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Abstract

Three novel branched polyamines N,N,N’,N’-tetrakis-[3((pyridine-2-methyl)-amine) propyl]-1,4-
butanediamine (1), N,N,N’,N’-tetrakis-[N-((2-methylpyridine)ethyl)propanamide]ethylenediamine
(2) and N,N,N’,N’-tetrakis-[3((2-hidroxibenziliden)-amine)propyl]-1,4-butanediamine (3), were syn-
thesized starting from 2-pyridinecarboxaldeyde with DAB-Am-4 for 1, PAMAM GO for 2 and from
salicylaldehyde with DAB-Am-4 for 3. The pathway reactions have been proposed by 'H-NMR, IR
and Atomic Absorption Spectroscopy. The optimal reaction time was set by IR spectroscopy fol-
lowing aldehyde 17(C=o)St peak modification. 1 and 2 were obtained as both hydrochlorides and as

free amines and 3 only as free imine. These polyamines were characterized by UV-Vis, IR, tH-NMR
and 13C-NMR and Mass Spectrometry.
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1. Introduction

Since the synthesis of the first branched polyamines in the late 1970s, these repetitively three-dimensional
polymers have provided a rich seam of research due to their wide range of applications [1] [2]. The branched
polymers can be used as low-dielectric materials [3], as templates for the growth of single-wall carbon nano-
tubes [4], as catalysts [5] [6], as biosensors [7], as optoelectronic devices [8] [9] as well as in biological applica-

How to cite this paper: Cervantes-Mejia, V., et al. (2014) Branched Polyamines Functionalized with Proposed Reaction
Pathways Based on 'H-NMR, Atomic Absorption and IR Spectroscopies. American Journal of Analytical Chemistry, 5,
1090-1101. http://dx.doi.org/10.4236/ajac.2014.516116



http://www.scirp.org/journal/ajac
http://dx.doi.org/10.4236/ajac.2014.516116
http://dx.doi.org/10.4236/ajac.2014.516116
http://www.scirp.org
mailto:yasmi.reyes@correo.buap.mx
http://creativecommons.org/licenses/by/4.0/

V. Cervantes-Mejia et al.

tions [10], in magnetic resonance imaging [11] [12], in drug delivery [13], and in coordination chemistry [14],
among others.

Several methods for the synthesis and modification of linear polyamines are available and depend on the
number and type of N atoms, the hydrocarbonated chain length between the amine groups, and the conforma-
tional changes when cyclic units are introduced [15] [16]. For tetra branched molecules, it is possible to tune
their structure, size, shape and solubility; however, their modification through standard condensation reactions
implies a complicated mixture of mono-, bi- and tri-substituted side products. Then, the functionalization has
been proven to be successful method to modify the outer sphere of preformed branched structures. In this re-
search we are reporting three new functionalized branched molecules,
N,N,N’,N’-tetrakis-[3((pyridine-2-methyl)-amine)propyl]-1,4-butanediamine 1,
N,N,N”,N’-tetrakis-[N-((2-methylpyridine)ethyl)propanamide]ethylenediamine 2 and
N,N,N’,N’-tetrakis-[3((2-hidroxibenziliden)-amine)propyl]-1,4-butanediamine 3. We introduced a new strategy
for the synthesis of 1 and 2 by modifying the DAB-Am-4 and PAMAM GO cores by using an inexpensive cata-
lyst and mild reaction conditions. Compound 3 was synthesized using the reported reaction of obtaining of im-
ines. IR spectroscopy and thin layer chromatography (TLC) were used to follow the reaction and to obtain fully
functionalized branched molecules with the best yields in the optimal reaction times. Combination of NMR and
Atomic Absorption spectroscopies were used to propose the pathway reactions of 1 and 2. Our interest lies in the
introduction of the aromatic rings with electron-density-donor atoms to make these molecules ideal candidates
to obtain coordination compounds with potential applications in the future.

