
 

 

 



 

 

 

AN ABSTRACT OF THE DISSERTATION OF 
 

Jessica K. Vellucci for the degree of Doctor of Philosophy in Chemistry presented on 
April 30, 2015. 
 
Title:  Total Synthesis of Goniomitine: Development of Aminal and α-Amino 
Radicals in the Synthesis of Nitrogen-Rich Natural Products. 

 
 
 

Abstract approved: 

______________________________________________________ 

Christopher M. Beaudry 
 
 

 
Aminal radical intermediates were generated by the method of radical translocation 

and reacted in C–C bond forming reactions with electronically deficient alkenes 

(Schiedler et al. Org. Lett. 2012, 14, 6092). Aminal radical intermediates can 

participate in inter- and intra-molecular reactions using both Bu3SnH and (TMS)3SiH 

as hydride donors. Carbon–carbon bonds were formed selectively at the aminal 

carbon in the presence of α-amino alkyl groups within the molecule. Bicyclic aminals 

also participated in C–C bond formation affording products in high 

diastereoselectivity. 

 

The application of aminal radical intermediates toward the synthesis of the nitrogen-

rich alkaloid goniomitine was investigated. The first generation route involved the 

development of an acyclic aminal bearing the nitrogen of a 2,3-disubstituted indole 

and the N-(2-iodobenzyl)formamide nitrogen atom. In the reaction of N-

(hydroxymethyl)-N-(2-iodobenzyl)formamide and the indole substrate, none of the 

desired acyclic aminal was observed. 

 

A second generation route utilized an α-aminoalkyl radical intermediate (generated 

by radical translocation) to construct the indole framework of goniomitine. The 



 

 

synthesis commenced with a copper-catalyzed Ullmann reaction of an aryl iodide and 

ethyl-substituted lactam providing the corresponding N-aryl coupling product in 96% 

yield. Subsequent zinc-catalyzed alkylation with acrylonitrile gave the product in 

76% yield, thus installing the quaternary stereocenter of the natural product. 

Bromination followed by elimination provided the vinyl bromide precursor for the α-

amino radical reaction. Upon treatment with tributyltin hydride and AIBN in 

refluxing benzene, the substrate underwent homolytic C–Br cleavage, radical 

translocation and subsequent 5-exo-trig cyclization to provide the desired indoline 

product as a 3:1 diastereomeric mixture in 83% yield. The indoline was subjected to 

LiAlH4 to reduce the methyl ester as well as the nitrile to the corresponding primary 

amine. Upon heating, the amine underwent intramolecular condensation with the 

lactam, providing the aminal framework of goniomitine. A final oxidation with MnO2 

afforded the natural product in a total of six linear steps and 27% overall yield. 
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Chapter 1. Introduction and Overview of Radical Translocation 
 

1.1 Introduction  

 

Alkaloids have received attention over the last century as targets for total synthesis, 

pharmaceuticals, as chemical probes for biological systems and their use as secondary 

metabolites. The molecular complexity of compounds containing nitrogen also lends 

itself to serve as model systems to discover novel reactivity, explore the tolerance of 

known chemical transformations, and to investigate potential medicinal activity. 

Alkaloids are isolated from marine and plant sources and have served as natural remedies 

to treat ailments in cultures around the world for thousands of years.1 In today’s 

commercial pharmaceutical market, alkaloids have been synthesized on large scale and 

serve as a template for new drug design.2 

 
Figure 1.1 Selected natural products containing the aminal functionality (highlighted) 

 

The importance of nitrogen-rich molecules has led to an increase in efforts toward 

synthesizing targets such as saxitoxin, palau’amine and communesin F (Figure 1.1).3 In 

these reports, the obstacle of constructing carbon–carbon bonds in the presence of 

nitrogen has been overcome, though not without difficulty. The inherent acid-base 

reactivity of nitrogen presents challenges for the synthetic chemist. The N–H bond is 

labile in the presence of strong base, and the lone pair on nitrogen can interfere with 

functionalization of the molecule by acting as a Lewis or Bronsted base. These issues 

have been surmounted by means of protecting groups,4 late-stage incorporation of 

nitrogen,5 as well as repackaging the nitrogen as nitro6 and nitrile7 functional groups to 

suppress reactivity.  
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Of the three molecules depicted in Figure 1.1, the number of carbons bearing one 

nitrogen atom is three times greater than those bearing two nitrogen atoms (i.e. diamino 

or aminal). Our group is interested in selectively functionalizing aminal carbons in the 

presence of other nitrogen-bearing carbons. The ability to control the reactivity specific 

to the aminal carbon would allow a new approach to accessing complex alkaloids.  

 

We aimed to investigate the reactivity of a carbon-centered radical of aminal 

intermediates and examine their participation in carbon–carbon bond forming reactions. 

We expected that neutral conditions to generate radicals would not interfere with labile 

N–H bonds and nitrogen lone pairs.8 Furthermore, radical conditions have been employed 

in C–C bond forming reactions by homolytic cleavage of the C–H bond adjacent to the 

heteroatom in functional groups such as acetals, ethers and alcohols.9 

 

These radical intermediates can be generated via 1,5-hydrogen atom transfer or “radical 

translocation”.10 The method offers the advantage of monitoring the reaction pathway by 

deuterium labeling experiments. Radical translocation is a convenient process that has 

been used to generate α-amino radicals therefore we chose to adopt this method for the 

formation of aminal radical intermediates. Herein we describe the investigation and 

utility of these radical intermediates and their application toward aminal-containing 

molecules such as goniomitine and leuconoxine (Figure 1.2). 

 
Figure 1.2 Selected aminal-containing alkaloids 
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1.2 Overview of Radical Translocation 

 

Free radical-based reactions have enjoyed widespread success in organic synthesis over 

the last century.11 An evolution of controlled, selective reactivity has been extensively 

studied and the methods have been used to construct complex and densely functionalized 

targets. One of the fundamental processes to generate radicals is by way of “radical 

translocation”. Homolytic cleavage of O–N, N–X and C–X (X=Cl, Br, I) bonds generate 

radicals that can undergo intramolecular abstraction of a neighboring hydrogen atom, 

commonly at the 5-position, to produce a carbon-centered radical. The resulting 

stabilized radical can then undergo substitution reactions to form heterocycles and 

carbon–heteroatom bonds. Remote activation of a molecule by homolytic cleavage 

creates opportunities to control site selectivity. Abstraction of the hydrogen atom at the 5-

position is entropically favorable because the chain length is the shortest distance to the 

preferential stereoelectronic bond angle for X–C–H at approximately 180 degrees 

(common examples lie between 150 to 160 degrees).12 1,6-Hydrogen atom transfers can 

occur but are less common. Moreover, abstraction distances greater than six atoms 

experience an entropic penalty and do not result in the desired translocation. The radical 

translocation process is driven by the formation of a more stable radical after the 

intramolecular hydrogen atom transfer. In many systems, this is related to the formation 

of a stronger bond (e.g. vinyl–H, aryl–H) compared to the bond broken (e.g. alkyl–H). 
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Scheme 1.1 Hoffman–Löffler–Freytag reaction mechanism 

 

One of the earliest reports of radical translocation is the Hoffmann–Löffler–Freytag 

(HLF) reaction,13 where N-halogenated amines form nitrogen radicals that undergo 1,5-

hydrogen atom transfer (Scheme 1.1). This concept stemmed from the work of Hoffman14 

in the 1880s and was further developed by Löffler and Freytag in 1909.15 N-halogenated 

amines were irradiated or thermally reacted under weakly acidic or basic conditions to 

form nitrogen radicals that underwent intramolecular 1,5-hydrogen atom transfer, 

resulting in carbon-centered radicals. The newly formed radical then underwent 

intramolecular H-atom transfer which, upon treatment with base, subsequent nucleophilic 

substitution produced a cyclic amine. 

 

Another noteworthy example of radical translocation is illustrated in Barton’s nitrite ester 

reaction16 reported in 1960 (Scheme 1.2). Primary alcohols were converted to their 

corresponding nitrite esters and underwent homolysis to give oxygen radicals. 1,5-

Hydrogen atom abstraction produced a carbon-centered radical that was trapped by the 

NO free radical and tautomerization provided the γ-hydroxy oxime. This methodology 

was extensively investigated and commonly used in the elaboration of steroid 

frameworks.17 

 
Scheme 1.2 Barton nitrite ester reaction 
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Before the 1980s, radical translocation was primarily used for the construction of carbon–

heteroatom bonds. In the 1980’s, the application of radical translocation chemistry was 

recognized as a convenient and powerful way to construct carbon–carbon bonds via 

intramolecular addition to electronically deficient alkenes within the molecule.  

 

One of the earliest examples of this process is in the construction of pyrrolizidine rings 

reported by Parsons18 in 1988 (Scheme 1.3). Photochemical initiation provides the 

tributyltin radical, which abstracts iodine from the substrate. The resulting vinyl radical 

abstracts a hydrogen atom, repositioning the radical proximate to the enone. The carbon 

radical then adds via 5-exo-trig to the alkene acceptor to form the desired C–C bond. 

Radical quench with Bu3SnH produces the product in good yield.  

 
Scheme 1.3 Radical translocation in the construction of pyrrolizidine rings 

 

An important feature of radical translocation is the ability to activate remote vinyl and 

aryl halides to give radicals that can abstract hydrogen atoms from unreactive aliphatic 

sites. The extension to using carbon-centered radicals to form C–C bonds became an 

exciting new area of method development in radical chemistry. 

         

Systematic studies on radical translocation also began to emerge in this decade. Curran 

and coworkers8 treated a series of vinyl halides with radical conditions to promote 1,5-
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hydrogen atom transfer to yield stabilized carbon radicals. These radical intermediates 

would then undergo intramolecular addition to the alkene acceptors to give cyclization 

products. 

 
Table 1.1 Method development of radical translocation initiated by vinyl halides 

 

Curran explored two possible variations of initial radical generation (Table 1.1). One 

process begins with radical formation on the alkene that will later become the acceptor 

for the cyclization reaction (entries 1-5). The second variation involves radical formation 

on an aryl ring acting as a “protecting group” in the molecule (entry 6). Optimization of 

the reaction conditions revealed that low concentrations of tin hydride promoted the 

desired cyclization products; and minimized formation of the reduction byproduct of 
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dehalogenation. Moreover, installation of stabilizing groups such as acetals, phenyl rings, 

and malonates weakened the adjacent C–H bond to facilitate the radical translocation 

step. Although both vinyl iodides and vinyl bromides participate to give cyclization 

products, substrates using vinyl bromides often required higher concentrations of tin 

hydride and also lead to an increase in the undesired reduction byproducts. Curran 

attributed this observation to vinyl bromides behaving as “poorer halogen donors” 

compared to vinyl iodides. 

 

A variety of ways to effect radical translocation began to surface within the literature as 

many researchers explored radical chemistry in the synthesis of novel and complex 

molecules. The next section is categorized by the nature of the initial radical (i.e. vinyl, 

aryl, alkyl) prior to the hydrogen atom abstraction step. 

 

1.3 Radical Translocation Initiated by Vinyl Radicals  

 

1.3.1 Vinyl Halide Precursors to Vinyl Radicals 

 

The preparation of vinyl radicals from vinyl halide precursors became a convenient 

method to conduct hydrogen atom transfer reactions. The precursors could be easily 

synthesized and remote activation of vinyl halides was done in a regioselective manner 

when treated with tin and sulfur hydride sources. In addition to Parsons’ example (section 

1.2), researchers began using vinyl halide precursors in radical translocation processes to 

selectively activate unreactive aliphatic C–H bonds. Robertson and coworkers19 

demonstrated this type of radical translocation in the construction of pyrrolizidine rings 

using vinyl radicals that were synthesized from N-alkylation of pyrrolidine derivatives 

(Scheme 1.4). Beginning with tributyltin radical, the vinyl halide undergoes homolytic 

cleavage to produce a vinyl radical, which undergoes 1,5-hydrogen atom transfer to the 

stabilized α-amino carbon. Intramolecular addition to the alkene acceptor provides the 

desired pyrrolizidine ring in 64% yield, of which the stereochemistry was determined 

using n.O.e. experiments. 
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Scheme 1.4 Pyrrolizidine ring formation via radical translocation and 5-exo-trig 

cyclization 

 

1.3.2 Alkyne Precursors to Vinyl Radicals 

 

Vinyl radicals can also be generated from inter- and intramolecular addition reactions to 

alkynes. An example of intermolecular generation of vinyl radicals is illustrated in 

Bachi’s synthesis of bicyclic β-lactams20 (Scheme 1.5). Tributyltin radical adds to the 

terminal alkyne to produce a vinyl radical then relocation to the amino ester carbon 

provides a stabilized radical intermediate. The carbon radical undergoes 7-endo-trig 

cyclization followed by subsequent β-elimination to produce the desired bicyclic lactam. 

The minor reduction product was formed in 25% yield. 

 
Scheme 1.5 Formation of bicyclic β-lactams via radical translocation and 7-endo-trig 

cyclization 

 

An example of intramolecular vinyl radical formation from an alkyne originated from 

Doutheau’s report of five-membered carbocycles,21 which became prevalent in 

carbohydrate chemistry22 (Scheme 1.6). Homolytic cleavage of the C–I bond is followed 

by rapid intramolecular addition to the pendent alkyne producing an exocyclic vinyl 

radical. Radical translocation repositions the radical on the benzylic carbon. The major 
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cyclopentenyl product arises from β-scission of the C–O bond, expelling benzaldehyde 

and the reduced vinyl silane as a minor product of radical quench onto Ph3SnH. 

 
Scheme 1.6 Radical translocation initiated by vinyl radicals to give cyclopentenyl 

products 

 

1.4 Radical Translocation Initiated by Aryl Radicals  

  

Aryl halide precursors used to generate radical intermediates are among the most reliable 

and versatile substrates to choose from. Halogenated aromatic compounds are easy to 

synthesize and are removed under relatively mild conditions (e.g. hydrogenation) after 

the carbon–carbon bond forming reaction is complete.  

 
Scheme 1.7 Radical translocation initiated by aryl-halides to give 1,2-disubstituted 

cyclopentanes 

 

Curran conducted the seminal work in this area using radical translocation reactions of 

ortho-iodobenzamides23 (Scheme 1.7). Upon cleavage of the C–I bond, the radical 
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relocates to the α-position of the amide, which then reacts via conjugate addition to the 

ethyl ester, resulting in 1,2-disubstituted cyclopentane products. An impressive extension 

of this work was demonstrated in the construction of the triquinane-fused product in 35% 

yield as a single diastereomer (Scheme 1.8). 

 
Scheme 1.8 Diastereoselective synthesis of triquinane via radical translocation 

 

Another display of incredible selectively garnered from radical translocation processes 

include the use of a “self-oxidizing” protecting group24 (Scheme 1.9). The radical 

resulting from C–Br cleavage on the aryl protecting group undergoes 1,5-H atom transfer 

followed by β-scission of the C–O bond to liberate trityl radical and release the aldehyde. 

Overall, this method enabled selective oxidation of a primary alcohol in the presence of a 

secondary alcohol. 

 
Scheme 1.9 Selective oxidation via radical translocation and β-scission 

 

Radicals prepared from aryl halides can also participate in stereoselective transformations 

as shown in Giraud’s report of functionalizing oxazolidinone derivatives25 (Scheme 1.10, 

eq. 1). Remote activation of the aryl bromide undergoes radical translocation followed by 

intermolecular addition to the stannyl acrylate delivering the alkylation product in high 

yield and moderate diastereoselectivity. 
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Sneickus and coworkers26 also reported the use of radical translocation of aryl bromides 

to facilitate intermolecular alkylation reactions (eq. 2). Upon treatment with Stork’s 

organotin chloride and reductive conditions,27 electron deficient alkenes were shown to 

participate in the alkylation reaction in high enantiomeric excess.  

 
Scheme 1.10 Stereoselective radical translocation reactions 

 

1.5 Radical Translocation Initiated by Alkyl Radicals 

 

Vinyl and aryl radicals are excellent candidates for 1,5-hydrogen atom transfer events 

because they can smoothly undergo translocation to the energetically more favorable sp3-

centered radical. Alkyl substrates on the other hand, do not readily undergo translocation 

due to the unfavorable exchange of one sp3-centered radical for another. Flexible alkyl 

chains also make it difficult to form the desired six-membered transition state of 

hydrogen atom transfer and the variable regioselectivity can lead to the formation of 

unwanted byproducts. 

 

Despite these obstacles, there are examples in the literature of the formation of alkyl 

radicals at the end of short carbon chains, which undergo translocation to a stabilized 

carbon center. Sugimura used the mercury method28 to generate an alkyl radical that 

underwent translocation and subsequent addition to acrylonitrile29 (Scheme 1.11). 
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Scheme 1.11 Radical translocation initiated by alkyl radical using the mercury method 

 

Rawal demonstrated that cyclopropanes30 could also participate in the formation of alkyl 

radicals by a fragmentation-translocation-cyclization method (Scheme 1.12). Tributyltin 

radical adds to the carbonyl, which can then fragment the cyclopropane to produce a 

methyl radical that rapidly translocates to the stabilized isopropyl carbon. Addition to the 

enolic carbon can form the fused bicycle in high yield. 

