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Abstract 

 

The Golden research group discovered a regiospecific intramolecular rearrangement of a 

quinazolinone core that afforded bioactive (E)-amidobenzamidines. In our efforts to access C3-

modifications on the chemotype, we developed a telescoped, four-step, six transformation protocol 

to generate C3-substituted (E)-arylamidines. The methodology used a multicomponent Ugi-

Mumm in conjunction with a subsequent intramolecular aza-Wittig strategy to access highly 

diversified quinazolinones which undergo a regiospecific rearrangement to form novel, C3-

substituted (E)-arylamidines. Additionally, this method led to the formation of C5-substituted ring-

fused quinazolines proposed to be generated via an intramolecular ring closing acyl transfer of an 

elusive (Z)-amidobenzamidine intermediate. We also discovered an unprecedented intramolecular 

rearrangement of the quinazolinone core that generated a cyclic guanidine.  These cyclic 

guanidines, can also be generated to undergo a similar intramolecular ring closure to afford ring-

fused acylguanidines. 
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Chapter 1: Formation of (E)-amidobenzamidines via an intramolecular rearrangement of 
quinazolinones  

 

The quinazolin-4-one core (Fig. 1, blue highlight) is a privileged scaffold represented in a 

diverse array of natural products and therapeutics.1 Quinazolinones are known to have an extensive 

scope of pharmacological activities including antimicrobial, 2 anti-inflammatory,3 anticancer,4 and 

antiviral5 properties. Quinazolinone formation and reactivity has been a focus of research in the 

Golden group since this scaffold was discovered and investigated as part of an antiviral-centric 

medicinal chemistry program.6a-c 

 
 

Figure 1. Quinazolinone-based drugs, natural products and a screening hit 

 

In 2014, a high throughput screen of over 348,000 compounds from the NIH Molecular 

Libraries Small Molecule Repository, identified a quinazolinone compound 1 as a hit against 

Venezuelan equine encephalitis virus (VEEV).6a VEEV is a member of the Togaviridae family of 

alphaviruses, which also includes Eastern and Western equine encephalitis viruses (EEEV and 
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WEEV, respectively).7 These mosquito-borne pathogens cause flu-like symptoms characterized 

by fever, severe headache and, in rare cases, can progress to fatal encephalitis.8 There are currently 

no FDA approved vaccines or small molecule treatments for humans available for any alphavirus 

infection. VEEV can be easily cultured in high concentrations in common cell lines, is indefinitely 

stable when freeze-dried, and causes acute infection in an aerosolized form.7 Therefore, VEEV is 

classified by the CDC and NIAID as a category B biological agent.9 

 In our efforts to explore the structure-activity relationships (SAR) of the quinazolinone 

chemotype,6b 2-(chloromethyl)-6-nitro-3-phenylquinazolin-4(3H)-one (2) was treated with tert-

butyl methyl(2-(methylamino)ethyl)carbamate to engender the mono-N-Boc protected 

ethylenediamine chain appended quinazolinone (3) (Scheme 1, panel A). However, Boc-

deprotection with TFA, followed by neutralization with saturated aqueous K2CO3 to liberate the 

free amine, revealed a novel transformation and non-quinazolinone product, (E)-

amidobenzamidine (4). Running this reaction with  N1,N2-dimethylethane-1,2-diamine, instead of 

the Boc-protected diamine, resulted in the direct formation of the (E)-amidobenzamidine product 

and eliminated the need for the protection/deprotection efforts.  

Use of the mono-Boc protected diamine to isolate quinazolinone 3 was informative with 

respect to the mechanism for this reaction. In this case, the nucleophilic amine displaced the 

chlorine atom, affording an intermediate that was incapable of undergoing any further 

transformation. While diamines separated by a two-carbon linker productively converted to 

amidines, reactions conducted with three-carbon linked tert-butyl methyl(3-

(methylamino)propyl)carbamate stalled (Scheme 1, panel B).  In this case, deprotection of tert-

butyl methyl(3-(methylamino)propyl)carbamate substituted quinazolinone (6) and subsequent 

basification of the reaction mixture resulted in the formation of deprotected quinazolinone (7), 
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without subsequent formation of the corresponding amidine (8). Given these results, it was 

rationalized that amidine formation likely occurred with the two-carbon linker as a result of an 

intramolecular nucleophilic attack on the quinazolinone core to form a six-membered, spirocyclic 

intermediate (5, panel A), followed by C-N bond cleavage and regiospecific formation of (E)-

amidobenzamidine (4). Nucleophilic attack by the free secondary amine of the N1,N3-

dimethylpropane-1,3-diamine appended quinazolinone would result in a seven-membered, 

spirocyclic intermediate (9, panel B), the formation of which we assume to be energetically less 

favored. As such, a series of (E)-amidobenzamidines were generated featuring a six-membered  

 

Reaction Conditions: (a) tert-Butyl methyl(2-(methylamino)ethyl)carbamate, KI, K2CO3, CH3CN, MWI, 80°C, 10 
min, 35%; (b) TFA, CH2Cl2, rt, 45 min, then aq NaHCO3, 50%; (c) N1,N2-dimethylethane-1,2-diamine, K2CO3, 
CH3CN, 50 °C, 2 h, 69%; (d) tert-butyl methyl(3-(methylamino) propyl)carbamate, KI, K2CO3, CH3CN, MWI, 80°C, 
10 min, 31%; (e) TFA, CH2Cl2, rt, 45 min, then aq NaHCO3, 7%.  

 
Scheme 1. Panel A: Synthesis of six-membered ring (E)-amidobenzamidines and, Panel B: 

inaccessibility of a 7-membered ring amidobenzamidine  
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amidine ring as part of the scaffold. To our knowledge, this was the first intramolecular 

quinazolinone rearrangement leading to amidine formation. 

The (E)-amidobenzamidine possesses an N′,N,N-trisubstituted amidine motif (Fig 2., blue 

highlight), which is prevalent within pharmaceutically active compounds known for a broad array 

of therapeutic applications including antiarrhythmia,10 anthelmintic,11 antiparasitic,12 

antidepressant,13 and antipsychotic14 activity. Our (E)-amidobenzenamidines turned out to also 

harbor bioactivity. We were excited to discover that the (E)-amidobenzamidine chemotype was a 

potent antiviral in our alphavirus program.  

 

Figure 2. N′,N,N-trisubstituted amidine motif (blue highlight) in FDA approved drugs and the 
new (E)-amidobenzamidine chemotype 

 
 

Further examination of the chemotype explored alteration of the piperazine ring and found 

limitations in generating five- or six-membered ring amidine analogues in which the methylamine 

was replaced by a methylene or oxygen linkage (Scheme 2).6c  It was hypothesized that reaction 

of 2-(3-chloropropyl)-6-nitro-3-phenylquinazolin-4(3H)-one (8a) with n-butylamine would yield 
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five-membered ring (E)-2-((1-methylpyrrolidin-2-ylidene)amino)-N-phenylbenzamide (9a).  This 

was attractive from a late-stage diversification perspective, as amines would not be incorporated 

until needed in the last rearrangement step. However, the reaction failed to produce the desired 

product and instead generated 2-cyclopropyl-6-nitro-3-phenylquinazolin-4(3H)-one (12a) in 65% 

yield. This transformation can be explained by deprotonation of the α-imine carbon on the 

quinazolinone by the basic amine, followed by the intramolecular nucleophilic substitution to form 

the cyclopropane ring. Reactions conducted using 2-(4-chlorobutyl)-6-nitro-3-phenylquinazolin-

4(3H)-one (10b) produced the desired (E)-2-((1-butylpiperidin-2-ylidene)amino)-5-nitro-N-

phenylbenzamide (11b) in moderate yield without formation of cyclobutyl-substituted 

quinazolinone (12b). 

 

Reaction Conditions: (a) n-butylamine, DMF, 70 °C, 15 h. 
 

Scheme 2. Attempted diversification from chloroalkyl quinazolinones 8a-b 

 

The failure of this method to produce 11a meant that an alternate protocol had to be 

developed to generate five- and six-membered rings containing replacements for the methylamine 

group in the (E)-amidobenzamidines (Scheme 3). In 1980, Rabilloud and Sillon disclosed the 

formation of quinazolinones15 through the reaction of equimolar equivalents of anthranilic acid 

and a carboxylic acid in the presence of triphenylphosphite and pyridine at 100 °C for 4 h. This 
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process formed a 2-substituted 4H-1,3-benzoxazine-4-one intermediate that was intercepted by an 

equivalent of aniline which, after heating at 100 °C for an additional 3 h, produced a quinazolinone. 

This method was modified by our group in that two equivalents of the carboxylic acid and three 

equivalents of triphenylphosphite relative to the anthranilic acid were added in pyridine and heated 

to 100 °C by microwave to reduce the reaction time to 3 min.  Next, four equivalents of aniline 

were added, and the reaction mixture was heated to 100 °C by microwave for an additional 

minute.6c These modifications were important to (a) permitting a telescoped process that involved 

five discreet transformations and only one final purification, (b) a process that could be executed 

in one day, start-to-finish, and (c) permitted access to unprecedented 5-membered benzamidines, 

6-membered, ether-containing benzamidines, and carbocylic benzamidines that had not been 

accessible prior to this methodology.  For instance, this protocol expediently afforded 

quinazolinone (14) via reaction between 4-((tert-butoxycarbonyl)(methyl)amino)butanoic acid 

(13) and 2-amino-5-nitrobenzoic acid (Scheme 3). Upon Boc-deprotection and basification, the 

desired (E)-2-((1-methylpyrrolidin-2-ylidene)amino)-N-phenylbenzamide (15) was formed in 

80% yield, revealing an efficient telescoped method to generate these analogues. These 

compounds were also potent antivirals that advanced our understanding of critical pharmacophoric 

elements. 

 

Reaction Conditions: (a) 2-amino-5-nitrobenzoic acid, P(OPh)3, pyridine, MWI, 100 °C, 3 min; (b) aniline, MWI, 100 
°C, 1 min; (c) pyridine removal, TFA, CH3CN, 1-2 h; (d) sat. NaHCO3 (aq), 40 °C, 1-1.5 h. 

 
Scheme 3. Five-membered ring (E)-amidobenzamidine synthesis 
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 With these solutions in hand and with promising bioactivity to pursue, the Golden group 

sought to further explore the chemical space around the amidine moiety. As part of that effort, 

group members attempted to diversify the α-amidine C3 position, but this proved to be a significant 

challenge (Scheme 4). Attempts to react 2-(chloroethyl)-3-phenylquinazolin-4(3H)-one 

intermediate (16) with N1,N2-dimethylethane-1,2-diamine resulted in only trace amounts (3.5%) 

of the C3 substituted (E)-amidobenzamidine (17).16 Additionally, efforts to assemble the requisite 

quinazolinone intermediate (19) using the developed triphenylphosphite conditions6c and N-(2-

((tert-butoxycarbonyl)(methyl)amino)ethyl)-N-methylalanine (18) were unproductive.16  

 
 
Reaction Conditions: (a) N1,N2-dimethylethane-1,2-diamine, K2CO3, CH3CN, 50 °C, 2 h, 0-3.5%; (b) 2-amino-5-
nitrobenzoic acid, P(OPh)3, pyridine, MWI, 100 °C, 3 min; (b) 4-methoxyaniline, MWI, 100 °C, 1 min, 0%. 
 
 

Scheme 4. Attempted routes to access C3-methyl substituted (E)-amidobenzamidine 

 

Considering these challenges, another approach was devised, starting from N-Fmoc-N-

methyl-alanine (20).17 The amino acid reacted using the first two steps of the telescoped method 

to successfully create the (9H-fluoren-9-yl)methyl (1-(3-(4-methoxyphenyl)-6-nitro-4-oxo-3,4-
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dihydroquinazolin-2-yl)ethyl)(methyl)carbamate (21) in 43% yield. The amine was then 

deprotected under basic conditions to form quinazolinone (22) which underwent a reductive 

amination with tert-butyl methyl(2-oxoethyl)carbamate to assemble the desired Boc-protected 

diamine appended quinazolinone (19). The ensuing deprotection and basification resulted in the 

desired C3-methyl substituted (E)-amidobenzamidine (17) in 10% overall yield over the six steps. 

Though this approach generated the desired analogue in modest yield, an alternative protocol was 

sought that would permit a more feasible and improved yield of C3-modified (E)-

amidobenzamidines. 

 

Reaction Conditions: (a) 2-amino-5-nitrobenzoic acid, P(OPh)3, pyridine, MWI, 100 °C, 40 min; (b) 4-methoxyaniline, 
MWI, 100 °C, 1 min, 43%; (c) piperidine, CH2Cl2, 2 h, 68%; (d) tert-butyl methyl(2-oxoethyl)carbamate , AcOH, 
CH3OH, NaBH3CN, 16 h, 75%; (e) TFA, CH3CN, 3 h; (f) sat. NaHCO3 (aq), 3 h, 46%. 
 

Scheme 5. Modified C3-methyl substituted (E)-amidobenzamidine synthesis 
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Chapter 2. Telescoped synthesis of C3-functionalized (E)-arylamidines using Ugi-Mumm 
and regioselective quinazolinone rearrangements 

 

 As summarized in the preceding chapter, the synthetic methods in hand were inadequate 

to address the need for exploring C3-amidine substitution. It was uncertain if the methods 

themselves were contributing to poor yields of C3-modified (E)-benzamidines or if C3-substitution 

was unfavorable due to steric interactions or some other complication. To study this further, we 

took note of a 2011 paper by the Tron lab.1 In this work, a convergent route to ispinesib, a mitotic 

spindle kinesin inhibitor was established through a methodology study of quinazolinone 

preparation. In the methodology component of their study, Tron and co-workers generated thirteen 

2,3-disubstituted-4-(3H)-quinazolinones (28). These quinazolinones were structurally similar to 

aminoalkylquinazolinones that we had prepared with our technologies; however, Tron’s 

quinazolinones were unique in three important ways. First, these quinazolinones contained a 

substituent off of the alkyl amine (Scheme 6, R3 in 28) while ours did not. Secondly, the amide-

like nitrogen could bear an aryl or alkyl substituent (Scheme 6, R4 in 28), while our chemistry had 

generated N-alkylamidoquinazolinones in modest yield. Third, the Tron quinazolinones were 

limited to those with only short, 2-alkylamine substituents, or in the case of ispinesib (29) a 3-

carbon linked diamine substituent, neither of which would be expected to rearrange to an amidine 

due to inadequate linkage length. Interestingly, these compounds had been prepared using a Ugi 

four-component reaction, followed by an intramolecular Staudinger/aza-Wittig reaction (Scheme 

6).  
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Scheme 6.  Tron’s convergent strategy to form quinazolinones en route to ispenisib1  

 

The approach was attractively convergent, and formation of the uniquely substituted quinazolinone 

intermediate was interesting since a suitably functionalized quinazolinone (32) might rearrange to 

form a C3-substituted amidine (Scheme 7, 33). Furthermore, Tron’s researchers were able to 

streamline their strategy into a one-pot method, increasing efficiency and reducing waste. 

Consequently, this approach to synthesizing quinazolinones offered potential diversification of the 

amidine scaffold (R3 and R4, 33) which would assist in better understanding of structure activity 

relationships in our antiviral program and offer potential orthogonal activity we could explore.  
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Scheme 7. Theoretical application of Ugi-Staudinger/aza-Wittig to the formation of C3-
modified-(E)-amidobenzamidines 

 
 
 

In order to pursue this idea, we also took note of limitations. Tron’s method described only 

a limited number of examples, and overall yields varied from 45-81%. This raised questions as to 

how robust the method was and if it would provide us the scope of components we sought. 

Additionally, the method required a range of reaction times to generate the imides, thus reducing 

efficiency depending on reaction component.  Most of the imide-forming reactions were done 

within a day; however, Tron’s researchers observed that aryl aldehydes were significantly slower 

to react under their conditions, taking up to three days to complete imide formation. Notably, 

formaldehyde was not a competent reagent in this chemistry, meaning that unsubstituted 2-

alkylaminoquinazolinones were inaccessible. These intermediates were important, too, as they 

would be expected to deliver C3-unsubstituted-N-alkyl-amidobenzamidines which were beneficial 

to our medicinal chemistry program. Therefore, we required a general set of conditions which 

would provide rapid access to diversification of the quinazolinone intermediate irrespective of the 

components. Given these considerations, we examined this approach for making complex and 

diverse quinazolinones incorporating a wide range of Ugi components, such as formaldehyde, aryl 

aldehydes, and heterocyclic azido acids, which could subsequently be transformed into novel, C3-

substituted (E)-arylamidines. 
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To generate the 2-alkylamino-2,3-disubstituted-4-(3H)-quinazolinones (35), the Tron 

group utilized a variation of the Ugi four-component reaction to generate o-azidophenyl imide 

intermediates (34), which they then converted to the desired quinazolinones using an aza-Wittig 

ring closure (Scheme 8). To describe this, a review of the classical Ugi reaction is appropriate. 

The Ugi four-component reaction was discovered in 1959 by Dr. Ivar Ugi2 and is lauded as one of 

the most efficient, widely used multicomponent reactions, particularly since the advent of 

combinatorial chemistry circa 1995.3a-d  Multicomponent reactions, such as the Ugi four-

component reaction are unique in their efficiency and economy because they incorporate all or 

most of the atoms from three or more starting materials to form the desired product in one pot.3a  

Notably, the reagents are added concomitantly at the beginning, then react in a sequential manner 

until an irreversible step traps the final product.3b Tron’s method required the use of a secondary 

amine in order to generate their imide intermediate (34).1 This is owing to a fundamental difference 

in the mechanism of the reaction when this substitution is made from a secondary to a primary 

amine.  

 

Reaction Conditions: (a) CH2Cl2, 4 Å molecular sieves, rt; (b) PPh3, toluene, reflux. 
 

Scheme 8.  Synthesis of 2-alkylamino-2,3-disubstituted-4(3H)-quinazolinone via Ugi four-
component reaction and tandem Staudinger/aza-Wittig strategy 

 
 

In 1961, Dr. Ugi demonstrated that secondary amines react with aldehydes, carboxylic 

acids, and isocyanides to produce imides.4 The proposed mechanism for this transformation 
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(Scheme 9) began with a condensation reaction between the secondary amine and the aldehyde 

(36) to form iminium ion (39).  Next, nucleophilic attack on iminium ion by the isocyanide 

produced nitrilium ion (40).  Consequently, nucleophilic attack on the carbon atom of the nitrilium 

ion (40) by the carboxylate formed imidate intermediate (41).  However, the tertiary amine 

substituent, formed from the incorporation of the secondary amine, was incapable of participating 

in the O-N acyl migration. Instead, imidate intermediate (41) underwent a Mumm rearrangement5 

between the imine nitrogen and the carbonyl to irreversibly form the imide product (42). Imides 

bearing an o-azidophenyl substituent at the R5 position were demonstrated by Takeuchi, et al. to 

be competent reagents to undergo an intramolecular ring closure, via a tandem Staudinger/aza-

Wittig reaction, to generate substituted quinazolinones.6 

 

Scheme 9. Ugi four-component reaction mechanism using secondary amines to form imides 

 

The initial discovery of the Ugi four-component reaction combined an aldehyde, primary 

amine, isocyanide and carboxylic acid.2 This reaction resulted in the formation of an α-aminoacyl 

amide. The reaction mechanism proposed by Dr. Ugi7a-d (Scheme 10) began with a condensation 

reaction between the primary amine and the aldehyde (36) to form an imine which then reacted 

with a Brønsted-Lowry acid to form iminium ion (45).  Then, nucleophilic attack by the isocyanide 
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on iminium ion (45) formed nitrilium ion (46).  Next, nucleophilic attack on the carbon atom of 

the nitrilium ion (46) by the carboxylate generated imidate intermediate (47), which quickly and 

irreversibly underwent an O-N acyl migration5 between the secondary amine substituent and the 

carbonyl which trapped bisamide product (48).  These bisamides are not amenable to follow-on 

transformations to generate quinazolinones and therefore, not suitable for this method. 
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Scheme 10. Ugi four-component reaction mechanism using primary amines to form bisamides 

 

 In their initial investigations into their proposed method (Scheme 11), the Tron group were 

pleased to discover that they were indeed able to engender the desired imide intermediate (52) in 

80% yield upon reacting equimolar amounts of N-methyl benzylamine (49), heptanal (50), 2-

azidobenzoic acid (31), and 1-pentyl isocyanide (51). Additionally, as predicted, this substrate 

underwent an intramolecular ring closure with Staudinger/aza-Wittig conditions, forming 

quinazolinone (53) in 80% yield, 64% overall.  
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Reaction Conditions: (a) CH2Cl2, 4 Å molecular sieves, rt, 80%; (b) PPh3, toluene, reflux 80%. 
 

Scheme 11. Generation of quinazolinone 53 via Ugi four-component reaction/intra-molecular 
aza-Wittig strategy 

 
 
 

In their examination of scope, Tron’s researchers encountered an issue with the use of 

bulky isocyanides, specifically when they attempted the reaction with tert-butyl isocyanide (55). 

They observed no generation of the desired imide (56), but instead they isolated α-

acyloxycarboxamide (57), the result of a Passerini three-component reaction (Scheme 12). They 

hypothesized that the steric bulk of the tert-butyl substituent inhibited the irreversible Mumm 

rearrangement, allowing the intermediates to revert back to the starting materials and access an 

alternate Passerini reaction pathway.   

 

Reaction Conditions: (a) CH2Cl2, 4 Å molecular sieves, rt, 70% 

Scheme 12. Reaction with tert-butyl isocyanide forming α-acyloxycarboxamides 
 
 
 

To better understand this competing pathway, it is helpful to examine the Passerini three-

component reaction (Scheme 13). The Passerini three-component reaction precedes the Ugi in its 
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discovery in 1921,8 and is the first isocyanide based multicomponent reaction. The Passerini three-

component reaction incorporated an aldehyde, isocyanide and carboxylic acid.  The reaction 

mechanism9 began with the nucleophilic attack on the activated aldehyde (58) by the isocyanide 

to yield nitrilium ion (59). Subsequently, a nucleophilic attack by the carboxylate on the nitrilium 

ion carbon formed imidate intermediate (60).  This intermediate then quickly and irreversibly 

underwent a Mumm rearrangement to generate α-acyloxycarboxamide (61). Given that this 

mechanism integrates three out of the four components of the Ugi reaction, the possibility of 

Passerini side reactions was possible, and in fact has been documented in other reactions 

employing the Ugi reaction.10 With these considerations in mind, we set out to examine if Tron’s 

multicomponent approach could be applied to assemble diverse and complex quinazolinones 

which could successfully rearrange into novel C3-substituted, (E)-amidoarylamidines to enhance 

our efforts to explore new biological space. 
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Scheme 13. Passerini three-component reaction mechanism generating α-acyloxycarboxamides 
 
 
 

We began our work by examining Tron’s published reaction conditions and applying them 

to a small sampling of Ugi four component reaction partners: tert-butyl methyl(2-

(methylamino)ethyl)carbamate (62), which forms the diamine chain of appropriate length to 

facilitate the rearrangement based on our previously reported chemistry; aldehydes of varying 

steric bulk: isobutyraldehyde, isovaleraldehyde, or formaldehyde; 2-azidobenzoic acid; and an 

alkyl or aryl isocyanide: cyclohexyl- or 4-methoxyphenyl isocyanide (Scheme 14). The resulting 
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quinazolinones were subjected to trifluoroacetic acid Boc-deprotection conditions and then 

basified to pH 10 with sat. K2CO3 (aq) in acetonitrile, to assess the efficiency of the rearrangement 

to generate amidines bearing bulky C3-substituents. The intermediates were isolated with the aim 

of evaluating the efficiency of each reaction in the sequence. The reactions incorporating 

cyclohexyl isocyanide formed imides 63-b in 83% and 55% yield respectively and though, some 

stating material remained after 12 hours, there was no observed Passerini side product 64a-b.  

Consistent with Tron’s findings, the reaction incorporating formaldehyde, generated 30% of the 

Passerini side product and no production of the desired imide. Furthermore, the reactions 

incorporating 4-methoxyphenyl isocyanide yielded the desired imides 63d-e in 58% and 61% 

respectively, with no generation of the Passerini side product 64d-e. The isolated imides were then 

subjected to the Staudinger/aza-Wittig cyclization conditions and produced the quinazolinone 

intermediates 65a-b and 65d-e in moderate to good yields ranging from 60-88%. The resulting 

quinazolinones were then subjected to the Boc-deprotection and subsequent basification 

conditions and generated the novel C3-substituted amidines 66a-b and 66d-e in 30-51% yield. 

Amidine 66a, incorporating isobutyraldehyde and cyclohexyl isocyanide,  had the highest overall 

yield with 32% for the six transformations over four steps, the other analogues yielded about 15% 

overall. Encouraged by these initial results, we started optimization with the goals of 1) improving 

imide yield, while continuing to suppress Passerini α-acyloxycarboxamide generation, 2) 

increasing the overall amidine yields, 3) streamlining the process, and 4) generating diverse C3-

modified (E)-amidobenzamidines. 
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Reaction conditions: (a) 2-Azidobenzoic acid, R1NC, R2CHO (1 eq. each), 4 Å MS, CH2Cl2, rt, 12 h; (b) PPh3, 
toluene, reflux, 12 h; (c) TFA, CH2Cl2, 0 °C–rt, 12 h; (d) aq. K2CO3, CH3CN, μW, 150 °C, 1 h. Yields are based on 
isolated and purified products.  
 

Scheme 14. Pilot chemistry to N-alkyl/C3 modified amidines. 
 
 
 

 We selected imide 63d which incorporated tert-butyl methyl(2-

(methylamino)ethyl)carbamate, isobutyraldehyde, 2-azidobenzoic acid, and 4-methoxyphenyl 

isocyanide to begin our imide generation optimization (Table 1), since it was one of the lowest 

yielding imides and resulted in the lowest overall yield for the reaction sequence. We observed 

that the 2-azidobenzoic acid was not completely soluble in CH2Cl2.  Therefore, we added the 

reagent as a 1 M solution in 3:1 CH2Cl2:CH3OH. In addition to aiding in the dissolution of the 

starting material, methanol been shown through DFT calculations to assist in the Ugi four-

component reaction by stabilizing the nitrilium intermediate.7a We immediately observed a 10% 

increase in imide yield and no observed Passerini side product (Entry 2).  In considering the 
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mechanism, we sought to increase the concentration of the reactive iminium ion intermediate to 

facilitate complete consumption of the azido acid.  Consequently, we increased the equivalence of 

both the amine and the aldehyde to 1.5 equivalents but found only marginal improvement, also, 

we began to observe generation of a Passerini side product (Entry 3). Next, the equivalence of the 

isocyanide was also increased to 1.5 equivalents. We rationalized that increasing the isocyanide 

concentration would accelerate the interception of the iminium ion and formation of the nitrilium 

ion and thereby completely consume the azido acid starting material. We were pleased to observe 

an increased isolated imide yield of 85%, however, in addition to the increased yield of the desired 

imide, we also observed an increase in the observed Passerini side product (Entry 4).  In our 

attempts to circumvent the side product formation, we examined the effect of reaction 

concentration and found that increasing the reaction concentration from 0.1 M to 0.2 M did not 

affect the overall yield significantly but suppressed the competing Passerini formation (Entry 5).  

Though, pre-reacting the amine and the aldehyde for nine minutes to allow time to pre-form the 

iminium ion with the reaction concentration at 0.2 M resulted in 91% isolated yield and complete 

consumption of the 2-azidobenzoic acid (Entry 6). 

 In order to validate the reaction conditions, they were applied to form imide 63b, which 

was generated from tert-butyl methyl(2-(methylamino)ethyl)carbamate, isovaleraldehyde, 2-

azidobenzoic acid, and cyclohexyl isocyanide and exhibited the lowest yield, 55%, in the pilot Ugi 

four-component reaction. The revised conditions only resulted in a marginal 5% improvement in 

the yield compared to that of the pilot reaction. We therefore continued to increase the equivalents 

of the reagents relative to the 2-azidobenzoic acid, under the premise that generating higher 

concentrations of the desired intermediates might facilitate complete conversion to product. We 

found that four equivalents of the aldehyde and isocyanide and two equivalents of the amine 
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relative to the azidobenzoic acid yielded the desired imide at an impressive 98% (Entry 11). This 

reflected a 43% increase in imide yield without any trace of a Passerini side product.   

These optimized conditions were then applied to substrate 63d, which reached 91% yield 

after the initial round of optimization (Entry 6), and still resulted in a good isolated imide yield of 

85% (Entry 7). We were also pleased to observe the application of these conditions to imide 63e, 

which incorporated isovaleraldehyde and 4-methoxyphenyl isocyanide, increased the yield from 

61% (Entry 12) to 78% (Entry 15).  Likewise, imide 63a, comprised of isobutyraldehyde and 

cyclohexyl isocyanide increased from 83% (Entry 16) to 89% (Entry 17). Satisfied with these 

results we turned our attention to the other reactions in the sequence. 

 

 

Table 1. Ugi imide (63) optimization 
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The Staudinger/aza-Wittig conditions implemented in the pilot sequence provided 

reasonable yields.  Therefore, our efforts focused on the quinazolinone N-Boc deprotection/ 

rearrangement protocol. In our pilot reactions, the N-Boc deprotection was performed with 

trifluoroacetic acid, and subsequent basification of the TFA salt with Na2CO3 promoted the 

quinazolinone rearrangement. However, we observed that when the 2-alkylamino quinazolinone 

substrates were subjected to these conditions, side products were generated, which complicated 

the final isolation of the amidine and consequently diminished the isolated yield.  Therefore, we 

attempted the deprotection in CH2Cl2 using 4 N HCl in dioxane for 12 hours and we were gratified 

to see the reaction proceeded far cleaner than the previous TFA deprotection. The resulting HCl 

salt was concentrated in vacuo, and then basified in methanol with triethylamine under microwave 

conditions (100 °C) for 30 min. These modified conditions resulted in the isolation of amidine 66a 

(Table 2) in 66% yield from quinazolinone 65a, bringing the overall yield for the analogue to 45% 

(82% average yield per step) over the four-step sequence, an improvement of 13% overall 

compared to the original pilot sequence.  With conditions in-hand, we continued our feasibility 

assessment to determine the effects of substituent modifications on the reaction sequence.  

We were pleased to observe that the overall reaction yields for the pilot analogues all 

increased, though 66d only exhibited a modest 2% increase in overall yield owing to a low yield 

for the deprotection and rearrangement steps.  However, 66b and 66e increased by 5% and 11% 

overall yield, respectively. Importantly, when the optimized conditions were applied in an attempt 

form imide 63c, which incorporated formaldehyde and failed to form the imide in the pilot 

reaction, we were able to isolate 45% of the imide and subsequently formed the desired C3-

unsubstituted-N-cyclohexyl-(E)-amidobenzamidine 66c in 23% overall yield (69% average yield 

per step).  Additionally, we employed our method to an analogue combining tert-butyl methyl(2-
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(methylamino)ethyl)carbamate, benzaldehyde, 2-azidobenzoic acid, and cyclohexyl isocyanide. 

Tron’s existing work reported sluggish reactivity when incorporating aryl aldehydes as a Ugi four-

component reaction partner, taking up to three days for complete conversion to the imide. Under 

our conditions, we observed complete conversion in 12 hours and 97% isolated yield of imide 63g.  

This substrate was also competent in the follow-on reactions, generating quinazolinone 65g in 82% 

yield and finally forming amidine 66g in 68% (54% overall yield).  Interestingly, the quinazolinone 

rearrangement to (E)-amidobenzamidines demonstrated robustness in its ability to rearrange 

despite significant steric bulk in the ensuing amidine C3-position.  

Table 2. Feasibility assessment and yields for optimized stepwise sequence leading to novel 
quinazolinones and benzamidinesa,b 

 
 

 We hypothesized that the overall yield for the four-step, six-transformation process could 

be improved by removing intermediate isolation and telescoping the entire procedure.11 Tron’s 
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Entry 
Isocyanide Aldehyde Acid Imide 59a-k Quinazolinone 61a-k Benzamidine 62a-k 

Overall yield 
62a-k (%) R1 R2 R3 cmpd yield (%) cmpd yield (%) cmpd 

yield 
(%) 

1 cyclohexyl isopropyl H 63a 89 65a 76 66a 66 45 
2 cyclohexyl isobutyl H 63b 98 65b 60 66b 34 20 
3 cyclohexyl H H 63c 45 65c 89 66c 58 23 
4 4-CH3O-phenyl isopropyl H 63d 85 65d 88 66d 23c 17 
5 4-CH3O-phenyl isobutyl H 63e 78 65e 88 66e 39c 27 
6 cyclohexyl cyclopropyl H 63f 89 65f 70 66f 65 40 
7 cyclohexyl phenyl H 63g 97 65g 82 66g 68 54 
8 isopropyl isopropyl H 63h 88 65h 71 66h 52 32 
9 cyclohexyl isopropyl 5-CH3 63i 78 65i 69 66i 64 34 
10 cyclohexyl isopropyl 5-F 63j ND 65j 84 66j 40 34 
11 cyclohexyl isopropyl 4-CH3 63k 67 65k 70 66k 61 29 

 

aConditions: (a) 62, R2CHO, 6-12 min, then 2-azidobenzoic acid in 3:1 CH2Cl2/CH3OH, R1NC, (2:4:1:4), 4 Å MS, CH2Cl2, rt, 
12 h; (b) PPh3, toluene, rt, 30 min, then 110°C, 12h; (c) 4N HCl, dioxane, 0°C – rt, 12h; (d) Et3N, CH3OH, MWI 100°C, 30 min. 
bIsolated yields: avg of n>2 expts. c1 h reaction time; ND = not determined, crude material advanced. 
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researchers were able to convert the Ugi four-component reaction and Staudinger/aza-Wittig 

strategy into a one-pot reaction, requiring an exchange of solvent and a single purification to isolate 

their desired quinazolinones.1 Also, the Golden lab’s previous work demonstrated that our 

quinazolinone formation and subsequent rearrangement chemistry to form C3-unsubstituted 

benzamidines was amenable to a one-pot process.12 However, we could not assume that our 

method would likewise be amenable to streamlining by removing the intermediate isolation. 

Tron’s existing work employed equimolar equivalents of the Ugi components as compared to our 

method which used in some cases four-fold excess reagents relative to the 2-azidobenzoic acid.  

There was no guarantee that these excess reagents would not generate side products that could 

interfere in the quinazolinone cyclization or ensuing quinazolinone rearrangement under our 

reaction conditions.  

To investigate a more streamlined approach, we looked for opportunity to further refine 

and improve the sequence. In our examination of the reaction conditions, we observed that the 

isolation following the Staudinger/aza-Wittig cyclization was complicated by the presence of the 

triphenylphosphine oxide by-product. We therefore decided to employ resin-bound 

triphenylphosphine.  This alteration allowed us to filter off the resin after the Staudinger/aza-Wittig 

quinazolinone cyclization step and in the process remove the triphenylphosphine oxide.13 We were 

pleased to find that this simplified the purification of the quinazolinone intermediate. Hence, we 

implemented this modification into the telescoped process in order to reduce the presence of by-

products in the late stage reactions and consequently simplify the benzamidine isolation. 

Our initial attempt to telescope the four-step, six-transformation protocol, sought to 

generate (E)-amidobenzamidine 66a, a scaffold generated via the stepwise method that 

incorporated tert-butyl methyl(2-(methylamino)ethyl)carbamate, isobutyraldehyde, 2-
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azidobenzoic acid, and cyclohexyl isocyanide (Scheme 15). We were excited to see that our 

modifications to the aza-Wittig procedure, as well as telescoping the reaction sequence, resulted 

in a 61% overall yield (88% average yield per step), an increase of 16% overall from the stepwise 

procedure. Additionally, the telescoped protocol resulted in 64% overall yield for this analogue 

when run at 1.0 mmol scale. Considering those positive outcomes, we attempted to generate the 

remainder of the analogues previously prepared by the stepwise sequence via the telescoped 

approach, and every analogue was isolated in significantly higher yield, the lowest improvement 

was 11% for amidine 66i. Amidine 66b exhibited the largest improvement in overall yield, 40%, 

as a result of the implementation of the telescoped sequence being isolated in 60% overall yield. 

