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ABSTRACT OF THE THESIS 

 

Acremolin: Synthesis, Structural Revision and Analogues 

 

 

by  

 

 

Lawrence Alexander Januar 

 

Master of Science in Chemistry 

 

University of California, San Diego, 2014 

 

Professor Tadeusz Franciszek Molinski, Chair 

 

 This thesis presents the total synthesis of the natural product acremolin and its 

structural reassignment along with attempts towards synthesizing analogues of natural 

product. Acremolin is a natural product reported as a 1H-azirine-containing guanine 

derivative isolated from Acremonium strictum. Due to the known structural instability of 



 

 

xii 

1H-azirines systems, the original assignment is highly improbable. Two alternative 

structures were proposed based on the evaluation of spectroscopic data reported for the 

natural product. Both isomers were synthesized from guanine and the structure of the 

natural product was reassigned as N
2
, 3-etheno-2’-isopropyl-1-methylguanine based on 

matching spectroscopic data. Analogues of the natural product were then synthesized and 

investigated for potential cytotoxic activity.
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CHAPTER 1 : INTRODUCTION 

Background 

 Marine organisms provide a rich source for the ongoing discovery of novel 

chemical structures and bioactive agents. In an effort to discover new cytotoxic 

compounds, the fungi Acremonium strictum (isolated from an unidentified Choristida 

sponge originally collected off the coast of Korea) was cultured and studied by the 

Shin group in Korea.
1
 The crude extract of the cultured sample displayed cytotoxic 

activity leading to the isolation of acremolin as one of the many compounds obtained 

in the study. 

 Spectroscopic data of the natural product acremolin was collected and the 

structure was assigned as 1c by HRMS and NMR. Despite the limited number of 

proton signals observed, the structure was assigned based on characteristic shift 

patterns as well as observed 2D NMR correlations. Lastly, in an assay against an 

A549 cancer cell line acremolin displayed modest cytotoxic activity with an IC50 

value of 45.90 g/mL. 

 

  
Figure 1.1. Original structure proposed for acremolin 
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 The compound acremolin was claimed to possess a 1H-azirine moiety which 

is unprecedented among natural and synthetic compounds. Furthermore, studies of 

1H-azirine systems showed that the ring system is highly unstable, leading to 

rearrangement to its 2H-azirine isomer or decomposition through ring opening.  

 The controversial assignment of acremolin by the Shin group was highly 

unlikely. Therefore, a study was undertaken to produce a feasible alternate structure 

conforming to the compound’s reported physical data. Lastly, total synthesis of the 

potential structures was carried out to verify the reassignment. 
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1H-azirines 

 Azirine compounds attract a keen interest due to their highly strained ring 

systems and role as key reaction intermediates. The antiaromatic 1H-azirine ring exist 

fleetingly, demonstrated through the formation of compounds derived from ring 

opening between the C-N bond.
2, 3

 Furthermore, a recent investigation into the 

reported syntheses of three stable 1H-azirine compounds have proven the synthetic 

results to be erroneous.
4
  

 
Scheme 1.1. Tautomerization of 1H-azirine to 2H-azirine 

 Extensive computational studies on the energetics of azirines systems have 

been conducted. One such study determined that the tautomerization of azirine from 

its 1H to its 2H form to have a G of -32.86 kcal/mol.
5
 However, the study has also 

discovered the barrier of tautomerization to be +74.42 kcal/mol. In addition, a 

computational study calculated the standard enthalpy of formation of dimethyl 

azirines 3a and 3b to be +310.9 and +186.7 kJ/mol respectively.
6
 These results 

suggest that the favored method to relieve structural strain is through ring opening by 

cleavage of the C-N bond instead of the 1H to 2H sigmatropic rearrangement. 

 

Figure 1.2. Structures of dimethyl azirines 3a and 3b 
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Natural Azirines 

 Several naturally occurring azirine-containing compounds have been reported 

in the literature. The first isolation of a natural azirine was reported in 1971 in which 

azirinomycin (4a) was obtained from cultured samples of Streptomyces aureus.
7,8

 

Dysidazirine (4b) isolated from the marine sponge Dysidea fragilis was the first 

example of an azirine discovered in a marine organism.
9
 Further studies carried out 

on this species yielded six additional compounds bearing the azirine moiety.
10, 11

 The 

most recent discovery of a natural azirine were compounds 4c and 4d isolated from 

Siliquariaspongia sp. in 2009.
12 

 

Figure 1.3. Structures of naturally occurring azirine compounds 4a-4d 

 It is important to note the rarity of the azirine ring in nature and that all known 

examples possess the 2H constitution as opposed to the anti-aromatic1H system. The 

rare natural occurrence of the 2H azirine ring as well as the strong precedence 

regarding the structural strain of the 1H configuration cast reasonable doubt on the 

structure proposed for acremolin. 
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CHAPTER 2 : ALTERNATIVE ASSIGNMENTS AND SYNTHESIS STRATEGY 

Proposed Reassignment 

 In response to the mounting evidence against the plausibility of the original 

assignment 1c, structures 1a and 1b were proposed as potential structures for 

acremolin. The proposed alternatives were formulated based on data reported for 

acremolin, particularly the correlations observed via 2D NMR. 

 

Figure 2.1. Proposed alternative structures of acremolin 1a and 1b 

 Of the two alternative structures, it was expected that 1b would better 

conform to the HMBC correlations reported for acremolin. The key correlation 

leading to the original assignment was the vinylic hydrogen H-1’ which observed a 

single correlation to C-2 of the guanine ring. However, structure 1a could not be 

discounted as the correlation to the guanine C-4 carbon may not have been observed 

under the NMR conditions of the original HMBC experiment. Furthermore, a study 

corroborating our proposed structures for acremolin suggested that 1a would be a 

better fit for the 
13

C NMR data reported for the natural compound.
13

 Both structures 

are equally valid candidate for acremolin. 
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 Etheno-bridged guanines such as 1a and 1b are a well-studied family of 

compounds that are of interest due to their role in DNA damage and 

misincorporation. N
2
,3-ethenoguanines in particular, are common adducts of guanine 

produced by exposure of the nucleobase to mutagens such as vinyl chloride and 

chloroacetylchloride.
14

 Although ethenoguanines are well documented, the literature 

has not reported a structure similar enough to be used for comparison. To prove our 

hypothesis and complete the assignment of acremolin, it is necessary to carry out the 

total synthesis of both 1a and 1b. 
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Computational Calculations 

 To further support the proposed reassignment, computationally derived 
13

C 

NMR shift values for structures 1a and 1b were calculated using DFT methods. The 

results of the calculation are presented in Table 2.1. and suggest that 1a will conform 

to the data reported for the natural product. The shift values of the key carbons C-1’ 

and C- 2’in 1a deviates from the natural product by about 1 ppm while the same 

carbons in 1b differ from the natural product by about 20 ppm. Furthermore, the shift 

difference between C-1’ and C-2’ reported for the natural product is 44.9 ppm. This is 

more consistent with the shift difference observed in 1a (42.7 ppm) compared to 1b 

(4.8 ppm). 

 Despite the promising values calculated for carbons C-1’ and C-2’, the 

method was not able to give accurate 
13

C NMR shifts for the guanine ring. Thus, it 

remains necessary to obtain both isomers by total synthesis. The computational 

results at the very least suggested 1a to be the prime candidate for acremolin and that 

distinct differences between the spectra of 1a and 1b will be observed. 
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Table 2.1. Calculated 
13

C NMR shifts of 1a and 1b compared to natural product 

 

Position C 

1a
a
 1b

a
 natural product

b
 

2 138.2 138.2 142.5 

4 128.9 128.9 141.6 

5 117.4 118.1 108.3 

6 150.2 150.1 152.6 

8 129.5 129.8 140.3 

10 28.8 28.7 28.9 

1’ 104.5 122.6 103.1 

2’ 147.2 127.4 148.0 

3’ 30.9 27.3 27.6 

4’, 5’ 19.8, 24.2 24.1, 21.1 22.0 

a 
Structures were drawn in Gauss View 4 and optimized using Gaussian09. Basis set 

and model chemistry: MPW1PW91/6-31g(d,p); DMSO solvent model: Polarizable 

Continuum Model (PCM) using the integral equation formalism variant(IEFPCM). 
b
 

Table 1 from ref. 1 (400 MHz, DMSO-d6)  



9 

 

 

Synthetic Strategy 

 To design a synthetic route towards 1a and 1b, retrosynthetic analysis of the 

two structures were carried out. It is immediately apparent that guanine will serve as 

the starting point towards the synthesis of 1a and 1b. However, formation of the 

tricyclic skeleton leading to the different isomers will be the key step in the synthetic 

scheme. 

  A previous study on the synthesis of N
2
,3 ethenoguanines reported the 

formation of the ethenoguanine skeleton by treatment of guanine with 

chloroacetaldehyde. The reaction proceeds through the formation of an imine 

intermediate followed by subsequent cyclization to form the tricyclic system. 

 

Scheme 2.1. Reaction of guanine with chloroacetaldehyde 

  Therefore, the formation of 1a and 1b will be dependent on the position of 

the carbonyl relative to the isopropyl group. As depicted in Scheme 2.2., a reaction 

between 1-methylguanine with an aldehyde will direct the reaction to form 1b while 

treatment with an -haloketone would instead form 1a. 



10 

 

 

 

Scheme 2.2. Retrosynthesis of 1a and 1b 

 The following synthetic route was proposed for 1a. Using guanosine (5) as 

starting material, acetic anhydride is used to convert it to guanosine triacetate (5’) 

prior to treatment with diazomethane to methylate at N-1. The ribose ring is then 

cleaved by acid-catalyzed hydrolysis to obtain 1-methylguanine (6). Treatment with 

bromoketone 7 will then form the imine intermediate which will lead to the formation 

of the final product 1a. 

 

Scheme 2.3. Proposed synthetic route for 1a 
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Scheme 2.4. Proposed synthetic route for 1b 

 The proposed synthetic route for 1b diverges from 1a with the treatment of 

chloroaldehyde 8 to 1-methylguanine. The imine intermediate formed between the 

primary amine of guanine and the aldehyde will direct the cyclization towards the 

formation of 1b. In the case of decomposition of 8, the -ketoester 9 was proposed as 

a potential substitute.  
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CHAPTER 3 : SYNTHESIS OF ACREMOLIN  

Synthesis of 1-methylguanine 

 Initial attempts of forming 1-methylguanosine (10) was based on a reported 

synthetic procedure involving the treatment of triacetyl guanosine (10’) with 

diazomethane.
15

 When the reaction was attempted, selective methylation at the 

desired nitrogen was not achieved. Instead, a complex mixture of products was 

obtained. An attempt to methylate guanine directly using diazomethane was made 

however, the limited solubility of guanine proved problematic and no discreet 

methylation products were observed by NMR. 