2. Materials and Methods
2.1. Reagents and Instrumentation

First, all the reagents and solvents were purchased from Aldrich and used without further purification. Melting
points were obtained with PF-300 SEV equipment. UV/Vis spectra were obtained with a Shimadzu UV-3100S
spectrophotometer on MeOH, CHCl; solutions of ca 8.8 x 10 ° M for 1 and 1.84 x 10 * M for 2 as hydrochlo-
rides. As free amines, in MeOH, CHCI; solutions using ca of 1.16 x 10> M/7.57 x 10~° M for 1 and 6.85 x 107°
M/1.60 x 10° M for 2, using CH,Cl, and CH,OH for 3 at ca 10 ° M. UV-Vis 1-3 data are reported as: wave-
length, Amax (NM), molar absorptivity, ¢ (cm *mol), transition energy gap, AE (cm ™). IR spectra were recorded
with a Nicolet Magna-IR 750 spectrophotometer between 4000 cm™* and 400 cm™ using KBr pellets. The
'H-NMR and *C-NMR were recorded with a Bruker Avance Il 500 MHz spectrometer for 1 and 2, and with a
JEOL Eclipse-400 spectrometer for 3, in CDCl; solutions and using TMS as reference for all samples. *H-NMR
spectra were recorded between 0 and 10 ppm with acquisition time of 2 sec, 16 repetitions. Chemical shifts are
reported as J part per million (ppm) values relative to TMS; s = singlet, d = doublet, t = triplet, m = multiplet.
The mass spectra were recorded in a JEOL MStation JMS-700 spectrometer using a FAB™ technique. A GBC
932 atomic absorption spectrometer was used to quantify the Zn** concentrations by the flame method. The hol-
low cathode lamp was operated at 5.0 mA, with 2 = 213.9 nm, a slit of 0.5 nm and burner height of 13.5 mm, the
airflow and acetylene rates were used as recommended by the manufacturer and a background correction was
carried out with a deuterium lamp. Aqueous solutions of Zn(C,H30,),'H,0 at 0.5, 1.0, 1.5 mg/L concentrations
were used to obtain a calibration curve.

2.2. General Synthetic Procedure

General synthetic procedures to obtain 1 and 2: A mixture of acetic acid (0.658 mL, 11.49 mmol), Zn° (657.8
mg, 10.06 mmol) and DAB-Am-4 (320.0 mg, 1 mmol) for 1 or PAMAM GO (516.5 mg, 1 mmol) for 2 in 8 mL
of MeOH were stirred under reflux. Then, 2-pyridinecarboxaldehyde (0.38 mL, 6 mmol), in 3 mL of MeOH was
added dropwise over 1.5 hours. The mixture was refluxed for 6 hours for 1 and 72 hours for 2, cooled to room
temperature and filtered. Then large amounts of gaseous HCI were bubbled until a white precipitate appeared.
The solid was decanted and washed three times with MeOH and Et,0. The free products are obtained by treating
the hydrochlorides with 10 mL of a 1 M NaOH solution, extracted with chloroform and dried.

General synthetic procedure to obtain 3: A mixture of DAB-Am4 (1.49 mmol) with 1 mL of a 5.98 mM
solution of salicylaldehyde in MeOH was stirred in a flask. The reaction mixture changed immediately from
yellow to orange when salicylaldehyde was added. Then, 1 mL of salicylaldehyde aliquots were added at 0.5 hrs,
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1.5 hrs and 4 hrs from the starting reaction time. The reaction was followed by silica TLC, IR and *H-NMR
spectroscopy. After 24 hrs 3 was extracted with CHCI; from the reaction mixture, dried and filtrated.

N,N,N’,N’-tetrakis-[3((pyridine-2-methyl)-amine) propyl]-1,4-butanediamine (1). 1 was obtained as yel-
low oil (yield: 84.1%). UV-Vis/CH3OH: Amale/AE (nm/cm ‘mol/cm™): 261/9815/38314.2; UV-Vis/CHCl,
Amade/AE (nm/cm *mol/cm™Y): 262/573/38167.9; Selected IR data/KBrv (cmb): V. 3416 (br), V. 3257
(VS), Ve 2934 (S), Ve 2817 (m), Ven 1649 (W), Vc=c 1593 (m), VN 1567 (m), V c.ar 1470 (m), Ve
1116 (W), Vcy 758 (m); *H-NMR (500 MHz, CDCl3) J (ppm): 8.54 (d, 4H), 7.62 (t, 4H), 7.299 (s, 4H), 7.14 (t,
4H), 3.88 (s, 8H), 2.66 (t, 8H), 2.46 (t, 8H), 2.38 (s, 4H), 1.66 (g, 8H), 1.37 (s, 4H), **C-NMR (500 MHz, CDCl5)
é (ppm): 159.90, 149.23, 136.39, 122.22, 121.84, 55.29, 54.01, 52.22, 48.17, 27.47, 24.92; MS (FAB") for
CaoHeoN1 [M + H]" calculated: 680.99, found: 681.00.

N,N,N’,N’-tetrakis-[N-((2-methylpyridine)ethyl)propanamide]ethylendiamine (2). 2 was obtained as a
yellow oil (yield: 60%). UV-Vis/CH;OH: Amale/AE (nm/cm *mol/cm™): 205.1/48757/48756.7, 207.9/48100/
48100, 211.4/47304/47303.7, 218.3/47304/45808.5, 257.3/38865/38865.1, 261.5/38241/38240.9, 268.1/37300/
37299.5; UV-Vis/CHCl; Anade/AE (nm/cm *mol/cm™): 252.5/39604/39604, 263.4/37965/37965.1, 270.6/36955/
36954.9, 309.8/32279/32278.9; IR/KBIV e (cM™Y): ¥y 3278 (vS), Ve 2927 (M), Ve-o 1647 (vs), Ve
1593 (s), V n.4 1568 (M), Vg 761 (M); *H-NMR (400 MHz, CDCl,): § ppm: 8.52 (s, 4H), 8.65 - 7.16 (m, 12H),
3.87 (d, 8H), 3.34 (m, 8H), 2.77 (m, 8H), 2.71 (m, 8H), 2.62 (s, 4H), 2.29 (m, 8H); *C-NMR (400 MHz, CDCl;)
6 (ppm): 173.26, 159.55, 149.43, 136.87, 122.61, 122.30, 54.8, 52.12, 50.77, 48.68, 39.46, 34.37; MS (FAB")
for C4sHesN1404: [M]" calculated: 881.10, found: 881.00.

