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4-AMINOPIPERIDINE BASED NEW AMINO-s-TRIAZINES
AS POTENTIAL DENDRITIC BUILIDING-BLOCKS

ANA-MARIA TICALA?, DAN PORUMB?,
CARMEN SACALIS** AND MIRCEA DARABANTU®*

ABSTRACT. Starting from commercial 4-aminopiperidine, three new amino-s-
triazines, seen as potential dendritic building-blocks, were synthesised by
chemoselective Sn2-Ar amination of cyanuric chloride. A three steps synthetic
sequence, (i) Boc-chemoselective N-protection of 4-aminopiperidine — (i) amination
of cyanuric chloride — (jii) deprotection, yielded a novel potential dendritic central
unit, 2,4,6-tris[(piperidin-4-yl)amino]-s-triazine.
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INTRODUCTION

N,N’N’-substituted melamines are well-known building-blocks in the
construction of dendritic systems [1] as early as 2000 [1a] when Simanek
and co-workers reported the access to the first dendrimer, encompassing
s-triazine rings as branch-cells and cores, obtained by iterative chemoselective
Sn2-Ar amination of cyanuric chloride. During elaboration of these arborescent
architectures, the need of meta-trivalent and Cs symmetric central building-
blocks, such as 2,4,6-tris(piperazin-1-yl)-s-triazine 1 (Scheme 1) was revealed
[2]. Melamine 1 can be easily prepared by amination of cyanuric chloride
with commercial N-(tert-butoxy- carbonyl)piperazine, followed by the removal of
Boc protecting groups [2a].

In continuation of our efforts in a similar direction, we previously
reported the synthesis and stereodynamic behaviour of a new potential
dendritic building-block, 2,4,6-tris(4-oxopiperidin-1-yl)-s-triazine 2 (Scheme 1)
[3]. Compound 2 is readily available by amination in of cyanuric chloride
with the use of the ethylene ketal of 4-piperidone and final acidolysis of the
1,3-dioxolane rings.

a Babes-Bolyai University, Faculty of Chemistry and Chemical Engineering, Department of
Chemistry 11 Arany Janos st., RO-400028, Cluj-Napoca, Romania
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Scheme 1

Subsequent to the above findings, the aim of the present work is to
account on the first synthesis of an identically N,N’,N-substituted melamine
built from 4-aminopiperidine through its primary amino group, namely 2,4,6-
tris[(piperidin-4-yl)amino]-s-triazine 3 (Scheme 1), together with that of its
main precursors. Last but not least, it is worth mentioning that, recently, series
of 4-aminopiperidine-linked amino-s-triazines were described as well and
evaluated for in vitro anti-HIV activity with very promising results [4].

RESULTS AND DISCUSSION
1. Structural premises

Previously reported N,N’,N-substituted melamines 1 and 2 are statistically
Cs-symmetric owing to the chair S chair flipping of piperazine or 4-piperidone
rings (Scheme 2). On the other hand, due to the p(N-exocyclic)—n(s-triazine)
extended conjugation, the well-documented partial double bond character of the
C(s-triazine)-N(exocyclic) linkages [5] promotes, at room temperature, hindered
rotation about these connexions [3b, 3c]. In terms of DNMR, this feature is
defined as “slow exchange status between (un)equally populated sites” [6], i.e., in
the case of melamines 1 and 2, a slow topomerisation. Upon heating up to
80-90 °C, these Cs-symmetric melamines reach a fast freely rotating status
about all bonds C(s-triazine)-N(exocyclic) (single mediated structures) in a
rapid topomerisation [3b].

In the target melamine 3 (Scheme 2), since the anchorage of the 4-
aminopiperidine units to the s-triazine ring is realised via the primary amino
group, the abovementioned stereodynamism implies, in a topological idealized
model, the existence of two interchangeable rotational diastereomers, 3-propeller
and 3-asymmetric [5i] from which only the first one is Cs-symmetric. Conversely,
in both rotamers, the piperidine rings should be anancomeric* due to the presence

* According to the definition from Ref. [6b] “Fixed in a single conformation either by geometric
constraints or because of an overwhelmingly on-sided conformational equilibrium”
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in position C-4-eq of a bulky (s-triazin-2, -4, -6-triyl)Jamino ligand. Finally, as a
result of the same p(N-exocyclic}—n(s-triazine) extended delocalisation, pyramidal
inversion and proton interchange should involve, primarily, the piperidine nitrogen.
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2. Synthesis

