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Abstract—The synthesis, silane functionalization, and facile silica attachment of dendritic monomers containing terminal benzyl
groups are presented. For the first time, a simple one-step procedure is described that leads to the in situ creation of a
surface-bonded sol-gel dendritic stationary phase on the inner walls of a fused silica capillary; such phases showed unique
selectivities in high-resolution capillary gas chromatography. © 2001 Elsevier Science Ltd. All rights reserved.

In the past decade, highly functionalized branched
materials have found use in numerous applications1

such as host–guest chemistry,2–5 carbohydrate chem-
istry,6–11 metallodendrimers,12–20 catalysis,21–26 and sur-
face chemistry.27 These various applications were made
possible due to either internal or external modifications
of dendrimers, which possess a general spherical shape,
and thus are capable of intermolecular interactions with
the immediate environment as well as an inner regime
capable of utilitarian supramolecular characteristics.1

We are not aware of any application of functionalized
dendrons as a stationary phase in capillary gas chro-
matography, although their applications as mobile
phase additives in liquid-phase separations have been
reported.28–31 Herein, we describe the synthesis,
extended silane functionalization, and a silica attach-
ment procedure for highly branched building blocks
containing benzyl ether terminal groups.

Access to the desire dendrons 3, 8, and 13 (Fig. 1) was
facilitated by the use of the previously reported32–37

amine and isocyanate monomers 1 and 2, respectively.
Thus, the preparation (Scheme 1) of the nitrobenzyl
ether 5 and its larger analog 10 was effected by reaction
of 4-amino-4-[3-(benzyloxy)propyl]-1,7-di(benzyloxy)-
heptane32 (1) with the triacid38 4 and nonacid39 9,
respectively, using standard DCC coupling condi-
tions.40 Formation of the nitrobenzyl ethers 5 and 10
was confirmed (13C NMR) by the observation of an
upfield shift of the carbonyl carbon resonance [� : 173.5

(4) and 174.9 (9) to 169.9 (5) and 171.9 (10) ppm]
indicating the acid to amide conversion, and a
downfield shift [� : 52.9 (1) to 58.1 (5) and 57.8 (10)
ppm] of the signal assigned to the C4°moiety in triether
1. Both structures were further supported by the peaks
at m/z 1673.1 [M+Na+] (5: calcd m/z 1673.2 [M+Na+])
and m/z 5106.6 [M+Na+] (10: calcd m/z 5106.8 [M+
Na+]) in ESI-MS and MALDI-TOF, respectively.

Reduction of the nitro groups with NiB and NaBH4
32

in a MeOH–EtOH–C6H5Me mixture at 50°C afforded
the corresponding amines 6 and 11, whose structures
were identified by the traditional chemical shift (13C
NMR) of the signal for the C4° from 92.4 (5) and 93.1
(10) ppm to 52.6 (6) and 49.3 (11) ppm, respectively,
thereby confirming the desired C4°-NO2 to C4°-NH2

transformation.

Treatment of amines 6 and 11 with 0.4 equiv. of
triphosgene in the presence of Et3N in CH2Cl2 gave the
corresponding isocyanates 7 and 12. Their structures
were characterized (13C NMR) by the absorption of
chemical shifts from 52.6 and 49.3 ppm to 61.9 and 60.3
ppm, respectively, corresponding to the C4°-NH2 to
C4°-NCO conversion, as well as the appearance of a
new peak at ca. 122 ppm for the NCO group. Further-
more, the IR spectrum for each showed the typical
isocyanate peak at 2257 and 2248 cm−1 and the ESI-MS
and MALDI-TOF further confirmed their assignment
by a peak at m/z 1646.2 [M+] (7: calcd m/z 1646.2 [M+])
and m/z 5080.2 (12: calcd m/z 5080.8 [M+H+]),
respectively.
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Figure 1.

Dendritic silane reagents 3, 8, and 13 were then synthe-
sized by treatment of these monomers possessing the
focal isocyanate moiety and terminal benzyloxy groups
with 3-(triethoxysilyl)propylamine in dry CH2Cl2 at
25°C for 1 h. Their preparation was confirmed (13C
NMR) in all cases by the presence of a new urea
(NHCONH) carbon peak at ca. 157 ppm, as well as
(IR) new absorbance peaks at 1100 and 1650 cm−1 for
the silane group (Si-O) and urea carbonyl group; the
absorbance peak (2250 cm−1) indicative of the -NCO
moiety was absent.