N,N,N”,N’-tetrakis-(3((2-hidroxibenziliden)-amine)propyl)-1,4-butanediamine (3). 3 was obtained as a
highly viscous yellow liquid (yield: 83.0%). UV-Vis/CH;OH: Amale/AE (nm/icm *mol/cm™): 216.9/45426.4/
46053.6, 252.61/20013.5/39544.8, 269.5/8926.9/37065.1, 310.8/7415.1/32150.1, 393.5/2879.6/25391.5, 515.1/
503.9/19396.2; UV-Vis/CHCl3: Anade/AE (nm/cm ™ *mol/cm™): 248.9/30429.4/40126.3, 260.2/33836.9/38394.2,
271.3/10380.9/36824.6, 317.7/13550.6/31439.7, 406.0/554.7/24605.9; IR/KBr ¥y (cMY): Vo 3060 (vb),
V c=n 1633 (s); *H-NMR (400 MHz, CDCl;) 6 (ppm): 1.39 (s, 4H), 1.79 (m, 8H), 2.38 (s, 4H), 2.49 (t, 8H), 3.59
(t, 8H), 7.30 - 6.81 (m, 16H), 8.31 (s, 4H), *C-NMR (400 MHz, CDCls) J (ppm): 25.08, 28.40, 51.33, 53.90,
57.35, 116.94, 118.38, 118.72, 131.07, 132.02, 161.25, 164.82; MS (FAB™) for C44HssNgO4: [M]" calculated:
732.88 found: 733.00.

3. Results and Discussion
3.1. Synthesis

A previously reported methodology from our research group was used to synthesize compounds 1 and 2 [17]
(Figure 1). This methodology was originally proposed for reactions between linear chain polyamines and
2-pyridinecarboxaldehyde and adapted for the functionalization of the DAB-Am4 and PAMAM cores leading to
1 and 2 in good vyields. On the other hand, compound 3 showed in Figure 1 was obtained using a reported
methodology from the literature to synthesize branched imines [18].

The pathway reaction to obtain 1 and 2 was proposed based on the Zn redox potential quantification, IR and
NMR spectroscopic studies (Scheme 1), whose discusses are given in the section corresponding.

We corroborated that Zn oxidation potential to produce H™ is feasible at the synthesis reaction conditions. For
that purpose a mixture of Zn°, acetic acid and methanol were stirred during 7.5 hours. Subsequently, the reaction
mixture was filtered, and subsequently diluted with deionized water. The initial and final concentration of Zn**
were quantified by atomic absorption spectrometry. The obtained values were [Zn*']; = 0.0 mg/L and the [Zn*'];
= 38,125 mg/L, for the initial and final concentrations, respectively. At 343 K (70°C) and at pH = 2.78 Zn?*/Zn
the oxidation-reduction potential was quantified using Equation (1) [19].

RT
E=E,— —[InQ] €

where R = ideal gas constant, T = 343 K, v = 2 transferred electrons, F = Faraday constant and Q = [Re-
da]*[Oxg]*/[Oxa]*[Redg]’. The redox potential value was of E = —0.85 V and AG =-39.10 kcal-mol™, it im-
plies that the Zn oxidation reaction is favored. These results showed that with these reaction conditions, the Zn°
oxidation in acid media allowed for hydride formation, H™. The H™ ions are able to reduce fully the pyridinecar-
boxaldehyde carbonyl. With this in mind, the proposed reaction mechanism is shown in the Scheme 1(a).
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Figure 1. Chemical structures of compounds (a) 1; (b) 2; and (c) 3. The H atoms were omitted
for clarity.
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Scheme 1. (a) Proposed reaction pathway for the synthesis of 1 and 2; and (b) Reaction
pathway for 3 [17] [18].

In the first step there is a nucleophilic attack of the amino group contained in the DAB-Am4 or PAMAM-GO
molecules due the carbonyl z-electrons polarization. In the second step a concerted mechanism involving the H™
ions is carried out, which avoids the imine formation. The H™ ion is highly reactive and does not allow the for-
mation of double bonds and therefore the formation of imines.