With the above premises in mind, we have obtained melamine 3 in
three steps I-lll (Scheme 3). Though 1-Boc-4-aminopiperidine 4 is commercial
(CAS Number 87120-72-7, GC purity > 96.5%) [7], we decided to prepare
this compound by applying a patented [8] simple methodology (I). While the

5 6

I: Boc,0 Il: 0.333 equiv. CsNaCls.
HN—4  1NH a2 N NBoc 3
91%
3 2
4-AP 4
(RT = R?) R3
NB
WBK Q °¢ W HCIMeOH _ TBK

75%

5a (68%*). R2=Cl

5b (21%): R' =
*Partial conversions of cyanuric chloride into the depicted compounds, based on the effective amounts
of material isolated after column chromatography

Key
I: 1.020 equiv. Boc,0, 1.005 equiv. TEA, H,0 : 1,4-dioxane (9:5 v/v) / 2-4 °C (1 h) / r.t. (12 h) / N,
1I: 0.333 equiv. cyanuric chloride, 0.333 equiv. K,COg3, 1,4-dioxane / r.t. (24 h) / reflux (88 h) / N,
II: 20.328 equiv. HCI (aq. 6 N HCI), MeOH / 0-1 °C (70 min) /0 °C (2 h) /r.t. (3 ) /40 °C (15 h)/
N, / agq. NaOH 10%, 0 °C, pH = 14
Scheme 3
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synthetic protocol was reproducible, our work-up to isolate crude product 4
had to be different with respect to the cited literature. In our hands, the
extraction of the organic material with ethyl acetate followed by concentration
under mild conditions and predicted slow crystallisation [8], afforded a mixture of
compounds with a GC-MS composition as 66.5% 4 (1-Boc-4-NH. derivative)
and 33.5% an additionally N-acetylated analogue of 4, 1-Boc-4-NH-Ac
(transamidation product, not depicted in Scheme 3).

Replacement by us of ethyl acetate with chloroform provided crude
compound 4 only (= 97% GC-MS purity).

Concerning the utility of this preliminary chemoselective N-protection
step, we note that the previous use of 4-aminopiperidine in melamine dendritic
chemistry, playing the role of linker, is already documented [1b, 9c]. However,
this role refers to the free diamine only. Thus, by exploiting the higher basicity
and nucleophilicity of the secondary amino group against the primary one, two
distinct chloro-diamino-s-triazine dendrons can be attached to 4-aminopiperidine.
This strategy was based on Simanek and co-workers’ “relative reactivity maps”
[9a, 9b, 9d, 9e] of several (aza)alicyclic (di)Jamines against cyanuric chloride.
In the case of 4-aminopiperidine, one can approximate the pKs of the primary
amino-group as being comparable with that of isopropyl amine (3.37) and that of
the secondary amino-group similar with that of piperidine itself (2.78) [10].

Furthermore (), amination of cyanuric chloride with three molar equivalents
of 4 afforded, constantly, the mixture of two compounds, chloro-diamino-s-triazine
5a (major) and melamine 5b (minor), separable by column chromatography. In spite
of various conditions used (solvent: 1,4-dioxane, THF or toluene; proton scavenger:
K2COs or DIPEA), neither global conversion of cyanuric chloride (~85%) nor
chemoselectivity (5a:5b ~3:1) could be improved. One reason for these results
consists of the conformational nature of our amino-nucleophile, a real rigid “back-
bone” which did not allow an appropriate steric arrangement, mandatory to the
Sn2-Ar process® (see later discussion in Section 3). No similar examples were
reported so far (including as well the case of simple but flipping cyclohexylamine
[11] in reaction with cyanuric chloride [12]), except our previous data concerning
other saturated six-membered and anancomeric amino-heterocycles, e.g. amino-
1,3-dioxanes [13a-c] and 4,4 -bipiperidine [3c, 13d].

Final deprotection (lll) of 5a in a 6N HCI aq. / MeOH medium gave
the expected N,N',N’-substituted melamine 3 (Scheme 3) with a good yield.
In this purpose, we followed, with minor modifications, the previously published
procedure of Simanek and co-workers [2a]. As other piperidine ring systems,
earlier reported by us [3, 13c, 13d], melamine 3 required storage under inert
atmosphere in order to avoid its carbonation.

