(21) Richter, E.; Loeffler, J. E.; Taylor, E. C. J. Am.Chem.Soc. 1960, 82, 3144. 
 (22) Bergmann, F.; Lichtenberg, D.; Neiman, Z.; Israel Acad. Sci. Hum. 1970, p 314. 
 (23) Neochoritis, C. G.; Stotani, S.; Mishra, B.; Dömling, A. Org. Lett. 2015, 17, 2002. 
 (24) Chamgordani, E. J., Personal communication, May 2016. 

(25) Ropponen, J.; Lahtinen, M.; Busi, S.; Nissinen, M.; Kolehmainen, E.; Rissanen, K. New J. 
Chem. 2004, 28, 1426. 

(26) Busi, S.; Lahtinen, M.; Ropponen, J.; Valkonen, J.; Rissanen, K. J. Solid State Chem. 2004, 
177, 3757. 

 (27) Kärnä, M.; Lahtinen, M.; Valkonen, J. J.Mol.Struct. 2009, 922, 64. 
 (28) Rissanen, K., Personal communication, May 2016. 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=1366World


P a g e  | 71 

 

(29) Stoller, C.; Braekman, J. C.; Daloze, D.; Vandevyver, G. Journal of Natural Products 1988, 
51, 383. 

 

 

 

 

 



6.0 Appendix 

Spectra 

 

 

 

 

 

 

 

 

Spectrum 6 
1
H-NMR (DMSO-d6, 400 MHz) Spectrum of 6-amino-2-mercapto-1-methyl-5-

nitrosopyrimidin-4(1H)-one (26) 
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Spectrum 7 
13

C-NMR (DMSO-d6, 100 MHz) Spectrum of 6-amino-2-mercapto-1-methyl-5-

nitrosopyrimidin-4(1H)-one (26) 

Spectrum 8 
1
H-

13
C-HMBC (DMSO-d6, 400 MHz) Spectrum of 6-amino-2-mercapto-1-methyl-5-

nitrosopyrimidin-4(1H)-one (26) 
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Spectrum 10 
1
H-NMR (DMSO-d6, 400 MHz) Spectrum of 5,6-diamino-2-mercapto-1-methylpyrimidin-

4(1H)-one (27) 

Spectrum 9 
1
H-

15
N-HSQC (DMSO-d6, 400 MHz) Spectrum of 6-amino-2-mercapto-1-methyl-5-

nitrosopyrimidin-4(1H)-one (26) 
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Spectrum 11 
1
H-NMR (DMSO-d6, 300 MHz) Spectrum of 2-mercapto-3,7-dimethyl-3,7-dihydro-6H-purin-6-

one (28a) 

Spectrum 12 
13

C-NMR (DMSO-d6, 75 MHz) Spectrum of 2-mercapto-3,7-dimethyl-3,7-dihydro-6H-purin-

6-one (28a) 
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Spectrum 13 
1
H-

13
C-HMBC (DMSO-d6, 600 MHz) Spectrum of 2-mercapto-3,7-dimethyl-3,7-dihydro-6H-

purin-6-one (28a) 

Spectrum 14 
1
H-NMR (DMSO-d6, 400 MHz) spectrum of 2-mercapto-3-methyl-3,7-dihydro-6H-purin-6-

one (28b) 
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Spectrum 15 
1
H-NMR (DMSO-d6, 400 MHz) spectrum of sodium 3-methyl-6-oxo-6,7,8,9-tetrahydro-3H-

purin-8-ide (29a) contaminated with starting material 28b. 

 

Spectrum 16 
1
H-NMR (DMSO-d6, 400 MHz) Spectrum of 3-methyl-3H-purin-6-amine (40)  
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Spectrum 17 
13

C-NMR (DMSO-d6, 100 MHz) Spectrum of 3-methyl-3H-purin-6-amine (40)  

Spectrum 18 
1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of 3-methyl-3H-purin-6-amine (40)  
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Spectrum 20 
1
H-NMR (DMSO-d6, 400 MHz) Spectrum of 3-methyl-3,7-dihydro-6H-purin-6-one (29b)  

 

Spectrum 19 
1
H-

13
C-HMBC (DMSO-d6, 400 MHz) Spectrum of 3-methyl-3H-purin-6-amine (40)  
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Spectrum 21 
13

C-NMR (DMSO-d6, 100 MHz) Spectrum of 3-methyl-3,7-dihydro-6H-purin-6-one (29b) 

Spectrum 22 
1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of 3-methyl-3,7-dihydro-6H-purin-6-one (29b) 
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Spectrum 23 
1
H-

13
C-HMBC (DMSO-d6, 400 MHz) Spectrum of 3-methyl-3,7-dihydro-6H-purin-6-one 

(29b) 

 

Spectrum 24 
1
H-

15
N-HSQC (DMSO-d6, 400 MHz) Spectrum of 3-methyl-3,7-dihydro-6H-purin-6-one 

(29b) 
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Spectrum 25 
1
H-NMR (CDCl3, 400 MHz) Spectrum of (E)-1-bromo-3,7-dimethylocta-2,6-diene (31). 