 

Scheme 3.1. Diazomethane methylation of guanosine 

 A more recent reported synthesis of 1-methylguanosine describes the 

conversion of guanosine to 1-methylguanosine by treatment with NaH followed by 

addition of CH3I.
16

 The methylation at N-1 was achieved through selective 

deprotonation of the acidic N-1 proton by NaH. The reaction product was isolated 

from the solvent by precipitation using cold isopropanol followed by filtration. The 
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proton NMR of the solid showed a highly pure substance corresponding to 1-

methylguanosine, obtained at a yield of 69%.  

 

Scheme 3.2. Synthesis of 1-methylguanine 

 Removal of the ribose group in 10 was achieved through acid-catalyzed 

hydrolysis. 1-methylguanosine was heated at reflux for two hours in 1M HCl to give 

pure 1-methylguanine at 62% yield. 

  



14 

 

 

Initial Attempts to Form 1a from 6 

 With a route towards 1-methylguanine established, we attempted formation of 

the ethenoguanine tricycle in 1a using the -bromoketone 7 which was synthesized 

through a method reported in the literature.
17 

 

Scheme 3.3. Reaction of 1-methylguanine with -bromoketone 7 

 Our initial attempts to form the etheno bridge in 1a by treatment of 1-

methylguanine (6) with the -bromoketone 7gave a mixture consisting of a large 

variety of compounds. Numerous trials with slightly varying conditions gave 

consistent results in which multiple alkylation products were observed. Table 3.1. 

presents the conditions we investigated. 

 LCMS analyses of the reaction mixtures showed several dominant UV-active 

compounds with masses consistent with di-alkylation products of 6. Interestingly, a 

minor product which possessed a mass consistent with the formation of the tricycle 

was also observed albeit alkylated with an additional 7. It became clear that 

protection of the other nitrogens was necessary to avoid additional alkylations. 



15 

 

 

 Several trials substituting 6 with 10 were attempted with the idea that the 

ribose ring would serve as natural protecting group for N-7 and N-9. However, 

LCMS analysis of the reaction mixtures show chromatograms consistent with 

reaction attempts made with 6. Additional conditions exploring milder temperatures 

and bases were made in an attempt to control the observed deribosylation. 

Unfortunately, loss of the ribose group and over-alkylation remains consistent in all 

trials. The ease in which the ribose group was cleaved made it unsuitable as a 

protecting group for this reaction. 

Table 3.1. Reaction conditions attempted to form 1a using bromoketone 7 

Entry SM Reagent Additive(s) Conditions Comments/Results 

1 6 5 (3 eq.) - 70 °C (2h) Over-alkylated 

2 6 5 (3 eq.) AcOH 40 C (3d)  Over-alkylated 

within 1d 

3 10 5 (3 eq.) - 40 C (5d)  Over-alkylated 

within 1d 

4 10 5 (3 eq.) 
NaHCO3 

r.t. (3h) then 40 

C (10h) 

Over-alkylated at 40 

C 

5 10 5 (3 eq.) Hunig’s Base 50 °C (3d)  Over-alkylated ~1d 

6 10 5 (3 eq.) AcOH 40 °C (5d)  Over-alkylated ~1d 

7 10 5 (1 eq.) Mol. Sieve 40 °C (2d) Over-alkylated 

8 10 5 (1 eq.) NaOAc (1 eq.), 

Mol. Sieve 

70 °C (1h) Over-alkylated 

9 10 5 (1 eq.) NaOAc (1 eq.), 

Mol. Sieve 

40 °C (20h) Over-alkylated 

a 
Reactions were run in CH3CN under an atmosphere of N2 and monitored by LCMS 
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 To curb the reactivity of N-7 and N-9, the PMB group was introduced to 1-

methylguanine by treating 6 with p-methoxybenzyl chloride.
18

The protected 

methylguanines 11a and 11b were formed at 56% yield and 1.2:1 ratio. The isomers 

were differentiated using proton-carbon correlations observed by HMBC.  

 PMB was selected due to its simple NMR signals as well as its robust nature. 

The formation of 1a will produce a vinylic signal at 7.4 ppm (H-1’). This signal may 

be difficult to observe if non-substituted aromatic protecting groups were used.  

 

Scheme 3.4. Formation of PMB-protected methylguanines 11a and 11b 
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Synthesis of PMB-acremolin 

 Treatment of 11a with 7 yielded compounds 12 and 13. Compound 12 was 

identified based on its strong fluorescence signal under short-wave UV. This 

fluorescent activity is characteristic to a N
2
,3-ethenoguanine ring. The desired product 

was isolated from the mixture and purified by chromatography to give a yield of 

27%. To our surprise, PMB-acremolin (12) was the minor product of the reaction. 

 

Scheme 3.5. Synthesis of PMB-protected acremolin 

 The major product formed was an imidazolium salt produced by the SN2 

attack of N-9 to the -bromoketone 7. The alkylation position was determined by 

HMBC: a mutual correlation to C-8 was observed for both methylenes in 13, placing 

the alkylation position at N-9. Despite the protection of the imidazole ring by PMB, 

the salt was obtained as the major product (65%). An interesting characteristic of 13 

was the rapid deuterium exchange observed for the protons H-8 and H-1’. Lastly, 

compound 13 was observed to be more polar than both 11a and 12 by TLC and 

LCMS.  

 Attempts to improve the yield of this reaction will be discussed in chapter 4.1 
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Table 3.2. NMR data of N7-PMB-acremolin and natural acremolin 

 
Position C

a
 H

b
  

(J in Hz) 

JC-H 

(Hz)  

HMBC
a
  C

c
 H

c
  

(J in Hz)

2  142.7  -  -  -  142.5 - 

4  142.3  -  -  -  141.6 - 

5  108.4  -  -  -  108.3 - 

6  153.4  -  -  -  152.6 - 

8  141.7  8.14 (1H, s)  215.9  4, 5, 1’’  140.3 8.16 (s) 

10  27.9  3.66 (3H, s)  125.1  2, 6  28.9 3.57 (s) 

1’  102.9  7.33 (1H, s)  194.0  2, 2’, 3’  103.1 7.37 (s) 

2’  148.9  -  -  -  148.0 - 

3’  27.9  2.94 (1H, m)  128.2  1’, 2’, 4’, 5’  27.6 2.88 (sept, J = 6.8) 

4’, 5’ 21.1  1.31 (3H, d, J 

=6.8)  

131.2  2’, 3’, 4’, 5’  22.0 1.25 (d, J = 6.8) 

1’’  49.2  5.58 (2H, s)  140.4  5, 8, 2’’  - - 

2’’  128.2  -  -  -  - - 

3’’  129.2  7.37 (2H, d, 

J=8.8)  

146.5  1’’, 3’’, 5’’  - - 

4’’  113.8  6.88 (2H, d, 

J=8.8)  

142.1  2’’, 4’’, 5’’  - - 

5’’  159.8  -  -  -  - - 

6’’  54.3  3.75 (3H, s)  146.5  5’’  - - 

NMR data obtained in CD3OD.
 a

 125 MHz. 
b
 400 MHz. 

c
 Table 1 from ref. 1 (400 

MHz, DMSO-d6) 
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 The spectroscopic data for 12 shows promising values. Proton and carbon 

NMR shifts for 12 were similar to values reported for the natural product. 

Furthermore, the large difference between the shift value of C-1’ and C-2’ reported in 

the original isolation of acremolin was observed in compound 12. These results were 

also consistent to the values predicted computationally for 1a. The shift difference 

between the carbons obtained from the experimental data was 46.0 ppm while the 

computational calculation predicted a difference of 42.7 ppm. The shift difference 

between C-1’ and C-2’ reported for acremolin was 44.6 ppm. Although the 

computational method may not be able to confidently differentiate 1a and 1b, it is 

highly likely that we have formed a structure that conforms to that of the natural 

product. 

 

Figure 3.1. HMBC correlations of potential isomeric products 12 and 12’ 

 The H-1’proton of 12 observed correlations to carbons 2, 2’ and 3’ as reported 

in the HMBC of the natural product. The missing crucial correlation to C-4 presented 

ambiguity in the structural assignment for 12. We initially hypothesized that the 

reaction of 11a with 7 would form 12 through the formation of an imine intermediate. 



20 

 

 

There remains the possibility that the primary amine in 11a would take part in 

nucleophilic attack of the terminal bromomethylene, leading to the formation of 12’. 

 

Scheme 3.6. Reaction intermediates leading to 12 and 12’ 
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Synthesis and Structural Analysis of Acremolin (1a) 

 Initial attempts to remove the PMB group involved hydrogenolysis using 

Pd/C and H2 as well as treatment with wet DDQ. Both methods failed to remove the 

PMB group. Deprotection to give 1a was achieved by treatment of 12 in a biphasic 

mixture of toluene and 90% H2SO4 heated at 50 °C.
19

 This method gave 1a at low 

yield (39%) due to competitive formation of a water soluble sulfonic acid (LCMS). 

We were able to improve the yield of 1a (76%) by simply heating 12 at 80 °C in neat 

TFA. 

 

Scheme 3.7. Synthesis of acremolin (1a) 

 As presented in Table 3.3., the NMR data of synthetic 1a matches well to the 

NMR shifts reported for the natural product. Furthermore, IR and UV spectroscopy 

data for 1a matched the reported values. There is no doubt that the synthetic 

compound is identical in structure to the natural product. The question regarding the 

position of the isopropyl group has yet to be addressed. 
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Table 3.3. NMR data for synthetic 1a and natural acremolin 

 

Position C
a
 H

b
 (J in Hz) HMBC C

c
 

c
(J in Hz)

2 142.3 - - 142.5 - 

4 141.6 - - 141.6 - 

5 108.9 - - 108.3 - 

6 152.8 - - 152.6 - 

8 140.5 8.16 (1H, s) 4, 5, 6 140.3 8.16 (s) 

10 28.9 3.57 (3H, s) 2, 6 28.9 3.57 (s) 

1’ 103.2 7.38 (1H, d, J = 1.0) 2, 2’ 103.1 7.37 (s) 

2’ 148.0 - - 148.0 - 

3’ 27.7 2.88 (1H, d of sept, J = 6.9 

, 1.0) 

1’, 2’, 4’, 

5’ 

27.6 2.88 (sept, J = 

6.8) 

4’, 5’ 22.1 1.25 (3H, d, J = 6.9) 2’, 3’, 4’, 

5’ 

22.0 1.25 (d, J = 6.8) 

N(9/7) - 13.87 (br, s) - - 13.85 (br, s) 

NMR data obtained for 1a in DMSO-d6. 
a
 125 MHz. 

b
 500 MHz.

 c
 Table 1 from ref. 1 

(400 MHz, DMSO-d6) 

 To unambiguously assign the structure of 1a, a 
1
H-

15
N HMBC experiment 

was carried out. Assignment of the nitrogen signals were made based on the proton 

correlations observed. Furthermore, the tautomeric nitrogens in imidazole rings 

possess highly distinct shift values that are highly dependent upon bond order. The 

shift difference between the single bonded nitrogen and the double bond-bearing 
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nitrogen in the imidazole group of guanosine is known to reach as high as ~70 ppm.
20

 

We assigned the nitrogens on the ethenoguanine ring based on this precedent with the 

double bond-bearing nitrogen having shift values higher than 200 ppm. Thus, imino 

nitrogen N-2 will possess the more downfield 
15

N shift while the tertiary nitrogen, N-

3, will be relatively upfield. 