* Indeed, the same total amination of cyanuric chloride performed with flipping 1-Boc-piperazine,
provides the corresponding melamine in high yield (90-93%), during 20 h in refluxing THF
[2a].
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3. Structural investigations based on (VT) "TH-NMR

The identity of all compounds under consideration was fully confirmed
by routine analysis (see EXPERIMENTAL SECTION). In such doing, we were
particularly interested in the moderate reactivity of our amino-nucleophile 4
supported by the experimental conditions, depicted in Scheme 3. Next, since
(VT) NMR is, by far, the optimal option in order to investigate the specific
stereodynamism of amino-s-triazines [3, 5, 9b, 13], we adopted as well this
technique for the present discussion (Table 1).

The (VT) 'H-NMR data in are mandatory to several comments:

a) The anancomeric nature of compounds 4, 5a, 5b and 3 was supported
by important 'H geminal anisochronies at piperidine positions C-2(6) and C-
3(5), expressed as AdH = OH-eq-H-ax>0 values. Regardless the NMR solvent
(CDCl3 or DMSO-ds) and temperature (r.t. or 353 K), in compounds 4, 5a,
and 5b geminal anisochrony was much higher in positions C-2(6), a-located
against the carbamate group (around 1 ppm!), than in positions C-3(5) (0.32-
0.66 ppm) [14]. Upon heating at 353 K, no reached flexibility of the piperidine
ring skeleton, as &4 mediating OH.eq S OH-ax Values, was observed.

Table 1. Relevant (VT) "H-NMR & values of compounds 4, 5a, 5b
and 3 on 400 MHz time scale

O i
H ,‘N"OBU

H H
Ox¢ H, H H. H
s O'Bu 88/ N” Sl 8N
5| H_  H > HH H HH \% H
H2NH \%NH ; NQ?{N 4l 3472 ; NQ?{N 4l 3012
4HH 3Ill 2 \« N H H \« N H H
a H Nj/ 5a, 5b Nj/ 3

H

~v v
& (ppm)?
No.  Solvent T H-3,-5 H-3,-5 H-2, 6 H26 H4 NH®
(K) (ax) (eq) (ax) (eq) (ax)

CDCls 298 1.29 1.75 1.89 2.78 2.72 3.98

4 DMSO-ds 298 1.22 1.66 272 3.82 3.04 3.39
DMSO-ds 353 1.30 1.69 2.82 3.81 2.50 343

5.31
5.53
5.65
6.11
7.45
7.77
7.79
7.91
7.44
7.55

CDCls 298 1.27 1.93 2.88 4.00 3.88

5a
DMSO-ds 298 1.30 1.76 2.82 3.87 3.87

DMSO-ds 353 1.40 1.80 2.87 3.90 3.87
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S (ppm)?
No. Solvent T H-3,-5 H-3,-5 H2-6 H2-6 H4 NHP
(K) (ax) (eq) (ax) (eq) (ax)
CDCls 208 132 193 2.86 398 388 2'8‘5‘
6.27
b pMso-ds 208 130 171 275 391 388 g-g}
6.70
DMSO-ds 353 136  1.80 2.82 3.91 6.13
0.91 185
3  D,0+DCI 298 031  0.02 - 125 28 -

2 abelling of topological equivalent positions as ) and ) was omitted for reasons of simplicity.

b When multiple & values are collected, they refer to detection of different sterecisomeric species
issued from the rotational diastereomerism about C(s-triazine)-N(exocyclic) partial double
bond (see discussion).

¢ As protonated form; the D20 resonance (at 4.79 ppm) was taken as reference signal.

Particularly, the "H-NMR spectra of our amino-nucleophile 4 at room
temperature not only that fully confirmed all above but also allowed the assignment,
based on the stereospecific homocoupling ("Ju) patterns in the sequence C-2(6)-C-
3(5)-CH4, of the equatorial position of the amino-group (Figure 1).

b) The presence of the carbamate group (>N-CO-OBu), with a well-
documented magnetic anisotropy [15], had two major consequences:

(i) the occurrence, at room temperature, of a slow rotational motion about
the partial double-bond in the amide sequence >N-(C=0)- < >N*=(C-O’)-,
unable, however, to induce any chemical non-equivalence between proximal
protons H-2-eq vs. H-6-eq or carbons C-2 vs.C-6. That is, the electronic effect of
the OBu fragment, acting as EDG (or ERG), was concurrent against the effective
existence of the above partial-double bond.

