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Reactions of cyclochlorotriphosphazatriene with 1-amino-2-propanol.

Calorimetric and spectroscopic investigations of the derived products.

Sedat TURE1'*, Rafig GURBANOV?, Murat TUNA?

Abstract

Reactions of hexachlorocyclotriphosphazatriene, N3P3Cls (1) with 1-amino-2-propanol (2), in
(1:1, 1:2 and 1:3) mole ratios, in excess of NaH, in THF and acetonitril solutions yield a total
of 6 novel products: one mono-open chain, N3P3Cls|HN-CH,-CH(CH3)-OH] (3); one
monospiro, N3P3Cl4/O-CH(CH3)-CH>-NH] (4); one frans bis-open chain, N3P3;Cls HN-
CH>CH(CH3)-OH]2 (5); one dispiro, N3P3Cl,[O-HC(CH3)-CH2-NH]> (7); one tri-open chain,
N3P3;CI;[HN-CH2CH(CH3)-OH]J3 (6); and one tri-spiro, N3P3[O-HC(CH3)-CH2-NH]3(8)
derivatives. These compounds have interesting structural aspects as well as physical properties.
Their structures were established by elemental analysis, TL-MS, 3'P and 'H NMR spectral data.
Stability constants were determined using a simple potentiometric titration. For evaluation of
melting behavior and purity of derivatives (7) and (8), thermal transition peaks and their
corresponding enthalpies were determined via DSC technique. Spectroscopic data, product
types and relative yields are compared with those of the previously investigated derivatives of
N3P3Clg (1) with aliphatic difunctional reagents.

Key words: Hexachlorocyclotriphosphazene, 1-amino-2-propanol, spiro compounds, open
chain compounds, DSC analysis

1. INTRODUCTION bpen studied for their propert'ies both as
linear polymers [1-5], and cyclic structures
[6-29, 30]. Their general electronic

Due to their substitution patterns, structure has also been studied [I1],
phosphazenes  potentially have more focusing on the interactions between the
variations than .ca¥bon analogs such as nitrogen and phosphorus atoms linear or
benzene that are limited because these allow cyclic geometries. Intramolecular reactions
only one substitution in a particular location of short chain difunctional nucleophiles,

in the ring. In the past, phosphazenes have
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such as amino-alcohols and mercapto-
alcohols with trimer (NPCL)3 (1), can yield
geminal/non-geminal open-chain or
spirocyclic  products  [12-15].  First,
dinucleophil may replace only one chlorine
atom to produce open chain structure.
Second, the dinucleophile may replace two
chlorine atoms at the same phosphorus atom
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to form geminal open chain or spirocyclic
structures [16-19]. Third, chlorine units on
adjacent phosphorus atoms may be replaced
to produce non-geminal open chain
products 18-19, 35]. General replacement
patterns of 1-amino-2-propanol formations
are shown in Figure 1.
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Figure 1. Substitution patterns of cyclotriphosphazene (1) withshorter chain dinucleophiles.X and Y are

heteroatoms (i.e., O or N).

Amino alcohols contain both an amine and
an alcohol group. Amino alcohol
derivatives have been used as coupling
partners in addition to catalysts in the
synthesis of many compounds.
Enantiomerically pure beta-amino alcohols
play an increasingly important role in
pharmaceutical therapeutics and as chiral
auxiliaries in organic synthesis. Amino
alcohol derivatives are currently being
studied for modulating antimicrobial and
antifungal activities and the physiochemical
properties of drug molecules. The amino
alcohol group is found in many antibiotics,
such as ethambutol, which is used in the
treatment of tuberculosis. The additions of
1,2-carbonyl compounds, ring closure
reactions, conjugate additions and a-
functionalization are carried out efficiently
with B-amino alcohols as catalysts. The
availability of B-amino alcohols from a
chiral pool (eg, L-amino acids) makes them
an attractive class of versatile promoters for
use in modern organic synthesis.

In this paper we strive to understand
heteroatom chain length, nucleophilic

tendency to donate electrons or react at the
electron-poor sites on the phosphorus

atoms, and the likelihood substitution
patterns of compound formation. In
addition, melting and crystallization

behavior of compounds 6 and 7 were
characterized.