On the other hand, the current tendency in the conventional condensation reactions to obtain imine [18] is the
optimization and reduction of the solvents, energy and secondary reagents used for the synthesis. This is known
as “green chemistry” [20]. The obtaining of 3 without using solvents was not possible since the mixture reaction
showed a high viscosity and a null reactants mixture results; however the use of solvents in small amounts lead
to obtain 3 in good yields. The classic reaction mechanism for 3 is given in the Scheme 1(b).

It is noteworthy that although the salicylaldehyde has an electron-donor hydroxo group in an ortho position
with respect to the aldehyde group fast protonation of the oxygen atom was carried out. This shows that when
H™ ions are not in the reaction medium, imines compounds will always be obtained [18]. Therefore we conclude
that when a strong nucleophile (as the hydride anion) is found in the media reaction the amine formation must be
favored.

3.2. IR Spectroscopy

IR spectra of 1-3 showed the vibrations typical of the materials containing DAB-Am4, PAMAM-GO,
2-pyridinecarboxaldehyde and salicylaldehyde (Supporting Information Figure S1) [21]-[26]. The optimal reac-
tion times for obtaining 1-3 were set by taking samples at different reaction times, observing the change in the
spectra. Figure 2 shows the spectra of (a) the starting materials and (b) to (e) the reactions evolution for 1-3 at
different reaction times in the zone between 2200 cm™ and 1100 cm ™.

The band around 1715 cm ™ is assigned to the characteristic vibration ¥ c-o st of the 2-pyridinecarboxalde-
hyde, and at 1664 cm™ is the characteristic vibration ¥ c-o from the salicylaldehyde carbonyl group [22]
[25]-[27]. Figure 2(i) and Figure 2(iii) show the IR spectra evolution, at different times of reaction to obtain 1
and 3. For compound 2 the monitoring through the infrared spectra (Figure 2(ii)) was complicated due to the
presence of the carbonyl in the amide group, which is very close to the carbonyl signal from the starting material.
However, the carbonyl bands in the final spectrum were fitted with Gaussians showing that the carbonyl signal
corresponding to 2-pyridinecarboxaldehyde disappeared completely.
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Figure 2. IR spectra (cm ™) showing the v

<o) region for (i) Com-

pound 1, (b) synthesis reaction at 1 hour, (c) 3 hours, (d) 5 hours
and (e) 6 hours; (ii) Compound 2: (a) 2-pyridinecarboxaldehyde, (b)
synthesis reaction at 3 hours, (c) 7 hours, (d) 24 hours and (e) 72
hours; and (iii) Compound 3: (a) salicylaldehyde, (b) shyntesis re-
action at 1 hour, (c) 2 hours, (d) 4 hours and (e) 24 hours.

The optimal time for the reaction for three compounds was also corroborated by TLC. Finally, it is notewor-
thy that the energy position of the Vo4 band of 3 implies two characteristics: 1) the hydroxyl group is conju-
gated with amino group through the aromatic ring; 2) the equilibrium phenol-imine and keto-amine tautomeric
forms are shifted to phenol-imine form (Supporting Information in Figure S2) [27]-[29]. Table 1 summarizes
the most important vibration frequencies found in the infrared spectra assigned according the literature

[27]-[29].

3.3. UV-Vis Spectroscopy

The UV-Vis spectra in MeOH show transitions with Ay, = 258.5 nm for 1, 1. = 205.1 nm, 207.9 nm and 257.3
nm for 2 and Jmax = 216 nm, 252.6 nm, 269.5 nm, 310.7 nm, 393.4 nm and 515 nm for 3 [22] [26] [27] [29] [30].
Through a fitting of the spectra with Gaussians it is possible to know the exact number of electronic
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Table 1. Main vibrational bands found for 1-3.

Frequencies v (cm™)

V (N-H)st V (C-Hstar V (0-H)st V (c=0)st V (C=N)st V (c=C)st V (N-H)s V (0-H) V (copst V (CN)st
2934
Compound 1 3257 2817 - - - 1593 1567 - - 1116
Compound 2 3278 2927 - 1647 - 1593 1568 - -
Compound 3 - 3060 2788 - 1633 1577 - 1282 1207

ar = aromatic, al = aliphatic.

transitions contained on each band. For 1, the fitting shows four Gaussians with A = 241.6 nm, 258.8 nm,
261.7 nm and 267.9 nm (Supporting Information in Figure S3), which is in agreement with the number and en-
ergy of the 7-z_ transitions reported for the pyridine chromophore [29]. For 2 (Figure 3(a)), the diverse func-
tional groups lead to a more complex spectrum presenting two broad bands containing seven Gaussians assigned
to four n-z electronic transitions with A, = 205.1 nm, 207.9 nm, 211.4 nm and 218.3 nm and three n-z_ transi-
tions with Ana = 257.3 nm, 261.5 nm and 268.1 nm. The spectrum for 3 shows four broad bands containing six
Gaussians assigned to two n-z_ electronic transitions with mna = 216.9 nm and 252.6 nm and four n-z” transi-
tions with Ana = 269.5 nm, 310.7 nm, 393.4 nm and 515 nm in agreement with the structure of 3 (Supporting
Information in Figure S4).