Notably, benzamidine 66d, which produced only 17% overall yield in the stepwise procedure was 

generated in 40% yield (79% average yield per step) when incorporating the streamlined approach.  

Also, (E)-amidobenzamidine 66f, which incorporated cyclopropane carboxaldehyde and 

cyclohexyl isocyanide, produced the highest overall yield in this series at 70% (91% average yield 

per step). This was an improvement of 30% compared to the initial stepwise result for that 

analogue.  
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Conditions: (a) Amine, R2CHO, 6–12 min, then 2-azidobenzoic acid in 3 : 1 CH2Cl2/CH3OH, R1NC, (2 : 4 : 1 : 4), 4 
Å MS, CH2Cl2, rt, 12 h; (b) PS-PPh3, tol, rt, 30 min, then 110 °C, 12 h; (c) 4 N HCl, dioxane, 0 °C–rt, 12 h; (d) Et3N, 
CH3OH, MWI 100 °C, 30 min. Yields: avg of n ≥ 2 expts. Parenthetical yields: stepwise protocol. PMP = p-
methoxyphenyl, Cy = cyclohexyl. 
 

Scheme 15. Amidines resulting from a telescoped Ugi–Mumm–Staudinger/aza-Wittig-
quinazolinone rearrangement sequence 

 
 
 

Encouraged by these results we sought to broaden the diversification of the benzamidine 

scaffold (Scheme 16). We were interested in the effects of increasing steric bulk in the vicinity of 

the C3-substuent on the benzamidine and examining its effect on the quinazolinone rearrangement. 

Specifically, would the introduction of steric bulk in benzene ring directed at the C3-substitutent 
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hinder the rearrangement or otherwise affect the scaffold. In our previous work, we attributed the 

exclusive isolation of (E)-amidobenzamidine to the steric interaction that would result between the 

planar N-substitutent of the amidine and the benzene core. The C3-amidine substituent could 

potentially force the piperazine-like ring to modify its conformation in order to accommodate the 

additional steric bulk. Therefore, we sought to generate benzamidine 66m, which incorporated 3-

methyl-2-azidobenzoic acid as a Ugi component, and 66n, which incorporated 3-fluoro-2-

azidobenzoic acid as a Ugi component, both in conjunction with isobutyraldehyde which form a 

C3-isopropyl-benzamidine. Surprisingly, both analogues were competent in the four-step protocol, 

generating the desired (E)-C3-isopropyl-amidobenzamide in 35% and 42% respectively. 

Interestingly, 6-methyl- and 6-fluoro-2-azidobenzoic acid were not compatible with the method as 

they formed exclusively Passerini α-acyloxycarboxamide side product under our multicomponent 

reaction conditions. We assume that the steric interaction of the 6-substituent on the benzene core 

hindered the Mumm rearrangement and thereby favored the alternate Passerini three component 

reaction pathway. 
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Conditions: (a) Amine, R2CHO, 6–12 min, then 2-azidobenzoic acid in 3 : 1 CH2Cl2/CH3OH, R1NC, (2 : 4 : 1 : 4), 4 
Å MS, CH2Cl2, rt, 12 h; (b) PS-PPh3, tol, rt, 30 min, then 110 °C, 12 h; (c) 4 N HCl, dioxane, 0 °C–rt, 12 h; (d) Et3N, 
CH3OH, MWI 100 °C, 30 min. Yields: avg of n ≥ 2 expts. PMP = p-methoxyphenyl, Cy = cyclohexyl. 
 

Scheme 16. Amidines resulting from a telescoped Ugi–Mumm–Staudinger/aza-Wittig-
quinazolinone rearrangement sequence 

 
 

In order to understand how the scaffold was able to accommodate the steric bulk of the 

substituents at the C3-position, we attempted to recrystallize numerous substrates in hopes of 

elucidating more information through x-ray crystallography.  Fortunately, amidine 66s, which was 

assembled using 5-iodo-2-azidobenzoic acid and benzaldehyde, was successfully recrystallized 

from acetonitrile and formed crystals that provided further insight (Fig. 4). The crystal structure 

revealed that significant puckering of the piperazine-like ring enabled the steric bulk of the C3-

amidine substituent to be accommodated.  This is consistent with our previous hypothesis 

explaining exclusive (E)-amidobenzamidine formation, since the planarity of the N-alkyl 
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substituent would preclude such an accommodation in the (Z)-configuration.  Additionally, the 

amidine is also forced to rotate the N-aryl bond placing the amidine N-C double bond out of plane 

with the phenyl ring. We assume the cost of losing orbital overlap that allows for electron 

delocalization into the aryl π-system is lower than the steric interaction that would result from 

keeping the amidine N-C double bond in the plane of the phenyl ring. 

 

Figure 4. Molecular drawing of 66s shown with 50% probability ellipsoids. 

 

 Importantly, the telescoped method allowed for significant modifications to the original 

(E)-amidobenzamidine scaffold. Amidine 66u, incorporated a cyclic asymmetric diamine, which 

demonstrates the potential to incorporate chirality into the scaffold.  Moreover, amidine 66t 

demonstrated the efficient incorporation of 5-thiazole carboxaldehyde in order to install an aryl 

heterocyclic C3-substituent with an overall yield of 60%.  Additionally, 3-azido-2-furanoic acid 

and 3-azido-thiophene-2-carboxylic acid were both competent in producing novel heterocyclic 

quinazolinones which could undergo the rearrangement and form amidines 66v-x.   Notably, 66x 

illustrates the possible complexity and diversification that can be introduced into the (E)-

arylamidine scaffold incorporating thiophene into the core, as well as integrating 2-

morpholinoethyl isocyanide and an asymmetric diamine.  
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Conditions: (a) Amine, R2CHO, 6–12 min, then 2-azidobenzoic acid in 3 : 1 CH2Cl2/CH3OH, R1NC, (2 : 4 : 1 : 4), 4 
Å MS, CH2Cl2, rt, 12 h; (b) PS-PPh3, tol, rt, 30 min, then 110 °C, 12 h; (c) 4 N HCl, dioxane, 0 °C–rt, 12 h; (d) Et3N, 
CH3OH, MWI 100 °C, 30 min. Yields: avg of n ≥ 2 expts. PMP = p-methoxyphenyl, Cy = cyclohexyl. 
 

Scheme 17. (E)-arylamidines resulting from a telescoped Ugi–Mumm–Staudinger/aza-Wittig-
quinazolinone rearrangement sequence 

 
 
 

However, we found some limitations with respect to the quinazolinone rearrangement 

while trying to incorporate certain components into the scaffold. In our efforts to incorporate 

heterocycles into the core, we discovered that both 3-azido-2-benzofuranoic acid and the 

analogous 3-azido-benzo[b]thiophene-2-carboxylic acid when used in conjunction with 

cyclopropane carboxaldehyde and 5-thiazolecarboxaldehyde, respectively, did not rearrange to 

form (E)-arylamidines. We were only able to isolate the free-based 2-alkylquinazolinones 67 and 

68 (Fig. 5), even after trying to force the rearrangement by heating the reaction mixture to 170 °C.  

We speculate that this is due to a steric effect of the fused heterocyclic core. 

 



33 
 

 
 

Figure 5. Isolated 2-alkylquinazolinones 67 and 68 

 

The (E)-amidobenzamidine chemotype discovered by the Golden lab is a noteworthy 

addition to the N′,N,N-trisubstituted amidine scaffold, which features a broad range of diverse 

pharmacologically relevant molecules. It was incumbent upon us to find a method to efficiently 

diversify the (E)-arylamidine in order to effectively assess the structure activity relationships of 

the chemotype as it applied to the antiviral program, and potentially other pathogens. In those 

efforts we sought to incorporate substitution in the C3-position of the amidine, but we also required 

a method that would give us access to broader diversification.  By incorporating a Ugi-Mumm-

Stuadinger/aza-Wittig strategy, we were able to build a modular approach, which gives access to 

complex 2-alkylamino substituted 2,3-disubstituted-4(3H)-quinazolinones that can effectively 

form diversely substituted novel C3-substituted-(E)-arylamidines.  This method allowed for the 

efficient generation of N-alkyl and N-aryl amides, but also permitted the incorporation of 

formaldehyde to produce C3-unsubstituted analogues, allowed for the expeditious incorporation 

of aryl aldehydes into key intermediates and allowed for the incorporation of heterocycles into the 

core.  Moreover, we were able to telescope the method thereby reducing waste and saving time, 

but importantly providing access to the novel C3-modified-(E)-arylamidines in good yields after 

the four-step, six-transformation procedure.15 
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Chapter 3. Telescoped synthesis of C5-functionalized novel tetracyclic quinazolinones using 
Ugi-Mumm and regioselective quinazolinone rearrangements  

 

 Using an optimized, telescoped, Ugi four-component reaction and tandem Staudinger/aza-

Wittig strategy, the Golden lab synthesized complex 2-alkylamino 2,3-disubstituted-4-(3H)-

quinazolinones that were challenging to construct by other methods (69, Scheme, 18).1  The 

quinazolinones were subsequently transformed into novel C3-modified-(E)-amidoarylamidines 

(71), a chemotype of interest for our group’s antiviral program, via an intramolecular 

rearrangement that proceeded through spirocyclic intermediate (70).2  

 

Conditions: (a) Amine, R2CHO, 6–12 min, then 2-azidobenzoic acid in 3 : 1 CH2Cl2/CH3OH, R1NC, (2 : 4 : 1 : 4), 4 
Å MS, CH2Cl2, rt, 12 h; (b) PS-PPh3, tol, rt, 30 min, then 110 °C, 12 h; (c) 4 N HCl, dioxane, 0 °C–rt, 12 h; (d) Et3N, 
CH3OH, MWI 100 °C, 30 min. 
 

Scheme 18. (E)-arylamidines resulting from a telescoped Ugi–Mumm–Staudinger/aza-Wittig-
quinazolinone rearrangement sequence1 

 
 
 

Hitherto, quinazolinone intermediates were generated containing terminal N-Boc protected 

secondary amines (72, Scheme 19), resulting in exclusive (E)-benzamidine formation (73).  We 
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attributed this to the steric interaction that would result between the planar N-alkyl substituent of 

the resulting cyclic amidine and the phenyl ring in the formation of a (Z)-amidobenzamidine (74).   

 

Conditions: (a) TFA, CH3CN, 1-2 h; (b) sat. NaHCO3 (aq), 40 °C, 1-1.5 h 
 
Scheme 19. Rearrangment of 2-alkylamino quinazolinone 72 to yield (E)-amidobenzamidine 73 

and proposed steric interaction preventing formation of  (Z)-amidobenzamidine 74 
 

Consequently, the regiospecificity of the rearrangement was investigated by employing our 

telescoped multicomponent approach to access a quinazolinone intermediate containing a terminal 

N-Boc protected primary amine (Scheme 20). Using racemic tert-butyl N-(pyrrolidin-2-

ylmethyl)carbamate (75), formalin, 2-azido-5fluorobenzoic acid, an benzyl isocyanide in the Ugi 

four component reaction conditions followed by the Staudinger/aza-Wittig cyclization, formation 

of 2-alkylamino quinazolinone (76) bearing a terminal N-Boc protected primary amine was 

anticipated. Upon deprotection and subsequent basification under microwave conditions, the 

resulting amidine would no longer contain an N-alkyl substituent, but rather an NH group, thereby 

reducing steric repulsion with the phenyl ring of the core.  It was uncertain if this would permit 

isolation of an elusive (Z)-benzamidine (78).   
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aConditions: (a) 72, formalin, 6-12 min, then 5-fluoro-2-azidobenzoic acid in 3:1 CH2Cl2/CH3OH, benzyl isocyanide, (2:4:1:4), 4 
Å MS, CH2Cl2, rt, 12 h; (b) PS-PPh3, toluene, rt, 60 min, then 110 °C, 12h; (c) 4N HCl, dioxane, 0 °C – rt, 12h; (d) Et3N, CH3OH, 
MWI 100 °C, 30 min. 

 
Scheme 20. Proposed reaction to generate amidobenzamidines 77 and 78 

 

We were surprised to find that the isolated product was neither the (E)- or (Z)-

amidobenzamidine, but rather tetracyclic quinazolinone 79 in 40% yield (Scheme 21). The overall 

yield was comparable to other C3-unsubstituted amidines we generated using formaldehyde in our 

telescoped approach (see Chapter 2, Scheme 14), and likely was the result of low turnover in the 

initial imide forming step. However, this still reflected a 79% average yield per step, over the four-

step telescoped procedure. Intrigued by this result, we sought a better understanding of this 

unexpected transformation.    

 

Conditions: same as shown in Scheme 20. 
 
 

Scheme 21. Tetracyclic fused quinazolinone 79 resulting from a telescoped Ugi–Mumm–
Staudinger/aza-Wittig-quinazolinone rearrangement sequence 
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 In order to simplify the reaction and eliminate the possibility of the transformation being 

induced by the excess reagents present under the telescoped reaction conditions, we sought to 

synthesize 1,2,3,4-tetrahydro-2-methyl-6H-pyrazino[2,1-b]quinazolin-6-one using our original 

stepwise method to generate (E)-amidobenzamidines (82, Scheme 22). This procedure enabled us 

to arrest the reaction and isolate the terminal N-Boc protected 2-alkylamino-quinazolinone 

intermediate (81) in 84% yield. We were pleased to observe that upon N-Boc deprotection with 

trifluoroacetic acid, followed by basification to pH 10, we isolated quinazolinone 82 in 76% yield. 

With this result in hand we formulated a hypothesis for the mechanism of the novel quinazolinone 

rearrangement.  

 

Conditions: (a) tert-butyl methyl(2-(methylamino)ethyl)carbamate, KI, K2CO3, CH3CN, 80 °C, 70 min, 84%; (b) TFA, CH2Cl2, 1 
h; (c) Na2CO3 (aq) pH 10, 76%. 

 
Scheme 22. Stepwise procedure to form C1-unsubstituted tricyclic quinazolinone 95. 

 
 
 We hypothesized that the transformation began with the deprotection and basification to 

liberate the terminal free amine of 2-alkylamino substituted quinazolinone (83, Scheme 23). Next, 

nucleophilic attack on the imine carbon of the quinazolinone intermediate by the terminal primary 

amine formed the spirocycle intermediate 84. Following a proton transfer to form intermediate 85, 

the spirocyclic quinazolinone then undergoes the irreversible quinazolinone opening to form either 

the (E)-amidobenzamidine (77) or the (Z)-amidobenzamidine (78). However, the resulting cyclic 

amidine bearing the NH instead of the N-alkyl substituent, such as the benzamidine formed in this 

step provided access to tautomers 87 and 88.3  We assumed that the tautomers can rotate about the 
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N-C bond (86) to access either isomer. Nevertheless, whether it directly forms the (Z)-amidine 78 

or an equilibrium exists between the (E)- and (Z)-amidines, only (Z)-amidobenzamidine 78 is 

oriented to undergo a nucleophilic attack on the amide carbonyl initiating the intramolecular ring 

closure. The proposed nucleophilic attack by the amidine is similar to what is hypothesized to 

occur when using 1,8-diazabicyclo[5.4.0]undec-7-ene as a catalyst in N,N’-carbonyldiimidazole-

mediated amidations.4 This would result in intermediate 89, which after proton transfer and 

subsequent elimination of benzylamine formed the observed tetracyclic quinazolinone (79). 

 

Scheme 23. Proposed mechanism for quinazolinone rearrangement to form quinazolinone 79. 

 

The quinazolinone core that resulted from this transformation was known. Representation 

of this framework was reported in a patent by Dr. Hardy, et al. in which a library of similar 

compounds are reported as positive allosteric modulators of metabotropic glutamate receptor 5 
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(mGluR5).5 These compounds  are protected as potential treatments for psychological conditions 

such as schizophrenia, psychosis, and conditions associated with reduced function of the N-

Methyl-D-Aspartate (NDMA) receptor which is activated by mGluR5 (Scheme 24).6,7 In their 

work, the quinazolinone core was formed starting from an amide coupling between 

chloroacetylchloride and 2-aminomethyl-N-Boc-pyrrolidine 91 to generate tert-butyl 2-((2-

chloroacetamido)methyl) pyrrolidine-1-carboxylate 92. The resulting amide was then reacted with 

2-amino-4-bromobenzoic acid, to form pyrrolidine appended quinazolinone 93, via POCl3 induced 

condensation reaction and in situ N-Boc deprotection. Subsequently, quinazolinone 93 was 

refluxed in acetonitrile under basic conditions to enable the intramolecular nucleophilic 

displacement of the chlorine, by the pyrrolidine substituent, generating quinazolinone 94.  Their 

method for generating the quinazolinone intermediate was also streamlined as they carried forward 

crude material and only ran a column after the quinazolinone was formed.5 

Scheme 24. Patent preparation of tetracyclic quinazolinone mGluR5 positive allosteric 
modulator5 

 
 

 Through this method, a broad range of modifications were implemented. Yet, the patent 

did not disclose any substrates with substitution in the C5-position (indicated by red arrow in 

Scheme 24). Their approach could potentially incorporate functionalization at this position using 
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α-substituted chloroacetylchloride derivatives. However, if it were necessary to generate a 

diastereomerically pure substrate, there is not a large variety of chiral α-substituted 

chloroacetylchloride starting materials commercially available.  Furthermore, in many cases the 

enantiopure substrates tend to be very expensive. For example, (2S)-2-chloro-2-phenylacetyl 

chloride and its enantiomer are available from Chemspace™ for $325.30/g.8 Moreover, the patent 

did not disclose yields for the transformations to form quinazolinone intermediate 94, so it is 

difficult to ascertain the efficiency of their method. Notably, substitution at this position is 

exhibited in several biologically active natural products containing the 4-(3H)-quinazolinone 

moiety, two such examples are fumiquinazoline F and fiscaline B (Fig. 5).9 

 

Figure 5. Representative biologically active 4-(3H)-quinazolinone containing natural products 
containing α-imino substitution10-12 

 
 
 

We envisioned that our telescoped method, which produced the tetracyclic quinazolinone, 

offered access to functionalizing the scaffold in the C5-position (93, Scheme 25). The inclusion 

of an aryl or alkyl aldehyde would functionalize 2-alkylamino-substitutent of quinazolinone 

intermediate 92. This functionalization would produce the desired C5-functionalization in 

quinazolinone 93. However, we were not sure if the addition of a substituent would impede the 

observed transformation. Additionally, we questioned the effect of the diamine stereocenter on the 
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formation of the new stereocenter and whether there would be any inherent diastereoselectivity in 

the transformation.  

 

Scheme 25. Proposed telescoped method to generate C5-substituted quinazolinone 96 

 

 In order to examine the feasibility of generating C5-susbtituted quinazolinone 96, we 

piloted a reaction using benzaldehyde, in lieu of formaldehyde, in the telescoped multicomponent 

strategy used to generate the original unsubstituted tetracyclic quinazolinone. Benzaldehyde was 

selected for this initial experiment because the installation of a phenyl substituent would contribute 

significant steric bulk in the C5-position, giving some insight into steric effects on the novel 

quinazolinone rearrangement.  Additionally, benzaldehyde demonstrated excellent reactivity in 

generating (E)-arylamidines in good overall yield (50-88%) via our previous telescoped method. 

This made it more likely that it would be a competent component in at least the first three steps of 

the telescoped reaction sequence (see Chapter 2, Scheme 14 and 15). The pilot reaction 

incorporated racemic tert-butyl N-(pyrrolidin-2-ylmethyl) carbamate (75), benzaldehyde, 2-

azidobenzoic acid, and benzyl isocyanide (Scheme 26). Excitedly, the telescoped reaction formed 

the desired C5-phenyl-substututed quinazolinone 97a in 68% overall yield and 84:16 d.r. 
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Conditions: (a) 75, benzaldehyde, 10 min, then 2-azidobenzoic acid in 3:1 CH2Cl2/CH3OH, benzyl isocyanide, (2:4:1:4), 4 Å MS, 
CH2Cl2, rt, 12 h; (b) PS PPh3, toluene, rt, 60 min, then 110 °C, 12h; (c) 4N HCl, dioxane, 0 °C – rt, 12h; (d) Et3N, CH3OH, MWI 
100 °C, 60 min. 

 

Scheme 26. Pilot reaction generating C5-phenyl-susbtituted quinazolinone 97a 
 
 
 

Given the mechanism of the Ugi four-component reaction (see Chapter 2, Scheme 9), we 

rationalized that the step which determined the diastereoselectivity in the product is the 

nucleophilic attack on iminium ion 98 by the benzyl isocyanide to form the nitrilium ion 

intermediate 99 or 100. NOE experiments validated that the major diastereomer was formed by 

the nucleophilic attack from the face opposite the N-Boc-ethylamino substituent on the pyrrolidine 

ring of the iminium ion intermediate 98.  In our substrate scope we generated quinazolinone 97h, 

Scheme 27 and subsequently recrystallized the minor diastereomer from acetonitrile. The crystal 

structure definitively demonstrates the resulting stereochemistry and validates our mechanistic 

hypothesis of the resulting diastereoselectivity.  
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Figure 6. Mechanistic rationale for observed diasteromeric preference and depiction of observed 
NOE for minor diastereomer of 97h, Scheme 27 with crystal structure 

 
 
 

Encouraged by this result, we examined if other isocyanides could be substituted in the 

reaction. Isopropyl and cyclohexyl isocyanide were included to see in order to improve atom 

efficiency, since the intermediate loses an equivalent of benzylamine in the quinazolinone 

formation (Table 3). We also tried chiral (S)-(-)α-methylbenzyl isocyanide to see if there was an 

effect on d.r. Isopropyl isocyanide generated the desired C5-phenyl-susbstituted quinazolinone 

97a in 59% overall yield, however the diastereoselectivity of the reaction was reduced to 64:36 

d.r, (Entry 2).  The reaction incorporating cyclohexyl isocyanide resulted in only 39% overall 

yield with a 77:23 d.r. (Entry 3). We rationalized that the deterioration of diastereoselectivity with 

the incorporation of alkyl isocyanides was the result of their higher nucleophilicity compared to 

that of benzyl isocyanides.13 Historically, chiral isocyanides, have not been demonstrated to induce 

any stereocontrol in Ugi four component reactions.14 Nevertheless, we attempted using (S)-(-)α-

methylbenzyl isocyanide to form 97a  and isolated the desired quinazolinone in 64% overall yield, 



46 
 

and 83:17 d.r. (Entry 4). With these results in-hand we proceeded forward with benzyl isocyanide, 

since it produced the desired quinazolinone in the highest yield and diastereomeric ratio. 

 

Entry R 
Overall 

yield 
d.r. 

1 benzyl 68% 84:16 
2 isopropyl 59% 67:33 
3 cyclohexyl 39% 77:23 

4 
(S)-(-)α-methylbenzyl 

isocyanide 
64% 83:17 

 
Conditions: (a) 75, benzaldehyde, 10 min, then 31 in 3:1 CH2Cl2/CH3OH, R-isocyanide, (2:4:1:4), 4 Å MS, CH2Cl2, rt, 12 h; (b) 
PS PPh3, toluene, rt, 60 min, then 110 °C, 12h; (c) 4N HCl, dioxane, 0 °C – rt, 12h; (d) Et3N, CH3OH, MWI 100 °C, 60 min. 

 
Table 3. Isocyanide Screen 

 
 
 

 Next, we began to examine the reaction scope.  We generated several analogues and were 

pleased to see that the telescoped, four-step, seven-transformation procedure was tolerant of a 

variety of substituents on the ring (Scheme 27). Introduction of steric bulk with the installation of 

a 3-methyl substituent on the 2-azidobenzoic acid, generated the desired quinazolinone (97e) in 

75% overall yield, and 83:17 d.r. The reaction was likewise tolerant of halogen substitution on the 

phenyl ring, generating 97f and 97h in 63% and 66% overall yield, respectively, and 83:17 d.r. 

The yield of 97g, was markedly lower, owing to the poor solubility of the 2-azido-4-fluorobenzoic 

acid.  Notably, we were please to find that electron donating substituents were competent in our 

method generating quinazolinones 97j (81%, 83:17 d.r.) and 97k (78%, 84:16 d.r.). In our previous 

work that disclosed the one-pot assembly of C3-unsubstituted (E)-amidobenzamidines, the 



47 
 

incorporation of a C5-methoxy substituent in the anthranilic region of the quinazolinone resulted 

in significantly diminished yield (0-16%) of the desired amidine.2b This was hypothesized to be 

the result of reduction in the electrophilicity of the quinazolinone imine, thereby hindering the 

intramolecular rearrangement. Not surprisingly, these substrates required additional heating under 

microwave conditions, 120 ºC for 1 hour in order to produce the rearrangement. In our previous 

method, 3-azido-2-benzofuranoic acid was not competent in producing the rearranged (E)-

arylamine and instead produced the unrearranged diamine appended quinazolinone (see Chapter 

2, Fig. 5).1 Given the proposed mechanism for the observed formation of the tetracyclic 

quinazolinone and passage through a (Z)-amidobenzamidine intermediate, we attempted to 

incorporate 3-azido-2-benzofuranoic acid into the novel scaffold.  However, it was likewise not 

able to rearrange to form the desired quinazolinone and only produced the unrearranged 

quinazolinone intermediate. This further demonstrates a steric hindrance of the benzofuran 

incorporation into the quinazolinone core which preclude its utility in our quinazolinone 

rearrangement methodology. Still, we successfully incorporated a 3-thiophene substituent into 

quinazolinone 97l in 57% overall yield, though there was a reduction in the d.r. to 63:17.  
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Conditions: (a) 75, benzaldehyde, 10 min, then 2-azidobenzoic acid in 3:1 CH2Cl2/CH3OH, benzyl isocyanide, (2:4:1:4), 4 Å MS, 
CH2Cl2, rt, 12 h; (b) PS-PPh3, toluene, rt, 60 min, then 110 °C, 12h; (c) 4N HCl, dioxane, 0 °C – rt, 12h; (d) Et3N, CH3OH, MWI 
100 °C, 60 min. 

 
Scheme 27. Quinazolinones resulting from telescoped Ugi-Mumm-Staudinger/aza-Wittig 

quinazolinone rearrangement procedure 
 
 

 Next, we attempted to improve the diastereoselectivity of the reaction. Examples of 

diastereoselective Ugi four-component reactions have been reported in the literature, incorporating 

chiral starting materials or chiral auxiliaries to induce diastereoselectivity. However, to date 

asymmetric versions of the Ugi four component reactions remain a challenge.15 A noteworthy 

contribution was conducted by the Orru lab in 2010 where they built on the Ugi-Joullié reaction 
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that incorporated a chiral cyclic imine  into a Ugi three-component reaction to generate bisamide 

products (Fig. 6, Panel A).16 Dr. Orru and researchers developed a sterically demanding cyclic 

imine (87) which was able to generate their desired bisamide product (88) in 83% yield with greater 

than 99:1 d.r.17  However, this cyclic imine was the preformed intermediate resulting from a 

primary amine and an aldehyde, and our method requires the use of secondary amines generating 

highly reactive iminium ions. Nevertheless, these methods inform us as to the level of steric bulk 

which might be required to impart a higher diastereoselectivity. Recently the Tan lab, published 

an article describing the use of a chiral phosphoric acid to activate the imine intermediate and 

generate chiral bisamides in up to 96% yield and 99% ee (Panel B).18 This example again relies 

on the use of a primary amine, since the activation by the chiral phosphoric acid requires the lone 

pair donation by the imine intermediate, which is not feasible with our iminium ion intermediate.  

Figure 6. Panel A: Orru lab incorporation of 3‐azabicyclo[3.3.0]oct‐2‐ene 100 in 
diastereoselective Ugi-Joullié reaction. Panel B: Tan lab asymmetric Ugi reaction with primary 
amine and chiral phosphoric acid catalyst. 
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 Considering these examples and our scaffold, we assessed whether we could make a 

modification to improve the diastereoselectivity of the reaction.  Observing the relative position of 

the steric bulk to the imine carbon in Orru’s example, we tested whether increasing the steric bulk 

of the aldehyde would improve diastereoselectivity. In order to test this, we incorporated 

pivaldehyde into our telescoped procedure (Scheme 28). We observed that the final step in the 

reaction required heating to 150 ºC in order to observe any rearrangement. Also, we were only 

able to isolate 24% of quinazolinone 97m; however, we found only a single diastereomer. 

Therefore, we investigated the imide forming step of the reaction to investigate the cause of the 

low yield.   

 
 
Conditions: (a) 75, pivaldehyde, 10 min, then 31 in 3:1 CH2Cl2/CH3OH, benzyl isocyanide, (2:4:1:4), 4 Å MS, CH2Cl2, rt, 12 h; 
(b) PS-PPh3, toluene, rt, 60 min, then 110 °C, 12h; (c) 4N HCl, dioxane, 0 °C – rt, 12h; (d) Et3N, CH3OH, MWI 150 °C, 60 min, 
24%, single diastereomer. 

 

Scheme 28. Reaction with pivaldehyde to form C5-tert-butly-susbtituted quinazolinone 97m 

 

We found that under our normal reaction conditions (2.0 equiv. of the diamine, 4.0 equiv. 

of the aldehyde and benzyl isocyanide, and 1.0 equiv. of 2-azidobenzoic acid) we generated only 

49% of the desired imide, but also isolated 40% of the Passerini α-acyloxycarboxamide byproduct 

(Entry 1, Table 4).  We attributed this result to the steric effect of the bulky substitutent, slowing 

the rate of the nucleophilic attack on the iminium intermediate.  This would also explain, why we 

observed no minor diastereomer in the reaction, as the steric bulk would slow the rate of attack to 

both faces of the iminium ion further slowing the rate of production of the minor diastereomer. To 
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improve the overall yield of the telescoped sequence, we attempted to optimize this substrate for 

imide production.  We rationalized that using an equimolar equivalent of the amine to the aldehyde 

should increase the concentration of the iminium intermediate and thereby favor the desired Ugi 

pathway, versus the competing Passerini reaction.  We therefore tried equimolar amounts of all 

the reagents and modified the pre-reaction time to see if allowing additional time to form the 

iminium intermediate would increase the yield and shut down the Passerini side reaction. We found 

that increasing the equivalence of the diamine to 4.0 equivalents, equimolar to the aldehyde and 

isocyanide, improved the yield to 82% with no need for an extended pre-reaction time (Entry 6). 

This result in hand, we proceeded to investigate the follow-on reactions with this intermediate. 

 

Entry 
Stoichiometry Premix 104          

isolated yield 
105        

isolated yield (D:A:Ac:I) Time 
1 (2:4:1:4) 8 min 49% 40% 
2 (2:4:1:4) 1 h 31% 61% 
3 (1:1:1:1) 9 min 12% 31% 
4 (1:1:1:1) 1 h 6% 41% 
5 (4:4:1:4) 1 h 82% 4% 
6 (4:4:1:4) 6 min 82% 0% 

 
Table 4. Optimization of Ugi Imide 104 

 

 Subjecting imide intermediate 104 to the Staudinger/aza-Wittig conditions yielded 

intermediate quinazolinone 106 in 53% yield (Scheme 29).  The subsequent deprotection was 

facile, but rearrangement required heating to 150 ºC for 1 hour, before any turnover was observed 

by LCMS.  Upon completion, as monitored by LCMS, the product quinazolinone was isolated in 

46%, an overall yield of 20% over the four steps. Consequently, we attempted to generate 
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quinazolinone 97m using the modified Ugi four-component reaction conditions in the telescoped 

process.  We found that we again were only able to isolate the desired quinazolinone 97m, in 24%.  

This is in line with what we observed in the stepwise protocol.  The steric bulk appears to impede 

the rearrangement to form quinazolinone 106, as well as the requisite quinazolinone rearrangement 

required to access the intermediate amidine.   

 

Conditions: (a) 75, pivaldehyde, 10 min, then 2-azidobenzoic acid in 3:1 CH2Cl2/CH3OH, benzyl isocyanide, (4:4:1:4), 4 Å MS, 
CH2Cl2, rt, 12 h, 82%; (b) PS PPh3, toluene, rt, 60 min, then 110°C, 12h, 53%; (c) 4N HCl, dioxane, 0 °C – rt, 12h; (d) Et3N, 
CH3OH, MWI 150°C, 60 min, 48%, single diastereomer, 20% overall.  Telescoped yield, 24% single diasteromer. 

 
Scheme 29. Stepwise and telescoped reactions with pivaldehyde to form C5-tert-butly-

susbtituted quinazolinone 97m 
 
 
 
 We then tried to use a bulky aryl aldehyde to observe its effect on diastereoselectivity. We 

incorporated 2,6-dimethylbenzaldehyde as the aldehyde component of the telescoped 

multicomponent procedure (Scheme 30). We were able to isolate 83% of quinazolinone 97n.  

However, we observed an almost complete loss of diastereoselectivity at 55:45 d.r. It is likely that 

the steric bulk affects both faces of the aldehyde and essentially negates the preference gained by 

the 2-ethylemino substituent of the pyrrolidine.  
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Conditions: (a) 75, pivaldehyde, 10 min, then 2-azidobenzoic acid in 3:1 CH2Cl2/CH3OH, benzyl isocyanide, (2:4:1:4), 4 Å MS, 
CH2Cl2, rt, 12 h; (b) PS-PPh3, toluene, rt, 60 min, then 110 °C, 12h; (c) 4N HCl, dioxane, 0 °C – rt, 12h; (d) Et3N, CH3OH, MWI 
150 °C, 60 min, 24%, single diastereomer. 

 

Scheme 30. Reaction with pivaldehyde to form C5-tert-butly-susbtituted quinazolinone 97m 
 
 
 

  Subsequently we tried to add more steric bulk to the diamine to increase the already 

existing diastereoselectivity. We synthesized N-[(2S)-3-methyl-2-(methylamino)butyl]-1,1-

dimethylethyl ester carbamic acid (107) in accordance with existing literature.19,20 This acyclic 

diamine placed an isopropyl substituent α to the  nitrogen of the iminium intermediate (110, 

Scheme 31). However, after 24 hours, there was no desired imide intermediate (108) by LCMS. 

Upon isolation, we observed 45% Passerini side product (109). When incorporating pyrrolidine 

substituted diamine 75, the ring prevented rotation of the bond.  In the case of the acyclic reaction, 

the rotatable bond likely resulted in steric hinderance on both faces of the iminium intermediate.  

This possibly caused the preference for the competing Passerini reaction.   
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Conditions: (a) 75, benzaldehyde, 10 min, then 31 in 3:1 CH2Cl2/CH3OH, benzyl isocyanide, (2:4:1:4), 4 Å MS, CH2Cl2, rt, 12 h, 
108, 0%, 109, 45%. 

 
Scheme 31. Reaction with chiral acyclic diamine 107 

 

 As we move forward in the examination of the reaction’s scope and optimization, we will 

look at a couple of key aspects regarding the novel scaffold. First, what other modifications are 

tolerated in the rearrangement to form tetracyclic quinazolinones? And most importantly, can we 

find a method to improve the diastereoselectivity of the reaction.  