The reactions of cyclophosphazene (1) with
the 1-amino-2-propanol (2) in excess of
NaH (Figure 2) gave predominately spiro
derivatives (4, 7, 8) as well as giving mono-
(3), bis- (5) and tris- (6) open chain
products. Similar findings were reported
with shorter chain lenght of difunctional
reagents e.g.1,2-ethane-diamine and amino-
alcohols [32]. With longer chain lengths of
the spacer (CH2), group in difunctional
reagents, bridged compounds predominated
to intramolecular formations [30-35].
These results are in contrast to the reactions
of shorter chain diamines, where are for
thermodynnamic reasons generally
spirocyclic products were synthesised [33].
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Figure 2. Structures of cyclophosphazene derivatives with 1- amino-2-propanol.

compounds (3-8) were characterized by
2. RESULTS AND DISCUSSION elemental analysis, MS, 1H and 31P NMR
spectroscopy and the results are provided as
part of the analytical data in the
experimental section. Structure of derived
compounds are displayed in Figure 2.

The reactions of N3P3Cls (1) with 1-amino-
2-propanol in 1:1:2, 1:2:4 and 1:3:6
stoichiometries gave the following isolated

and characterized derivatives: one mono- 2.1. Synthesis and characterization of
open chain compound, N3P3Cls[NH-CH:- compounds 3-8.

CH(CH3)-OH] (3, 19%); one trans bis-open

chain ~ compound,  N3P;CL[NH-CH,- The selectivity of the substitution reactions
CH(CH3)-OH]2 (5, 15%); one tri-open of trimer (1) with difunctional regeants is
chain ~ compound,  N3P;CL[NH-CH,- strongly depended on the temperature [25],
CH(CH3)-OH]s3 (6, 16%); one mono-spiro solvent and the type of nucleophilic
compound, N3P3Cl4y[O-CH(CHs)-CH,-NH] regeants [24-25]. Solvent effect plays an
(4, 53%); one dispiro compound, important role in determining the stereo and
N3P3CL[O-CH(CH3)-CH2-NH]2 (7, 37%,); regio  sellective  control on  the
and one tri-spiro compound, N3P3[O- cyclophosphazene rings [22-25].

CH(CH3)-CH2-NH]s (8, 26%). Mono spiro
derivative (4, 53%) is isolated in larger
amount than the other products. Isolated

In general, at low temperature with a shorter
chain length reagent, the nucleophilic
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substitution takes place on different
phosphorus atoms and giving rise to open
chain products. Here, in our nucleophilic
reagent, the amino groups are generally
more nucleophilic than hydroxyl groups, so
that when an amine and an alcohol (a
compound containing a hydroxyl group) are
mixed together with a common electrophile
in a certain amount, the electrophile almost
only enters the reaction with the amine
groups. Likewise for compounds containing
both an amino group and a hydroxyl group,
an electrophile typically reacts at the amine
moiety of the molecule.

Reactions at the hydroxyl group is often not
possible as long as the amino group is not
changed in a separate step using a protecting
group to previously react [2]. As noted, it is
estimated that the first substitution takes
place over the amine group and later on the
hydroxyl group. However, the situation is
different when working with phosphazenes.
Due to the presence of chlorine atoms (Cl or
Cl2) on the phosphorus atoms and since the
phosphorus atoms are still open to new
substitution reactions after the initial
displacement (Cl with amino group), it is
possible for hydroxyl group to attack on
phosphorus atoms for second substitution.
Therefore, we were able to obtain geminal
spiro and geminal/non-geminal open chain
derivatives. Unless you make a very special
changes in reaction conditions, it is unlikely
to obtain ansa type cyclic structure with a
shorter chain length of nucleophils.

2.2.31P NMR spectroscopic data

3P NMR spectra of resulting compounds
with  1-amino-2-propanol showed the
predominance of spiro structures with A>B,
AB> and A3 spin systems, mono-, di-, and
tris-spiro derivatives respectively. We can
expect to have two different types of
isomeric structures from compound 7 which
are possible depending on whether the
exocyclic nitrogen atoms have a cis (a) or
trans (b) disposition (see below).
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As mentioned, two structures are possible
depending on whether the exocyclic
nitrogen atoms have a cis or trans
disposition. Compound 7 is tentatively
assigned to the trans structure due to its
higher TLC Rt value. In general, the TLC Rt
value of the trans-aminochlorocyclo-
triphosphazene derivative is greater than
the cis analogue [23, 33].