 
 

Scheme 1.12 Example of cyclopropane fragmentation to generate alkyl radicals 

 

1.6 Aminal Radical Intermediates Initiated by Radical Translocation 

 

It is evident from the examples shown that the success of the hydrogen atom transfer 

event largely depends on the stabilizing atoms adjacent to the desired carbon-centered 

radical. The nature of these carbon-centered radicals can vary from acetals, phenyls, and 

protected alcohols8 and also include the α-position of alkyl amines. Undheim investigated 

the radical translocation process of α-substituted amines31 in the early 1990s (Scheme 

1.13). He reported that radicals generated from aryl halides could translocate to produce 

an α-aminoalkyl radical that adds intermolecularly to electron deficient alkenes. 
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Scheme 1.13 Radical translocation of α-aminoalkyl substrates 

 

On the basis of known acetal and α-aminoalkyl reactivity, we envisioned an aminal 

radical intermediate of the N–CH• –N type participating in C–C bond forming reactions 

by the addition to electron deficient alkenes. Computational studies of electron deficient 

carbon radicals indicated that aminal radicals are 1–2 kcal/mol more stable than α-

aminoalkyl radicals.32 We hypothesized that selective generation of an aminal radical 

intermediate could be possible in the presence of carbons bearing a single nitrogen atom. 

Furthermore, we posited that the use of aminal radical intermediates would be an efficient 

method for constructing carbon–carbon bonds in nitrogen-rich molecules. 
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Chapter 2. Investigation and Development of Aminal Radicals 
 
 

2.1 Preliminary Results of the Aminal Radical Reaction 

 

In 1990 Curran demonstrated that aminoalkyl substrates such as N,N-diethyl, 2-

iodobenzylamine (1, Scheme 2.1) participate in C–C bond forming reactions via radical 

translocation process.33 Tributyltin radical abstracts iodine to give phenyl radical 2. 1,5-

Hydrogen atom transfer relocates the radical to the more stabilized α-amino position (3). 

This stabilization can be attributed to electron donation from the adjacent nitrogen lone 

pair. The α-amino radical species adds via conjugate addition to methyl acrylate to 

produce intermediate 4, which is quenched with Bu3SnH providing the desired product 

(5) in 52% yield. 

 
Scheme 2.1 Detailed mechanism of radical translocation using aminoalkyl radicals 

 

As an extension of Curran’s radical translocation method, we choose 

tetrahydroquinazoline 6 as a model substrate to investigate the aminal radical 

intermediate using the same conditions (Scheme 2.2). Tetrahydroquinazoline 6 is an ideal 

substrate because it contains a chromophore allowing for facile monitoring of the reaction 

progress; and was easy to prepare in two steps via condensation of 2-amino-

benzenemethanamine with formaldehyde and N-alkylation with 2-iodobenzyliodide.34 

 

Application of Curran’s conditions (Bu3SnH and AIBN in refluxing benzene) to our 

tetrahydroquinazoline model system (6) provided a mixture of four products.32 The 

reaction gave an inseparable mixture of the desired alkylated product 7 along with 
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regioisomer 8 in 32% yield. Additional byproducts isolated from the reaction included 

the double alkylation product 9 and the dehalogenation product 10 in 18% and 24% yield, 

respectively. 

 
 

Scheme 2.2 Initial investigation of aminal radical reaction using tetrahydroquinazoline 

 

It was apparent from the product distribution that dehalogenation to give the reduced 

tetrahydroquinazoline 10 was a competing reaction pathway. This prompted a deuteration 

experiment to assess whether the phenyl radical intermediate would lead to the reduction 

product before or after the 1,5-hydrogen atom transfer event. If the undesired reduction 

product were to form before the 1,5-hydrogen atom transfer event, a high percentage of 

deuterium would be incorporated at the ortho-position of the phenyl ring35 compared to 

the percentage of deuterium incorporated on the aminal containing ring. 

 

Tetrahydroquinazoline 6 was heated with Bu3SnD and AIBN in refluxing benzene and 

the resulting products were analyzed by deuterium NMR (Scheme 2.3). Deuterium was 

incorporated at the ortho-position on the phenyl ring in 79% whereas the remaining 21% 

was incorporated on the aminal containing ring at both the benzylic and aminal carbons. 

These results suggest that hydrogen atom transfer is occurring but at a slower rate than 

the intermolecular abstraction of deuterium from Bu3SnD. 
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Scheme 2.3 Deuteration studies on tetrahydroquinazoline 

 

Based on the results of the deuteration study, it was reasoned that replacing Bu3SnH with 

terminal reductants that are known to abstract hydrogen atoms at slower rates might 

decrease the amount of the undesirable reduction product. Ph3GeH36 and (TMS)3SiH37 

were selected for the radical reaction in an attempt to lessen the formation of the 

reduction product. Unfortunately in both cases, none of the desired product was observed. 

This is plausibly due to the inability of the hydride source to sustain the radical chain. 

 
Scheme 2.4 Investigation of dihydroquinizolinone for the aminal radical reaction 

 

In an attempt to eliminate radical formation at the benzylic position of the aminal 

containing ring, dihydroquinizolinone 16 was prepared and used as an alternate model 

substrate38 (Scheme 2.4). To our delight, 16 smoothly reacted with methyl acrylate under 

radical conditions to give the desired addition product 17. A minor cyclization product 
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(18) was also isolated, presumably from the condensation of the amide nitrogen onto the 

pendent ester. 

 

Optimization studies revealed that both Bu3SnH and (TMS)3SiH participate in the radical 

reaction to provide the desired addition product in 61% and 48% yields, respectively. 

Thiol additives have been shown to aid in hydrogen transfer events.39 The addition of 

BnSH to our existing reaction protocol gave an increase in yield to both sets of reaction 

conditions. It is important to note that when 16 was treated with the thiol additive and no 

hydride source, none of the desired product was observed. These results suggest that the 

thiol is not acting as the hydrogen atom donor. 

 

At this point, it was necessary to determine if the success of the radical reaction was a 

result of blocking the benzylic position or due to a stabilization effect provided by the 

carbonyl. Pyrimidine 19 was treated with the optimized radical conditions32 and gave a 

complex mixture of products that contained none of the discernible features of the desired 

product via spectroscopic analysis (Scheme 2.5). However, the treatment of 20 under the 

same conditions gave 77% of the desired addition product. To our delight, the formation 

of alkylated product 22 was not observed; suggesting that the aminal radical is selectively 

generated in the presence of α-amino carbons. Furthermore, the electron-withdrawing 

character of the carbonyl may provide stabilization to the aminal radical. 

 
Scheme 2.5 Selective aminal radical formation via translocation 
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2.2 Development of the Aminal Substrate Scope  

 

Based on the results of the dihydroquinizolinone precursor 16, an array of aminals and 

radical acceptors were evaluated with the optimized reaction conditions.36 Though 

Bu3SnH gives superior yields in the radical reaction, the results of the (TMS)3SiH 

protocol have been included as the products were also formed in synthetically useful 

yields.  

 
Figure 2.1 Scope of the radical translocation method 

 

The aminals depicted in Figure 1 were made by condensation of the corresponding amino 

amide with formalin. Radical acceptors such as acrylonitrile, tert-butyl acrylate and 

acrolein reacted to give the addition products in good yields. Cyclic aliphatic aminals 

with electron-withdrawing groups also participated in the radical reaction and gave 

moderate yields and diastereoselectivities. 
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2.3 Investigation of the Diastereoselective Aminal Radical Reaction  

 

In an effort to broaden the scope of the radical reaction, aminal substrates were prepared 

from amino acids and amino acid derivatives and evaluated. To test the viability of amino 

acids participating in our radical reaction, we began with glycine (33, Scheme 2.6). 

Glycine was readily elaborated to the amino amide 36 via Boc-protection followed by 

coupling with 2-iodobenzylamine (34).40 Deprotection and condensation with 

formaldehyde smoothly provided aminal 37 in 95% yield.41 Upon treatment with Bu3SnH 

and AIBN, the desired addition product 38 formed in only 15% as an impure mixture 

along with 31% of the product resulting from conjugate addition to the alkene acceptor 

(39). In an attempt to circumvent the conjugate addition reaction, amide 35 was treated 

with formaldehyde yet failed to give the corresponding aminal precursor. Moreover, 

attempts to protect aminal 37 prior to the radical addition reaction proved unsuccessful. 

We then focused our attention on alternative amino acid derivatives. 

 
Scheme 2.6 Glycine aminal substrate in the radical reaction 

 

Proline and pipecolic acid aminals were selected in order to evaluate diastereoselective 

control in the radical reaction. Boc-protected proline (41)42 and commercially available 

pipecolic acid 42 were converted to their corresponding aminal precursors via 

deprotection followed by condensation with formalin in 96% and 50% yields, 

respectively (Scheme 2.7). 
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Scheme 2.7 Preparation of proline and pipecolic acid aminal substrates 

 

Proline-derived aminal 47 was subjected to the radical reaction conditions using methyl 

acrylate and acrylonitrile as radical acceptors36 (Table 2.1). In the presence of Bu3SnH, 

the addition product formed in moderate yield and in excellent diastereoselectivity. The 

stereochemistry of the resulting bicyclic products was determined by NOESY correlation 

spectroscopy. The diastereoselectivity was attributed to the addition step occurring on the 

convex face of the bicycle. 

 
Table 2.1 Scope of the proline-derived aminal radical reaction 

 

Pipecolic acid-derived aminal 48 was treated with Bu3SnH and reacted with methyl 

acrylate to give 68% of the desired addition product (entry 1, Table 2.2). Although the 

analogous reaction with (TMS)3SiH resulted in a lower yield, both reactions delivered the 
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product in excellent diastereoselectivity. Aminal 48 also reacted with acrylonitrile to give 

the corresponding addition product in moderate yield and diastereoselectivity. 

 
Table 2.2 Scope of the pipecolic acid-derived aminal radical reaction 

 

In conclusion, we have demonstrated that aminal radical intermediates can be generated 

using radical translocation. Aminals can participate in carbon–carbon bond forming 

reactions with radical acceptors in good yields using Bu3SnH and (TMS)3SiH as 

hydrogen atom donors. Aromatic and six-membered aminals with electron-withdrawing 

carbonyl groups form C–C bonds selectively at the aminal in the presence of carbons 

bearing a single nitrogen atom. Furthermore, bicyclic aminals can undergo C–C bond 

formation to give addition products with high diastereoselectivity. 
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2.4 Supplemental Data 

 

General Experimental Details: All reactions were carried out under an inert Ar 

atmosphere in oven-dried glassware. Flash column chromatography (FCC) was carried 

out with SiliaFlash P60, 60 Å silica gel. Reactions and column chromatography were 

monitored with EMD silica gel 60 F254 plates and visualized with potassium 

permanganate, ceric ammonium molybdate, molybdate, ninhydrin, or iodine stains. 

Tetrahydrofuran (THF), methylene chloride (CH2Cl2), acetonitrile (MeCN), benzene 

(PhH), dimethylformamide (DMF), ethanol (EtOH), and methanol (MeOH) were dried 

by passage through activated columns. Dimethylsulfoxide (DMSO) was stored over 3 Å 

molecular sieves. Acrylonitrile, acrolein, methyl acrylate, tert-butyl acrylate were 

distilled under reduced pressure to remove BHT and stored under inert atmosphere. 

Tributyltin hydride (Bu3SnH) was dried over calcium hydride, distilled under reduced 

pressure and stored under inert atmosphere. All other reagents and solvents were used 

without further purification from commercial sources. 

 

Instrumentation: FT-IR spectra were obtained on NaCl plates with a PerkinElmer 

Spectrum Vision spectrometer. Proton and carbon NMR spectra (1H NMR and 13C NMR) 

were recorded in deuterated chloroform (CDCl3) unless otherwise noted on a Bruker 700 

MHz Avance III Spectrometer with carbon-optimized cryoprobe and Bruker 400 MHz 

DPX-400 spectrometer. Multiplicities are abbreviated as follows: s = singlet, d = doublet, 

t = triplet, q = quartet, br = broad, m = multiplet. Melting points were determined with a 

Cole–Parmer instrument and are uncorrected. 
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tert-butyl (2-((2-iodobenzyl)amino)-2-oxoethyl)carbamate (35). To a solution of known 2-

((tert-butoxycarbonyl)amino)acetic acid (81 mg, 0.464 mmol) in CH2Cl2 (4.6 mL) at 0 °C were 

added Et3N (0.14 mL, 0.974 mmol) and isobutylchloroformate (0.07 mL, 0.510 mmol) dropwise. 

The mixture was stirred at 0 °C for one hour then 2-iodobenzylamine (297 mg, 0.510 mmol) was 

added. The solution was warmed to rt and stirred for 10 hours. The mixture was washed with 1 M 

HCl, saturated sodium bicarbonate solution, and brine and dried over Na2SO4. Purification by 

FCC (6:1 Hexanes:EtOAc) afforded 35 (45 mg, 0.115 mmol) in 25% yield. 

 

Data for 35: Rf 0.29 (3:2 Hexanes:EtOAc); 1H NMR (400 MHz, CDCl3), δ 7.83 (s, 1 H), 7.34 (m, 

2 H), 6.99 (t, J = 8 Hz, 1 H), 6.66 (br s, 1H), 5.19 (br s, 1 H), 4.55 (d, J = 6.4, 2 H), 3.84 (s, 2 H), 

1.45 (s, 9 H); 13C NMR (100 MHz, CDCl3) δ 169.4, 140.1, 139.5, 129.6, 129.4, 128.6, 98.9, 48.0, 

28.3, 14.2; HRMS (TOF MS ES+) calcd for C14H20IN2O3 [M+]: 391.1519, found 391.0526. 

 

2-amino-N-(2-iodobenzyl)acetamide (36). tert-Butyl (2-((2-iodobenzyl)amino)-2-

oxoethyl)carbamate (35) (2.17 g, 5.57 mmol) was dissolved in 20% TFA in CH2Cl2 (11.6 mL, 

0.48 M). The mixture was stirred at rt overnight and diluted with 2 mL CH2Cl2. The mixture was 

made basic with 1 M NaOH until pH > 9. The aqueous layer was extracted with CH2Cl2, dried 

over Na2SO4, and concentrated to give 36 (1.60 mg, 5.52 mmol, 99%) as a yellow oil. 

 

Data for 36: Rf 0.03 (EtOAc); 1H NMR (400 MHz, CDCl3), δ 7.86 (d, J = 7.2 Hz, 1 H), 7.77 (br s, 

1 H), 7.36 (m, 2 H), 6.99 (t, J = 7.6 Hz, 1 H), 4.53 (d, J = 6 Hz, 2 H), 3.43 (s, 2 H), 1.45 (br s, 2 

H); 13C NMR (100 MHz, CDCl3) δ 172.5, 140.6, 139.5, 129.7, 129.3, 128.6, 99.1, 47.6, 44.8; 

HRMS (TOF MS ES+) calcd for C9H11IN2O [M+]: 290.9994, found 291.0005. 

 

3-(2-iodobenzyl)imidazolidin-4-one (37). 2-amino-N-(2-iodobenzyl)acetamide (36)  (60 mg, 

0.207 mmol) was dissolved in EtOH (0.34 mL) and aq. NaOH (30% solution, 0.06 mL, 0.455 

mmol). Formalin was added dropwise (36% solution, 0.02 mL, 0.228 mmol) and stirred at rt for 2 

hours. The solvent was evaporated and the residue was dissolved in EtOAc, washed with brine 

and dried over Na2SO4. Filtration and concentration afforded 37 (62 mg, 0.205 mmol, quant.) was 

used without further purification. 
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Data for 37: Rf 0.17 (9:1 CH2Cl2:MeOH); 1H NMR (400 MHz, CDCl3), δ 7.82 (s, 1 H), 7.40 (s, 1 

H), 7.34 (m, 2 H), 6.99 (t, J = 7.6 Hz, 1 H), 4.47 (d, J = 6 Hz, 2 H), 3.45 (br s, 2 H), 3.15 (s, 2 H); 
13C NMR (100 MHz, CDCl3) δ 168.9,  140.2, 139.6, 130.2, 129.6, 128.7, 99.3, 73.9, 55.9, 47.7; 

HRMS (TOF MS ES+) calcd for C10H11IN2O [M+]: 302.9994, found 302.9992. 

 

methyl 3-(1-benzyl-5-oxoimidazolidin-2-yl)propanoate (38). To a solution of 3-(2-

iodobenzyl)imidazolidin-4-one (37) (100 mg, 0.331 mmol) in PhH (1.5 mL, 0.1 M) were added 

methyl acrylate (0.09 mL, 0.993 mmol) and benzylthiol (5% solution in PhH, 0.07 mL, 0.066 

mmol) and heated to reflux. To the refluxing mixture was added a solution of AIBN (11 mg, 

0.066 mmol) and Bu3SnH (0.18 mL, 0.662 mmol) in PhH (1.5 mL, 0.1 M) via syringe pump over 

3 hours. After the addition was complete, the mixture was cooled to room temperature and the 

solvent evaporated. Purification via FCC (4% MeOH in CH2Cl2 afforded 38 (13 mg, 0.049 mmol, 

15%) and 39 (27 mg, 0.103 mmol, 31%). 

 

Data for 38: Rf 0.23 (4% MeOH in CH2Cl2); 1H NMR (400 MHz, CDCl3), δ 7.27 (m, 5 H), 4.46 

(d, J = 14.8 Hz, 2 H), 3.65 (s, 2 H), 3.46 (br s, 2 H), 3.18 (d, J = 13.2 Hz, 2 H), 2.99 (m, 1 H), 

2.64 (m, 1 H); 13C NMR (100 MHz, CDCl3) δ 173.2, 168.9, 138.5, 135.6, 129.2, 128.8, 127.6, 

126.9, 73.7, 56.0, 51.7, 46.1, 43.1, 40.5, 34.9, 27.2; HRMS (TOF MS ES+) calcd for C14H18N2O3 

[M+]: 262.1318, found 262.1326. 

