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Regioselective side-chain amination of 2-alkyl
azacycles by radical translocation: total synthesis
of tetraponerine T8†

Samuel D. Griggs, Alejandro Martin-Roncero, Adam Nelson * and
Stephen P. Marsden *

The regioselective c-C–H amination of the side-chain of saturated

2-alkyl nitrogen heterocycles is reported, proceeding through a

sulfamide-directed 1,6-radical translocation. The practicality of this

rapid access to 1,3-diamines is highlighted in a short synthesis of

the alkaloid tetraponerine T8 and non-natural analogues.

The prevalence of nitrogen-containing molecules in nature and
pharmaceuticals has inspired the development of general
methods for C–N bond synthesis. A common and important
structural unit found in natural products and pharmaceuticals
is the 1,3-diamine motif,1 a valuable but synthetically challenging
sub-class of which involves saturated nitrogen heterocycles
bearing a 2-(aminoethyl) side-chain. This motif is exemplified
by natural products such as cermizine D2 and the AMPA receptor
antagonist kaitocephalin,3 as well as synthetic pharmaceuticals
such as the antipsychotic thioridazine and the selective 5-HT7-
receptor antagonist SB-269970 (Fig. 1, panel A). Simpler 2-alkyl-
substituted nitrogen heterocycles are more readily synthetically
accessible and occur, for example, in biologically active natural
products such as coniine and solenopsin (Fig. 1, panel B).
Inspired by recent advances in direct C(sp3)–H amination,4,5

we considered that the development of a method for the direct
g-amination of 2-alkyl nitrogen heterocycles would be an attractive
approach to biologically-relevant 1,3-diamines (Fig. 1, panel C).

The approach we chose to take is based upon radical
translocation chemistry. The use of nitrogen-centred radicals
to perform regioselective hydride abstraction is well documented:
the long-established Hofmann–Löffler–Freytag reaction uses ami-
nium radicals (photochemically-generated from N-chloroamines)
to perform intramolecular 1,5-hydrogen atom transfer (HAT);6

subsequent halogen abstraction by the resulting carbon-centred

radical and intramolecular substitution with the amine forms
pyrrolidines. Nitrogen-centred radicals substituted with electron-
withdrawing sulfonyl or carbonyl groups have subsequently been
harnessed to perform a variety of synthetically useful processes
initiated by 1,5-HAT through a kinetically favoured 6-membered
transition state.7–13 Recently, intriguing regiocomplementary reac-
tions have been reported, wherein N-centred radicals derived from
sulfamate esters,14–22 and sulfamides22–26 have been reported
instead to undergo 1,6-HAT reactions, with the change in selec-
tivity being attributed to the long bonds and narrow bond angles
in the sulfamate/sulfamide.16 The resulting radicals are frequently
trapped by halogenation, with subsequent inter-24 or intra-
molecular14,22 C–N bond formation being observed in some cases
with activated (benzylic or tertiary alkyl) substrates. While all the
examples to date have utilised linear substrates, we recognised

Fig. 1 Natural products and pharmaceuticals bearing the 1,3-diamine
moiety.
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that sulfamide derivatives of cyclic amines might initiate a 1,6-HAT
to alkyl substituents at the 2-position, leading potentially to side-
chain functionalisation. We report herein the successful demon-
stration of this radical translocation method for 1,3-diamine
synthesis and application in the synthesis of a member of the
tetraponerine alkaloids and analogues.

At the outset, we aimed to find conditions which would lead
directly to the formation of cyclic sulfamides from the parent
sulfamide without isolation of N-halogenated derivatives.14,22

We therefore conducted reaction scoping on simple acyclic
sulfamide derivatives. Attempts to initiate C–H amination of
the phenylpropyl sulfamide 1a employing I2 and PhI(OAc)2 with
heat at 50 1C resulted in a complex mixture of products. We
consequently tried NaI and PhI(OAc)2, which would allow the
in situ formation of I2.12 Irradiating sulfamide 1a with visible
light with NaI and PhI(OAc)2 gave the C–H aminated product 2a
in a 39% yield (Scheme 1). Carrying out the reaction under
thermal conditions, however, gave rise to 2a in a superior 83%
yield. In both cases, a single regioisomer was formed, being the
expected product of 1,6-hydride abstraction.

A series of acyclic sulfamides 1b–k was then synthesised from
the linear alkyl amine27,28 which varied both the non-reacting
N-substituents and N-alkyl chain undergoing amination, in order
to probe the substrate tolerance of the reaction. Keeping the
phenylpropyl side-chain as the reactive substituent, the N-phenyl
and the N,N0-dimethyl sulfamides both underwent reaction to
give cyclic sulfamides 2b and 2c, albeit in lower yields than for
1a. Importantly, reaction of the N,N-dibutylsulfamide 1d gave the
cyclised product 2d in a pleasing 78% yield, demonstrating that,
complementary to the prior literature reports,22 cyclisation
under our conditions was not limited to activated benzylic
positions. A related N-phenyl sulfamide could also be cyclised
(2e), but again in lower yield than for the N-alkyl derivatives.