Dispiro derivatives exhibit AB> type
spectra. Therefore, the *'P {'H} NMR
spectrum of compound 7 is AB; type and
gives rise to very close five line structure.
3P NMR proton-coupled spectrum of the
structure allows identification of the lines
due to the =Pspiro and =PCl, groups, where
spiro group split into further lines. Proton
coupling experiments as well as comparison
with the analogues diols and diamine
derivatives [24, 25] allow precise
assignment of the structure.

Compound, N3P3Cl4[O-CH(CH3)-CHa-
NH] (4), whose analysis and mass spectrum
showed that this can be either mono spiro or
its ansa isomer. Previous experience with
these two isomers shows that these could
have in principle two structures: Spiro or
ansa. The ansa compound has an AB; type
spectrum, while that of the spiro isomer is
of the A>X. 3'P (-H) coupling affects the B,
part of the former and X part of the later
giving further splitting on the spectrum. As
mentioned above, with a shorter chain
lenght nucleophil, we expect to have spiro
type stucture and we therefore obtained an
A2X type spin system from this compound
and assigned as the mono spiro-cyclic
structure.

Compounds (3) and (5) give rise to A>X and
ABg type spin system respectively. Proton
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coupling effects the X part of the former and
B> parts of the later (=P(NR)Clgroups,
where each grouip split into further lines).
The spectra are quite facilitated by looking
at the open chain derivatives of diols [36].
We therefore, with confidence assigned
them to be open chain derivatives.

In the case of compounds (6) and (8), where
the 3'PNMR spectrum is of the A3z spin type.
An A3 spin system arises, when the
phosphorus nuclei have identical or very

similar environments. The =P(NR), spiro
groups and the =P(NR)CI, open chain
groups are in identical environments and
linked to similar groups in each structure;
therefore, one single line is observed at 23.5
and 29.2 ppm for these compounds
respectively. >'P NMR data are shown in
Table 1 and *'P NMR spectra of compounds
3,4, 5,7 and 8 are exhibited in Figures 3, 4
and 5 respectively.

Table 1. Selected *'P NMR parameters (characterisation) of hexachlorocyclotriphosphazene (1) derivatives

(3-8%) with 1-amino-2-propanol.

Compound OPCl,t OPspiro® JP(NROH)CI 2J[Pspiro-PClL]¢ 2J[P(NROH)-PCL,]¢
(1) N3P5Cle 19.9

(3) Open chain 24.2 12.1 47.2
(4)Mono-spiro 22.9 15.8 44.8

(5) Open chain 25.2 22.2 48.2

(6) Open chain 23.5

(7) Dispiro 26.5 18.3 46.9

(8)Tris-spiro 29.2

2In CDCI3 (with respect to 85% phosphoric acid external reference) at 202.38 MHz. ®In ppm . ¢In Hz.
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Figure 3. Proton coupled and proton decoupled 3'P NMR spectra of compounds 3 (a) and 4 (b) respectively: in
CDCl;, at 202.38 MHz, room temperature, referenced to external 85% H3;POs.
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Figure 4. Proton decoupled 3'P NMR spectrum of compounds 5 (a) and 7 (b): in CDCl; at 202.38 MHz, room
temperature, referenced to external 85% H3POs.
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Figure 5. Proton decoupled *'P NMR spectrum of compound 8: in CDCl; at 202.38 MHz, room temperature,
referenced to external 85% H3POa.

their being part of a cyclic and open chain
23. 'H NMR characterization of moiety and existing in chemically and
compounds 3-8. magnetically in different environments.

. ) ) However, the '"H NMR spectra also reveal a
The "H NMR spectra of geminal spiro- number of interesting properties (shown in

cyc}ic . and non-geminal open chain Table 2). For compounds 3-8, the N-H
derivatives (3-8) are by far the most resonance appears as well resolved pairs

complex and also the most interesting. The and the phosphorus 2J(P-H) proton coupling
protons of the NH, NCH», OCH and can be measured. For most primary

OC(CHs) groups are non-equivalent due to aminocyclophosphazenes, N-H resonances
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are seen as absolutely unresolved humps,
and binding to phosphorus nuclei is not
normally noticeable [20, 21]. Also, intense

of Compound 7 (for NCH, and OCH
signals). The spectra of N-CH, and CH
protons cannot be resolved because they are

virtual coupling is observed in the spectrum

very complex and superimposed.