 

Data for 39: Rf 0.26 (4% MeOH in CH2Cl2); 1H NMR (400 MHz, CDCl3), δ 7.27 (m, 5 H), 4.45 

(d, J = 15.2 Hz, 2 H), 3.65 (s, 3 H), 3.46 (br s, 2 H), 3.16 (d, J = 16.8 Hz, 2 H), 2.97 (m, 1 H), 

2.64 (m, 1 H), 1.38 (m, 1 H), 0.94 (m, 1 H); 13C NMR (100 MHz, CDCl3) δ 173.2, 169.0, 138.2, 

135.6, 129.2, 128.8, 127.6, 126.9, 73.7, 56.0, 51.7, 43.1, 40.5, 34.9, 31.7, 27.2, 13.6; HRMS 

(TOF MS ES+) calcd for C14H18N2O3 [M+]: 262.1318, found 262.1326. 

 

(S)-2-(2-iodobenzyl)hexahydro-1H-pyrrolo[1,2-c]imidazol-1-one (47). To a solution of known 

(S)-N-(2-iodobenzyl)pyrrolidine-2-carboxamide (1.54 g, 4.67 mmol) in formalin (36% in water, 
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19 mL, 0.668 M) was added K2CO3 (774 mg, 5.6 mmol) and stirred for 12 hours at room 

temperature. The mixture was diluted with EtOAc and washed with NaHSO3 and brine and dried 

over sodium sulfate. Purification via FCC (10:1 EtOAc:MeOH) afforded 47 (1.39g, 4.06 mmol, 

87%) as a light yellow oil. 

 

Data for 47: Rf 0.17 (10:1 EtOAc:MeOH); IR (thin film) 3464 (br), 2966, 2874, 1693, 1443, 1287 

cm-1; 1H NMR (400 MHz, CDCl3), δ 7.88 (dd, J = 7.9, 1.2 Hz, 1 H), 7.36 (ddd, J = 8.7, 7.6, 1.2 

Hz, 1 H), 7.26 (dd, J = 7.7, 1.6 Hz, 1 H), 7.02 (ddd, J = 9.3, 7.7, 1.7, 1 H), 4.74 (d, J = 15.2 Hz, 1 

H), 4.45 (d, J = 8.2 Hz, 1 H), 4.38 (d, J = 15.2 Hz, 1 H), 3.97 (d, J = 8.2 Hz, 1 H), 3.82 (dd, J = 

8.8, 4.6 Hz, 1 H), 3.16 (m, 1 H), 2.56 (m, 1 H), 2.14 (m, 2 H), 1.82 (m, 2 H); 13C NMR (100 

MHz, CDCl3) δ 175.0, 139.8, 138.3, 129.6, 129.2, 128.8, 98.9, 69.9, 65.2, 56.3, 50.0, 27.7, 25.3; 

HRMS (TOF MS ES+) calcd for C13H15IN2O [M+H]: 343.0315, found 343.0307; [a]D
24 =  –14.3 

(c 1.0, CHCl3). 

  

(S)-2-(2-iodobenzyl)hexahydroimidazo[1,5-a]pyridin-1(5H)-one (48). To a solution of (S)-N-

(2-iodobenzyl)piperidine-2-carboxamide (928 mg, 2.70 mmol) in formalin (36% in water, 11 mL, 

0.668 M) was added K2CO3 (447 mg, 5.6 mmol) and stirred for 12 hours at rt. The mixture was 

diluted with EtOAc and washed with NaHSO3 and brine and dried over sodium sulfate. 

Purification via FCC (10:1 EtOAc:MeOH) afforded 48 (1.39g, 4.06 mmol, 87%) as a yellow oil. 

 

Data for 48: Rf 0.58 (10:1 EtOAc:MeOH); IR (thin film) 2936, 1707, 1438, 1012 cm-1; 1H NMR 

(700 MHz, CDCl3), 7.84 (dd, J = 7.9, 1 Hz, 1 H), 7.34 (ddd, J =8.4, 7.6, 1.1 Hz, 1 H), 7.29 (dd, J 

= 7.6, 1.4 Hz, 1 H), 7.00 (ddd, J = 9.1, 7.7, 1.7 Hz, 1 H), 4.59 (dd, J = 52.5, 15.4 Hz, 2 H), 4.11 

(d, J = 5.4 Hz, 1 H), 3.84 (dd, J = 5.4, 2.1 Hz, 1 H), 2.85 (m, 2 H), 2.42 (m, 1 H), 2.01 (m, 1 H), 

1.80 (m, 1 H), 1.70 (s, 1 H), 1.63 (m, 3 H), 1.40 (m, 1 H); 13C NMR (176 MHz, CDCl3) δ 173.0, 

139.6, 138.5, 129.5, 129.3, 128.8, 98.9, 67.7, 63.2, 49.9, 49.6, 24.8, 24.3, 23.2; HRMS (TOF MS 

ES+) calcd for C14H17IN2O [M+H]: 357.0458, found 357.0464; [a]D
24 =  +13.9 (c 1.0, CHCl3). 

 

Methyl 3-((3R,7aS)-2-benzyl-1-oxohexahydro-1H-pyrrolo[1,2-c]imidazol-3-yl)propanoate 

(49a). To a solution of (S)-2-(2-iodobenzyl)hexahydro-1H-pyrrolo[1,2-c]imidazol-1-one (47) 
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(101 mg, 0.295 mmol) in PhH (1.5 mL, 0.2 M) were added methyl acrylate (0.13 mL, 1.48 mmol) 

and benzylthiol (5% solution in PhH, 0.07 mL, 0.030 mmol) and heated to reflux. To the 

refluxing mixture was added a solution of AIBN (9.7 mg, 0.059 mmol) and Bu3SnH (0.16 mL, 

0.591 mmol) in PhH (1.5 mL, 0.2 M) via syringe pump over 3 hours. After the addition was 

complete, the mixture was cooled to room temperature and the solvent evaporated. Purification 

via FCC (10:1 EtOAc:MeOH) afforded 49a (41 mg, 0.135 mmol, 46% as a single diastereomer) 

as a yellow oil. 

 

Data for 49a: Rf 0.32 (4:1 EtOAc:CH2Cl2); IR (thin film) 2944, 1735, 1694, 1438, 1259, 1166 cm-

1; 1H NMR (700 MHz, CDCl3), δ 7.36 (m, 2 H), 7.32 (m, 1H), 7.25 (m, 2 H), 5.04 (d, J = 14.7 

Hz, 1 H), 3.90 (m, 1 H), 3.88 (d, J = 15.4 Hz, 1 H), 3.83 (dd, J = 9.1, 4.9 Hz, 1 H), 3.67 (s, 3 H), 

3.03 (dd, J = 9.8, 5.6 Hz, 1 H), 2.42 (t, J = 7.4 Hz, 2 H), 2.40 (m, 1 H), 2.15 (m, 1 H), 2.02 (m, 2 

H), 1.75 (m, 2 H), 1.68 (m, 1 H); 13C NMR (176 MHz, CDCl3) δ 174.6, 173.6, 136.1, 128.8, 

128.1, 127.8, 78.8, 64.0, 56.2, 51.7, 44.0, 29.0, 29.0, 28.1, 25.1; HRMS (TOF MS ES+) calcd for 

C17H22N2O3 [M+H]: 303.1715, found 303.1709; [a]D
24 =  +10.9 (c 0.55, CHCl3). 

 

Methyl-3-((3R,7aS)-2-benzyl-1-oxohexahydro-1H-pyrrolo[1,2-c]imidazol-3- yl)propanoate 

(49b). To a solution of (S)-2-(2-iodobenzyl)hexahydro-1H-pyrrolo[1,2- c]imidazol-1-one (47) 

(102 mg, 0.299 mmol) in PhH (1.5 mL, 0.1 M) were added AIBN (9 mg, 0.060 mmol), methyl 

acrylate (0.13 mL, 1.49 mmol) and benzyl thiol (5% solution in PhH, 0.07 mL, 0.030 mmol), and 

(TMS)3SiH (0.18 mL, 0.60 mmol) and heated to reflux. After the reaction was complete, the 

mixture was cooled to room temperature and the solvent evaporated. Purification via FCC (10:1 

EtOAc:MeOH) afforded 49b (13 mg, 0.041 mmol, 4%, dr not det’d) as a yellow oil. 

 

3-((7aS)-2-benzyl-1-oxohexahydro-1H-pyrrolo[1,2-c]imidazol-3-yl)propanenitrile (49c). To a 

solution of (S)-2-(2-iodobenzyl)hexahydro-1H-pyrrolo[1,2-c]imidazol-1-one 47 (107 mg, 0.311 

mmol) in PhH (1.5 mL, 0.2 M) were added acrylonitrile (0.10 mL, 1.56 mmol) and benzylthiol 

(10% solution in PhH, 0.06 mL, 0.062 mmol) and heated to reflux. To the refluxing mixture was 

added a solution of AIBN (10 mg, 0.062 mmol) and Bu3SnH (0.17 mL, 0.623 mmol) in PhH (1.6 

mL, 0.2 M) via syringe pump over 3 hours. After the addition was complete, the mixture was 

cooled to room temperature and the solvent evaporated. Purification via FCC (10:1 
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EtOAc:MeOH) afforded 49c (59 mg, 0.219 mmol, 70% as a 3:1 mixture of diastereomers) as a 

yellow oil. 

 

Data for 49c: Rf 0.29 (1:1 CH2Cl2:EtOAc); IR (thin film) 2956, 2925, 2246, 1690, 1444  cm-1; 1H 

NMR (700 MHz, CDCl3), δ 7.38 (m, 2 H), 7.34 (m, 1 H), 7.25 (d, J = 7.0 Hz, 2 H), 4.97 (d, J = 

15.4 Hz, 1 H), 3.98 (m, 1 H), 3.97 (d, J = 15.4 Hz, 1 H), 3.83 (dd, J = 9.1, 4.9 Hz, 1 H), 3.09 (m, 

1 H), 2.51 (m, 2 H), 2.43 (m, 1 H), 2.17 (m, 1 H), 2.08 (m, 1 H), 1.99 (m, 1 H), 1.78 (m, 1 H), 

1.71 (m, 2 H); 13C NMR (176 MHz, CDCl3) δ 174.4, 135.7, 129.0, 128.1, 128.0, 119.1, 78.3, 

64.0, 56.4, 44.3, 29.9, 28.2, 25.1, 12.4; HRMS (TOF MS ES+) calcd for C16H19N3O [M+H]: 

270.1595, found 270.1606; [a]D
24 =  +14.4 (c 1.0, CHCl3). 

 

3-((7aS)-2-benzyl-1-oxohexahydro-1H-pyrrolo[1,2-c]imidazol-3-yl)propanenitrile (49d). To a 

solution of (S)-2-(2-iodobenzyl)hexahydro-1H-pyrrolo[1,2-c]imidazol-1-one (47) (132 mg, 0.386 

mmol) in PhH (3.9 mL, 0.1 M) were added acrylonitrile (0.13 mL, 1.93 mmol) and benzyl thiol 

(10% solution in PhH, 0.04 mL, 0.039 mmol), AIBN (13 mg, 0.077 mmol), and (TMS)3SiH 

(0.24 mL, 0.772 mmol) and heated to reflux. After the reaction was complete, the mixture was 

cooled to room temperature and the solvent evaporated. Purification via FCC (10:1 

EtOAc:MeOH) afforded 49d (56 mg, 0.208 mmol, 45% as a 4:1 mixture of diastereomers) as a 

yellow oil. 

 

Methyl 3-((8aS)-2-benzyl-1-oxooctahydroimidazo[1,5-a]pyridin-3-yl) propanoate (50a). To a 

solution of (S)-2-(2-iodobenzyl)hexahydroimidazo[1,5-a]pyridin-1(5H)-one (48) (105 mg, 0.296 

mmol) in PhH (1.5 mL, 0.2 M) were added methyl acrylate (0.13 mL, 1.478 mmol) and 

benzylthiol (5% solution in PhH, 0.62 mL, 0.266 mmol) and heated to reflux. To the refluxing 

mixture was added a solution of AIBN (9.7 mg, 0.059 mmol) and Bu3SnH (0.16 mL, 0.591 

mmol) in PhH (1.5 mL, 0.2 M) via syringe pump over 3 hours. After the addition was complete, 

the mixture was cooled to room temperature and the solvent evaporated. Purification via FCC 

(3:2 Hex:EtOAc then EtOAc only) afforded 50a (64 mg, 0.201 mmol, 68% as a single 

diastereomer) as a yellow oil. 
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Data for 50a: Rf 0.48 (1:1 CH2Cl2:EtOAc); IR (thin film) 2924, 2849, 1735, 1553, 1440 cm-1; 1H 

NMR (400 MHz, CDCl3), δ 7.36 (m, 2 H), 7.31 (m, 3 H), 5.06 (d, J = 15.4 Hz, 1 H), 4.08 (t, J = 

8.4 Hz, 1 H), 3.88 (d, J = 14.7 Hz, 1 H), 3.68 (s, 3 H), 3.55 (m, 1 H), 2.68 (m, 1 H), 2.57 (m, 1 

H), 2.38 (m, 1 H), 2.24 (m, 1 H), 1.93 (m, 2 H), 1.83 (m, 1 H), 1.66 (m, 2 H), 1.49 (m, 1 H), 1.39 

(m, 2 H); 13C NMR (176 MHz, CDCl3) δ 173.9, 173.8, 136.3, 128.8, 128.3, 127.8, 74.3, 58.5, 

51.7, 46.6, 43.8, 27.9, 24.4, 24.0, 22.5, 22.2; HRMS (TOF MS ES+) calcd for C18H24N2O3 

[M+H]: 317.1858, found 317.1865; [a]D
24 =  +13.6 (c 0.45, CHCl3). 

 

Methyl-3-((8aS)-2-benzyl-1-oxooctahydroimidazo[1,5-a]pyridin-3-yl)-propanoate (50b). To a 

solution of (S)-2-(2-iodobenzyl)hexahydroimidazo[1,5-a]pyridin-1(5H)-one (48) (97 mg, 0.272 

mmol) in PhH (2.7 mL, 0.1 M) were added AIBN (9 mg, 0.054 mmol), methyl acrylate (0.12 mL, 

1.360 mmol) and benzyl thiol (5% solution in PhH, 0.57 mL, 0.245 mmol) and (TMS)3SiH (0.17 

mL, 0.544 mmol) and heated to reflux. After the reaction was complete, the mixture was cooled 

to room temperature and the solvent evaporated. Purification via FCC (3:2 Hex:EtOAc then 

EtOAc only) afforded 50b (24 mg, 0.075 mmol, 28% as a single diastereomer) as a yellow oil. 

 

3-((8aS)-2-benzyl-1-oxooctahydroimidazo[1,5-a]pyridin-3-yl)propanenitrile (50c). To a 

solution of (S)-2-(2-iodobenzyl)hexahydroimidazo[1,5-a]pyridin-1(5H)-one (48) (99 mg, 0.278 

mmol) in PhH (1.3 mL, 0.21 M) were added acrylonitrile (0.09 mL, 1.391 mmol) and benzylthiol 

(5% solution in PhH, 0.07 mL, 0.028 mmol) and heated to reflux. To the refluxing mixture was 

added a solution of AIBN (9 mg, 0.0556 mmol) and Bu3SnH (0.15 mL, 0.556 mmol) in PhH (1.5 

mL, 0.2 M) via syringe pump over 3 hours. After the addition was complete, the mixture was 

cooled to room temperature and the solvent evaporated. Purification via FCC (1:1 

EtOAc:CH2Cl2) afforded 50c (53 mg, 0.188 mmol, 68% as a single diastereomer) as a yellow oil. 

 

Data for 50c: Rf 0.52 (1:1 CH2Cl2:EtOAc); IR (thin film) 2939, 2860, 2248, 1702, 1439 cm-1; 1H 

NMR (400 MHz, CDCl3), δ 7.36 (m, 5 H), 4.94 (d, J = 15 Hz, 1 H), 4.19 (t, J = 3.4 Hz, 1 H), 4.0 

(d, J = 15 Hz, 1 H), 3.59 (dd, J = 8.4, 4.9 Hz, 1 H), 2.8 (m, 1 H), 2.60 (m, 1 H), 2.41 (m, 1 H), 

2.17 (m, 1 H), 1.87 (m, 2 H), 1.57 (m, 4 H), 1.40 (m, 2 H); 13C NMR (100 MHz, CDCl3) δ 174.0, 

136.0, 129.0, 128.2, 128.1, 119.6, 73.3, 58.4, 46.1, 44.2, 24.9, 24.3, 22.2, 22.1, 10.8; HRMS 
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(TOF MS ES+) calcd for C17H21N3O [M+H]: 284.1763, found 284.1763; [a]D
24 =  +5.4 (c 0.5, 

CHCl3). 