A change of the solvent used in the UV-Vis experiments, from MeOH to CHClIs, had practically no effect on
the number and wavelength of the electronic transitions for compound 1. This spectrum showed a band with A
= 262 nm, which fitted with four Gaussians with Ay, = 252.5 nm, 263.4 nm, 270.6 nm and 309.8 nm (Support-
ing Information in Figure S3). However, compounds 2 and 3 UV-Vis spectra showed a significant broadening
and shifting of the bands. For 2 the bands with e = 257.3 NM, Anax = 261.5 nm and A, = 268.1 nm in the
spectrum of MeOH are shifted t0 Anax = 263.4 NM, Apax = 270.6 nm and A = 309.7 nm in the spectrum of
CHCls. Figure 3(a) and Figure 3(b) show the UV-Vis spectra of 2 in MeOH and CHCI; highligting the batho-
chromic shifting. We attribute this change in the spectra to the stabilization of the n orbitals due to H-bonding
formation between the solvent and the amide groups in compound 2 when MeOH is used as the solvent [30]. For
3, the transitions were recorded in CH3OH and CH,ClI, (Supporting Information in Figure S4). The OM diagram
clearly shows (Supporting Information in Figure S4), the stabilization of 3 in CH,CI, due the intra-hydrogen-
bond between the N of the imine group and the hydroxyl proton group adopting the phenol-imine form (Sup-
porting Information in Figure S2); while the spectrum in MeOH solution shows that the methanol-imine inter-
molecular hydrogen bridges are present and therefore 3 is destabilized. This corroborates the information ob-
tained through the IR spectra for 3 and must be valid for 2 [29] [31].

3.4. NMR Spectroscopy

All three compounds are obtained as yellow oils very soluble in MeOH, H,O and CHCl;. The obtaining of the
desired compounds is corroborated by the number, chemical shifts and integral peak intensities in the *H-,
3C-NMR spectra, which are in good agreement with the chemical formulas. The peaks are correctly assigned
carrying out HSQC experiments, which correlate with the heteronuclear C and H atoms directly bonded.

The pyridine ring signals in the *H-NMR spectra are found between 7.14 ppm - 8.54 ppm for 1 (Supporting
Information in Figure S5) and between 7.16 ppm - 8.53 ppm for 2, while for 3 the aromatic protons are found
between 6.81 ppm - 7.30 ppm (Figure 4(a), Figure 4(b)). The peaks between 3.87 ppm - 1.26 ppm for 1, 3.87
ppm - 2.29 ppm for 2 and 3.59 ppm - 1.39 ppm for 3 are assigned to the aliphatic zone. The aromatic signals are
correlated in the *C-NMR spectra with the peaks between 159.90 ppm - 121.84 ppm for 1, between 154.55 ppm
- 122.30 ppm for 2 and between 164.82 ppm - 116.94 ppm for 3 and in the aliphatic zone with the peaks be-
tween 55.29 ppm - 24.92 ppm for 1, between 54.74 ppm - 29.71 ppm for 2 and between 57.35 ppm - 25.08 ppm
for 3 [32].

To corroborate the reaction mechanism proposed for the synthesis of 1 and 2, the *H-NMR spectra of 1 were
obtained at 1, 3 and 5 min from the starting reaction time showing that there was no double bond formation
(Supporting Information in Figure S6); while the characteristic proton and carbon signals in the HSQC spec-
trum of 2, 3 were very clear (Figure 4(a), Figure 4(b)).
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Thus, NMR studies corroborated the information obtained by IR about the reaction mechanism for obtaining
1 and 2, which does not imply the imine formation due the presence of a strong nucleophile agent (H") which
acts fast on the carbonyl carbocation.

Because the molecules contain two perpendicular symmetry axes, only the H* and C atoms of one of the
branches in the molecules are shown. The spectra exhibit broad signals because of the flexible nature of these
molecules, which is more evident in the spectrum of 2, which contains a PAMAM core and therefore more func-
tional groups.

4. Conclusion

Two different methodologies were used to obtain three fully functionalized branched molecules. The function-
alizations were very selective and led to good yields. The classic condensation reactions to obtain only imine-
products, were carried out in soft conditions without strong nucleophiles in the reaction medium; while the re-
ductive condensation produces compounds totally functionalized and an unique amine-product. The conditions
of the reductive condensation reaction lead to a concerted mechanism which does not allow an imine intermedi-
ary and it directs the reaction towards the obtainment of amines. On the other hand, typical reaction conditions
for obtaining imine bonds do not produce a nucleophile as the hydride anion, which is unstable respect to the in-
termediary ammonium ion and reacts forming an amine. The most remarkable conclusion of this work is that the
proposed reductive condensation synthesis for amines-carbonyls is a route to obtain amines with high purity and
with the best yields, which can be followed by common spectroscopic methods. Finally, the IR, *H-NMR, TLC,
Atomic Absorption, and MS were powerful analytical methods that supported these proposals.