 The observed quinazolinone rearrangement to form C5-substituted quinazolinones has a 

few remaining regions to be explored with respect to reaction scope (Fig. 7). First, we must expand 

the scope to explore the effect of an alkyl substituent at in the C5-position.  Tertiary aldehydes 

have worked in the reaction, though with significant reduction in overall yield.  How will the 

inclusion of a primary and secondary alkyl substituted aldehyde effect the outcome of the reaction 

and will we see a notable change in d.r.? Additionally, the five membered ring is well tolerated 

under these conditions, but we should examine whether a six-membered ring is to undergo the 

observed transformation.   
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Figure 6. Proposed sites for further exploration of reaction scope 

 

 The greatest impact with respect to progress in the project remains controlling 

diastereoselectivity in the Ugi four-component reaction forming the imide intermediate. The 

incorporation of tert-butyl N-(pyrrolidin-2-ylmethyl) carbamate (75) as a Ugi component has 

exhibited good diastereoselectivity in our products, in some cases reaching up to 87:13 d.r. Yet, 

considering the results under current conditions, we can make some modifications that potentially 

offer improvements in diastereoselectivity. We have already observed that incorporating a bulky 

acyclic diamine is not tolerated for this reaction (see Scheme 31).  However, increasing the steric 

bulk of the N-Boc-ethylamino substituent of the pyrrolidine will theoretically further hinder 

formation of the minor diastereomer and improve reaction selectivity (Fig. 7).  We propose the 

incorporation of a diastereomerically pure α-methyl-2-pyrrolidinemethanamine (104) in order to 

test this hypothesis. These diamines can be synthesized, though it would result in the generation 

of all four diastereomers.  We propose separating the enantiomeric pairs and piloting the reaction.  

If successful, we will evaluate chiral resolution of the enantiomers to generate enantiopure 

products.  
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Figure 7. α-methyl-2-pyrrolidinemethanamine 104 and proposed more sterically demanding 
iminium intermediate 105 

 
 
 

 The serendipitous discovery of a novel intramolecular quinazolinone rearrangement 

generating tetracyclic quinazolinones offered access to regiospecific modifications to an 

underrepresented pharmacologically relevant chemotype. Through the incorporation of our 

telescoped Ugi-Mumm-Staudinger/aza-Wittig strategy, we generated several 2-alkylamino 

substituted 2,3-disubstituted-4(3H)-quinazolinones which can effectively undergo two subsequent 

intramolecular rearrangements to produce novel C5-substituted tetracyclic quinazolinones. 

Notably, the mechanism is hypothesized to proceed through a (Z)-amidobenzamidine intermediate, 

which until now has not been exemplified in any of our previous work.  Additionally, our 

telescoped methodology allowed for efficient access to these unique C5-substituted quinazolinones 

in excellent yield and good d.r. following the four step, seven transformation process. We intend 

to continue to broaden our evaluation of the reaction scope, specifically with respect to tolerance 

of alkyl-substituted aldehydes and the incorporation of 2-ethylamino piperidine.  Also, we will 

continue to assess whether we can impart better control over the formation of the stereocenter 

through the incorporation of additional steric bulk to the diamine building block. 
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Chapter 4. Discovery and application of twisted aryl guanidine chemotype via novel 
quinazolinone rearrangement   

 

 Structural modification of chemotypes developed in the Golden lab has been driven by 

medicinal chemistry needs and has precipitated new methodology development. In our analysis of 

the (E)-amidobenzamidine structure activity relationship in our antiviral program, we sought to 

generate an analogue bearing a C3-gem-difluoro substitution on an (E)-amidobenzamidine (108, 

Scheme 32). This was a challenging analog for which several synthetic approaches were 

considered. Even then, it was unclear that the product would be stable; however, this would 

facilitate our understanding of essential structure-activity relationships if successful.  One of the 

first synthetic attempts leveraged a method previously reported by the Golden lab,1 involving an 

amide coupling between 2-amino-5-nitrobenzoic acid (105) and chlorodifluoroacetyl chloride to 

form 2-[(2-chlorodifluoroacetyl)amino]-5-nitro-benzoic acid (106).  This intermediate would 

subsequently form 2-chlorodifluoro-substituted quinazolinone 107 upon POCl3 mediated 

cyclization and dehydrative amidation. Finally, exposure to N1,N2-dimethylethane-1,2-diamine 

was envisioned to generate the desired C3-gem-difluoro-(E)-amidobenzamidine (108). 

 

Conditions: (a) Chlorodifluoroacetyl chloride, triethylamine, CH2Cl2, 0 °C–rt, 16 h; (b) POCl3, 4-methoxyaniline, 
CH3CN, MWI 150 °C, 60 min (c) N1,N2-dimethylethane-1,2-diamine, K2CO3, DMF, rt, 2 h. 
 

Scheme 32. Proposed synthetic route to C3-gem-difluoro (E)-amidobenzamidine 1081 
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Notably, generation of product would require nucleophilic substitution by an amine on 

difluorochloroalkylquinazolinone 107. It was recognized that this intermediate was significantly 

different from the chloroalkylquinazolinones typically employed, as the trihalogenated carbon 

would polarize the bond between itself and the imine-like carbon of the core, and this would be 

exacerbated by the presence of a C6 nitro group. However, if the reaction was even partially 

productive in generating the desired difluroramidine, critical data could be obtained.  

The quinazolinone-forming reactions along the synthetic route proceeded in moderate 

yield; however, the final step was sluggish to generate any product after two hours at room 

temperature (Scheme 33). The reaction was encouraged by adding KI and heating the reaction 

mixture to 50 °C. After an additional two hours, very little consumption of the quinazolinone 

intermediate (107) was observed.  After another three hours at 50 °C, there appeared to be some 

turnover to a new product, but the starting material was still the major spot by TLC. Therefore, the 

reaction was left for an additional 12 h stirring at 50 °C. Following the extended reaction time, 

there still appeared to be significant starting material by TLC, and the reaction was stopped.  We 

were surprised to find that the reaction did not form C3-gem-difluoro (E)-amidobenzamidine (108, 

Scheme 32), but instead, produced cyclic guanidine (109) in 30% yield.  Intrigued by this result, 

we took a closer look at this transformation.   

 

Conditions: (a) Chlorodifluoroacetyl chloride, Et3N, CH2Cl2, 0 °C–rt, 16 h, 67%; (b) POCl3, 4-methoxyaniline, 
CH3CN, MWI 150 °C, 60 min, 50%; (c) N1,N2-dimethylethane-1,2-diamine, KI, K2CO3, DMF, 50 °C, 18 h. 

 
Scheme 33. Reaction resulting in the discovery of novel guanidine chemotype. 
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 Mechanistically, the guanidine might have resulted from nucleophilic attack on the imine 

carbon of quinazolinone 107 by N1,N2-dimethylethane-1,2-diamine to form intermediate 110 

(Scheme 34).  This is reasonable given the electron withdrawing effects of 2-chlorodifluoromethyl 

substituent (and C6 nitro group) on quinazolinone 107. Next, reformation of the imine carbon 

under basic conditions would eliminate the stable by-product, chlorodifluoromethane2a-b while also 

generating quinazolinone intermediate (111). Consequently, intramolecular attack of the terminal 

secondary amine on the imine carbon would form spirocycle (112), which then could undergo 

irreversible ring opening, thereby forming guanidine (109). 

Scheme 34. Proposed mechanism beginning with nucleophilic attack on imine carbon of quinazolinone 
107 generating guanidine 109. 

 
 

 We also considered other mechanisms resulting from nucleophilic substitution in which 

the amine attacked the chlorodifluoromethyl carbon to liberate chloride ion and form spirocycle 

113 (Scheme 35).  However, upon reformation of the quinazolinone imine, spirocycle 113 would 

need to extrude difluorocarbene to form quinazolinone 111. From this point the mechanism 

would proceed down the same path as the previously proposed mechanism.  
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Scheme 35. Proposed mechanism beginning with nucleophilic attack on chlorodifluoromethyl 
substitutent of quinazolinone 107 generating guanidine 109. 

 

At this point, fellow graduate student, Ms. Bereket Zekarias, took over the project as I 

moved on with the telescoped synthesis of C3-funtionalized (E)-arylamidines in Chapter 2. 

However, it is worth noting some key findings that have evolved from my discovery of the 

guanidine-forming reaction.  

 

A. New Synthetic Approach to Cyclic Guanidines: Based on a few studies Bereket performed 

that reinforced the nucleophilic addition to the quinazolinone imine mechanism pathway 

(Scheme 34), she greatly simplified the synthetic approach using a chloroquinazolone 114 

that underwent facile rearrangement to either 5- or 6-membered guanidines in high yield. 

(Scheme 36) 
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Conditions: (a) N1,N2-dimethylethane-1,2-diamine , Et3N (3.0eq), CH3CN, 150 C MWI 2h, (b) N1,N3-
dimethylpropane-1,3-diamine , Et3N (3.0eq), CH3CN, 150 C MWI 2h. 

 
Scheme 36. Optimized reaction conditions for the generation of cyclic guanidines 

 

B. Adaptation to Ring-fused Acylguanidines: I recommended that Bereket incorporate N-(tert-

butoxycarbonyl)-N-methylethylenediamine with her optimized guanidine-forming 

conditions, as the reaction should undergo a subsequent rearrangement akin to the NH-

amidine rearrangement (see Scheme 22 in Chapter 3) and form 2,3-dihydro-1-methyl-

imidazo [2,1-b]quinazolin-5(1H)-one, a tricyclic acylguanidine, (119, Scheme 37).  She 

isolated quinazolinone (117) in 69% yield, and tricyclic acylguanidine 119 was isolated in 

79% yield. For the observed transformation, we invoked a similar mechanism to that 

proposed for the formation of quinazolinones via a (Z)-amidobenzamidine intermediate (see 

Scheme 23, Chapter 3).   We propose that the nucleophilic attack by the (E)-guanidine (118) 

is akin to that of 1,4,6,-tirazabicyclo[3.3.0]oct-4-ene when used as an acyl transfer catalyst 

in the amidation of esters.3 
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Conditions: (a) N-(tert-butoxycarbonyl)-N-methylethylenediamine, Et3N (3.0eq), CH3CN, 150 C MWI 2h; (b) 4M 
HCl/Dioxane, CH2Cl2, rt, 2h; (c) Et3N, MeOH, 100 C MWI 1h. 

Scheme 37.  Generation of tricyclic acylguanidine 119 via guanidine rearrangement 118 

 

C. Examination of Reaction Scope and Scaffold Diversification: With optimized procedures 

in hand, fellow graduate student, Mr. Gang Yan made tremendous strides with elucidating 

reaction scope.  To date, he synthesized over 30 analogues of the cyclic guanidines in up to 

96% yield from the 2-chloro-quinazolinone. Additionally, he generated 18 ring-fused 

acylguanidines. 4 

 

Conditions: (a) R2NH(CH2)nCH2NHR3, Et3N (3.0eq), CH3CN, 150 C MWI 2h, n=1-2 (b) R2NH(CH2)nCH2NH2, 
Et3N (3.0eq), CH3CN, 150 C MWI 2h, n=1-2.  

 
Scheme 37.  General scope of new synthetic approach to cyclic guanidines 132 and ring-fused 

acylguanidines 133 

 

D. Investigation of Cyclic Guanidine Structure: An obtained crystal structure of a cyclic guanidine 

115 has provided interesting insights into the structural complexity of the scaffold. We 

discovered that the cyclic guanidine is rotated out of the plane with the phenyl ring. This has led 
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Gang to begin exploring whether it will be possible to induce axial chirality into the structure 

through asymmetrization of the diamine component and steric modifications to the phenyl ring. 

 

Figure 8. Crystal structure of 115 

 

 The discovery of the novel cyclic guanidine structure and its subsequent ability to rearrange 

to form ring-fused acylguanidines offers an opportunity to explore a rich new chemical space.  

Additionally, preliminary data on the original discovered guanidine (109, Scheme 33) shows that 

the compound has a 2 µM EC50 against TC-83, an attenuated strain of VEEV. The methods 

developed by our lab enabled the generation of a diverse library of cyclic guanidines and ring-

fused acylguanidines to enable us to better understand the activity of this new chemotype. 

Furthermore, the crystal structure of the cyclic guanidines suggest that we might be able to generate 

substrates with axial chirality.  
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Selected Experimental Procedures 
 

General Methods 

 

Compounds not described below were purchased from commercial vendors. Purity of all final 
compounds was confirmed by HPLC/MS analysis and determined to be ≥ 95%. 

 

Analytical TLC experiments were performed on aluminum-backed Silica Gel plates (TLC Silica 
gel 60 F254) from EMD Millipore and analyzed with 254 nm UV light using diluted samples. All 
compounds were characterized with the following instrumentation: Varian Unity-Inova 400 MHz 
NMR spectrometer (operating at 400 and 101 MHz, respectively) or a Varian Unity-Inova 500 
MHz NMR spectrometer (operating at 500 and 126 MHz, respectively) in CDCl3 (CDCl3: 1H = δ 
7.26 ppm, 13C = δ 77.16 ppm). The chemical shifts (δ) reported are given in parts per million (ppm) 
and the coupling constants (J) are in Hertz (Hz). The spin multiplicities are reported as s = singlet, 
br s = broad singlet, d = doublet, t = triplet, q = quartet, p = pentuplet, dd = doublet of doublet, ddd 
= doublet of doublet of doublet, and m = multiplet. The LC-MS analysis was performed on an 
Agilent 1290 Infinity II HPLC system with 1290 Infinity II Diode Array Detector and an Agilent 
6120 Quadrupole LC-MS system. The analytical chromatography method utilized the following 
parameters: Poroshell 120 EC-C18, 1.9 μm column, UV detection wavelength = 254 nm, Flow 
rate = 1.0 mL/min, Gradient = 5-100% LC-MS grade Methanol over 4 min; The organic mobile 
phase and aqueous mobile phase contained 0.1% LC-MS grade formic acid. The mass 
spectrometer utilized the following parameters: an Agilent multimode source that simultaneously 
acquires ESI+/APCI+; Final compounds were determined to be > 95% purity by UV-LCMS at 
254 nm. Microwave irradiated (MWI) reactions were carried out using an Anton Paar Monowave 
300 Microwave Synthesis Reactor. Flash chromatography separations were carried out using a 
Teledyne Isco CombiFlash Rf 200 purification system with silica gel columns (normal-phase).   
High resolution mass spectra (HRMS) were performed by Analytical Instrument Center at the 
School of Pharmacy on an Electron Spray Injection (ESI) mass spectrometer. Melting points were 
measured on OptiMelt MPA100 Automated Melting Point System. 
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1.1  General procedure A: Representative Procedure for the Synthesis of 2-azidobenzoic 
acid derivatives1 

 

 

2-Azidobenzoic acid S-1. To a flame-dried, 250 mL round bottom flask under nitrogen was added 
anthranilic acid (1.4 g, 10.0 mmol, 1.0 equiv.) and dry acetonitrile (100 mL, 0.1 M). The solution 
was cooled to 0 °C in an ice bath. After 20 min tert-butyl nitrite (1.8 mL, 15.0 mmol, 1.5 equiv.) 
was added dropwise followed by azidotrimethylsilane (1.6 mL, 12.0 mmol, 1.2 equiv.).  The 
reaction mixture was allowed to warm slowly to rt under nitrogen for 12 h. The reaction mixture 
was concentrated in vacuo, diluted with EtOAc (50 mL) and washed saturated brine solution (2x 
50 mL).  After separation, the organic layer was dried over MgSO4, filtered and concentrated in 
vacuo to yield 2-azidobenzoic acid, S-1 (1.47 g, 90%) as a light brown solid.  Material carried 
forward without further purification.  Characterization matched literature reference.1 

 

 

 

 

2-Azido-5-methylbenzoic acid S-2.  Obtained using general procedure A as a light brown solid 
(467 mg, 82%).  Material carried forward without further purification. Characterization matched 
literature reference.2 

 

 

 

2-Azido-5-fluorobenzoic acid S-3 Obtained using general procedure A as an off-white solid 
(513 mg, 88%). Material carried forward without further purification. Characterization matched 
literature reference.2 
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2-Azido-4-methylbenzoic acid S-4. Obtained using general procedure A as a light brown solid 
(201 mg, 86%).  Material carried forward without further purification. 1H NMR (400 MHz, 
Chloroform-d) δ 8.01 (d, J = 8.4 Hz, 1H), 7.05 (d, J = 6.5 Hz, 1H), 2.44 (s, 3H). 13C NMR (101 
MHz, CDCl3) δ 168.3, 145.8, 140.0, 133.4, 126.0, 119.9, 118.0, 21.6. 

 

 

 

 

2-Azido-4-fluorobenzoic acid S-5. Obtained using general procedure A as a light brown solid 
(491 mg, 84%).  Material carried forward without further purification. Characterization matched 
literature reference.1 

 

 

 

 

 

2-Azido-3-methylbenzoic acid S-6. Obtained using general procedure A as a light brown solid 
(283 mg, 97%).  Material carried forward without further purification. Characterization matched 
literature reference.3 

 

 

 

 

2-Azido-3-fluorobenzoic acid S-7. Obtained using general procedure A as a light brown solid 
(231 mg, 79%). Crude material carried forward. 1H NMR (400 MHz, DMSO-d6) δ 13.50 (s, 1H), 
7.61 (dt, J = 7.8, 1.3 Hz, 1H), 7.53 (ddd, J = 11.4, 8.3, 1.5 Hz, 1H), 7.30 (td, J = 8.1, 5.1 Hz, 1H). 
19F NMR (376 MHz, DMSO) δ -123.87.  13C NMR (101 MHz, DMSO) δ 166.2, 166.2, 157.7, 
155.3, 127.3, 127.2, 127.2, 127.0, 127.0, 126.6, 126.5, 120.2, 119.9. 

N3
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CH3
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2-Azido-5-cyanobenzoic acid S-8. Obtained using general procedure A. The crude residue was 
purified by normal-phase chromatography (0.5% MeOH/CH2Cl2) to yield 2-azido-5-cyanobenzoic 
acid, S-8 (171 mg, 45%) as orange solid. 1H NMR (400 MHz, Chloroform-d) δ 8.37 (d, J = 2.1 
Hz, 1H), 7.86 (dd, J = 8.5, 2.0 Hz, 1H), 7.39 (d, J = 8.5 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 
166.7, 145.1, 137.2, 137.1, 121.6, 120.7, 117.2, 108.7. 

 

 

 

 

2-Azido-5-nitrobenzoic acid S-9. Obtained using general procedure A as an orange solid (476 
mg, 71%). Material carried forward without further purification. Characterization matched 
literature reference.4 

 

 

 

 

2-Azido-5-iodobenzoic acid S-10. Obtained using general procedure A as a light orange solid 
(859 mg, 92%). Crude material carried forward. Characterization matched literature reference.1 

 

 

 

 

3-Azido-2-naphthanoic acid S-11.  Obtained using general procedure A as a red solid (120 mg, 
53%). Crude material carried forward. Characterization matched literature reference.2 
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3-Azidothiophene-2-carboxylic acid S-12.  Obtained using general procedure A as a brown 
solid (541 mg, 92%). Crude material carried forward. Characterization matched literature 
reference.5 

 

 

 

 

3-Azidofuran-2-carboxylic acid S-13.  Obtained using literature procedure5 as a brown solid (122 
mg, 54%). Crude material carried forward. Characterization matched literature reference.5 

 

1.2  Procedure for the Synthesis of tert-butyl benzyl(2-cyclopropylamino)ethyl) 
carbamate  

 

tert-Butyl benzyl(2-cyclopropylamino)ethyl) carbamate  S-14. To a flame-dried, 50 mL three-
neck flask containing activated 3 Å molecular sieves under nitrogen was added aldehyde6 (1.45 g, 
5.8 mmol, 1.0 equiv.) in MeOH (23 mL, 0.25 M).  Cyclopropylamine (0.42 mL, 6.1 mmol, 1.05 
equiv.) was added neat dropwise while stirring at rt.  The reaction mixture stirred at rt for 3 h and 
then cooled to 0 °C in ice bath for 20 min.  NaBH4 was slowly added, and the resulting reaction 
mixture was stirred at rt for 14 h under nitrogen. The reaction mixture was diluted with CH2Cl2 
(15 mL) and then filtered through celite. The collected filtrate was concentrated in vacuo.  Crude 
mixture was diluted with CH2Cl2 (20 mL), washed 2 X with saturated brine solution (20 mL).  
Organic layer was dried over MgSO4 and concentrated in vacuo.  Purified by normal phase 
chromatography (10-50% EtOAc/hexane) to yield diamine S-14 as a clear oil (772 mg, 46%).  1H 
NMR (400 MHz, Chloroform-d) δ 7.37 – 7.09 (m, 5H), 4.46 (s, 2H), 3.31 (d, J = 26.3 Hz, 2H), 
2.80 (s, 2H), 2.10 (s, 1H), 1.56 – 1.34 (m, 9H), 0.40 (td, J = 6.5, 4.3 Hz, 2H), 0.30 – 0.22 (m, 2H). 
13C NMR (101 MHz, CDCl3) δ 156.0, 138.5, 128.7, 128.5, 127.7, 127.1, 79.8, 47.5, 46.7, 30.1, 
28.4, 6.4. 
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tert-Butyl 2-((methylamino)methyl)pyrrolidine-1-carboxylate S-15. Obtained using literature 
procedure7 as a clear oil (844 mg, 95%). Characterization matched literature reference.8 

 

 

1.3       General procedure B: Representative Procedure for the Synthesis of Imides:  
 

 

 

tert-Butyl (2-((1-(2-azido-N-cyclohexylbenzamido)-3-methyl-1-oxobutan-2-
yl)(methyl)amino) ethyl)(methyl)carbamate 63a. To a flame-dried, 25 mL three-necked round 
bottom flask under nitrogen was added activated, powdered, 4Å molecular sieves (50 mg) followed 
by amine, 4  (115 mg, 0.61 mmol, 2.0 equiv.) in dry CH2Cl2 (0.3 mL, 0.1 M). A solution of 
aldehyde, 3 (112 µL, 1.2 mmol, 4.0 equiv.) in dry CH2Cl2 (0.3 mL, 0.1M) was added with stirring 
followed by carboxylic acid, 1 (50 mg, 0.31 mmol, 1.0 equiv.) in 3:1 dry CH2Cl2/MeOH (0.4 mL, 
0.1 M) and finally isocyanide, 2 (152 µL, 1.2 mmol, 4.0 equiv.) in dry CH2Cl2 (0.4 mL, 0.1 M). 
The reaction mixture was stirred at rt for 12 h after which the reaction was complete as judged by 
complete consumption of carboxylic acid on TLC (20% MeOH/CH2Cl2). The crude reaction 
mixture was filtered through a pad of celite and the filtrate was concentrated in vacuo. The crude 
residue was purified by normal-phase chromatography (0-20% EtOAc/hexanes) to yield the imide, 
63a (141 mg, 89%) as pale yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 7.56 – 7.48 (m, 1H), 
7.38 (d, J = 7.6 Hz, 1H), 7.25 (d, J = 8.1 Hz, 1H), 7.22 – 7.16 (m, 1H), 3.95 (s, 1H), 3.28 – 3.12 
(m, 3H), 2.83 (d, J = 8.8 Hz, 4H), 2.73 – 2.52 (m, 1H), 2.35 (d, J = 7.7 Hz, 3H), 2.31 – 2.20 (m, 
1H), 2.06 (ddt, J = 13.3, 10.1, 6.7 Hz, 2H), 1.88 – 1.68 (m, 5H), 1.62 – 1.53 (m, 1H), 1.44 (s, 8H), 
1.30 – 1.05 (m, 3H), 0.82 (d, J = 6.6 Hz, 3H), 0.68 (d, J = 6.6 Hz, 3H). 13C NMR (101 MHz, 
CDCl3) δ 175.4, 172.1, 155.7, 138.0, 132.3, 129.5, 125.0, 119.2, 79.2, 74.4, 60.3, 52.2, 52.0, 47.5, 
47.0, 37.9, 37.1, 34.5, 32.3, 29.5, 28.4, 27.6, 26.6, 26.4, 25.2, 19.7, 19.5. HRMS (ESI): Calculated 
for C27H42N6O4 (M++H): 515.33403; Found: 515.33594. 
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tert-Butyl (2-((1-(2-azido-N-cyclohexylbenzamido)-4-methyl-1-oxopentan-2-
yl)(methyl)amino) ethyl)(methyl)carbamate 63b. Obtained using general procedure B.  
Purified by normal-phase chromatography (0-10% EtOAc/hexanes) to yield the imide, 63b (158 
mg, 98%) as a pale-yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 7.56 – 7.49 (m, 1H), 7.45 (d, 
J = 7.6 Hz, 1H), 7.25 (d, J = 8.3 Hz, 1H), 7.20 (td, J = 7.5, 1.0 Hz, 1H), 4.18 (s, 1H), 3.33 – 3.15 
(m, 1H), 2.81 (s, 3H), 2.60 – 2.42 (m, 2H), 2.23 – 2.08 (m, 4H), 2.00 (q, J = 12.2 Hz, 1H), 1.80 (t, 
J = 8.5 Hz, 4H), 1.70 (d, J = 12.1 Hz, 1H), 1.64 – 1.49 (m, 2H), 1.43 (s, 9H), 1.36 (dt, J = 13.8, 
6.5 Hz, 1H), 1.31 – 1.15 (m, 4H), 0.73 (d, J = 6.6 Hz, 3H), 0.66 (d, J = 6.6 Hz, 3H). 13C NMR (101 
MHz, CDCl3) δ 176.6, 171.0, 155.6, 138.5, 132.6, 130.2, 129.0, 124.8, 119.4, 79.2, 66.4, 59.0, 
50.8, 47.0, 46.5, 37.9, 35.0, 34.7, 34.5, 31.8, 29.5, 28.4, 26.5, 26.4, 25.3, 24.4, 22.7, 21.8. HRMS 
(ESI): Calculated for C28H44N6O4 (M++H): 529.34968; Found: 529.35162. 

 

 

 

 

 

tert-Butyl (2-((2-(2-azido-N-cyclohexylbenzamido)-2-oxoethyl)(methyl)amino)ethyl)(methyl) 
carbamate 63c. Obtained using general procedure B.  Purified by normal-phase chromatography 
(0-20% EtOAc/hexanes) to yield the imide, 63c (65 mg, 45%) as a pale-yellow oil. 1H NMR (400 
MHz, Chloroform-d) δ 7.53 – 7.45 (m, 2H), 7.26 – 7.21 (m, 1H), 7.19 (td, J = 7.6, 1.1 Hz, 1H), 
4.24 (s, 1H), 3.24 (d, J = 13.3 Hz, 2H), 3.03 (s, 2H), 2.81 (s, 3H), 2.41 – 2.31 (m, 2H), 2.06 (dd, J 
= 12.6, 4.0 Hz, 2H), 2.02 (s, 4H), 1.85 – 1.71 (m, 4H), 1.62 (dt, J = 13.5, 3.5 Hz, 1H), 1.43 (s, 9H), 
1.36 – 1.09 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 173.9, 170.2, 155.4, 138.7, 132.4, 130.4, 
128.5, 124.5, 119.6, 79.5, 63.0, 58.2, 53.4, 52.8, 45.6, 45.5, 40.7, 34.6, 30.3, 28.4, 26.4, 25.3. 
HRMS (ESI): Calculated for C24H36N6O4 (M++H): 473.28708; Found: 473.28737. 
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tert-Butyl (2-((1-(2-azido-N-(4-methoxyphenyl)benzamido)-3-methyl-1-oxobutan-2-yl) 
(methyl)amino)ethyl)(methyl)carbamate 63d. Obtained using general procedure B .  Purified 
by normal-phase chromatography (0-15% EtOAc/hexanes) to yield the imide, 63d (140 mg, 85%) 
as a pale-yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 7.38 – 7.28 (m, 2H), 7.14 – 7.03 (m, 
4H), 6.84 (d, J = 8.5 Hz, 2H), 3.77 (s, 4H), 3.51 – 3.16 (m, 2H), 2.83 (d, J = 12.5 Hz, 4H), 2.42 (s, 
3H), 2.15 (dp, J = 10.4, 6.6 Hz, 1H), 1.45 (s, 10H), 0.99 (d, J = 6.9 Hz, 3H), 0.94 (d, J = 6.6 Hz, 
3H). 13C NMR (101 MHz, CDCl3) δ 175.0, 170.6, 159.4, 155.7, 136.4, 131.0, 130.8, 130.3, 129.4, 
128.5, 124.6, 118.5, 114.3, 79.3, 72.36, 55.4, 52.0, 51.6, 47.5, 47.0, 38.2, 38.0, 34.6, 28.5, 28.2, 
28.0, 20.1, 19.6. HRMS (ESI): Calculated for C28H38N6O5 (M++H): 539.29765; Found: 539.29880. 

 

 

 

 

 

tert-Butyl (2-((1-(2-azido-N-(4-methoxyphenyl)benzamido)-4-methyl-1-oxopentan-2-yl) 
(methyl)amino)ethyl)(methyl)carbamate 63e. Obtained using general procedure B.  Purified 
by normal-phase chromatography (0-15% EtOAc/hexanes) to yield the imide, 63e (132 mg, 78%) 
as a pale-yellow oil . 1H NMR (400 MHz, Chloroform-d) δ 7.36 (td, J = 7.8, 1.5 Hz, 2H), 7.21 – 
7.04 (m, 4H), 6.94 – 6.76 (m, 2H), 4.05 – 3.85 (m, 1H), 3.77 (s, 3H), 3.44 – 3.09 (m, 2H), 2.81 (d, 
J = 5.4 Hz, 3H), 2.75 – 2.56 (m, 2H), 2.35 (s, 3H), 1.63 (dd, J = 14.0, 7.4 Hz, 2H), 1.44 (s, 9H), 
0.89 (d, J = 5.7 Hz, 3H), 0.80 (d, J = 6.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 176.8, 170.5, 
159.4, 155.6, 136.5, 131.2, 130.8, 130.0, 129.2, 128.7, 124.7, 118.4, 114.4, 79.2, 64.4, 55.4, 51.4, 
47.5, 47.0, 38.1, 37.7, 36.1, 35.5, 34.6, 28.5, 24.5, 23.0, 21.8. HRMS (ESI): Calculated for 
C29H40N6O5 (M++H): 553.31330; Found: 553.31416. 

 

 

 

 

tert-Butyl (2-((2-(2-azido-N-cyclohexylbenzamido)-1-cyclopropyl-2-
oxoethyl)(methyl)amino) ethyl)(methyl)carbamate 63f. Obtained using general procedure B. 
Purified by normal-phase chromatography (0-50% EtOAc/hexanes) to yield the imide, 63f (140 
mg, 89%) as a yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 7.50 (t, J = 7.8 Hz, 1H), 7.45 (d, 
J = 7.5 Hz, 1H), 7.23 (d, J = 8.1 Hz, 1H), 7.18 (t, J = 7.6 Hz, 1H), 4.24 – 4.05 (m, 1H), 3.38 – 3.09 
(m, 1H), 2.83 (s, 3H), 2.71 – 2.52 (m, 2H), 2.45 (dd, J = 30.8, 8.5 Hz, 1H), 2.17 (s, 4H), 2.02 (d, J 
= 11.9 Hz, 1H), 1.90 – 1.66 (m, 5H), 1.68 – 1.54 (m, 1H), 1.44 (s, 9H), 1.31 – 1.11 (m, 3H), 1.00 
(dddd, J = 13.1, 9.7, 8.1, 5.0 Hz, 1H), 0.56 (d, J = 8.1 Hz, 2H), 0.14 (d, J = 10.4 Hz, 1H). 13C NMR 
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(101 MHz, CDCl3) δ 13C NMR (101 MHz, CDCl3) δ 176.3, 176.0, 170.8, 155.6, 138.5, 132.5, 
130.2, 128.7, 124.7, 119.3, 79.2, 73.6, 59.0, 51.2, 50.5, 46.9, 46.5, 38.7, 34.8, 34.6, 31.1, 29.7, 
28.4, 26.5, 26.4, 25.3, 8.6, 8.1, 4.4, 2.7. HRMS (ESI): Calculated for C27H40N6O4 (M++H): 
513.31838; Found: 513.31920. 

 

 

 

 

tert-Butyl(2-((2-(2-azido-N-cyclohexylbenzamido)-2-oxo-1-phenylethyl)(methyl)amino) 
ethyl)(methyl)carbamate 63g. Obtained using general procedure B.  Purified by normal-phase 
chromatography (0-20% EtOAc/hexanes) to yield the imide, 63g (163 mg, 97%) as a yellow oil. 
1H NMR (400 MHz, Chloroform-d) δ 7.41 (td, J = 7.8, 1.6 Hz, 1H), 7.37 – 7.27 (m, 1H), 7.26 – 
7.18 (m, 5H), 7.12 – 7.04 (m, 2H), 4.49 (s, 1H), 3.86 (d, J = 13.3 Hz, 1H), 3.36 – 3.05 (m, 2H), 
2.66 (s, 3H), 2.45 (t, J = 7.0 Hz, 2H), 2.16 (d, J = 7.0 Hz, 3H), 2.11 – 1.80 (m, 2H), 1.76 – 1.58 
(m, 3H), 1.52 , 1.47 – 1.31 (m, 13H), 1.15 – 1.04 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 175.8, 
171.2, 155.6, 138.0, 135.5, 132.3, 129.7, 129.6, 129.5, 128.8, 128.1, 124.8, 119.0, 79.1, 74.4, 59.6, 
51.3, 46.8, 46.2, 39.6, 39.4, 34.4, 30.6, 29.6, 28.4, 26.4, 26.3, 25.2. HRMS (ESI): Calculated for 
C30H40N6O4 (M++H): 549.31838; Found: 549.31889. 

 

 

 

 

 

tert-Butyl (2-((1-(2-azido-N-isopropylbenzamido)-3-methyl-1-oxobutan-2-yl)(methyl)amino) 
ethyl)(methyl)carbamate 63h. Obtained using general procedure B.  Purified by normal-phase 
chromatography (0-40% EtOAc/hexanes) to yield the imide, 63h (128 mg, 88%) as a yellow oil. 
1H NMR (400 MHz, Chloroform-d) δ 7.57 – 7.47 (m, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.25 (d, J = 
8.2 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H), 4.26 (d, J = 13.7 Hz, 1H), 3.39 (dd, J = 20.1, 10.1 Hz, 2H), 
3.21 (ddd, J = 13.8, 7.6, 5.9 Hz, 1H), 2.84 (d, J = 8.8 Hz, 4H), 2.65 (dd, J = 35.8, 11.9 Hz, 1H), 
2.38 (d, J = 5.5 Hz, 3H), 2.08 (dq, J = 10.1, 6.6 Hz, 1H), 1.45 (d, J = 5.3 Hz, 12H), 1.40 (d, J = 
6.8 Hz, 3H), 0.85 (d, J = 6.6 Hz, 3H), 0.76 (d, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 
175.8, 171.9, 155.7, 137.8, 132.1, 129.2, 129.1, 125.0, 119.1, 79.2, 74.0, 52.1, 52.0, 47.6, 47.0, 
37.8, 37.1, 34.5, 28.4, 27.6, 22.0, 19.9, 19.8, 19.6. HRMS (ESI): Calculated for C24H38N6O4 
(M++H): 475.30273; Found: 475.30264. 
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tert-Butyl (2-((1-(2-azido-N-cyclohexyl-5-methylbenzamido)-3-methyl-1-oxobutan-2-yl) 
(methyl)amino)ethyl)(methyl)carbamate 63i. Obtained using general procedure B.  Purified by 
normal-phase chromatography (0-40% EtOAc/hexanes) to yield the imide, 63i (175 mg, 78%) as 
yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 7.32 (dd, J = 8.2, 2.0 Hz, 1H), 7.20 – 7.04 (m, 
2H), 4.04 (t, J = 11.7 Hz, 1H), 3.48 – 3.23 (m, 1H), 3.21 – 3.07 (m, 2H), 2.83 (d, J = 9.8 Hz, 4H), 
2.74 – 2.47 (m, 1H), 2.34 (d, J = 8.9 Hz, 6H), 2.30 – 2.19 (m, 1H), 2.11 – 1.94 (m, 2H), 1.78 (dtd, 
J = 22.0, 12.5, 12.0, 3.6 Hz, 5H), 1.60 (dd, J = 7.1, 3.5 Hz, 1H), 1.44 (s, 9H), 1.32 – 1.10 (m, 3H), 
0.79 (d, J = 6.6 Hz, 3H), 0.63 (d, J = 6.9 Hz, 3H).13C NMR (101 MHz, CDCl3) δ 175.2, 172.1, 
155.6, 135.3, 135.0, 133.0, 130.2, 129.3, 119.1, 79.2, 74.7, 60.0, 52.0, 47.5, 46.9, 37.8, 36.9, 34.4, 
32.4, 29.4, 28.4, 27.5, 26.6, 26.4, 25.2, 20.7, 19.6, 19.5. HRMS (ESI): Calculated for C28H44N6O4 
(M++H): 529.34968; Found: 529.35027. 