 

3-((8aS)-2-benzyl-1-oxooctahydroimidazo[1,5-a]pyridin-3-yl)propanenitrile (50d). To a 

solution of (S)-2-(2-iodobenzyl)hexahydroimidazo[1,5-a]pyridin-1(5H)-one (48) (85 mg, 0.238 

mmol) in PhH (2.4 mL, 0.1 M) were added, acrylonitrile (0.08 mL, 1.189 mmol), benzyl thiol 

(10% solution in PhH, 0.02 mL, 0.024 mmol), AIBN (8 mg, 0.048 mmol), and (TMS)3SiH (0.15 

mL, 0.476 mmol) and heated to reflux. After the reaction was complete, the mixture was cooled 

to room temperature and the solvent evaporated. Purification via FCC (1:1 EtOAc:CH2Cl2) 

afforded 50d (11 mg, 0.039 mmol, 16%, dr not det’d) as a yellow oil. 
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Chapter 3: Investigation of Acyclic Aminals: Synthesis Toward 
Goniomitine 

 
3.1 Isolation and Structural Assignment of Goniomitine  

 

The utility of aminal radical intermediates offers a novel approach toward the 

construction of carbon–carbon bonds within nitrogen rich molecules. Building on the 

foundation of our preliminary results, we sought to investigate the reactivity of acyclic 

aminals and apply the radical translocation method toward the synthesis of the alkaloid 

goniomitine. In addition to the interesting biological activity regarding this molecule and 

its derivatives, the structure of goniomitine provides a platform to test the aminal radical 

translocation method using acyclic aminal chemistry. 

 

Goniomitine was isolated from the root bark of Gonioma malagasy native to the 

southwest region of Madagascar (51, Figure 3.1).43 Gonioma alkaloids and those of the 

well-known aspidosperma genus belong to the Apocynaceae family and feature the 

indole framework within their molecular architecture. In 1987, Husson and coworkers 

reported the spectroscopic data for goniomitine as the (20S, 21R) configuration at the 

fused bicycle (ent-51). In 1991 Takano and coworkers44 reported the first enantioselective 

total synthesis, confirming the absolute stereochemistry of the natural product as (20R, 

21S)-(–)-goniomitine (51). 

 
Figure 3.1 Natural and unnatural forms of goniomitine 

 

Eight total syntheses have been reported on the construction of goniomitine since 1991. A 

semisynthesis from vincadifformine45 and a formal synthesis46 have also been reported. 

The most recent total synthesis came from the Zhu laboratory47 in 2014. 
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3.2 Biomimetic Synthesis of Goniomitine from Vincadifformine 

 

Husson proposed a biogenetic pathway41 originating from the aspidosperma alkaloid 

vincadifformine (52) in his isolation report (Scheme 3.1). Although goniomitine is 

isolated among aspidosperma alkaloids from the same natural sources, the structure is 

unique in that the nitrogen atoms within the molecule are bound to the same carbon atom. 

The proposed biosynthesis involves the oxidative fission of the C5–N4 bond in 

vincadifformine to provide the corresponding iminium ion intermediate 53. Cleavage of 

the C–N bond expels the tethered alcohol and subsequent decarboxylation affords 

iminium ion 55. The retro-Mannich reaction of 55 provides 56 and subsequent 

nucleophilic attack of the indole nitrogen yields the aminal functional group to furnish 

goniomitine.  

 
Scheme 3.1 Biosynthetic pathway of goniomitine proposed by Husson 

 

On the basis of this pathway, Lewin disclosed the semisynthesis of goniomitine43 from (–

)-vincadifformine (Scheme 3.2). The biogenetic pathway commenced with oxidative 

fission48 of the C5–N4 bond in vincadifformine (52). m-Chloroperoxybenzoic acid 

(mCPBA) initiated ring expansion of N,O-acetal 57 to give 59 in 82% yield. The acid-

catalyzed retro-Mannich reaction provided the key iminium ion intermediate 60 that 

underwent nucleophilic attack from the indole nitrogen to provide the desired aminal 61 
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in 52% yield. Elaboration of 61 via reduction and decarboxylation lead to (+)-

goniomitine (ent-51) in 50% yield over 4 steps. 

 

 
Scheme 3.2 Biomimetic synthesis of goniomitine from (–)-vincadifformine  

 

3.3 Overview of the Total Syntheses of Goniomitine 

 

In each of the eight syntheses of goniomitine reported in the literature, one of two 

strategic disconnections is used to assemble the molecule. The first disconnection 

strategy is to form the indole ring via cyclization chemistry installing the N1–C2 bond or 

C2–C7 bond (Disconnection 1, Figure 3.2). The second strategy is to functionalize the 2-

position of indole by way of disconnecting the C2–C16 bond (Disconnection 2). The 

following overview of the reported total syntheses are categorized by the corresponding 

disconnection strategies. 

 
Figure 3.2 Strategic disconnections of goniomitine from previously reported syntheses 
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3.3.1 Total Syntheses of Goniomitine via Disconnection 1: Cyclization to Build the 

Indole Scaffold 

 

Takano and coworkers42 reported the first enantioselective synthesis of goniomitine 

shortly after isolation of the alkaloid. The synthetic route began with an 8-step protocol to 

convert optically active enone 62 to thioacetal 63 (Scheme 3.3). Elaboration to alkyne 64 

was followed by treatment with sodium ethoxide49 to promote cyclization, providing the 

indole scaffold of 65 in 70% yield. 

 
Scheme 3.3 First enantioselective total synthesis of goniomitine 

 

The aminal moiety was installed via treatment of amide 67 with POCl3 to form chloro-

iminium ion intermediate 68 that was subsequently reduced by sodium borohydride in 

84% yield. The remaining portion of the synthesis required reduction of the nitrile to the 

corresponding alcohol and a final epimerization reaction of the aminal carbon. Upon 

treatment with acid, the thermodynamically more stable goniomitine was produced in 

40% yield over four steps. The synthesis of goniomitine was completed in 28 steps and 

2.3% overall yield. 
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Scheme 3.4 Total synthesis of goniomitine via cyclopropane [3+2] cyclization 

 

The strategic approach by Pagenkopf and coworkers50 utilized a novel cyclopropane 

fragmentation/cycloaddition reaction to install the indole framework of goniomitine 

(Scheme 3.4). Cyclopropane 70 was treated with TMSOTf to give oxocarbenium ion 

intermediate 71 which underwent nucleophilic attack by the terminal nitrogen atom of 

nitrile 72. [3+2]-Cyclization of intermediate 73 provided adduct 74 in 74% yield. The 

latter portion of the synthesis to effect aminal formation mirrors the strategy put forth by 

Takano and coworkers. 

 

The structural assignment of goniomitine was further confirmed with Mukai’s report of 

the total synthesis of (–)- and (+)-goniomitine in 2011.51 The intramolecular cyclization 

of allenylaniline 75 provided 2,3-disubstituted 76 in 22% yield (Scheme 3.5). Hoveyda–

Grubbs52 metathesis with lactam 77 gave 78, which was then advanced to goniomitine in 

4 steps. 
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Scheme 3.5 Intramolecular cyclization of allenylaniline 75 in the synthesis of 

goniomitine 

 

The success of the metathesis reaction prompted the use of enantioenriched lactam53 79, 

resulting in 65% yield of the corresponding product 80 (Scheme 3.5). Hydrogenation 

followed by reduction provided aminal 81 which was converted to (–)-goniomitine in 

61% yield over two steps. 

 

Zhu and coworkers45 reported the most recent total synthesis of goniomitine in 2014. 

Their “couple and divert” strategy using Pd-catalyzed decarboxylative vinylation54 to 

produce a cyclopentene allows access toward the construction of five different alkaloid 

targets. In the synthesis of goniomitine, cross coupling between nitrophenyl acetate 82 

and triflate 83 provided the key cyclopentenyl intermediate 84 in 35% yield over three 

steps (Scheme 3.6). This unified strategy utilized the oxidative cleavage of cyclopentenyl 

intermediate 84 to reveal a 1,5-dioxygen relationship in intermediate 85 that underwent 

two successive cyclization reactions to produce aminal 87 in 80% yield. Sodium 

naphthalenide conditions55 to remove the benzyl-protecting group gave (±)-goniomitine 

in 65% yield.  



! 61!

 
Scheme 3.6 Pd-catalyzed decarboxylative vinylation in the total synthesis of goniomitine 

 

Li and collaborators44 reported a formal synthesis of goniomitine in 2014. The method of 

Rh(III)-catalyzed intramolecular annulation of tethered alkynes was developed to provide 

2,3-disubstituted indoles under redox-neutral conditions (Scheme 3.7). Application of this 

method toward goniomitine gave 89 in 58% yield. Indole 89 was advanced via 5-step 

linear sequence concluding with Zhu’s benzyl-deprotection conditions to provide racemic 

goniomitine in 27% yield. 

 
Scheme 3.7 Formal synthesis of goniomitine via Rh(III)-catalyzed annulation of tethered 

alkyne 88  

 

3.3.2 Total Syntheses of Goniomitine via Disconnection 2: Functionalization of the 2-

Position of Indole 

 

Nucleophilic substitution at the 2-position of indole is difficult due to the inherent 

electron density residing at the C3- and C5-positions.56 Three reports of the synthesis of 
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goniomitine have addressed this issue with novel reaction design used to incorporate 

substitution at the 2-position of indole. 

 

Waser reported57 an elegant use of stereocontrolled fragmentation chemistry to install the 

aminal functionality of goniomitine (A, Scheme 3.8). A key step in the early stage of the 

synthesis required acylation58 at the 2-position of indole 91 with amide 92. Though the 

desired acylated indole 93 was only formed in moderate yield, the subsequent 

cyclopropane fragmentation/N-acyliminium cyclization afforded aminal 94 in 93% yield 

with complete stereocontrol. Elaboration of aminal 94 toward (±)-goniomitine was 

achieved in 4 steps. 

 

Bach’s synthesis59 to install substitution at the 2-position of indole utilizes Pd-catalyzed 

norbornene-mediated C–H activation (B, Scheme 3.8). Indole 95 and alkyl iodide 96 

undergo regioselective alkylation providing 97 in 73% yield. The substrate was rapidly 

converted to azide 98 in 3 steps and treated with LiAlH4 to provide the primary amine. 

The lactam was also reduced to the corresponding N,O-acetal intermediate that was then 

stirred with AcOH to promote cyclization to form the aminal. Goniomitine was 

completed in seven steps and 35% overall yield. 
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Scheme 3.8 A: Catalytic cyclization of aminocyclopropanes; B: Pd(II)-catalyzed 2-

alkylation of indole; C: Suzuki coupling/cyclization reaction 

 

Suzuki cross coupling is another strategy used to install substitution at the 2-position of 

indole. Jia employed this method in his 11-step synthesis60 of (–)-goniomitine in 2014 (C, 

Scheme 3.8). Organoborane61 99 was reacted with diethyl L-malate derived62 100 in the 

Pd-catalyzed Suzuki reaction. Upon completion of the cross-coupling bond formation, the 

indole nitrogen proceeded to react with the pendent ethyl ester, closing the six-membered 
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ring fused to indole providing 101 in 86% yield.63 Advancement to azide 102 was 

followed by reductive cyclization affording natural (–)-goniomitine in 60% yield. 

 

To date, all the reports of goniomitine construct the C20–C21 bond before installing the 

aminal functionality. A conceptually different approach involves the formation of the 

aminal then utilizing its reactivity to construct the C20–C21 bond (Disconnection 3, 

Figure 3.3). Our aim was to prepare acyclic aminals and evaluate their reactivity in the 

synthesis of goniomitine. 

 
Figure 3.3 Comparison of strategic disconnections for the synthesis of goniomitine  

 

3.4 Synthetic Efforts Toward Goniomitine 

 

The structure of goniomitine consists of two six-membered rings fused at the aminal 

carbon (A and B, Scheme 3.9). We envisioned the construction of these rings through a 

sequential cyclization route. Nucleophilic substitution of benzyl amine 103 with the 

pendent mesylate followed by reduction and global deprotection would provide the 

alkaloid as a racemate.  
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Scheme 3.9 Retrosynthetic analysis of goniomitine via acyclic aminal chemistry 

 

Upon forming the aminal radical of intermediate 104 (via radical translocation) we 

expected that the carbon radical would likely add to the intramolecular acrylate forming 

the desired C–C bond, closing ring B (Scheme 3.9). Intermediate 104 could be formed by 

the substitution reaction of formamide 105 and indole 106. 2,3-Disubstituted indole 106 

could arise from a Pd-catalyzed Heck reaction64 between bromo indole 107 and enone 

108 followed by hydrogenation and Horner–Wadsworth–Emmons (HWE) olefination.65 

 

Our synthesis of the HWE olefination intermediate 106 commenced with the construction 

of coupling partners 107 and 108 for the Heck reaction. Commercially available 3-

indoleacetic acid (109) was converted to the corresponding bromide via hydride 

reduction and TIPS-protection followed by bromination66 with NBS providing 107 in 

93% yield (Scheme 3.10). 

 
Scheme 3.10 Formation of the bromo indole coupling partner for the Heck reaction 
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Enone 108 was formed in a 4-step linear sequence beginning with 1,4-butane diol 

(Scheme 3.11). Diol 111 was mono TBS-protected and the free alcohol was oxidized to 

the corresponding aldehyde. Homologation67 and subsequent IBX oxidation provided 108 

in 70% yield over two steps. 

 
Scheme 3.11 Formation of the enone coupling partner for the Heck reaction 

 

The Pd-catalyzed Heck reaction provided indole 115 in 30% yield (Scheme 3.12). 

Despite efforts to optimize the reaction conditions, the product yield could not be 

improved. An analogous Sonogashira reaction of bromo indole 107 with an alkyne-

coupling partner (not shown) also gave the cross-coupling product but in low yield. 

Although we considered pursuing alternate routes to obtain larger quantities of 

intermediate 115, we continued forward to test the aminal radical cyclization. 

Hydrogenation followed by HWE olefination of 116 provided the desired aminal 

precursor 106 in 29% yield (63% yield based on recovered starting material) as a >20:1 

diastereomeric ratio of E:Z alkenes.  
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Scheme 3.12 Heck reaction and advancement toward olefination intermediate 129 

 

We were cognizant that an electron-withdrawing group on one the aminal nitrogen atoms 

was necessary for the reactivity of aminal radical intermediates (formamide 104, Scheme 

3.12). Upon assembling indole 106, we surveyed the literature for methods used to 

construct acyclic aminals bearing carbonyl groups. 

  

3.5 Overview of Acyclic Aminal Substrates 

 

We sought to prepare N-formyl aminals from the corresponding N-formylamines. A 

survey of the literature revealed that acyclic aminals are prepared in one of two ways: 1) 

condensation reactions of amines onto formaldehyde (Figure 3.4); or 2) substitution 

reactions of N-methylformamides bearing halogen atoms (Figure 3.5). 

 
Figure 3.4 Formation of acyclic N-formyl aminals via condensation with formaldehyde 
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We became interested in exploring acyclic aminals containing N-formyl amines and the 

nitrogen of indole. In 1970, Möhrle and coworkers reported the condensation of N-formyl 

amines 117 and dialkyl amines with formaldehyde to produce aminals 118 (Figure 3.4).68 

Although the characterization data was provided for the aminal products resulting from 

N-methyl, -ethyl and -benzyl amine precursors, no reaction yields were reported. Böhme 

and coworkers69 reported another example of the preparation of N-formyl aminals in 1981 

(Figure 3.5). N-Methylformamide (117a) was treated with formaldehyde and thionyl 

chloride to give 119 in 73% yield. Formamide 119 underwent substitution with a series of 

diamines to give their corresponding aminal products 120 in moderate to high yields. 

 
Figure 3.5 Formation of acyclic N-formyl aminals via substitution of N-chloromethyl 

formamide 119 

 

Acyclic aminals containing the nitrogen of indole have been prepared by condensation 

with formaldehyde, as shown by Narashimhan and coworkers70 in 1966 (eq. 1, Scheme 

3.13). Katritzky also reported71 the formation of aminals using this method and extended 

the reactivity to imidazole and benzotriazole derivatives to give the corresponding 

aminals (eq. 2 and eq. 3). Love and coworkers72 found that by reacting the 

organometalate of indole directly with benzotriazole65 aminals 126 (eq. 4), the desired 

aminals 127 were produced in high yield and excellent regioselectivity over the 3-

alkylated products 128. 



! 69!

 
Scheme 3.13 Formation of acyclic aminals containing indole 

 

Another method to generate aminals bearing heterocycles was reported by Love in 

2007.73 Methanediamine 129 was treated with succinic anhydride (130) to generate an 

iminium ion that underwent trapping by substituted indoles 132 (eq. 1, Scheme 3.14). 

Aminals 133 were generated in moderate to high yield without purification by distillation 

or recrystallization. Although the reaction of indole (121) produced an undesired mixture 

of substituted products (eq. 2), this method offers the advantage of milder reaction 

conditions compared to the previously reported organometalate protocol. This method 

could presumably be extended toward the formation of iminium ions starting from 

acylated aminal substrates.  
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Scheme 3.14 Iminium ion intermediates used in the synthesis of indole aminals 

 

Hellmann reported74 one of the earliest examples of N-acyl aminals with indole in 1957 

(eq. 1, Scheme 3.15). Indole (121) was treated with N-acyl aminal 136 and NaOH to give 

aminal 137 in 57% yield. An alternative method to generate N-acyl aminals was reported 

by Guillard in 2003 (eq. 2).75 Indole acetonitrile 138 was reacted under hydrogenation 

conditions with acetic anhydride to give desired N-acyl aminal 139 in 70% yield. 

 
Scheme 3.15 Formation of N-acyl aminals bearing indole 

 

In summary, acyclic aminals can be generated by condensation and substitution reactions. 