(i) the carbamate group was responsible for the observed geminal Ady
anisochrony, and, in tandem with the s-triazinylamino unit equatorial location
(compounds 5a and 5b), determined the rigidity of the piperidine rings.

c) At room temperature, compound 5a displayed an expected three
terms frozen rotational equilibrium of type a(nti) 5 s(yn) about the partial
double bonds C(s-triazine)-N(exocyclic) (Chart 1). Discrimination between
rotameric species was made founded on the different proximity of the best
separated (“indicative”) protons, NH, with respect to the dipole moment of the
bond C-2(s-triazine)-Cl, i.e. this link was considered a strong deshielding factor
(“dipole rule” [3, 13, 16], Table 1). The rotameric occurrence was non statistic’ but
dependent on the ability of the solvent to act as a hydrogen bond acceptor [5i],

Y (%)5a (a-a) = 5a (s-s) = 25, (%)5a (a-s) = 50 [the (a-s) arrangement is, statistically, twice favored)]
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Figure 1. Details from the 'H-NMR spectrum (400 MHz, CDCls, 298 K) of compound 4
(crude product): 3.98 (2H, br s, NH2), 2.78 (2H, ddd, 2Jgem~8.9 Hz, 3Jciseq-ax~>Jranseq-ea=4.3
Hz, H-2, -6-eq), 2.72 (1H, br dd app. br t, 3Jransaxax=11.6 Hz, H-4-ax), 1.19 (2H, dddd,
2Jgem"'3Jtrans—ax—ax’*'3\./1‘rans—ax—ax=1 1.7 Hz, 3Jcis—ax—eq=3.8 Hz, H-3, -5-ax) ppm.
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)\ )\ (04 values taken from Table 1)
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5a (s-a) 5a (s-s) descriptors a(nti) and s(yn) [3, 5i, 13]

Chart 1

75



ANA-MARIA TICALA, DAN PORUMB, CARMEN SACALIS, MIRCEA DARABANTU

DMSO (e = 46.7) against chloroform (e = 4.81). In order to better evaluate this
behaviour, we used Temperature Gradients (TGs) of the “indicative” NH protons.
Though the use of this parameter is suitable for amide —N(H)-C(=0)- <
—N*(H)=C(-O")- protons of peptides and proteins [17] in D20, it can also
be applied to amino-s-triazines, —N(H)-C(=N-)— <> —-N*(H)=C(-N—)- as
recommended by Simanek and Moreno [9c]. Following this extrapolation, if TG
values of “amidine-like” protons in amino-s-triazines are more negative than -4
ppb/K in strong hydrogen bond acceptor solvents, such as DMSO-ds [5i], the
NH groups are exposed to the solvent rather than forming intramolecular
hydrogen bonds. Conversely, a TG value less negative than -4 ppb/K discloses
that the NH group preferentially forms intramolecular hydrogen bonds at room
temperature. As one can see (Chart 1), besides the normal aptitude for binding
of the carbamate units of 5a, the contribution to solvation of NH groups,
MezS=0...H...N<, was also significant. Indeed, 95% of the rotameric species of
5a had TGs more negative than -4 ppb/K in conjunction with the adopted
anti-anti and anti-syn arrangements of the N-Boc piperidine arms. Upon heating
at 353 K, compound 5a could be near totally deblocked (Chart 1) with respect to
the connexions C(s-triazine)-N(exocyclic), however not, as already mentioned,
concerning the rigidity of the piperidine ring (Table 1).

d) Similar concepts applied in the case of melamine 5b (Chart 2). At
room temperature, both the expected rotational diastereomers, 5b-propeller
(Cs-symmetric) and 5b-asymmetric could be 'H detected in a ratio completely
different than statistics (25% propeller against 75% asymmetric) in DMSO-ds
only. Except for one arm of the asymmetric rotamer (TG -2.55 ppb/K, Chart 2),
all other arrangements exhibited TGs (much) less negative than -4 ppb/K. Upon
heating, melamine 5b reached the almost free rotational status in the region
C(s-triazine)-N (exocyclic).