Acknowledgements

We thank CONACyYT Mexico and the Autonomous University of Puebla for financial support with projects
Y-NAT11-l, Y-NAT12-1 and Y-NAT13-l, Strengthening of the Doctorate Programs Recognized in PNPC-
CONACYT, 2013-2014; we also thank Dra. Margarita Teutli for carrying out the Atomic Absorption quantifica-
tions.

References

[1] Végtle, F., Buhleier, E.W. and Wehner, W. (1978) Cascade and Nonskid-Chain-Like Syntheses of Molecular Cavity
Topologies. Synthesis, 2, 155-158.

[2] Bosman, A.W., Janssen, H.M. and Meijer, E.W. (1999) About Dendrimers: Structure, Physical Properties, and Appli-
cations. Chemical Reviews, 99, 1665-1688. http://dx.doi.org/10.1021/cr970069y

[3] Lee, B, Park, Y.H., Hwang, Y.T., Oh, W., Yoon, J. and Ree, M. (2005) Ultralow-k Nanoporous Organosilicate Di-
electric Films Imprinted with Dendritic Spheres. Nature Materials, 4, 147-150. http://dx.doi.org/10.1038/nmat1291

[4] Amama, P.B., Maschmann, M.R., Fisher, T.S. and Sands, T.D. (2006) Dendrimer-Templated Fe Nanoparcles for the
Growth of Single-Wall Carbon Nanotubes by Plasma-Enhanced CVD. Journal of Physical Chemistry B, 110, 10636-
10644. http://dx.doi.org/10.1021/jp057302d

[5] Twyman, L.J., King, A.S.H. and Martin, I.K. (2002) Catalysis inside Dendrimers. Chemical Society Reviews, 31, 69-82.
http://dx.doi.org/10.1039/b107812g

[6] Kainz, Q.M. and Reiser, O. (2014) Polymer and Dendrimer-Coated Magnetic Nanoparticles as Versatile Supports for
Catalyst, Scavengers, and Reagents. Accounts of Chemical Research, 47, 667-667. http://dx.doi.org/10.1021/ar400236y

[71 Muynar, J.L., Lowery, T.J., Wemmer, D.E., Pines, A. and Fréchet, J.M. (2006) Single Quantum Dot-Micelles Coated
with Silica Shell as Potentially Non-Cytotoxic Fluorescent Cell Tracers. Journal of the American Chemical Society,
128, 6334-6335. http://dx.doi.org/10.1021/ja061735s

[8] Lo, S.-Ch. and Burn, P.L. (2007) Development of Dendrimers: Macromolecules for Use in Organic Light-Emmitting
Diodes and Solar Cells. Chemical Reviews, 107, 1097-1116. http://dx.doi.org/10.1021/cr050136l

[9] Zhang, M., Guo, R., Kéri, M., Banyai, I., Zheng, Y., Cao, M. and Shi, X. (2014) Impact of Dendrimer Surface Func-
tional Groups on the Release of Doxorubicin from Dendrimer Carriers. Journal of Physical Chemistry B, 118, 1696-
1706. http://dx.doi.org/10.1021/jp411669k

[10] Li, X., Haba, Y., Ochi, K., Yuba, E., Harada, A. and Kono, K. (2013) PAMAM Dendrimers with Oxyethylene Unit-
Enriched Surface as Biocompatible Temperature-Sensitive Dendrimers. Bioconjugate Chemistry, 24, 282-290.

http://dx.doi.org/10.1021/bc300190v



http://dx.doi.org/10.1021/cr970069y
http://dx.doi.org/10.1038/nmat1291
http://dx.doi.org/10.1021/jp057302d
http://dx.doi.org/10.1039/b107812g
http://dx.doi.org/10.1021/ar400236y
http://dx.doi.org/10.1021/ja061735s
http://dx.doi.org/10.1021/cr050136l
http://dx.doi.org/10.1021/jp411669k
http://dx.doi.org/10.1021/bc300190v

V. Cervantes-Mejia et al.

[11]

[12]

[13]

[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]

[23]
[24]
[25]

[26]

[27]
[28]

[29]

[30]

[31]
[32]

Fulton, D.A., Elemento, E.M., Aime, S., Chaabane, L., Botta, M. and Parker, D. (2006) Glycoconjugates of Gadolin-
ium Complexes for MRI Applications. Chemical Communications, 10, 1064-1066. http://dx.doi.org/10.1039/b517997a

Schick, 1., Lorenz, S., Gehrig, D., Schilmann, A.M., Baur, H., Panthéfer, M., Fischer, K., Starnd, D., Laquai, F. and
Tremel, W. (2014) Multifunctional Two-Photon Active Silica-Coated AuMnO Janus Particles for Selective Dual Func-
tionalization and Imaging. Journal of the American Chemical Society, 136, 2473-2483.
http://dx.doi.org/10.1021/ja410787u