N-acyl amines and indole substrates have been shown to react with diamines to give the 

corresponding aminals. Our aim was to apply these methods using 2-iodobenzylamine 
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and indole to produce an acyclic aminal intermediate that can participate in the radical 

translocation reaction to form carbon–carbon bonds. 

 

3.6 Investigation of Acyclic Aminal Intermediates 

 

We initially investigated Möhrle’s condensation method with indole using formamides 

117c and iodobenzylformamide 140 (eq. 1, Scheme 3.16). To our dismay, the desired 

aminal was not produced in either reaction. We then turned to Guillard’s method of 

hydrogenation/acylation using acetonitrile derivatives (eq. 2). Formamide 117c was 

treated with bromoacetonitrile yet failed to produce aminal 143. The chlorination 

protocol was tested on formamide 140, however chloromethane formamide 144 was not 

observed (eq. 3).  

 
Scheme 3.16 Initial efforts toward the formation of N-formyl acyclic aminals 

 

In the chlorination protocol using 140, a trace amount of the N,O-acetal was observed. 

We optimized the reaction conditions and were delighted to find that acetal 105 was 

produced in 67% yield (Scheme 3.17). Formation of the corresponding bromide in situ 

followed by treatment with indole provided aminal 142 in 27% yield. This is the first 

example of an acyclic aminal containing an N-formyl amide and indole nitrogen atoms. 
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Unfortunately when 142 was subjected to the radical reaction using methyl acrylate, none 

of the desired addition product was observed. The aminal precursor was recovered 

quantitatively. 

 
Scheme 3.17 Formation of N-formyl acyclic aminal 142 via in situ bromination and 

substitution 
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3.7 Application of Acyclic Aminals Toward the Synthesis of Goniomitine 

 

The formation of an N-formyl acyclic aminal with indole encouraged us to explore the 

viability of our radical reaction in the synthesis of goniomitine. 2-Iodobenzylamine (146) 

was converted76 to N,O-acetal 105 in 25% yield over two steps (Scheme 3.18). With 

indole precursor 106 in hand, we attempted aminal formation with the conditions 

developed in our model system. To our dismay, the formation of the acyclic aminal was 

not observed. We reasoned that the acyclic indole precursor was unable to displace the 

bromide generated in situ. Despite optimization attempts, we were unable to observe to 

the desired acyclic aminal. 

 
Scheme 3.18 Efforts toward the formation of acyclic aminal 104 

 

In conclusion, N-formyl acyclic aminals bearing indole can be formed but in low yield. 

Efforts to construct an acyclic aminal via condensation of indole with N-formyl 2-

iodobenzamide was unsuccessful. We turned our attention toward a second generation 

synthesis of goniomitine using the radical translocation method of α-amino alkyl 

substrates to form carbon–carbon bonds. 

 



! 74!

3.8 Supplemental Data 

 

General Experimental Details: All reactions were carried out under an inert Ar 

atmosphere in oven-dried glassware. Flash column chromatography (FCC) was carried 

out with SiliaFlash P60, 60 Å silica gel. Reactions and column chromatography were 

monitored with EMD silica gel 60 F254 plates and visualized with potassium 

permanganate, ceric ammonium molybdate, molybdate, ninhydrin, or iodine stains. 

Tetrahydrofuran (THF), methylene chloride (CH2Cl2), acetonitrile (MeCN), benzene 

(PhH), dimethylformamide (DMF), ethanol (EtOH), and methanol (MeOH) were dried 

by passage through activated columns. Dimethylsulfoxide (DMSO) was stored over 3 Å 

molecular sieves. Acrylonitrile, acrolein, methyl acrylate, tert-butyl acrylate were 

distilled under reduced pressure to remove BHT and stored under inert atmosphere. 

Tributyltin hydride (Bu3SnH) was dried over calcium hydride, distilled under reduced 

pressure and stored under inert atmosphere. All other reagents and solvents were used 

without further purification from commercial sources. 

 

Instrumentation: FT-IR spectra were obtained on NaCl plates with a PerkinElmer 

Spectrum Vision spectrometer. Proton and carbon NMR spectra (1H NMR and 13C NMR) 

were recorded in deuterated chloroform (CDCl3) unless otherwise noted on a Bruker 700 

MHz Avance III Spectrometer with carbon-optimized cryoprobe and Bruker 400 MHz 

DPX-400 spectrometer. Multiplicities are abbreviated as follows: s = singlet, d = doublet, 

t = triplet, q = quartet, br = broad, m = multiplet. Melting points were determined with a 

Cole–Parmer instrument and are uncorrected. 
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2-bromo-3-(2-((triisopropylsilyl)oxy)ethyl)-1H-indole (107). To a solution of 110 (125 mg, 

0.393 mmol) in CH2Cl2 (3.9 mL) was added NBS (70 mg, 0.393 mmol). The solution was stirred 

for 15 minutes, diluted with CH2Cl2, and quenched with sodium thiosulfate. The aqueous was 

extracted with CH2Cl2 and dried over Na2SO4 and filtered to afford 107 (145 mg, 0.366 mmol, 

93% yield) as an oil. The crude residue was used without further purification. 

 

Data for 107: Rf 0.58 (4:1 Hexanes:EtOAc); 1H NMR (400 MHz, CDCl3), δ 7.98 (br s, 1 H), 7.58 

(d, J = 7.6 Hz, 1 H), 7.30 (d, J = 6.8 Hz, 1 H), 7.15 (m, 2 H), 3.90 (t, J = 7.6 Hz, 2 H), 3.02 (t, J = 

15.2 Hz, 2 H), 1.07 (m, 21 H); 13C NMR (100 MHz, CDCl3) δ 171.2, 136.1, 128.1, 122.2, 119.9, 

118.5, 112.7, 110.3, 108.5, 63.0, 60.4, 28.9, 21.1, 18.0, 14.2, 12.0. 

 

(E)-5-((tert-butyldimethylsilyl)oxy)-1-(3-(2-((triisopropylsilyl)oxy)ethyl)-1H-indol-2-yl)pent-

1-en-3-one (115): To a solution of 107 (769 mg, 1.939 mmol) in xylenes (2 mL) was added 108 

(484 mg, 2.134 mmol), Pd(PPh3)4 (224 mg, 0.194), and Na2CO3 (617 mg, 5.817 mmol). The 

reaction was stirred at 120 °C for 2 days. The reaction was cooled to rt and purified by FCC (9:1 

Hexanes: EtOAc) to afford 115 (310 mg, 0.570 mmol, 30% yield) as an oil. 

 

Data for 115: Rf 0.04 (20:1 Hexanes:EtOAc); 1H NMR (700 MHz, CDCl3), δ 8.13 (br s, 1 H), 

7.75 (d, J = 9.2 Hz, 1 H), 7.64 (d, J = 7.7 Hz, 1 H), 7.35 (d, J = 8.4 Hz, 1 H), 7.14 (t, J = 7.7 Hz, 1 

H), 6.47 (d, J = 16.1 Hz, 1 H), 3.93 (t, J = 7.0 Hz, 2 H), 3.72, (t, J = 6.3 Hz, 2H), 3.18 (t, J = 7.0 

Hz, 2 H), 2.78 (t, J = 7.0 Hz, 2 H), 1.94 (m, 2 H), 1.06 (m, 15 H), 0.93 (s, 6 H), 0.09 (s, 4 H); 13C 

NMR (100 MHz, CDCl3) δ 164.0, 129.9, 122.4, 120.0, 111.0, 63.9, 62.3, 37.0, 34.7, 31.6, 29.7, 

29.1, 27.5, 26.0, 25.3, 22.7, 17.9, 14.1, 11.9, 11.4, -5.3. 

 

6-((tert-butyldimethylsilyl)oxy)-1-(3-(2-((triisopropylsilyl)oxy)ethyl)-1H-indol-2-yl)hexan-3-

one (116): To a solution of 115 (7.9 mg, 0.0145 mmol) in MeOH (0.3 mL) was added Pd/C (5%, 

3.1 mg, 0.0015 mmol). The reaction vessel was purged with an H2 balloon and stirred at rt for 3 

hours. Filtration and purification by FCC afforded 116 (6.6 mg, 0.121 mmol, 83% yield) as an 

oil. 
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Data for 116: Rf 0.39 (6:1 Hexanes:EtOAc); IR (thin film) 3394, 2943, 2864, 1715, 1463, 1099, 

836 cm-1; 1H NMR (400 MHz, CDCl3), δ 8.52 (br s, 1 H), 7.53 (d, J = 7.7 Hz, 1H), 7.30 (t, J = 8.4 

Hz, 1 H), 7.11 (m, 2 H), 3.87 (m, 2 H), 3.63 (t, J = 6.3 Hz, 2 H), 3.02 (t, J = 6.3 Hz, 3 H), 2.85 (s, 

2 H), 2.52 (s, 2 H), 1.83 (s, 2 H), 1.10 (m, 21 H), 0.91 (s, 9 H), 0.06 (s, 6 H); 13C NMR (100 

MHz, CDCl3) δ 211.9, 135.7, 135.2, 128.4, 121.1, 119.0, 118.2, 110.6, 107.9, 64.2, 62.1, 43.2, 

39.3, 28.3, 26.9, 26.0, 25.9, 19.3, 18.3, 12.0, -5.4; HRMS (TOF MS ES+) calcd for  [M+]: 

C31H56NO3Si2 546.3799, found 546.3787. 

 

(E)-methyl 6-((tert-butyldimethylsilyl)oxy)-3-(2-(3-(2-((triisopropylsilyl)oxy)ethyl)-1H-indol-

2-yl)ethyl)hex-2-enoate (106): To a solution of 116 (45 mg, 0.0826 mmol) and methyl 2-

(dimethoxyphosphoryl)acetate (0.06 mL, 0.4130 mmol) in PhH (2.8 mL) was added slowly NaH 

(60%, 16.5 mg, 0.4130 mmol). The reaction was stirred at 90 °C. The reaction was cooled to rt, 

quenched with saturated NH4Cl and extracted with Et2O, dried over Na2SO4. Purification by FCC 

(10:1 Hexanes:EtOAc) afforded 106 (14.5 mg, 0.024 mmol, 29% yield, 63% yield brsm) as an 

oil. 

 

Data for 106: Rf 0.57 (9:1 Hexanes:EtOAc); IR (thin film) 3472, 2932, 1667, 1496, 1440, 1390, 

1098, 661; 1H NMR (400 MHz, CDCl3), δ 8.81 (br s, 1 H), 7.54 (d, J = 8.4 Hz, 1H), 7.34 (d, J = 

7.7 Hz, 1 H), 7.29 (s, 1 H), 7.14 (m, 1 H), 7.09 (m, 1 H), 5.76 (s, 1 H), 3.86 (m, 2 H), 3.77 (s, 3 

H), 3.65 (m, 2 H), 3.02 (m, 2 H), 2.97 (m, 2 H), 2.28 (m, 2 H), 1.73 (m, 2 H), 1.11 (s, 21 H), 0.93 

(s, 9 H), 0.08 (s, 6 H); 13C NMR (100 MHz, CDCl3) δ 167.5, 164.1, 135.6, 135.3, 128.6, 120.9, 

118.9, 118.2, 115.6, 110.5, 107.6, 64.2, 62.2, 51.2, 34.9, 32.3, 30.6, 28.4, 25.9, 25.6, 18.3, 18.1, 

12.0, 1.0, -5.3; HRMS (TOF MS ES+) calcd for  [M+]: C34H60NO4Si2 602.4061, found 602.4033. 

 

N-(hydroxymethyl)-N-(2-iodobenzyl)formamide (105): To a solution of 140 (224 mg, 0.8571 

mmol) in THF (4.3 mL) was added K2CO3 (142 mg, 1.0285 mmol), p-formaldehyde (31 mg, 

1.0285 mmol) and stirred at rt. Upon completion, the solvent was evaporated. The residue was 
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dissolved in Et2O, washed with brine and dried over Na2SO4. Purification by FCC afforded 105 

(168 mg, 0.577 mmol, 67% yield) as an opaque oil. 

 

Data for 105: Rf 0.24 (2:1 EtOAc:Hexanes); IR (thin film) 3358, 2921, 1667, 1438, 1403, 1013, 

750; 1H NMR (400 MHz, CDCl3), δ 8.38 (d, J = 21.6 Hz, 1 H), 7.89 (qd, J = 7.8, 1.2 Hz, 1 H), 

7.38 (dtd, J = 19.6, 7.6, 1.1 Hz, 1 H), 7.29 (m, 1 H), 7.04 (dtd, J = 19.1, 7.7, 1.6 Hz, 1 H), 4.82 (d, 

J = 3.8 Hz, 2 H), 4.75 (s, 1 H),  4.59 (s, 1 H), 1.68 (br s, 1 H); 13C NMR (100 MHz, CDCl3) δ 

164.9, 163.0, 140.1, 139.7, 138.5, 137.8, 129.9, 129.6, 129.4, 129.2, 128.9, 128.8, 99.2, 98.6, 

71.8, 67.6, 55.1, 49.3. 

  

N-((1H-indol-1-yl)methyl)-N-(2-iodobenzyl)formamide (142): To a solution of 105 (38 mg, 

0.1313 mmol) in DMF (0.53 mL) at 0 °C, was added a dropwise addition of PBr3 (0.01 mL, 

0.0525 mmol). After 4 hours, another portion of PBr3 (0.01 mL, 0.0525 mmol) was added and the 

reaction was allowed to warm to rt and stirred for 3 hours. Indole (15 mg, 0.1313 mmol) was then 

added in one portion and the reaction stirred for 12 hours at rt. Upon completion, the reaction was 

diluted with Et2O and quenched with water. The aqueous layer was extracted with Et2O and dried 

over Na2SO4. Purification by FCC (3:2 Hexanes:EtOAc) afforded 142 (14 mg, 0.0349, 27% 

yield) as an oil.  

 

Data for 142: Rf 0.12 (3:2 Hexanes:EtOAc); IR (thin film) 3271, 2918, 2850, 1737, 1659, 1620, 

1437, 1201, 1158, 1014; 1H NMR (400 MHz, CDCl3) as a mixture of rotational isomers, δ 8.68 

(s, 1 H), 8.41 (s, 1 H), 8.24 (m, 1.5 H), 7.84 (dd, J = 20.4, 12.4 Hz, 1.5 H), 7.71 (d, J = 7.6 Hz, 1 

H), 7.51 (d, J = 4.8 Hz, 1 H), 7.41 (m, 3 H), 7.11 (m, 3 H), 7.05 (m, 4 H), 4.67 (s, 2.5 H), 4.57 (s, 

2.5 H), 4.33 (s, 2 H). 13C NMR (100 MHz, CDCl3) δ 163.6, 140.1, 139.6, 138.1, 136.6, 129.1, 

128.4, 126.7, 124.6, 122.7, 120.1, 119.6, 118.6, 111.2, 110.6, 98.7, 98.5, 54.7, 49.8, 43.0, 36.1. 
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Chapter 4. Second Generation Route Toward Goniomitine 
 
4.1 Retrosynthetic Analysis of Goniomitine: Second Generation Route 

 

Application of the radical translocation method using α-amino radical intermediates was 

the focus in the second generation route toward goniomitine. The formation of the C2–C7 

bond via radical cyclization offers a novel approach toward the construction of 

goniomitine compared to previously reported syntheses. In the retrosynthetic sense, the 

cyclization of 147 could provide goniomitine as the thermodynamically favored cis-fused 

bicycle (Scheme 4.1). We anticipated that global reduction of indole 148 would provide 

N,O-acetal intermediate 147 and cyclize to form the aminal moiety in goniomitine. 

 
Scheme 4.1 Retrosynthetic analysis of the second generation route toward goniomitine 

 

Indole 148 could come from oxidation of the indoline that results from cyclization of 

vinyl bromide 149 via radical translocation (Scheme 4.1). Cu-catalyzed arylation of 150 

and lactam 151 followed by bromination may provide α-amino radical reaction precursor 

149. 
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Scheme 4.2 Proposed mechanism of radical translocation with vinyl bromide 149  

 

We anticipated that vinyl bromide 149 would participate in the radical translocation 

reaction via treatment with Bu3SnH and AIBN in refluxing benzene. Homolytic cleavage 

of the C–Br bond could provide vinyl radical intermediate 152 then upon 1,6-hydrogen 

atom transfer, the stabilized α-amino radical intermediate 153 may result (Scheme 4.2). 

Intramolecular addition via 5-exo-trig cyclization followed by H-atom abstraction may 

generate the desired indoline 155. 

 

4.2 Total Synthesis of Goniomitine 

 

To investigate the viability of vinyl bromide substrates participating in the α-amino 

radical reaction, we choose to prepare a δ-valerolactam derived model substrate (Scheme 

4.3).  
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Scheme 4.3 Preparation of valerolactam substrate for the α-amino radical reaction 

 

2-Iodobenzylalcohol (150) and δ-valerolactam (156) were reacted via Cu-catalyzed 

Ullmann reaction to afford 157 in 64% yield. Dess–Martin oxidation followed by HWE 

olefination provided enone 159 in 66% yield over two steps. Treatment with molecular 

bromine and Et3N to halogenate the α-position of the methyl ester resulted in 63% yield 

of tribromide 160. In an attempt to circumvent over-bromination, lactam 159 was treated 

with two equivalents of MeI yet none of dialkylated product 161 was observed. The 

substrate from over-bromination was an unsuitable radical reaction precursor, thus a new 

model system was required. 
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Scheme 4.4 Preparation and utilization of dimethyl-derived valerolactam substrate in the 

α-amino radical reaction  

 

Boc-protected lactam 163 was treated with MeI and provided 164 in 39% yield (Scheme 

4.4) in addition to 30% of the mono-alkylated lactam (not shown). Treatment with acid 

afforded the coupling partner for the Cu-catalyzed reaction. The reaction with iodide 150 

provided desired lactam 166 in modest yield. IBX oxidation and HWE olefination gave 

the corresponding enone 161 in 72% yield over two steps. As expected, bromination 

occurred exclusively at the α-position of the enone. To our delight, the radical reaction 

provided indole 168 in >95% yield as a 2:1 mixture of diastereomers. This reaction 

showcases the powerful utility of α-amino radical intermediates in the construction of C–

C bonds. The proposed vinyl radical of 162 undergoes 1,6-hydrogen atom transfer 

providing an α-amino radical that can cyclize intramolecularly via conjugate addition. 