 

 

 

 

tert-Butyl (2-((1-(2-azido-N-cyclohexyl-4-methylbenzamido)-3-methyl-1-oxobutan-2-yl) 
(methyl)amino)ethyl)(methyl)carbamate 63k. Obtained using general procedure B.  Purified 
by normal-phase chromatography (0-40% EtOAc/hexanes) to yield the imide, 63k (143 mg, 67%) 
as a yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 7.25 (d, J = 6.5 Hz, 2H), 7.00 (s, 1H), 6.96 
(d, J = 7.9 Hz, 1H), 3.98 (d, J = 12.4 Hz, 1H), 3.26 – 3.09 (m, 3H), 2.80 (d, J = 8.3 Hz, 4H), 2.39 
(s, 3H), 2.31 (s, 3H), 2.21 (dt, J = 12.3, 5.9 Hz, 1H), 2.02 (ddd, J = 13.6, 10.3, 6.8 Hz, 2H), 1.82 – 
1.67 (m, 4H), 1.41 (s, 9H), 1.27 – 1.08 (m, 4H), 0.78 (d, J = 6.6 Hz, 3H), 0.65 (d, J = 6.7 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 175.31, 172.41, 155.75, 143.64, 138.20, 129.94, 126.89, 125.87, 
119.76, 79.32, 74.48, 60.19, 52.04, 47.56, 38.03, 34.53, 32.41, 29.59, 28.51, 27.64, 26.66, 26.51, 
25.32, 21.61, 19.89, 19.65. HRMS (ESI): Calculated for C28H44N6O4 (M++H): 529.34968; Found: 
529.35153. 
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1.4 General procedure C: Representative Procedure for the Synthesis of Quinazolinones:  

 

 

 

tert-Butyl (2-((1-(3-cyclohexyl-4-oxo-3,4-dihydroquinazolin-2-yl)-2-methylpropyl)(methyl) 
amino)ethyl)(methyl)carbamate 65a. To a flame-dried, 25 mL, three-necked round bottom flask 
equipped with a reflux condenser, under nitrogen was added triphenylphospine (101 mg, 0.38 
mmol, 1.5 equiv.) followed by dry toluene (1.0 mL).  A solution of imide 63a (132 mg, 0.26 mmol, 
1.0 equiv.) in dry toluene (1.6 mL) was added and the reaction mixture was stirred at rt for 30 min. 
Next, the reaction mixture was heated to 110 °C and stirred at reflux for 12h, after which the 
reaction was complete as judged by complete consumption of imide 63a on TLC (30% 
EtOAc/hexanes). The crude reaction mixture was filtered through a pad of celite and the filtrate 
was concentrated in vacuo. The crude residue was purified by normal-phase chromatography (0-
50% EtOAc/hexanes) to yield the quinazolinone, 65a (92 mg, 76%) as clear colorless oil. 1H NMR 
(400 MHz, Chloroform-d) δ 8.21 (dd, J = 8.0, 1.4 Hz, 1H), 7.67 (t, J = 7.7 Hz, 1H), 7.58 (d, J = 
8.1 Hz, 1H), 7.40 (t, J = 7.5 Hz, 1H), 4.19 (t, J = 12.1 Hz, 1H), 3.51 – 3.45 (m, 2H), 3.15 (d, J = 
38.2 Hz, 2H), 2.90 (dd, J = 23.8, 11.6 Hz, 2H), 2.77 (s, 3H), 2.67 (s, 1H), 2.58 (d, J = 12.9 Hz, 
3H), 1.94 (d, J = 9.5 Hz, 2H), 1.77 – 1.60 (m, 4H), 1.40 (s, 10H), 1.36 (s, 1H), 1.21 (t, J = 7.0 Hz, 
1H), 1.12 (d, J = 6.7 Hz, 3H), 0.79 (d, J = 6.4 Hz, 3H). HRMS (ESI): Calculated for C27H42N4O3 
(M++H): 471.33297; Found: 471.33369. 

 

 

 

 

 

 

tert-Butyl (2-((1-(3-cyclohexyl-4-oxo-3,4-dihydroquinazolin-2-yl)-3-methylbutyl)(methyl) 
amino)ethyl)(methyl)carbamate 65b. Obtained using general procedure C.  Purified by 
normal-phase chromatography (0-20% EtOAc/hexanes) to yield the quinazolinone, 65b (81 mg, 
60%) as yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 8.20 (d, J = 7.9 Hz, 1H), 7.66 (t, J = 7.5 
Hz, 1H), 7.61 (d, J = 8.1 Hz, 1H), 7.40 (t, J = 7.4 Hz, 1H), 4.35 (s, 1H), 3.77 – 3.69 (m, 1H), 3.65 
(t, J = 7.1 Hz, 0H), 3.54 (s, 1H), 3.42 – 3.06 (m, 3H), 2.84 (d, J = 10.7 Hz, 3H), 2.76 – 2.60 (m, 
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5H), 2.52 – 2.31 (m, 5H), 2.26 (s, 1H), 1.91 (d, J = 11.0 Hz, 3H), 1.81 – 1.54 (m, 5H), 1.44 (s, 
5H), 1.40 – 1.22 (m, 14H), 0.92 (d, J = 6.2 Hz, 3H), 0.87 (t, J = 7.1 Hz, 6H).13C NMR (101 MHz, 
CDCl3) δ 163.4, 155.5, 154.5, 146.2, 133.6, 127.3, 126.5, 126.2, 122.2, 79.2, 64.0, 58.9, 58.3, 56.2, 
51.2, 49.5, 47.7, 47.1, 38.9, 35.3, 34.6, 29.7, 29.2, 28.5, 28.3, 27.0, 25.8, 25.3, 24.8, 24.8, 23.7, 
22.9, 22.8, 21.8. HRMS (ESI): Calculated for C28H44N4O3 (M++H): 485.34862; Found: 485.34931. 

 

 

 

 

 

 

tert-Butyl (2-(((3-cyclohexyl-4-oxo-3,4-dihydroquinazolin-2-yl)methyl)(methyl)amino)ethyl) 
(methyl)carbamate 65c Obtained using general procedure C.  Purified by normal-phase 
chromatography Purified by normal-phase chromatography (0-5% MeOH/CH2Cl2) to yield the 
quinazolinone, 65c (29 mg, 89%) as a yellow oil.. 1H NMR (400 MHz, Chloroform-d) δ 8.23 (d, 
J = 7.9 Hz, 1H), 7.70 (t, J = 7.6 Hz, 1H), 7.63 (d, J = 8.1 Hz, 1H), 7.44 (t, J = 7.5 Hz, 1H), 4.57 – 
4.30 (m, 1H), 3.68 (s, 2H), 3.42 – 3.26 (m, 2H), 2.83 (d, J = 8.1 Hz, 3H), 2.76 (dd, J = 12.0, 3.6 
Hz, 1H), 2.68 (d, J = 7.2 Hz, 3H), 2.38 (s, 3H), 1.98 – 1.87 (m, 2H), 1.82 – 1.62 (m, 3H), 1.39 (d, 
J = 29.0 Hz, 14H). 13C NMR (101 MHz, CDCl3) δ 162.8, 155.5, 153.9, 146.5, 133.8, 126.9, 126.8, 
126.4, 122.5, 79.4, 77.4, 63.9, 60.4, 54.5, 46.8, 46.1, 42.0, 41.9, 34.8, 28.8, 28.4, 26.8, 25.2. HRMS 
(ESI): Calculated for C24H36N4O3 (M++H): 429.28602; Found: 429.28666. 

 

 

 

 

 

 

 

tert-Butyl (2-((1-(3-(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-yl)-2-methylpropyl) 
(methyl)amino)ethyl)(methyl)carbamate 65d. Obtained using general procedure C. Purified 
by normal-phase chromatography (0-15% EtOAc/hexanes) to yield the quinazolinone, 65d (88mg, 
81%) as an off-white foam. 1H NMR (400 MHz, Chloroform-d) δ 8.28 (dd, J = 8.0, 1.4 Hz, 1H), 
7.74 (t, J = 7.6 Hz, 1H), 7.69 (dd, J = 8.2, 1.3 Hz, 1H), 7.49 – 7.41 (m, 1H), 7.33 – 7.18 (m, 1H), 
7.05 (d, J = 7.6 Hz, 3H), 3.88 (s, 3H), 3.20 (d, J = 75.7 Hz, 1H), 3.03 (d, J = 12.6 Hz, 3H), 2.66 
(d, J = 69.6 Hz, 5H), 2.34 – 2.24 (m, 3H), 1.40 (s, 9H), 0.93 (d, J = 6.7 Hz, 3H), 0.84 (d, J = 7.3 
Hz, 3H).13C NMR (101 MHz, CDCl3) δ 163.0, 159.8, 156.2, 155.7, 147.1, 134.2, 130.8, 129.9, 
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129.6, 127.5, 127.0, 126.5, 121.0, 114.6, 79.1, 70.9, 55.5, 50.0, 49.0, 47.6, 46.6, 39.8, 3.4, 29.6, 
29.4, 28.4, 20.8, 20.3. HRMS (ESI): Calculated for C28H38N4O4 (M++H): 495.29658; Found: 
495.29764. 

 

 

 

 

 

 

tert-Butyl (2-((1-(3-(4-methoxyphenyl)-4-oxo-3,4-dihydroquinazolin-2-yl)-3-methylbutyl) 
(methyl)amino)ethyl)(methyl)carbamate 65e. Obtained using general procedure C.  Purified 
by normal-phase chromatography (0-15% EtOAc/hexanes) to yield quinazolinone 65e (86mg, 
88%) as off-white foam. 1H NMR (400 MHz, Chloroform-d) δ 8.37 – 8.10 (m, 1H), 7.74 (qd, J = 
8.2, 1.6 Hz, 2H), 7.46 (ddd, J = 8.2, 6.4, 1.8 Hz, 1H), 7.41 – 7.26 (m, 1H), 7.15 – 6.95 (m, 3H), 
3.87 (s, 3H), 3.42 (s, 1H), 3.19 – 2.75 (m, 2H), 2.61 (d, J = 65.4 Hz, 3H), 2.40 – 2.21 (m, 1H), 
2.13 (s, 3H), 2.05 (d, J = 6.9 Hz, 1H), 1.48 (s, 1H), 1.43 – 1.31 (m, 10H), 0.80 (d, J = 6.5 Hz, 3H), 
0.77 (d, J = 6.2 Hz, 4H). 13C NMR (101 MHz, CDCl3) δ 163.1, 159.8, 147.0, 134.2, 130.9, 129.5, 
128.9, 127.7, 127.0, 126.7, 121.2, 114.5, 79.1, 62.4, 55.5, 38.6, 34.2, 34.1, 33.9, 33.2, 28.4, 25.1, 
23.1, 22.2. HRMS (ESI): Calculated for C27H42N6O4 (M++H): 509.31223; Found: 509.31305. 

 

 

 

 

 

 

tert-Butyl(2-(((3-cyclohexyl-4-oxo-3,4-dihydroquinazolin-2-yl)(cyclopropyl)methyl) 
(methyl)amino)ethyl)(methyl)carbamate 65f. Obtained using general procedure C. Purified by 
normal-phase chromatography (0-30% EtOAc/hexanes) to yield the quinazolinone, 65f (95mg, 
70%) as a yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 8.21 (d, J = 7.7 Hz, 1H), 7.66 (d, J = 
7.5 Hz, 1H), 7.59 (d, J = 8.1 Hz, 1H), 7.41 (t, J = 7.5 Hz, 1H), 3.28 (d, J = 26.4 Hz, 2H), 3.14 – 
3.01 (m, 1H), 2.91 – 2.68 (m, 6H), 2.52 (s, 1H), 2.44 (s, 3H), 1.88 (t, J = 6.0 Hz, 2H), 1.74 – 1.59 
(m, 3H), 1.48 – 1.21 (m, 16H), 0.86 (qd, J = 11.6, 11.2, 6.2 Hz, 2H), 0.49 (dq, J = 9.9, 5.8 Hz, 
2H). 13C NMR (101 MHz, CDCl3) δ 161.1, 153.4, 144.4, 131.5, 124.9, 124.4, 124.2, 119.9, 77.2, 
56.8, 49.5, 45.2, 44.3, 38.2, 32.5, 27.5, 26.9, 26.5, 26.2, 24.6, 23.2. HRMS (ESI): Calculated for 
C27H40N4O3 (M++H): 469.31732; Found: 469.31814. 
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tert-Butyl (2-(((3-cyclohexyl-4-oxo-3,4-dihydroquinazolin-2-yl)(phenyl)methyl)(methyl) 
amino) ethyl)(methyl)carbamate 65g. Obtained using general procedure C. Purified by normal-
phase chromatography (0-25% EtOAc/hexanes) to yield the quinazolinone, 65g (99mg, 82%) as a 
colorless oil. 1H NMR (400 MHz, Chloroform-d) δ 8.20 (d, J = 8.0 Hz, 1H), 7.73 – 7.69 (m, 2H), 
7.46 – 7.41 (m, 1H), 7.38 – 7.27 (m, 5H), 5.06 (d, J = 32.8 Hz, 1H), 4.36 – 4.05 (m, 1H), 3.69 (s, 
1H), 3.36 (d, J = 45.0 Hz, 3H), 3.12 – 2.95 (m, 1H), 2.87 (s, 1H), 2.72 (d, J = 6.1 Hz, 4H), 2.53 (s, 
5H), 2.33 (s, 1H), 1.81 – 1.51 (m, 3H), 1.42 (d, J = 21.3 Hz, 13H), 1.20 – 1.11 (m, 2H). 13C NMR 
(101 MHz, CDCl3) δ 163.2, 155.8, 146.6, 137.4, 133.9, 129.2, 128.8, 128.72, 128.2, 127.5, 126.8, 
126.5, 122.3, 79.3, 59.3, 51.8, 47.5, 46.9, 40.7, 34.8, 28.6, 28.3, 26.6, 26.5, 25.2. HRMS (ESI): 
Calculated for C30H40N4O3 (M++H): 505.31732; Found: 505.31802. 

 

 

 

 

 

 

tert-Butyl (2-((1-(3-isopropyl-4-oxo-3,4-dihydroquinazolin-2-yl)-2-methylpropyl)(methyl) 
amino)ethyl)(methyl)carbamate 65h. Obtained using general procedure C. Purified by normal-
phase chromatography (0-40% EtOAc/hexanes) to yield the quinazolinone, 65h (75 mg, 71%) as 
a colorless oil. 1H NMR (400 MHz, Chloroform-d) δ 8.22 (dd, J = 8.0, 1.4 Hz, 1H), 7.73 – 7.64 
(m, 1H), 7.59 (dd, J = 8.2, 1.2 Hz, 1H), 7.47 – 7.36 (m, 1H), 4.68 (p, J = 6.7 Hz, 1H), 3.52 (d, J = 
10.1 Hz, 1H), 3.24 (dt, J = 14.2, 7.2 Hz, 1H), 3.18 – 2.86 (m, 1H), 2.84 – 2.63 (m, 5H), 2.54 (d, J 
= 7.5 Hz, 3H), 1.71 (d, J = 6.7 Hz, 3H), 1.65 (d, J = 6.8 Hz, 3H), 1.42 (s, 9H), 1.11 (d, J = 6.7 Hz, 
3H), 0.81 (d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 163.1, 156.1, 155.7, 146.6, 133.7, 
127.2, 126.4, 126.3, 122.0, 79.3, 76.8, 71.5, 71.3, 50.7, 47.8, 47.2, 39.4, 39.1, 34.7, 30.0, 29.8, 
28.5, 21.1, 20.6, 19.9. HRMS (ESI): Calculated for C24H38N4O3 (M++H): 431.30167; Found: 
431.30255. 
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tert-Butyl (2-((1-(3-cyclohexyl-6-methyl-4-oxo-3,4-dihydroquinazolin-2-yl)-2-methylpropyl) 
(methyl)amino)ethyl)(methyl)carbamate 65i. Obtained using general procedure C. Purified by 
normal-phase chromatography (0-15% EtOAc/hexanes) to yield the quinazolinone, 65i (114 mg, 
69%) as a colorless oil. 1H NMR (400 MHz, Chloroform-d) δ 7.99 (s, 1H), 7.48 (d, J = 1.2 Hz, 
2H), 4.17 (t, J = 12.1 Hz, 1H), 3.45 (d, J = 10.1 Hz, 1H), 3.14 (d, J = 45.9 Hz, 2H), 2.95 – 2.53 (m, 
12H), 2.45 (s, 3H), 1.93 (d, J = 9.8 Hz, 2H), 1.73 – 1.61 (m, 4H), 1.40 (s, 9H), 1.33 (d, J = 8.6 Hz, 
2H), 1.11 (d, J = 6.7 Hz, 3H), 0.78 (d, J = 6.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 163.3, 
155.8, 155.4, 144.6, 136.5, 135.2, 127.1, 125.8, 121.8, 79.4, 71.5, 59.5, 40.3, 34.6, 30.2, 29.3, 28.7, 
28.6, 27.1, 26.9, 25.4, 21.5, 21.2, 20.7. HRMS (ESI): Calculated for C28H44N4O3 (M++H): 
485.34862; Found: 485.34952. 

 

 

 

 

 

 

tert-butyl (2-((1-(3-cyclohexyl-6-fluoro-4-oxo-3,4-dihydroquinazolin-2-yl)-2-methylpropyl) 
(methyl)amino)ethyl)(methyl)carbamate 65j. Obtained using crude material from general 
procedure B carried forward in general procedure C. Purified by normal-phase chromatography 
(0-15% EtOAc/hexanes) to yield the quinazolinone, 65j (176 mg, 84% over both steps) as pale-
yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 7.83 (dd, J = 8.7, 3.0 Hz, 1H), 7.59 (dd, J = 8.9, 
4.9 Hz, 1H), 7.39 (td, J = 8.5, 3.0 Hz, 1H), 4.19 (t, J = 12.0 Hz, 1H), 3.46 (d, J = 10.0 Hz, 1H), 
3.30 – 3.03 (m, 3H), 3.03 – 2.83 (m, 3H), 2.80 – 2.64 (m, 3H), 2.58 (d, J = 9.9 Hz, 3H), 1.94 (d, J 
= 9.8 Hz, 2H), 1.69 (q, J = 12.8, 8.9 Hz, 3H), 1.40 (s, 10H), 1.35 (d, J = 8.6 Hz, 3H), 1.12 (d, J = 
6.7 Hz, 3H), 0.79 (d, J = 6.3 Hz, 3H). 19F NMR (376 MHz, CDCl3) δ -113.65. 13C NMR (101 MHz, 
CDCl3) δ 162.3, 161.9, 159.4, 155.6, 155.5, 143.05, 129.5, 129.4, 123.1, 123.0, 122.4, 122.1, 
111.1, 110.9, 79.2, 71.5, 59.5, 40.1, 34.5, 30.0, 29.0, 28.4, 26.8, 26.7, 25.2, 21.0, 20.6. HRMS 
(ESI): Calculated for C27H41FN4O3 (M++H): 489.32355; Found: 489.32439. 
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tert-butyl (2-((1-(3-cyclohexyl-7-methyl-4-oxo-3,4-dihydroquinazolin-2-yl)-2-methylpropyl) 
(methyl)amino)ethyl)(methyl)carbamate 65k. Obtained using general procedure C.  Purified 
by normal-phase chromatography (0-20% EtOAc/hexanes) to yield the quinazolinone, 65k (84 
mg, 70%) as a colorless oil, 70%. 1H NMR (400 MHz, Chloroform-d) δ 8.08 (d, J = 8.1 Hz, 1H), 
7.38 (s, 1H), 7.21 (dd, J = 8.2, 1.6 Hz, 1H), 4.15 (q, J = 8.2, 4.8 Hz, 1H), 3.46 (d, J = 10.0 Hz, 
1H), 3.14 (d, J = 25.8 Hz, 2H), 3.00 – 2.81 (m, 3H), 2.80 – 2.64 (m, 5H), 2.55 (d, J = 13.0 Hz, 
3H), 2.45 (s, 3H), 1.96 – 1.87 (m, 2H), 1.68 (dd, J = 18.0, 9.6 Hz, 4H), 1.40 (s, 9H), 1.33 (d, J = 
8.1 Hz, 3H), 1.11 (d, J = 6.6 Hz, 3H), 0.77 (d, J = 6.4 Hz, 3H).  13C NMR (101 MHz, CDCl3) δ 
163.2, 156.4, 155.8, 146.6, 144.6, 128.0, 126.9, 126.3, 119.7, 79.3, 71.6, 59.4, 49.8, 47.8, 40.2, 
34.6, 30.1, 29.3, 28.8, 28.53, 27.0, 26.9, 25.3, 21.9, 21.1, 20.7. HRMS (ESI): Calculated for 
C28H44N4O3 (M++H): 485.34862; Found: 485.34862. 

 

 

1.5 General procedure D: General Procedure for the synthesis of Benzamidines:  

 

Step 1. Representative Procedure for Boc-deprotection: 

 

 

 

To a flame-dried, 10 mL, one-necked round bottom flask under nitrogen was dissolved 
quinazolinone 65a (84 mg, 0.18 mmol, 1.0 equiv.) in dry CH2Cl2 (1.0 mL) and the solution cooled 
to 0 °C in an ice-bath with stirring. HCl in dioxane (4M, 0.22 mL, 5.0 equiv.) was added dropwise. 
Following the addition the ice-bath was removed and the reaction mixture allowed to warm to rt. 
The reaction mixture was stirred at rt for 12h after which the reaction was complete as judged by 
complete consumption of quinazolinone on TLC (30% EtOAC/hexanes). The solvent was 
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removed in vacuo to yield the HCl salt of Boc-deprotected quinazolinone which was carried 
forward without purification (65 mg, 89%). 

Step 2. Representative Procedure for the synthesis of Benzamidines: 

 

 

 

(E)-N-cyclohexyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66a. 
Triethylamine (100 µL, 0.7 mmol, 5 equiv.) was added to a solution of HCl salt of quinazolinone 
(55 mg, 0.14 mmol, 1.0 equiv.) in MeOH (1.4 mL, 0.1M) in a 4 mL microwave vial while stirring. 
The vial was capped and heated in a microwave reactor at 100 °C for 30 min. The reaction mixture 
was allowed to cool to rt and the solvent removed in vacuo. The crude residue was purified by 
normal-phase chromatography (0-5% MeOH/CH2Cl2) to yield the benzamidine, 66a (37 mg, 66% 
over two steps) as a yellow oil. 1H NMR (500 MHz, Chloroform-d) δ 8.93 (d, J = 8.0 Hz, 1H), 
8.17 (dd, J = 7.9, 1.7 Hz, 1H), 7.28 – 7.24 (m, 1H), 7.05 – 7.01 (m, 1H), 6.59 (dd, J = 7.8, 1.2 Hz, 
1H), 3.95 (tdt, J = 11.5, 7.9, 3.9 Hz, 1H), 3.47 – 3.39 (m, 2H), 3.36 (ddd, J = 12.3, 7.1, 4.6 Hz, 
1H), 3.23 (ddd, J = 11.9, 7.0, 4.4 Hz, 1H), 3.11 (s, 3H), 2.63 (ddd, J = 12.0, 6.6, 4.7 Hz, 1H), 2.49 
(s, 3H), 2.07 – 1.97 (m, 2H), 1.76 – 1.69 (m, 3H), 1.68 – 1.61 (m, 1H), 1.38 (ddt, J = 17.9, 12.8, 
6.4 Hz, 2H), 1.21 – 1.10 (m, 3H), 0.79 (d, J = 6.7 Hz, 3H), 0.63 (d, J = 6.9 Hz, 3H). 13C NMR (126 
MHz, CDCl3) δ 165.9, 160.5, 148.5, 131.2, 131.1, 125.8, 122.4, 122.0, 63.9, 48.7, 48.4, 47.8, 45.0, 
37.4, 33.8, 33.7, 32.4, 25.9, 25.3, 20.1, 19.2. HRMS (ESI): Calculated for C22H34N4O (M++H): 
371.28054; Found: 371.28091. 

 

 

 

 

 

 

 

[ 
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(E)-N-cyclohexyl-2-((3-isobutyl-1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66b. 
Obtained using general procedure D. Purified by normal-phase chromatography (0-10% 
MeOH/CH2Cl2) to yield the benzamidine, 66b (20mg, 34%) as a pale-yellow gum. 1H NMR (400 
MHz, Chloroform-d) δ 8.56 (d, J = 8.1 Hz, 1H), 8.18 (dd, J = 7.9, 1.6 Hz, 1H), 7.30 – 7.25 (m, 
2H), 7.05 (td, J = 7.6, 1.1 Hz, 1H), 6.61 (dd, J = 7.8, 1.1 Hz, 1H), 3.97 (dddd, J = 14.6, 10.6, 7.9, 
3.9 Hz, 1H), 3.61 (td, J = 11.8, 5.3 Hz, 1H), 3.49 (dd, J = 10.6, 3.7 Hz, 1H), 3.41 (ddd, J = 14.0, 
11.7, 5.2 Hz, 1H), 3.12 (ddd, J = 12.1, 5.3, 1.7 Hz, 1H), 3.08 (s, 3H), 2.73 – 2.66 (m, 1H), 2.50 (s, 
3H), 2.02 – 1.94 (m, 2H), 1.71 (dq, J = 11.7, 4.0 Hz, 2H), 1.63 (dt, J = 12.6, 3.8 Hz, 1H), 1.54 
(ddd, J = 14.1, 10.6, 3.9 Hz, 1H), 1.49 – 1.34 (m, 3H), 1.16 (dddd, J = 26.0, 15.5, 12.6, 5.6 Hz, 
3H), 0.91 (ddd, J = 13.6, 9.7, 3.6 Hz, 1H), 0.66 (d, J = 6.6 Hz, 3H), 0.27 (d, J = 6.5 Hz, 3H). 13C 
NMR (101 MHz, CDCl3) δ 165.7, 161.8, 148.6, 131.4, 131.3, 125.6, 122.9, 122.4, 56.8, 48.2, 44.9, 
43.8, 42.2, 40.1, 37.3, 33.8, 33.6, 25.9, 25.1, 25.1, 24.4, 23.4, 20.3. HRMS (ESI): Calculated for 
C23H36N4O (M++H): 385.29619; Found: 385.29719. 

 

 

 

 

 

 

 

(E)-N-cyclohexyl-2-((1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66c. Obtained using 
general procedure D. Purified by normal-phase chromatography (0-10% MeOH/CH2Cl2) to yield 
the benzamidine, 66c (12 mg, 58%) as an amber gum. 1H NMR (500 MHz, Chloroform-d) δ 8.42 
(d, J = 8.0 Hz, 1H), 8.12 (dd, J = 7.9, 1.7 Hz, 1H), 7.29 – 7.25 (m, 1H), 7.09 – 7.04 (m, 1H), 6.65 
(d, J = 7.8 Hz, 1H), 3.94 (tdt, J = 11.0, 7.8, 3.8 Hz, 1H), 3.37 (t, J = 5.5 Hz, 2H), 3.12 (s, 3H), 2.95 
(s, 2H), 2.61 (t, J = 5.6 Hz, 2H), 2.19 (s, 3H), 1.99 (dq, J = 12.4, 4.0 Hz, 2H), 1.71 (dp, J = 11.9, 
3.9 Hz, 2H), 1.63 (dt, J = 12.2, 3.9 Hz, 1H), 1.40 (tdd, J = 15.5, 12.0, 3.6 Hz, 2H), 1.15 (td, J = 
12.4, 9.1 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 166.0, 155.5, 148.3, 131.3, 131.2, 126.0, 123.2, 
122.7, 55.1, 52.4, 49.7, 48.4, 45.5, 36.5, 33.6, 25.9, 25.1. HRMS (ESI): Calculated for C19H28N4O 
(M++H): 329.23359; Found: 329.23434. 
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(E)-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-N-(4-methoxyphenyl) 
benzamide 66d. Obtained using general procedure D. Purified by normal-phase chromatography 
(0-10% MeOH/CH2Cl2) to yield the benzamidine, 66d (20mg, 23%) as a pale-yellow waxy solid. 
1H NMR (400 MHz, Chloroform-d) δ 10.97 (s, 1H), 8.24 (dd, J = 8.0, 1.7 Hz, 1H), 7.53 (d, J = 
8.5 Hz, 2H), 7.36 – 7.29 (m, 1H), 7.09 (t, J = 7.6 Hz, 1H), 6.88 (d, J = 8.7 Hz, 2H), 6.67 (d, J = 7.9 
Hz, 1H), 3.79 (d, J = 1.3 Hz, 3H), 3.46 – 3.35 (m, 3H), 3.27 – 3.21 (m, 1H), 3.19 (s, 3H), 2.63 (dt, 
J = 11.9, 5.7 Hz, 1H), 2.52 (s, 3H), 1.75 (h, J = 6.8 Hz, 1H), 0.77 (d, J = 6.7 Hz, 3H), 0.65 (d, J = 
6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.0, 161.0, 156.1, 148.6, 132.0, 131.7, 131.3, 125.9, 
122.6, 122.3, 122.0, 114.3, 64.0, 55.6, 48.3, 47.7, 44.9, 37.6, 32.5, 20.0, 19.3. HRMS (ESI): 
Calculated for C23H30N4O2 (M++H): 395.24415; Found: 395.24443. 

 
 
 
 
 
 
 
 
 
 
 
 
(E)-2-((3-isobutyl-1,4-dimethylpiperazin-2-ylidene)amino)-N-(4-methoxyphenyl)benzamide 
66e. Obtained using general procedure D. Purified by normal-phase chromatography (0-20% 
EtOAc/CH2Cl2) to yield the benzamidine, 66e (26 mg, 39%) as a light-brown solid. m.p.: 109-
111°C. 1H NMR (400 MHz, Chloroform-d) δ 10.68 (s, 1H), 8.25 (dd, J = 8.0, 1.7 Hz, 1H), 7.62 – 
7.50 (m, 2H), 7.34 (td, J = 7.6, 1.7 Hz, 1H), 7.19 – 7.06 (m, 1H), 6.94 – 6.85 (m, 2H), 6.76 – 6.64 
(m, 1H), 3.80 (s, 3H), 3.61 (ddd, J = 12.4, 8.8, 4.4 Hz, 2H), 3.38 (ddd, J = 14.0, 11.6, 5.3 Hz, 1H), 
3.18 (s, 3H), 3.11 (ddd, J = 12.1, 5.4, 1.7 Hz, 1H), 2.69 (dd, J = 14.3, 5.1 Hz, 1H), 2.50 (s, 3H), 
1.56 (ddd, J = 14.0, 10.6, 3.7 Hz, 1H), 1.47 (dqd, J = 10.4, 6.6, 3.9 Hz, 0H), 0.92 (ddd, J = 13.5, 
9.7, 3.5 Hz, 1H), 0.65 (d, J = 6.7 Hz, 3H), 0.28 (d, J = 6.5 Hz, 3H). 13C NMR (101 MHz, CDCl3) 
δ 164.6, 162.2, 155.9, 148.5, 132.1, 131.7, 131.3, 125.6, 123.0, 122.5, 121.6, 114.2, 77.4, 77.0, 
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76.7, 56.8, 55.5, 44.7, 43.4, 42.1, 39.9, 37.3, 24.4, 23.3, 20.2. HRMS (ESI): Calculated for 
C24H32N4O2 (M++H): 409.25980; Found: 409.25931. 
 

 

 

 

 

 

 

(E)-N-cyclohexyl-2-((3-cyclopropyl-1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66f. 

Obtained using general procedure D. Purified by normal-phase chromatography (0-5% 
MeOH/CH2Cl2) to yield amidine 66f (17.5 mg, 65%) as a pale-yellow gum. 1H NMR (400 MHz, 
Chloroform-d) δ 8.62 (d, J = 8.1 Hz, 1H), 8.18 (dt, J = 7.9, 1.5 Hz, 1H), 7.28 – 7.21 (m, 1H), 7.09 
– 7.01 (m, 1H), 6.56 (d, J = 7.8 Hz, 1H), 3.96 (dtt, J = 11.2, 7.8, 4.1 Hz, 1H), 3.58 – 3.44 (m, 2H), 
3.30 (dd, J = 10.3, 4.2 Hz, 1H), 3.09 (s, 3H), 2.92 (d, J = 8.6 Hz, 1H), 2.76 (dd, J = 11.8, 4.6 Hz, 
1H), 2.46 (s, 3H), 1.98 (d, J = 12.9 Hz, 2H), 1.78 – 1.62 (m, 4H), 1.41 (qd, J = 12.5, 6.0 Hz, 3H), 
1.23 – 1.06 (m, 3H), 0.90 (ddt, J = 13.8, 8.8, 4.3 Hz, 1H), 0.40 (td, J = 8.7, 4.5 Hz, 1H), 0.28 (tt, J 
= 8.6, 5.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 165.8, 160.4, 148.9, 131.3, 131.1, 126.4, 122.6, 
122.3, 62.1, 48.3, 47.4, 45.5, 42.3, 37.3, 33.8, 33.7, 25.9, 25.2, 25.2, 11.6, 4.1, 3.7, 1.2. HRMS 
(ESI): Calculated for C22H32N4O (M++H): 369.26489; Found: 369.26570. 

 

 

 

 

 

 

 

(E)-N-cyclohexyl-2-((1,4-dimethyl-3-phenylpiperazin-2-ylidene)amino)benzamide 66g. 
Obtained using general procedure D. Purified by normal-phase chromatography (0-10% 
MeOH/CH2Cl2) to yield benzamidine, 66g (38mg, 70%) as a pale-yellow gum. 1H NMR (500 
MHz, CDCl3) δ 8.36 (d, J = 7.7 Hz, 1H), 7.88 (dd, J = 7.9, 1.5 Hz, 1H), 7.18 (t, J = 7.4 Hz, 1H), 
7.11 (t, J = 7.5 Hz, 2H), 7.08 – 7.03 (m, 1H), 6.93 – 6.89 (m, 1H), 6.85 (d, J = 7.2 Hz, 2H), 6.37 
(d, J = 7.7 Hz, 1H), 4.41 (s, 1H), 3.86-3.83 (m, 1H), 3.57 – 3.51 (m, 2H), 3.24 (s, 3H), 3.03 – 2.95 
(m, 1H), 2.62-2.58 (m, 1H), 2.16 (s, 3H), 2.05 – 1.94 (m, 2H), 1.80 – 1.69 (m, 2H), 1.68-1.584 (m, 
1H), 1.46 – 1.34 (m, 2H), 1.23 – 1.11 (m, 3H). 13C NMR (126 MHz, CDCl3) δ 165.3, 165.2, 157.6, 
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148.1, 135.7, 130.8, 130.6, 129.3, 128.0, 127.9, 125.5, 123.2, 122.1, 65.3, 49.1, 48.3, 46.6, 42.1, 
37.4, 33.7, 33.7, 25.9, 25.2, 25.2. HRMS (ESI): Calculated for C25H32N4O (M++H): 405.26489; 
Found: 405.26680. 