Silica attachment of the sol-gel active dendritic reagents
(3, 8, or 13) in the presence of added methyltrimethoxy-
silane (MTMS), and catalyzed by TFA proceeded
smoothly via hydrolysis and subsequent polycondensa-
tion to form an organic–inorganic hybrid polymer net-

work with the dendron as the organic constituent.
Conducting the reaction within a clean fused silica
capillary column provided a simple means for effective
column deactivation as well as stationary film immobi-
lization.41

Fig. 2 presents three gas chromatograms obtained on
three different sol-gel columns with the first (3) (A),
second (8) (B), and third generation (13) (C) benzyl-ter-
minated dendritic appendages were incorporated into
stationary phases. A Grob test mixture,42 containing
compounds from different chemical classes, was used as
the sample probe. As can be seen in Fig. 2, the sol-gel
dendrimer stationary phase can provide well-behaved
chromatographic peaks for both polar and non-polar
components. The elution pattern for individual compo-
nents of this mixture is very different from that
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Scheme 1. Synthesis of second and third generation building blocks: (a, d) DCC, 1-HOBT, 25°C, dry DMF, 48 h; (b, e) NaBH4,
NiB, 50°C, MeOH, 1 h; (c) Et3N, triphosgene, 25°C, CH2Cl2, 1.5 h; (f) Et3N, triphosgene, 55°C, CH2Cl2, 1.5 h.

obtained on conventional columns. For example, unlike
conventional PDMS or related capillary GC columns
that elute 2,3-butanediol as the first peak under stan-
dard operating conditions, on benzyl-terminated sol-gel
dendrimerized columns, the first eluted component is
n-decane. In this respect, the sol-gel dendrimerized
column behaved more like a polar column (e.g. PEG
type) characterized by early elution of n-alkanes. A
closer look at the chromatograms in Fig. 2 reveals that
compared with conventional PDMS column, the func-
tionalized sol-gel column provided a different elution
order for all peaks (except for methyl dodecanoate,
which elutes last in both cases). This selectivity of the
sol-gel functionalized stationary phase in GC may be
attributed to the specific molecular architecture of these
modified stationary phases. A marked difference in
chromatographic selectivity is observed between differ-
ent generations of these stationary phases, coating dif-
ferent generations of dendritic moieties. For example,
an efficiency value of 3,200 theoretical plates/m was

obtained on a 10 m×0.25 mm i.d. column coated with
the third generation dendronized sol-gel stationary
phase. This corresponded to a minimum plate height of
0.31 mm and an optimum flow rate of 25 cm/s.
Efficiency values on the order of only 1,000 pales/m
were obtained on the columns coated with the related
first and second generation stationary phases.

Based on this preliminary study, in which the den-
dronized reagent possessed simply benzyl ether termini
and urea connectivity, it can be concluded that the
dendritic architecture provides unique selectivity in cap-
illary GC separations, and adds chromatographic and
electro-migration separations to potential utilitarian
purposes for dendrons. In view of the facile ability to
create diverse useful canopies that can enshrine differ-
ent specific functionality to achieve an appropriate
molecular interaction and response event(s), installation
of these complimentary supramolecular relationships
for chromatographic interactions can lead to enhanced
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Figure 2. Chromatograms illustrating the GC separation of
Grob test mixture on sol-gel dendrimer stationary phases with
first (A), second (B), and third (C) generation benzyl-termi-
nated dendritic material. Conditions: 100 m×0.25 mm i.d.
fused silica capillary column; temperature programming from
40°C @ 6°C/min; helium as the carrier gas, 40 cm/s; split
injection (100:1), 300°C; flame ionization detector, 350°C.
Peaks: (1) n-decane; (2) 2,3-butanediol; (3) n-undecane; (4)
1-nonanal; (5) 1-octanol; (6) 2,6-dimethylaniline; (7) 2,6-
dimethylphenol; (8) methyl decanoate; (9) dicyclohexylamine;
(10) methyl undecanoate; (11) methyl dodecanoate.
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