This model system provided valuable insight into the reactivity of α-amino radical 

substrates leading to substituted indoline products. The formation of the desired indoline 

framework provided strong proof-of-concept for our α-amino radical strategy for the total 

synthesis of goniomitine.  
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Scheme 4.5 2-Step sequence of enone 170 from 2-iodobenzyl alcohol (150) 

 

In an effort to streamline the synthesis, elaboration of 2-iodobenzyl alcohol (150) 

provided aryl iodide 170 in 99% yield over two steps (Scheme 4.5). Aryl iodide 170 was 

subjected to the Cu-catalyzed Ullmann reaction as previously described and provided the 

corresponding lactam in good yield. 

 
Scheme 4.6 Synthesis of benzyl-protected lactam 173 

 

Our aim was to prepare a dialkylated lactam substrate using a known protocol48 beginning 

with 171 (Scheme 4.6).77 Benzyl protection of the amide nitrogen followed by Zn-

catalyzed alkylation with acrylonitrile provided dialkyl lactam 173 in 63% yield. 

Optimization of the known reaction conditions provided the lactam in a 25% increase in 

product yield compared to the original report.  
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Table 4.1 Efforts toward the removal of benzyl-protection of lactam 173 

 

Although there are several reaction conditions used to remove the benzyl protecting 

group reported in the literature,2 cleavage of the C–N bond proved difficult in our hands. 

Treatment with Raney-Ni resulted the nitrile reduction product (entry 1, Table 4.1). 

Dissolving metal reduction conditions to give the desired lactam were unsuccessful. 

However, treatment with sodium metal and liquid ammonia provided the crude product in 

approximately 86% yield by NMR analysis (entry 10). 

 
Scheme 4.7 Cu-catalyzed arylation of lactam 151 and iodide 170 
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With the crude material in hand, we attempted the arylation reaction and observed the 

desired product in 20% yield (Scheme 4.7). At this point, we believed the preparation of a 

lactam using an alternative protecting group would improve the reaction sequence. 

 
Scheme 4.8 Synthesis of PMB protected lactam 176 

 

The synthesis of the PMB-protected lactam began with N-alkylation of 171 followed by 

Zn-catalyzed alkylation, affording lactam 176 in 54% yield (Scheme 4.8). To our 

disappointment, the removal of the PMB-protecting group was also troublesome (Table 

4.2). Acid-mediated removal with TFA consumed the starting material but gave an 

inseparable mixture of compounds, none of which appeared to be the desired product by 

NMR analysis (entries 1-2). Treatment with Raney-Ni and dissolving metal conditions 

also failed to cleave the C–N bond. Treatment with CAN did provide the product but in 

modest yield (entry 5). The lactam was discovered to be soluble in water and attempts to 

extract it from the aqueous medium were ineffective. This prompted a reevaluation of 

constructing the lactam substrate. 

 
Table 4.2 Efforts toward the removal of PMB protection of lactam 176 
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To circumvent protecting groups altogether, we tested the arylation reaction with lactam 

171 and to our delight, the product was obtained in 96% yield (Scheme 4.9). We were 

concerned about the next alkylation reaction with acrylonitrile because the original 

reaction conditions were specifically developed for the benzyl-protected lactam. 

Gratifyingly, the alkylation reaction smoothly provided lactam 174 in 76% yield. 

 
Scheme 4.9 α-Amino radical cyclization to furnish indoline intermediates 155 

 

Treatment of lactam 174 with molecular bromine provided a 3:1 mixture of E:Z alkene 

isomers in 87% yield (Scheme 4.9). The mixture was subjected to the radical reaction 

conditions and provided indoline 155 in 83% yield in 3:1 diastereomeric ratio. To our 

delight, the utility of an α-amino radical intermediate effectively installed the desired 

indoline framework of goniomitine. Upon formation of the vinyl radical followed by 

translocation to the α-amino carbon, the radical species underwent 5-exo-trig and 

subsequent hydrogen atom abstraction to provide the desired indoline product. The E and 

Z alkene isomers (149) were separated and independently subjected to the reaction 

resulting in the same diastereomeric product distribution of indolines 155. 

 



! 100!

 
Figure 4.1 Stereochemical analysis of indoline 155a via Noesy correlation spectroscopy 

 

Upon separation of indolines 155, a Noesy correlation study was performed to determine 

the stereochemical relationship of the C2–C3 stereocenters formed in the α-amino radical 

reaction (Figure 4.1). The first correlation of indoline 155a was observed between the α-

ester methylene proton and the equatorial proton at the γ-position of the lactam 

(correlation 1, I). The equatorial γ-lactam proton correlated to the α-amino proton, 

thereby establishing the trans stereochemistry of the C2–C3 positions of the indoline 

(correlation 2, II). This relative stereochemistry was further confirmed with the 

correlation between the axial γ-lactam proton and the benzylic proton (correlation 3, III). 

The final correlation established the relative stereochemistry of the quaternary center at 

the alpha-position of the lactam. The axial γ-lactam proton correlated to the methylene 

proton of the ethyl substituent (correlation 4, IV). 

 

In an effort to mitigate the difficulty of bringing a diastereomeric mixture through the 

remainder of the route, we tested conditions on the mixture of indoline 155 to obtain the 

corresponding oxidation product (Table 4.3).  
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Table 4.3 Evaluation of oxidation conditions to obtain indole 155 

 

Manganese dioxide is a common oxidant used to provide indole products from indolines 

(entries 1-2, Table 4.3).78 In our hands, indole 148 was not observed with the use of 

excess reagent or increased temperature and reaction times. The reaction with potassium 

permanganate consumed the starting material but none of the desired indole was observed 

by NMR analysis (entry 5). Treatment with palladium catalysts at high temperatures only 

yielded the indoline starting material (entries 9-11). 
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Scheme 4.10 Over-oxidation products resulting from indoline oxidation reactions 

 

In the case where indoline 155 was reacted with cerric ammonium nitrate (CAN), over-

oxidation product 178 was observed in 35% yield (eq. 1, Scheme 4.10). Attempts to 

optimize the reaction conditions failed to give the desired indole product. This may be 

due to the indole product reacting faster that the indoline starting material. Treatment 

with N-bromosuccinamide (NBS) resulted over-oxidation product 179, presumably 

through the indole intermediate similar to the reaction with CAN (eq. 2). The inability to 

oxidize this indoline may be due to the electronically poor nature of the substrate. The 

electron deficiency caused by the methyl ester tether at the 3-position as well as the 

carbonyl on the indoline nitrogen may both contribute to the difficulty of the oxidation. 

 

In the final stages of the synthesis of goniomitine, we focused our attention on 

investigating reductive conditions to form the aminal; thus removing the electron-

withdrawn carbonyl of the lactam and permitting a facile oxidation to the indole from the 

corresponding intermediate. 

 
Scheme 4.11 Reductive cyclization to complete the total synthesis of goniomitine 
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Treatment of indoline 155 with LiAlH4 promoted global reduction of the ester, lactam, 

and nitrile ensuing cyclization of the primary amine to form the corresponding aminal 

(Scheme 4.11). Subsequent oxidation with MnO2 afforded (±)-goniomitine in 51% yield. 

The efficiency of the late stage reduction/cyclization sequence renders this synthesis as 

the shortest route toward goniomitine to date. The total synthesis of goniomitine was 

completed in six steps in 27% overall yield.  

 
Scheme 4.12 Plausible mechanistic pathways for the global reduction step 

 

In a previous synthesis of goniomitine, LiAlH4 was reported to promote reduction of an 

azide variant of indoline 155 and upon treatment with acetic acid gave the corresponding 

aminal via Pathway A (Scheme 4.12). The authors propose an N, O-acetal intermediate 

that undergoes cyclization to the desired aminal. 

 

Upon application of these conditions to our nitrile substrate 155 we observed the 

formation of the aminal prior to the addition of acid via proton and carbon NMR analysis. 

The indicative aminal proton of 183 is observed at 4.51 ppm and the aminal carbon signal 

resides at 71.1 ppm. An alternative mechanistic pathway toward constructing the aminal 

may involve the formation of amidine 182 arising from an intramolecular cyclization of 
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the primary amine with lactam 180 (Pathway B, Scheme 4.12). Upon heating, the 

amidine is then reduced to the corresponding aminal 183. The observation of aminal 

formation prior to the addition of acid suggests the aminal is forming under reductive 

conditions rather than under acidic conditions. The preference of the cis-fused aza-

decalin within the framework of goniomitine is a result of the electronic stabilization or 

anomeric effect provided by the neighboring nitrogen atoms.79  

 

 

4.3 α-Amino Radical Cyclization for the Total Synthesis of Leuconoxine 

 

Leuconoxine is a monoterpene belonging to the class of indole alkaloids with an aminal 

moiety embedded within its structure. Isolated from the stems of Leuconotis eugenifolius, 

this plant has been used in traditional medicine for the treatment of skin infections.80 Its 

structural similarities to goniomitine provide an opportunity to apply radical translocation 

chemistry toward the total synthesis of leuconoxine. 
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Scheme 4.13 Retrosynthetic analysis of leuconoxine using α-amino radical chemistry 

 

The retrosynthetic pathway toward leuconoxine is described in Scheme 4.13. 

Intramolecular condensation of amine 184 onto the methyl ester can close ring C, 

furnishing the alkaloid target. Nitrile 186 can be reduced and subsequent treatment with 

acid may provide iminium ion intermediate 185 that can undergo cyclization via 

nucleophilc attack of the amine to form ring D. Construction of the indole framework 

could be realized from the α-amino radical cyclization of vinyl bromide 187 followed by 

oxidation. Cu-catalyzed coupling between 170 and 188 followed by bromination may 

provide the desired radical reaction precursor. 
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Scheme 4.14 Proposed synthesis of leuconoxine 

 

In the forward sense, symmetric dinitriles such as 189 have been shown to participate in 

mono-reduction reactions to provide cyclization products (188, Scheme 4.14). Cross 

coupling with iodide 170 may provide aryl lactam 190 and subsequent bromination can 

give the radical reaction precursor 187. Using the previously developed radical 

cyclization protocol the reaction can provide the desired indoline scaffold of the alkaloid 

target. Oxidation using CAN, DDQ, or NBS may provide the desired indole intermediate 

186. The γ-position of the lactam is fully substituted thus the formation of over oxidation 
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products can presumably be avoided. Reductive cyclization upon treatment with CoCl2 

and NaBH4 may promote the formation of the aminal functionality. Subsequent 

cyclization via condensation and loss of methanol can furnish leoconoxine. 

 

4.4 Concluding Remarks 

 

Synthetic efforts toward the construction of nitrogen-rich molecules play an important 

role in the development of pharmaceuticals. Access to these targets is challenging for 

synthetic chemists due to the inherent acid-base reactivity of nitrogen. The N–H bond is 

labile in the presence of base and the ease of amines to quaternize can lead to undesired 

reactivity. Thus the ability to construct carbon–carbon bonds in the presence of nitrogen 

is of great importance. 

 

Many nitrogenous molecules contain functionality of the N–CH–N type (i.e. aminal) 

embedded within their structure. The ability to selectively functionalize aminal carbons in 

the presence of other nitrogen-bearing atoms (such as α-aminoalkyl) offers a 

fundamentally new approach toward the construction of complex alkaloids. Our aim was 

to investigate the reactivity of carbon-centered radicals of aminal intermediates and 

evaluate their participation in C–C bond forming reactions. 

 

Free radical chemistry offers the advantage of radical intermediates participating in bond 

forming reactions in the presence of nitrogen and has been used in the construction of 

heterocycles and complex alkaloid targets. We chose to utilize radical translocation for 

the development of aminal radical intermediates. This method provided access to aminal 

carbon radical intermediates by way of a 1,5-hydrogen atom transfer event involving 

phenyl and vinyl radicals. Moreover, deuteration studies provided mechanistic insight of 

the generation of aminal carbon-centered radical intermediates. 
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Chapter 1 provided a detailed overview of the discovery and utilization of radical 

translocation in synthesis. Radicals translocation can be initiated by vinyl, aryl and alkyl 

radical species and the subsequent carbon-centered radicals can participate in C–C bond 

forming reactions. 

 

In 2012, we reported the preliminary studies and development of aminal radicals in an 

article entitled Formation of Carbon–Carbon Bonds Using Aminal Radicals, published in 

Organic Letters. Chapter 2 was an overview of the reactivity of aminal radical 

intermediates and an evaluation of the aminal substrate scope in C–C bond forming 

reactions using electronically deficient alkenes with Bu3SnH and (TMS)3SiH as hydride 

donors. 

 

In an attempt to apply aminal radical translocation toward the synthesis of nitrogen-rich 

natural products, we chose to construct goniomitine using acyclic aminal chemistry. 

Chapter 3 included an overview of the reported syntheses of goniomitine to date. It also 

reviewed known methods to construct acyclic aminals bearing the indole nitrogen atom 

and N-formyl amines. This chapter discussed the development of the first example of an 

N-formyl aminal using N-(hydroxymethyl)-N-(2-iodobenzyl)formamide and indole. In an 

attempt to form an advanced indole intermediate in the synthesis of goniomitine, the 

formation of the desired acyclic aminal was not observed. 
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Scheme 4.15 Total synthesis of (±)-goniomitine 

In the final chapter, a second generation route toward goniomitine using radical 

translocation of an α-amino radical intermediate was discussed. Model studies on valero-

lactam derived substrates were tested in the radical translocation reaction of vinyl bromo 

precursors and were shown to give the desired C–C bond in high yield and moderate 

diastereoselectivity. When the translocation chemistry was applied toward the synthesis 

of goniomitine, the corresponding vinyl bromo precursor gave the desired indoline 

framework of goniomitine as a 3:1 mixture of diastereomers in 83% yield. This 

transformation demonstrated the powerful utility of radical chemistry in bond forming 

reactions performed in the presence of nitrogen. The final stage of the synthesis was 

carried out with global reduction of the indoline with LiAlH4 and sequential oxidation 

with MnO2 providing goniomitine in 51% over two steps. The total synthesis of the 

natural product was completed in six steps from commercially available starting materials 

in 27% overall yield. 

 

The future direction of this project involves the use of α-amino radical translocation in 

the synthesis of the alkaloid leuconoxine. The construction of an advanced indole 

intermediate is envisioned to come from the α-amino radical cyclization of a vinyl bromo 
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precursor. The precursor is believed to go through a sequential reduction to install the 

remaining rings and form the desired aminal moiety of leuconoxine in a single step. 

 

4.5 Supplemental Data 

 

General Experimental Details: All reactions were carried out under an inert Ar 

atmosphere in oven-dried glassware. Flash column chromatography (FCC) was carried 

out with SiliaFlash P60, 60 Å silica gel. Reactions and column chromatography were 

monitored with EMD silica gel 60 F254 plates and visualized with potassium 

permanganate, ceric ammonium molybdate, molybdate, ninhydrin, or iodine stains. 

Tetrahydrofuran (THF), methylene chloride (CH2Cl2), acetonitrile (MeCN), benzene 

(PhH), dimethylformamide (DMF), ethanol (EtOH), and methanol (MeOH) were dried 

by passage through activated columns. Dimethylsulfoxide (DMSO) was stored over 3 Å 

molecular sieves. Acrylonitrile, acrolein, methyl acrylate, tert-butyl acrylate were 

distilled under reduced pressure to remove BHT and stored under inert atmosphere. 

Tributyltin hydride (Bu3SnH) was dried over calcium hydride, distilled under reduced 

pressure and stored under inert atmosphere. All other reagents and solvents were used 

without further purification from commercial sources. 

 

Instrumentation: FT-IR spectra were obtained on NaCl plates with a PerkinElmer 

Spectrum Vision spectrometer. Proton and carbon NMR spectra (1H NMR and 13C NMR) 

were recorded in deuterated chloroform (CDCl3) unless otherwise noted on a Bruker 700 

MHz Avance III Spectrometer with carbon-optimized cryoprobe and Bruker 400 MHz 

DPX-400 spectrometer. Multiplicities are abbreviated as follows: s = singlet, d = doublet, 

t = triplet, q = quartet, br = broad, m = multiplet. Melting points were determined with a 

Cole–Parmer instrument and are uncorrected. 

 

2-(2-oxopiperidin-1-yl)benzaldehyde (158). To a solution of 157 (329 mg, 1.604 mmol) 

in CH2Cl2 (9.4 mL) was added Dess–Martin periodinane (1.36 g, 3.209 mmol) at rt. After 
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ten minutes the reaction was complete and quenched with a saturated solution of 

NaHCO3. The aqueous was extracted with CH2Cl2 and dried over MgSO4. Purification by 

FCC (EtOAc) afforded 158 (225 mg, 1.10 mmol, 68% yield) as an oil. 