 

 

 

 

 

 

(E)-N-isopropyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66h. 
Obtained using general procedure D. Purified by normal-phase chromatography (0-5% 
MeOH/CH2Cl2) to yield the benzamidine, 66h (11 mg, 52%) as a pale-yellow oil . 1H NMR (500 
MHz, Chloroform-d) δ 8.94 (d, J = 7.6 Hz, 1H), 8.18 (dd, J = 7.9, 1.6 Hz, 1H), 7.28 (dd, J = 7.5, 
1.7 Hz, 1H), 7.06 – 7.02 (m, 1H), 6.60 (dd, J = 7.9, 1.2 Hz, 1H), 4.31 – 4.22 (m, 1H), 3.48 – 3.41 
(m, 2H), 3.36 (ddd, J = 12.2, 7.0, 4.6 Hz, 1H), 3.24 (ddd, J = 11.8, 7.0, 4.4 Hz, 1H), 3.13 (s, 3H), 
2.64 (ddd, J = 12.0, 6.7, 4.7 Hz, 1H), 2.50 (s, 3H), 1.72 (h, J = 6.7 Hz, 1H), 1.22 (d, J = 6.5 Hz, 
6H), 0.80 (d, J = 6.7 Hz, 3H), 0.64 (d, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 166.0, 
160.5, 148.6, 131.3, 131.2, 125.8, 122.4, 122.1, 64.0, 48.8, 47.9, 45.1, 41.3, 37.3, 32.5, 23.3, 23.2, 
20.2, 19.3. HRMS (ESI): Calculated for C19H30N4O (M++H): 331.249238; Found: 331.24986. 

 

 

 

 

 

 

(E)-N-cyclohexyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-5-
methylbenzamide 66i. Obtained using general procedure D. Purified by normal-phase 
chromatography (0-5% MeOH/CH2Cl2) to yield the benzamidine, 66d (41 mg, 64%) as a pale-
yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 8.90 (d, J = 8.1 Hz, 1H), 7.96 (d, J = 2.2 Hz, 
1H), 7.06 (dd, J = 8.0, 2.2 Hz, 1H), 6.49 (d, J = 8.0 Hz, 1H), 3.93 (tdt, J = 11.4, 7.8, 3.9 Hz, 1H), 
3.48 – 3.36 (m, 2H), 3.34 (ddd, J = 12.0, 7.0, 4.6 Hz, 1H), 3.22 (ddd, J = 11.8, 7.0, 4.5 Hz, 1H), 
3.09 (s, 3H), 2.62 (ddd, J = 11.9, 6.6, 4.7 Hz, 1H), 2.48 (s, 3H), 2.30 (s, 3H), 2.07 – 1.94 (m, 3H), 
1.73 (ddt, J = 11.9, 8.0, 4.5 Hz, 2H), 1.71 – 1.58 (m, 1H), 1.38 (tdt, J = 16.5, 12.1, 3.8 Hz, 2H), 
1.13 (qdt, J = 10.6, 6.7, 3.2 Hz, 3H), 0.79 (d, J = 6.7 Hz, 3H), 0.63 (d, J = 6.9 Hz, 3H). 13C NMR 
(101 MHz, CDCl3) δ 166.1, 160.6, 146.0, 131.9, 131.5, 125.5, 122.3, 64.0, 48.7, 48.5, 47.9, 45.0, 
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37.4, 33.8, 33.8, 32.5, 25.9, 25.3, 20.8, 20.1, 19.3. HRMS (ESI): Calculated for C23H36N4O 
(M++H): 385.296188; Found: 385.29605. 

 

 

 

 

 

 

 

(E)-N-cyclohexyl-5-fluoro-2-((3-isopropyl-1,4-dimethylpiperazin-2-
ylidene)amino)benzamide 66j. Obtained using general procedure D. Purified by normal-phase 
chromatography (0-5% MeOH/CH2Cl2) to yield the benzamidine, 66j (8 mg, 40%) as a pale-
yellow gum . 1H NMR (400 MHz, CDCl3) δ 8.99 (d, J = 7.4 Hz, 1H), 7.90 (dd, J = 10.1, 2.9 Hz, 
1H), 6.99 (td, J = 8.4, 3.1 Hz, 1H), 6.56 (dd, J = 8.6, 4.9 Hz, 1H), 4.03 – 3.87 (m, 1H), 3.48-3.46 
(m, 1H), 3.41 – 3.31 (m, 2H), 3.28-3.22 (m, 1H), 3.13 (s, 3H), 2.70 – 2.60 (m, 1H), 2.50 (s, 3H), 
2.10 – 1.95 (m, 2H), 1.80 – 1.59 (m, 4H), 1.51 – 1.35 (m, 2H), 1.24-1.18 (m, 3H), 0.81 (d, J = 6.7 
Hz, 3H), 0.65 (d, J = 6.8 Hz, 3H). 19F NMR (376 MHz, CDCl3) δ -122.09. 13C NMR (101 MHz, 
CDCl3) δ 164.6, 164.6, 160.9, 159.6, 157.2, 149.9, 127.1, 127.1, 123.5, 123.4, 118.1, 117.8, 117.3, 
117.1, 63.9, 48.7, 48.6, 47.8, 45.1, 37.3, 33.7, 33.6, 32.5, 25.8, 25.2, 20.0, 19.1. HRMS (ESI): 
Calculated for C22H33FN4O (M++H): 389.271116; Found: 389.27059. 

 

 

 

 

 

(E)-N-cyclohexyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-4-
methylbenzamide 66k. Obtained using general procedure D. Purified by normal-phase 
chromatography (0-5% MeOH/CH2Cl2) to yield the benzamidine, 66k (30 mg, 61%) as a pale-
yellow gum. 1H NMR (400 MHz, Chloroform-d) δ 8.84 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.0 Hz, 
1H), 6.84 (d, J = 8.0 Hz, 1H), 6.39 (s, 1H), 3.94 (dtd, J = 11.3, 7.6, 4.1 Hz, 1H), 3.49 – 3.30 (m, 
3H), 3.23 (ddd, J = 11.8, 6.9, 4.5 Hz, 1H), 3.10 (s, 3H), 2.63 (ddd, J = 12.0, 6.7, 4.7 Hz, 1H), 2.50 
(s, 3H), 2.29 (s, 3H), 2.01 (tt, J = 8.4, 3.8 Hz, 2H), 1.78 – 1.59 (m, 4H), 1.46 – 1.31 (m, 2H), 1.21 
– 1.06 (m, 3H), 0.80 (d, J = 6.7 Hz, 3H), 0.64 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 
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166.0, 160.5, 148.4, 141.3, 131.3, 123.3, 123.1, 123.0, 64.1, 48.8, 48.4, 47.9, 45.01, 37.4, 33.9, 
33.8, 32.6, 25.9, 25.3, 21.4, 20.1, 19.4. 

 

1.6 General procedure E: Representative Procedure for the Telescoped Synthesis of   
Benzamidines:  

 

 

(E)-N-cyclohexyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66a. 
An oven-dried, 10 mL round bottom flask under nitrogen was charged with activated, powdered, 
4 Ǻ molecular sieves (50 mg). The flask was placed under vacuum and flame-dried, then backfilled 
with nitrogen. Diamine 4 (115 mg, 0.61 mmol, 2.0 equiv.) was dissolved in dry CH2Cl2 (0.5 mL, 
1.3 M) and added to the reaction vessel. Aldehyde 3 (112 µL, 1.2 mmol, 4.0 equiv.) was dissolved 
in dry CH2Cl2 (0.46 mL, 2.6 M) in a 1-dram glass vial and added dropwise over 1 min via syringe 
to the reaction vessel while stirring at rt. Upon completion of the addition, carboxylic acid 1 (50 
mg, 0.31 mmol, 1.0 equiv.) was dissolved in a 3:1 mixture of dry CH2Cl2/MeOH (0.4 mL, .8 M), 
taken up into a syringe and the needle was placed into the septum of the reaction vessel. Isocyanide 
2 (153 µL, 1.2 mmol, 4.0 equiv.) was dissolved in dry CH2Cl2 (0.3 mL, 3.6 M) in a 1-dram glass 
vial, taken up into a syringe and the needle was placed into the septum of the reaction vessel. 
Carboxylic acid 1 was added dropwise to the reaction vessel while stirring over 1 min followed 
immediately by isocyanide 2. The reaction mixture was stirred at rt for 12 h after which the reaction 
was complete as judged by complete consumption of carboxylic acid 1 on TLC (10% 
MeOH/CH2Cl2). The crude reaction mixture was filtered through a 0.45 μM syringe filter and the 
filtrate was concentrated in vacuo. To a flame-dried, 10 mL round bottom flask under nitrogen was 
added triphenylphospine on resin (438 mg, 0.61 mmol, 1.4 meq/g, 2.0 equiv.) followed by dry 
toluene (1.0 mL). A solution of the crude reaction mixture in dry toluene (2.0 mL) was added 
dropwise and the reaction mixture was stirred at rt for 1 h. After 1 h at rt, the reaction mixture was 
heated to 110 °C and stirred for 12 h at reflux after which the reaction was complete as judged by 
complete consumption of the intermediate by TLC (30% EtOAc/hexanes). The crude reaction 
mixture was filtered through a pad of celite, rinsed with CH2Cl2 (10 mL x 5), and the filtrate was 
concentrated in vacuo. To a flame-dried, 10 mL round bottom flask under nitrogen was dissolved 
the crude reaction mixture in dry CH2Cl2 (3.0 mL, 0.1 M) and the solution cooled to 0 °C in an 
ice-bath while stirring for 20 min. HCl in dioxane (4.0 M, 0.8 mL, 10.0 equiv.) was added 
dropwise. The reaction mixture was allowed to slowly warm to rt. The reaction mixture was stirred 
at rt for 12h after which the reaction was complete as judged by complete consumption of 
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intermediate on TLC (30% EtOAC/hexanes). The reaction mixture was dried in vacuo. 
Triethylamine (0.4 mL, 3.1 mmol, 10.0 equiv.) was added to a solution of the crude reaction 
mixture in MeOH (3.1 mL, 0.1 M) in a 10 mL microwave vial and the reaction mixture was heated 
in a microwave reactor at 100 °C for 1 h. The reaction mixture was allowed to cool to rt and the 
solvent was removed in vacuo. The crude mixture was dissolved in CH2Cl2 (10 mL) and washed 
with water (10 mL), then saturated brine solution (10 mL), The organic layer was dried over 
MgSO4, filtered and concentrated in vacuo. The crude residue was purified by normal-phase 
chromatography (0-60% EtOAc/Hex) to yield the benzamidine, 66a  (69 mg, 61%) as a pale-
yellow oil.  

 

 

 

 

 

(E)-N-cyclohexyl-2-((3-isobutyl-1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66b. 
Obtained using general procedure E. Purified by normal-phase chromatography (0-50% 
EtOAc/hexane) to yield the benzamidine, 66b (71 mg, 60%) as pale-yellow gum.   

 

 

 

 

 

 

(E)-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-N-(4-
methoxyphenyl)benzamide 66d. Obtained using general procedure E. Purified by normal-phase 
chromatography (0-20% EtOAc/CH2Cl2) to yield the benzamidine, 66d (120mg, 40%) as a pale-
yellow waxy solid. 
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(E)-2-((3-isobutyl-1,4-dimethylpiperazin-2-ylidene)amino)-N-(4-methoxyphenyl)benzamide 
66e. Obtained using general procedure E. Purified by normal-phase chromatography (0-20% 
EtOAc/CH2Cl2) to yield the benzamidine, 66e (56 mg, 45%) as a light-brown solid . 

 

 

 

 

 

 

(E)-N-cyclohexyl-2-((3-cyclopropyl-1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66f. 
Obtained using general procedure E. Purified by normal-phase chromatography (1-5% 
MeOH/EtOAc) to yield the benzamidine, 66f (80 mg, 70%) as pale-yellow gum.   

 

 

 

 

 

 

 

(E)-N-cyclohexyl-2-((1,4-dimethyl-3-phenylpiperazin-2-ylidene)amino)benzamide 66g. 
Obtained using general procedure E. Purified by normal-phase chromatography (0-5% 
MeOH/EtOAc) to yield the benzamidine, 66g (85 mg, 68%) as a pale-yellow oil. 
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(E)-N-isopropyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66h. 
Obtained using general procedure E. Purified by normal-phase chromatography (0-20% 
EtOAc/CH2Cl2) to yield the benzamidine, 66h (51 mg, 50%) as a pale-yellow oil.  

 

 

 

 

 

 

 

(E)-N-cyclohexyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-5-
methylbenzamide 66i. Obtained using general procedure E. Purified by normal-phase 
chromatography (0-40% EtOAc/hexane) to yield the benzamidine, 66i (53 mg, 45%) as a pale-
yellow gum.   
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E)-N-cyclohexyl-5-fluoro-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino) 
benzamide 66j. Obtained using general procedure E. Purified by normal-phase chromatography 
(0-40% EtOAc/hexane) to yield the benzamidine, 66j (67 mg, 56%) as a pale-yellow gum.   

 

 

 

 

 

 

 

(E)-N-cyclohexyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-4-
methylbenzamide 66k. Obtained using general procedure E. Purified by normal-phase 
chromatography (0-50% EtOAc/hexane) to yield the benzamidine, 66k (53 mg, 45%) as a pale-
yellow gum.   

 

 

 

 

 

 

(E)-N-cyclohexyl-4-fluoro-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino) 
benzamide 66l. Obtained using general procedure E. Purified by normal-phase chromatography 
(0-40% EtOAc/hexane) to yield the benzamidine, 66l (25mg, 21%) as a pale-yellow gum.  1H 
NMR (400 MHz, Chloroform-d) δ 8.81 (d, J = 8.0 Hz, 1H), 8.19 (dd, J = 8.8, 7.1 Hz, 1H), 6.73 
(td, J = 8.4, 2.5 Hz, 1H), 6.30 (dd, J = 10.3, 2.5 Hz, 1H), 3.94 (tdt, J = 11.5, 7.9, 3.9 Hz, 1H), 3.52 
– 3.42 (m, 2H), 3.37 (ddd, J = 12.3, 6.8, 4.7 Hz, 1H), 3.24 (ddd, J = 11.7, 6.8, 4.5 Hz, 1H), 3.13 
(s, 3H), 2.65 (ddd, J = 12.0, 6.8, 4.7 Hz, 1H), 2.52 (s, 3H), 2.02 (dt, J = 11.8, 4.1 Hz, 2H), 1.70 
(ddt, J = 29.4, 14.9, 5.2 Hz, 5H), 1.40 (qd, J = 12.5, 3.3 Hz, 2H), 1.22 – 1.06 (m, 3H), 0.82 (d, J = 
6.7 Hz, 3H), 0.68 (d, J = 6.9 Hz, 3H). 19F NMR (376 MHz, CDCl3) δ -109.97. 13C NMR (101 
MHz, CDCl3) δ 165.2, 165.0, 162.7, 160.8, 150.5, 150.4, 133.5, 133.4, 122.2, 122.2, 108.9, 108.7, 
108.6, 108.4, 63.8, 48.6, 48.4, 47.7, 45.1, 37.3, 33.8, 33.7, 32.5, 29.7, 25.8, 25.2, 20.1, 19.1. HRMS 
(ESI): Calculated for C22H33FN4O (M++H): 389.27116; Found: 389.27155. 
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(E)-N-cyclohexyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-3-
methylbenzamide 66m. Obtained using general procedure E. Purified by normal phase 
chromatography (0-30% EtoAc/CH2Cl2) to yield the benzamidine, 66m (41 mg, 35%) as a pale-
yellow oil. 1H NMR (400 MHz, Chloroform-d) δ 8.66 (d, J = 7.9 Hz, 1H), 8.04 (dd, J = 7.9, 1.6 
Hz, 1H), 7.23 (dd, J = 7.4, 1.5 Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 3.92 (dtt, J = 11.6, 8.0, 4.0 Hz, 
1H), 3.60 (ddd, J = 12.6, 9.6, 3.2 Hz, 1H), 3.20 (s, 4H), 3.13 (s, 1H), 3.05 (ddd, J = 15.4, 8.6, 3.7 
Hz, 1H), 2.94 (d, J = 3.0 Hz, 1H), 2.62 (ddd, J = 11.4, 9.6, 3.6 Hz, 1H), 2.38 (s, 3H), 2.11 (d, J = 
3.8 Hz, 4H), 2.07 – 1.94 (m, 1H), 1.72 (tdd, J = 12.8, 8.1, 5.1 Hz, 1H), 1.63 (qd, J = 7.0, 3.0 Hz, 
1H), 1.49 – 1.30 (m, 2H), 1.14 (tddd, J = 11.6, 8.7, 6.3, 3.8 Hz, 3H), 0.83 (d, J = 6.9 Hz, 3H), 0.67 
(d, J = 6.9 Hz, 4H). 13C NMR (101 MHz, CDCl3) δ 166.1, 160.5, 147.5, 133.2, 129.1, 127.8, 126.0, 
121.6, 65.8, 51.5, 49.0, 48.4, 47.4, 37.2, 33.8, 33.7, 32.8, 25.8, 25.3, 25.2, 21.2, 19.2, 17.6. HRMS 
(ESI): Calculated for C22H33FN4O (M++H): 389.27112; Found: 389.27196. 

 

 

 

 

 

 

 

(E)-N-cyclohexyl-3-fluoro-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino) 
benzamide 66n. Obtained using general procedure E. Purified by normal-phase chromatography 
(0-15% EtOAc/CH2Cl2) to yield the benzamidine, 66n (65 mg, 42%) as a pale-yellow gum. 
Colorless oil, 42%. 1H NMR (400 MHz, Chloroform-d) δ 9.00 (s, 1H), 7.99 (d, J = 7.9 Hz, 1H), 
7.10 (ddd, J = 10.1, 8.0, 1.6 Hz, 1H), 6.94 (td, J = 8.0, 5.1 Hz, 1H), 3.94 (tdt, J = 11.4, 7.8, 3.8 Hz, 
1H), 3.51 (ddd, J = 12.1, 8.0, 3.8 Hz, 1H), 3.33 (ddd, J = 12.6, 5.9, 4.1 Hz, 1H), 3.19 (s, 3H), 3.12 
(t, J = 3.2 Hz, 2H), 2.66 (ddd, J = 12.1, 8.0, 4.1 Hz, 1H), 2.45 (s, 3H), 2.07 – 1.97 (m, 2H), 1.77 – 
1.61 (m, 4H), 1.46 – 1.34 (m, 2H), 1.16 (dddd, J = 12.4, 8.6, 6.8, 2.7 Hz, 3H), 0.82 (d, J = 6.8 Hz, 
3H), 0.70 (d, J = 6.9 Hz, 3H). 19F NMR (376 MHz, CDCl3) δ -127.01. 13C NMR (101 MHz, CDCl3) 
δ 165.1, 162.9, 153.8, 151.4, 137.2, 137.1, 127.9, 126.7, 121.4, 121.4, 118.0, 117.8, 66.0, 49.9, 
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48.6, 48.3, 46.0, 37.5, 33.8, 33.7, 33.6, 29.8, 25.9, 25.3, 20.6, 18.7. HRMS (ESI): Calculated for 
C22H33FN4O (M++H): 389.27112; Found: 389.27196. 

 

 

 

 

 

 

 

(E)-5-cyano-2-((3-cyclopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-N-
isopropylbenzamide 66o. Obtained using general procedure E. Purified by normal-phase 
chromatography (0-15% MeOH/EtOAC) to yield the benzamidine, 66o (48 mg, 44%) as a light-
brown solid . m.p.: 147-148°C. 1H NMR (400 MHz, Chloroform-d) δ 8.61 (d, J = 7.7 Hz, 1H), 
8.52 (d, J = 2.1 Hz, 1H), 7.50 (dd, J = 8.2, 2.1 Hz, 1H), 6.62 (d, J = 8.2 Hz, 1H), 4.32 – 4.18 (m, 
1H), 3.58 (td, J = 11.0, 5.5 Hz, 1H), 3.45 (ddd, J = 12.8, 10.4, 5.1 Hz, 1H), 3.35 (ddd, J = 11.7, 
5.1, 2.4 Hz, 1H), 3.13 (s, 3H), 2.93 (d, J = 8.4 Hz, 1H), 2.79 (ddd, J = 13.2, 5.7, 2.3 Hz, 1H), 2.46 
(s, 3H), 1.23 (d, J = 6.6 Hz, 3H), 1.20 (d, J = 6.5 Hz, 3H), 0.89 (dtd, J = 13.3, 8.3, 5.0 Hz, 1H), 
0.51 – 0.40 (m, 1H), 0.36 – 0.25 (m, 1H), 0.14 (dq, J = 10.5, 5.2 Hz, 1H), -0.48 (dq, J = 10.3, 5.2 
Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 163.8, 160.6, 153.0, 135.7, 134.2, 126.8, 123.3, 119.2, 
105.0, 61.9, 47.2, 45.3, 42.3, 41.4, 37.2, 23.1, 23.0, 11.5, 3.9, 3.6. HRMS (ESI): Calculated for 
C20H27N5O (M++H): 354.22884; Found: 354.22999. 

 

 

 
 
 
 
 
 
 
 
(E)-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-N-(4-methoxyphenyl)-5-
nitrobenzamide 66p. Obtained using general procedure E. Purified by normal-phase 
chromatography (0-3% EtOAc/CH2Cl2) to yield the benzamidine, 66p (49 mg, 36%) as yellow 
solid. m.p.: 167-168°C. 1H NMR (400 MHz, Chloroform-d) δ 10.93 (s, 1H), 9.17 (d, J = 2.8 Hz, 
1H), 8.16 (dd, J = 8.8, 2.9 Hz, 1H), 7.59 – 7.46 (m, 2H), 6.97 – 6.84 (m, 2H), 6.71 (d, J = 8.8 Hz, 
1H), 3.81 (s, 3H), 3.57 – 3.46 (m, 2H), 3.45 (d, J = 6.4 Hz, 1H), 3.27 (s, 4H), 2.76 – 2.65 (m, 1H), 
2.55 (s, 3H), 1.76 (h, J = 6.7 Hz, 1H), 0.80 (d, J = 6.7 Hz, 3H), 0.70 (d, J = 6.8 Hz, 3H). 13C NMR 
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(101 MHz, CDCl3) δ 162.5, 162.0, 156.3, 154.3, 142.3, 131.3, 127.8, 126.4, 125.7, 122.6, 121.8, 
114.3, 64.3, 55.5, 48.0, 47.5, 44.9, 37.8, 32.8, 20.0, 19.1. Calculated for HRMS (ESI): C23H29N5O4 
(M++H): 440.22923; Found: 440.22903. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(E)-N-isopropyl-2-((3-isopropyl-1,4-dimethylpiperazin-2-ylidene)amino)-5-nitrobenzamide 
66q. Obtained using general procedure E. Purified by normal-phase chromatography (0-7% 
EtOAc/CH2Cl2) to yield the benzamidine, 66q (36 mg, 31%) as a yellow-orange solid. m.p.: 140-
141°C. 1H NMR (400 MHz, Chloroform-d) δ 9.10 (d, J = 2.8 Hz, 1H), 8.93 (d, J = 7.6 Hz, 1H), 
8.12 (dd, J = 8.8, 2.9 Hz, 1H), 6.65 (d, J = 8.8 Hz, 1H), 4.27 (dq, J = 13.2, 6.5 Hz, 1H), 3.53 (ddd, 
J = 11.9, 6.9, 4.5 Hz, 1H), 3.46 (dd, J = 6.7, 4.9 Hz, 1H), 3.42 (d, J = 6.0 Hz, 1H), 3.25 (ddd, J = 
12.6, 6.6, 4.5 Hz, 1H), 3.19 (s, 3H), 2.71 (ddd, J = 12.1, 6.9, 4.8 Hz, 1H), 2.53 (s, 3H), 1.71 (h, J 
= 6.7 Hz, 1H), 1.23 (dd, J = 6.6, 1.4 Hz, 6H), 0.83 (d, J = 6.7 Hz, 3H), 0.69 (d, J = 6.8 Hz, 3H). 
13C NMR (101 MHz, CDCl3) δ 163.7, 161.3, 154.4, 142.0, 127.68, 126.0, 125.6, 122.5, 77.4, 77.0, 
76.7, 64.2, 48.5, 47.7, 45.1, 41.6, 37.4, 32.9, 23.02, 23.0, 20.1, 19.0. Calculated for HRMS (ESI): 
C19H29N5O3 (M++H): 376.23432; Found: 376.23487. 
 
 
 
 
 
 
 
 
 
 
 
 
(E)-N-cyclohexyl-3-((1,4-dimethyl-3-phenylpiperazin-2-ylidene)amino)-2-naphthamide 66r. 
Obtained using general procedure E. Purified by normal-phase chromatography (0-20% 
EtOAc/CH2Cl2) to yield the naphthamidine, 66r (69 mg, 50%) as apale-yellow gum. 1H NMR 
(400 MHz, Chloroform-d) δ 8.68 (d, J = 8.0 Hz, 1H), 8.47 (s, 1H), 7.79 (dd, J = 8.3, 1.2 Hz, 1H), 
7.36 (d, J = 3.8 Hz, 2H), 7.29 (dd, J = 8.2, 3.9 Hz, 1H), 7.23 – 7.17 (m, 1H), 7.09 (t, J = 7.6 Hz, 
2H), 6.81 (dd, J = 7.9, 1.4 Hz, 2H), 6.66 (s, 1H), 4.51 (s, 1H), 3.90 (tdt, J = 11.3, 7.8, 3.9 Hz, 1H), 
3.63 – 3.51 (m, 2H), 3.29 (s, 3H), 3.02 (ddd, J = 12.5, 8.7, 5.0 Hz, 1H), 2.62 (dt, J = 12.5, 4.7 Hz, 
1H), 2.14 (s, 3H), 2.10 – 1.98 (m, 2H), 1.84 – 1.57 (m, 2H), 1.53 – 1.35 (m, 2H), 1.28 – 1.13 (m, 
4H). 13C NMR (101 MHz, CDCl3) δ 164.9, 157.8, 145.04, 135.7, 134.7, 131.7, 129.3, 129.3, 
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128.9, 127.9, 127.8, 127.0, 126.1, 126.0, 124.0, 119.1, 64.9, 49.2, 48.4, 46.3, 42.0, 37.4, 33.6, 25.8, 
25.2, 25.1. Calculated for HRMS (ESI): C29H34N4O (M++H): 455.28054; Found: 455.28019. 
 
 
 
 
 
 
 
 
 
 
 
 
(E)-N-cyclohexyl-2-((1,4-dimethyl-3-phenylpiperazin-2-ylidene)amino)-5-iodobenzamide 
66s. Obtained using general procedure E. Purified by normal-phase chromatography (0-15% 
EtOAc/CH2Cl2) to yield benzamidine 66s (144mg, 88%) as pale yellow oil. Recrystallized from 
acetonitrile to form clear colorless crystal (See Crystallographic Experimental Section). m.p.: 85-
87°C. 1H NMR (400 MHz, Chloroform-d) δ 8.27 (d, J = 7.9 Hz, 1H), 8.15 (d, J = 2.2 Hz, 1H), 
7.32 (dd, J = 8.3, 2.3 Hz, 1H), 7.24 – 7.18 (m, 1H), 7.14 (d, J = 7.6 Hz, 2H), 7.13 (d, J = 8.6 Hz, 
0H), 6.85 (d, J = 6.9 Hz, 1H), 6.12 (d, J = 8.3 Hz, 1H), 4.33 (s, 1H), 3.80 (dtd, J = 10.9, 7.3, 3.9 
Hz, 1H), 3.64 – 3.42 (m, 2H), 3.22 (s, 3H), 2.98 (ddd, J = 12.7, 7.6, 5.2 Hz, 1H), 2.59 (dt, J = 12.5, 
5.0 Hz, 1H), 2.15 (s, 3H), 2.04 – 1.88 (m, 2H), 1.80 – 1.61 (m, 2H), 1.48 – 1.32 (m, 2H), 1.15 
(dtdd, J = 23.1, 11.8, 7.9, 3.5 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 163.7, 157.7, 147.9, 139.3, 
139.0, 135.4, 129.2, 128.0, 128.0, 127.4, 125.2, 84.9, 65.5, 49.2, 48.3, 46.8, 42.1, 37.3, 33.5, 33.5, 
25.8, 25.1, 25.1. Calculated for HRMS (ESI): C21H35IN4O (M++H): 531.16154; Found: 
531.16069. 
 

 

 

 

 

 

(E)-N-cyclohexyl-2-((1,4-dimethyl-3-(thiazol-5-yl)piperazin-2-ylidene)amino)benzamide 
66t. Obtained using general procedure E. Purified by normal-phase chromatography (0.5-3.5% 
MeOH/CH2Cl2) to yield the benzamidine, 66t (76 mg, 60%) as an amber gum . 1H NMR (400 
MHz, Chloroform-d) δ 8.70 (s, 1H), 8.05 (d, J = 7.9 Hz, 1H), 7.99 (dd, J = 7.9, 1.7 Hz, 1H), 7.30 
(s, 1H), 7.15 (td, J = 7.6, 1.7 Hz, 1H), 7.06 – 6.99 (m, 1H), 6.38 (d, J = 7.8 Hz, 1H), 4.86 (s, 1H), 
3.87 (dtd, J = 10.9, 7.4, 4.0 Hz, 1H), 3.55 (td, J = 11.0, 5.1 Hz, 1H), 3.38 (ddd, J = 11.5, 4.6, 2.7 
Hz, 1H), 3.18 (s, 3H), 2.97 (ddd, J = 12.6, 10.6, 4.6 Hz, 1H), 2.64 (ddd, J = 12.9, 5.3, 2.4 Hz, 1H), 
2.17 (s, 3H), 2.03 – 1.94 (m, 2H), 1.79 – 1.61 (m, 5H), 1.46 – 1.32 (m, 1H), 1.16 (dq, J = 14.3, 
11.5, 11.0 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 165.1, 156.3, 153.5, 147.3, 143.9, 131.1, 131.0, 
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130.9, 125.8, 122.8, 122.6, 56.5, 49.2, 48.4, 45.8, 41.6, 37.3, 33.6, 25.8, 25.1. HRMS (ESI): 
Calculated for C22H29N5OS (M++H): 412.21656; Found: 412.21798. 

 

 

 

 

 

 

 

(E)-3-((1-benzyl-3,4-dicyclopropylpiperazin-2-ylidene)amino)-N-(2-morpholinoethyl) 
thiophene-2-carboxamide 66x. Obtained using general procedure E. Purified by normal-phase 
chromatography (0-3% MeOH/CH2Cl2) to yield the thiophene carboxamidine, 66x (54 mg, 40%) 
as a pale-yellow gum . (54 mg, 40%). 1H NMR (400 MHz, Chloroform-d) δ 7.70 (t, J = 5.9 Hz, 
1H), 7.43 – 7.24 (m, 7H), 6.49 (d, J = 5.2 Hz, 1H), 5.29 (d, J = 15.3 Hz, 1H), 4.40 (d, J = 15.3 Hz, 
1H), 3.64 – 3.47 (m, 6H), 3.32 (ddd, J = 24.2, 11.5, 7.1 Hz, 3H), 3.19 (dq, J = 13.0, 6.4 Hz, 1H), 
2.97 (q, J = 6.2, 5.1 Hz, 1H), 2.39 – 2.16 (m, 7H), 1.11 (dp, J = 12.5, 4.3, 3.7 Hz, 1H), 0.62 – 0.26 
(m, 5H), 0.16 (dq, J = 10.0, 5.1 Hz, 1H), -0.30 (dq, J = 10.2, 5.1 Hz, 1H). 13C NMR (101 MHz, 
CDCl3) δ 163.3, 162.3, 149.1, 137.5, 129.0, 127.8, 127.5, 127.1, 124.0, 122.9, 66.9, 62.2, 58.0, 
53.5, 51.6, 45.2, 43.6, 36.1, 34.2, 12.3, 7.9, 6.7, 3.9, 3.8. HRMS (ESI): Calculated for C28H37N5O2 
(M++H): 508.274073; Found: 508.27490. 

 

1.7 General procedure F: Representative Procedure for the Telescoped Synthesis of α-
Unsubstituted Benzamidines: 

 

 

(E)-N-cyclohexyl-2-((1,4-dimethylpiperazin-2-ylidene)amino)benzamide 66c. An oven-dried, 
10 mL round bottom flask under nitrogen was charged with activated, powdered 4 Ǻ molecular 
sieves (150 mg). The flask was placed under vacuum and flame-dried, then backfilled with 
nitrogen. Diamine 4 (115 mg, 0.61 mmol, 2.0 equiv.) was dissolved in dry CH2Cl2 (0.9 ml, 0.7 
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M) and added to the reaction vessel. Formalin 3 (0.1 mL, 1.2 mmol, 4.0 equiv.) was measured with 
syringe added dropwise over a minute to the reaction vessel while stirring at rt. Upon completion 
of the addition, carboxylic acid 1 (50 mg, 0.31 mmol, 1.0 equiv.) was dissolved in a 3:1 mixture 
of dry CH2Cl2/HPLC grade MeOH. (0.4 mL, 0.8 M), taken up into a syringe and the needle was 
placed into the septum of the reaction vessel. Isocyanide 2 (153 µL, 1.2 mmol, 4.0 equiv.) was 
dissolved in dry CH2Cl2 (0.3 mL, 3.6 M) in a 1-dram glass vial, taken up into a syringe and the 
needle was placed into the septum of the reaction vessel. Carboxylic acid 1 was added dropwise 
to the reaction vessel while stirring over 1 min followed immediately by isocyanide 2. The reaction 
mixture was stirred at rt for 12 h, after which the reaction was complete as judged by complete 
consumption of carboxylic acid 1 on TLC (10% MeOH/CH2Cl2). The crude reaction mixture was 
filtered through a 0.45 μm syringe filter and the filtrate was concentrated in vacuo. To a flame-
dried, 10 mL round bottom flask under nitrogen was added triphenylphospine on resin (438 mg, 
0.61 mmol, 1,4 meq/g, 2.0 equiv.) followed by dry toluene (1.0 mL). A solution of the crude 
reaction mixture in dry toluene (2.0 ml) was added dropwise and the reaction mixture was stirred 
at rt for 1 h. Next, the reaction mixture was heated to 110 °C and stirred at reflux for 12 h after 
which the reaction was complete as judged by complete consumption of the intermediate by TLC 
(30% EtOAc/hexanes). The crude reaction mixture was filtered through a pad of celite, rinsed with 
CH2Cl2 (10 mL) x 5, and the filtrate was concentrated in vacuo. To a flame-dried, 10 mL round 
bottom flask under nitrogen was dissolved the crude reaction mixture in dry CH2Cl2 (3.1 mL, 0.1 
M) and the solution cooled to 0 °C in an ice bath while stirring. HCl in dioxane (4.0 M, 0.75 mL, 
10.0 equiv.) was added dropwise. The reaction mixture was allowed to slowly warm to rt. The 
reaction mixture was stirred at rt for 12 h after which the reaction was complete as judged by 
complete consumption of intermediate on TLC (30% EtOAC/hexanes). The solvent was removed 
in vacuo. Triethylamine (0.4 mL, 3.1 mmol, 10.0 equiv.) was added to a solution of the crude 
reaction mixture in MeOH (3.1 mL, 0.1 M) in a 10 mL microwave vial and the reaction mixture 
was heated in a microwave reactor at 100 °C for 1 h. The reaction mixture was allowed to cool to 
rt and the solvent removed in vacuo. The crude mixture was dissolved in CH2Cl2 (10 mL) and 
washed with water (10 mL), then saturated brine solution (10 mL), dried over MgSO4, filtered and 
concentrated in vacuo.  The crude residue was purified by normal-phase chromatography (1-5% 
EtOAc:MeOH) to yield the benzamidine, 66c (48 mg, 48%) as an amber gum. 
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(E)-5-fluoro-N-isopropyl-2-((2-methylhexahydropyrrolo[1,2-a]pyrazin-4(1H)-
ylidene)amino) benzamide 66u. Obtained using general procedure F. Purified by normal-phase 
chromatography (0-3% EtOAc/CH2Cl2) to yield the benzamidine, 66u (51 mg, 50%) as a pale-
yellow gum. 1H NMR (400 MHz, Chloroform-d) δ 8.62 (d, J = 7.7 Hz, 1H), 7.85 (dd, J = 10.0, 3.1 
Hz, 1H), 7.07 – 6.94 (m, 1H), 6.69 (dd, J = 8.7, 5.0 Hz, 1H), 4.31 – 4.15 (m, 1H), 3.78 – 3.51 (m, 
3H), 3.30 (d, J = 16.3 Hz, 1H), 3.08 (dd, J = 10.8, 3.8 Hz, 1H), 2.56 (d, J = 16.2 Hz, 1H), 2.24 (s, 
3H), 2.09 (dq, J = 11.8, 6.2, 5.7 Hz, 2H), 1.95 (dd, J = 12.7, 8.7 Hz, 2H), 1.48 (qd, J = 11.7, 7.9 
Hz, 1H), 1.19 (dd, J = 6.5, 1.6 Hz, 6H). 19F NMR (376 MHz, CDCl3) δ -121.28. 13C NMR (101 
MHz, CDCl3) δ 170.2, 164.7, 164.7, 159.9, 157.5, 154.5, 144.7, 144.7, 144.6, 127.2, 127.1, 124.7, 
124.6, 118.3, 118.1, 117.2, 116.9, 57.9, 57.8, 54.2, 45.8, 45.2, 41.3, 30.4, 23.1, 23.0, 22.5. HRMS 
(ESI): Calculated for C18H25FN4O (M++H): 333.20852; Found: 333.20814. 