Spectrum 26 
1
H-NMR (DMSO-d6, 400 MHz) Spectrum of (E)-7-(3,7-Dimethylocta-2,6-dien-1-yl)-3-methyl-3,7-

dihydro-6H-purin-6-one (32a) 
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Spectrum 28 

1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of (E)-7-(3,7-Dimethylocta-2,6-dien-1-yl)-3-

methyl-3,7-dihydro-6H-purin-6-one (32a) 

 

Spectrum 27 
 13

C NMR (DMSO-d6, 100 MHz) Spectrum of (E)-7-(3,7-Dimethylocta-2,6-dien-1-yl)-3-methyl-3,7-

dihydro-6H-purin-6-one (32a) 

purin-6-one (compound 32a) 



P a g e  | 84 

 

 

Spectrum 29 
1
H-

13
C-HMBC (DMSO-d6, 400 MHz) Spectrum of (E)-7-(3,7-Dimethylocta-2,6-dien-1-yl)-3-

methyl-3,7-dihydro-6H-purin-6-one (32a) 

 

Spectrum 30 
1
H-NMR (DMSO-d6, 400 MHz) Spectrum of N,1-bis((E)-3,7-dimethylocta-2,6-dien-1-yl)-4-(N-

methylformamido)-1H-imidazole-5-carboxamide (42a) 
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Spectrum 31 
13

C-NMR (DMSO-d6, 100 MHz) Spectrum of N,1-bis((E)-3,7-dimethylocta-2,6-dien-1-yl)-4-(N-

methylformamido)-1H-imidazole-5-carboxamide (42a) 

 

Spectrum 32 
1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of N,1-bis((E)-3,7-dimethylocta-2,6-dien-1-yl)-4-

(N-methylformamido)-1H-imidazole-5-carboxamide (42a) 
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Spectrum 33 
1
H-

13
C-HMBC (DMSO-d6, 400 MHz) Spectrum of N,1-bis((E)-3,7-dimethylocta-2,6-dien-1-yl)-4-

(N-methylformamido)-1H-imidazole-5-carboxamide (42a) 

 

Spectrum 34 
1
H-NMR (DMSO-d6, 400 MHz) Spectrum of (E)-N-((E)-3,7-dimethylocta-2,6-dien-1-yl)-N,N,3,7-

tetramethylocta-2,6-dien-1-aminium bromide (43a) 
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Spectrum 35 
13

C-NMR (DMSO-d6, 100 MHz) Spectrum of (E)-N-((E)-3,7-dimethylocta-2,6-dien-1-yl)-N,N,3,7-

tetramethylocta-2,6-dien-1-aminium bromide (43a) 

 

Spectrum 36 
1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of (E)-N-((E)-3,7-dimethylocta-2,6-dien-1-yl)-

N,N,3,7-tetramethylocta-2,6-dien-1-aminium bromide (43a) 
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Spectrum 37 
1
H-

13
C-HMBC (DMSO-d6, 400 MHz) Spectrum of (E)-N-((E)-3,7-dimethylocta-2,6-dien-1-yl)-

N,N,3,7-tetramethylocta-2,6-dien-1-aminium bromide (43a) 

 

Spectrum 38 
1
H-NMR (DMSO-d6, 400 MHz) Spectrum of (E)-N-(3,7-dimethylocta-2,6-dien-1-yl)-4-(N-

methylformamido)-1H-imidazole-5-carboxamide (49) 
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Spectrum 39 
13

C-NMR (DMSO-d6, 150 MHz) Spectrum of (E)-N-(3,7-dimethylocta-2,6-dien-1-yl)-4-(N-

methylformamido)-1H-imidazole-5-carboxamide (49) 

 

Spectrum 40 
1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of (E)-N-(3,7-dimethylocta-2,6-dien-1-yl)-4-(N-

methylformamido)-1H-imidazole-5-carboxamide (49) 
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Spectrum 41 
1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of (E)-N-(3,7-dimethylocta-2,6-dien-1-yl)-4-(N-

methylformamido)-1H-imidazole-5-carboxamide (49) 
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Spectrum 42 
1
H NMR (DMSO-d6, 400 MHz) Spectrum of 7-Benzyl-3-methyl-3,7-dihydro-6H-purin-6-one 

(32b) 

 

Spectrum 43 
13

C NMR (DMSO-d6, 100 MHz) Spectrum of 7-Benzyl-3-methyl-3,7-dihydro-6H-purin-6-one 

(32b) 
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Spectrum 44 
1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of 7-Benzyl-3-methyl-3,7-dihydro-6H-purin-6-

one (32b) 

 

Spectrum 45 
1
H-

13
C-HMBC (DMSO-d6, 400 MHz) Spectrum of 7-Benzyl-3-methyl-3,7-dihydro-6H-purin-6-

one (32b) 
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Spectrum 46 
1
H NMR (CDCl3, 400 MHz) Spectrum of (2E,6E,10E)-1-Bromo-3,7,11,15-tetramethylhexadeca-

2,6,10,14-tetraene (37). 

 

Spectrum 47 
1
H NMR (DMSO-d6, 400 MHz) Spectrum of 3-Methyl-7-((2E,6E,10E)-3,7,11,15-

tetramethylhexadeca-2,6,10,14-tetraen-1-yl)-3,7-dihydro-6H-purin-6-one/Malonganenone J (10) 
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Spectrum 48 
13

C NMR (DMSO-d6, 150 MHz) Spectrum of 3-Methyl-7-((2E,6E,10E)-3,7,11,15-

tetramethylhexadeca-2,6,10,14-tetraen-1-yl)-3,7-dihydro-6H-purin-6-one/Malonganenone J (10) 

 

Spectrum 49 
1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of 3-Methyl-7-((2E,6E,10E)-3,7,11,15-

tetramethylhexadeca-2,6,10,14-tetraen-1-yl)-3,7-dihydro-6H-purin-6-one/Malonganenone J (10) 
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Spectrum 50 
1
H-

13
C-HSQC (DMSO-d6, 400 MHz) Spectrum of 3-Methyl-7-((2E,6E,10E)-3,7,11,15-

tetramethylhexadeca-2,6,10,14-tetraen-1-yl)-3,7-dihydro-6H-purin-6-one/Malonganenone J (10) 

 