  The 
1
H-

15
N HMBC spectrum clarifies the position of the isopropyl group, 

allowing for the assignment of acremolin as 1a. As reported for guanosine, the 

discrepancy between the imidazole nitrogens was observed in the 1a. H-8 of the 

guanine ring showed correlations to tautomeric N-7 and N-9 which possessed shift 

values of 166.1 and 232.6 ppm. A similar pattern was observed in the vinyl proton H-

1’. Correlations to nitrogen signals at 156.1 and 221.9 ppm were observed which we 

assigned as N-3 and N-2’respectively. The key correlation of the methine proton H-3’ 

to N-2 was integral in assigning the structure as 1a. 

 

Figure 3.2. 
1
H-

15
N HMBC correlations of 1a 

  



24 

 

 

 Lastly, fluorescence measurements of 1a were obtained and displayed in Fig 

3.3. The synthetic product exhibited a ex at 297 nm and em at 421 nm. 

 

Figure 3.3. Fluorescence spectrum of 1a. (collected on a PTI Quantamaster 

fluorospectrometer. conc. = 100 M.) 

 Based on spectroscopic evidence, we conclude that acremolin isolated from 

Acremonium strictum has the chemical structure 1a. 
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Synthesis and Structural Analysis of Iso-acremolin (1b) 

 A number of conditions were surveyed to complete the synthesis of 1b 

through the formation of 14’ using the chloroaldehyde 8. The aldehyde was 

synthesized using a method reported in the literature and reacted with 11a to form the 

imine intermediate 14’.
21

 Reduction of 14’ by NaCNBH3 would lead to cyclization 

and autoxidation to give 1b’. However, we discovered that we can access structure 14 

directly from 1-methylguanine (6). This removed the need of the PMB protecting 

group on N-7 or N-9. Thus we carried out the reaction to form 1b from 6 through 

formation of 14. 

 

Scheme 3.8. Synthesis of iso-acremolin (1b) 

 Compound 1b was synthesized by treatment of 1-methylguanine (6) with 

excess chloroaldehyde 8 under slightly acidic conditions (pH 5) to form the 

intermediate 14 followed by the addition of NaCNBH3 to form 1b at 16% yield over 

two steps. Initial trials show that small amounts of 1b were formed prior to the 

addition of NaCNBH3. However, allowing the reaction to continue did not produce 
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additional 1b. Reduction of 14 by NaCNBH3 was required towards forming 

substantive amounts of 1b.  

Table 3.4. Reaction conditions attempted for synthesis of 1b 

SM Reagent(s) T (°C) Solvent; Additive(s) Notes Yield 

11a 8, NaCNBH3 r.t. CH3OH NR - 

11a 8, NaCNBH3 60  CH3OH NR - 

11a 8, NaCNBH3 r.t. - 60 Phosphate buffer (pH 5) NR  - 

11a 8, NaCNBH3 r.t. CH3CN NR - 

11a 8, NaCNBH3 60 CH3CN NR - 

11a 8, NaCNBH3 60 1:1 CH3OH/H2O NR - 

11a 8, NaCNBH3 60 DMF; AcOH NR; 
a
 - 

11a 8, NaCNBH3 60 DMF; AcOH Low conversion; pH=4 - 

11a 8, NaCNBH3 60 DMF; AcOH a 
; pH = 5 - 

11a 8, NaCNBH3 60 DMF; AcOH a 
; pH = 6 - 

11a 8, NaCNBH3 60 DMF; NaHCO3 NR; pH=7.6 - 

11a 8 (10 eq.) 75 CH3CN; AcOH, Na2SO4 
a 
; pH = 5 - 

11a 8 (10 eq.), 

NaCNBH3 

80 CH3CN; AcOH, Mol. Sieves 
a 
; pH = 3 - 

6 8 (10 eq.), 

NaCNBH3 

80 DMF; AcOH, Mol. Sieves 
a 
; pH = 3 - 

6 8 (15 eq.) 80 DMF; AcOH, Mol. Sieves pH = 5 15% (14) 

6 8, NaCNBH3 80 DMF; AcOH, Mol. Sieves 
b
 ; pH = 5 - 

6 8, NaCNBH3 80 DMSO; AcOH, Mol. Sieves pH = 5 - 

6 8 (20 eq.),  

NaCNBH3 

120 DMSO; AcOH, Mol. Sieves pH = 5 16% (1b) 

6 8 (10 eq.), 

NaCNBH3 

80 DMSO; AcOH, Mol. Sieves pH = 5 15% (1b) 

6 8(5 eq.), 

NaCNBH3 

80 DMSO; AcOH, Mol. Sieves pH = 5 16% (1b) 

All reactions performed under N2 and exposed to air after addition of NaCNBH3;.eq. 

relative to starting material (SM); reactions monitored by LCMS.
 a

 intermediate 

14/14’ observed (LCMS). 
b
 trace 1b observed (LCMS). 

 It is possible that the majority of 14 produced in the reaction exist as an 

unreactive E-aldimine. The Z isomer would be sterically disfavored as it orients the 

alkyl chain towards the N-3 of the guanine ring. However, the Z orientation is the 

configuration required for intramolecular attack of N-3 on the electrophilic CH-Cl 
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carbon. Reduction of the imine allows for free rotation about the C-N bond. This 

enabled the compound to adopt the required conformation to produce the tricyclic 

skeleton in 1b. 

Table 3.5. NMR data of synthetic 1b and natural acremolin 

 

Position C
a
 H

b
 HMBC C

c
 H

c


2 142.4 - - 142.5 - 

4 142.0 - - 141.6 - 

5 108.9 - - 108.3 - 

6 152.6 - - 152.6 - 

8 140.2 8.19 (1H, s) 4, 5 140.3 8.16 (s) 

10 28.7 3.55 (3H, s) 2, 6 28.9 3.57 (s) 

1’ 122.2 6.85 (1H, s) 2, 2’, 3’ 103.1 7.37 (s) 

2’ 132.1 - - 148.0 - 

3’ 24.7 3.67 (1H, sept, J = 6.7 

Hz) 

1,’2’, 4’, 5’ 27.6 2.88 (sept, J = 

6.8) 

4’, 5’ 22.1 1.32 (3H, d, J = 6.7 Hz) 2’, 3’, 4’, 

5’ 

22.0 1.25 (d, J = 6.8) 

N(9/7) - 13.92 (br, s) - - 13.85 (br, s) 

NMR data obtained for 1b in DMSO-d6. 
a
 125 MHz. 

b
 500 MHz. 

c
 Table 1 from ref. 1 

(400 MHz, DMSO-d6) 

 The NMR data for synthetic 1b was clearly different from both 1a and natural 

acremolin. Key differences in the 
1
H NMR were observed for the vinylic proton H-1’ 
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and methine H-3’. In comparison to 1a, the H-1’ signal was shifted upfield to 6.85 

ppm while the H-3’ signal shifted downfield to 3.67 ppm. These two signals deviate 

from those of acremolin by ≥0.5 ppm. It is possible that substituents on the etheno-

bridge would observe different shielding effects due to ring anisotropy, especially the 

substituent pointing into the ethenoguanine bay region. 

 Distinct differences were also observed in the 
13

C NMR signals of 1b. The 

shift values for C-1’, C-2’ and C-3’ were found to deviate by over 1 ppm while all 

other signals were within 1 ppm of those reported for acremolin. Furthermore, the 

signals for C-1’ and C-2’ showed a shift difference of 9.9 ppm as opposed to the 44.9 

ppm difference observed for 1a and acremolin. These results were consistent to the 

NMR data predicted computationally for 1b, showing a smaller gap between H-1’ 

and H-2’ in 1b compared to 1a. 

 

Figure 3.4.
 1

H-
15

N HMBC correlations of 1b 

 HMBC correlations observed for 1b were identical to those of 1a. This led to 

the same issue as 1a in regards to independently assigning the orientation of the 

isopropyl group. As done for 1a, a 
1
H-

15
N HMBC experiment was carried out to 
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determine the position of the isopropyl substituent. The nitrogen signals were 

assigned using the same method established for 1a. The N-7 and N-9 signals at 162.3 

and 235.1 ppm were identified by a mutual correlation to the H-8 proton. Correlations 

from the vinylic proton H-1’ to N-2 and N-3 allowed for the assignment of the two 

nitrogens as 217.6 and 157.8 ppm respectively. Lastly, the correlation observed by 

the methine H-3’ in 1b was inverted to that of 1a. A three bond correlation from H-3’ 

to N-3 was observed. This result allowed the structure of the synthetic product to be 

confirmed as 1b which additionally reinforced the assignment for 1a. 
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CHAPTER 4 : OTHER ROUTES INVESTIGATED 

Improving the Yield of Acremolin 

 Several methods were investigated in an attempt to increase the yield of 1a 

from 6. The current route towards 1a suffers from competition between the N-9 and 

N-2 nitrogens. The more nucleophilic N-9 nitrogen causes the majority of 11a to be 

converted to the undesired product 13. 

 One of the options we explored was to attenuate the nucleophilicity of N-7 

and N-9 by installing a stronger electron-withdrawing protecting group than PMB. 

The tosyl, nosyl and trifluoroacetyl groups were chosen for study. Although 

attempted protection of the imidazole ring by a nosyl group was unsuccessful, the 

tosyl and trifluoroacetyl groups were successfully installed. 

 

Scheme 4.1. Tosylation of 1-methylguanine 

 Tosylation of 6 (TsCl, NEt3, CH3CN, 20%) produced a 1:1 mixture of N
7
 and 

N
9
 protected products (15a and 15b). This mixture of isomers was then treated with 

the bromoketone 7 under reaction conditions that produced 1a. No product was 

observed at 40 °C and loss of the tosyl group was observed when heated to 80 °C. 
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Scheme 4.2. Trifluoroacetylation of 1-methylguanine 

 Treatment of 6 with trifluoroacetic anhydride produced a single product as 

opposed to the isomeric mixtures observed previously. However, due to the lack of 

protons in the compound, the position of the trifluoroacetyl group was not 

determined. Nevertheless, we attempted to treat trifluoroacetyl-1-methylguanine (16) 

with bromoketone 7 under conditions identical to the synthesis of 1a. No reaction nor 

decomposition of 16 was observed at temperatures up to 80 °C. 

 From these results we conclude that although the tosyl and trifluoroacetyl 

groups were able to reduce the reactivity of N-7 and N-9, the electron-withdrawing 

protecting groups also diminished the already limited nucleophilicity of N-2. 