 

Data for 158: Rf 0.26 (EtOAc); 1H NMR (400 MHz, CDCl3), δ 10.04 (s, 1 H), 7.95 (dd, J 

= 8.0, 1.6 Hz, 1 H), 7.69 (td, J = 9.2, 7.6, 1.2 Hz, 1 H), 7.50 (t, J = 8.0 Hz, 1 H), 7.29 (d, J 

= 7.6 Hz, 1 H), 3.65 (br s, 2 H), 2.61 (t, 6.8 Hz, 2 H), 2.03 (pentet, J = 6.6, 3.2 Hz, 4 H); 
13C NMR (100 MHz, CDCl3) δ 189.8, 170.8, 144.8, 135.2, 131.9, 130.9, 128.3, 128.1, 

52.4, 32.6, 23.4, 21.3. 

  

(E)-methyl 3-(2-(2-oxopiperidin-1-yl)phenyl)acrylate (159). To a solution of NaH 

(50%, 52 mg, 1.078 mmol) in THF (2.2 mL) at 0 ºC was added methyl 2-

(dimethoxyphosphoryl)acetate (0.16 mL, 1.078 mmol) dropwise. After 30 minutes, 158 

(175 mg, 0.862 mmol) was then added at 0 ºC. The reaction was complete after 30 

minutes and quenched with saturated solution of NH4Cl. The aqueous was extracted with 

Et2O and the combined organic layers were washed with 1 M NaOH (X2). The organic 

layer was dried over Na2SO4. The crude residue 159 (211 mg, 0.816 mmol, 95% yield) 

was used without further purification. 

 

Data for 159: Rf 0.25 (EtOAc); 1H NMR (700 MHz, CDCl3), δ 7.70 (dd, J = 7.9, 1.5 Hz, 

1 H), 7.67 (d, J = 16.4 Hz, 1 H), 7.46 (td, J = 7.7, 1.6 Hz, 1 H), 7.37 (tq, J = 7.9, 1.3, 0.5 

Hz, 1 H), 7.23 (dd, J = 7.9, 1.3 Hz, 1 H), 6.46 (d, J = 16.1 Hz, 1 H), 3.81 (s, 3 H), 3.60 

(m, 1 H), 3.47 (m, 1 H), 2.63 (m, 2 H), 2.01 (m, 4 H); 13C NMR (100 MHz, CDCl3) δ 

170.3, 167.2, 143.0, 139.7, 131.7, 131.4, 128.3, 128.2, 127.4, 119.9, 52.3, 51.8, 32.6, 

23.5, 21.5; HRMS (TOF MS ES+) calcd for  [M+H]: C15H17NO3 260.1287, found 

260.1281. 
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(Z)-methyl 2-bromo-3-(2-(3,3-dibromo-2-oxopiperidin-1-yl)phenyl)acrylate (160). To 

a solution of 159 (13 mg, 0.0514 mmol) in CH2Cl2 (0.15 mL) at 0 ºC was added 

molecular bromine (0.01 mL, 0.0585 mmol). After 50 minutes the starting material was 

consumed and Et3N (0.04 mL) was added. The reaction was quenched with saturated 

NH4Cl and extracted with CH2Cl2 (X3). The combined organic layers were washed with 1 

M HCl and dried over Na2SO4. Purification by FCC (6:1 Hexanes:EtOAc) afforded 160 

(16 mg, 0.030 mmol) in 63% yield. 

 

Data for 160: Rf 0.19 (2:1 Hexanes:EtOAc); 1H NMR (700 MHz, CDCl3), δ 8.15 (s, 1 H),  

7.81 (d, J = 7.7 Hz, 1 H), 7.50 (td, J = 7.6, 1.5 Hz, 1 H), 7.44 (td, J = 7.6, 1.1 Hz, 1 H), 

7.30 (dd, J = 7.8, 1.1 Hz, 1 H), 3.90 (s, 3 H), 3.86 (m, 1 H), 3.57 (m, 1 H), 3.14 (m, 2 H), 

2.36 (m, 1 H), 2.05 (m, 1 H), 1.28 (m, 4 H); 13C NMR (100 MHz, CDCl3) δ 163.2, 163.1, 

140.7, 138.2, 132.4, 130.6, 129.7, 128.0, 126.4, 116.9, 59.6, 53.7, 52.1, 46.7, 29.7, 21.9; 

LRMS (TOF MS ES+) calcd for  [M+]: C15H14Br3NO3 495.9. 

 

1-(2-(hydroxymethyl)phenyl)-3,3-dimethylpiperidin-2-one (166). To a thick-walled 

sealed tube was added 165 (150 mg, 1.179 mmol), 150 (304 mg, 1.298 mmol), Cu 

powder (150 mg, 2.359 mmol), K2CO3 (179 mg, 1.298 mmol), and PhMe (2.7 mL). The 

reaction vessel was sealed and heated to 120 ºC for 24 hours. The reaction was then 

cooled to rt and purified by FCC (2:1 Hexanes:EtOAc) to afford 166 (134 mg, 0.576 

mmol) in 49% yield. 

 

Data for 166: Rf 0.23 (1:1 Hexanes:EtOAc, KMnO4); 1H NMR (700 MHz, CDCl3), δ 7.50 

(d, J = 7.4 Hz, 1 H), 7.36 (t, J = 7.6Hz, 1 H), 7.32 (t, J = 7.3 Hz, 1 H), 7.14 (d, J = 7.8 Hz, 

1 H), 4.49 (d, J = 11.8 Hz, 1 H), 4.34 (d, J = 11.8 Hz, 1 H), 3.71 (m, 2 H), 3.40 (dt, J = 

11.8, 5.7 Hz, 1 H), 1.99 (m, 2 H), 1.87 (m, 2 H), 1.38 (s, 3 H), 1.31 (s, 3 H); 13C NMR 
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(100 MHz, CDCl3) δ 178.0, 141.7, 137.4, 130.7, 129.3, 128.2, 126.4, 61.7, 53.0, 39.0, 

36.3, 27.9, 27.5, 20.0.  

 

2-(3,3-dimethyl-2-oxopiperidin-1-yl)benzaldehyde (167). To a solution of 166 (134 

mg, 0.576 mmol) in EtOAc (5.8 mL) was added IBX (323 mg, 1.153 mmol). The 

reaction was heated to 80 ºC for 5 hours. Upon completion, the reaction was filtered and 

concentrated to afford 167 (117 mg, 0.507 mmol, 88 % yield) used without further 

purification. 

 

Data for 167: Rf 0.38 (2:1 Hexanes:EtOAc); 1H NMR (700 MHz, CDCl3), δ 10.02 (s, 1 

H), 7.93 (d, J = 7.8 Hz, 1 H), 7.67 (t, J = 7.4 Hz, 1 H), 7.48 (t, J = 7.4 Hz, 1 H), 7.28 (d, J 

= 7.9 Hz, 1 H), 3.66 (br s, 2 H), 2.07 (m, 2 H), 1.92 (s, 2 H), 1.36 (s, 6 H); 13C NMR (100 

MHz, CDCl3) δ 189.8, 176.9, 145.3, 135.1, 132.0, 130.7, 128.3, 127.9, 53.0, 38.9, 36.3, 

27.6, 20.0. 

 

(E)-methyl 3-(2-(3,3-dimethyl-2-oxopiperidin-1-yl)phenyl)acrylate (161). To a 

solution of NaH (50%, 4 mg, 0.087 mmol) in THF (0.17 mL) at 0 ºC was added methyl 

2-(dimethoxyphosphoryl)acetate (0.01 mL, 0.087 mmol) dropwise. After 30 minutes, 167 

(16 mg, 0.070 mmol) was then added at 0 ºC. The reaction was complete after 30 minutes 

and quenched with saturated solution of NH4Cl. The aqueous was extracted with Et2O 

and the combined organic layers were washed with 1 M NaOH (X2). The organic layer 

was dried over Na2SO4. The crude residue 161 (16 mg, 0.057 mmol, 82% yield) was used 

without further purification. 

 

Data for 161: Rf 0.37 (1:1 Hexanes:EtOAc); 1H NMR (700 MHz, CDCl3), δ 7.69 (dd, J = 

8.9, 1.5 Hz, 1 H), 7.67 (d, J = 15.7 Hz, 1 H), 7.45 (td, J = 7.7, 1.5 Hz, 1 H), 7.35 (t, J = 
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7.7 Hz, 1 H), 7.22 (dd, J = 7.9, 1.2 Hz, 1 H), 6.44 (d, J = 16.5 Hz, 1 H), 3.81 (s, 3 H),  

3.77 (m, 2 H), 3.66 (m, 1 H), 3.46 (m, 1 H), 2.14 (m, 1 H),  1.99 (m, 1 H), 1.91 (t, J = 6.5 

Hz, 2 H), 1.88 (m, 2 H), 1.43 (s, 3 H), 1.34 (s, 3 H); 13C NMR (100 MHz, CDCl3) δ 

176.4, 167.2, 143.4, 139.9, 131.6, 131.3, 127.9, 127.8, 127.1, 119.6, 68.0, 65.9, 52.8, 

51.7, 38.9, 36.5, 29.7, 27.9, 27.4, 25.6, 20.1, 15.3. 

 

(Z)-methyl 2-bromo-3-(2-(3,3-dimethyl-2-oxopiperidin-1-yl)phenyl)acrylate (162). To 

a solution of 161 (9.6  mg, 0.033 mmol) in CH2Cl2 (0.10 mL) at 0 ºC was added 

molecular bromine (0.01 mL, 0.038 mmol). After 15 minutes the starting material was 

consumed and Et3N (0.03 mL) was added. The reaction was quenched with saturated 

NH4Cl and extracted with CH2Cl2 (X3). The combined organic layers were washed with 1 

M HCl and dried over Na2SO4. Purification by FCC (2:1 Hexanes:EtOAc) afforded 162 

(5.3 mg, 0.014 mmol, 44% yield) as a :1 mixture of alkene isomers. 

 

Data for 162: Rf 0.29 (2:1 Hexanes:EtOAc); 1H NMR (700 MHz, CDCl3), δ 7.40 (s, 2 H), 

7.26 (m, 2 H), 7.20 (d, J = 7.8 Hz, 1 H),  3.68 (s, 3 H), 3.42 (m, 1 H), 2.00 (m, 1 H), 1.87 

(m, 3 H), 1.34 (d, 6 H); 13C NMR (100 MHz, CDCl3) δ 175.9, 175.6, 163.8, 163.4, 143.0, 

141.4, 140.0, 138.8, 133.7, 131.9, 130.8, 129.9, 129.5, 128.6, 127.1, 127.1, 126/6, 115.2, 

112.9, 60.5, 53.6, 53.5, 53.0, 52.6, 52.2, 38.8, 36.5, 27.8, 27.6, 27.4, 20.1; HRMS (TOF 

MS ES+) calcd for  [M+H]: C17H21BrNO3 366.0705, found 366.0695. 

 

methyl 2-((9aS,10S)-7,7-dimethyl-6-oxo-6,7,8,9,9a,10-hexahydropyrido[1,2-a]indol-

10-yl)acetate (168). To a solution of 162 (24 mg, 0.0678 mmol, 1.0 equiv.) and AIBN 

(2.2 mg, 0.0136 mmol, 0.2 equiv.) in benzene (0.70 mL), was added BnSH (0.03 mL, 

0.0136 mmol, 0.2 equiv., 5% solution in benzene), and Bu3SnH (0.04 mL, 0.136 mmol, 

1.0 equiv.). The reaction was heated to reflux and stirred for 40 minutes. The reaction 

was cooled to r.t. and directly purified via silica gel chromatography. Purification by FCC 
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(6:1 Hexanes: EtOAc) afforded 168 as a 2:1 mixture of diastereomers (19 mg, 0.0670 

mmol, quant.). 

 

Data for 168: Rf 0.29 (2:1 Hexanes:EtOAc, KMnO4); 1H NMR (700 MHz, CDCl3), δ 8.20 

(d, J = 8.2 Hz, 1 H), 7.26 (tt, J = 8.9, 1.3 Hz, 1 H), 7.15 (d, J = 7.5 Hz, 1 H), 7.08 (td, J =  

7.4, 0.9 Hz, 1 H), 3.87 (td, J = 10.9, 3.7 Hz, 1 H), 3.79 (s, 3 H), 3.58 (m, 1 H), 2.93 (dd, J 

= 15.3, 5.9 Hz, 1 H), 2.63 (dd, J = 15.8, 7.5 Hz, 1 H), 2.12 (dq, J = 13.4, 7.3, 3.6 Hz, 1 

H), 1.92 (qd, J = 24.6, 13.2, 3.5 Hz, 1 H), 1.82 (m, 2 H), 1.34 (d, J = 26.8, 6 H); 13C NMR 

(100 MHz, CDCl3) δ 174.4, 172.3, 142.5, 133.1, 128.2, 124.2, 122.8, 117.6, 68.1, 52.0, 

44.1, 39.1, 36.6, 36.3, 28.0, 27.8, 25.4. 

 

(S)-3-(3-ethyl-2-oxopiperidin-3-yl)propanenitrile (151). To a solution of 173 (75 mg, 

0.291 mmol) in THF (2.4 mL) at -78 ºC was added a stream of NH3 gas via dry ice 

condenser apparatus. Liquid NH3 was added continuously for ten minutes then Na metal 

was added portionwise (33 mg, 1.453 mmol, 5 equiv.). The reaction mixture turned deep 

blue in color and solid NH4Cl was added slowly. The reaction was then warmed to rt and 

the solution became colorless. The solution was quenched with water (5 mL) and 

extracted with CH2Cl2. The organic layers were washed with brine and dried over 

Na2SO4. The crude residue 151 (45 mg, 0.250 mmol, 86% yield) was used without further 

purification. 

 

Data for 151: Rf 0.09 (1:1 Hexanes:EtOAc, KMnO4); 1H NMR (700 MHz, CDCl3), δ 5.76 

(br s, 1 H), 3.33 (s, 2 H), 2.50 (m, 2 H), 2.01 (m, 1 H), 1.87 (m, 4 H),  1,78 (m, 1 H), 1.65 

(m, 4 H), 0.92 (m, 3 H); 13C NMR (100 MHz, CDCl3) δ 175.3, 120.3, 44.0, 42.7, 33.3, 

29.8, 29.4, 19.3, 13.0, 8.2; HRMS (TOF MS ES+) calcd for  [M+Na]: C10H16N2O 

203.1160, found 203.1163. 
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3-ethyl-1-(4-methoxybenzyl)piperidin-2-one (175). To a solution of NaH (50%, 249 

mg, 6.23 mmol) in THF (5.0 mL) at 0 ºC was added 171 (317 mg, 2.49 mmol). After 10 

minutes, 1-(chloromethyl)-4-methoxybenzene (429 mg, 2.74 mmol) was added dropwise 

and the solution was allowed to warm to rt. The reaction was heated to 45 ºC and stirred 

until starting material was consumed by TLC. The reaction was cooled to rt, quenched 

with a saturated NH4Cl solution and extracted with EtOAc. The organic layer was 

washed with brine and dried over MgSO4. Purification by FCC (4:1 Hexanes:EtOAc) 

afforded (392 mg, 1.58 mmol) in 65% yield. 

 

Data for 175: Rf 0.42 (2:1 Hexanes:EtOAc); 1H NMR (700 MHz, CDCl3), δ 7.17 (d, J = 

7.7 Hz, 2 H), 6.84 (d, J = 8.4 Hz, 2 H), 4.51 (q, J = 29.9, 14.9 Hz, 2 H), 3.79 (s, 3 H), 

3.16 (t, J = 5.0 Hz, 2 H), 2.29 (m, 1 H), 1.99 (m, 1 H), 1.91 (m, 1 H), 1.83 (m, 1 H), 1.68 

(m, 1 H), 1.57 (m, 2 H), 0.95 (t, J = 7.7 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 172.6, 

158.8, 129.8, 129.4, 113.9, 55.3, 49.7, 47.2, 43.0, 25.8, 24.9, 21.7, 11.5; HRMS (TOF 

MS ES+) calcd for  [M+H]: C15H21NO2 248.1651, found 248.1650. 

 

(S)-3-(3-ethyl-1-(4-methoxybenzyl)-2-oxopiperidin-3-yl)propanenitrile (176). To a 

solution of 176 (373 mg, 1.51 mmol, 1.0 equiv.) in CH2Cl2 (7.6 mL) was added ZnCl2 (21 

mg, 0.151 mmol, 0.1 equiv.) at r.t. Once ZnCl2 dissolved, the solution was cooled to 0 °C. 

Et3N (0.33 mL, 2.27 mmol, 1.5 equiv.) and TMSOTF (0.30 mL, 1.66 mmol, 1.1 equiv.) 

were added dropwise and the temperature was maintained at 0 °C for 1 hour.  