Table 2. Selected 'H NMR parameters of compounds (3-7)2 with 1-amino-2-propanol.

Compound SPNHP SNCH,P SPOCHP 8POC(CHz): N-CH2/2J(P-H)t
3) 2.68 3.48 4.32 1.23 11.50
4y 2.70 3.35 4.37 0.93 11.60
(5) 2.71 3.51 4.30 1.21 11.73
(6) 2.64 3.53 4.25 0.91 11.50
(7) 2.59 3.38 4.40 1.13 11.50
8) 2.85 3.50 4.26 1.20 11.70

2In CDCl; (referenced to internal TMS) at 199.5 and 399.95 MHz. (room temperature). 2In ppm. ¢In Hz. ¢In CDCI; (referenced to internal TMS)

at 250.13 MHz (room temperature).

2.4. Calorimetric characterization of
compounds (7 and 8)

In this study, melting behavior of
cyclotriphosphazene derivatives (7 and 8)
with 1-Amino-2-propanol were obtained in
which, the positions and enthalpies of the
DSC thermal peaks were assigned at Table
3.

The whole thermogram for the derivatives
were shown in the Figures 6 and 7, where
the thermal peaks were labeled.

As shown in Figure 6, there is a sharp and
almost linear endothermic peak found at
208.25 °C for compound (7),
corresponding to main phase transition
temperature (Tm), indicating total melting
event. The enthalpy for this event was
calculated as AH °C 80.7. No other peaks
including  pre-transition peak  were
detected for this derivative. Of note, peak
width is a valuable measure of purity, in
which impurities lower the melting point,
1.e. less pure crystals melt first followed by
purer larger crystals [37]. Accordingly, the
endothermic and sharp melting peak
located at higher temperature (208.25 °C)
indicates adequate purity of a compound
(7). As can be seen from the Figure 7 and
Table 3, there are four endothermic and
one exothermic thermal peak for
compound (8). For better resolution of

some peaks, 80-100 °C thermal region was
given as enlarged panel (Figure 7).
Endothermic peaks found at 83.74 (#1),
90.39 (#2) and 96.18 °C(#3) positions with
respective enthalpies as AH® 0.22, 0.09 and
0.03 were assigned to pre-transition events.
However, a sharp and large endothermic
melting peak (#5) at 110.80 °C position
(AH °C 114.9) was considered as main
phase transition temperature (Tm),
indicating that the compound (8) is also
pure. Exothermic peak (#4) found at 96.91
°C position with respective enthalpy of AH
°C 0.05 was assigned to intermediate
crystallization event probably occurred
due to the recrystallization process just
before melting step.

Upon heating the specimen in DSC, so
called fusion process, i.e. the passage from
crystalline state to the liquid state, can be
monitored by the appearance of
endothermic transition. Usually the largest
endothermic transition in the whole
thermogram is encountered as melting
event. In addition, enthalpy is a term
expressing the heat energy needed for the
disruption of crystal cage, which is time-
dependently measured by the integrating
area of the specific peak. Accordingly,
during the scanning below melting point of
each substance to a temperature above the
melting temperature the changes in
enthalpy corresponds to a melting of
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crystalline [38]. The melting temperature
of a substance, which is the crucial
physical parameter can be affected by a
number of chemical circumstances such as
its stereochemistry, molecular mass, the
existence of polar functional groups,
configuration and number of double bonds
[39]. Since, a clear crystal form
corresponds to a sharp and distinguishing
melting peak, any shifts in temperature
and/or enthalpy can be used to identify
whether the compound is pure or not.
Endothermic melting peak is observed
during the disruption of crystal cage of a
compound. If it includes impure or
unformed (amorphous) structures, the

melting temperature and corresponding
enthalpy will be diminished respectively.
Furthermore, the relative stability
(monotrophy and anisotrophy) of a crystal
material can be determined by appearance
of endothermic and exothermic peaks on
the same DSC thermogram. Actually,
thermal profile can be quite intricate,
demonstrating both endothermic and
exothermic peaks, which can also reflects
the fact that a material in a less stable form
will convert to a more stable form during
heating [40].