Finally, we probed the issue of stereochemistry in the
cyclisations by examining insertion to chiral variants. Cyclisa-
tion of various N,N-dialkylsulfamides bearing a-chiral substituents
(2f–2k) was effected with no detriment to the reaction yields,
giving rise to mixtures of diastereomeric products with moderate
diastereoselectivity (up to ca. 70 : 30). The major diastereomer was
identified as the cis isomer in all cases by NMR spectroscopy (ESI†).
The origins of the diastereoselectivity are uncertain. The reaction
likely proceeds by initial iodination of the prochiral carbon-centred
radical generated by 1,6-HAT. This process is unlikely to be
stereoselective, but in the presence of excess iodide the two
diastereomeric iodides may potentially be interconverted by Finkel-
stein substitution, with subsequent cyclisation to the diequatorial
cis-disubstituted product being kinetically favoured. The higher
selectivities observed for cyclisation to benzylic positions might
be explained by faster interconversion of the iodides and/or an
increased preference for the larger phenyl substituent (versus
methyl) to be equatorial. However, since intermediates in the
proposed reaction pathway were never observed, we are unable to
probe these issues further.

Having successfully investigated the scope of the C–H ami-
nation in terms of substrate reactivity, attention was focused on
the main goal of the research, namely to perform the side-chain
amination of cyclic amines. The sulfamides of the commer-
cially available (�)-coniine 3a and 2-(2-phenylethyl)piperidine
3b were synthesised in two steps via their sulfamoyl chlorides.
Exposure of the sulfamides to the optimised reaction condi-
tions successfully gave rise to the C–H aminated products 4a
and 4b in good yields and moderate diastereoselectivity
(Scheme 2). Again, complete regioselectivity was observed for
the formation of the 1,6-HAT product, with no evidence of the
formation of the 1,5-HAT product. X-ray crystal structures of 4a
and 4b confirmed the major diastereomer to be the cis isomer
(ESI†).

Variation in both the side-chains and the saturated amine
heterocycle was then examined more broadly. Non-commercial
2-alkyl amines were readily prepared from the simple unsubstituted
cyclic amines in a single step using the method of Seidel29 prior to
conversion to the sulfamide using a one-pot procedure.28 Cyclisation
of the longer 2-pentyl and 2-heptyl substrates proceeded smoothly to
give the C–H aminated products 4c and 4d respectively in good
yields. Next, the choice of cyclic amine was investigated. The C–H
amination protocol was successful with smaller (pyrrolidine, 4e) and
larger (azepane, 4f and 4g) ring systems, heteroatom-containing
rings (morpholine, 4h and 4i) and saturated and aromatic bicyclic
structures (octahydrocyclopena[c]pyrrole, 4j, and 1,2,3,4-tetrahydro-
isoquinoline 4k). In all cases the major diastereomer formed in a
ca. 2 : 1 to 3 : 1 ratio was the cis isomer, confirmed by X-ray analysis
and/or NMR spectroscopy (ESI†). The reaction failed, however, with
derivatives of N-methyl piperazine, which led to a complex mixture
of products attributed to the oxidatively labile nature of the tertiary
alkyl amine.

The tetraponerines 5 are a series of eight closely related
tricyclic alkaloids isolated from the venom secreted by pseudo-
myrmecine ants of the genus Tetraponera. These compounds
have been shown to display both insecticidal and cytotoxic

Scheme 1 Substrate scope of acyclic sulfamides. aReaction carried out
with fluorescent light instead of heating.
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activities, making them highly desirable targets for synthesis.30,31

There have been several reported racemic31,32 and asymmetric33–41

syntheses of the tetraponerine alkaloids and it has been identified
that 1,3-diamines of type 6 are viable precursors to the natural
products (Scheme 3).31,34,35

Tetraponerine T8 5a represents the most abundant component
isolated from the pseudomyrmecine venom. To demonstrate
the utility of our C–H amination protocol, we sought to access
1,3-diamine 6 which would in turn allow the synthesis of the
natural product. Deprotection was achieved by heating cyclic
sulfamide 4d (Scheme 2) in neat 1,3-propanediamine, which
resulted in transamidation to reveal the free 1,3-diamine
(Scheme 4).22,24 The crude mixture was then reacted with
4-bromobutanal which initiated N-alkylation followed by subse-
quent aminal formation to furnish 5a, the tricyclic alkaloid (�)-T8,
in just four steps from piperidine (overall 2.5% yield): to our

knowledge this is the shortest synthesis of (�)-T8 from commercial
materials to date.

Moreover, our approach lends itself readily to the construc-
tion of non-natural analogues, of which there have been few
reports in the literature.32,42 Deprotection of cyclic sulfamides
4g and 4i followed by condensation with bromobutanal gave
rise to the novel analogues containing azepane 7a and morpho-
line 7b rings respectively, again in just four steps from the
parent amine azepane/morpholine. Variation in the C-ring and
B-ring substituent should be accessible employing homologous
bromoalkanals43 and alternative alkyl-substituted sulfamides.
This demonstrates the utility of our method for the rapid
exploration of biologically-relevant chemical space.

In conclusion we have demonstrated a general and efficient
method for the synthesis of 1,3-diamines by radical transloca-
tion guided by sulfamides. Most significantly, this allows for
side chain functionalisation of simple 2-alkyl cyclic amines to
complex 1,3-diamine derivatives. We have demonstrated the
potential of this method in a concise four-step synthesis of the
natural tetraponerine alkaloid T8 along with two non-natural
analogues.
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and Dr Chris Pask for the crystal structure determinations.
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1012–1017.

8 R. Fan, D. Pu, F. Wen and J. Wu, J. Org. Chem., 2007, 72, 8994–8997.
9 Q. Qin and S. Yu, Org. Lett., 2015, 17, 1894–1897.

10 N. R. Paz, D. Rodrı́guez-Sosa, H. Valdés, R. Marticorena, D. Melián,
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