 The last method investigated was to deprotonate the N-2 amine, producing a 

stronger nucleophile than N-9. LiHMDS was selected as the strong, non-nucleophilic 

base for this investigation. Compound 11a was treated with the base prior to addition 

of bromoketone 7 and heating. However, this reaction produced 13 exclusively. 
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Scheme 4.3. Reaction of 11a with 7 producing 13  

 It was hypothesized that the LiHMDS deprotonated the hydrogen at the C-8 

position as opposed to the N-2 amine. The resulting carbanion intermediate exhibited 

enhanced nucleophilicity of N-9 producing 13 as the sole product of the reaction. 
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Peptide Coupling Methods 

 An alternate route towards the synthesis of the ethenoguanine ring involved 

coupling of the nucleobase to the amino acid valine. A synthetic route was developed 

in which the coupled product 18 was cyclized by conversion of the amine to a 

diazonium salt, favorable for intramolecular attack by N-3 and loss of N2. The 

cyclized product 20 would then be converted to the chloroimidate 21 using POCl3 

followed by hydrogenolysis to give 1b.  

 

Scheme 4.4. Proposed synthesis of 1b through peptide coupling 

 Initial attempts to couple 6 to 17a using EDC/DCC and later DMAP produced 

no reaction products. To enhance the reactivity of 17a, an attempt was made to 

convert it into its corresponding acyl chloride (22a). Treatment with oxalyl chloride 

and catalytic DMF produced 23 instead of 22a. The N-carboxyanhydride 23 is a 

known compound that is of interest in polymerization studies.
22

 Compound 23 was 
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investigated as a potential coupling agent to produce 18 through SN2 attack on the 

amino acid carbonyl and elimination of CO2. 

Table 4.1. Reaction conditions investigated to couple 6 to 23 

 

Entry °C Solvent; Additive(s) Results & Notes 

1 r.t. -120 DMF No reaction 

2 45  DMF; NEt3 No reaction 

3 45 DMF; NEt3, DMAP No reaction 

4 45-90 DMF; NaI No reaction 

5 45-90 DMF; NaCN No reaction 

6 45-90 DMF; 2-mercaptobenzothiazole No reaction 

7 45-90 DMF; 1-Phenyl-1H-tetrazole-5-

thiol 

No reaction 

8 120 DMF; DMAP No reaction 

9 120 DMF; NEt3; DMAP No reaction 

10 175 DMF-d7, DMAP Microwave; 5 min; no 

reaction 

All reactions were carried out with slight excess of 23 and triethylamine; ~5% molar 

equivalent of catalyst and under an atmosphere of N2. 

 No reaction was observed under all the conditions investigated. 

Decomposition of the coupling agent 23 was observed at 80 °C. It was then 

concluded that the activated C=O groups of 23 were not electrophilic enough to 

participate in attack by the weakly nucleophilic nitrogen atoms in 6. 
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Scheme 4.5. Formation of N-carboxyanhydride 23 

 Alternative amine protecting groups were investigated. The Cbz group was 

intolerant of activation by (COCl)2 and gave only 23 as before. The phthalamide 

group proved resistant to the aforementioned conditions and 22c was obtained in high 

yield (91%) from L-valine.
23

 Coupling between 6 and 22c was carried out in pyridine 

to produce 18c (32%). 

 

Scheme 4.6. Synthesis of coupled product 18c 
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 Deprotection of the phthalamide group was attempted using hydrazine, a 

method previously reported to convert phthalamides to primary amines. However, it 

was discovered that the bond between the guanine and valine moieties was extremely 

labile. Compound 18c very readily undergoes hydrazinolysis to form 6 and N-

phthalamide-valine ethyl ester. The sensitivity of the guanine-valine bond and the 

inertness of the phthalamide group prohibited further investigation into this route. 

 

Scheme 4.7. Formation of 26 through mixed anhydride method 

 The mixed anhydride method was investigated in the attempt to form 18. N-

Boc-valine was treated with isobutyl chloroformate to produce the mixed anhydride 

reagent 24. To verify the formation of 24 and its reactivity, a portion of the mixed 

anhydride was treated with glycine methyl ester. The dipeptide 25 was observed by 

LCMS analysis of the reaction mixture. 1-methylguanine was then treated with 24 

under identical conditions however, the resulting product possessed structure 26. 
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 None of the peptide coupling methods investigated was able to produce the 

desired ethenoguanine skeleton. The weak nucleophilicity of N-2 coupled with the 

labile nature of the resulting guanine-valine amide bond created additional problems 

that limited the overall efficiency of the route. Thus, the established bromoketone and 

chloroaldehyde method is currently the best route towards the formation of 1a and 

1b. 
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Nitroalkene Coupling 

 A recent publication reported the formation of tricyclic purines from adenine 

and a nitroalkene through a copper-catalyzed oxidation.
24

 An attempt was made to 

adapt this methodology towards the formation of the N
2
,3-ethenoguanine skeleton by 

substitution of adenine with guanine.  

 

Scheme 4.8. Proposed synthetic route towards 1b through 28 

 A synthetic route towards 1b from 6 was proposed by carrying out a 

sequential Michael addition of 27 followed by air oxidation to form 28. The nitro 

group is then reduced to an amine (29) and deamination was carried out by 

diazotization with sodium nitrite to followed by hypophosphorous acid to give 1b 
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 Compound 27 was synthesized by Henry reaction of isobutyraldehyde and 

CH3NO2 (NaOH) followed by dehydration.
25

 Attempts were made to form 28 from 6 

and 27 using conditions described for the synthesis of 1,N
6
-ethenoadenine system. 

However, formation of 28 was not observed under the referenced conditions. Small 

quantities of Michael addition products 30a and 30b were observed by LCMS. The 

isomeric mixture was found to decompose readily under the oxidation conditions 

used. To determine the position of alkylation, isolable amounts of 30a/30b needed to 

be produced. This was achieved by lowering the reaction temperature from 130 to 80 

°C and omitting CuBr from the mixture. The product mixture was obtained at a 

combined yield of 16% as a 1:1 mixture. The products were purified by HPLC and 

characterized by HMBC as alkylation products at N-7 and N-9. 

 

Figure 4.1. Isomeric Michael addition products 30a and 30b 

 Replacing 6 with 11a unfortunately gave no reaction product. The N-2 amine 

is possibly too weak a nucleophile to take part in the Michael addition to form 28. 

The low reactivity of N-2 prohibits further investigation into this method. 
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CHAPTER 5 : SYNTHESIS OF ANALOGUES AND BIOACTIVITY 

Synthesis of Analogues 

 N
2
,3-ethenoguanine  is a DNA lesion, causing cell damage through 

misincorporation and mutations. Its role as a biological hazard is well studied 

however, its potential as an anti-cancer agent has not been explored. To study the 

cytotoxic activity of ethenoguanine derivatives, a panel of acremolin analogues was 

synthesized using the established bromoketone method. 

 Analogues 33a to 33l were attempted for synthesis. PMB-protected-1-

methylguanine (11a) was treated with the corresponding bromoketone (31) to 

produce the PMB-protected ethenoguanine derivative 32. Removal of the PMB group 

was carried out by heating 32 in neat TFA to give the analogue 33. 

 The results of the synthesis display a pattern in which phenyl rings bearing 

electron-donating substituents gave better conversion rates towards the ethenoguanine 

than electron-withdrawing groups. However, this pattern was somewhat inverted in 

the deprotection step where electron-withdrawing groups gave better yields. The 

heterocycles display poor conversion rates with thiophene (k) and pyridine (l) no 

tricyclic products were formed. Analogues 32d and 32j were found to decompose 

under deprotection conditions (TFA). Lastly, coumarin and 1-naphthyl analogues 32f 

and 32i decomposed at ambient conditions before deprotection could be attempted. 
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Table 5.1. Results of attempted synthesis of analogues 33a-33l 

 

Entry -R Yield
a
 Yield

b
 

a 
 

18% 64% 

b 

 

16% 55% 

c 
 

13% 86% 

d 

 

19% 0% 

e 
 

13% 98% 

f 

 

5% - 

g 

 

15% 69% 

h 
 

24% 51% 

i 

 

7% - 

j 

 

 
 

5% 0% 

k 
 

0% - 

l 
 

0% - 

    
a
 alkylation-cyclization step. 

b
 deprotection step 
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Cytotoxic Activity of Acremolin and Analogues 

 The isolation paper of acremolin (1a) reported an IC50 value of 45.90 g/mL 

when tested against an A549 cancer cell line. The very same assay showed that 

doxorubicin, the positive control, exhibited an IC50 value of 1.83 g/mL. Our 

collaborators at the University of Colorado assayed 1a and 1b against a panel of 

colorectal cancer cell lines, but found that both were inactive (IC50 > 100 g/mL). 

These findings seem at odds with the claims of authors of the original isolation paper.  

 

Figure 5.1. Structures of acremolin analogues studied for bioactivity 
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Table 5.2. Assay results for synthesized analogues of acremolin 

Entry HCT8 HCT116 SW480 SW620 

33a NA NA NA NA 

33b ~30 >30 NA NA 

33c 20-30 20-30 20-30 NA 

33e 10-20 10-20 10-20 10-20 

33g NA NA NA NA 

33h NA NA NA NA 

IC50 values obtained from assays against colorectal cell lines in M 

 The results of the assay show that the biphenyl analogue 33e exhibited the 

strongest activity against a range of colorectal cancer lines. The analogues 33b and 

33c were slightly less active against select lines. Lastly, substituted phenyl analogues 

of 1a: 33a, 33g and 33h; were all inactive. 
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Future Directions 

 The cytotoxic activity observed for the biphenyl analogue 33e warrants 

further study and improvement. Further modification to the biphenyl group may be 

achieved by placing substituents on the ring. Furthermore, the configuration of the 

biphenyl relative to the ethenoguanine ring may have an impact on its ability to bind 

with other nucleobases. 

 A characteristic problem frequently encountered while working with guanine 

was its limited solubility. It is possible that the synthetic ethenoguanine derivatives 

suffered from limited solubility as well, hampering its bioactivity. Therefore, 

functional groups that increase water solubility may prove beneficial for the 

compound’s cytotoxic activity. 
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CHAPTER 6 : EXPERIMENTAL 

Synthesis of 1-bromo-3-methyl-2-butanone (7). 3-methyl-2-butanone (4.28 

g, 49.7 mmol) was dissolved in 15 ml anhydrous CH3OH and cooled to 5 °C. Br2 (2.7 

ml, 8.4 g, 52 mmol) was added dropwise and the temperature was maintained at 

about 7 °C. After 1h of stirring, the mixture was allowed to warm to room 

temperature followed by an addition of DI H2O (15 mL). The mixture was allowed to 

stir overnight. DI H2O (45 mL) was added followed by extraction using diethyl ether 

(25 mL x 4). The ether layers were combined and washed with of aqueous 10% 

K2CO3 (10 mL) followed by DI H2O (10 mL x 2). The ether layer was then dried over 

MgSO4 and volatiles were removed under reduced pressure. The desired product was 

then distilled on a Kugelrohr at 50°C at 5 torr to give pure 7 (1.52 g, 53.9%). 
1
H 

NMR is consistent to literature values.
17

 

 Synthesis of 3-chloro-2-methylbutanal (8). Isovaleraldehyde (1.49 g, 17.3 

mmol) was dissolved in CH2Cl2 (70 mL) and cooled to 5 °C. N-chlorosuccinimide 

(2.80 g, 20.9 mmol) and L-proline (107 mg, 0.929 mmol) was added and the mixture 

was allowed to stir for 1h at 5 °C. The solution was removed from cooling and 

allowed to warm to room temperature with stirring for 2h. Pentane (120 mL) was 

added and the solution was filtered through Celite. The filtrate was washed with H2O 