 

 

 

 

 

 

 

(E)-3-((1,4-dimethylpiperazin-2-ylidene)amino)-N-(4-methoxyphenyl)thiophene-2-
carboxamide 66v. Obtained using general procedure F. Purified by normal-phase 
chromatography (0-3% MeOH/EtOAc) to yield the thiophene carboxamidine, 66v (32mg, 29%) 
as a light-brown solid. m.p.: 125-127°C. 1H NMR (400 MHz, Chloroform-d) δ 10.21 (s, 1H), 7.55 
– 7.46 (m, 2H), 7.35 (d, J = 5.2 Hz, 1H), 6.89 – 6.83 (m, 2H), 6.60 (d, J = 5.2 Hz, 1H), 3.80 (s, 
3H), 3.43 (t, J = 5.6 Hz, 2H), 3.22 (s, 4H), 2.67 (t, J = 5.6 Hz, 2H), 2.30 (s, 3H). 13C NMR (101 
MHz, CDCl3) δ 160.9, 157.1, 155.7, 147.9, 132.1, 128.1, 124.5, 123.8, 121.2, 114.2, 55.5, 55.4, 
52.0, 49.7, 45.5, 36.7. HRMS (ESI): Calculated for C18H22N4O2S (M++H): 359.15362; Found: 
359.15459. 
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(E)-3-((1,4-dimethylpiperazin-2-ylidene)amino)-N-(4-methoxyphenyl)furan-2-carboxamide 
66w. Obtained using general procedure F. Purified by normal-phase chromatography (5-30% 
EtOAc/CH2Cl2) to yield furan carboxamidine, 66w (21 mg, 20%) as a light-brown solid. m.p.: 
150-151°C. 1H NMR (400 MHz, Chloroform-d) δ 9.82 (s, 1H), 7.51 (d, J = 9.0 Hz, 2H), 7.44 (d, 
J = 1.9 Hz, 1H), 6.87 (d, J = 9.1 Hz, 2H), 6.17 (d, J = 1.9 Hz, 1H), 3.79 (s, 3H), 3.43 (t, J = 5.6 
Hz, 2H), 3.31 (s, 2H), 3.20 (s, 3H), 2.69 (t, J = 5.6 Hz, 2H), 2.35 (s, 3H). 13C NMR (101 MHz, 
CDCl3) δ 157.7, 157.5, 155.7, 143.8, 137.5, 136.7, 132.0, 121.2, 114.2, 108.9, 55.5, 55.4, 51.9, 
49.7, 45.5, 36.9. HRMS (ESI): Calculated for C18H22N4O3 (M++H): 343.17647; Found: 343.17700. 

 

1.8  Procedure for the Synthesis of 9-fluoro-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5] 
pyrazino[2,1-b]quinazolin-11(5H)-one 79. 

 

An oven-dried, 10 mL round bottom flask under nitrogen was charged with activated, powdered 4 
Ǻ molecular sieves (150 mg). The flask was placed under vacuum and flame-dried, then backfilled 
with nitrogen. tert-Butyl 2-(aminomethyl)pyrrolidine-1-carboxylate 4 (124 mg, 0.61 mmol, 2.0 
equiv.) was dissolved in dry CH2Cl2 (0.9 ml, 0.7 M) and added to the reaction vessel. Formalin 3 
(0.1 mL, 1.2 mmol, 4.0 equiv.) was measured with syringe added dropwise over a minute to the 
reaction vessel while stirring at rt. Upon completion of the addition, 2-azido-5-fluorobenzoic acid 
1 (56 mg, 0.31 mmol, 1.0 equiv.) was dissolved in a 3:1 mixture of dry CH2Cl2/HPLC grade 
MeOH. (0.4 mL, 0.8 M), taken up into a syringe and the needle was placed into the septum of the 
reaction vessel. Benzyl isocyanide 2 (153 µL, 1.2 mmol, 4.0 equiv.) was dissolved in dry CH2Cl2 
(0.3 mL, 3.6 M) in a 1-dram glass vial, taken up into a syringe and the needle was placed into the 
septum of the reaction vessel. Carboxylic acid 1 was added dropwise to the reaction vessel while 
stirring over 1 min followed immediately by benzyl isocyanide 2. The reaction mixture was stirred 
at rt for 12 h, after which the reaction was complete as judged by complete consumption of 
carboxylic acid 1 on TLC (10% MeOH/CH2Cl2). The crude reaction mixture was filtered through 
a 0.45 μm syringe filter and the filtrate was concentrated in vacuo. To a flame-dried, 10 mL round 
bottom flask under nitrogen was added triphenylphospine on resin (438 mg, 0.61 mmol, 1,4 meq/g, 
2.0 equiv.) followed by dry toluene (1.0 mL). A solution of the crude reaction mixture in dry 
toluene (2.0 ml) was added dropwise and the reaction mixture was stirred at rt for 1 h. Next, the 
reaction mixture was heated to 110 °C and stirred at reflux for 12 h after which the reaction was 
complete as judged by complete consumption of the intermediate by TLC (30% EtOAc/hexanes). 
The crude reaction mixture was filtered through a pad of celite, rinsed with CH2Cl2 (10 mL) x 5, 
and the filtrate was concentrated in vacuo. To a flame-dried, 10 mL round bottom flask under 
nitrogen was dissolved the crude reaction mixture in dry CH2Cl2 (3.1 mL, 0.1 M) and the solution 
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cooled to 0 °C in an ice bath while stirring. HCl in dioxane (4.0 M, 0.75 mL, 10.0 equiv.) was 
added dropwise. The reaction mixture was allowed to slowly warm to rt. The reaction mixture was 
stirred at rt for 12 h after which the reaction was complete as judged by complete consumption of 
intermediate on TLC (30% EtOAC/hexanes). The solvent was removed in vacuo. Triethylamine 
(0.4 mL, 3.1 mmol, 10.0 equiv.) was added to a solution of the crude reaction mixture in MeOH 
(3.1 mL, 0.1 M) in a 10 mL microwave vial and the reaction mixture was heated in a microwave 
reactor at 100 °C for 1 h. The reaction mixture was allowed to cool to rt and the solvent removed 
in vacuo. The crude mixture was dissolved in CH2Cl2 (10 mL) and washed with water (10 mL), 
then saturated brine solution (10 mL), dried over MgSO4, filtered and concentrated in vacuo.  The 
crude residue was purified by normal-phase chromatography (0-3% MeOH:CH2Cl2) to yield the 
quinazolinone, 79 (32 mg, 48%) as an light brown solid. 1H NMR (400 MHz, Chloroform-d) δ 
7.90 (dd, J = 8.5, 3.0 Hz, 1H), 7.62 (dd, J = 8.9, 4.8 Hz, 1H), 7.45 (td, J = 8.5, 3.0 Hz, 1H), 4.52 
(dd, J = 13.4, 3.9 Hz, 1H), 4.23 (d, J = 16.3 Hz, 1H), 3.57 – 3.48 (m, 2H), 3.23 (td, J = 8.4, 3.3 
Hz, 1H), 2.59 (dtd, J = 14.1, 10.2, 8.5, 4.1 Hz, 1H), 2.37 (q, J = 8.6 Hz, 1H), 2.16 (dddd, J = 12.6, 
9.4, 6.8, 4.1 Hz, 1H), 2.03 – 1.84 (m, 2H), 1.73 – 1.62 (m, 1H). 19F NMR (376 MHz, CDCl3) δ -
113.32. 13C NMR (101 MHz, CDCl3) δ 161.8, 161.4, 161.4, 159.4, 151.0, 144.0, 144.0, 129.1, 
129.0, 123.1, 122.9, 121.6, 121.5, 111.5, 111.3, 59.3, 56.6, 54.3, 47.8, 29.7, 28.8, 22.2. HRMS 
(ESI): Calculated for C14H14FN3O (M++H): 260.11937; Found: 260.11849. 

 

1.9  Procedure for the Synthesis of tert-butyl (2-(methyl((4-oxo-3-phenyl-3,4-
dihydroquinazolin-2-yl)methyl)amino)ethyl)carbamate 

 
An oven dried 4 mL microwave vial was charged with 2-(chloromethyl)-3-phenylquinazolin-
4(3H)-one 80 (83 mg, 0.31 mmol, 1.0 equiv.), potassium carbonate (85 mg, 0.62 mmol, 2.0 equiv.), 
and potassium iodide (20 mg, 0.12 mmol, 0.4 equiv.). tert-Butyl (2-(methylamino)ethyl)carbamate 
(75 mg, 0.43 mmol, 1.4 equiv.) added to reaction vessel as a solution in dry CH3CN (1.3 mL, 0.3 
M).  Reaction mixture heated to 80 °C for 10 min. Reaction mixture appeared complete by TLC 
(60% EtOAc:Hex).  Diluted reaction mixture in CH2Cl2 (2.0 ml), filtered, and concentrated in 
vacuo.  Purified by normal phase chromatography (0-30% EtOAc:Hex) to yield quinazolinone 81 
(105 mg, 84% yield) 1H NMR (400 MHz, Chloroform-d) δ 8.29 (dd, J = 8.0, 1.5 Hz, 1H), 8.02 (d, 
J = 8.2 Hz, 1H), 7.78 (t, J = 7.7 Hz, 1H), 7.62 – 7.47 (m, 4H), 7.26 (d, J = 7.0 Hz, 1H), 6.17 (s, 
1H), 3.32 (s, 2H), 3.15 (s, 2H), 2.49 (t, J = 5.6 Hz, 2H), 2.24 (s, 3H), 1.54 (d, J = 14.6 Hz, 9H). 

 



103 
 

1.10  Procedure for the Synthesis of 2-methyl-1,2,3,4-tetrahydro-6H-pyrazino[2,1-
b]quinazolin-6-one 

 

An oven dried 25 mL round bottom flask under nitrogen was charged with quinazolinone 81 (105 
mg, 0.26 mmol, 1.0 equiv.) in 3.6 mL dry CH2Cl2 (3.6 mL, 0.07 M).  Trifluoroacetic acid (1.7 mL, 
22.0 mmol, 85.5 equiv.) added dropwise to the reaction vessel and the reaction mixture stirred at 
rt for 2 h. Next, saturated aqueous sodium carbonate (10.5 mL) was slowly added to the reaction 
mixture after which the reaction mixture was at pH 10. The reaction mixture was extracted with 
CH2Cl2 (2 X 10 mL).  Combined organic layers were dried over MgSO4, filtered and concentrated 
in vacuo.  The crude residue was purified by normal-phase chromatography (0-2.5% 
MeOH:CH2Cl2) to yield the benzamidine, 82 (42 mg, 76%) as an white solid. 1H NMR (400 MHz, 
Chloroform-d) δ 8.27 (dd, J = 8.1, 1.5 Hz, 1H), 7.73 (ddd, J = 8.5, 7.1, 1.6 Hz, 1H), 7.60 (d, J = 
8.2 Hz, 1H), 7.44 (ddd, J = 8.2, 7.1, 1.2 Hz, 1H), 4.09 (t, J = 5.8 Hz, 2H), 3.70 (s, 2H), 2.86 (t, J = 
5.8 Hz, 2H), 2.48 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 161.9, 151.4, 147.4, 134.4, 126.6, 126.6, 
126.4, 120.5, 59.0, 51.7, 45.3, 42.7. HRMS (ESI): Calculated for C12H13N3O (M++H): 216.11314; 
Found: 216.11276. 

 

1.11 General procedure G: Representative Procedure for the Telescoped Synthesis of C5 
substituted Tetracyclic Quinazolinones:  

 

 

(5S,13aS)-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-b]quinazolin-
11(5H)-one 97b. An oven-dried, 10 mL round bottom flask under nitrogen was charged with 
activated, powdered, 4 Ǻ molecular sieves (50 mg). The flask was placed under vacuum and flame-
dried, then backfilled with nitrogen. tert-Butyl (S)-(pyrrolidin-2-ylmethyl)carbamate 1 (124 mg, 
0.61 mmol, 2.0 equiv.) was dissolved in dry CH2Cl2 (0.5 mL, 1.3 M) and added to the reaction 
vessel. Benzaldehyde 2 (125 µL, 1.2 mmol, 4.0 equiv.) was dissolved in dry CH2Cl2 (0.46 mL, 2.6 
M) in a 1-dram glass vial and added dropwise over 1 min via syringe to the reaction vessel while 
stirring at rt. Upon completion of the addition, 2-azidobenzoic acid 3 (50 mg, 0.31 mmol, 1.0 
equiv.) was dissolved in a 3:1 mixture of dry CH2Cl2/MeOH (0.4 mL, .8 M), taken up into a syringe 
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and the needle was placed into the septum of the reaction vessel. Benzylisocyanide 4 (151 µL, 1.2 
mmol, 4.0 equiv.) was dissolved in dry CH2Cl2 (0.3 mL, 3.6 M) in a 1-dram glass vial, taken up 
into a syringe and the needle was placed into the septum of the reaction vessel. Carboxylic acid 3 
was added dropwise to the reaction vessel while stirring over 1 min followed immediately by 
isocyanide 4. The reaction mixture was stirred at rt for 12 h after which the reaction was complete 
as judged by complete consumption of carboxylic acid 3 on TLC (10% MeOH/CH2Cl2). The crude 
reaction mixture was filtered through a 0.45 μm syringe filter and the filtrate was concentrated in 
vacuo. To a flame-dried, 10 mL round bottom flask under nitrogen was added triphenylphospine 
on resin (438 mg, 0.61 mmol, 1.4 meq/g, 2.0 equiv.) followed by dry toluene (1.0 mL). A solution 
of the crude reaction mixture in dry toluene (2.0 mL) was added dropwise and the reaction mixture 
was stirred at rt for 1 h. After 1 h at rt, the reaction mixture was heated to 110 °C and stirred for 
12 h at reflux after which the reaction was complete as judged by complete consumption of the 
intermediate by TLC (30% EtOAc/hexanes). The crude reaction mixture was filtered through a 
pad of celite, rinsed with CH2Cl2 (10 mL) x 5, and the filtrate was concentrated in vacuo. To a 
flame-dried, 10 mL round bottom flask under nitrogen was dissolved the crude reaction mixture 
in dry CH2Cl2 (3.0 mL, 0.1 M) and the solution cooled to 0 °C in an ice-bath while stirring for 20 
min. HCl in dioxane (4.0 M, 0.8 mL, 10.0 equiv.) was added dropwise. The reaction mixture was 
allowed to slowly warm to rt. The reaction mixture was stirred at rt for 12h after which the reaction 
was complete as judged by complete consumption of intermediate on TLC (30% EtOAC/hexanes). 
The reaction mixture was dried in vacuo. Triethylamine (0.4 mL, 3.1 mmol, 10.0 equiv.) was added 
to a solution of the crude reaction mixture in MeOH (3.1 mL, 0.1 M) in a 10 mL microwave vial 
and the reaction mixture was heated in a microwave reactor at 100 °C for 1 h. The reaction mixture 
was allowed to cool to rt and the solvent was removed in vacuo. The crude mixture was dissolved 
in CH2Cl2 (10 mL) and washed with water (10 mL), then saturated brine solution (10 mL), The 
organic layer was dried over MgSO4, filtered and concentrated in vacuo. The crude residue was 
purified by normal-phase chromatography (0-60% EtOAc/Hex) to yield the fused quinazolinone, 
97b, (63 mg, 65%) as a white solid. 1H NMR (400 MHz, Chloroform-d) δ 8.31 (dd, J = 8.0, 1.4 
Hz, 1H), 7.76 (dd, J = 6.8, 1.5 Hz, 1H), 7.73 (dd, J = 8.2, 1.5 Hz, 1H), 7.51 – 7.48 (m, 1H), 7.48 
– 7.42 (m, 2H), 7.37 – 7.24 (m, 4H), 5.15 (s, 1H), 4.45 (dd, J = 14.0, 3.1 Hz, 1H), 3.74 (dtt, J = 
9.5, 6.8, 3.1 Hz, 1H), 3.32 (dd, J = 14.0, 5.3 Hz, 1H), 3.13 (ddd, J = 9.0, 5.0, 3.3 Hz, 1H), 2.74 (td, 
J = 8.9, 7.1 Hz, 1H), 2.14 – 2.01 (m, 1H), 1.86 – 1.73 (m, 2H), 1.50 – 1.36 (m, 1H).  13C NMR 
(101 MHz, CDCl3) δ 161.8, 155.0, 147.0, 137.2, 134.3, 128.6, 127.7, 127.3, 126.9, 126.9, 126.6, 
120.8, 66.1, 54.7, 53.9, 41.1, 30.7, 24.4. HRMS (ESI): Calculated for C20H19N3O (M++H): 
318.16009; Found: 318.15894.  

 

(5R,13aS)-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-b]quinazolin-
11(5H)-one 97b´, (11 mg, 11%) isolated as pale yellow solid. 1H NMR (400 MHz, Chloroform-
d) δ 8.25 (dd, J = 8.1, 1.5 Hz, 1H), 7.61 (ddd, J = 8.5, 7.1, 1.6 Hz, 1H), 7.47 – 7.30 (m, 7H), 4.71 
(dd, J = 13.2, 3.4 Hz, 1H), 4.45 (s, 1H), 3.59 (dd, J = 13.1, 11.0 Hz, 1H), 2.90 (ddd, J = 9.9, 7.9, 
2.8 Hz, 1H), 2.81 – 2.59 (m, 1H), 2.18 (dq, J = 9.8, 7.6, 6.5 Hz, 2H), 1.96 – 1.71 (m, 3H).  13C 
NMR (101 MHz, CDCl3) δ 162.3, 154.2, 147.4, 140.7, 134.0, 129.3, 128.3, 127.8, 127.3, 126.4, 
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126.3, 119.9, 72.4, 58.7, 53.7, 48.6, 28.7, 21.6. HRMS (ESI): Calculated for C20H19N3O (M++H): 
318.16009; Found: 318.15903. 

 

 

 

 

 

(5R,13aR)-9-methyl-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97c, obtained using 2-azido-5-methylbenzoic acid and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G. Purified by normal phase 
chromatography (0-15% EtOAc:Hex) to yield quinazolinone 97c, (49 mg, 50%) as a yellow waxy 
solid. 1H NMR (400 MHz, Chloroform-d) δ 8.14 – 8.06 (m, 1H), 7.63 (d, J = 8.3 Hz, 1H), 7.58 
(dd, J = 8.4, 2.0 Hz, 1H), 7.44 (dt, J = 8.2, 1.2 Hz, 2H), 7.36 – 7.30 (m, 2H), 7.30 – 7.26 (m, 1H), 
5.12 (s, 1H), 4.45 (dd, J = 14.0, 3.1 Hz, 1H), 3.72 (tq, J = 9.5, 3.1 Hz, 1H), 3.31 (dd, J = 14.0, 5.3 
Hz, 1H), 3.19 – 3.02 (m, 1H), 2.73 (td, J = 8.9, 7.1 Hz, 1H), 2.50 (s, 3H), 2.07 (dtd, J = 12.6, 6.7, 
4.1 Hz, 1H), 1.84 – 1.64 (m, 2H), 1.47 – 1.36 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 161.80, 
154.14, 145.03, 137.40, 136.81, 135.79, 128.57, 127.66, 127.08, 126.97, 126.25, 120.52, 77.40, 
77.08, 76.76, 66.09, 54.68, 53.91, 41.11, 30.74, 24.46, 21.33. HRMS (ESI): Calculated for 
C21H21N3O (M++H): 332.117574; Found: 332.17552. 

 

(5S,13aR)-9-methyl-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97c´, (14 mg, 14%) as a yellow oil. 1H NMR (400 MHz, Chloroform-
d) δ 8.04 (d, J = 1.7 Hz, 1H), 7.47 – 7.28 (m, 8H), 4.71 (dd, J = 13.0, 3.3 Hz, 1H), 4.44 (s, 1H), 
3.59 (t, J = 12.1 Hz, 1H), 2.89 (d, J = 8.9 Hz, 1H), 2.72 (s, 1H), 2.44 (s, 3H), 2.27 – 2.09 (m, 2H), 
1.83 (dt, J = 31.1, 10.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 162.3, 145.4, 135.5, 129.3, 128.2, 
127.7, 127.2, 125.7, 123.1, 119.6, 72.3, 53.7, 28.7, 21.6, 21.3. HRMS (ESI): Calculated for 
C21H21N3O (M++H): 332.117574; Found: 332.17502. 
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(5R,13aR)-8-methyl-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97d, obtained using 2-azido-4-methylbenzoic acid and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G. Purified by normal phase 
chromatography (0-15% EtOAc:Hex) to yield quinazolinone 97d, (51 mg, 51%) as a yellow waxy 
solid. 1H NMR (400 MHz, Chloroform-d) δ 8.19 (d, J = 8.1 Hz, 1H), 7.55 – 7.50 (m, 1H), 7.44 
(dq, J = 6.5, 1.2 Hz, 2H), 7.38 – 7.27 (m, 4H), 5.12 (s, 1H), 4.43 (dd, J = 14.0, 3.1 Hz, 1H), 3.72 
(dtt, J = 9.5, 6.8, 3.1 Hz, 1H), 3.31 (dd, J = 14.0, 5.3 Hz, 1H), 3.19 – 3.05 (m, 1H), 2.73 (td, J = 
8.8, 7.2 Hz, 1H), 2.51 (s, 3H), 2.15 – 1.99 (m, 1H), 1.88 – 1.71 (m, 2H), 1.42 (dtd, J = 12.5, 10.5, 
9.8, 8.0 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 161.7, 155.1, 147.1, 145.3, 137.4, 128.6, 128.2, 
127.7, 127.0, 127.0, 126.7, 118.4, 66.2, 54.7, 53.9, 41.0, 30.7, 24.5, 21.9. HRMS (ESI): Calculated 
for C21H21N3O (M++H): 332.117574; Found: 332.17495. 

 

(5S,13aR)-8-methyl-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97d´, (13 mg, 13%) as a yellow waxy solid. 1H NMR (400 MHz, 
Chloroform-d) δ 8.13 (d, J = 8.1 Hz, 1H), 7.43 – 7.39 (m, 2H), 7.34 (qd, J = 7.6, 7.0, 3.5 Hz, 3H), 
7.25 (d, J = 6.0 Hz, 1H), 7.21 (d, J = 8.1 Hz, 1H), 4.70 (dd, J = 13.2, 3.3 Hz, 1H), 4.43 (s, 1H), 
3.57 (dd, J = 13.1, 11.0 Hz, 1H), 2.93 – 2.85 (m, 1H), 2.79 – 2.64 (m, 1H), 2.38 (s, 3H), 2.18 (q, J 
= 9.0 Hz, 2H), 1.92 – 1.73 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 162.25, 154.20, 147.49, 144.91, 
140.85, 129.23, 128.89, 128.24, 128.03, 127.73, 127.03, 126.56, 126.18, 117.50, 77.35, 77.23, 
77.03, 76.71, 72.39, 58.75, 53.67, 48.44, 48.35, 28.70, 21.74, 21.56, 0.01. HRMS (ESI): Calculated 
for C21H21N3O (M++H): 332.117574; Found: 332.17512. 

 

 

 

 

 

 

(5R,13aR)-7-methyl-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97e, obtained using 2-azido-3-methylbenzoic acid and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G. Purified by normal phase 
chromatography (0-10% EtOAc:Hex) to yield quinazolinone 97e, (63 mg, 62%) as a light brown 
waxy solid. 1H NMR (400 MHz, Chloroform-d) δ 8.14 (dd, J = 8.1, 1.5 Hz, 1H), 7.60 (d, J = 7.3 
Hz, 1H), 7.47 (d, J = 7.5 Hz, 2H), 7.42 – 7.23 (m, 4H), 5.12 (s, 1H), 4.41 (dd, J = 14.0, 3.4 Hz, 
1H), 3.76 (s, 1H), 3.40 (d, J = 13.8 Hz, 1H), 3.17 (d, J = 8.4 Hz, 1H), 2.73 (q, J = 8.4 Hz, 1H), 
2.59 (s, 3H), 2.09 (d, J = 9.3 Hz, 1H), 1.80 (td, J = 7.9, 4.5 Hz, 2H), 1.44 (p, J = 12.6, 11.2 Hz, 
1H). 13C NMR (101 MHz, CDCl3) δ 162.1, 145.7, 136.0, 134.8, 128.5, 127.6, 127.1, 126.1, 124.5, 
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120.7, 66.3, 55.1, 54.2, 40.9, 30.8, 24.6, 17.4. HRMS (ESI): Calculated for C21H21N3O (M++H): 
332.117574; Found: 332.17543. 

 

(5S,13aR)-7-methyl-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97e´, (13 mg, 13%) as a yellow waxy solid. 1H NMR (400 MHz, 
Chloroform-d) δ 8.08 (dd, J = 8.1, 1.5 Hz, 1H), 7.52 – 7.43 (m, 3H), 7.40 – 7.22 (m, 4H), 4.70 (dd, 
J = 13.2, 3.4 Hz, 1H), 4.48 (s, 1H), 3.57 (dd, J = 13.1, 11.0 Hz, 1H), 3.02 (td, J = 8.6, 2.5 Hz, 1H), 
2.80 – 2.62 (m, 1H), 2.27 (s, 3H), 2.22 – 2.13 (m, 2H), 2.00 – 1.72 (m, 3H). 13C NMR (101 MHz, 
CDCl3) δ 162.7, 152.6, 145.9, 140.7, 135.8, 134.4, 129.2, 127.9, 127.6, 125.9, 124.0, 119.7, 72.12, 
58.9, 53.7, 48.3, 28.7, 21.6, 16.8. HRMS (ESI): Calculated for C21H21N3O (M++H): 332.117574; 
Found: 332.17550. 

 

 

 

 

 

 

(5R,13aR)-9-fluoro-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97f, obtained using 2-azido-5-fluorobenzoic acid and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G. Purified by normal phase 
chromatography (0-10% EtOAc:Hex) to yield quinazolinone 97f, (50 mg, 48%) as an orange waxy 
solid. 1H NMR (400 MHz, Chloroform-d) δ 7.93 (dd, J = 8.5, 3.0 Hz, 1H), 7.72 (dd, J = 9.0, 4.9 
Hz, 1H), 7.48 (td, J = 8.6, 3.0 Hz, 1H), 7.43 (dt, J = 8.3, 1.2 Hz, 2H), 7.37 – 7.28 (m, 3H), 5.13 (s, 
1H), 4.40 (dd, J = 14.0, 3.4 Hz, 1H), 3.82 – 3.62 (m, 1H), 3.38 (dd, J = 14.0, 5.3 Hz, 1H), 3.12 
(ddd, J = 9.1, 5.7, 4.1 Hz, 1H), 2.73 (q, J = 8.4 Hz, 1H), 2.18 – 1.96 (m, 1H), 1.84 – 1.69 (m, 2H), 
1.49 – 1.36 (m, 1H). 19F NMR (376 MHz, CDCl3) δ -112.89. 13C NMR (101 MHz, CDCl3) δ 162.0, 
161.2, 161.1, 159.5, 154.3, 154.3, 143.7, 143.7, 137.1, 129.7, 129.7, 128.6, 127.8, 127.0, 123.0, 
122.8, 122.0, 121.9, 111.8, 111.5, 66.0, 54.5, 53.8, 41.4, 30.7, 24.4. HRMS (ESI): Calculated for 
C20H18FN3O (M++H): 336.15067; Found: 336.15045. 

 

(5S,13aR)-9-fluoro-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97f´, (15 mg, 14%) as a yellow waxy solid. 1H NMR (400 MHz, 
Chloroform-d) δ 7.87 (dd, J = 8.5, 3.0 Hz, 1H), 7.44 – 7.28 (m, 7H), 4.69 (dd, J = 13.2, 3.4 Hz, 
1H), 4.43 (s, 1H), 3.59 (dd, J = 13.2, 11.0 Hz, 1H), 2.90 (ddd, J = 9.9, 7.9, 2.7 Hz, 1H), 2.81 – 
2.59 (m, 1H), 2.18 (q, J = 9.3, 8.9 Hz, 2H), 2.02 – 1.68 (m, 3H). 19F NMR (376 MHz, CDCl3) δ -
113.44. 13C NMR (101 MHz, CDCl3) δ 161.9, 161.7, 161.6, 159.4, 153.5, 153.5, 144.1, 140.6, 
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129.8, 129.8, 129.2, 128.3, 127.8, 122.8, 122.5, 121.0, 121.0, 111.1, 110.9, 72.3, 58.7, 53.6, 48.7, 
28.7, 21.5. HRMS (ESI): Calculated for C20H18FN3O (M++H): 336.15067; Found: 336.14997. 

 

 

 

 

 

(5R,13aR)-8-fluoro-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97g, obtained using 2-azido-4-fluorobenzoic acid and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G. Purified by normal phase 
chromatography (0-10% EtOAc:Hex) to yield quinazolinone 97g, (20 mg, 19%) as an orange waxy 
solid. 1H NMR (400 MHz, Chloroform-d) δ 8.31 (t, J = 7.5 Hz, 1H), 7.43 (d, J = 7.6 Hz, 2H), 7.37 
– 7.26 (m, 3H), 7.20 (t, J = 8.8 Hz, 1H), 5.13 (s, 1H), 4.40 (dd, J = 14.0, 3.2 Hz, 1H), 3.72 (q, J = 
6.7, 5.1 Hz, 1H), 3.36 (dd, J = 14.1, 5.2 Hz, 1H), 3.12 (dt, J = 9.0, 4.6 Hz, 1H), 2.74 (q, J = 8.3 
Hz, 1H), 2.15 – 1.99 (m, 2H), 1.80 (dq, J = 9.1, 4.7 Hz, 2H), 1.42 (p, J = 9.7 Hz, 1H). 19F NMR 
(376 MHz, CDCl3) δ -103.35. 13C NMR (101 MHz, CDCl3) δ 167.7, 165.2, 161.0, 156.4, 149.2, 
149.1, 136.9, 129.6, 129.5, 128.6, 127.8, 1270, 117.5, 117.5, 115.5, 115.3, 112.6, 112.4, 66.1, 60.4, 
54.5, 53.8, 41.2, 30.7, 24.3. HRMS (ESI): Calculated for C20H18FN3O (M++H): 336.15067; Found: 
336.15018. 

 

(5S,13aR)-8-fluoro-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97g´, (7 mg, 7%) as a yellow waxy solid. 1H NMR (400 MHz, 
Chloroform-d) δ 8.25 (t, J = 7.6 Hz, 1H), 7.36 (dt, J = 24.3, 8.2 Hz, 5H), 7.15 – 6.93 (m, 2H), 4.69 
(dd, J = 13.2, 3.3 Hz, 1H), 4.44 (s, 1H), 3.58 (t, J = 12.5 Hz, 1H), 2.91 (t, J = 8.7 Hz, 1H), 2.72 (tt, 
J = 10.6, 5.4 Hz, 1H), 2.18 (q, J = 10.3, 9.0 Hz, 2H), 1.95 – 1.61 (m, 3H). 19F NMR (376 MHz, 
CDCl3) δ -104.08. 13C NMR (101 MHz, CDCl3) δ 167.58, 165.05, 161.60, 155.56, 149.58, 149.45, 
140.45, 129.20, 129.13, 129.02, 128.30, 127.88, 116.64, 116.62, 115.40, 115.17, 112.55, 112.34, 
77.35, 77.03, 76.71, 72.31, 58.64, 53.62, 48.53, 28.69, 21.56. HRMS (ESI): Calculated for 
C20H18FN3O (M++H): 336.15067; Found: 336.15030. 
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(5R,13aR)-9-iodo-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97h, obtained using 2-azido-5-iodoobenzoic acid and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G. Purified by normal phase 
chromatography (0-15% EtOAc:Hex) to yield quinazolinone 97h, (56 mg, 41%) as a pale yellow 
foam. 1H NMR (400 MHz, Chloroform-d) δ 8.64 (d, J = 2.1 Hz, 1H), 8.02 (dd, J = 8.6, 2.1 Hz, 
1H), 7.45 (d, J = 8.6 Hz, 1H), 7.42 (dt, J = 8.1, 1.3 Hz, 2H), 7.37 – 7.32 (m, 2H), 7.32 – 7.28 (m, 
1H), 5.12 (s, 1H), 4.39 (dd, J = 14.0, 3.4 Hz, 1H), 3.71 (td, J = 6.4, 5.8, 2.8 Hz, 1H), 3.36 (dd, J = 
14.0, 5.3 Hz, 1H), 3.11 (dt, J = 9.1, 4.6 Hz, 1H), 2.72 (q, J = 8.3 Hz, 1H), 2.15 – 2.02 (m, 1H), 
1.80 (ddd, J = 9.3, 5.1, 2.7 Hz, 2H), 1.40 (dq, J = 12.6, 9.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) 
δ 160.4, 155.8, 146.3, 143.1, 137.0, 135.7, 129.2, 128.6, 127.8, 127.0, 122.4, 90.9, 66.2, 54.5, 53.8, 
41.5, 30.7, 24.4.  HRMS (ESI): Calculated for C20H18IN3O (M++H): 444.05674; Found: 
444.05555. 

 

(5S,13aR)-9-fluoro-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97h´, (19 mg, 14%) as a yellow foam. 1H NMR (400 MHz, Chloroform-
d) δ 8.58 (d, J = 2.0 Hz, 1H), 7.86 (dd, J = 8.6, 2.1 Hz, 1H), 7.41 – 7.36 (m, 3H), 7.35 – 7.31 (m, 
2H), 7.17 (d, J = 8.6 Hz, 1H), 4.68 (dd, J = 13.2, 3.4 Hz, 1H), 4.41 (s, 1H), 3.58 (dd, J = 13.2, 10.9 
Hz, 1H), 2.90 (ddd, J = 9.3, 7.8, 2.8 Hz, 1H), 2.71 (ddt, J = 16.0, 6.7, 3.4 Hz, 1H), 2.28 – 2.11 (m, 
2H), 1.94 – 1.68 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 160.9, 154.9, 146.7, 142.7, 140.4, 135.2, 
129.3, 129.2, 128.3, 127.9, 121.6, 90.6, 72.4, 58.6, 53.6, 48.7, 28.7, 21.6.HRMS (ESI): Calculated 
for C20H18IN3O (M++H): 444.05674; Found: 444.05575. 