0.2

0.0

Compound 7

0.21

0.4

0.6 -

Heat Flow (W/g)

0.8

+1.01

B

1.2 T T T
20 45 70 95

145 170 195 220

Temperature (*C)

Figure 6. DSC thermogram of compound (7).
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Figure 7. DSC thermogram of compound (8).

Table 3. Thermal behaviour of 1-Amino-2-propanol (isopropanolamine) compounds (7) and (8).

1-Amino-2-propanol # Peak Peak position  EnthalpyAH Phase Transition
(isopropanolamine) Peaks character o) °C (J/g) Events
7 1 Endothermic 208.25 80.7 Main melting
1 Endothermic 83.74 0.22 Pre-transition
2 Endothermic 90.39 0.09 Pre-transition
(8) 3 Endothermic 96.18 0.03 Pre-transition
4 Exothermic 96.91 0.05 Recrystallization
5 Endothermic 110.80 114.9 Main melting

3. EXPERIMENTAL SECTION

3.1. Materials

Reagent grade solvents were used
throughout the work, benzene, light
petroleum (bop.40-60 °C), anhydrous
diethyl ether, acetonitrile, methanol,

butanol, n-hexane (>96%),
dichloromethane (>99.0%), chloroform,
acetonitrile, dichloromethane, THF,

acetone and  hexachlorocyclotriphos-

phazatriene (Sigma Aldrich). Hexachloro-
cyclotriphosphazene was purified by
fractional crystallization from hexane. THF
was distilled over a sodium-potassium alloy
under an argon atmosphere.  CDCls,
deuteriated solvent for NMR spectroscopy
(Sigma Aldrich), Silica gel (60, 0.063—
0.200 mm Merck) was used for column
chromatography, Kieselgel 60° 254 (silica
gel) precoated TLC plates (Merck). The
following materials were also obtained
from Sigma  Aldrich Chemicals:
Ninhydridine (0.5% w/v), l-amino-2-
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propanol (2) and NaBH4 used as received,
NaH (60% dispersion in mineral oil, which
was removed by washing with dry n-
heptane followed by decantation).

3.2. Methods

All reactions were monitored using
Kieselgel 60° 254 (silica gel) precoated
TLC plates and sprayed with Ninhydridine
(0,5% w/v) in butanol solution, and
developed at approximately 130°C.
Separations of products were carried out by
column chromatography using Kieselgel
60. (Merck 60, 0.063—0.200 mm; for 2 g
crude mixture, 100 g silica gel was used in
a column of 2.5 cm in diameter and 90 cm
in length) Melting points were determined
on a Hot Stage Microscopy at Southampton
University and hot stage connected to a FP
800 central processor both fitted with a
polarizing microscope. Elemental analyses
were obtained using a ThermoFinnigan
Flash 1112 Instrument. '"H NMR spectra
were recorded using a Varian INOVA 500
MHz spectrometer and (operating at 499
MHz.), a Bruker DRX 500 MHz
spectrometer. Samples were dissolved in
CDClz and placed in Smm NMR tubes.
Measurements were carried out using a
CDCIs lock, TMS as internal reference and
sample concentrations of 15-20 mg/cm?>. 3'P
NMR spectra were recorded using a Varian
INOVA 500 MHz spectrometer (operating
at 202 MHz.); in CDCIl; and 85% H3PO4
was used as an external reference. Mass
spectra were recorded using a LC/MS
(obtained by a Bruker MicrOTOF LC/MS
spectrometer using electro spray ionization
(ESI) method). Microanalyses were carried
out by University of Bilecik, micro
analytical service. For DSC analyses
samples were prepared in the aluminum
hermetic pans and the pans weresealed
before the test. An empty pan was sealed
and placed in a particular position in DSC
device next to the pan containing sample in
order to eliminate calorimetric pan effect.
Scan was performed at a thermal region
from 20 °C to 220 °C with a scanning rate
(ramp) of 5 °C/min. This scanning rate was

used to obtain thermal event temperatures in
between the real thermodynamic value. The
peak positions in temperature axis (°C)
were evaluated for the calculation of the
melting temperatures. Enthalpies (AH °C
J/g) were calculated by linearly dividing the
integrating peak area to the sample weight.
All the experiments and were carried out
using DSC Q2000 instrument (74
Instruments, US), while the data analyses
were conducted by thermal analysis
software (Universal Analysis 2000, TA
Instruments, US) [41]. Experimental details
together with product types and the relative
yields of the reported products are
summarized in Tables 4 and *'P and 'H
NMR data may be found in Tables 1 and 2.