(150 mL x 2) and brine (20 mL). The organic layer was dried over MgSO4 and 

volatiles were removed under reduced pressure to give pure 8 (0.86 g, 41.2%). 
1
H 

NMR is consistent to literature values.
21
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 Synthesis of Guanosine Triacetate (5’). A suspension containing guanosine 

(5.0 g, 17.7 mmol) and acetic anhydride (50 mL) in pyridine (60 mL) was heated to 

100 °C. The temperature was maintained for 10 minutes during which the mixture 

became homogenous. The solution was cooled to -20 °C producing a precipitate that 

was collected by filtration. The filtered material was washed with ether and 

recrystallized in ethanol to give pure 5’ (9.1 mmol, 51%). 
1
H NMR is consistent to 

literature values.
26

 

 Synthesis of 1N-methylguanosine (10). A solution of guanosine (5.97 g, 21.1 

mmol in 40.0 mL anhydrous DMSO) was treated with NaH (511 mg, 21.3 mmol) 

under N2 at room temperature. After 75 minutes of stirring, a solution of CH3I (3.00 

g, 21.1 mmol in 1.0 mL DMSO) was added dropwise to the mixture. The reaction 

mixture was allowed to stir for 5 hours at room temperature then poured into 400 mL 

of isopropanol, residual material left in the reaction flask was rinsed and collected 

with 50 mL isopropanol. The isopropanol solutions were combined and placed in a -

20 °C fridge overnight. Solid material that precipitated was collected by filtration and 

washed with acetone (200 mL). The filtered solid was quickly resuspended in acetone 

and filtered again. The solid was dried under reduced to pressure to give 4.24 g of 

pure 1 (14.3 mmol). A second crop was obtained by cooling the filtrate in a -80 °C 

freezer and was isolated using the same method; 102 mg (0.343 mmol): off-white 

amorphous solid (69.2%); 
1
H-NMR (400 MHz, D2O) δ 7.83 (1H, s), 5.79 (1H, d, J = 

5.6 Hz), 4.67 (1H, t, J = 5.4 Hz), 4.35 (1H, t, J = 4.2 Hz), 4.16 (1H, q, J = 3.2 Hz), 

3.85 (1H, dd, J = 2.4, 12.8 Hz), 3.77 (1H, dd, J = 3.6, 12.4 Hz), 3.32 (3H, s). 
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 1N-methylguanine (6). A solution of 10 (1.97 g, 6.63 mmol in 10.0 mL 1M 

HCl) was heated at reflux for 1.5 hours. The reaction mixture was then allowed to 

cool to room temperature. DI H2O (10.0 mL) was added and the solution was basified 

with 2M NaOH. The solution was cooled to 3° C and the solid precipitate was 

collected by filtration and washed with DI H2O. The solid was then dried under 

reduced pressure to give pure 6 (617 mg, 61.3%): off-white amorphous solid; UV 

(CH3OH) λmax: 273, 249; 
1
H-NMR (500 MHz, TFA-d) δ 8.79 (1H, s, H-8), 3.58 (3H, 

s, H-10);
 13

C-NMR (125 MHz, TFA-d) δ 156.5 (C-2), 155.1 (C-2), 144.4 (C-4), 140.5 

(C-8), 109.9 (C-5), 30.9 (C-10). 

 7N-PMB-1N-methylguanine (11a). A suspension of 6 (300 mg, 1.82 mmol) 

and K2CO3 (303 mg, 2.19 mmol) in anhydrous DMSO (10.0 mL) was vigorously 

stirred under an atmosphere of N2. p-methoxybenzylchloride (512 mg, 3.27 mmol) 

was added and the solution was allowed to stir at room temperature for 26 hours. DI 

H2O (100 mL) was added to the reaction mixture and the pH of the solution was 

adjusted to ~8 using 1M NH4OH followed by extraction with EtOAc (5x100 mL). 

The EtOAc layers were combined, washed with DI H2O (50 mL) and concentrated 

under reduced pressure. During concentration, a white solid precipitated and was 

collected. The precipitate (87 mg) was determined to be the desired reaction product 

via NMR and was purified by recrystallization in EtOH to give pure 11a (61.8 mg). 

The EtOAc concentrate was passed through a short SiO2 column (0-10% CH3OH in 

CH2Cl2) to obtain 30.0 mg of pure 11a along with 200 mg (0.702 mmol) of an 

isomeric mixture of N1-methyl-N7-(p-methoxybenzyl)-guanine. The total yield of 
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11a is 30.6% while the yield of 11b is 25.7%, an isomeric ratio of 1.2:1 (11a:11b 

isomers): colorless solid; UV (CH3OH) λmax (log ε) 215 (4.03), 282 (3.45); FTIR 

(ATR): ν 3338, 3171, 2959, 2930, 1688, 1642, 1614, 1556, 1513, 1248 cm
-1

; 
1
H-

NMR (500 MHz, DMSO-d6) δ 8.08 (1H, s, H-8), 7.29 (2H, d, J = 8.6 Hz, H-3’’), 6.87 

(2H, d, J = 8.6 Hz, , H-4’’), 6.71 (1H, s, NH-11), 5.35 (2H, s, H-1’’), 3.70 (3H, s, H-

6’’), 3.36 (3H, s, H-10);
 13

C-NMR (125 MHz, DMSO-d6) δ 158.8 (C-6), 157.9 (C-

5’’), 154.3 (C-2), 153.5 (C-4), 143.4 (C-8), 129.2 (C-2’’), 129.8 (C-3’’), 113.9 (C-

4’’), 107.0 (C-5), 55.1 (C-6’’), 48.3 (C-1’’), 27.8 (C-10); HRESITOFMS m/z 

286.1299 [M+H]
+
 (calc. for C14H16O2N5, 286.1299) 

 7N-PMB-acremolin (12). To a suspension of 11a (51.4 mg, 0.180 mmol) and 

400 mg of 4 Å molecular sieves in anhydrous CH3CN (5.0 mL) was added 3-methyl-

1-bromo-2-butanone (38.9 mg, 0.236 mmol) under an atmosphere of N2. The reaction 

mixture was heated and stirred at 40 °C for 21 hours. Additional bromoketone (15.4 

mg, 0.0933 mmol) was added and the reaction was continued for 23 hours to 

complete the reaction. The reaction mixture was neutralized using 1M NH4OH and 

solid material was filtered. The filtrate was dried to give a white solid (64 mg) that 

was purified on a short SiO2 column (0-10% CH3OH in CH2Cl2) to yield 20.8 mg of 

crude 12 and 43.4 mg of side product (13). 12 was further purified on a short SiO2 

column (50% EtOAc/hexanes) to obtain 16.9 mg of pure 12 (26.7%): colorless 

amorphous solid; UV (CH3OH) λmax (log ε): 225 (4.65), 273 (4.11); FTIR (ATR): ν 

2954, 2935, 1671, 1613, 1516, 1246 cm
-1

; 
1
H-NMR (500 MHz, CD3OD) δ 8.14 (1H, 

s, H-8), 7.37 (2H, d, J = 8.8 Hz, H-3’’), 7.33 (1H, s, H-1’), 6.88 (2H, d, J = 8.8 Hz, H-
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4’’), 5.58 (2H, s, H-1’’), 3.75 (3H, s, H-6’’), 3.66 (3H, s, H-10), 2.94 (1H, septet, J = 

6.8 Hz, H-3’), 1.31 (3H, d, J = 6.8 Hz, H-4 and H-5); 
13

C-NMR (125 MHz, CD3OD) 

δ 159.8 (C-5’’), 153.4(C-6), 148.9(C-2’), 142.7 (C-2), 142.3 (C-4), 141.7 (C-8), 

129.2 (C-3’’), 128.2 (C-2’’), 113.8 (C-4’’), 108.4 (C-5), 102.9 (C-1’’), 54.3 (C-6’’), 

49.2 (C-1’’), 27.9 (C-10), 27.7 (C-3’), 21.1 (C-4’ and C-5’); HRESITOFMS m/z 

352.1769 [M+H]
+
 (calc. for C19H22O2N5, 352.1768) 

 Monoalkylation side product (13): (0.117 mmol, 65%): colorless amorphous 

solid; 
1
H-NMR (500 MHz, DMSO-d6) δ 9.25 (1H, br s, H-8), 7.80 (2H, br s, N-H2), 

7.44 (2H, d, J = 8.7 Hz, H-3’’), 6.98 (2H, d, J = 8.7 Hz, H-4’’), 5.62 (2H, s, H-1’), 

5.31 (2H, s, H-1’’), 3.75 (3H, s, H-6’’), 3.33 (3H, s, H-10), 2.89 (1H, septet, J = 6.9 

Hz, H-3’), 1.32 (3H, d, J = 6.9 Hz, H-4’ and H-5’); 
13

C-NMR (125 MHz, DMSO-d6) 

δ 205.3 (C-2’), 159.6 (C-5’’), 156.1 (C-6), 152.9 (C-2), 148.1 (C-4), 138.54 (C-8), 

130.2 (C-3’’), 126.3 (C-2’’), 114.3 (C-4’’), 104.9 (C-5), 55.2 (C-6’’), 51.0 (C-1’’), 

50.8 (C-1’), 37.8 (C-3’), 28.6 (C-10), 17.7 (C-4’ and C-5’). HRESITOFMS m/z 

370.1873 [M]
+
 (calc. for C19H24O3N5, 370.1874) 

 Synthesis of acremolin (1a). Method a: To a solution of 12 (16.9 mg, 0.0481 

mmol in 0.5 mL toluene) was added 90% H2SO4 (50 L). The mixture was 

vigorously stirred at 50 °C for 3 days. The reaction mixture was then diluted with 

toluene (1.5 mL) and DI H2O (2 mL). The toluene layer was removed and the 

aqueous layer was extracted with a second portion of toluene (2 mL). The aqueous 

layer was neutralized to pH 7-8 using 1M aqueous NH4OH and extracted with EtOAc 
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(3x3 mL). The EtOAc layers were combined and evaporated to dryness to yield 

highly pure 1a (4.3 mg, 38.7%): colorless amorphous solid; UV (CH3OH) λmax (log ε) 

pH 3: 219 (4.57), 254 (4.06); pH 7: 223 (4.49), 269 (4.05); pH 9: 225 (4.61), 270 

(4.16); Fluorescence (CH3OH): λem 296 nm, λex 421 nm; FTIR (ATR): ν 3099, 2958, 

2925, 1672, 1617, 1568, 1518, 1464 cm
-1

; 
1
H-NMR (500 MHz, DMSO-d6) δ 13.87 

(1H, s, br, NH-9 or NH-7), 8.16 (1H, s, H-8), 7.38 (1H, d, JH-H allylic = 1.0 Hz, H-1’), 

3.57 (3H, s, H-10), 2.88 (1H, doublet of septets, J = 6.9 Hz, JH-H allylic = 1.0 Hz, H-3’), 

1.25 (6H, d, J = 6.9 Hz, H-4’ and H-5’);
 13

C-NMR (125 MHz, DMSO-d6) δ 152.8 (C-

6), 148.0(C-2’), 142.3 (C-2), 141.6 (C-4), 140.5 (C-8), 108.9 (C-5), 103.2 (C-1’), 

28.9 (C-10), 27.7 (C-3’), 22.1 (C-4’ and C-5’); HRESITOFMS m/z 232.1191 [M+H]
+
 

(calc. for C11H14ON5, 232.1193). 