Lee, C.C., MacKay, J.A., Fréchet, J.M.J. and Szoka, F.C. (2005) Designing Dendrimers for Biological Applications.
Nature Biotechnology, 23, 1517-1526. http://dx.doi.org/10.1038/nbt1171

Bazzicalupi, C., Bianchi, A., Giorgi, C., Gratteri, P., Mariani, P. and Valtancoli, B. (2013) Metal lon Binding by a G-2
Poly(Ethylene Imine) Dendrimer. lon-Directed Self-Assembling of Hierarchical Mono- and Two-Dimensional Nanos-
tructured Materials. Inorganic Chemistry, 52, 2125-2137. http://dx.doi.org/10.1021/ic3025292

Bergeron, R.J. (1986) Methods for the Selective Modification of Spermidine and Its Homologues. Accounts of Chemi-
cal Research, 19, 105-113. http://dx.doi.org/10.1021/ar00124a002

Kuksa, V., Buchnan, R. and Lin, P.T. (2000) Synthesis of Polyamines, Their Derivatives, Analogues and Conjugates.
Synthesis, 2000, 1189-1207. http://dx.doi.org/10.1055/s-2000-6405

Sanchez-Sandoval, A., Alvarez-Toledano, C., Gutierrez-Pérez, R. and Reyes-Ortega, Y. (2003) A Modified Procedure
for the Preparation of Linear Polyamines. Synthetic Communications, 33, 481-492.
http://dx.doi.org/10.1081/SCC-120015780

McMurry, J. (2001) Quimica Organica. 5th Edition, Thomson International, México.

Atkins, P.W., Overton, T.L., Rourke, J.P., Weller, M.T. and Armstrong, F.A. (2010) Inorganic Chemistry. Oxford
University Press, New York.

Tanaka, K. and Toda, F. (2000) Solvent-Free Organic Synthesis. Chemical Reviews, 100, 1025-1074.
http://dx.doi.org/10.1021/cr940089p

Nakamoto, K. (1999) Infrared and Raman Spectra of Inorganic and Coordination Compounds. John Wiley and Sons,
New York.

Cimerman, Z., Galic, N. and Bosner, B. (1997) The Schiff Bases of Salicylaldehyde and Aminopyridines as Highly
Sensitive Analytical Reagents. Analytica Chimica Acta, 343, 145-153.
http://dx.doi.org/10.1016/S0003-2670(96)00587-9

Smith, G.S. (2003) An Investigation into the Synthesis, Characterization and Some Applications of Novel-Containing
Polymers and Dendrimers of Transition Metals. Doctoral Thesis.

Louie, O., Massoudi, A., Vahedi, H., Asadi, H. and Sajjadifar, S. (2012) The Modification of Poly Amidoamine
(PAMAM-Gy ) by Cytosine. Engineering, 5, 103-105. http://dx.doi.org/10.4236/eng.2012.410B026

Radhi, M.M. and Mel-Bermani, M.F. (1990) Infrared Studies of the Conformation in Salicylaldehyde, Methylsalicylate
and Ethylsalicylate. Spectrochimica Acta Part A, 46, 33-42. http://dx.doi.org/10.1016/0584-8539(93)80007-W

Yildiz, M., Kilig, Z. and Hokelek, T. (1998) Intramolecular Hydrogen Bonding and Tautomerism in Schiff Bases. Part
1. Structure of 1,8-Dif[N-2-Oxy-Phenyl-Salicylidene]-3,6-Dioxaoctane. Journal of Molecular Structure, 441, 1-10.
http://dx.doi.org/10.1016/S0022-2860(97)00291-3

Freedman, H.H. (1961) Intramolecular H-Bonds. I. Spectroscopic Study of the Hydrogen Bond between Hydroxyl and
Nitrogen. Journal of the American Chemical Society, 83, 2900-2905. http://dx.doi.org/10.1021/ja01474a026

Colthup, N.B., Daly, L.H. and Wiberley, S.E. (1990) Introduction to Infrared and Raman Spectroscopy. 3rd Edition,
Academic Press, Waltham.

Nazir, H., Yildiz, M., Yilmaz, H., Tahir, M.N. and Ulkii, D. (2000) Intramolecular Hydrogen Bonding and Tautomer-
ism in Schiff Bases. Structure of N-(2-Pyridil)-2-Oxo-1-Naphthylidenemethylamine. Journal of Molecular Structure,
524, 241-250. http://dx.doi.org/10.1016/S0022-2860(00)00393-8

Pavia, D.L., Lampman, G.M. and Kriz, G.S. (1996) Introduction to Spectroscopy. Saunders Golden-Sunburst Series,
USA.

Drago, R.S. (1992) Physical Methods in Chemistry. 2nd Edition, Saunders College Publishing, USA.