 

(5S,13aS)-9-iodo-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one ent-97h, obtained using 2-azido-5-iodoobenzoic acid and tert-Butyl 
(S)-(pyrrolidin-2-ylmethyl)carbamate following General Procedure G. Purified by normal phase 
chromatography (0-15% EtOAc:Hex) to yield quinazolinone ent-97h, (81 mg, 59%) as a pale 
yellow foam. 

 

(5R,13aS)-9-fluoro-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one ent-97h´, (22 mg, 16%) as a yellow foam. 
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(5R,15aR)-5-phenyl-2,3,15,15a-tetrahydro-1H-benzo[g]pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-13(5H)-one 97i, obtained using 3-azido-2-naphthanoic acid and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G. Purified by normal phase 
chromatography (0-15% EtOAc:Hex) to yield quinazolinone 97i, (52 mg, 46%) as a light orange 
solid. 1H NMR (400 MHz, Chloroform-d) δ 8.92 (s, 1H), 8.23 (s, 1H), 8.07 (dd, J = 8.4, 1.2 Hz, 
1H), 8.00 – 7.94 (m, 1H), 7.61 (ddd, J = 8.3, 6.7, 1.3 Hz, 1H), 7.57 – 7.48 (m, 3H), 7.39 – 7.32 
(m, 2H), 7.30 (d, J = 7.1 Hz, 1H), 5.16 (s, 1H), 4.49 (dd, J = 14.0, 3.0 Hz, 1H), 3.77 (q, J = 8.4 
Hz, 1H), 3.35 (dd, J = 13.9, 5.3 Hz, 1H), 3.18 (q, J = 7.5, 5.9 Hz, 1H), 2.79 (td, J = 8.9, 7.1 Hz, 
1H), 1.82 (qd, J = 9.6, 8.3, 5.4 Hz, 2H), 1.48 (dt, J = 12.1, 9.2 Hz, 1H). 13C NMR (101 MHz, 
CDCl3) δ 162.3, 154.0, 142.4, 136.7, 131.5, 129.3, 128.6, 128.4, 128.4, 128.0, 127.7, 126.9, 126.3, 
125.0, 119.8, 8, 66.3, 54.8, 54.0, 40.9, 30.8, 24.6.  HRMS (ESI): Calculated for C24H21N3O 
(M++H): 368.17574; Found: 368.17533. 

 

(5S,15aR)-5-phenyl-2,3,15,15a-tetrahydro-1H-benzo[g]pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-13(5H)-one 97i´, (8 mg, 7%) as an amber waxy solid. 1H NMR (400 MHz, 
Chloroform-d) δ 8.87 (s, 1H), 8.01 (d, J = 8.2 Hz, 1H), 7.94 (s, 1H), 7.84 (d, J = 8.3 Hz, 1H), 7.55 
– 7.43 (m, 5H), 7.40 – 7.30 (m, 3H), 4.75 (dd, J = 12.9, 3.4 Hz, 1H), 4.48 (s, 1H), 3.62 (dd, J = 
12.9, 11.0 Hz, 1H), 3.01 – 2.84 (m, 1H), 2.75 (q, J = 10.6 Hz, 1H), 2.30 – 2.12 (m, 2H), 1.95 – 
1.70 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 162.92, 153.14, 142.64, 140.91, 136.62, 131.43, 
129.30, 129.28, 128.28, 128.15, 127.86, 127.75, 125.98, 124.98, 119.10, 77.34, 77.02, 76.70, 
72.57, 58.85, 53.78, 48.50, 28.75, 21.57. HRMS (ESI): Calculated for C24H21N3O (M++H): 
368.17574; Found: 368.17518.  

 

 

 

 

 

 

(5R,13aR)-9-methoxy-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97j, obtained using 2-azido-5-methoxybenzoic acid and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G and microwaved for 1 h at 120 
°C. Purified by normal phase (0-60% (15% EtOAc:DCM):Hex) to yield quinazolinone 97j, (72 
mg, 68%) as pale yellow waxy solid. 1H NMR (400 MHz, Chloroform-d) δ 7.70 – 7.61 (m, 2H), 
7.44 (d, J = 7.5 Hz, 2H), 7.42 – 7.27 (m, 4H), 5.12 (s, 1H), 4.45 (dd, J = 14.0, 3.2 Hz, 1H), 3.93 
(s, 3H), 3.73 (d, J = 8.4 Hz, 1H), 3.39 – 3.25 (m, 1H), 3.18 – 3.07 (m, 1H), 2.73 (q, J = 8.4 Hz, 
1H), 2.13 – 2.02 (m, 1H), 1.79 (dq, J = 8.4, 4.4 Hz, 2H), 1.41 (ddd, J = 14.0, 7.9, 4.8 Hz, 1H). 13C 
NMR (101 MHz, CDCl3) δ 161.7, 158.3, 141.7 128.9, 128.6, 127.7, 127.0, 124.7, 121.5, 106.1, 
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66.0, 55.9, 54.7, 53.9, 41.3, 30.7, 29.7, 24.4. HRMS (ESI): Calculated for C21H21N3O2 (M++H): 
348.17065; Found: 348.17019.  

 

(5S,13aR)-9-methoxy-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97j´, (14 mg, 13%) as pale yellow waxy solid. 1H NMR (400 MHz, 
Chloroform-d) δ 7.61 (d, J = 2.6 Hz, 1H), 7.44 – 7.29 (m, 6H), 7.22 (dd, J = 9.1, 2.8 Hz, 1H), 4.71 
(dd, J = 13.2, 3.3 Hz, 1H), 4.44 (s, 1H), 3.89 (d, J = 1.9 Hz, 3H), 3.60 (t, J = 12.0 Hz, 1H), 2.90 (t, 
J = 8.4 Hz, 1H), 2.72 (d, J = 9.2 Hz, 1H), 2.19 (q, J = 9.0 Hz, 2H), 1.99 – 1.66 (m, 3H). 13C NMR 
(101 MHz, CDCl3) δ 162.2, 158.1, 151.9, 142.2, 140.9, 129.2, 129.0, 128.2, 127.7, 124.5, 120.6, 
105.4, 72.3, 58.8, 55.8, 53.7, 48.6, 29.7, 28.7, 22.7, 21.6, 14.1. HRMS (ESI): Calculated for 
C21H21N3O2 (M++H): 348.17065; Found: 348.17024.  

 

 

 

 

 

(5R,13aR)-8,9-dimethoxy-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino 
[2,1-b]quinazolin-11(5H)-one 97k, obtained using 2-azido-4,5-dimethoxybenzoic acid and tert-
Butyl (R)-(pyrrolidin-2-ylmethyl)carbamate following General Procedure G and microwaved for 
1 h at 120 °C. Purified by normal phase (0-60% (15% EtOAc:DCM):Hex) to yield quinazolinone 
97k, (76 mg, 66%) as orange waxy solid. 1H NMR (400 MHz, Chloroform-d) δ 7.62 (s, 1H), 7.43 
(dt, J = 8.0, 1.2 Hz, 2H), 7.37 – 7.32 (m, 2H), 7.32 – 7.28 (m, 1H), 7.14 (s, 1H), 5.11 (s, 1H), 4.41 
(dd, J = 14.0, 3.5 Hz, 1H), 4.01 (d, J = 1.6 Hz, 6H), 3.77 – 3.60 (m, 1H), 3.39 (dd, J = 14.0, 5.3 
Hz, 1H), 3.09 (dt, J = 9.2, 4.6 Hz, 1H), 2.73 (q, J = 8.2 Hz, 1H), 2.12 – 1.99 (m, 1H), 1.80 (dp, J 
= 7.5, 5.1, 4.3 Hz, 2H), 1.43 (dq, J = 12.6, 9.3 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 161.2, 
155.0, 153.8, 149.0, 143.3, 137.4, 128.6, 127.7, 127.1, 114.0, 107.7, 105.8, 66.1, 56.4, 56.3, 54.6, 
53.8, 41.4, 30.7, 24.4. HRMS (ESI): Calculated for C22H23N3O3 (M++H): 378.18122; Found: 
378.18063.  

 

(5S,13aR)-8,9-dimethoxy-5-phenyl-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino 
[2,1-b]quinazolin-11(5H)-one 97k´, (15mg, 12%) as an orange waxy solid. 1H NMR (400 MHz, 
Chloroform-d) δ 7.56 (s, 1H), 7.50 – 7.30 (m, 5H), 6.83 (s, 1H), 4.71 (dd, J = 13.2, 3.4 Hz, 1H), 
4.42 (s, 1H), 3.96 (s, 3H), 3.88 (s, 3H), 3.67 – 3.55 (m, 1H), 3.03 – 2.80 (m, 1H), 2.70 (dd, J = 
13.4, 6.1 Hz, 1H), 2.18 (dq, J = 16.7, 6.4, 4.8 Hz, 2H), 2.01 – 1.70 (m, 3H).  13C NMR (101 MHz, 
CDCl3) δ 161.6, 154.8, 152.9, 148.9, 143.8, 141.0, 131.7, 129.3, 128.7, 128.3, 127.7, 113.2, 107.7, 
105.1, 58.8, 56.3, 56.2, 53.7, 48.5, 28.7, 21.5. HRMS (ESI): Calculated for C22H23N3O3 (M++H): 
378.18122; Found: 378.18093.  
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(5R,13aR)-5-(thiophen-3-yl)-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one  97l, obtained using 3-thiophenecarboxaldehyde and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G.  Purified by normal phase 
chromatography (0-15% EtOAc:Hex) to yield quinazolinone 97l, (36 mg, 36%) as amber gum. 1H 
NMR (400 MHz, Chloroform-d) δ 8.30 (dd, J = 8.0, 1.5 Hz, 1H), 7.77 (ddd, J = 8.4, 7.0, 1.5 Hz, 
1H), 7.71 (dd, J = 8.3, 1.3 Hz, 1H), 7.49 (ddd, J = 8.2, 7.0, 1.4 Hz, 1H), 7.29 (dd, J = 5.0, 3.0 Hz, 
1H), 7.23 (dd, J = 2.9, 1.5 Hz, 1H), 7.05 (dd, J = 5.0, 1.3 Hz, 1H), 5.13 (d, J = 1.2 Hz, 1H), 4.39 
(dd, J = 13.9, 3.7 Hz, 1H), 3.77 – 3.60 (m, 1H), 3.50 (dd, J = 13.9, 5.3 Hz, 1H), 3.10 (dt, J = 9.4, 
4.8 Hz, 1H), 2.73 (q, J = 8.2 Hz, 1H), 2.17 – 2.04 (m, 1H), 1.80 (pd, J = 6.1, 2.2 Hz, 2H), 1.46 (dt, 
J = 12.3, 9.1 Hz, 1H).  13C NMR (101 MHz, CDCl3) δ 161.8, 154.7, 147.1, 134.4, 127.2, 126.9, 
126.9, 126. 7, 126.1, 122.4, 122.4, 120.8, 63.1, 54.5, 53.6, 41.5, 30.7, 29.7, 24.2. HRMS (ESI): 
Calculated for C18H17N3OS (M++H): 324.11165; Found: 324.11497. 

 

(5S,13aR)-5-(thiophen-3-yl)-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one  97l´, (21 mg, 21%) as amber gum. 1H NMR (400 MHz, Chloroform-
d) δ 8.26 (dd, J = 8.0, 1.5 Hz, 1H), 7.65 (ddd, J = 8.5, 7.1, 1.6 Hz, 1H), 7.50 (d, J = 8.3 Hz, 1H), 
7.43 – 7.36 (m, 2H), 7.29 – 7.26 (m, 1H), 7.09 (dd, J = 5.0, 1.2 Hz, 1H), 4.67 (dd, J = 13.2, 3.4 
Hz, 1H), 4.61 (s, 1H), 3.56 (dd, J = 13.2, 10.9 Hz, 1H), 3.02 (ddd, J = 9.6, 8.2, 2.7 Hz, 1H), 2.78 
– 2.61 (m, 1H), 2.25 – 2.12 (m, 2H), 1.99 – 1.69 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 162.3, 
153.4, 147.4, 140.9, 134.0, 127.7, 127.3, 126.5, 126.4, 125.4, 124.0, 120.0, 67.3, 58.8, 53.9, 48.4, 
28.8, 21.5. HRMS (ESI): Calculated for C18H17N3OS (M++H): 324.11165; Found: 324.11511. 
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(5R,13aR)-5-(tert-butyl)-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97m, obtained using pivaldehyde and tert-Butyl (R)-(pyrrolidin-2-
ylmethyl)carbamate following General Procedure G and microwaved for 2 h at 150 °C.  Purified 
by normal phase chromatography (0-30% EtOAc:Hex) to yield quinazolinone 97m, (22 mg, 24%) 
as amber gum. 1H NMR (400 MHz, Chloroform-d) δ 8.28 (dd, J = 7.9, 1.5 Hz, 1H), 7.74 (ddd, J 
= 8.5, 7.0, 1.6 Hz, 1H), 7.65 (d, J = 8.1 Hz, 1H), 7.45 (t, J = 7.8 Hz, 1H), 4.52 (dd, J = 14.6, 3.5 
Hz, 1H), 3.86 (dd, J = 14.6, 5.2 Hz, 1H), 3.74 (q, J = 6.3, 5.7 Hz, 1H), 3.48 (s, 1H), 3.22 – 3.09 
(m, 1H), 2.78 (dt, J = 10.3, 7.1 Hz, 1H), 1.90 (dt, J = 12.9, 6.5 Hz, 1H), 1.75 (ddt, J = 13.5, 9.4, 
6.1 Hz, 2H), 1.32 (dq, J = 12.4, 8.2 Hz, 1H), 1.08 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 162.1, 
154.6, 146.9, 134.2, 127.1, 126.7, 126.4, 120.3, 72.83, 57.8, 55.2, 41.1, 38.7, 30.0, 28.4, 23.6. 
HRMS (ESI): Calculated for C18H23N3O (M++H): 298.19139; Found: 298.19127. 

 

 

 

 

 

(5R,13aR)-5-(2,6-dimethylphenyl)-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97n, obtained using 2,6-dimethylbenzaldehyde and tert-Butyl (R)-
(pyrrolidin-2-ylmethyl)carbamate following General Procedure G. Purified by normal phase 
chromatography (0-15% EtOAc:Hex) to yield quinazolinone 97n, (49 mg, 46%)  as pale white 
solid. 1H NMR (400 MHz, Chloroform-d) δ 8.26 (dd, J = 8.0, 1.5 Hz, 1H), 7.60 (ddd, J = 8.5, 7.1, 
1.6 Hz, 1H), 7.43 (dd, J = 8.3, 1.1 Hz, 1H), 7.38 (ddd, J = 8.1, 7.1, 1.2 Hz, 1H), 7.13 – 7.04 (m, 
2H), 6.98 – 6.92 (m, 1H), 4.99 (s, 1H), 4.75 (dd, J = 13.2, 3.4 Hz, 1H), 3.58 (dd, J = 13.2, 10.9 Hz, 
1H), 2.79 (ddd, J = 9.6, 7.1, 2.9 Hz, 1H), 2.71 – 2.60 (m, 1H), 2.55 (s, 3H), 2.23 – 2.13 (m, 2H), 
2.10 (s, 3H), 1.88 – 1.67 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 162.3, 154.3, 147.8, 137.5, 137.4, 
137.1, 133.9, 129.6, 127.9, 127.5, 127.3, 126.3, 126.2, 119.9, 66.3, 59.2, 52.8, 48.1, 28.6, 21.6, 
21.6, 20.6. HRMS (ESI): Calculated for C18H17N3OS (M++H): 346.19139; Found: 346.19012. 

 

(5S,13aR)-5-(2,6-dimethylphenyl)-2,3,13,13a-tetrahydro-1H-pyrrolo[1',2':4,5]pyrazino[2,1-
b]quinazolin-11(5H)-one 97n´, (39 mg, 37%) as pale yellow waxy solid. 1H NMR (400 MHz, 
Chloroform-d) δ 8.28 (dd, J = 8.0, 1.5 Hz, 1H), 7.63 (ddd, J = 8.4, 7.2, 1.5 Hz, 1H), 7.48 (d, J = 
8.2 Hz, 1H), 7.47 – 7.38 (m, 1H), 7.16 (dd, J = 8.1, 6.8 Hz, 1H), 7.06 (d, J = 7.5 Hz, 2H), 5.22 (s, 
1H), 5.13 (dd, J = 13.4, 3.2 Hz, 1H), 3.64 – 3.49 (m, 1H), 3.46 – 3.34 (m, 1H), 2.92 (s, 1H), 2.61 
(q, J = 8.6 Hz, 1H), 2.30 (s, 6H), 1.94 – 1.47 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 161.4, 147.6, 
133.9, 128.7, 128.0, 127.1, 126.5, 126.4, 120.1, 62.3, 56.4, 53.6, 43.3, 29.5, 24.7, 21.1, 14.1. 
HRMS (ESI): Calculated for C18H17N3OS (M++H): 346.19139; Found: 346.18999. 
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1.12 Procedure for the Synthesis of 2-(2-chloro-2,2-difluoroacetamido)-5-nitrobenzoic 
acid 

 
To an oven dried 100 mL round bottom flask under nitrogen was added 2-amino-5-nitrobenzoic 
acid (910 mg, 5.0 mmol, 1.0 equiv.) and CH2Cl2 (14 mL, 0.4 M).  The suspension stirred at rt and 
trimethylamine (0.8 mL, 5.8 mmol, 1.2 equiv.) was added dropwise to the reaction vessel. The 
suspension dissolved into a clear yellow solution.  The reaction mixture was cooled to 0 °C in an 
ice bath while stirring inder nitrogen for 25 min. Next, chlorodifluoroacetyl chloride was added 
dropwise to the reaction mixture (0.7 mL, 7.5 mmol, 1.5 equiv.) as a solution in CH2Cl2 (4 mL, 
1.9 M).  The reaction mixture ice bath was remocved and the reaction mixture was allowed to 
warm to rt.  After 18 hours, the reaction mixture was concentrated in vacuo and the crude material 
was purified by normal phase chromatography (0-20% MeOH: CH2Cl2) to yield 106, (823 mg, 
56%), as a yellow solid. 1H NMR (400 MHz, Chloroform-d) δ 12.26 (s, 1H), 9.08 (d, J = 2.7 Hz, 
1H), 8.92 (d, J = 9.3 Hz, 1H), 8.54 (dd, J = 9.3, 2.7 Hz, 1H). 19F NMR (376 MHz, CDCl3) δ -
64.74. 

 

 

1.13 Procedure for the Synthesis of 2-(chlorodifluoromethyl)-3-(4-methoxyphenyl)-6-   

     nitroquinazolin-4(3H)-one 

 

 

 

To a 30 mL microwave vial was added 106, (823 mg, 2.8 mmol, 1.0 equiv.) and CH3CN (7.0 mL, 
0.4 M). The solid was sonicated into solution.  Then POCl3 (0.6 mL, 6.0 mmol, 2.1 equiv.) was 
added dropwise. Next, 4-methoxyaniline (464 mg, 3.8 mmol, 1.4 equiv.)  was added as a solution 
in CH3CN (2.3 mL, 1.7 M).  A solid immediately precipitated out.  Reaction mixture was heated 
in microwave at 150 °C for 1 h. Crude mixture was concentrated in vacuo and purified by regular 
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phase chromatography (0-15%, EtOAc:Hex) to yield quinazolinone 107, (530 mg, 50%), as 
yellow solid. 1H NMR (400 MHz, Chloroform-d) δ 9.14 (d, J = 2.6 Hz, 1H), 8.65 (dd, J = 8.9, 
2.7 Hz, 1H), 8.03 (d, J = 9.0 Hz, 1H), 7.40 – 7.16 (m, 3H), 7.05 (d, J = 9.0 Hz, 2H), 3.89 (s, 3H). 
19F NMR (376 MHz, CDCl3) δ -52.72. 

 

1.14 Procedure for the Synthesis of 2-((1,3-dimethylimidazolidin-2-ylidene)amino)-N-(4-   

     methoxyphenyl)-5-nitrobenzamide 

 

 

 

To a 10 mL round bottom under nitrogen was added 107 (200 mg, 0.5 mmol, 1.0 equiv.), potassium 
carbonate (145 mg, 1.0 mmol, 2.0 equiv.), potassium iodide (9.0 mg, 0.05 mmol, 0.1 equiv.),  then 
dry DMF (5.0 mL, 1.0 M). The reaction stirred at rt and N,N´-dimethyl-1,2-ethanediamine was 
added dropwise.  Reaction mixture stirred for 6 h and little conversion observed by TLC. Reaction 
vessel heated to 50 °C and stirred for 18 h under nitrogen. Reaction still appeared incomplete by 
TLC.  Reaction mixture cooled to rt and concentrated in vacuo. Crude mixture was diluted in 
EtOAc (10 ml) and washed with water (5 X 10 mL). Organic layer ried over MgSO4, filtered and 
concentrated in vacuo. Purified by normal phase chromatography (50-100%, EtOAc:Hex) to yield 
guanidine 108, (61 mg, 30%) as a yellow solid. 1H NMR (400 MHz, Chloroform-d) δ 12.11 (s, 
1H), 9.20 (d, J = 2.8 Hz, 1H), 8.09 (ddd, J = 8.9, 3.0, 1.1 Hz, 1H), 7.62 (d, J = 8.6 Hz, 2H), 7.06 – 
6.83 (m, 2H), 6.74 (d, J = 8.9 Hz, 1H), 3.81 (d, J = 1.1 Hz, 3H), 3.59 (s, 5H), 2.84 (d, J = 1.1 Hz, 
6H). 13C NMR (101 MHz, CDCl3) δ 162.9, 159.1, 156.0, 154.3, 140.0, 132.2, 128.1, 126.1, 121.4, 
121.4, 114.2, 55.5, 48.2, 34.9. HRMS (ESI): Calculated for C19H21N5O4: (M++H): 384.16663, 
Found: 384.16731. 
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Appendix B: Crystallographic Structural Report for Selected Compounds 
 
1. Crystallographic Structural Report for 66s 

1.1  Data Collection 

A colorless crystal with approximate dimensions 0.14 x 0.10 x 0.06 mm3 was selected 
under oil under ambient conditions and attached to the tip of a MiTeGen MicroMount©. The 
crystal was mounted in a stream of cold nitrogen at 100(1) K and centered in the X-ray beam by 
using a video camera.   
The crystal evaluation and data collection were performed on a Bruker Quazar SMART APEXII 
diffractometer with Mo Kα  (λ = 0.71073 Å) radiation and the diffractometer to crystal distance 
of 4.96 cm 9.  
The initial cell constants were obtained from three series of ω scans at different starting angles. 
Each series consisted of 12 frames collected at intervals of 0.5º in a 6º range about ω with the 
exposure time of 10 seconds per frame. The reflections were successfully indexed by an 
automated indexing routine built in the APEX3 program suite. The final cell constants were 
calculated from a set of 9800 strong reflections from the actual data collection.  
 The data were collected by using the full sphere data collection routine to survey the 
reciprocal space to the extent of a full sphere to a resolution of 0.65 Å. A total of 33980 data 
were harvested by collecting 3 sets of frames with 0.5º scans in ω and φ with exposure times of 
40 sec per frame. These highly redundant datasets were corrected for Lorentz and polarization 
effects. The absorption correction was based on fitting a function to the empirical transmission 
surface as sampled by multiple equivalent measurements.10   
  

1.2  Structure Solution and Refinement 

The systematic absences in the diffraction data were uniquely consistent for the space group 
P21/c that yielded chemically reasonable and computationally stable results of refinement11-16.  
A successful solution by the direct methods provided most non-hydrogen atoms from the E-map. 
The remaining non-hydrogen atoms were located in an alternating series of least-squares cycles 
and difference Fourier maps. All non-hydrogen atoms were refined with anisotropic 
displacement coefficients. All hydrogen atoms except H4 (bound to N4) were included in the 
structure factor calculation at idealized positions and were allowed to ride on the neighboring 
atoms with relative isotropic displacement coefficients.  
The crystal structure is that of a racemate. The shown enantiomer (S) was chosen arbitrarily.  
The final least-squares refinement of 286 parameters against 8585 data resulted in residuals R 
(based on F2 for I≥2σ) and wR (based on F2 for all data) of 0.0191 and 0.0506, respectively. The 
final difference Fourier map was featureless.  
 

1.3  Summary 

Crystal Data for C25H31IN4O (M =530.44 g/mol): monoclinic, space group P21/c (no. 14), a = 
11.677(4) Å, b = 12.610(4) Å, c = 16.020(5) Å, β = 99.578(13)°, V = 2325.9(13) Å3, Z = 4, T = 
99.99 K, μ(MoKα) = 1.401 mm-1, Dcalc = 1.515 g/cm3, 33980 reflections measured (3.538° ≤ 
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2Θ ≤ 66.282°), 8585 unique (Rint = 0.0177, Rsigma = 0.0156) which were used in all calculations. 
The final R1 was 0.0191 (I > 2σ(I)) and wR2 was 0.0506 (all data). 
 

 
Figure 1. A molecular drawing of Golden01 shown with 50% probability ellipsoids. All H atoms are omitted, 

except for the amine atom H4 connected to atom N4 (the dotted line represents a hydrogen bonding interaction), and 

atom H7 attached to the chiral atom C7.  
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Table 1 Crystal data and structure refinement for golden01. 
Identification code golden01 
Empirical formula C25H31IN4O 
Formula weight 530.44 
Temperature/K 99.99 
Crystal system monoclinic 
Space group P21/c 
a/Å 11.677(4) 
b/Å 12.610(4) 
c/Å 16.020(5) 
α/° 90 
β/° 99.578(13) 
γ/° 90 
Volume/Å3 2325.9(13) 
Z 4 
ρcalcg/cm3 1.515 
μ/mm-1 1.401 
F(000) 1080.0 
Crystal size/mm3 0.138 × 0.102 × 0.06 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 3.538 to 66.282 
Index ranges -17 ≤ h ≤ 17, -19 ≤ k ≤ 19, -24 ≤ l ≤ 23 
Reflections collected 33980 
Independent reflections 8585 [Rint = 0.0177, Rsigma = 0.0156] 
Data/restraints/parameters 8585/0/286 
Goodness-of-fit on F2 1.031 
Final R indexes [I>=2σ (I)] R1 = 0.0191, wR2 = 0.0494 
Final R indexes [all data] R1 = 0.0219, wR2 = 0.0506 
Largest diff. peak/hole / e Å-3 0.56/-0.44 
 
 
  
Table 2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters (Å2×103) 
for golden01. Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor. 
Atom x y z U(eq) 
I1 8640.3(2) -1143.1(2) 3078.8(2) 20.02(2) 
O1 8471.8(7) 2478.3(6) 1209.8(4) 16.19(13) 
N1 6476.5(8) 4411.5(7) 4874.0(5) 14.73(14) 
N2 8371.9(8) 5303.5(6) 4296.4(5) 14.62(14) 
N3 8895.1(7) 3789.5(6) 3691.6(5) 11.97(14) 
N4 8163.7(8) 3938.6(6) 1968.0(5) 13.45(14) 
C1 6178.8(9) 2201.2(8) 3496.6(7) 17.21(17) 
C2 5394.7(10) 1830.1(9) 2808.6(8) 24.5(2) 
C3 4751.8(10) 2537.2(10) 2257.4(7) 24.9(2) 
C4 4897.9(10) 3621.0(9) 2392.0(7) 22.6(2) 
C5 5687.2(9) 3993.2(8) 3073.2(6) 17.51(18) 
C6 6335.2(8) 3284.3(7) 3634.6(6) 12.20(15) 
C7 7148.6(8) 3710.1(7) 4403.6(6) 11.35(15) 
C8 5750.0(11) 3775.0(9) 5345.1(7) 21.4(2) 
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C9 7235.2(10) 5113.0(8) 5434.7(6) 19.39(19) 
C10 7802.2(10) 5873.8(8) 4905.4(7) 19.77(19) 
C11 9331.1(10) 5854.7(8) 4007.5(7) 18.58(18) 
C12 8194.4(8) 4260.6(7) 4124.9(5) 10.82(14) 
C13 8854.9(8) 2698.7(7) 3537.5(5) 10.76(14) 
C14 9104.7(8) 1986.0(7) 4221.0(6) 12.93(15) 
C15 9074.8(8) 898.5(8) 4098.7(6) 13.88(16) 
C16 8816.0(8) 496.9(7) 3280.3(6) 13.30(15) 
C17 8647.9(9) 1179.7(7) 2594.4(6) 12.82(15) 
C18 8672.5(8) 2279.6(7) 2706.9(5) 10.70(14) 
C19 8434.5(8) 2910.2(7) 1897.3(6) 11.96(15) 
C20 7933.6(8) 4662.0(7) 1249.4(6) 13.15(15) 
C21 6792.1(9) 4398.3(8) 672.2(6) 15.44(17) 
C22 6530.4(9) 5200.5(8) -51.1(6) 15.99(17) 
C23 6487.0(10) 6328.0(8) 289.6(7) 18.94(18) 
C24 7619.0(10) 6602.4(8) 871.6(7) 20.87(19) 
C25 7911.9(10) 5793.5(8) 1587.2(6) 17.70(18) 
  
Table 3 Anisotropic Displacement Parameters (Å2×103) for golden01. The Anisotropic displacement factor 
exponent takes the form: -2π2[h2a*2U11+2hka*b*U 12+…]. 
Atom U11 U22 U33 U23 U13 U12 
I1 20.89(4) 10.47(3) 29.34(4) 0.14(2) 6.07(3) 1.91(2) 
O1 22.1(4) 16.5(3) 10.0(3) -1.2(2) 3.0(3) 1.4(3) 
N1 16.9(4) 14.3(3) 13.9(3) -0.5(3) 5.5(3) 4.2(3) 
N2 19.3(4) 10.1(3) 14.3(3) -2.1(3) 2.5(3) -1.1(3) 
N3 13.7(4) 11.7(3) 10.4(3) -0.8(2) 1.9(3) -0.4(2) 
N4 18.3(4) 13.0(3) 8.9(3) 1.4(2) 2.0(3) 3.5(3) 
C1 15.6(4) 14.4(4) 20.8(4) -0.8(3) 0.7(4) -0.3(3) 
C2 22.0(5) 20.5(5) 29.1(5) -6.6(4) -1.0(4) -4.8(4) 
C3 20.1(5) 32.2(6) 20.2(5) -3.8(4) -2.7(4) -6.1(4) 
C4 19.1(5) 28.3(5) 18.0(4) 4.0(4) -4.0(4) -1.7(4) 
C5 16.6(4) 18.0(4) 16.5(4) 3.9(3) -1.4(3) 0.2(3) 
C6 11.3(4) 13.6(4) 12.0(3) 0.2(3) 2.8(3) 0.6(3) 
C7 12.7(4) 11.0(3) 10.7(3) 0.5(3) 2.8(3) 2.3(3) 
C8 23.6(5) 21.7(5) 22.2(5) 2.9(4) 13.1(4) 5.4(4) 
C9 26.0(5) 18.8(4) 13.5(4) -4.4(3) 4.0(4) 3.8(4) 
C10 27.0(5) 12.4(4) 20.2(4) -4.9(3) 4.6(4) 2.4(4) 
C11 21.9(5) 14.2(4) 18.9(4) -0.1(3) 1.3(4) -5.5(3) 
C12 13.1(4) 10.2(3) 8.2(3) 0.3(3) -1.0(3) 0.9(3) 
C13 9.8(4) 12.4(3) 10.2(3) -0.7(3) 2.2(3) 0.3(3) 
C14 12.7(4) 15.7(4) 10.1(3) 0.8(3) 1.2(3) 2.4(3) 
C15 12.8(4) 15.2(4) 13.7(4) 3.5(3) 2.5(3) 3.5(3) 
C16 13.1(4) 10.8(3) 16.4(4) 1.2(3) 3.6(3) 2.5(3) 
C17 13.8(4) 12.2(4) 12.4(4) -1.4(3) 2.0(3) 1.6(3) 
C18 10.9(4) 12.2(3) 9.1(3) 0.3(3) 1.7(3) 1.4(3) 
C19 11.5(4) 13.2(4) 11.2(3) 0.9(3) 1.8(3) 0.8(3) 
C20 14.7(4) 13.6(4) 11.2(3) 3.0(3) 1.9(3) 1.8(3) 
C21 15.7(4) 15.1(4) 14.7(4) 3.8(3) 0.2(3) -0.2(3) 
C22 15.2(4) 18.3(4) 13.9(4) 4.9(3) 1.0(3) 2.1(3) 
C23 19.1(5) 16.9(4) 20.8(4) 7.1(3) 3.1(4) 4.4(3) 
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C24 25.3(5) 13.7(4) 22.7(5) 4.9(3) 1.1(4) -0.7(4) 
C25 22.9(5) 13.7(4) 15.5(4) 1.7(3) 0.4(4) 0.9(3) 
  
 
 
 
 
Table 4 Bond Lengths for golden01. 
Atom Atom Length/Å   Atom Atom Length/Å 
I1 C16 2.0979(11)   C5 C6 1.3979(14) 
O1 C19 1.2360(11)   C6 C7 1.5228(13) 
N1 C7 1.4707(12)   C7 C12 1.5343(14) 
N1 C8 1.4651(14)   C9 C10 1.5048(16) 
N1 C9 1.4524(14)   C13 C14 1.4090(13) 
N2 C10 1.4586(13)   C13 C18 1.4146(13) 
N2 C11 1.4575(14)   C14 C15 1.3848(14) 
N2 C12 1.3523(12)   C15 C16 1.3910(14) 
N3 C12 1.3012(12)   C16 C17 1.3839(13) 
N3 C13 1.3969(12)   C17 C18 1.3983(13) 
N4 C19 1.3440(12)   C18 C19 1.5071(13) 
N4 C20 1.4583(12)   C20 C21 1.5271(14) 
C1 C2 1.3914(15)   C20 C25 1.5277(14) 
C1 C6 1.3907(14)   C21 C22 1.5302(14) 
C2 C3 1.3849(18)   C22 C23 1.5268(15) 
C3 C4 1.3896(17)   C23 C24 1.5252(16) 
C4 C5 1.3876(15)   C24 C25 1.5300(14) 
  
Table 5 Bond Angles for golden01. 
Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 
C8 N1 C7 109.79(8)   N3 C13 C14 119.62(8) 
C9 N1 C7 111.13(8)   N3 C13 C18 121.97(8) 
C9 N1 C8 111.16(8)   C14 C13 C18 118.17(8) 
C11 N2 C10 115.93(8)   C15 C14 C13 121.64(9) 
C12 N2 C10 122.94(9)   C14 C15 C16 119.35(8) 
C12 N2 C11 119.94(8)   C15 C16 I1 120.28(7) 
C12 N3 C13 122.56(8)   C17 C16 I1 119.59(7) 
C19 N4 C20 123.51(8)   C17 C16 C15 120.11(9) 
C6 C1 C2 120.52(10)   C16 C17 C18 121.18(9) 
C3 C2 C1 120.26(11)   C13 C18 C19 126.14(8) 
C2 C3 C4 119.65(10)   C17 C18 C13 119.23(8) 
C5 C4 C3 120.19(10)   C17 C18 C19 114.56(8) 
C4 C5 C6 120.48(10)   O1 C19 N4 122.95(8) 
C1 C6 C5 118.88(9)   O1 C19 C18 120.37(8) 
C1 C6 C7 121.51(8)   N4 C19 C18 116.67(8) 
C5 C6 C7 119.54(8)   N4 C20 C21 111.68(8) 
N1 C7 C6 108.20(8)   N4 C20 C25 108.44(8) 
N1 C7 C12 113.30(8)   C21 C20 C25 110.71(8) 
C6 C7 C12 110.10(7)   C20 C21 C22 111.02(8) 
N1 C9 C10 108.67(8)   C23 C22 C21 111.05(8) 
N2 C10 C9 110.79(8)   C24 C23 C22 110.66(9) 
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N2 C12 C7 118.91(8)   C23 C24 C25 111.70(9) 
N3 C12 N2 117.62(9)   C20 C25 C24 111.84(9) 
N3 C12 C7 123.38(8)           
  
Table 6 Hydrogen Bonds for golden01. 
D H A d(D-H)/Å d(H-A)/Å d(D-A)/Å D-H-A/° 
N4 H4 N3 0.841(16) 2.067(16) 2.7576(14) 139.0(15) 
  
 
 
Table 7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement Parameters (Å2×103) for golden01. 
Atom x y z U(eq) 
H4 8274(14) 4215(13) 2453(10) 24(4) 
H1 6610.86 1710.86 3874.94 21 
H2 5300.03 1088.71 2716.71 29 
H3 4213.76 2282.74 1789.69 30 
H4A 4456.14 4108.63 2016.66 27 
H5 5787.9 4735.11 3158.53 21 
H7 7439.5 3098.14 4776.44 14 
H8A 5259.44 3299.19 4954.46 32 
H8B 5257.68 4245.18 5620.18 32 
H8C 6246.79 3354.73 5775.94 32 
H9A 7835.37 4693.8 5802.33 23 
H9B 6779.69 5509.81 5800.38 23 
H10A 7208.15 6357.85 4600.12 24 
H10B 8382.32 6307.72 5278.13 24 
H11A 9180.67 6619.66 3992.14 28 
H11B 9403.99 5607.03 3438.84 28 
H11C 10053.6 5708.13 4397.17 28 
H14 9298.55 2258.24 4779.56 16 
H15 9229.44 431.3 4569.21 17 
H17 8513.47 896.1 2037.3 15 
H20 8580.74 4601.64 914.31 16 
H21A 6151.69 4402.66 1006.83 19 
H21B 6840.37 3677.88 434.79 19 
H22A 7138.71 5155.26 -412.68 19 
H22B 5775.65 5025.68 -404.69 19 
H23A 6355.56 6834.55 -188.99 23 
H23B 5830.92 6392.39 606.18 23 
H24A 7550.78 7315.35 1117.39 25 
H24B 8258.68 6624.4 536.56 25 
H25A 8680.38 5965.41 1922.24 21 
H25B 7327.56 5841.87 1968.05 21 
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2. Crystallographic Structural Report for 97h' 

2.1  Data Collection 

A yellow crystal with approximate dimensions 0.229 × 0.163 × 0.137 mm3 was selected 

under oil under ambient conditions and attached to the tip of a MiTeGen MicroMount©. The 

crystal was mounted in a stream of cold nitrogen at 100(1) K and centered in the X-ray beam by 

using a video camera.   