Method b: A solution of 12 (2.8 mg 0.0079 mmol) in 1.0 mL TFA was 

vigorously stirred and heated at 40° C for 24 hours. The temperature was increased to 

80 °C and continued for 15 hours. The mixture was allowed to cool to r.t. and TFA 

was removed under reduced pressure to give a brown residue. The crude product was 

dissolved in 1.0 mL DI H2O and neutralized with 1M NH4OH. The aqueous solution 

was extracted with EtOAc (4 x 4 mL) and the organic layers were combined and 

dried to give crude 1a which was purified on a short SiO column (0-5% CH3OH in 

CH2Cl2) to yield pure 1a (1.4 mg, 76%). 
1
H-NMR spectrum of product matches that 

of method a. 
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 Synthesis of iso-acremolin (1b). To a suspension of 6 (97 mg, 0.59 mmol in 

3.0 mL anhydrous DMSO) was added 3Å molecular sieves and acetic acid (100 µL). 

The atmosphere was flushed with N2 and 8 was added (500 µL, 3 mmol). The 

mixture was stirred vigorously and heated at 80 °C for 22 hours. NaCNBH3 (60 mg, 

0.96 mmol) was added in one portion; heating and stirring was continued for 17 

hours. The reaction mixture was removed from heating and diluted in DI H2O (40 

mL). The aqueous solution was neutralized using a saturated solution of NaHCO3 and 

extracted with EtOAc (3x50 mL). The organic layers were combined, washed with DI 

H2O (2x100 mL) and brine (25 mL) then dried over MgSO4 and concentrated under 

reduced pressure to give 200 mg of crude product. The crude material was purified by 

flash chromatography (silica, 10-50% CH3OH:CH2Cl2) to yield 1b (21.1 mg, 16%): 

white solid; UV (CH3OH) λmax (log ε): 226 (3.57), 269 (3.11); FTIR (ATR): ν 2963, 

2934, 1715, 1670, 1455, 1376, 1072; Refer to Table 3.5. for NMR data; 

HRESITOFMS m/z 232.1194 [M+H]
+
 (calc. for C11H14ON5, 232.1193). 

Tosylation of 1N-methylguanine (15a & 15b). To a suspension of 6 (16.9 

mg, 0.102 mmol in 0.5 mL CH3CN) was added triethylamine (17 µL, 0.12 mmol) and 

4-toluenesulfonyl chloride (21.4 mg, 0.112 mmol) at room temperature under an 

atmosphere of N2. The reaction mixture was allowed to stir for 20 hours. The mixture 

was diluted with DI H2O (2 mL), centrifuged and the supernatant was decanted. The 

solid residue was extracted by repeating the previous procedure two additional times 

with DI H2O and then twice with 2 mL EtOAc. The aqueous layers were combined 

and extracted with EtOAc (2x 2 mL). The organic layers were all combined and dried 
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under reduced pressure to give an off-white solid (12.8 mg). The solid was purified 

on a short SiO column (0-10% CH3OH in CH2Cl2) to give a 1:1 mixture of N
7
:N

9
 

tosylated methylguanine isomers 15a and 15b (6.5 mg, 20%): white solid; LCESIMS 

(0-100% CH3CN in H2O (0.1% formic acid), RP-C18): 11.31 min (m/z 320), 11.39 

min (m/z 320). 

Trifluoroacetylation of 1N-methylguanine (16). To a suspension of 6 (17.8 

mg, 0.108 mmol in 1.0 mL CH3CN) was added trifluoroacetic anhydride (25 µL, 

0.176 mmol) at room temperature under an atmosphere of N2. The reaction mixture 

was stirred for 2 hours. Triethylamine (18 µL, 0.13 mmol) was added to the mixture 

followed by additional stirring for 30 min. The solution was diluted in DI H2O (1 

mL), neutralized using 1M NH4OH and extracted with EtOAc (5 x 2 mL). The 

organic layers were combined and dried under reduced pressure to obtain a yellow 

solid (33.3 mg). The solid was purified on a short SiO column (0-10% CH3OH in 

CH2Cl2) to obtain a 1:3.1 mixture of trifluoroacetyl-methylguanine and 

triethylammonium trifluoroacetate, 16 (11.6 mg), and a mixture of decomposition 

material (19.8 mg). 16: colorless solid; LCESIMS (0-100% CH3CN in H2O (0.1% 

formic acid), RP-C18): 10.83 min (m/z 262.13). 

 N-Boc Valine (17a). L-Valine (2.01 g, 17.2 mmol) and NaHCO3 (4.34, 51.6 

mmol) in DI H2O (50 mL) was treated with di-tert-butyl dicarbonate (4.33 g, 19.8 

mmol) and the mixture was vigorously stirred at room temperature for 22 hours. The 

solution was acidified using 1 M HCl and extracted with EtOAc (3 x 50 mL). The 

organic layers were combined, dried over MgSO4 and concentrated. Unreacted valine 
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was removed by flash chromatography using silica (0-100% EtOAC:hexanes) and 

pure 17a was obtained (1.53 g, 41%); clear gel, H-NMR matches literature values.
27

 

N-Cbz Valine (17b). L-Valine (6.54 g, 55.9 mmol) and NaHCO3 (7.04, 83.8 

mmol) was dissolved in 1:1 1,4-dioxane:H2O (280 mL). Benzyl chloroformate (10 

mL, 70 mmol) was added and the mixture was vigorously stirred at room temperature 

for 17 hours. The solution was acidified using 1 M HCl and extracted with EtOAc (3 

x 100 mL). The organic layers were combined, dried over MgSO4 and concentrated 

under high vacuum to yield a 1:5 mixture of dioxane and 17b (15.3 g). 

4-isopropyloxazolidine-2,5-dione (23). A solution of L-valine (3.99 g, 34.1 

mmol) and NaHCO3 (3.12 g, 37.1 mmol) in 1:1 water/dioxane (170 mL) was treated 

with di-tert-butyl dicarbonate (8.18 g, 37.5 mmol). The solution was stirred for 17 

hours and then washed with CH2Cl2 (80 mL). The aqueous layer was acidified using 

6M HCl to pH 2 and extracted with CH2Cl2 (160 mL). The organic layer was dried 

over MgSO4 and concentrated under reduced pressure to obtain a clear oil (7.8 g). 

The material was redissolved in CH2Cl2 (100 mL) and cooled to 0 °C. Oxalyl 

chloride (4.5 mL, 52 mmol) and catalytic DMF (0.3 mL) was added. The solution 

was stirred for 45 min and then allowed to warm to room temperature. Stirring was 

continued for an additional hour before volatiles were removed under reduced 

pressure. Pure 23 was obtained as a yellow-orange solid (4.4 g, 90% over 2 steps). 

1
H-NMR matches literature values.

22
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(S)-2-(1,3-dioxoisoindolin-2-yl)-3-methylbutanoyl chloride (22c). L-valine 

(2.28 g, 19.5 mmol) was suspended in toluene (100 mL) and treated with phthalic 

anhydride (3.22 g, 21.7 mmol). The mixture was allowed to reflux for 18 hours after 

which a clear solution was produced. Volatiles were removed under reduced pressure 

and a white solid was obtained. The solid was redissolved in CH2Cl2 (100 mL) and 

cooled to 0 °C. The solution was treated with oxalyl chloride (3.0 mL, 34 mmol) 

followed by a few drops of catalytic DMF. The solution was allowed to stir for 1 hour 

at 0 °C and then stirred at room temperature for 2 hours. Volatiles were removed 

under reduced pressure to give 22c as a light orange solid (4.7 g, 91% over 2 steps). 

1
H-NMR (400 MHz, CDCl3) δ 7.87 (2H, m), 7.81 (2H, m), 4.74 (1H, d, J = 7.2 Hz), 

2.76 (1H, m), 1.16 (3H, d, J = 3.6 Hz), 0.92 (3H, d, J = 3.6 Hz). 

2-(1,3-dioxoisoindolin-2-yl)-3-methyl-N-(1-methyl-6-oxo-6,9-dihydro-1H-

purin-2-yl)butanamide (18c). A solution of 6 (330 mg, 2.00 mmol), 22c (574 mg, 

2.16 mmol) and DMAP (21 mg, 0.17 mg) in pyridine (10 mL) was prepared under an 

atmosphere of N2. The mixture was heated at 65 °C for 2 hours and an additional 

portion of 22c was added (50 mg, 0.23 mmol); heating was continued for another 

hour. The mixture was concentrated under reduced pressure to give an oily residue. 

The residue was redissolved in CH3CN and filtered to remove insoluble precipitate 

formed during drying. The filtrate was concentrated and purified by flash 

chromatography (0-30% CH3OH in CH2Cl2) to yield 18c (250 mg, 32%). 
1
H-NMR 

(500 MHz, CD3CN) δ 8.08 (1H, s, H-8), 7.75 (4H, m, H-5’), 5.54 (1H, d, J = 6.0 Hz, 
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H-1’), 3.19 (3H, s, H-10),  2.75 (1H, m, H-2’), 1.11 (3H, d, J = 7.0 Hz, H-3 or H-4), 

1.01 (3H, d, J = 7.0 Hz, H-3 or H-4). 

Isobutyl (1-methyl-6-oxo-6,9-dihydro-1H-purin-2-yl)carbamate (26).  

Step 1 - Preparation of mixed anhydride (24) solution in DMF: A solution of 

17a (516 mg, 2.37 mmol) and NEt3 (350 L, 2.51 mmol) in DMF (12 mL) was 

prepared under N2. The solution was cooled to -10 °C and treated with isobutyl 

chloroformate (350 L, 2.68 mmol) added over 5 minutes. The solution was stirred 

for 15 min at -10 °C and used for step 2 as is. 