Pretsch, E., Biihimann, P. and Affolter, C. (2000) Structure Determination of Organic Compounds. Springer, London.
http://dx.doi.org/10.1007/978-3-662-04201-4

1098


http://dx.doi.org/10.1039/b517997a
http://dx.doi.org/10.1021/ja410787u
http://dx.doi.org/10.1038/nbt1171
http://dx.doi.org/10.1021/ic3025292
http://dx.doi.org/10.1021/ar00124a002
http://dx.doi.org/10.1055/s-2000-6405
http://dx.doi.org/10.1081/SCC-120015780
http://dx.doi.org/10.1021/cr940089p
http://dx.doi.org/10.1016/S0003-2670(96)00587-9
http://dx.doi.org/10.4236/eng.2012.410B026
http://dx.doi.org/10.1016/0584-8539(93)80007-W
http://dx.doi.org/10.1016/S0022-2860(97)00291-3
http://dx.doi.org/10.1021/ja01474a026
http://dx.doi.org/10.1016/S0022-2860(00)00393-8
http://dx.doi.org/10.1007/978-3-662-04201-4

V. Cervantes-Mejia et al.

Supporting Information

Branched Polyamines Functionalized with Proposed Reaction Pathways Based on
1H-NMR, Atomic Absorption and IR Spectroscopies”

Vicente Cervantes-Mejia, Elizabeth Baca-Solis, Judith Caballero-Jiménez, Rosario Merino-Garcia, Gabriela
Moreno-Martinez, Yasmi Reyes-Ortega .

\ 1004

1116
1470

2817 1649

1152

/ . Ini \
203 Oh, HNH / \ 758
1301
\ ‘\WN\, 15903
32 r el Tl - 1567
. U
1 3416 -

(b)

\

4532
/i ) 1664.3 \
: 1 f N 12034 | 7675
OH N\ f/’ HO 1386.6 8332
b 14724 12738
OH HFJ k\\N HO
@Jy @ 1579.4
3
(c)

Figure S1. Infrared spectra for compounds 1-3, v isincm ™.

phenol-imine keto-amine

Figure S2. Chemical structures of 3 in the equilibrium phenol-imine and

keto-amine.



V. Cervantes-Mejia et al.

258.8 2521

0.754

0.504
w
2
0.254
240 260 280 260 280
7.(nm) 7. (nm)
. ; 0004 i T
600 900 250 500 750
7. (nm) % (nm)
(@) (b)
Figure S3. UV-Vis spectra for 1 in (a) MeOH and (b) CHCl;. The inserts on the top
right show the Gaussian fitting.
50 ¥ ¥ ™ 5
%I
o * n
) {" [ Y X )
— of o — @i *
E g 8 g g
é &l & n é Skp
s ° o 3] 3 =
= - o~ f o
- - n
©Of oo
il B
ik '
i T
210 610 810 210 810

Figure S4. UV-Vis spectra and OM diagrams for 3 in (a) MeOH and (b) CH,Cl,. The
inserts show the Gaussian fitting.

T H7 H6 ™S

25

50

75

ppm |

L L L e L B L B L N B B LR WL B

10 9 8 7 6 5 4 3 2 1 0

Figure S5. HSQC spectrum of 1.



V. Cervantes-Mejia et al.

o o =
~ © ~
& =B © 1 ®
o= e 2 N © N
S =R
|| T o “-
- - v - - ¥
1.00 299 0.15 1.00 3.020.15
T T T T T T T T
15.0 10.0 50 0.0 15.0 10.0 50 0.0
ppm ppm
(@ (b)
o o ™
© o @
$ 2
s o =
L
1.00 2.91 0.14
T T T T
15.0 10.0 5.0 0.0
ppm

©

Figure S6. 'H-NMR spectra at (a) 1 min, (b) 3 min and (c) 5 min from the starting reaction
time at the same synthetic conditions of 1.



www.scirp.org

Scientific
Research

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and

contributes to the progress and application of science with its publication.

Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either

submit@scirp.org or Online Submission Portal.

American Journal of | i <
Plant Sciences ( Applied Mathematics

Special Issue on Experimental Design!

Advances in

Bioseience and Biotechnology

. & scand

Agricultural Sciences Food and Nutrition Sciences

Special Issue on Research on Rice

Journal of Computer
and Communications

Journal of
Modern Physics Natsuglaeln -

Editor-in-Chief
Kuo-Chen Chou
s arg e



http://www.scirp.org/
http://www.scirp.org/
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
mailto:submit@scirp.org

	Branched Polyamines Functionalized with Proposed Reaction Pathways Based on 1H-NMR, Atomic Absorption and IR Spectroscopies
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Reagents and Instrumentation
	2.2. General Synthetic Procedure

	3. Results and Discussion
	3.1. Synthesis
	3.2. IR Spectroscopy
	3.3. UV-Vis Spectroscopy
	3.4. NMR Spectroscopy

	4. Conclusion
	Acknowledgements
	References
	Supporting Information