3.3. Synthesis

In this paper, we report on the synthesis and
characterisation of spiro-cyclic and open
chain phosphazene ligands, along with
calorimetric characterisation of compounds
6 and 7.

Reactions were carried out with one (32 h),
two (36 h) and three (26 h) equivalents of 1-
amino-2-propanol in excess of NaH, and in
THF and acetonitrile solutions.

3.3.1. Addition of one equivalent of 1I-
amino-2-propanol (2) at room
temperature:

Cyclotriphosphazene (1), (4 g, 0.0116
mole) and I-amino-2propanol (0.87 g,
0.0116 mole) were dissolved in 100 mL of
THF and mixed in a 250 mL three-necked
round-bottom flask. This mixture was
stirred approximately for half an hour then
two equivalents of NaH (60% oil
suspension, 0.557 g, 0.023 mole) in 30 mL
of THF was added dropwise to the stirred
solution under an argon atmosphere. The
mixture was stirred at room temperature (32
h) until TLC indicated the completion of the
reaction. The reaction mixture was filtered
to remove sodium chloride and any other
insoluble materials. Then the reaction
mixture was followed on TLC silica gel
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plates using dichloromethane-diethyl ether
(3:1) as the ecluent. The solvent was
removed under reduced pressure and the
resulting colorless solids and oils were
subjected onto column chromatography
using the same solvent  system,
dichlomethane: diethyl ether (3:1) as the
mobile phase. Products were recrystallized
from benzene containing a few drops of
light petroleum (b.p. 40-60 °C). Two main
fractions were synthesized:

(i) The first phosphazene derivative was
identified as mono-spiro, N3P3;Cls [HN-
CH2-CH-(CH3)-O] (4): m.p. 133-134 °C,
yield 1.3 g (53%). For C3H70N4P;Cla:
Calculated: C, 10.34; H, 2.01; N, 16.09%;
M, 348. Found: C, 10.33; H, 2.05; N,
16.09%; M", 349.03.

(ii) Second compound was identified as an
open chain product, N3P3Cls|[ NH-CH>-

CH(CH3)-OH] (3): m.p. 140-142 °C, yield
0.42 g (19%). For CsHsON4P;3Cls:
Calculated: C, 9.38; H, 2.08; N, 14.58%; M,
384.Found: C,9.35; H, 2.1; N, 14.58%; M",
348.09.

3.3.2. Addition of two equivalents of I-
amino-2-propanol 2) at room
temperature:

Reaction procedure as for one equivalent of
I-amino-2-propanol (2). In acetonitrile

solution, in excess of NaH, at room
temperature, stirring time was
approximately 36 h.

(i) The first phosphazene derivative was
identified as, mono-spiro, (4): yield 0.7 g
(38%).

(ii) Second phosphazene derivative was
identified as bis open chain product,

N3P3Cl4[NH-CH>-CH(CH3)-OH]2 (5): m.p.
166-169°C, yield 032 g (15%). For
CeH1602NsP3Cls: Calculated: C, 17.02; H,
3.78; N, 16.55%; M, 423. Found: C, 17.03;
H, 3.80;N, 16.55%; M", 423.07.

(iii) Third compound was identified as bis
spiro compound, N3P3Cl,[O-HC(CH3)-

CH»>-NH]2 (7): m.p. 205-207 °C, yield 0.66
g (37%). For CsH1402NsP3Clo: Calculated:
C, 20.5; H, 3.99; N, 19.9%; M, 351. Found:
C,20.61; H,4.2;N, 19.94%; M", 352.01.