 Step 2 - Treatment of 6 with 24: The solution of 24 prepared in step 1 (4 mL, 

0.79 mmol) was added to a vial containing 6 (97.7 mg, 0.592 mmol) under N2 and 

then stirred at room temperature for 24 hours. The mixture was diluted with CH3CN 

and filtered. The filtrate was concentrated under reduced pressure and the crude 

product was purified by flash chromatography (0-20% CH3OH in CH2Cl2) to obtain 

26 (13.8 mg, 9%). 
1
H-NMR (500 MHz, CD3OD) δ 8.11 (1H, s, H-8), 4.26 (1H, d, J = 

7.0 Hz, H-1’), 3.47 (3H, s, H-10), 2.15 (1H, m, H-2’), 1.06 (3H, d, J = 6.3 Hz). 

HRESITOFMS m/z 288.1064 [M+Na]
+
 (calc. for C11H15O3N5) 

(1E)-3-methyl-1-nitrobut-1-ene (27). A mixture of isobutyraldehyde (3.8 

mL, 3.0 g, 41.6 mmol) and CH3NO2 (2.26 mL, 2.58 g, 42.3 mmol) in CH3OH (10 

mL) was prepared and cooled to 0° C. A solution of aqueous NaOH (2.06 g, 51.5 

mmol in 2 mL) was added dropwise. Additional CH3OH (2 mL) was added and the 

mixture was stirred at 0 °C for 1 hour. Water (30 mL) was added and the reaction 
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mixture was poured into a solution of conc. HCl in water (20 mL HCl in 30 mL 

H2O). The mixture was stirred for 15 min and then extracted using CH2Cl2 (3 x 20 

mL). The combined organic layers were dried over MgSO4 and concentrated under 

reduced pressure to give a yellow oil. The material was purified by flash 

chromatography (0-10% EtOAc in hexanes) to give 27 as a yellow liquid (1.29 g, 

11.2 mmol, 27%). HNMR matched literature values.
25

 

 General procedure for preparation of PMB-protected acremolin 

analogues.  A solution of 6 (1.0 eq) and bromoketone 31 (1.5 eq) in CH3CN (0.2 M 

conc) was prepared under an atmosphere of N2. NEt3 (1.2 eq) was added prior to 

heating at 80° C for 2 hours. The mixture was allowed to cool to room temperature 

and diluted with CH3OH. Volatiles were removed under reduced pressure and the 

residue was purified by silica chromatography (0-10% CH3OH in CH2Cl2). The 

fluorescent product was recrystallized from CH3CN and washed with hexanes to give 

solid product. 

 3-(4-methoxybenzyl)-5-methyl-7-phenyl-3H-imidazo[2,1-b]purin-4(5H)-

one (32a). 18 %: off-white amorphous solid; UV (CH3OH) λmax (log ε): 230 (4.48), 

282 (4.13); FTIR (ATR, neat) ν 2925, 2837, 1668, 1616, 1513, 1472, 1247, 1032, 

1014 cm
–1

; 
1
H NMR  (600 MHz, CDCl3) δ 7.86 (app d, J = 7.9 Hz, 2H), 7.82 (s, 1H), 

7.64 (s, 1H), 7.40 (app t, J = 7.6  Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H), 7.28 (app t, J = 7.6  

Hz, 1H), 6.89 (d, J = 8.6 Hz, 2H) 5.56 (s, 2H), 3.81 (s, 3H) 3.78 (s, 3H);
 13

C-NMR 

(125 MHz, CDCl3) δ 160.1 (Cq), 153.8 (Cq), 143.4 (Cq), 142.7 (Cq), 141.7 (Cq), 140.8 

(CH), 130.0 (CH), 128.9 (CH), 127.9 (CH), 127.3 (Cq), 125.6 (CH),  114.7 (CH), 
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109.9 (Cq), 104.4 (CH), 55.5 (CH3), 50.3 (CH2), 29.8 (CH3); HRESITOFMS m/z 

[M+H]
+
 386.1613 calcd for C22H20O2N5 386.1612.  

 3-(4-methoxybenzyl)-5-methyl-7-(naphthalen-2-yl)-3H-imidazo[2,1-

b]purin-4(5H)-one (32b). 16 %: off-white amorphous solid; UV (CH3OH) λmax (log 

ε): 231 (4.82), 312 (4.42); FTIR (ATR, neat) ν 2930, 2855, 1670, 1616, 1514, 1471, 

1249, 1178 cm
–1

; 
1
H NMR (600 MHz, CDCl3) δ 8.38 (s, 1H), 7.93 (s, 1H), 7.91-7.88 

(m, 2H), 7.84 (app d, J = 7.1  Hz, 1H), 7.81 (app d, J = 6.7 Hz, 1H),  7.64 (s, 1H), 

7.47-7.42 (m, 2H), 7.32 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 8.6 Hz, 2H) 5.56 (s, 2H), 

3.86 (s, 3H) 3.78 (s, 3H);
 13

C NMR (150 MHz, CDCl3) δ 160.2 (Cq), 153.9 (Cq), 

143.7 (Cq), 142.8 (Cq), 141.6 (Cq), 140.8 (CH), 133.9 (Cq), 133.2 (Cq), 130.0 (CH), 

128.53 (Cq), 128.49 (CH), 127.9 (CH), 127.4 (CH), 126.5 (CH), 125.9 (CH), 124.1 

(CH), 123.8 (CH), 114.8 (CH), 109.5 (Cq), 104.9 (CH), 55.5 (CH3), 50.3 (CH2), 29.6 

(CH3); HRESITOFMS m/z [M+H]
+
 436.1770 calcd for C26H20O2N5 436.1768. 

 7-(4-bromophenyl)-3-(4-methoxybenzyl)-5-methyl-3H-imidazo[2,1-

b]purin-4(5H)-one (32c). 13 %: off-white amorphous solid; UV (CH3OH) λmax (log 

ε): 233 (3.89), 284 (3.67), 299 (3.71); FTIR (ATR, neat) ν 1670, 1619, 1514, 1469, 

1247 cm
–1

; 
1
H NMR (600 MHz, CDCl3) δ 7.81 (s, 1H), 7.72 (d, J = 8.6 Hz, 2H), 7.64 

(s, 1H), 7.51 (d, J = 8.6 Hz, 2H), 7.32 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H) 

5.56 (s, 2H), 3.79 (s, 3H), 3.78 (s, 3H);
 13

C NMR (150 MHz, CDCl3) δ 160.2 (Cq), 

153.8 (Cq), 143.7 (Cq), 142.7 (Cq), 140.8 (Cq), 140.6 (CH), 132.6 (Cq), 132.0 (CH), 

129.9 (CH), 127.4 (Cq), 127.1 (Cq), 121.4 (CH), 114.8 (CH), 109.5 (Cq), 104.6 (CH), 
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55.6 (CH3), 50.3 (CH2), 29.6 (CH3); HRESITOFMS m/z [M+H]
+
 464.0720 calcd for 

C22H19O2N5Br 464.0717.  

 3-(3-(4-methoxybenzyl)-5-methyl-4-oxo-4,5-dihydro-3H-imidazo[2,1-

b]purin-7-yl)phenyl benzoate (32d). 19 %: off-white amorphous solid; UV 

(CH3OH) λmax (log ε): 231 (4.47), 283 (4.02); FTIR (ATR, neat) ν 2927, 2852, 1733, 

1669, 1613, 1513, 1468, 1248, 1178, 1063 cm
–1

; 
1
H NMR  (600 MHz, CDCl3) δ 8.22 

(d, J = 7.9 Hz, 2H), 7.84 (s, 1H), 7.75-7.72 (m, 2H), 7.64 (s, 1H), 7.63 (t, J = 7.7  Hz, 

1H), 7.52 (app t, J = 7.7  Hz, 2H), 7.45 (t, J = 7.9  Hz, 1H), 7.32 (d, J = 8.6 Hz, 2H), 

7.14 (dd, J = 8.0, 2.3 Hz, 1H), 6.88 (d, J = 8.6 Hz, 2H), 5.56 (s, 2H), 3.79 (s, 3H), 

3.78 (s, 3H);
 13

C NMR (150 MHz, CDCl3) δ 165.4 (Cq) 160.1 (Cq), 153.8 (Cq), 151.7 

(Cq), 143.6 (Cq), 142.7 (Cq), 140.83 (Cq), 140.76 (CH), 135.4 (Cq), 133.8 (CH), 130.4 

(CH), 129.99 (CH), 129.91 (CH), 128.8 (CH), 127.4 (Cq), 122.9 (CH), 120.9 (CH), 

118.9 (CH), 114.8 (CH), 109.5 (Cq), 104.9 (CH), 55.6 (CH3), 50.3 (CH2), 29.5 (CH3); 

HRESITOFMS m/z [M+Na]
+
 528.1644 calcd for C29H23O4N5Na 528.1642. 

 7-([1,1'-biphenyl]-4-yl)-3-(4-methoxybenzyl)-5-methyl-3H-imidazo[2,1-

b]purin-4(5H)-one (32e). 13 %: off-white amorphous solid; UV (CH3OH) λmax (log 

ε): 308 (4.24); FTIR (ATR, neat) ν 2948, 1665, 1617, 1515, 1469, 1242 cm
–1

; 
1
H 

NMR  (600 MHz, CDCl3) δ 7.93 (d, J = 8.3 Hz, 2H), 7.86 (s, 1H), 7.65 (s, 1H), 7.65-

7.63 (m, 5H), 7.43 (app t, J = 7.9 Hz, 2H), 7.33 (d, J = 8.6 Hz, 2H), 6.89 (d, J = 8.6 

Hz, 2H) 5.57 (s, 2H), 3.84 (s, 3H) 3.78 (s, 3H);
 13

C NMR (150 MHz, CDCl3) δ 160.2 

(Cq), 153.8 (Cq), 143.7 (Cq), 142.7 (Cq), 140.8 (Cq), 140.6 (CH), 132.6 (Cq), 132.0 

(CH), 129.9 (CH), 127.4 (Cq), 127.1 (CH), 121.4 (CH), 114.8 (CH), 109.5 (Cq), 104.6 
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(CH), 55.6 (CH3), 50.3 (CH2), 29.6 (CH3); HRESITOFMS m/z [M+H]
+
 462.1926 

calcd for C28H24O2N5 462.1925. 

 7-(3-fluorophenyl)-3-(4-methoxybenzyl)-5-methyl-3H-imidazo[2,1-

b]purin-4(5H)-one (32f). 15 %: off-white amorphous solid; UV (CH3OH) λmax (log 

ε): 231 (4.06), 297 (3.78); FTIR (ATR, neat) ν 1671, 1616, 1514, 1469, 1247 cm
–1

; 

1
H NMR  (600 MHz, CDCl3) δ 7.82 (s, 1H), 7.64 (s, 1H), 7.60 (d, J = 7.7 Hz, 1H), 

7.57 (dt, J =10.0, 1.7 Hz, 1H), 7.34 (dd, J = 7.9, 6.0 Hz, 1H), 7.32 (d, J = 8.6 Hz, 2H), 

6.96 (dt, J = 7.9, 2.6 Hz, 1H), 6.88 (d, J = 8.7 Hz, 2H), 5.56 (s, 2H), 3.79 (s, 3H), 3.78 

(s, 3H); 
13

C NMR (150 MHz, CDCl3) δ 162.2 (Cq), 160.2 (Cq), 153.8 (Cq), 143.5 (Cq), 

142.6 (Cq), 140.8 (Cq), 140.4 (CH), 135.8 (Cq), 130.4 (CH), 130.0 (CH), 127.4 (Cq), 

121.0 (CH), 114.8 (CH), 114.5 (CH), 112.5 (CH), 109.5 (Cq), 104.9 (CH), 55.6 

(CH3), 50.3 (CH2), 29.6 (CH3); HRESITOFMS m/z [M+H]
+
 404.1524 calcd for 

C22H19O2N5F 404.1517. 