The crystal evaluation and data collection were performed on a Bruker Quazar SMART 

APEXII diffractometer with Mo Kα  (λ = 0.71073 Å) radiation and the diffractometer to crystal 

distance of 4.96 cm [1].  

The initial cell constants were obtained from three series of ω scans at different starting 

angles. Each series consisted of 12 frames collected at intervals of 0.5º in a 6º range about ω with 

the exposure time of 1 second per frame. The reflections were successfully indexed by an 

automated indexing routine built in the APEX3 program suite. The final cell constants were 

calculated from a set of 9856 strong reflections from the actual data collection.  

 The data were collected by using the full sphere data collection routine to survey the 

reciprocal space to the extent of a full sphere to a resolution of 0.70 Å. A total of 51493 data 

were harvested by collecting 6 sets of frames with 0.6º scans in ω and φ with exposure times of 1 

sec per frame. These highly redundant datasets were corrected for Lorentz and polarization 

effects. The absorption correction was based on fitting a function to the empirical transmission 

surface as sampled by multiple equivalent measurements. [2]   

  

2.2  Structure Solution and Refinement 

The systematic absences in the diffraction data were uniquely consistent for the space 

group P212121 that yielded chemically reasonable and computationally stable results of 

refinement [3-8].  

A successful solution by the direct methods provided most non-hydrogen atoms from the 

E-map. The remaining non-hydrogen atoms were located in an alternating series of least-squares 

cycles and difference Fourier maps. All non-hydrogen atoms were refined with anisotropic 

displacement coefficients. All hydrogen atoms were included in the structure factor calculation at 
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idealized positions and were allowed to ride on the neighboring atoms with relative isotropic 

displacement coefficients.  

The absolute structure was unequivocally established by anomalous dispersion effects: 

C9 – R; C13 – S.  

The final least-squares refinement of 226 parameters against 5429 data resulted in 

residuals R (based on F2 for I≥2σ) and wR (based on F2 for all data) of 0.0193 and 0.0448, 

respectively. The final difference Fourier map was featureless.  

 

2.3 Summary 

Crystal Data for C20H18IN3O (M =443.27 g/mol): orthorhombic, space group 

P212121 (no. 19), a = 9.699(3) Å, b = 9.972(3) Å, c = 18.286(5) Å, V = 1768.5(9) Å3, Z = 4, T = 

100.01 K, μ(MoKα) = 1.824 mm-1, Dcalc = 1.665 g/cm3, 51493 reflections measured (4.456° ≤ 

2Θ ≤ 61.186°), 5429 unique (Rint = 0.0485, Rsigma = 0.0251) which were used in all calculations. 

The final R1 was 0.0193 (I > 2σ(I)) and wR2 was 0.0448 (all data). 
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Figure 1. A molecular drawing of Golden02 shown with 50% probability ellipsoids.  

 

Table 1 Crystal data and structure refinement for Golden02. 

Identification code Golden02 

Empirical formula C20H18IN3O 

Formula weight 443.27 

Temperature/K 100.01 

Crystal system orthorhombic 

Space group P212121 

a/Å 9.699(3) 

b/Å 9.972(3) 

c/Å 18.286(5) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 1768.5(9) 

Z 4 

ρcalcg/cm3 1.665 
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μ/mm-1 1.824 

F(000) 880.0 

Crystal size/mm3 0.229 × 0.163 × 0.137 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.456 to 61.186 

Index ranges -13 ≤ h ≤ 13, -14 ≤ k ≤ 14, -26 ≤ l ≤ 26 

Reflections collected 51493 

Independent reflections 5429 [Rint = 0.0485, Rsigma = 0.0251] 

Data/restraints/parameters 5429/0/226 

Goodness-of-fit on F2 1.034 

Final R indexes [I>=2σ (I)] R1 = 0.0193, wR2 = 0.0445 

Final R indexes [all data] R1 = 0.0201, wR2 = 0.0448 

Largest diff. peak/hole / e Å-3 0.48/-0.30 

Flack parameter -0.014(8) 

 
 
  

Table 2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters (Å2×103) for 
Golden02. Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

I1 1852.2(2) 3091.3(2) 6451.8(2) 17.74(4) 

O1 93.5(16) 4787.3(17) 3639.0(10) 15.9(3) 

N1 1090.1(18) 3396.7(19) 2804.2(11) 11.5(4) 

N2 1836.4(18) 3083.5(19) 1361.8(10) 12.7(3) 

N3 2630.7(19) 1661(2) 3138.8(11) 13.3(4) 

C1 1425(2) 3406(2) 4820.2(14) 14.1(5) 

C2 2077(2) 2632(2) 5339.3(13) 14.7(4) 

C3 2883(2) 1517(2) 5140.5(14) 15.7(5) 

C4 3054(2) 1213(2) 4412.0(13) 14.8(4) 

C5 2404(2) 1980(3) 3867.6(13) 12.6(4) 

C6 1574.2(19) 3061(3) 4077.1(12) 12.1(4) 

C7 857(2) 3828(2) 3518.9(14) 12.2(4) 

C8 313(2) 4116(2) 2229.1(13) 14.5(4) 

C9 385(2) 3362(2) 1520.1(13) 14.7(4) 

C10 -100(3) 4149(3) 848.3(14) 21.1(5) 

C11 888(3) 3720(3) 231.8(14) 21.0(5) 

C12 1863(3) 2701(3) 587.7(13) 19.4(5) 

C13 2362(2) 2054(3) 1850.6(12) 11.8(4) 

C14 3910(2) 1886(3) 1774.4(12) 11.4(4) 

C15 4476(2) 612(2) 1770.1(13) 15.5(4) 

C16 5893(2) 434(3) 1717.3(14) 19.0(5) 

C17 6756(2) 1543(3) 1671.1(13) 17.7(5) 

C18 6194(2) 2826(3) 1678.5(14) 16.6(5) 

C19 4776(2) 2996(3) 1725.9(13) 14.5(4) 

C20 2020(2) 2378(2) 2646.4(12) 11.4(4) 

  

Table 3 Anisotropic Displacement Parameters (Å2×103) for Golden02. The Anisotropic displacement factor 
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exponent takes the form: -2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

I1 25.88(7) 15.23(7) 12.10(7) -0.81(6) 0.83(6) -1.26(6) 

O1 16.4(7) 15.5(8) 15.7(9) 1.7(7) 3.7(6) 4.8(6) 

N1 9.0(7) 12.0(10) 13.6(9) 1.1(7) -0.4(6) 1.8(6) 

N2 11.3(7) 16.8(8) 10.1(8) 0.3(7) -0.8(7) 2.2(8) 

N3 12.5(8) 14.2(11) 13.1(9) 0.1(7) -0.2(7) 1.7(7) 

C1 13.7(9) 12.9(11) 15.8(11) 0.6(9) 3.3(8) -0.8(7) 

C2 16.0(11) 15.7(11) 12.3(10) -0.8(9) 0.4(8) -2.8(8) 

C3 16.7(11) 15.0(11) 15.5(11) 1.5(9) -3.5(8) -0.3(8) 

C4 14.1(9) 14.7(10) 15.7(10) 0.0(8) -0.7(9) 2.6(9) 

C5 10.2(8) 11.8(10) 15.8(10) 1.1(10) 0.1(7) -1.1(8) 

C6 10.0(8) 12.0(10) 14.4(10) 2.8(9) 1.2(7) -0.5(8) 

C7 9.6(8) 12.9(10) 14.1(10) 1.7(9) 1.9(8) -1.2(7) 

C8 11.5(9) 17.5(11) 14.4(11) 1.7(9) 0.3(8) 5.3(8) 

C9 10.4(8) 19.3(11) 14.5(11) 0.0(9) -1.3(8) 2.1(7) 

C10 18.1(11) 29.9(15) 15.3(12) 1.3(11) -3.3(9) 8.1(10) 

C11 18.5(11) 28.8(14) 15.6(12) 1.8(10) -2.0(9) 5.3(10) 

C12 21.1(10) 25.6(12) 11.7(10) -0.6(9) 0.5(10) 4.2(10) 

C13 10.0(8) 13.2(12) 12.0(10) -0.9(9) 1.2(7) -0.1(8) 

C14 11.2(8) 13.9(10) 9.3(9) 0.5(10) 0.6(7) 0.6(9) 

C15 15.5(10) 14.2(11) 16.9(11) 0.6(9) 1.1(9) 1.8(9) 

C16 19.4(11) 18.4(12) 19.2(12) 0.8(10) 1.6(9) 7.4(9) 

C17 11.4(9) 27.3(12) 14.4(10) 1.1(9) 1.2(8) 3.8(9) 

C18 15.3(10) 20.3(13) 14.1(11) 2.5(9) 0.1(8) -3.4(8) 

C19 14.2(9) 14.9(11) 14.3(10) 0.7(10) 0.6(7) -0.3(9) 

C20 8.4(9) 10.7(9) 15.1(10) -1.7(8) 1.3(8) -1.0(7) 

  

Table 4 Bond Lengths for Golden02. 

Atom Atom Length/Å   Atom Atom Length/Å 

I1 C2 2.097(2)   C5 C6 1.399(3) 

O1 C7 1.230(3)   C6 C7 1.453(3) 

N1 C7 1.394(3)   C8 C9 1.501(3) 

N1 C8 1.480(3)   C9 C10 1.532(3) 

N1 C20 1.389(3)   C10 C11 1.540(4) 

N2 C9 1.463(3)   C11 C12 1.533(4) 

N2 C12 1.466(3)   C13 C14 1.517(3) 

N2 C13 1.454(3)   C13 C20 1.527(3) 

N3 C5 1.388(3)   C14 C15 1.384(3) 

N3 C20 1.293(3)   C14 C19 1.393(3) 

C1 C2 1.377(3)   C15 C16 1.389(3) 

C1 C6 1.409(3)   C16 C17 1.390(4) 

C2 C3 1.407(3)   C17 C18 1.390(4) 

C3 C4 1.376(3)   C18 C19 1.389(3) 

C4 C5 1.405(3)         

  

Table 5 Bond Angles for Golden02. 
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Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C7 N1 C8 115.73(17)   N1 C8 C9 110.30(18) 

C20 N1 C7 121.70(19)   N2 C9 C8 108.13(17) 

C20 N1 C8 122.55(19)   N2 C9 C10 103.54(19) 

C9 N2 C12 104.90(18)   C8 C9 C10 114.9(2) 

C13 N2 C9 110.45(17)   C9 C10 C11 104.7(2) 

C13 N2 C12 113.80(18)   C12 C11 C10 104.9(2) 

C20 N3 C5 118.0(2)   N2 C12 C11 103.1(2) 

C2 C1 C6 118.7(2)   N2 C13 C14 111.6(2) 

C1 C2 I1 119.91(18)   N2 C13 C20 111.11(19) 

C1 C2 C3 121.3(2)   C14 C13 C20 109.00(18) 

C3 C2 I1 118.76(18)   C15 C14 C13 119.6(2) 

C4 C3 C2 119.4(2)   C15 C14 C19 119.4(2) 

C3 C4 C5 120.8(2)   C19 C14 C13 121.0(2) 

N3 C5 C4 119.0(2)   C14 C15 C16 120.7(2) 

N3 C5 C6 122.0(2)   C15 C16 C17 119.9(2) 

C6 C5 C4 118.9(2)   C16 C17 C18 119.7(2) 

C1 C6 C7 120.0(2)   C19 C18 C17 120.1(2) 

C5 C6 C1 120.8(2)   C18 C19 C14 120.3(2) 

C5 C6 C7 119.3(2)   N1 C20 C13 119.60(19) 

O1 C7 N1 120.3(2)   N3 C20 N1 123.9(2) 

O1 C7 C6 124.9(2)   N3 C20 C13 116.5(2) 

N1 C7 C6 114.75(19)           

  

Table 6 Torsion Angles for Golden02. 

A B C D Angle/˚   A B C D Angle/˚ 

I1 C2 C3 C4 -179.18(18)   C8 N1 C20 C13 5.4(3) 

N1 C8 C9 N2 -52.0(2)   C8 C9 C10 C11 142.3(2) 

N1 C8 C9 C10 -167.04(19)   C9 N2 C12 C11 42.6(2) 

N2 C9 C10 C11 24.6(3)   C9 N2 C13 C14 -171.8(2) 

N2 C13 C14 C15 -138.1(2)   C9 N2 C13 C20 -49.9(2) 

N2 C13 C14 C19 43.4(3)   C9 C10 C11 C12 0.8(3) 

N2 C13 C20 N1 11.6(3)   C10 C11 C12 N2 -25.8(3) 

N2 C13 C20 N3 -168.61(19)   C12 N2 C9 C8 -164.58(19) 

N3 C5 C6 C1 -176.4(2)   C12 N2 C9 C10 -42.2(2) 

N3 C5 C6 C7 3.8(3)   C12 N2 C13 C14 70.6(3) 

C1 C2 C3 C4 1.8(3)   C12 N2 C13 C20 -167.55(19) 

C1 C6 C7 O1 -0.4(3)   C13 N2 C9 C8 72.4(2) 

C1 C6 C7 N1 179.69(19)   C13 N2 C9 C10 -165.24(19) 

C2 C1 C6 C5 -2.1(3)   C13 N2 C12 C11 163.42(19) 

C2 C1 C6 C7 177.7(2)   C13 C14 C15 C16 -178.6(2) 

C2 C3 C4 C5 -1.8(4)   C13 C14 C19 C18 178.1(2) 

C3 C4 C5 N3 178.4(2)   C14 C13 C20 N1 135.0(2) 

C3 C4 C5 C6 -0.1(3)   C14 C13 C20 N3 -45.2(3) 

C4 C5 C6 C1 2.1(3)   C14 C15 C16 C17 0.2(4) 

C4 C5 C6 C7 -177.7(2)   C15 C14 C19 C18 -0.4(3) 

C5 N3 C20 N1 -3.9(3)   C15 C16 C17 C18 0.1(4) 
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C5 N3 C20 C13 176.4(2)   C16 C17 C18 C19 -0.5(4) 

C5 C6 C7 O1 179.3(2)   C17 C18 C19 C14 0.7(4) 

C5 C6 C7 N1 -0.5(3)   C19 C14 C15 C16 -0.1(4) 

C6 C1 C2 I1 -178.90(16)   C20 N1 C7 O1 175.45(19) 

C6 C1 C2 C3 0.1(3)   C20 N1 C7 C6 -4.7(3) 

C7 N1 C8 C9 -166.47(18)   C20 N1 C8 C9 15.1(3) 

C7 N1 C20 N3 7.3(3)   C20 N3 C5 C4 179.8(2) 

C7 N1 C20 C13 -172.93(19)   C20 N3 C5 C6 -1.7(3) 

C8 N1 C7 O1 -3.0(3)   C20 C13 C14 C15 98.8(3) 

C8 N1 C7 C6 176.85(18)   C20 C13 C14 C19 -79.7(3) 

C8 N1 C20 N3 -174.3(2)             

  

Table 7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement Parameters (Å2×103) for Golden02. 

Atom x y z U(eq) 

H1 884.64 4157.78 4960.4 17 

H3 3304.49 977.76 5505.89 19 

H4 3618.21 475.69 4275.68 18 

H8A 704.46 5025.1 2162.97 17 

H8B -662.13 4213.47 2380.5 17 

H9 -139.79 2502.14 1560.67 18 

H10A -39.22 5126.37 936.5 25 

H10B -1064.82 3917.3 723.93 25 

H11A 372.63 3305.19 -177.06 25 

H11B 1408.83 4500.69 43.1 25 

H12A 1523.78 1772.88 518.61 23 

H12B 2805.28 2773.5 383.7 23 

H13 1911.54 1183.24 1721.19 14 

H15 3889.2 -148.38 1803.5 19 

H16 6271.13 -444.58 1712.89 23 

H17 7725.13 1425.39 1634.51 21 

H18 6781.49 3586.54 1651.15 20 

H19 4395 3874.06 1725.23 17 
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3. Crystallographic Structural Report for ent-97h' 

 

3.1  Data Collection 

A colorless crystal with approximate dimensions 0.12 × 0.11 × 0.04 mm3 was selected 

under oil under ambient conditions and attached to the tip of a MiTeGen MicroMount©. The 

crystal was mounted in a stream of cold nitrogen at 100(1) K and centered in the X-ray beam by 

using a video camera.   

The crystal evaluation and data collection were performed on a Bruker Quazar SMART 

APEXII diffractometer with Mo Kα  (λ = 0.71073 Å) radiation and the diffractometer to crystal 

distance of 4.96 cm [1].  

The initial cell constants were obtained from three series of ω scans at different starting 

angles. Each series consisted of 12 frames collected at intervals of 0.5º in a 6º range about ω with 

the exposure time of 10 second per frame. The reflections were successfully indexed by an 

automated indexing routine built in the APEX3 program suite. The final cell constants were 

calculated from a set of 9867 strong reflections from the actual data collection.  

 The data were collected by using the full sphere data collection routine to survey the 

reciprocal space to the extent of a full sphere to a resolution of 0.70 Å. A total of 29534 data 

were harvested by collecting 4 sets of frames with 0.5º scans in ω and φ with exposure times of 

30 sec per frame. These highly redundant datasets were corrected for Lorentz and polarization 

effects. The absorption correction was based on fitting a function to the empirical transmission 

surface as sampled by multiple equivalent measurements. [2]   

  

3.2 Structure Solution and Refinement 

The systematic absences in the diffraction data were uniquely consistent for the space 

group P212121 that yielded chemically reasonable and computationally stable results of 

refinement [3-8].  

A successful solution by the direct methods provided most non-hydrogen atoms from the 

E-map. The remaining non-hydrogen atoms were located in an alternating series of least-squares 

cycles and difference Fourier maps. All non-hydrogen atoms were refined with anisotropic 
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displacement coefficients. All hydrogen atoms were included in the structure factor calculation at 

idealized positions and were allowed to ride on the neighboring atoms with relative isotropic 

displacement coefficients.  

The absolute structure was unequivocally established by anomalous dispersion effects: 

C9 – S; C13 – R.  

The final least-squares refinement of 226 parameters against 4280 data resulted in 

residuals R (based on F2 for I≥2σ) and wR (based on F2 for all data) of 0.0132 and 0.0346, 

respectively. The final difference Fourier map was featureless.  

 

3.3 Summary 

Crystal Data for C20H18IN3O (M =443.27 g/mol): orthorhombic, space group 

P212121 (no. 19), a = 9.703(3) Å, b = 9.969(3) Å, c = 18.297(5) Å, V = 1769.8(9) Å3, Z = 4, T = 

100.0 K, μ(MoKα) = 1.822 mm-1, Dcalc = 1.664 g/cm3, 29534 reflections measured (4.452° ≤ 

2Θ ≤ 55.994°), 4280 unique (Rint = 0.0268, Rsigma = 0.0148) which were used in all calculations. 

The final R1 was 0.0132 (I > 2σ(I)) and wR2 was 0.0346 (all data). 
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Figure 1. A molecular drawing of Golden02 shown with 50% probability ellipsoids. 
 

Table 1 Crystal data and structure refinement for golden03. 

Identification code golden03 

Empirical formula C20H18IN3O 

Formula weight 443.27 

Temperature/K 100.0 

Crystal system orthorhombic 

Space group P212121 

a/Å 9.703(3) 

b/Å 9.969(3) 

c/Å 18.297(5) 

α/° 90 

β/° 90 

γ/° 90 

Volume/Å3 1769.8(9) 
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Z 4 

ρcalcg/cm3 1.664 

μ/mm-1 1.822 

F(000) 880.0 

Crystal size/mm3 0.12 × 0.11 × 0.04 

Radiation MoKα (λ = 0.71073) 

2Θ range for data collection/° 4.452 to 55.994 

Index ranges -12 ≤ h ≤ 12, -13 ≤ k ≤ 13, -24 ≤ l ≤ 23 

Reflections collected 29534 

Independent reflections 4280 [Rint = 0.0268, Rsigma = 0.0148] 

Data/restraints/parameters 4280/0/226 

Goodness-of-fit on F2 1.087 

Final R indexes [I>=2σ (I)] R1 = 0.0132, wR2 = 0.0345 

Final R indexes [all data] R1 = 0.0134, wR2 = 0.0346 

Largest diff. peak/hole / e Å-3 0.35/-0.18 

Flack parameter -0.031(5) 

 
 
  
Table 2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters (Å2×103) for 
golden03. Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

I1 8146.9(2) 6908.0(2) 3548.5(2) 17.52(4) 
O1 9906.1(15) 5210.7(15) 6360.7(9) 15.8(3) 
N1 8910.3(17) 6605.5(17) 7197.3(10) 11.6(3) 
N2 8160.5(17) 6917.9(17) 8638.1(9) 13.1(3) 
N3 7369.1(17) 8336.8(17) 6860.8(10) 13.0(3) 
C1 8574(2) 6595(2) 5177.9(12) 14.3(4) 
C2 7926(2) 7368(2) 4660.3(12) 14.8(4) 
C3 7116(2) 8479(2) 4860.1(12) 15.3(4) 
C4 6943(2) 8789.6(19) 5587.9(11) 14.5(4) 
C5 7596.2(18) 8020(2) 6133.2(11) 12.2(3) 
C6 8425.7(17) 6938(2) 5920.5(11) 12.0(3) 
C7 9142.1(19) 6171.9(18) 6480.0(12) 12.5(3) 
C8 9686(2) 5883(2) 7769.9(11) 14.7(4) 
C9 9613.7(19) 6641(2) 8481.1(12) 14.6(4) 
C10 10100(2) 5852(3) 9150.4(12) 21.0(5) 
C11 9110(2) 6278(3) 9768.9(13) 20.9(5) 
C12 8134(3) 7298(2) 9412.8(12) 19.2(4) 
C13 7639(2) 7947(2) 8149.0(11) 12.0(4) 
C14 6088.5(18) 8113(2) 8226.1(10) 11.9(3) 
C15 5224(2) 7004(2) 8273.5(12) 14.2(4) 
C16 3806(2) 7174(2) 8321.2(12) 16.2(4) 
C17 3248(2) 8460(2) 8329.3(11) 17.8(4) 
C18 4105(2) 9567(2) 8282.9(13) 18.7(4) 
C19 5521(2) 9391(2) 8229.8(12) 15.4(4) 
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C20 7982(2) 7620.6(19) 7354.2(11) 11.3(4) 

  
Table 3 Anisotropic Displacement Parameters (Å2×103) for golden03. The Anisotropic displacement factor 
exponent takes the form: -2π2[h2a*2U11+2hka*b*U12+…]. 

Atom U11 U22 U33 U23 U13 U12 

I1 25.29(7) 15.55(6) 11.73(6) -0.87(5) 0.74(5) -1.13(5) 
O1 16.2(7) 15.8(7) 15.3(8) 1.9(6) 3.5(6) 4.8(5) 
N1 9.6(7) 13.0(8) 12.1(8) 1.3(6) -0.1(6) 1.6(6) 
N2 10.7(6) 17.3(7) 11.2(8) -0.1(7) -0.9(6) 1.2(7) 
N3 11.9(7) 13.3(9) 13.8(8) -0.1(6) 0.5(6) 1.3(6) 
C1 13.1(9) 12.7(9) 17.1(10) -0.5(8) 3.0(7) -0.6(7) 
C2 15.7(10) 16.6(9) 12.0(9) -1.4(7) 1.3(7) -3.7(7) 
C3 15.0(10) 16.2(9) 14.8(10) 1.7(7) -3.1(7) -0.5(7) 
C4 13.4(9) 14.0(9) 16.1(9) 0.0(7) -0.6(8) 2.0(8) 
C5 9.6(8) 12.3(9) 14.6(9) 1.2(9) 0.3(7) -2.1(8) 
C6 9.5(8) 12.5(8) 14.0(9) 1.2(8) 1.1(6) -0.7(7) 
C7 10.7(8) 12.8(8) 13.9(9) 2.0(8) 2.1(8) -1.8(6) 
C8 12.8(9) 16.8(10) 14.5(9) 1.7(8) -1.3(7) 4.8(7) 
C9 9.4(8) 19.7(10) 14.6(9) -0.4(8) -0.8(7) 2.0(7) 
C10 17.9(10) 31.2(13) 13.8(10) 0.7(9) -2.8(8) 7.8(9) 
C11 18.6(10) 28.7(12) 15.6(11) 2.7(9) -1.3(8) 5.4(9) 
C12 20.3(9) 25.3(10) 11.9(9) -1.0(8) -0.7(9) 4.3(9) 
C13 10.3(8) 13.5(10) 12.1(9) -0.4(8) 0.2(6) 0.5(7) 
C14 11.0(8) 15.8(9) 8.9(8) -0.9(9) 1.3(6) 1.1(8) 
C15 14.8(9) 14.0(9) 13.9(9) 0.4(8) 0.4(7) 0.4(8) 
C16 13.9(9) 20.7(11) 14.1(10) 2.1(8) -0.3(7) -3.9(8) 
C17 10.6(8) 28.7(11) 14.0(9) 1.3(8) 1.0(7) 3.7(8) 
C18 18.4(10) 18.8(10) 18.9(10) 0.6(8) 2.8(8) 6.8(8) 
C19 15.3(9) 14.8(9) 16.0(9) 0.6(8) 1.1(8) 0.1(8) 
C20 8.4(9) 11.5(8) 13.9(9) -1.0(7) 0.6(7) -1.7(7) 

  
Table 4 Bond Lengths for golden03. 

Atom Atom Length/Å   Atom Atom Length/Å 

I1 C2 2.096(2)   C5 C6 1.401(3) 
O1 C7 1.231(2)   C6 C7 1.454(3) 
N1 C7 1.400(3)   C8 C9 1.506(3) 
N1 C8 1.477(3)   C9 C10 1.530(3) 
N1 C20 1.385(2)   C10 C11 1.544(3) 
N2 C9 1.465(2)   C11 C12 1.535(3) 
N2 C12 1.468(3)   C13 C14 1.521(2) 
N2 C13 1.452(3)   C13 C20 1.527(3) 
N3 C5 1.386(3)   C14 C15 1.391(3) 
N3 C20 1.296(3)   C14 C19 1.388(3) 
C1 C2 1.373(3)   C15 C16 1.389(3) 
C1 C6 1.409(3)   C16 C17 1.392(3) 
C2 C3 1.407(3)   C17 C18 1.384(3) 
C3 C4 1.377(3)   C18 C19 1.388(3) 
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C4 C5 1.409(3)         

  
Table 5 Bond Angles for golden03. 

Atom Atom Atom Angle/˚   Atom Atom Atom Angle/˚ 

C7 N1 C8 115.62(16)   N1 C8 C9 110.13(16) 
C20 N1 C7 121.64(17)   N2 C9 C8 107.97(16) 
C20 N1 C8 122.72(17)   N2 C9 C10 103.68(17) 
C9 N2 C12 104.76(16)   C8 C9 C10 114.77(17) 
C13 N2 C9 110.33(16)   C9 C10 C11 104.68(18) 
C13 N2 C12 113.99(16)   C12 C11 C10 104.78(18) 
C20 N3 C5 118.10(18)   N2 C12 C11 103.17(17) 
C2 C1 C6 118.84(19)   N2 C13 C14 111.37(18) 
C1 C2 I1 120.00(16)   N2 C13 C20 111.14(17) 
C1 C2 C3 121.2(2)   C14 C13 C20 109.09(16) 
C3 C2 I1 118.77(16)   C15 C14 C13 121.1(2) 
C4 C3 C2 119.7(2)   C19 C14 C13 119.5(2) 
C3 C4 C5 120.50(19)   C19 C14 C15 119.35(18) 
N3 C5 C4 119.01(19)   C16 C15 C14 120.3(2) 
N3 C5 C6 122.24(18)   C15 C16 C17 119.9(2) 
C6 C5 C4 118.73(18)   C18 C17 C16 120.0(2) 
C1 C6 C7 120.17(18)   C17 C18 C19 119.9(2) 
C5 C6 C1 120.91(18)   C18 C19 C14 120.6(2) 
C5 C6 C7 118.92(18)   N1 C20 C13 119.65(17) 
O1 C7 N1 120.23(19)   N3 C20 N1 123.83(18) 
O1 C7 C6 124.9(2)   N3 C20 C13 116.52(18) 
N1 C7 C6 114.89(17)           

  
Table 6 Torsion Angles for golden03. 

A B C D Angle/˚   A B C D Angle/˚ 

I1 C2 C3 C4 179.18(16)   C8 N1 C20 C13 -5.2(3) 

N1 C8 C9 N2 52.1(2)   C8 C9 C10 C11 
-

142.20(19) 
N1 C8 C9 C10 167.12(17)   C9 N2 C12 C11 -42.6(2) 
N2 C9 C10 C11 -24.7(2)   C9 N2 C13 C14 171.91(17) 
N2 C13 C14 C15 -43.5(3)   C9 N2 C13 C20 50.0(2) 
N2 C13 C14 C19 138.19(19)   C9 C10 C11 C12 -0.7(2) 
N2 C13 C20 N1 -11.8(2)   C10 C11 C12 N2 25.7(2) 
N2 C13 C20 N3 168.39(17)   C12 N2 C9 C8 164.46(17) 
N3 C5 C6 C1 176.32(19)   C12 N2 C9 C10 42.3(2) 
N3 C5 C6 C7 -3.9(3)   C12 N2 C13 C14 -70.6(2) 
C1 C2 C3 C4 -1.3(3)   C12 N2 C13 C20 167.58(17) 
C1 C6 C7 O1 0.4(3)   C13 N2 C9 C8 -72.5(2) 

C1 C6 C7 N1 
-

179.77(17)   C13 N2 C9 C10 165.38(17) 

C2 C1 C6 C5 2.2(3)   C13 N2 C12 C11 
-

163.26(17) 

C2 C1 C6 C7 
-

177.58(18)   C13 C14 C15 C16 
-

178.01(19) 
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C2 C3 C4 C5 1.5(3)   C13 C14 C19 C18 178.5(2) 

C3 C4 C5 N3 
-

178.21(19)   C14 C13 C20 N1 -135.0(2) 

C3 C4 C5 C6 0.1(3)   C14 C13 C20 N3 45.2(3) 
C4 C5 C6 C1 -2.0(3)   C14 C15 C16 C17 -0.7(3) 
C4 C5 C6 C7 177.78(17)   C15 C14 C19 C18 0.2(3) 
C5 N3 C20 N1 3.7(3)   C15 C16 C17 C18 0.6(3) 

C5 N3 C20 C13 
-

176.50(17)   C16 C17 C18 C19 -0.1(3) 

C5 C6 C7 O1 
-

179.37(18)   C17 C18 C19 C14 -0.3(3) 

C5 C6 C7 N1 0.5(3)   C19 C14 C15 C16 0.3(3) 

C6 C1 C2 I1 179.01(14)   C20 N1 C7 O1 
-

175.33(18) 
C6 C1 C2 C3 -0.5(3)   C20 N1 C7 C6 4.8(3) 
C7 N1 C8 C9 166.54(16)   C20 N1 C8 C9 -15.3(2) 

C7 N1 C20 N3 -7.4(3)   C20 N3 C5 C4 
-

179.79(18) 
C7 N1 C20 C13 172.86(17)   C20 N3 C5 C6 1.9(3) 
C8 N1 C7 O1 2.9(3)   C20 C13 C14 C15 79.5(2) 

C8 N1 C7 C6 
-

176.98(16)   C20 C13 C14 C19 -98.8(2) 

C8 N1 C20 N3 174.55(19)             

  
Table 7 Hydrogen Atom Coordinates (Å×104) and Isotropic Displacement Parameters (Å2×103) for golden03. 

Atom x y z U(eq) 

H1 9111.74 5841.46 5037.61 17 
H3 6690.46 9014.02 4494.35 18 
H4 6378.87 9527.82 5723.21 17 
H8A 10660.01 5784.38 7618.35 18 
H8B 9292.49 4974.4 7835.7 18 
H9 10138.56 7501.05 8440.83 17 
H10A 11063.92 6082.61 9274.62 25 
H10B 10038.75 4873.94 9060.78 25 
H11A 8590.42 5496.33 9957.09 25 
H11B 9625.08 6693.05 10177.64 25 
H12A 7192.03 7224.44 9616.52 23 
H12B 8472.03 8226.76 9482.59 23 
H13 8089.23 8817.6 8278.38 14 
H15 5604.46 6125.71 8273.35 17 
H16 3217.63 6413.4 8348.18 19 
H17 2279.5 8578.73 8366.65 21 
H18 3725.16 10444.97 8287.45 22 
H19 6106.37 10152.37 8195.76 18 
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