CONCLUSIONS

Starting from 4-aminopiperidine, we have developed the synthesis of
a new N,N’,N’-substituted melamine possessing piperidin-4-yl units as N-
ligands, together with its foremost precursors. Indeed, the 1-Boc-piperidin-4-
yl unit N,N’-substituting a chloro-diamino-s-triazine, can be seen as an useful
building-block in dendritic melamines construction. The synthetic feasibility of
these compounds is crucially influenced, mainly in the third amination step, by
the rigid conformation and significant solvation of the reaction partners, namely
1-Boc-4-NH; piperidine and C-substituted s-triazines with 1-Boc-piperidin-4-
ylamino units. The inherent occurrence of the rotational diastereomerism
about the partial double bonds C(s-triazine)-N(exocyclic) revealed a non-
statistic content of frozen or slowly exchangeable rotamers, hence a new
opening route towards structural diversity.
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Figure 2. HRMS spectrum (ESI) of compound 3
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Figure 3. 'H-and "®C-Jmoa-NMR spectra (400 MHz, D2O+DCI, pH = 0.5-1, 298 K) of
compound 3. The protonated forms of 3 should be deduced implicitly.
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EXPERIMENTAL SECTION

General. All reagents and solvents were of commercial quality and
required no purification prior to use. Melting points were carried out on an
ELECTROTHERMAL® instrument and were not corrected. TLC monitoring
was performed by using aluminium sheets with silica gel 60 Fzss (Merck®)
(visualisation in UV at A=254 nm except compound 4, in I> bath). Column
chromatography was conducted on Silica gel Si 60 (0.063-0.200 mm, Merck®). IR
spectra were recorded on a JASCO® FT-IR 6100 Spectrometer. Only relevant
absorption maxima are listed, throughout, in cm-': s (strong), m (medium) and w
(weak). NMR spectra were recorded on Bruker® AM 400 instruments operating
at 400 and 100 MHz for ™H and "3C nuclei, respectively. All chemical shifts (&
values) are given in parts per million (ppm); all homocoupling patterns ("Ju
values) are given in Hertz. No TMS was added, chemical shifts were measured
against the solvent residual peak. In the NMR descriptions, some specific
abbreviations were used: “br s” (broad singlet), “br d” (broad doublet), “br m”
(broad multiplet), “br dd app. br t* (broad doublet of doublets appearance as
broad triplet), Pip (Piperidine) and Tz (s-Triazine). GC-MS spectra were recorded
on a Gas Chromatograph with Mass Spectrometer Shimadzu® QP 2010 PLUS.
Mass spectra were carried out on a LTQ ORBITRAP® XL (Thermo Scientific)
instrument which was externally calibrated using the manufacturer's ESI(+)
calibration mix. The samples were introduced into the spectrometer by direct
infusion.

Preparation of 4-amino-1-tert-butoxycarbonylpiperidine 4 (crude product).
Under inert atmosphere, to a cooled (0 °C) dioxane / water (5 : 9 v/v) solution, 4-
aminopiperidine (1.526 g, 1.60 mL, 14.93 mmol) was added with vigorous stirring
at 0 °C. A cooled (0 °C) solution obtained by dissolving di-tert-butyldicarbonate
(Boc20) (3.431 g, 15.24 mmol) and trimethylamine (TEA) (1.504 g, 2.06 mL,
15.01 mmol) in 1,4-dioxane (4 mL) was then added dropwise over 1 h at max. 24 °C.
Next, the reaction mixture was let to reach the room temperature and left to stir for
additional 12 h. 1,4-Dioxane was gently removed under reduced pressure and
the remaining aqueous phase was extracted with chloroform (6 x 30 mL).
The combined organic solution was dried over Na;SQ, filtered off and then
evaporated in vacuum to dryness. The resulted oily residue slowly solidified
in time (48-72 h) to provide crude compound 4 (2.721 g, with 97% GC purity,
91% vyield with respect to 4-aminopiperidine). White solid. M.p. 50-52 °C (lit. [8]
47-52 °C). R (isopropanole : 25% aq. NHz = 9 : 1 v/iv) = 0.64. IR (KBr) Vimax
3351 (w), 2979 (m), 2935 (m), 2862 (m), 2680 (w), 2576 (w), 2220 (w), 1694 (s),
1562 (m), 1531 (m), 1423 (s), 1392 (m), 1366 (M), 1284 (m), 1150 (s), 1043 (w)
cm™. 'H- and 2D-'H,"H-COSY-NMR (400 MHz, CDCls, 298 K) &4 1.19 (2H, dddd,
2dhip~2Ip~2dn=11.7 Hz, 3J4=3.8 Hz, H-3, -5-ax), 1.40 (s, 9H, Bu), 1.75
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(2H, d, 2Jun=12.4 Hz, H-3, -5-eq), 1.89 (2H, s, H-2, -6-ax), 2.72 (1H, br dd
app. br t, 3Jnp=11.6 Hz, Hz, H-4-ax), 2.78 (2H, ddd, 2Jn=8.9 Hz, 3Jnrn=4.3
Hz, H-2, -6-eq), 3.98 (2H, br s, NH2) ppm. ¥C-Jmee-NMR (100 MHz, CDCls,
298 K) oc 28.5 (Me), 32.4 (C-3, -5), 35.4 (C-2, -6), 48.9 (C-4), 79.6 [C(Me)s],
154.9 (C=0) ppm. 'H-RMN (400 MHz, DMSO-ds, 298 K) &4 1.07, 1.22 (2H: br
ddd, 2JH,H~3JH,H~3JH,H=11.1 HZ; br dd, 2JH,H~3JH,H=9.8 HZ, H-3, -5-ax), 1.38
(9H, s, Bu), 1.66 (2H, d, 2Ju1=12.0 Hz, H-3, -5-eq), 2.72 (2H, br d, Ju=10.0
Hz, H-2, -6-ax), 3.04 (2H, br s, H-4-ax), 3.39 (2H, br s, NH), 3.82 (2H, br d,
2J41=10.8 Hz, H-2, -6-eq) ppm. 'H-RMN (400 MHz, DMSO-ds, 353 K) &
1.13, 1.30 (2H: br ddd, 2Jun~2Jnp~3Jdun=10.9, Hz; br dd, 2Jyn~2Jun=11.2 Hz,
H-3, -5-ax), 1.41 (9H, s, Bu), 1.69 (2H, d, 2Jun=12.8 Hz, H-3, -5-eq), 2.50
(2H, br s, H-4-ax), 2.82 (2H, br dd app. br t, Jun=12.0 Hz, H-2, -6-ax), 3.43
(2H, br s, NHy), 3.81 (2H, br d, 2J44=12.0 Hz, H-2, -6-eq) ppm. HRMS-ESI(+)
(rel. int. %) miz: 201.1591 (7) [M+H]*. [M+H]* calcd. for C1oH20N20-, 201.1525.