3-(4-methoxybenzyl)-7-(4-methoxyphenyl)-5-methyl-3H-imidazo[2,1-b]purin-

4(5H)-one (32g). 24 %: off-white amorphous solid; UV (CH3OH) λmax (log ε): 229 

(4.16), 280 (3.84); FTIR (ATR, neat) ν 2934, 1671, 1617, 1514, 1469, 1247 cm
–1

; 
1
H 

NMR  (600 MHz, CDCl3) δ 7.78 (d, J = 8.6 Hz, 2H), 7.71 ( s, 1H), 7.62 (s, 1H), 7.32 

(d, J = 8.6 Hz, 2H), 6.93 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 8.7 Hz, 2H), 5.56 (s, 2H), 

3.83 (s, 3H), 3.80 (s, 3H), 3.78 (s, 3H); 
13

C NMR (150 MHz, CDCl3) δ 160.1 (Cq), 

159.5 (Cq), 153.7 (Cq), 143.4 (Cq), 142.8 (Cq), 141.5 (CH), 140.7 (Cq), 129.9 (CH), 

127.4 (Cq), 126.8 (CH), 126.3 (Cq), 114.8 (CH), 114.3 (CH), 109.4 (Cq), 103.2 (CH), 
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55.53 (CH3), 55.51 (CH3), 50.3 (CH2), 29.5 (CH3); HRESITOFMS m/z [M+H]
+
 

416.1722 calcd for C23H22O3N5 416.1717. 

 7-(furan-2-yl)-3-(4-methoxybenzyl)-5-methyl-3H-imidazo[2,1-b]purin-

4(5H)-one (32h). 5 %: off-white amorphous solid; UV (CH3OH) λmax (log ε): 228 

(4.33), 262 (4.05), 284 (4.07); FTIR (ATR, neat) ν 2919, 2847, 1671, 1618, 1514, 

1456, 1249, 1033, 1012 cm
–1

; 
1
H NMR  (500 MHz, CDCl3) δ 7.76 ( s, 1H), 7.66 (s, 

1H), 7.46 (d, J = 1.4 Hz, 1H), 7.34 (d, J = 8.7 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 6.73 

(d, J = 3.3 Hz, 1H), 6.48 (dd, J = 3.3, 1.8 Hz, 1H), 5.58 (s, 2H), 3.80 (s, 6H); 
13

C 

NMR (125 MHz, CDCl3) δ 159.9 (Cq), 153.6 (Cq), 149.1 (Cq), 143.5 (Cq), 142.6 (Cq), 

142.0 (Cq), 140.8 (CH), 133.8 (CH), 129.9 (CH), 127.2 (Cq), 114.6 (CH), 111.5 (CH), 

109.4 (Cq), 106.2 (CH), 104.3 (CH), 55.5 (CH3), 50.2 (CH2), 29.5 (CH3);; 

HRESITOFMS m/z [M+Na]
+
 398.1227 calcd for C20H17O3N5Na 398.1224. 

 General procedure for deprotection of PMB group. The PMB-protected 

substrate was dissolved in TFA (0.5 mL) under an atmosphere of N2 and heated at 

80 °C for 2 hours. The solution was allowed to cool to room temperature and diluted 

with toluene (1 mL). The mixture was concentrated under reduced pressure and the 

residue was washed with CH2Cl2/CH3OH. The suspension was centrifuged and the 

liquid supernatant was removed to give solid product. 

 5-methyl-7-phenyl-3H-imidazo[2,1-b]purin-4(5H)-one (33a). Obtained and 

characterized as TFA salt, 61 %: off-white amorphous solid; UV (CH3OH) λmax (log 

ε): 230 (4.02), 275 (3.72); FTIR (ATR, neat) ν 2925, 2834, 1674, 1613, 1500, 1246, 
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1032 cm
–1

; 
1
H NMR  (600 MHz, DMSO-d6) δ 8.28 (s, 1H), 8.23 (s, 1H), 7.95 (app d, 

J = 7.3 Hz, 2H), 7.41 (app t, J = 7.7  Hz, 2H), 7.27 (app t, J = 7.4  Hz, 1H), 3.67 (s, 

3H);
 13

C NMR (150 MHz, DMSO-d6) δ 152.5 (Cq), 143.0 (Cq), 141.7 (Cq), 141.3 

(Cq), 139.5 (CH), 133.3 (Cq) 128.4 (CH), 126.9 (CH), 124.7 (CH), 109.1 (Cq), 104.8 

(CH), 28.8 (CH3); HRESITOFMS m/z [M+H]
+
 266.1045 calcd for C14H12ON5 

266.1036.  

 5-methyl-7-(naphthalen-2-yl)-3H-imidazo[2,1-b]purin-4(5H)-one (33b). 

Obtained and characterized as TFA salt, 55 %: off-white amorphous solid; UV 

(CH3OH) λmax (log ε): 224 (4.51); FTIR (ATR, neat) ν 2921, 1657, 1643, 1457, 1245 

cm
–1

; 
1
H NMR (500 MHz, DMSO-d6) δ 8.48 (s, 1H), 8.44 (s, 1H), 8.26 (s, 1H), 8.12 

(dd, J = 7.1, 1.3 Hz, 1H), 8.00-7.92 (m, 3H), 7.56-7.49 (m, 2H), 3.71 (s, 3H); 
13

C 

NMR (125 MHz, DMSO-d6) ) δ 152.8 (Cq), 143.4 (Cq), 141.5 (Cq), 140.7 (Cq), 139.8 

(CH), 133.3 (Cq) 132.4 (Cq), 131.1 (CH), 128.1 (CH), 128.0 (CH), 127.7 (CH), 126.5 

(CH), 125.8 (CH), 123.8 (CH), 122.8 (CH), 109.4 (Cq), 105.9 (CH), 29.2 (CH3); 

HRESITOFMS m/z [M+H]
+
 316.1191 calcd for C18H14ON5 316.1193. 

  7-(4-bromophenyl)-5-methyl-3H-imidazo[2,1-b]purin-4(5H)-one (33c). 

Obtained and characterized as TFA salt, 86 %: off-white amorphous solid; UV 

(CH3OH) λmax (log ε): 240 (3.61); FTIR (ATR, neat) ν 2925, 1680, 1623, 1460, 1245, 

1009 cm
–1

; 
1
H-NMR  (500 MHz, DMSO-d6) δ 8.38 (s, 1H), 8.24 (s, 1H), 7.91 (d, J = 

8.6 Hz, 2H), 7.59 (d, J = 8.6 Hz, 2H), 3.65 (s, 3H);
 13

C NMR (125 MHz, DMSO-d6) δ 

152.8 (Cq), 143.3 (Cq), 141.4 (Cq), 140.6 (CH), 138.7 (Cq), 132.9 (Cq), 131.5 (CH), 
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126.9 (CH), 120.0 (Cq), 109.4 (Cq), 105.8 (CH), 29.1 (CH3); HRESITOFMS m/z 

[M+H]
+
 344.0141 calcd for C14H11ON5Br 344.0142.  

 7-([1,1'-biphenyl]-4-yl)-5-methyl-3H-imidazo[2,1-b]purin-4(5H)-one 

(33e). Obtained and characterized as TFA salt, 98 %: off-white amorphous solid; UV 

(CH3OH) λmax (log ε): 284 (3.81); FTIR (ATR, neat) ν 2874, 1656, 1618, 1459, 1243 

cm
–1

; 
1
H-NMR  (500 MHz, DMSO-d6) δ 8.37 (s, 1H), 8.25 (s, 1H), 8.05 (d, J = 8.3 

Hz, 2H), 7.73 (d, J = 8.3 Hz, 4H), 7.48 (t, J = 7.7 Hz, 2H), 7.37 (t, J = 7.3 Hz, 1H), 

3.68 (s, 3H);
 13

C NMR (125 MHz, DMSO-d6) δ 152.8 (Cq), 143.3 (Cq), 141.4 (Cq), 

140.6 (CH), 139.8 (Cq), 139.5 (Cq), 138.7 (Cq), 132.7 (Cq), 129.0 (CH), 127.4 (CH), 

126.9 (CH), 126.5 (CH), 125.5 (CH) 109.4 (Cq), 105.4 (CH), 29.1 (CH3); 

HRESITOFMS m/z [M+H]
+
 342.1353 calcd for C20H16ON5 342.1349.  

 7-(3-fluorophenyl)-5-methyl-3H-imidazo[2,1-b]purin-4(5H)-one (33f). 

Obtained and characterized as TFA salt, 69 %: off-white amorphous solid; UV 

(CH3OH) λmax (log ε): 231 (4.07), 287 (3.79); FTIR (ATR, neat) ν 2924, 1657, 1615, 

1566, 1462, 1249 cm
–1

; 
1
H-NMR  (500 MHz, DMSO-d6) δ 8.42 (s, 1H), 8.24 (s, 1H), 

7.81 (d, J = 7.9 Hz, 1H), 7.75 (dt, J = 9.7, Hz, 1H), 7.44 (t, J = 8.0, 6.3 Hz, 1H), 7.09 

(dt, J = 8.3, 2.6 Hz, 1H), 3.66 (s, 3H);
 13

C NMR (125 MHz, DMSO-d6) δ 163.6-161.7 

(d, JC-F = 240.8 Hz, Cq), 152.8 (Cq), 143.3 (Cq), 141.4 (Cq), 140.6 (CH), 138.6 (d, JC-F 

= 2.9 Hz, Cq), 136.1 (d, JC-F = 8.4 Hz, Cq), 130.6 (d, JC-F = 8.5 Hz, CH), 120.9 (d, JC-

F = 2.5 Hz, CH), 113.7 (d, JC-F = 20.7 Hz, CH), 111.3 (d, JC-F = 22.9 Hz, CH), 109.5 

(Cq), 106.3 (CH), 29.1 (CH3); HRESITOFMS m/z [M+H]
+
 284.0945 calcd for 

C14H11ON5F 284.0942.  
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 7-(4-methoxyphenyl)-5-methyl-3H-imidazo[2,1-b]purin-4(5H)-one (33g). 

Obtained and characterized as TFA salt, 51 %: off-white amorphous solid; UV 

(CH3OH) λmax (log ε): 274 (3.28); FTIR (ATR, neat) ν 2928, 1671, 1499, 1249, 1032 

cm
–1

; 
1
H-NMR  (500 MHz, DMSO-d6) δ 8.21 (s, 1H), 8.14 (s, 1H), 7.87 (d, J = 8.6 

Hz, 2H), 6.97 (d, J = 8.6 Hz, 2H), 3.79 (s, 3H), 3.66 (s, 3H);
 13

C NMR (125 MHz, 

DMSO-d6) δ 158.5 (Cq), 152.6 (Cq), 142.9 (Cq), 141.4 (Cq), 140.3 (Cq), 139.7 (CH), 

126.2 (CH), 126.2 (Cq), 113.9 (CH), 110.8 (Cq), 103.2 (CH), 54.8 (CH3), 28.8 (CH3); 

HRESITOFMS m/z [M+H]
+
 296.1142 calcd for C15H14O2N5 296.1142.  
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