3.3.3. Addition of three equivalents of 1-
amino-2-propanol (2) at room
temperature:

Reaction procedure as for one equivalent of
I-amino-2-propanol (2). (i) mono-spiro
derivative (4); yield 0.37 g (18%). (ii)
dispiro derivative (7), yield 0.25 g (12%).
(iii) tri-open chain derivative, N3P3CI3[NH-
CH>-CH(CH3)-OH]s  (6); m.p. 152-155
°C,yield 0.30 g 16%). For CoH2403N¢P3Cl3:
Calculated: C, 23.38; H, 5.20; N, 18.18%;
M, 462. Found: C, 23.37; H, 5.22; N,
18.18%; M*, 463.01.

3.3.4. Addition of three equivalents of I-
amino-2-propanol (2)under reflux:

Cyclotriphosphazene (1) (4 g, 0.0116 mole)
and 1-amino-2-propanol (2) (2.61 g, 0.034
mole) were dissolved in 100 mL of dry THF
and mixed in a 250 mL three-necked round-
bottom flask. This mixture was stirred
approximately for half an hour at room
temperature then six equivalents of NaH
(60% oil suspension, 1.67 g, 0.070 mole)
was added dropwise to the stirred solution
under an argon atmosphere. The solution
left stirring for another half an hour. Then
the solution was heated for 26 h under
reflux. The course of the reaction was
followed by TLC with silica gel plates using
benzene / dichloromethane (1: 2). Heating
was stopped and the mixture was cooled to
room temperature. Then the bulk of the
reaction mixture was filtered off and the
remaining material was removed by column
chromatography using a mixture of CH>Cl
/ Et2O (3: 1). For the separation of the
individual phosphazenes the mixture was
re-chromatographed using benzene /
dichloromethane (1: 2) as the -eluent.
Products were recrystallized from benzene
containing a few drops of light petroleum
(b.p. 40-60 °C). Three main phosphazene
fractions were obtained: (i) Mono-spiro
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derivative (4), in trace amount. (ii) Dispiro
derivative, (7): yield 0.35 g (13%). (iii)
Tris-spiro derivative, N3P3[HN-CH»-CH-
(CH3)-0]3 (8): m.p. 114-116 °C, yield 0.70

g (26%). For CoH2103NgP3: Calculated: C,
30.5; H, 5.93; N, 23.72%; M, 354. Found:
C, 30.63; H, 5.98;N, 23.72%; M", 354.09.

Table 4. Elemental analysis and the percentage yields of compounds (3-8).

'§ Elemental analysis Yields Melting
é‘ Calculated Found Mole ratios Point
8 H(%) C(®%) N(%) ™M |H(%) C((%) N (%) [MH]"| 1:1 1:2 1:3 °C

3 2.08 9.38 1458 384 | 2.10 9.35 14.58 385.1 19 140-142
4 2.01 10.34 16.09 348 | 2.05 1033 16.09  349.03 15 166-169
5 3.78 17.02 16.55 423 | 3.80 17.03  16.55 423.09 16 | 152-155
6 5.20 23.38 18.18 462 | 522 2337 18.18 463.01 | 53 38 18 | 133-134
7 3.99 20.50 19.94 351 | 4.20 20.61 19.94  351.01 37 12 | 205-207
8 5.93 3050 23.72 354 | 5098 30.63  23.72  354.09 26 | 114-116

4. CONCLUSIONS ACKNOWLEDGEMENTS

Compared to geminal and vicinal (cis)
compounds, the adjacent trans substitution
is less dependent on chain length or
cyclization, but is more dependent on the
ring stain of the phosphazene. Ring strain
breaks the plane of the cyclic phosphazene
and reduces "pseudo-resonance", which is
different from the "exact resonance" in
benzene. The distortion of the phosphazene
ring relative to the planarity results in a
significant amount of energy to the
formation energy of the resulting vicinal
(trans) substituted phosphazene. This
dominates the reaction energy of the
heteroatom chain with phosphazene. As
expected, the increased chain length
reduces the distortion that promotes the
reaction. The energy difference between
trans and cis vicinal  substituted
phosphazenes consists of ring strain and the
ability of the chain to reach around the ring.
Structural molecules of the
cyclophosphazenes with the appropriate
orientation of the substituents may exhibit
thermosensitivity and thermal properties
can be fully controlled by altering the
components and types of hydrophilic and
hydrophobic substituents.
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