Preparation of compounds 5a and 5b. At room temperature and under
inert atmosphere, into a 1,4-dioxane (10 mL) solution containing cyanuric
chloride (0.455 g, 2.47 mmol), anhyd. KxCOs (1.047 g, 7.53 mmol) was suspended
with vigorous stirring. A 1,4-dioxane (30 mL) solution containing 4-amino-1-tert-
butoxycarbonylpiperidi-ne 4 (1.538 g as 97 % GC-MS purity, 1.492 g 100%, 7.49
mmol) was added dropwise over 1 h. After additional 24 h of stirring at room
temperature, TLC monitoring (eluent acetone : ligroin : chloroform = 2:1:3 v/viv)
indicated the incomplete consumption of cyanuric chloride and formation of
compounds 5a (major) and 5b (minor). Therefore, the reaction mixture was
refluxed for 88 h, i.e., until TLC monitoring indicated no more evolution of the
amination process. The reaction mixture was evaporated to dryness under
reduced pressure and the solid residue was taken with distilled water (30 mL)
with stirring, at room temperature. The resulted suspension was filtered off
and well washed with distilled water to the complete removal of minerals. After
drying at room temperature, the crude material (1.738 g) was purified by
column chromatography on silica gel (eluent acetone : ligroin : chloroform= 2:1:3
viVIv) to give 0.853 g pure compound 5a (68% partial conversion of cyanuric
chloride) as the first fraction. Next elution afforded 0.355 g compound 5b (21%
partial conversion of cyanuric chloride).