Acrylonitrile (0.15 mL, 2.27 mmol, 1.5 equiv.) was then added dropwise at 0 °C. The 

reaction was slowly warmed to r.t. and the consumption of starting material was 

monitored by TLC (1:1 Hexanes:diethyl ether). Upon consumption of the starting 

material, the reaction was quenched with saturated NH4Cl solution and extracted with 

CH2Cl2. The organic layer was washed with brine and dried over Na2SO4. Purification by 

FCC (2:1 Hexanes:diethyl ether) afforded 176 (243 mg, 0.81 mmol) in 54% yield. 
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Data for 176: Rf 0.17 (1:1 Hexanes:Et2O); 1H NMR (700 MHz, CDCl3), δ 7.17 (d, J = 8.3 

Hz, 2 H), 6.86 (d, J = 8.7 Hz, 2 H), 4.58 (d, J = 14.9 Hz, 1 H), 4.41 (d, J = 14.9 Hz, 1 H), 

3.80 (s, 3 H), 3.20 (t, J = 6.0 Hz, 2 H), 2.46 (m, 2 H), 2.04 (m, 1 H), 1.84 (m, 5 H), 1.63 

(m, 2 H), 0.89 (t, J = 7.1 Hz, 3 H);  13C NMR (100 MHz, CDCl3) δ 173.0, 159.0, 129.4, 

120.3, 114.0, 55.3, 50.0, 47.4, 44.3, 33.8, 30.3, 29.6, 19.4, 13.0, 8.3; HRMS (TOF MS 

ES+) calcd for  [M+Na]: C18H24N2O2 323.1735, found 323.1730. 

 

(E)-methyl 3-(2-(3-ethyl-2-oxopiperidin-1-yl)phenyl)acrylate (177). (E)-methyl 3-(2-

(3-ethyl-2-oxopiperidin-1-yl)phenyl)acrylate (177). To an oven dried thick-walled sealed-

tube was added 3-ethylpiperidin-2-one (243 mg, 1.91 mmol, 1.1 equiv.), (E)-methyl 3-(2-

iodophenyl)acrylate (500 mg, 1.73 mmol, 1.0 equiv.), Cu powder (221 mg, 3.47 mmol, 

2.0 equiv.), K2CO3 (264 mg, 1.91 mmol, 1.1 equiv.) and toluene (3.9 mL). The reaction 

vessel was flushed with Argon, sealed, and heated to 150 °C behind a blast shield for 3 

days. The reaction was cooled to r.t. and directly purified via silica gel chromatography. 

Purification by FCC (3:1 Hexanes:EtOAc) afforded 177 (477 mg, 1.66 mmol, 96%) as a 

light orange oil. 

 

Data for 177: Rf 0.14 (2:1 Hexanes:EtOAc); IR (thin film) 2950, 2873, 1717, 1650, 1485, 

1320, 1196, 1173 cm-1; 1H NMR (700 MHz, CDCl3) as a 1:1 mixture of rotational 

isomers, δ 7.70 (d, J = 7.9 Hz, 1H), 7.67, (dd, J = 15.9, 2.3 Hz, 1H), 7.46 (q, J = 16.7, 7.5 

Hz, 1H), 7.36 (td, J = 7.9, 1.3 Hz, 1H), 7.22 (dd, J = 20.6, 7.9 Hz, 1H), 6.46 (dd, J = 16.1, 

2.3 Hz, 1H), 3.81 (s, 3H), 3.61 (m, 1H), 3.48 (m, 1H), 2.50 (m, 1H), 2.06 (m, 4H), 1.76 

(m, 2H), 1.05 (dt, J = 25.9, 6.9 Hz, 3H); 13C NMR (176 MHz, CDCl3) as a 1:1 mixture of 

rotational isomers, δ 173.1, 173.0, 167.2, 167.1, 143.4, 139.9, 139.8, 131.7, 131.6, 131.5, 

131.2, 128.3, 128.2, 127.9, 127.4, 127.1, 119.8, 119.7, 52.3, 52.2, 51.7, 43.3, 43.1, 26.3, 

25.7, 25.0, 24.6, 22.5, 21.8, 11.5, 11.4; HRMS (TOF MS ES+) calcd for  [M+Na]: 

C17H21NO3 310.1419, found 310.1405. 
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(E)-methyl 3-(2-(3-(2-cyanoethyl)-3-ethyl-2-oxopiperidin-1-yl)phenyl)acrylate (174). 

To a solution of 177 (467 mg, 1.63 mmol, 1.0 equiv.) in CH2Cl2 (8.2 mL) was added 

ZnCl2 (22 mg, 0.163 mmol, 0.1 equiv.) at r.t. Once ZnCl2 dissolved, the solution was 

cooled to 0 °C. Et3N (0.34 mL, 2.44 mmol, 1.5 equiv.) and TMSOTF (0.32 mL, 1.79 

mmol, 1.1 equiv.) were added dropwise and the temperature was maintained at 0 °C for 1 

hour.  Acrylonitrile (0.16 mL, 2.44 mmol, 1.5 equiv.) was then added dropwise at 0 °C. 

The reaction was slowly warmed to r.t. and the consumption of starting material was 

monitored by TLC (2:1 Hexanes:diethyl ether). Upon consumption of the starting 

material, the reaction was quenched with saturated NH4Cl solution and extracted with 

CH2Cl2. The organic layer was washed with brine and dried over Na2SO4. Purification by 

FCC (2:1 Hexanes:diethyl ether) afforded 174 (419 mg, 1.23 mmol, 76%) as a yellow oil. 

 

Data for 174: Rf 0.06 (1:1 Hexanes:Et2O); IR (thin film) 2951, 2879, 2246, 1716, 1640, 

1485, 1319, 1196, 1173 cm-1; 1H NMR (700 MHz, CDCl3) as a 1:1 mixture of rotational 

isomers, δ 7.71 (d, J = 7.3 Hz, 1H), 7.66 (d, J = 15.9 Hz, 0.5 H), 7.57 (d, J = 15.9 Hz, 0.5 

H), 7.49 (q, J = 15.9, 7.9 Hz, 1H), 7.38 (t, J = 7.2 Hz, 1H), 7.22 (d, J = 7.9 Hz, 0.5 H), 

7.12 (d, J = 7.9 Hz, 0.5 H), 6.46 (dd, J = 15.3, 3.4 Hz, 1H), 3.86 (s, 1.5H), 3.81 (s, 1.5H), 

3.67 (m, 1H), 3.49 (m, 1H), 2.56 (m, 2H), 2.02 (m, 7H), 1.76 (sextet, J = 14.9, 7.5 Hz, 

0.5H), 1.67 (sextet, J = 14.7, 7.5 Hz, 0.5H), 1.04 (t, J = 7.4 Hz, 1.5H), 0.99 (t, J = 7.4 Hz, 

1.5H); 13C NMR (176 MHz, CDCl3) as a 1:1 mixture of rotational isomers, δ 173.7, 

173.5, 167.1, 167.0, 143.0, 139.6, 139.4, 131.5, 131.4, 128.2, 128.1, 127.9, 127.8, 127.2, 

127.1, 120.3, 120.2, 120.0, 119.9, 52.4, 52.3, 52.0, 51.7, 44.9, 44.7, 33.9, 33.2, 19.9, 19.7, 

13.0, 8.3, 8.2; HRMS (TOF MS ES+) calcd for  [M+Na]: C20H24N2O3 363.1685, found 

363.1683. 

 

(E)-methyl 2-bromo-3-(2-(3-(2-cyanoethyl)-3-ethyl-2-oxopiperidin-1-

yl)phenyl)acrylate (149). To 174 (174 mg, 0.51 mmol, 1.0 equiv.) was added a solution 

of Br2 in CH2Cl2 (2.6 mL, 1.28 mmol, 2.5 equiv., 0.5M solution in CH2Cl2) at r.t. for 1.5 
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hours. The solution was concentrated under pressure and used directly without 

purification. 

 

To a solution of the crude residue in CH2Cl2 (0.85 mL, 0.6M) was added Et3N (0.43 mL, 

1.2M) dropwise at r.t. The reaction was stirred at r.t. for 12 hours. The reaction was 

quenched with saturated NH4Cl solution and extracted with CH2Cl2. The organic layer 

was washed with 1M HCl and dried over Na2SO4. Purification by FCC afforded a 3:1 

mixture of E:Z alkene isomers 149 (185 mg, 0.44 mmol, 84%) as a yellow oil.  

 

Data for 149 as 3:1 mixture of E:Z isomers: Rf 0.22 (Z) and Rf 0.18 (E) (2:1 

Hexanes:EtOAc, TLC plate run twice); IR (thin film) 3058, 3031, 2951, 2879, 2246, 

1728, 1640, 1483, 1454, 1311, 1222, 1024, 763 cm-1; 1H NMR (700 MHz, CDCl3), δ 8.01 

(m, 1 H), 7.42 (m, 2 H), 7.25 (m, 8 H), 3.94 (d, J = 52 Hz, 2 H), 3.71 (s, 3 H), 3.56 (m, 3 

H), 2.49 (m, 3 H), 2.01 (m, 12 H), 0.98 (m, 5 H); 13C NMR (176 MHz, CDCl3) δ 173.1, 

172.8, 163.7, 163.3, 142.6, 141.0, 139.6, 138.4, 133.5, 131.0, 130.1, 129.7, 128.8, 127.6, 

127.1, 126.7, 120.3, 115.6, 113.4, 54.1, 53.6, 53.0, 52.1, 51.8, 44.7, 44.6, 34.0, 30.2, 30.1, 

29.7, 20.0, 19.7, 13.2, 13.1, 8.3, 8.2; HRMS (TOF MS ES+) calcd for  [M+]: 

C20H23BrN2O3 418.0892, found 418.0912. 

 

methyl 2-(7-(2-cyanoethyl)-7-ethyl-6-oxo-6,7,8,9,9a,10-hexahydropyrido[1,2-a]indol-

10-yl)acetate (155). To a solution of 149 (56 mg, 0.13 mmol, 1.0 equiv.) and AIBN (4.4 

mg, 0.03 mmol, 0.2 equiv.) in benzene (1.4 mL), was added BnSH (0.06 mL, 0.03 mmol, 

0.2 equiv., 5% solution in benzene), and Bu3SnH (0.04 mL, 0.13 mmol, 1.0 equiv.). The 

reaction was heated to reflux and stirred for 1 hour. The reaction was cooled to r.t. and 

directly purified via silica gel chromatography. Purification by FCC (2:1 Hexanes: 

EtOAc) afforded 155 as a 3:1 mixture of diastereomers (38 mg, 0.11 mmol, 83%) as a 

colorless oil. 
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Data for 155 as a mixture of 3:1 diastereomers: Rf 0.36 and Rf 0.32 (2:1 Hexanes:EtOAc); 

IR (thin film) 3217, 2955, 2925, 2877, 2853, 2246, 1737, 1644, 1598, 1479, 1462, 1412 

cm-1; 1H NMR (700 MHz, CDCl3), δ 7.99 (m, 1 H), 7.43 (m, 2 H), 7.23 (m, 2 H), 3.95 

(m, 2 H), 3.69 (s, 1 H),  3.66 (m, 1 H), 3.44 (m, 1 H), 2.54 (m, 2 H), 1.96 (m, 7 H), 0.98 

(m, 3 H); 13C NMR (176 MHz, CDCl3) δ 172.4, 171.2, 142.1, 133.8, 128.4, 128.3, 124.6, 

124.5, 123.0, 120.0, 119.9, 117.6, 67.6, 67.5, 64.1, 52.0, 45.3, 43.9, 36.1, 34.9, 33.7, 31.5, 

30.9, 29.5, 28.9, 26.2, 25.7, 13.2, 8.5; HRMS (TOF MS ES+) calcd for  [M+Na]: 

C20H24N2O3 363.1685, found 363.1700. 

 

methyl 2-(7-(2-cyanoethyl)-7-ethyl-6,9-dioxo-6,7,8,9-tetrahydropyrido[1,2-a]indol-

10-yl)acetate (178). To a solution of 155 (9 mg, 0.026 mmol, 1.0 equiv.) in THF:MeCN 

(1:2,  0.5 mL) at 0 °C, was added CAN (86 mg, 0.157 mmol, 6.0 equiv.) portionwise. 

After 1 hour, the reaction was warmed to r.t. and purified directly via silica gel 

chromatography. Purification by FCC (2:1 Hexanes:EtOAc) afforded 178 (3.2 mg, 0.009 

mmol, 35%) as a yellow oil. 

 

Data for 178: Rf 0.34 (2:1 Hexanes:EtOAc); IR (thin film) 2960, 2921, 2851, 2248, 1739, 

1707, 1684, 1568, 1336, 1312, 1156 cm-1; 1H NMR (700 MHz, CDCl3), δ 8.56 (d, J = 8.9 

Hz, 1H), 7.72 (d, J = 8.2 Hz, 1H), 7.64 (td, J = 7.2, 1.2 Hz, 1H), 7.46 (td, J = 7.3, 1.0 Hz, 

1H), 4.29 (q, J = 32.6, 16.8 Hz, 2H), 3.76 (s, 3H), 2.96 (ABq, J = 71.7, 16.3 Hz, 2H), 

2.58 (m, 1H), 2.44 (m, 2H), 1.99 (m, 1H), 1.92 (m, 1H), 1.79 (m, 1H), 0.98 (t, J = 7.6 Hz, 

3H); 13C NMR (176 MHz, CDCl3) δ 188.2, 170.6, 170.1, 134.9, 130.0, 129.3, 129.2, 

125.4, 122.7, 121.2, 119.0, 117.2, 52.4, 48.2, 46.1, 31.6, 30.8, 30.0, 12.9, 8.5; HRMS 

(TOF MS ES+) calcd for  [M+H]: C20H20N2O4 353.1501, found 353.1502. 
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methyl 2-(8-bromo-7-(2-cyanoethyl)-7-ethyl-6-oxo-6,7-dihydropyrido[1,2-a]indol-10-

yl)acetate (179). To a solution of 155 (7 mg, 0.021 mmol, 1.0 equiv.) in 1,2-

dichloroethane, (0.3 mL) was added N-bromosuccinimide (7.3 mg, 0.041 mmol, 2.0 

equiv.), and AIBN (1 mg, 0.001 mmol, 0.03 equiv.). The mixture was heated to reflux 

and stirred for 6 hours. The reaction was cooled to r.t. and the solvent was evaporated. 

The residue was dissolved in CH2Cl2 and washed with Na2S2O3, water, then dried over 

Mg2SO4. Purification by FCC (3:1 Hexanes:EtOAc) afforded 179 (2.1 mg, 0.005 mmol, 

25%) as a colorless oil. 

 

Data for 179: Rf 0.58 (2:1 Hexanes:EtOAc); IR (thin film) 2924, 2851, 2248, 1740, 1694, 

1456, 1373, 1339, 1169 cm-1; 1H NMR (400 MHz, CDCl3), δ 8.49 (d, J = 8.2 Hz, 1H), 

7.59 (d, J = 7.6 Hz, 1H), 7.46 (td, J = 7.5, 1.2 Hz, 1H), 7.39 (td, J = 7.8, 1.0 Hz, 1H), 7.34 

(s, 1H), 3.74 (br s, 5H), 2.60 (m, 1H), 2.22 (m, 4H), 1.98 (m, 1H), 0.77 (t, J = 7.1 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 170.2, 168.6, 133.8, 130.7, 130.4, 126.9, 126.5, 

125.3, 122.0, 119.3, 118.3, 116.5, 112.6, 57.6, 52.5, 34.6, 33.3, 29.7, 13.3, 8.7; HRMS 

(TOF MS ES+) calcd for  [M+H]: C20H19BrN2O3 415.0657, found 415.0648. 

 

(±)-goniomitine: To a solution of indolines 155 (9 mg, 0.0265 mmol) in THF (0.22 mL) 

was added LiAlH4 (6 mg, 0.1588 mmol) at 0 °C. The solution was allowed to warm to rt 

then the reaction stirred at reflux for 12 hours. Upon consumption of the starting material, 

the solution was quenched with a 1:1 mixture of H2O and AcOH at 0 ºC. The mixture was 

stirred for 1 hour then treated with 15% NaOH until pH > 12. The solution was extracted 

with EtOAc (X3), dried over Na2SO4, filtered and concentrated. 

 

The crude residue in CH2Cl2 (1.0 mL) was added MnO2 (16 mg, 0.1831 mmol) and 

stirred at 30 °C overnight. The reaction was cooled to rt, filtered through celite, and 
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concentrated. Purification by FCC (20:1 CH2Cl2:MeOH) afforded goniomitine (4.0 mg, 

0.0134 mmol, 51% yield) as a yellow oil. 

 

Data for (±)-goniomitine: Rf 0.58 (10:1 CH2Cl2:MeOH); 1H NMR (700 MHz, CDCl3), δ 

7.54 (d, J = 8.1 Hz, 1 H), 7.35 (d, J = 7.8 Hz, 1 H), 7.17 (t, J = 8.1 Hz, 1 H), 7.11 (t, J = 

8.1 Hz, 1 H), 4.83 (s, 1 H), 3.87 (m, 2 H), 3.09 (dd, J = 17.1, 6.2 Hz, 1 H), 2.96 (m, 3 H), 

2.85 (m, 1 H), 2.79 (t, J = 11.8 Hz, 1 H), 2.55 (m, 1 H), 1.90 (d, J = 15.9 Hz, 1 H), 1.8-

1.4 (m, 7 H), 1.23 (m, 1 H), 0.91 (t, J = 7.4 Hz, 3 H); 13C NMR (176 MHz, CDCl3), δ 

135.4, 132.8, 129.0, 120.6, 119.6, 118.1, 108.3, 105.9, 71.6, 62.6, 45.7, 35.1, 34.0, 29.8, 

28.7, 27.7, 21.6, 18.6, 7.1; HRMS (TOF MS ES+) calcd for  [M+]: C19H26N2O 299.2123, 

found 299.2117. 
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