2-Chloro-4,6-bis(1-tert-butoxycarbonylpiperidin-4-ylamino)-s-triazine 5a.
White solid. M.p. 177-179 °C. R (acetone : ligroin : chloroform = 2:1:3 viviv) =
0.75. IR (KBr) Vimax 3357 (m), 3256 (m), 2976 (m), 2931 (m), 2846 (w), 1698 (s),
1678 (s), 1576 (s), 1534 (s), 1425 (s), 1365 (s), 1240 (m), 1175 (s), 1143 (s),
969 (w), 806 (w) cm. 'H- and 2D-'H,"H-COSY-NMR (400 MHz, CDCls, 298 K)
o 1.27-1.43 (22H, br m, 2xBu, H-3, -3, -5, -5’-ax), 1.93 (4H, br s, H-3, -3’, -5,
-5'-eq), 2.88 (4H, d, Jux=10.8 Hz, H-2, -2’, -6, -6'-ax), 3.87 (2H, br m, H-4,
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-4’-ax), 4.00 (4H, br s, H-2, -2’, -6, -6'-eq), 5.31, 5.52, 5.65, 6.11 (0.48H, br s;
0.49H, d, 3J4=6.8 Hz; 0.81H, 3Jy1=7.6 Hz; 0.25H, br s; NH) ppm. "3C-Jmod-
NMR (100 MHz, CDCls, 298 K) &c 28.5 (Me), 31.6, 31.7, 32.0, 32.2 (C-3, -3,
-5, -5, Pip), 42.6 (C-2, -2', -6, -6’, Pip), 48.0, 48.1, 48.2, 48.5 (C-4, -4’, Pip),
79.8, 79.9 [C(Me)s], 154.7, 154.8 (C=0), 164.4, 165.0, 165.2 (C-4, -6, Tz),
168.6, 169.5 (C-2, Tz) ppm. 'H-NMR (400 MHz, DMSO-ds, 298 K) &1 1.30
(4H, br dd app. br t, 2Jup~2Jdun=11.6 Hz, H-3, -3, -5, -5’-ax), 1.39 (18H, s,
2x!Bu), 1.76 (4H, br dd app. br q, 2Ju+=10.1 Hz, H-3, -3, -5, -5’-eq), 2.82 (4H,
brs, H-2, -2’, -6, -6’-ax), 3.87 (6H, br s, H-4, -4’-ax, H-2, -2’, -6, -6’-eq), 7.45,
7.77, 7.79, 791 (0.14H, d, 3Jun=8.0 Hz; 0.52H, 3J4n=7.6 Hz; 0.52H,
3Uun=7.6 Hz; 0.66H, 3Jurn=7.2 Hz; NH) ppm. 'H- and 2D-'H,"H-COSY-NMR
(400 MHz, DMSO-ds, 353 K) 6u 1.40 (4H, br t, 2Jyn~3Jun=12.8 Hz, H-3, -3,
-5, -5’-ax), 1.42 (18H, s, 2xBu), 1.80 (4H, br d, 2Jy1=10.4 Hz, Hz, H-3, -3, -5,
-5-eq), 2.87 (4H, br dd app. br t, 2J44~>Jnn=11.6 Hz, H-2, -2’, -6, -6’-ax), 3.87
(2H, br s, H-4, -4’-ax), 3.90 (4H, br s, H-2, -2’, -6, -6'-eq), 7.44, 7.55 (2H, 2xbr
s, NH) ppm. HRMS-ESI(+) (rel. int. %) m/z: 512.2767 (100) [M+H]*. [M+H]*
calcd. for C23H3gC|N704, 512.2752.

2,4,6-Tris(1-tert-butoxycarbonylpiperidin-4-ylamino)-s-triazine 5b. White
solid. M.p. 182-184 °C. Ry (acetone : ligroin : chloroform = 2:1:3 v/v/v) = 0.45.
IR (KBr) vmax 3340 (w), 2977 (m), 2930 (m), 2853 (w), 1704 (s), 1577 (m),
1504 (s), 1423 (s), 1365 (m), 1238 (m), 1161 (s), 870 (w), 813 (w), 769 (w)
cm'. 'TH-NMR (400 MHz, CDCls, 298 K) &4 1.32 (6H, br s, H-3, -3, -3”, -5, -5,
-5"-ax), 1.43 (27H, s, 3xBu), 1.93 (6H, br s, H-3, -3, -3”, -5, -5, -5"-eq), 2.86
(6H, br s, H-2, -2, -2”, -6, -6’, -6”-ax), 3.88 (3H, br s, H-4, -4’, -4”-ax), 3.98
(6H, br s, H-2, -2’, -2”, -6, -6’, -67-eq), 4.84, 4.95 (3H, 2xbr s, NH) ppm. 13C-
Jmoa-NMR (100 MHz, CDCls, 298 K) & 28.5 (Me), 32.3 (C-3, -3, -3", -5, -5, -5,
Pip), 47.3,47.4, 48.1 (C-4, -4’, -4”, Pip), 79.7 [C(Me)s], 154.9 (C=0) ppm. 'H-
NMR (400 MHz, DMSO-de, 298 K) &4 1.30 (6H, br s, H-3, -3, -3, -5, -5', -5"-ax),
1.39 (27H, s, 3xBu), 1.71 (6H, br d, 2J44=10.0 Hz, H-3, -3, -3”, -5, -5, -5"-eq),
2.75 (6H, br s, H-2, -2’, -2”, -6, -6’, -6”-ax), 3.88 (3H, br s, H-4, -4’, -4"-ax),
3.91 (6H, br s, H-2, -2°, -2”, -6, -6, -6"-eq), 6.27, 6.41, 6.51, 6.70 (3H, 4xbr s,
NH) ppm. 'H- and 2D-'H,"H-COSY-NMR (400 MHZ, DMSO-ds, 353 K) &4
1.37 (GH, dddd, 2JH,|-|"‘3J|-|,|—|"‘3J|-|,H=12.0 HZ, 3JH,H=3.2 HZ, H-3, -3’, -3”, -5, -5’, -5-
ax), 1.42 (27H, s 3xBu), 1.80 (6H, dd, 2J4x=10.0 Hz, 3Jnn=2.4 Hz, H-3, -3,
-3”, -5, -5, -5"-eq), 2.83 (6H, dd app. t, 2din~>Jup=11.4 Hz, H-2, -2’, -2”, -6,
-6’, -6”-ax), 3.88 (3H, br s, H-4, -4’, -4”-ax), 3.91 (6H, br s, H-2, -2’, -2”, -6, -6,
-6"-eq), 6.13 (3H, br s, NH) ppm. HRMS-ESI(+) (rel. int. %) m/z: 676.4528
(100) [M+H]*, 620.3900. (9) [M+H-C4Hs]*. [M+H]* calcd. for Cz3HssNgOes,
676.4510. [M+H-C4Hg]* calcd. for C29Hs0N9Os, 620.3884.
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Preparation of 2,4,6-tris(piperidin-4-ylamino)-s-triazine 3. Under
inert atmosphere and vigorous stirring, to a suspension of 2,4,6-tris(1-tert-
butoxycarbonylpiperidin-4-ylamino)-s-triazine 5b (0.350 g, 0.518 mmol) in
cooled (0 °C) methanol (5 mL), a 6N HCI solution (1.8 mL, 10.53 mmol pure
HCI) was added dropwise over 70 min. keeping the temperature at 0-1 °C.
The resulted slurry was stirred at 0 °C for 2 h and then allowed to reach the
room temperature over 3 h. The reaction mixture was slowly heated at 40 °C
for 15 h. After this period, TLC monitoring (eluent : acetone : ligroin : chloroform =
2:1:3 vivlv) indicated the complete consumption of 5b and formation of the
desired compound 3 (eluent EtOH : 25% aq. NHs = 1:9 v/v) as a single spot.
The reaction mixture was evaporated under reduced pressure to the complete
removal of methanol. The remaining solution was diluted with distilled water
(2 mL), cooled at 0 °C for 1 h then carefully made alkaline with a 10% NaOH
ag. soln. to pH = 14. The resulted suspension was cooled at 0 °C for 24 h
then filtered off. The organic solid was well-washed with cooled (0 °C) and
distilled water to the complete removal of minerals and dried in vacuum at room
temperature to yield 0.145 g compound 3 (75% yield with respect to 5b).
White solid. M.p. 340-342 °C. Rs (EtOH : 25% aq. NH3 = 1:9 v/v) = 0.15. IR
(KBr) vmax 3278 (m), 2947 (w), 2914 (w), 2813 (w), 2739 (w), 1588 (m), 1517
(s), 1385 (m), 1353 (m), 1178 (w), 860 (w), 811 (m) cm™. '"H- and 2D-'H,"H-
COSY-NMR (400 MHz, D,O+DCl, 298 K) -0.33 (6H, br s, H-3, -3’, -3, -5, -5,
-5”-ax), 0.02 (6H, br s, H-3, -3, -3”, -5, -5', -5"-eq), 0.91, 1.02 (6H, 2xbr s, H-
2,-2, -2, -6, -6, -6"ax), 1.25 (6H, br s, H-2, -2, -2”, -6, -6’, -6"-eq), 1.85,
2.14 (3H, 2xbr s, H-4, -4’, -4’-ax) ppm. "3C-Jmnos-NMR (100 MHz, D,O+DClI,
298 K) oc 25.5, 25.7, 25.9 (C-3, -3, -3, -5, -5/, -5”, Pip), 40.4, 41.7, 43.7 (C-4,
-4’,-4”, Pip), 40.96, 41.14 (C-2, -2’, -2”, -6, -6, -6”, Pip), 148.0, 151, 153.1 (C-2, -
4, -6, Tz) ppm. HRMS-ESI(+) (rel. int. %) m/z: 376.2989 (100) [M+H]*. [M+H]*
calcd. for C18H34N9, 376.2937.
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